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Distributed generation has emerged both as a potentially attractive means of providing new
electricity generating capacity and as an alternative to expanding the capacity of established
electricity transmission and distribution networks.  This situation has arisen because of the
ongoing improvement in the technologies used in distributed generation and also because of the
changing structure of the electricity industry, which now encourages more innovative solutions to
meeting energy requirements, involving a number of industry stakeholders.

This report examines the opportunities for using distributed generation in New Zealand.  Of
particular importance is the identification of market conditions under which distributed generation
technology becomes viable.  Much of the technology which falls under the rubric of distributed
generation is not new and has to some extent already been adopted in New Zealand, therefore it
is the examination of commercial circumstances which encourage distributed generation solutions
which is the main concern of this report.

The report is intended to be a practical document for use by the New Zealand electricity industry
aimed at providing answers to the question “How can I make distributed generation work for me?”

The analysis adopted uses data from actual case studies of distributed generation projects, some
of which have been successfully implemented, others not, to demonstrate the viability of distrib-
uted generation under different circumstances.  An important aspect of the study is to test the
hypothesis “that distributed generation now permits a paradigm shift in thinking about solutions
for meeting consumer energy capacity and reliability requirements”.

The case studies also enabled a range of DG types to be put under the microscope. This examined
what had been the drivers (in their time) for these projects, what had been the technical and
economic factors that had resulted in a “go” decision, and what had been the external issues
(social and environmental) that had been of importance.

Clearly, the lesson from these studies is that to date investment in DG has been essentially
opportunistic, and that the benefits of DG are difficult to realise. The study, however, reveals that
significant opportunity exists and penetration scenarios are outlined describing the key issues and
specific factors influencing DG uptake in this country.

The key to DG’s future will be migrating from the current strategies into a new energy market
focussed on customer solutions rather than utility responses. This study is thus important in
defining how DG might emerge in the future and the identification of the strategies required to
make it happen.
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The Evolutionary Path of the
Electricity Industry2

Historical BackgroundHistorical BackgroundHistorical BackgroundHistorical BackgroundHistorical Background
The present New Zealand electricity industry
had its origins in distributed generation.  This
was then replaced by a publicly-owned,
centrally-planned structure based on econo-
mies of scale.  Electricity generation and
transmission were part of central government,
being carried out on a national basis as a
single entity by a government department.
Distribution was carried out by municipalities
or regionally focussed electricity supply
authorities having exclusive rights to sell
electricity within their franchise areas  (The
Electric Power Boards Act, 1918).  Planning of
generation and transmission capacity expan-
sion was integrated and done on a long-term
basis by central government.  From the
second world war, the principal focus of
capacity expansion was large hydro and later
thermal power stations with an integrated
centrally controlled national transmission
grid, including the Cook Strait DC intercon-
nection.  Although investment in local area
distribution was controlled by the authorities
themselves, the bulk supply tariff was set by
government decree each year.

This structure reflected the growth of infra-
structure to meet the requirements of the
nation.  The flow of electricity was uni-
directional, from generator to grid to distribu-
tor and to consumer.  The industry was
closely regulated.  Consumers had no option
but to purchase from the local electricity
supply authority, except in the case of the
twelve largest industrial consumers, which
purchased directly from the New Zealand
Electricity department.  Wholesale prices were
controlled by central government, generally
reflecting the long run marginal cost of
generation, and retail prices structured so
that all consumers within each supply area
paid similar prices irrespective of location.
Household prices were “cross-subsidised” by
commercial and industrial prices and the
industry was committed to supplying electric-
ity to virtually all inhabited parts of the
country through the national and local grids.

Industry ReformIndustry ReformIndustry ReformIndustry ReformIndustry Reform
Whilst the centrally planned supply network
generally met consumer demand for electric-
ity, there was considerable debate over its
economic efficiency, particularly the emphasis
on large, capital-intensive generating plant.
These concerns were heightened in the 1970s
when the first oil price shock disconnected
demand for electricity from traditional growth
patterns with a resulting overhang in genera-
tion capacity, subsequently exacerbated by a
huge cost overrun on the Clyde Dam project.

The reforming governments of the 1980s and
1990s set about to improve the efficiency of
the industry and to introduce competition
and choice for consumers.  This restructuring
of the industry occurred in a number of
stages and has evolved as the industry
adapted to a more competitive environment.
The more significant of these market
restructurings were:

• In recognition of its monopoly position,
the national transmission assets were
separated from the national generation
entity and operated as Transpower, a
profit-making state owned corporation.

• The central generating assets were split
into four competing generation compa-
nies, three of which remain owned by the
state and one a public listed company.

• A wholesale market company was estab-
lished, providing a price setting wholesale
electricity pool and hedge contracts.
About three quarters of electricity is
exchanged through the wholesale pool,
the remainder by term contracts estab-
lished directly between generators and
retailers and large consumers.

• Local electricity supply authorities have
been privatised and exclusive franchise
areas abolished, permitting competition
between retail companies for residential,
commercial and industrial consumers.  The
number of retail companies subsequently
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fell from 50 or more to less than ten due
to rationalisation of activities and, be-
cause of concern that genuine competition
was not occurring at the retail level, these
companies were forced to split their
activities into distribution lines services
and energy supply.  The electricity sector
now consists of 5 major energy retail
supply companies competing in various
regions of the country, and 30 lines
companies some of which have grouped
forming essentially 24 separate network
operations.  Some of these companies are
involved in analogous natural gas supply,
and most energy supply retailers are
vertically integrated with the electricity
generation companies.

• A system of light-handed regulation has
been promulgated, utilising information
disclosure to facilitate price negotiation,
backed up by the general provisions of
the Commerce Act to prevent market
dominance.  The disclosure requirements
for the monopoly lines businesses are
more rigorous, and new procedures for
establishing transmission prices through
the Electricity Governance Board (EGB) are
in the process of being implemented.
Cross-subsidy of residential prices have
been removed and consumers effectively
are expected to pay the cost of supply,
notably in remote locations where the
obligation to supply will also cease in
2013.

• Restrictions on companies, other than the
principal generating companies, generat-
ing have been relaxed, with no limit for
generation from new renewables and a
limit of 5 MW of generating capacity from
other forms of generation.

The changes in the market structure have
been reflected in new patterns of investment
and activity by different industry stakehold-
ers.   Investment in major new generating
plant such as the Taranaki Combined Cycle
Gas Turbine (CCGT), and the Southdown CCGT,
was not made by the traditional central
generator but by a consortia of electricity
purchasers, private generators and technology
providers.  Smaller electricity generating plant
has been constructed on industrial sites such
as Te Awamutu, providing electricity and heat
energy for the site, and also exporting
surplus electricity back into the grid through
more complex associations of consumer,

energy retailer, fuel supplier and distribution
company.  The flow of electricity is no longer
uni-directional; electricity consumers can be
suppliers to the grid when economics and
their own electricity needs permit.

Electricity pricing is more responsive to
supply and demand on a short term basis
because of the operation of the wholesale
market, setting prices on a half hourly basis
and more closely reflecting the true cost of
supply.  Location and fixed costs are increas-
ingly being reflected in the structure of
electricity pricing through the inclusion of
nodal pricing in Transpower’s pricing struc-
ture, and fixed costs commonly being an
explicit element of retail prices.  Electricity
retailers increasingly are providing more
pricing options to consumers in terms of
pricing structure, reliability and quality of
supply, particularly to larger electricity users.

The increased flexibility from the disaggrega-
tion/ restructuring of the electricity industry
provides a more fertile environment for the
adoption of distributed generation than the
previous centrally orientated uni-directional
structure.  Investment decisions are more
likely to be made on a commercial basis.
Pricing mechanisms make the true costs of
generation more transparent and greater
flexibility is afforded to potential participants
to enter the market.  With government no
longer underwriting the risk implicit in large
generation and transmission projects, the
smaller scale of distributed generation
projects has attractions for investors in the
relatively mature New Zealand electricity
market.

However, the New Zealand energy market is
small and dispersed with relatively few
participants, and a truly open and competi-
tive market remains a chimera despite the
considerable progress in market restructuring
that has already been made.  Examples of
distributed generation have been established
while others have failed because of econom-
ics or from contractual or pricing consider-
ations.  It is however opportune for distrib-
uted generation to take a seat amongst the
options that energy market participants
consider when addressing future energy
supply requirements.

What is Distributed Generation?What is Distributed Generation?What is Distributed Generation?What is Distributed Generation?What is Distributed Generation?
Distributed generation can be defined as
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niche generation for local needs.  These
needs and the circumstances in which they
occur can vary considerably and in many
cases will involve the activities of both the
electricity supplier/ lines company and
consumer.  In general, however, there are two
principal objectives of distributed generation:

Energy SupplyEnergy SupplyEnergy SupplyEnergy SupplyEnergy Supply
Demand for electricity from the grid can be
reduced by installing local generation capac-
ity.  There are many configurations for this
type of application, for example:

• Generation plant installed at industrial or
commercial sites to meet or reduce
electricity purchases, with the potential for
any surplus electricity to be sold back to
the electricity supplier when economics
permit.  Examples include co-generation
plant and standby electricity generation
capacity.  The configuration of the larger
sites, particularly co-generation, tend to
be very site specific, with economics
heavily influenced by the total energy
requirements of the plant and the avail-
ability and price of fuel to fire the genera-
tion and heat raising plant.  Fuels typically
used in these applications include natural
gas, coal and waste materials.

• Embedded generation plant supplying
directly into the local distribution network
for supply to the region.  Examples
include electricity generated from small
renewable energy forms such as a
windfarm.

• Generating plant to supply one or more
customers from a microgrid (islanded),
isolated from the main grid.

Complement Lines Capacity:Complement Lines Capacity:Complement Lines Capacity:Complement Lines Capacity:Complement Lines Capacity:
Establishing a source of electricity generation
close to the point of electricity consumption
defers or obviates the need to expand the
capacity of transmission or distribution lines
to meet increasing demand.  Types of tech-
nologies used for this application include:

• Generation at industrial and commercial
sites as noted above, reducing demand or
sending electricity into the distribution
network, thereby reducing the load in the
adjacent transmission network.

• Portable or temporary sources of genera-

tion to reduce seasonal or short term
peaks.

• Generation at remote locations to elimi-
nate the need to install distribution lines.

• Electricity storage devices to meet demand
peaks.

• Fuel switching, eg. load transferred from
electricity to gas at times of system peak,
or demand side measures and energy
efficiency measures.

Objectives other than energy supply and
capacity reinforcement can provide additional
incentives to consumers to install distributed
generation facilities.  Paramount amongst
these is security of electricity supply, notably
for hospitals and some industrial processing
plants, where standby generation capacity is
commonplace.  This generation capacity can
also be used for peak shaving to reduce
necessary lines capacity or to send surplus
generation capacity back to the grid when
economics dictate.  The need for enhanced
quality of electricity supply is growing in
demand, particularly from organisations using
computer and internet facilities, and may be
provided by uninterruptible power supply
(UPS) and distributed generation.

The cooperation of electricity suppliers and
consumers is a common and often necessary
feature in many distributed generation
projects.  Whilst the objectives and interests
of the two may be apparently different (for
example the reduction of peak lines load
versus the minimisation of process heat in a
co-generation project), the benefits are often
synergistic and the boundaries between each
party’s activities can become indistinct,
particularly with a combined heat and power
(CHP) plant.  Innovative solutions are often
needed to realise such interdependent
activities, in both the technical and contrac-
tual contexts, and the division between asset
ownership and services provided can be
structured to enhance the viability of projects.
The variability in supplier and consumer
needs and their combinations means that
there is a wide range of possibilities for
distributed generation, particularly in larger
industrial applications, which become highly
site specific.

Likewise, interconnection between the
distribution network and generator is an
important element in the development of
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distributed generation projects, particularly at
sites where electricity is to be supplied to
and from the site, depending on whether
there is a surplus or deficit of power require-
ments over self-generation at the site.
Satisfactory interconnection arrangements are
not limited to technical and metering require-
ments but must include contractual and
pricing arrangements that encourage intercon-
nection.  These are not always straightforward
as it is not necessarily always in the interests
of electricity supply companies to encourage
distributed generation.

Distributed generation is attracting consider-
able interest because of the advances made
in the efficiencies and costs of long-standing
technology such as microturbines, stirling
engines, wind turbines, solar photovoltaics
(PV) and the promise of improved fuel
efficiency from evolving technologies such as
fuel cells.  The reality is that most distributed
generation to date has been developed by
using commonly used technology such as
reciprocating engines (compression ignition,
CI, or spark ignition, SI), combustion turbines
and small hydro, and that the developing
technologies have yet to approach mature
market costs.  In all probability, most current
potential in New Zealand for distributed
generation remains with this existing technol-
ogy plus using wind power, and perceived
wisdom suggests that much of this potential
has already been realised.  Any future devel-
opments will be driven by industry structure
of the day and its modus operandi, as by the
technologies available.

Distributed generation technology must
compete with the conventional alternatives of
centralised generation and lines capacity
expansion based on cost and strategic needs.
DG must also compete with a range of
demand-side options which will reduce
demand for electricity and/or reduce peak
capacity requirements in transmission and
distribution lines.  These options include
increased efficiency in the utilisation of
electricity, substitution of electricity by other
energy forms and demand side management
or control through electricity pricing incen-
tives to flatten distribution load curves
(increase load factor).  All these options are
successfully applied already in New Zealand.
The almost universal control of domestic
storage hot water being the most prominent
load control measure for decades was
brought about at a time when the govern-

ment controlled bulk supply tariff was only a
peak demand charge, with no energy charge
component.

The Wider Aspects of Energy Supply,The Wider Aspects of Energy Supply,The Wider Aspects of Energy Supply,The Wider Aspects of Energy Supply,The Wider Aspects of Energy Supply,
Natural Resources and EnvironmentalNatural Resources and EnvironmentalNatural Resources and EnvironmentalNatural Resources and EnvironmentalNatural Resources and Environmental
ImpactImpactImpactImpactImpact
Electricity is but one of a number of energy
forms competing in the energy market and,
whilst it has a natural technical monopoly in
some energy applications, electricity must
compete with gas, LPG, coal and oil products
in many industrial, commercial and household
applications, both at grid-connected and
isolated sites.  Distributed generation there-
fore must be competitive with other fuels
available at the point of generation in
addition to being the best means by which to
provide electricity.  A complete analysis of
distributed generation options should take
into account all energy supply options,
particularly those at sites with multiple
energy applications or requirements.

Competing forms of energy such as coal and
gas are not only potential competitors to
distributed generation but also are an implicit
part of distributed generation projects
utilising thermal generation technology.
Natural gas is the principal contender as the
thermal fuel of choice because of its utility in
gas turbines and reciprocating engines.  Its
price and availability at potential generation
sites will be a strong influence on the com-
petitiveness of distributed generation relative
to grid electricity, (which in turn is influenced
by the gas prices available to the large
generating companies).  The price of gas to
the generating companies and to potential
distributed generators stands as a principal
sensitivity in the assessment of distributed
generation projects, particularly with the
impending end game of the Maui gas con-
tracts and the prospective development of
the Pohokura and Kupe offshore gas fields.

Distributed generation is a means of utilising
generation from renewable energy sources
such as hydro and wind in situations that
would otherwise not be economic if supplied
into the central grid.  Savings in transmission
and distribution costs, and the concurrent
reduction in network losses, has the potential
to make these applications cost competitive,
particularly in more remote, dispersed
distribution networks.  These benefits will be
augmented by the reduction of carbon
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dioxide emissions from renewable resources if
displacing grid derived thermal generation.
Carbon dioxide reductions may also be
attained from thermal distributed generation,
particularly where industrial or timber process
waste is used as a fuel and significant
electricity losses can be avoided.  However,
such situations will require close scrutiny to
determine the net impact on emissions to
account for the different efficiencies of
thermal equipment used and the different
emissions of the fuels.

Overseas Experience withOverseas Experience withOverseas Experience withOverseas Experience withOverseas Experience with
Distributed GenerationDistributed GenerationDistributed GenerationDistributed GenerationDistributed Generation
There is a significant amount of research work
on distributed generation being undertaken
around the world and this study has been
able to draw on many of the principal
activities that relate to possible DG uptake in
NZ.

BibliographyBibliographyBibliographyBibliographyBibliography
To assist the project to obtain the most up-
to-date information published around the
world a research was conducted from January
1997 forwards and the results disseminated.
The bibliography produced had over 384
referenced papers/ articles from various
published sources including 35 conference
proceedings.  As well the bibliography lists
there were 61 books covering distributed
generation.

The subjects covered in the papers were
broadly split into four main groups and a
number of sub-groups.  The main groups
were:

General

79 papers (21%) cover general aspects of DG.
52% of these cover what it is, where it is
used and the effects on the electricity grid
when the generator or a number of them are
connected to the grid.  The influence of the
market, particularly the effect of electricity
deregulation on DG, was the subject of
another 16 papers.  There were 10 more
papers on the  economics of DG.  Planning
aspects for DG in general were covered in
nine papers, while environmental matters
were covered in three of the papers.

Network and Distribution

51% (195) of all the papers covered network

and distribution topics.  16 of the papers
dealt with general matters covering design,
operation, interconnection and protection.
There were five papers dealing with planning
matters.  Siting of DG and its effects on the
network and optimal placement of DG were
covered in 15 papers.

How the network performs formed the largest
sub-group (81 papers) in this category.
Subjects addressed include power quality,
network dynamics, control, stability and
energy management systems.  A number of
papers addressed the effects of wind farms
connected to the grid.

Power converters were the subject of 24
papers and 12 on energy storage devices.  33
papers covered security issues including loss
of mains detection and protection, islanding,
loss of earth and security standards.  Opera-
tions (including maintenance) and manage-
ment matters were covered in a further nine
papers.

Technology

There were 102 papers (26%) in the technol-
ogy category, 14 of them in the general sub
category.

Fuel cells with 39 papers was the largest sub-
group plus five papers covering fuel cell/ gas
turbine hybrid systems.  Twenty of the papers
covered the range of fuel cells, 11 papers
focussed on the solid oxide fuel cell and the
remainder the carbonate and polymer electro-
lyte fuel cells.

Gas turbines with 12 papers of the 16 papers
dominated the combustion turbines category
with reciprocating engines a further 5.  Solar
power, almost exclusively photovoltaics, had
11 papers, wind five and hydro one.  Alterna-
tors/ generators were covered in six papers.

Miscellaneous

This group had eight papers including
regulatory regimes, project management and
air quality aspects of DG siting.

Books

Distributed generation in general was the
subject of 13 (21%) of the 61 books, the bulk
of these (70%) dealing with general regula-
tory and economic aspects of DG.  In com-
mon with the papers the most popular book
subject (26, or 43%) was the network as-
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pects.  Twelve (46%) of the books dealt with
performance aspects of the network with
operations (5, 19%) and general aspects (5,
19%) the next most common.  Technological
aspects of DG were the subjects of ten books
(16%) with seven (70%) of them of a general
nature.  Twelve books (20%) fell into the
miscellaneous category, these covering
deregulated markets, emission trading,
regulation, and the value of DG.

United States National Energy Policy

The United States National Energy policy
identifies distributed renewable energy
resources as one means of enhancing the
reliability and quality of the national power
supply.  Cost sharing arrangements have been
agreed between the government and compa-
nies such as Capstone, Flex Energies and
Shell International Renewables to develop
small modular bioenergy systems of less than
5 MW. These systems will be located near the
source of feedstock or where electricity is
needed.

The Department of Energy has established a
Strategic Plan for Distributed Energy Sources
(DES) which sets out a vision that by 2020
the US will have the cleanest and most
efficient and reliable energy system in the
world by maximising the use of affordable
distributed energy resources.  It has estab-
lished a mid-term goal for 2010 which is to
reduce the costs and emissions and increase
the efficiency and reliability of a suite of
distributed energy technologies to achieve
20% of new electric capacity additions in the
US.

The near term goals for 2005 is to:

• Develop ‘next generation’ DES technolo-
gies.

• Address the institutional and regulatory
barriers that interfere with siting, permit-
ting and interconnecting DES coming on
line.

The strategy links to the Comprehensive
National Energy Strategy and is supported by
a range of specific initiatives.

Consumer Energy Council

In the USA The Consumer Energy Council of
American (CECA) convened the Distributed
Energy Domestic Policy Forum in 1999.  The
forum met over the course of a year and a

half with a number of activities.  The results
of that forum have recently been published.

Through the forum CECA brought together an
extremely wide range of people involved with
distributed energy resources, as it is termed.

In the initial years of the evaluation of the
electricity industry all electricity was gener-
ated close to its end users.  Then, with the
development of transmission technologies,
large often remote electricity generating plant
that captured economies of scale were built.

The USA has experienced electric system
blackouts and problems as it has moved
towards a market-based approach to energy
supply.  Coupled with technology develop-
ments from the NASA space programme and
other activities, it has moved to link the
technological advances to address electricity
supply problems.

The move back to locally generated electricity
solutions is seen as providing an opportunity
to address cost, reliability, environmental and
consumer service issues.

As an outcome of the forum CECA is con-
vinced that many of the stated benefits of
distributed generation can be realised
through co-ordinated action.  CECA also
recognised the significant challenges and
concerns that must be addressed.

A major driver for distributed generation in
the USA is the state of the national existing
electricity transmission infrastructure which is
acknowledged to require substantial upgrade
to meet rising demand and to decrease
vulnerability to natural and intentional
disruption.  In addition the demands for high
reliability and quality of electricity supply
presented by the Internet economy are in
areas beyond the reach of the traditional
electricity supply system infrastructure.
Customers with particularly sensitive loads
have already adopted redundant
uninterruptible supplies and standby genera-
tion.

Distributed generation poses a major problem
as the electricity distribution system was
designed for supply of electricity from large
central generating plant to customers.
Distributed generation results in a more bi-
directional flow of electricity from multiple
generation sources to multiple buyers.
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Research Institutions

In the US there are now a number of research
agencies that have set up specific DES
research and information programmes.

Primen, an affiliate of EPRI (Electricity Power
Research Institute) provides its members with
an extensive array of technical information on
the DES market. It holds an annual confer-
ence, undertakes market surveys and monitor
technologies.  The areas of interest cover the
energy markets, technologies and regulatory
environment.

EPRI itself has a wide range of research
projects underway covering all aspects of DES
(this information is however only available to
members).  EPRI predict that 25% of new
generation could be distributed.  The Natural
Gas Foundation conclude that it could be as
high as 30%.

Questions they are asking include:

• How will DES markets evolve?

• How are utilities and service providers
approaching DES?

• What technologies are the likely winners?

• What are the new economics of DES
opportunities?

• Who will set the standards for intercon-
nection?

• What do energy users want?

State Regulators

The California Energy Commission has
established a strategic program on DES.  This
has been reported on by Arthur D Little in a
report that has recently been discussed at a
workshop.

The report, which is currently being finalised,
covers:

• Interconnection

• Standardisation and adoption of new
requirements and processes

• Cost reduction and product improvement

• Compatibility

• Grid impacts

• Modeling and testing

• System impact studies

• Microgrids

• Wires company information needs

• Market integration

• Current market

• Advanced market concepts

• Enabling technologies

From analysis of these aspects the following
observations were drawn:

• The economic feasibility of many DES
applications has yet to be demonstrated
to a satisfactory degree on a wide-scale
basis.

• The infrastructure to allow DES to partici-
pate in the marketplace and maximise its
benefits to customers and the electric
power system is still far from developed,
thereby limiting the potential economic
upside for end users.

• There are as many opportunities on the
regulatory and policy side as there are on
the technology development side.  Policy
development has not kept pace with the
development of technology.

• Stakeholders at all levels need to be
engaged and educated to allow for follow-
through to take place unhindered once the
groundwork technology or policies are in
place.

• Technology development is moving from
solely a government initiative to of great
interest to commercial parties.

• There is significant need for research into
interconnection, grid impacts and market
integration aspects.

In Oregon, for example, Bonneville Power
Administration are establishing a system to
link a number of small DG projects so that it
is in more usable blocks of energy to meet
peak demands and increase system benefits.

Europe

In September 2001 the European Commission
Research Directorate held a conference on
‘Integration of Renewable Energy Sources and
Distributed Generation in Energy Systems’.
This conference considered how Renewable
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Energy Sources and DG for heating/cooling
and electricity could support combating the
greenhouse effect, reduce atmospheric
pollution and improve security and diversity
of Europe’s energy supply.

It was seen that to bring about a substantial
medium to long-term penetration of DES in
Europe that it was necessary to address the
key issues related to their integration into
existing energy networks and to prepare the
ground for the future infrastructures for
energy generation and distribution.

In Sweden a research project has commenced
to investigate the regulatory aspects that
influence the development of DG.

United Kingdom

In the United Kingdom the Government is
pursuing DG indirectly through its initiatives
for combined heat and power, embedded
generation, and renewable generation.  The
consequence is that they are introducing an
increasing proportion of DG and encountering
system and regulatory constraints that are
having to be addressed.

There seems to be a greater recognition in
the UK that a major aspect of DES technolo-
gies can relate to heat.  Because heat is
difficult to store or transport efficiently, DG
provides opportunities for obtaining more
useable energy from the fossil fuel by putting
it into DG plant rather than large centralised
plant.  The Government has introduced a
system whereby embedded generators pay
low rather than high connection charges.
This is aimed at removing one of the barriers
to DG.

The UK Government is also trying to find a
way in which CHP plant operators are exempt
the climate change levy due on the excess
electricity that they produce and sell.  There
are also heavy financial penalties if electricity
suppliers produce too much or less electricity
than they promised.  These current rules act
against investment in DG.

The UK Utilities Act 2000 amends the struc-
ture and regulatory framework of the Electric-
ity supply industry.  The aim is to assist
generators to have equitable access to
electricity networks.  There is a need now
however to re-configure the existing networks
into a distributed electricity system that
accommodates changed electricity flows.

The UK Government also supports investment
in renewables through the renewables
obligation for electricity supply companies to
provide a specific proportion of their electric-
ity from renewable sources. Regulations will
be established in 2002 that will help to
develop embedded generation.

Market Drivers for Distributed Genera-Market Drivers for Distributed Genera-Market Drivers for Distributed Genera-Market Drivers for Distributed Genera-Market Drivers for Distributed Genera-
tion Usetion Usetion Usetion Usetion Use
Distributed generation applications are highly
localised niche issues and often are
characterised by complex combinations of
either electricity suppliers, transmission
companies, distribution companies and
consumers necessary to develop the project
and the wide range of technological and
operational options available.  The underlying
market drivers that are creating heightened
interest in distributed generation can be
summarised:

• The energy regulatory and commercial
framework in New Zealand has over the
last 15 years profoundly affected the way
in which the electricity industry can
structure and implement projects, permit-
ting distribution companies and indepen-
dents to development their own genera-
tion capacity to supply into distribution
grids.  The pattern of electricity flow is
changing from traditional supply from
centralised generators to permit the two-
way flow that characterises some distrib-
uted generation projects, although this
process can be impeded by conflicting
interests within the industry.

• Improved costs, efficiencies and
reliabilities are making the generation of
electricity more attractive from small scale
and evolving technologies such as micro-
turbines, PV, wind power and (in the
longer term) fuels cells. Not all these
technologies are generally commercially
viable in New Zealand because of the
relatively low electricity prices and rela-
tively high level of security.  However,
because of its competitive structure, the
New Zealand market is ready to accept
new technologies that can compete with
traditional grid supplied electricity.

• New Zealand electricity consumption
continues to grow at about 2% per
annum.  DG offers an alternative to supply
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this market and eliminate constraints
without the traditional expansion of the
transmission network and increasing
generation capacity without large new
plant.  Choices between these routes to
expansion are highly localised.

• The continuing availability of resources
such as new hydro and natural gas at
competitive costs will be a significant
factor in the development of distributed
generation.  Constraints on the supply of
these resources to the central generating
companies, notably hydro reserves in the
last few years, has resulted in potential
for distributed generation for peak shaving
and standby capacity due to an increasing
volatility in electricity price.

• Distributed generation from renewable
resources such as hydro and wind will

become increasingly attractive as a value
is placed on greenhouse gas (GHG)
emissions and potential environmental
costs.  Similarly, some thermal distributed
generation may have advantages over
larger grid-supplied thermal generation
plants as small-scale efficiencies improve
and losses are reduced.  Arguably smaller
scale projects will become easier to
leverage in the increasingly environmen-
tally conscious consenting process.

• An increasing focus on consumer needs
and meeting the consumers’ total energy
requirements by companies will reveal
distributed generation projects with
common benefits and encourage projects
to be developed jointly by suppliers and
consumers.  Electricity quality and reliabil-
ity requirements of consumers will assume
a greater profile.
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Developing a
Framework Analysis3

ObjectivesObjectivesObjectivesObjectivesObjectives
A primary focus of this study is to facilitate
the assessment of opportunities for establish-
ing distributed generation.  The key features
and outcomes desired for this assessment
will include:

• A consistent framework for evaluating DG
opportunities

• Identification of circumstances under
which DG can be utilised

• Estimation of the potential market pen-
etration for using DG

• Develop an understanding of technologies
in different circumstances

• Comparison of different DG technologies
and there risk profiles

Case studies of real-situation commercial
distributed generation applications are used
in the analysis to identify and examine
drivers and impediments to success projects.
The data used in these examples have been
generously provided by the companies
involved and covers a range of different
distributed generation applications, some of
which are successfully developed and others
where there is a strong potential to use DG.

Characterisation and ContextualisationCharacterisation and ContextualisationCharacterisation and ContextualisationCharacterisation and ContextualisationCharacterisation and Contextualisation
of Distributed Generation Projectsof Distributed Generation Projectsof Distributed Generation Projectsof Distributed Generation Projectsof Distributed Generation Projects
The method of analysis must be consistent
with the nature and environment surrounding
them.  DG projects have been described as
highly localised niche applications, potentially
involving all aspects of consumer energy
utilisation.  To bring these projects into
context and to fully draw out the analysis,
they must be assessed from the perspective
of each potential participant:

Consumers.Consumers.Consumers.Consumers.Consumers.  The active participation of
consumers is a fundamental requirement of
many distributed generation projects, particu-
larly where the consumer plays host to the

generation plant.  The needs of the consumer
are as important as those of the energy
supply and distribution companies involved,
and a parallel analysis of the consumer’s
situation should be carried out to ensure all
parties benefit from the project.  Examples of
distributed generation applications where
consumers needs will be an integral part of
the project include co-generation, stand-by
generation, quality enhancement and off-grid
generation in remote sites to avoid uneco-
nomic distribution lines.  In some instances
consumers may install generation plant for
their own purposes, for example for green or
sustainability objectives.  All these needs will
be underpinned by the necessity of distrib-
uted generation providing economic benefits
to the consumer (unless some specific reason
overrides this), and must be competitive with
alternative forms of energy supply.

Network Companies.Network Companies.Network Companies.Network Companies.Network Companies.  The avoidance or
deferment of increasing lines capacity is one
of the principal reasons for utilising distrib-
uted generation, with common solutions
being the installation of generating plant at
consumer sites or independent generation
sites as allowed by rules permitting network
companies to own generation plant up to 5
MW, or unlimited if new renewable resources
are used.  In the former instance it is impor-
tant that the complementary nature of the
project is recognised and common interests
are promoted.  This may involve distribution
(or generation) companies rethinking the
services they provide to consumers, for
example, taking ownership of supplying total
energy services.

Generation Companies.Generation Companies.Generation Companies.Generation Companies.Generation Companies.  In some circum-
stances, distributed generation technologies
may offer generation companies opportunities
to supply electricity to specific locations at
lower cost through savings in transmission
charges.  Alternatively a portfolio of renew-
able energy sources such as wind or hydro,
although variable in output, can have an
important risk management value in the spot
price energy market.
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Analytical OptionsAnalytical OptionsAnalytical OptionsAnalytical OptionsAnalytical Options
The structure of analysis used must reflect
the characteristics of distributed generation,
(highly variable and dependent on location),
and the wide range of external variables
likely to influence the viability or otherwise of
a project.

Two basic approaches to the analysis to be
used in this study were considered, one
which employs a scenario or “top down”
approach and the other an investigative
“ground up” approach (investigating each
case individually but to a consistent set of
external parameters).  These two approaches
are discussed in more detail with an assess-
ment as to which was more appropriate to
use in this study:

Scenarios.Scenarios.Scenarios.Scenarios.Scenarios.  Scenarios describe a situation
constructed around a series of assumptions
or drivers.  Typically in any scenario analysis
about three scenarios are chosen and, whilst
none is predicted to be a most likely out-
come, each case considered will describe the
options to be faced from those given set of
assumptions.  As such, this approach allows
companies for instance to plan against most
eventualities.  Primary drivers are identified
and varied to develop country/economy
scenarios by setting futures for a series of
secondary drivers and indicators as illustrated
in Figure 1.

The value of using scenarios is that they
create a consistent view of the world and
relationships between drivers.  They are
however, macro-orientated and complex and

timely to develop properly.  As distributed
generation is subject to details of local
conditions and relatively fine differentials
between such variables as gas and electricity
prices it is extremely unlikely that the funda-
mental assumptions used to define the
scenarios can be stretched to that level of
detail with any real confidence.  For this
reason the use of scenarios was considered
inappropriate.  A simpler framework analysis
based on the functions of the various partici-
pants in a project was therefore preferred.

Functional framework.Functional framework.Functional framework.Functional framework.Functional framework.  The favoured frame-
work model is simple in concept, fits in easily
with the use of case studies and utilises
fundamental project analysis methodology.
Cases are structured according to the activi-
ties to be investigated and the stakeholders
involved:

• Stakeholders: analysis of each stakeholder
involved in the project, supply companies,
distribution companies, consumers or
combinations thereof.

• Technologies: distributed generation
technologies evaluated in the context of
their market application to the particular
project.

• Alternative solutions: alternatives to
distributed generation provide a datum
point for comparison and will vary with
situation and stakeholder involved, for
example increased lines capacity for a
distribution company or another energy
form for the consumer.

Environmental law

Political/regulatory
direction

Economic Activity

International
markets/obligations

Energy prices

Energy resources

Energy demand

Social prosperity

Population growth

Technology
development

Laissez faire

Environmental
prosperity

Economic
stagnation

Market isolation

Political uncertainty

Primary Drivers/
Variables

Secondary Drivers/
Indicators

Country/Economy
Scenarios

Example Titles

Figure 3.1: Primary/seconday drivers and indicators



Developing a Framework Analysis

15

The case studies chosen will illustrate the
viability or otherwise of the projects under
the conditions pertaining at the time that
they were initially analysed.  This will provide
hard data relating to the performance and
cost of the technology under consideration
and to the market conditions applying, for
example electricity prices paid or received,
ruling natural gas prices, etcetera.

VariablesVariablesVariablesVariablesVariables
The viability of distributed generation projects
can be further examined by varying some of
the anticipate externalities.  These include:

• Commercial/Regulatory Framework

— Restrictions on generation/ interconnec-
tion by transmission companies.

— Sunset clause on network companies
having an obligation to supply.

— Incentives or direction to generate from
renewables.

— Environmental costs of greenhouse
gases.

• Energy Price/Resource Availability

— Gas discoveries and prices.

— Additional resource capacity or en-

hanced efficiency of use of present
resources.

• Technologies

— Advances in efficiencies and unit costs
of existing technologies.

— New technology for generation, stor-
age, lines operation.

• Social

— Irrational consumer choice.

— Iwi/NGO considerations.

— Ability/willingness to pay.

Using these variables in a consistent manner
over all the case studies can provide insights
into the conditions that will be necessary to
make various forms of distributed generation
viable.  This methodology will identify
externalities such as prices, market rules and
technology costs and performance which act
as constraints to the development of distrib-
uted generation and will help determine what
changes are necessary to existing conditions
to make DG technologies viable.  As the
potential market will be strongly influenced
by these externalities, it will also assist in the
assessment of the likely penetration potential
of various DG options.
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Fuel Supplies4

Executive Summary
Our modern society relies heavily on two
resources: abundant, economic energy; and
materials to manufacture the goods we use
every day.

For its energy supplies New Zealand has to
date relied on the presence of energy at costs
much lower than the international benchmark
prices for energy.  New Zealand enjoys
abundant, accessible and renewable hydro
energy, extensive indigenous coal resources,
significant quantities of exploitable geother-
mal energy and very cheap natural gas
principally from the Maui gas field.

With the increasing challenges presented by
the:

• Resource Management Act, the potential
impact of global warming concerns, and
carbon tax regimes under the Kyoto
Protocol,

• globalisation and uncertainty of domestic
of fuel prices,

• impending depletion of the Maui gas field
by 2007 and closer matching of peak
supply capacity and demand in the gas
sector,

• regulatory uncertainty in both the fuel and
electricity sectors,

• transmission and distribution system
technical and commercial characteristics,

• uncertainty in the valuation of biomass
used for power generation, and

• the commercial drivers and structure of
the electricity sector including generation
diversity, transmission issues and a trend
towards closer matching of retailers’
demand and their firm generation capacity.

The challenge of fuel selection is the greatest
it has ever been in the New Zealand electric-
ity sector.  There is no one simple answer to
the question of which fuel is optimum in any

given circumstance.  This report shows that
each fuel type has inherent commercial risks,
and that these risks vary by region and
specific location.

Fuel selection is part art and part science
with commercial and technical trade-offs
being necessary across the whole range of
fuel selection criteria.  The essential challenge
is to identify for a particular distributed
generation facility, the fuel with the best
combination of commercial and technical
characteristics.

The supply of fuel for large scale power
generation is a complex commercial undertak-
ing, which is further complicated in distrib-
uted generation applications that have
unknown and highly variable generating
patterns.

Fuel supply issues are likely to dominate the
economics of distributed power generation as
they do for large centralised power plants.
This is illustrated by the May 2002 announce-
ment by Contact Energy that they cannot
secure gas supplies for a combined cycle
power plant beyond 2008, leading to their
postponing the development of a plant at
Otahuhu.

Introduction
The objective of this report is to identify
relevant fuel and energy resources suitable
for use in distributed generation facilities,
their availability and cost, and how those
factors may affect uptake of distributed
generation options.

This study of fuel and energy resource supply
available for distributed generation provides:

• an overview of the supply and demand of
gas, coal, petroleum products and biom-
ass;

• projections of gas, coal and biomass
availability and cost during the period up
to 2015;
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• assessment of fuel availability and its
impact on uptake of various distributed
generation options; and

• a brief commentary on other energy
resources, e.g. wind, landfill gas and
geothermal energy.

Desirable Characteristics of Fuels for
Distributed Electricity Generation
The following is a list of desirable characteris-
tics of fuels for use in distributed power
generation.

• Resource availability at an annual produc-
tion rate and lifetime quantity required for
the distributed generation facility eco-
nomic lifetime.

• Long term supply contracts available, with
terms and conditions that are complimen-
tary with the electricity (and heat) whole-
sale market and transmission and distribu-
tion commercial characteristics.

• Stable and predictable price that is
competitive with competing fuels and
generation technologies.

• Can be readily delivered to preferred
distributed generation locations on a
flexible delivery profile, including where
appropriate alternative delivery means and
routes, is easily stored and retains its
typical physical properties and characteris-
tics during storage and transportation.

• The fuel resides within a stable sector
regulatory regime that is consistent with
that in the wholesale electricity,  transmis-
sion and distribution market regulatory
regimes.

• Amenable to use in high efficiency, low
capital and operating cost, and high
availability and reliability power genera-
tion technology.

• Requires low capital investment for
emission controls and waste disposal by
virtue of low levels of atmospheric and
other emissions or waste by-products
emitted during the production, transport,
storage and combustion processes.

• Low environmental impact in respect of
greenhouse gas environmental concerns
and regulatory regimes associated with
global warming issues including carbon

taxes and emissions trading.

In practice, all of these favourable characteris-
tics are unlikely to be present in one fuel,
thus requiring commercial and technical
tradeoffs to be made during the development
of a distributed generation facility.

Until recently, the current optimum fuels in
New Zealand have been hydro (zero fuel cost)
and natural gas (plentiful supply and high
efficiency technology), but recently, other
renewables, such as geothermal (low fuel
cost) and wind power (zero fuel cost) have
improved in commercial and environmental
attractiveness.  Coal is becoming more
attractive in certain locations based on a raft
of commercial parameters but suffers in
context of greenhouse gas emissions and
carbon tax issues. Fuels with potential in
niche application are liquefied petroleum gas,
low sulphur heavy fuel oil and diesel.

Natural Gas

Resource Location and Quantities
The locations of producing and explored gas
fields in New Zealand is shown in Figure 4.1
showing the concentration of gas fields in the
Taranaki region.  Gas has been found on the
East Coast near Wairoa, where reserves have
not yet been determined. Figure 4.2 shows
the exploration regions and exploration
activity around New Zealand.  Currently
natural gas is only available in the North
Island, at locations along the gas transmis-
sion pipelines.

Kapuni was New Zealand’s first significant gas
field, starting production in 1970 with first
production from the Maui field occurring in
1979.  Since then Maui has supplied the great
majority of the country’s annual gas needs. It
continues to do so, accounting for 196 PJ of
the 231 PJ net supply in the year ended
December 2001, Kapuni provided 24 PJ and
all other fields combined supplied 11 PJ.
(Ministry of Economic Development presenta-
tion @ Utilicon Conference 12-14 March 2002).

The expected lifetime of these reserves is
shown in Table 4.1, which is the latest
available complete data.  The data show that
current known reserves are sufficient for
approximately 15 years of annual demand,
but this figure includes Maui reserves based
on the original Maui field depletion date of
2009.  Since this data was published, the
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Maui owners have announced that the field is
expected to shutdown by 2007.  A reserves
redetermination is currently underway which
will contractually define the economically
recoverable reserves and the subsequent
offtake entitlements of the three effective
Maui gas buyers. Where reserves are lower
than that required to meet the seller’s
obligations for the rest of the duration of the
contract, buyers’ entitlements to annual
quantities may be reduced.  The last line of
Table 4.1 shows the reserves lifetime calcula-
tion with Maui reserves reduced by 2 years of
year to March 2001 production, 2 x 196 = 394
PJ.   Under the Maui White paper, the Buyer
of Maui gas is the Crown, which on-sells this
gas to Methanex, NGC and Contact Energy.

The production rate of Pohokura field and its
production infrastructure is a critical issue for
the availability and cost of gas post Maui gas
depletion.  This fact is illustrated in Figure
4.3.  The figure shows the dominant role of
Maui supplies, Maui’s peaking capacity and
the impact of Maui contract structures.  Maui
“prepaid gas” can only be accessed after
buyers have taken their contractual entitle-
ments, encouraging heavy demand by the
three buyers, to access gas already paid for
but not yet taken.  This prepaid gas is on-
sold to power generation and petrochemical
sectors on short-term contracts.  The
Pohokura gas production rate has not been
revealed to date.  It will be determined by

Figure 4.1: Taranaki Gas Fields and Pipelines
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economic recovery rates, which are in turn a
factor of production facility capital costs, oil
and gas revenues.

The transition period from Maui to Pohokura
gas production will be carefully managed,
firstly to initiate the oil revenue stream and
secondly to manage the gas supply and
demand balance and the responses that will
occur in the market to the gas price signals.
The Pohokura gas production rate is expected
to be lower than Maui’s average production
since 1990 of 175 PJ/year.  At production rates
of 10% of recoverable gas reserves per year,
production of about 100 PJ per year could be
the expected, a reduction from current rates
of supply of around 75 PJ/yr., and an amount
approximating the petrochemical sector
demand.

Because of a dry hydrological year incurring

significantly lower hydro generation output in
the year to December 2001, gas production
from all sources reached its highest level over
the same period since records began in 1971,
a total of 258 PJ.  Maui provided the gas
production peaking capability to deliver this
peak in demand.

Resource Ownership

The companies currently involved in gas
supply from producing fields are:

• Shell Petroleum Mining (Shell);

• Todd Petroleum Mining Limited (Todd
Energy);

• Bligh Oil and Minerals (New Zealand)
Limited;

• Greymouth Petroleum Limited

Figure 4.2: Exploration Basins Map Source Shell (Petroleum Mining) Co. Ltd
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• New Zealand Oil and Gas Services Limited
(NZOG); and

• Ngatoro Energy Limited

• Swift Energy New Zealand Limited.

Table 4.2 shows the ownership of New
Zealand gas reserves, including both produc-
ing and non-producing fields.

The ownership of gas reserves is notable for
two factors.  Firstly, that with the exception of
Mangahewa, no one party has sole ownership
of any of the producing or non-producing gas
fields.  Secondly, that Shell effectively owns
the largest quantum of gas resource in New
Zealand and is also the largest current
producer.  Shell holds sizeable interests in
the declining Maui gas field, Kapuni, and the
largest field under development, Pohokura,
each of which it owns in part along with Todd
Energy.  Both Maui and Kapuni are operated

by Shell Todd Oil Services Limited.

These ownership issues reflect the portfolio
approach necessary to manage the risk of
both the exploration and development of oil
and gas fields, and the ongoing gas produc-
tion risks inherent in selling the gas through
long term contracts.

The Commerce Commission addressed the
issue of competition in the gas production
sector in its decision 411, which dealt with
Shell’s acquisition of Fletcher Challenge
Energy.  In recommending that the acquisition
be allowed to continue, the Commission
found that, despite the large percentage of
total gas production that Shell would own, an
“important level of competition” was present
from other producers. Specifically, the Com-
mission found that 48% of the gas not
already committed to the electricity or
petrochemical sectors was controlled by
producers other than Shell.  Significantly, the

Field Field Lifetime
Ultimate

Recoverable
Gross

Production

Gross
Reserves

as at 1
January

2001

Gross
Calorific

Value

1 Jan 2001
Gross

Production
Reserves /

Gross
Production in

2000

PJ PJ MJ/m3 PJ Years

Kaimiro 22 12 37 0.64 18.8

Kapuni 1,011 339 27 28.29 12.0

Kupe 309 309 41 - undeveloped offshore field -

Maui1 3,813 767 40 188.27 4.07

Maui reserves being redetermined in 2002, gas depletion expected around 2007

McKee 138 54 42 9.61 5.6

Mangahewa 129 125 44 0  -

Ngatoro 10 4 44 1.4 2.9

Piakau 7 - 49 0  -

Pohokura 986 986 -  field under development -

Tariki /
Ahuroa

127 92 41 10.41 8.8

Waihapa /
Ngaere

22 1 36 0.25 2.8

Total 6,891 3,259 N/A 229 14.8

Total with Maui reserves
reduced by
2 x 196 PJ

2,867 229 12.5

Gross
Production

in 2000

Table 4.1: Gas Reserves and Production as of 1 January 2001.
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Commission made this finding subsequent to
the High Court decision in the Kapuni Judge-
ment that returned control of half of the gas
production from the Kapuni field to Shell and
Todd in the interests of promoting competi-
tion in the wholesale gas market.  Shell is
selling gas resource assets that it was obliged
to divest under the Commerce Commission
decision 411. These sales are reflected in the
presence of Greymouth Petroleum in Ngatoro
and Kaimiro and Swift Energy in Tawn and
Todd Energy’s ownership of Mangahewa.

Kapuni is the next largest producing field. Gas
from Kapuni is sold to the petrochemical
market and is also used by the field owners
in their gas retailing businesses.

The gas from the smaller producing fields has
been largely committed to long term con-
tracts for power generation or short term
contracts for the petrochemical sector.

The Rimu field, on the South Taranaki coast is
essentially an oil field with some gas produc-
tion sufficient for about 10 MW of base
loaded power generation.

Including Shell and Todd there are fifty-six
companies that own exploration rights.  As
the industry gas supply side makes the
transition to new sources of supply, it is
probable that other companies will emerge as
important producers of gas.  The recent
report by ACIL Consulting stated “ACIL has
found no reason to conclude that the current
ownership structure is leading to inefficien-

cies in the gas-producing sector.  From an
efficiency perspective it would be desirable
that transition to a more diversified owner-
ship structure is not discouraged.”

Resource Features
There are two universal gas quality specifica-
tions in New Zealand, one defined in the
Maui White Paper for Maui gas, and one in
NZS5442, Specification for Reticulated Natural
Gas, shown in Tables 4.3 and 4.4 respectively.
The Gas Regulations 1993 state that natural
gas shall comply with NZS5442.   The
NZS5442 standard specification covers most
uses, but additional or more stringent limits
may be necessary to cover all of the require-
ments for specific applications.  The limits for
water, dewpoint and temperature are param-
eters that have been defined to more strin-
gent limits for particular applications.

Natural gas is a premium quality fuel with few
contaminants and comparatively lower
emissions compared to other fossil fuels.  The
combustion products contain no elements
that cause significant concern from an
operations or maintenance perspective.
Under the Resource Management Act, the
emissions that are typically documented in
consent applications, are carbon dioxide
(CO2), carbon monoxide (CO), Nitrogen
Oxides, (NOx), suspended particulates (PM10),
total organic compounds (TOC’s), water
vapour or steam, and heat emissions.

A useful indication of emission levels is in the

Figure 4.3:  Gross Gas Production by Field



Fuel Supplies

23

March 2001 Genesis Power resource consent
applications and assessment of environmen-
tal effects for their proposed 400 MW CCGT at
Huntly power station, shown in Table 4.5
(Source: Genesis Power Huntly energy effi-
ciency enhancement Project Resource Consent
Applications and Assessment of Environmen-
tal Effects, March 2001.)

CO2, implicated in global warming scenarios is
emitted at around 53 kg/GJ gross of natural
gas combusted, whereas sub-bituminous coal
would typically emit 913 kg/GJ gross.  CO
emissions from gas combustion are low
except where combustion conditions are less
than optimal such as during start-up condi-
tions and load changes.  Well designed
combustion systems that lower the combus-
tion temperature minimise NOx emissions
from gas combustion, NOx levels should be
low except during start-up conditions.
Particulate (PM10) emissions from gas
combustion are negligible.  Organic
componds (TOC’s) are typically low but do
occur during upset combustion conditions
such as during start-up.  A visible plume of

steam or water vapour emissions can occur
under cool atmospheric conditions.  At
present heat emissions are only considered
as an aviation hazard and typically power
stations have no fly zones around them so
that aircraft avoid the updrafts and turbu-
lence caused by thermal plumes.  From an
emissions perspective, natural gas is the fuel
of choice.

In combination with this, is the highly
developed state of power generation technol-
ogy suitable for firing on natural gas.  The
latest gas turbine combined cycle technology
provides heat rates in the order of 6,200 kJ/
kWh, or 58% efficiency at comparatively low
capital and operating costs.   This combina-
tion of low environmental impact, advanced
technology and relatively attractive capital
and operating costs makes the natural gas
fuelled combined cycle power generation fuel/
technology combination of choice.  Thermal
power generation developments must com-
pete with the overall economics of this
combination to be competitive in the whole-

Field Maui Kapuni McKee Ngatoro Kaimiro Tawn

Producing Fields

Producer –
Working
Interest

Shell –
87.5%
Todd –
12.5%

Shell -
50%
Todd -
50%

Todd -
100%

Greymouth
Petroleum –
59.57%
NZOG -
35.43%
Ngatoro - 5%

Greymout
h
Petroleum
– 100%

Swift Energy
96.76%
Bligh - 3.24%

Reserves as at
Jan ’01 (PJ)

767 237 53 4 12 89

Production
PJ/year

150 – 200 24 10 1.4 0.6 11

Non-Producing Fields

Rimu Pohokura Mangahewa Kupe Wairoa

Producer –
Working
Interest

Swift - 90%
Marabella -
5%
Antrim – 5%

Shell - 52%
Todd - 15%
Preussag –
33%

Todd -  100% Genesis Power –
70%
NZOG – 19%

NZ Govt – 11%

Westech -
50%
Orin - 50%

Reserves as at
Jan ’01 (PJ)

138 986 119

Notes.
Maui reserves data is based on Energy Data File January 2002, which references 1 O ctober 2001 Reserves Data
based on a Maui Development Limited media statement in November 2001.
TAWN = Tariki, Ahuroa, Waihapa, Ngaere
Sources: Ministry of Economic Development Energy Data File & Utilicon 2002 Conference Presentation, Press
Reports, Grant Samuel Report 8 Dec ‘00 Appendix 3 Gaffney Cline Table Pohokura Field Base Case Scenario pg. 19

Table 4.2: Ownership of New Zealand Gas Reserves
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Quality Units Min. Max.

Gross Calorific Value MJ/m3 36.15 38.95

Water Content mg/m3 - 112.2

Hydrogen Sulphide mg/m3 - 5.72

Total Sulphur mg/m3 - 40.06

Oxygen % by Volume - 0.1

Hydrocarbon Dewpoint ˚C @ 48.3 bar - 1.7

Carbon Dioxide (initial) % by Volume - 15

Carbon Dioxide

(after production exceed 739,000 GJ)

% by Volume - 5.5

Carbon Dioxide May be modified on a basis mutually acceptable
to the buyer and seller under certain defined

circumstances

Median Wobbe Number Stated in the text of the White Paper “To be
mutually agreed between the parties”

Wobbe Number (deviation from Mean) % ±5

Removal of Solids over 5 microns % 35 100

Temperature ˚C 1.7 37.8

Pressure Bar 31.0 72.3

Table 4.3:  Maui Gas Quality Specification as set out in Annex B and with the Units Converted in
Accordance with Annex I of the Maui White Paper

Notes
1 Standard conditions apply for the measurement of all gas properties listed in this table except

hydrocarbon dewpoint temperature
2 The limit for total sulphur applies after odorant addition
3 The Wobbe Index and relative density limits in this specification imply a calorific value range

of 35.2 MJ/m3 – 46.5 MJ/m3

Quality Bound Limit

Wobbe Index Minimum

Maximum

46.0 MJ/m3

52.0 MJ/m3

Relative Density Maximum 0.8

Oxygen

 – for gas to be transported through medium and low
pressure systems only

– in all other cases

Maximum

Maximum

1.0 mol%

0.1 mol%

Hydrogen Maximum 0.1 mol%

Hydrogen Sulphide Maximum 5 mg/m3

Total Sulphur (as S) Maximum 50 mg/m3

Water Maximum 100mg

Total halogens (as CL) Maximum 25 mg/m3

Hydrocarbon dewpoint Maximum 2 0C at 5 MPa

Calorific Value Minimum

Maximum

46.0 MJ/m3

52.0 MJ/m3

Table 4.4: NZS 5442 New Zealand Standard for Natural Gas
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sale market.

Gas Transmission
Gas transmission and distribution capacity
must also be purchased to deliver the gas to
the generation facility.  This delivery capacity
has ownership rights that differ significantly
from electricity transmission and distribution
systems.  Like any transport system, the
capacity to transport gas has practical and
economic limits, but also, gas delivery
capacity is purchased and “owned”.  Trans-
mission and distribution system capacities

and contracted delivery entitlements is a
complex web that forms part of the commer-
cial regime of purchasing gas supplies for
power generation.

Transmission Pipeline Systems.

There are two main transmission pipeline
systems available in the North Island.  The
Maui pipeline running from the Oaonui
processing plant to Huntly and the NGC
transmission system running from Taranaki
north and south and to the Bay of Plenty and
Hawkes Bay, refer Figure 4.4.

The low PM10 emissions for Huntly burning coal is a function of the particulate removal efficiency of the electrostatic
precipitators attached to the Huntly boilers.

Contaminant Existing Power Station at
Maximum Continuous Rating
and at ~ 50% of MCR Burning

Coal

Proposed Power Station at
Maximum Continuous Rating

unless Specified

Carbon Dioxide Coal: 878 tonnes/hour at MCR

Gas: 518 tonnes per hour at MCR

146 tonnes per hour (dependant
upon gas composition)

Carbon
Monoxide

At MCR:

Concentration: 100ppmv

Rate: 440 kg/hour

At 50% MCR

Concentration: 75 ppmv

Rate:  225kg/hour

Concentration: 25ppmv

Rate: 61 kg/hour

Start-up (Worst Case)

Concentration: 1300ppmv

Rate: 3275 kg/hour

Nitrogen Oxides
as NO2

At MCR:

Concentration: 300ppmv

Rate: 2160 kg/hour

At 50% MCR

Concentration: 270 ppmv

Rate: 1300kg/hour

Concentration: 35ppmv

Rate: 85 kg/hour

Start-up (Worst Case)

Concentration: 250ppmv

Rate: 630 kg/hour

Particulate as
PM10

At MCR:

Concentration: 30 mg/Nm3

Rate: 115kg/hour

At 50% MCR

Concentration: 25mg/Nm3

Rate: 60kg/hour

Concentration: 25mg/Nm3

Rate: 63 kg/hour

Volatile Organic
Compounds

At MCR:

Concentration: not determined

Rate: Not determined

Concentration: 12ppmv

Rate: 30kg/hour

Start-up (Worst Case)

Concentration: 150ppmv

Rate: 365 kg/hour

Table 4.5: Emission Concentrations assessed for Genesis Power 400MW (Gross) CCGT at Huntly
Power Station (1,000MW Gross MCR)
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Maui Pipeline

The Maui pipeline currently only transmits
Maui gas and is only accessible to the Maui
contract gas purchasers, Methanex, Contact
Energy and NGC.  There is no open access for
other parties to use the Maui pipeline
capacity.  The Maui pipeline has several
offtakes into the NGC transmission network
as well as to the major Maui gas consumers;
these offtakes and their capacities are shown
in Table 4.6.

Numerous concerns have been raised over
the lack of access to the Maui pipeline as
well as aspects of the access arrangements to
the NGC pipelines system, citing these as
obstacles to the marketing of non-Maui gas.
Access to the Maui pipeline is a major gas
and electricity industry issue.  Currently, as
party to the Maui contract, the Crown would
only accept gas meeting the Maui specifica-
tion for transmission in the Maui pipeline.
Providing access for non Maui gas would
require clarification of the contractual rights
of the existing downstream purchasers and
their requirement for capacity in the pipeline
at various times.   The second issue is gas
specification. The Maui contract establishes a
different gas specification (refer Table 4.3) to
that applying to the NGC Transmission System

(refer Table 4.4).

As the Maui field depletes and the Pohokura
gas field owners seek transmission capacity
to market Pohokura gas, resolution of Maui
pipeline access for non-Maui gas will be a
critical factor in future gas pricing.

NGC High Pressure Gas Transmission System

The NGC High Pressure Gas transmission
system, is approximately 2,500 km in length
and transmits high pressure gas from two
points:

• from the end of the Maui pipeline at
Rotowaro (near Huntly power station), to
the North and the North East of the North
Island, and

• from the Frankley Road connection near
New Plymouth southwards, picking up
production from Kapuni and other produc-
ing fields on the way and serving markets
in the South and South East.

An NGC diagram of the high-pressure gas
transmission system is provided in Figure 4.4,
and approximate annual quantities in each
region are shown in Figure 4.5.  NGC operates
both pipeline systems.

Other small gas transmission pipelines

Figure 4.4: High Pressure Gas Transmission Pipeline System
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Table 4.6:  Maui Transmission Pipeline Installed Capacity 2001
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connect particular fields to specific industrial
and petrochemical loads.

NGC provides for third party access to its
transmission pipeline system.  The terms of
access are set out in a Transmission Memo-
randum in accordance with the Pipeline
Access Code.  The rights and obligations of
users and NGC are set out in a Transmission
Service Agreement (TSA).

NGC’s key objectives in relation to gas
transmission are:

• To provide reliable, safe and efficient gas
transmission services to all customers;

• To operate a neutral and non-discrimina-
tory open access transmission system;
and

• To facilitate the development of a second-
ary market in pipeline capacity trading to
help promote growth of the gas market.

Gas Transmission Capacity

Defining capacity in transmission pipelines is
difficult to describe in simple terms, the
interaction of all the time varying offtakes
determine the pipeline’s ability to transport
gas from the intake point to a given offtake
point.

In compliance with the Gas (Information
Disclosure) Regulations 1997 NGC annually
publishes “NGC Pipeline Capacity Disclo-
sures”, the latest versions being year ending
30 June 2001 for the NGC system, and year

ending 31 December 2001 for the Maui
pipeline.

These two documents were used to develop
an indication of used and spare gas transmis-
sion capacity, shown in Tables 4.6 and 4.7 for
the Maui gas pipeline and NGC Transmission
System respectively. Data provided in the
disclosure documents is extended to provide
a rough estimate of the potential additional
electricity generation capacity that could be
installed at each of the existing offtakes at
heat rates of 10,978 and 6,200 kJ/kWh (33%
and 58% efficiency).

Note that some offtakes do not register as
having spare capacity because of the regula-
tions reporting requirement that only offtakes
with throughput of more than 2,000 GJ per
week are analysed.  Some of these offtakes
may be suitable for distributed generation
facilities and potential distributed generators
should consult NGC to identify the capacity of
these offtakes.

The approximations noted in the table
heading result from using system peak week
capacity data to calculate offtake total
capacities; the estimates should be lower
bound estimates.  This is illustrated by the
Marsden Refinery data where the system peak
week flows are lower than the offtake peak
week flows, the refinery peak flow was
outside the system peak week allowing it to
take more than it could have during the
system peak week.

Figure 4.5: Approximate Regional Gas Quantities
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Table 4.7-1: NGC Transmission Pipeline Installed Capacity 2001

Commodity and Delivery Costs
There are two principal components to gas
prices, the wellhead or treated gas commod-
ity price and the transmission/distribution
price.

Commodity Price

Maui is the dominant supply source and

enjoys a relatively low price on a delivered
basis, which is locked in under a long-term
contract.  As deliveries under the existing
contract decline, there will be upward pres-
sures on gas prices as higher cost alternative
sources are brought on stream.

There is some evidence that the longer-term
supply situation is incrementally being
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Table 4.7-2: NGC Transmission Pipeline Installed Capacity 2001

factored into supply planning as wholesale
market participants move to consolidate
longer-term gas supplies.  It must be kept in
mind that the bulk of the economic justifica-
tion behind oil and gas exploration is based
on internationally priced oil revenues, with
gas providing an additional local market

based revenue stream.  Oil revenues fre-
quently support the exploitation of gas,
leading to the premise that in many in-
stances, gas is unlikely to be exploited in low
oil yielding resources unless gas prices reach
high levels.

The Maui White Paper established the “Basic
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Price” for delivered Maui gas at $0.37/MMBtu
as of 1 April 1975 with a gas price escalation
effective from 1 April 1976 based on one half
of the movement recorded by a modified
Wholesale Price Index.  This is equivalent to

$0.39/GJ in 1975 dollars or approximately
$2.00/GJ today.  The delivered price was
effectively set by what the market could bear
based on the cost of competing electricity
generation options.  Electricity generation still

Table 4.7-3: NGC Transmission Pipeline Installed Capacity 2001
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effectively sets the market price for gas, with
gas competing with renewables (principally
hydro, wind, geothermal & biomass) and
coal, and the most efficient generators being
able to bid the highest price for available
gas.  Maui gas has the advantage of being a
delivered price independent of distance from
the processing plant, whereas other sources
are wellhead plus transmission costs.

The wholesale price of gas is reflected in
several publications.  The two sources of
benchmark prices are the ACIL Review of the
New Zealand Gas Sector, and the Ministry of
Economic Development publications, particu-
larly the Energy Data File, and the Energy
Outlook to 2020, February 2000.

The ACIL review includes the following Figure
4.6, supplied to ACIL Review of the New
Zealand Gas Sector by Todd Energy.  It shows
the average gas price for industrial market.
The figure shows a relatively stable gas
commodity price in the region of $2.70/GJ
after coming off a long period around the
$3.00/GJ mark.  This reduction in price is a
function of several supply and demand
factors, not the least of which is the access-
ing of prepaid gas by the Maui buyers
allowing price.  The trend will change during
the period up to the depletion of Maui and
the development of the Pohokura resource,
with wholesale commodity prices rising as
new gas resources are contracted into the
market to major consumers.  The actual price
reached will again be dependant upon
competitive pressures from a number of
competing gas suppliers and competing fuel
sources and power generation technologies.

The Ministry of Economic Development has
published their gas price scenarios in New

Zealand Energy Outlook to 2020, dated
February 2000. Table 4.8 shows the Ministry
of Economic Development gas price assump-
tions.

The Ministry assumes that the petrochemical
plants will close with the expiry of their Maui
gas contracts in 2003 and 2005.  In addition,
they state that “In the low new gas discover-
ies scenario the reserves-to-production ratio
declines to around six years in 2020, implying
that further price rises would be expected.”

Industry participants are predicting or seeking
higher gas prices to justify more investment
in exploration. Recent press reports emanat-
ing from the 2002 Petroleum Conference
provide a good insight into the gas industry
thinking.

Shell’s regional business director for East Asia
and Australasia stated recently in the 2002
Petroleum Conference that  “The biggest
challenge is to be able to successfully
compete with other countries for investment
capital.  Gas prices will need to migrate
towards the global norm, otherwise compa-
nies would not find it worthwhile putting
their money into New Zealand.  When making
an investment decision about exploring for oil
and gas in New Zealand, proposals had to be
weighed up against competing prospects
around the world.  This means that the
current average New Zealand wellhead price
of less than $US1 [per GJ] will need to
increase to at least $US3.”

The manager of the Ministry of Economic
Development Energy Markets and Information
Services Group said that despite the early
running down of the Maui field, there were
enough reserves of gas to supply the com-

Figure 4.6: Average Gas Prices for Industrial Market Compared with Average Wholesale Price
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mercial and residential reticulated market for
at least the next 20 years.   This does not
mean a shortfall or a supply gap, he said,
just that the cost will increase.  The petro-
chemical industry, however, which uses
around 40 per cent of all gas production,
would not be able to continue.  There was
plenty of gas available for the high-value
reticulated market and significant amounts for
electricity generation, Mr Smith said.  But the
move away from one big gas field to a
number of smaller fields, such as the new
Pohokura field, did carry risks.  During last
year’s dry, cold winter, when thermal power
stations were running at full capacity to make
up for the lack of electricity coming from the
South Island hydro dams, the operators of
the Maui field were able to increase produc-
tion by up to 30 per cent.  This would not be
possible with the new, smaller fields that will
supply the power stations in the future.

M-Co, the company that manages the whole-
sale electricity market, also endorsed a need
for a sustained increase in the price of
natural gas and that  the increased gas price
would have a flow-on effect to the electricity
market.  It would mean even higher electricity
prices if gas were no longer available for
generation.

International wellhead to end user prices is
another indicator of the potential price path.
Table 4.9 shows the New Zealand, Australian
and USA gas prices. The cost of gas in New
Zealand is driven principally by the Maui gas
costs.  The table also indicates the significant
impact of transmission and distribution
charges on the relative international cost
competitiveness of delivered gas in New
Zealand.  The impact on gas transmission
costs of the Maui pipeline becoming available
to non-Maui gas is the cause of significant

uncertainty in the gas sector.

Transmission Pricing Arrangements
The gas transmission prices charged by NGC
comprise three components:

1 A Capacity Reservation Fee which reflects
the asset costs (return and depreciation)
of an optimal transmission system.  These
fees are calculated in $/GJ of reserved
capacity.  These are fixed charges, recov-
ered whether or not the full Maximum
Daily Quantity (MDQ) is used.

2 Overrun Fees that apply to deliveries
made in excess of reserved MDQ.  These
fees are set at a level to create incentives
for customers to reserve MDQ as accu-
rately as possible.  The fees are avoidable
by reserving sufficient capacity to meet
short term peak requirements, or obtain-
ing additional capacity entitlements
through the secondary market; and

3 Throughput Fee that recovers all other
operating costs.  The same throughput fee
applies to gas delivered anywhere on the
system.

Delivery point prices vary significantly be-
tween geographical regions, reflecting the
level of investment.  Capacity reservation fees
for points at the extremities of the pipeline
and on pipeline laterals are generally signifi-
cantly greater than points close to the
injection points in Taranaki and at Rotowaro.
NCG has placed a cap on capacity reservation
fees and price volatility where the application
of these principles produces fees or volatility
considered unacceptable.

The amounts of these charges are provided in
the NGC Transmission System Information
Memorandum.  An example of the average

March
Years

Low Gas
Discoveries

(40PJ/annum)

Baseline
Scenario

(80PJ/annum)

High Gas
Discoveries

(120PJ/annum)

1998 2.52 2.52 2.52

2000 2.67 2.67 2.52

2005 3.10 3.10 2.75

2010 3.50 3.50 2.95

2020 4.65 3.92 2.95

Source New Zealand Energy Outlook to 2020, dated February 2000.

Table 4.8: Alternative Gas (Commodity) Price Assumptions 1998 – 2020 ($/GJ)
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tariffs that would apply as a result of these
arrangements is shown in Figure 4.7. The
figure illustrates the significant gas transmis-
sion cost to areas remote from Taranaki.  This
regional cost penalty is one of the principal
economic drivers behind the major gas
fuelled power stations being either located in
Taranaki, and being supplied delivered Maui
gas off the Maui pipeline.

Purchasing and Contracting Issues
Purchase of gas for small scale distributed
generation facilities would follow a process
involving the local gas retailers.  A competi-
tive process to purchase the commodity is
now possible in many areas, however in most
cases there is no choice of distributor.
Knowledgeable purchasers will involve
themselves in monitoring the negotiation of

distribution charges to ensure that they are
fair and reasonable.  Because of the gas price
risk that the gas retailers face, efforts to
obtaining a long term contract for gas
supplies is unlikely to be successful.  The gas
retailer will deal with the local distribution
company or companies to arrange for a
connection where none currently exists.

Purchase of gas for large scale and or long
term supplies is a complex and involved
undertaking that requires experience and
excellent negotiation skills.  The value issues
and risks are significant and require careful
analysis.  During 2002, it is likely that the
negotiations for the purchase of supplies
from the Pohokura gas field will be under-
taken by large scale purchasers for power
generation, retailing activities and potentially
for petrochemical production.  The outcome

Source: Review of New Zealand Gas Sector, ACIL

Price in NZ$/GJ Ratio of Wellhead/User
Prices

New
Zealand
$NZ/GJ

Australia

$NZ/GJ

United
States
$NZ/GJ

New
Zealand

Australia USA

Wellhead Price 1.50 3.04 4.48 1 1 1

Industrial Price 9.25 6.19 7.49 6.2 2.04 1.67

Residential
Price

16.79 12.02 14.94 11.2 4.0 3.34

Table 4.9: Comparison of Well Head to End User Prices

Figure 4.7: Illustrative Transmission Prices in the NGC Gas Transmission System
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of these negotiations will set the scene for
the gas industry in New Zealand for the
medium term, including price and contracting
terms.  Table 4.10 shows the range of inter-
acting factors influencing fuel decision
making.

The Wholesale Gas Market

There are three broad groupings in the
wholesale market, the largest is gas sold
direct from producers or the Crown to the
petrochemical industry.   In 1999 this com-
prised 95.8 PJ.   Gas sold to electricity
generators (excluding cogeneration) com-
prised 75 PJ.   Approximately 47 PJ was sold
to industrial users including cogeneration, 5
PJ was sold to commercial users and 5 PJ to
for residential use.   Around half of the
industrial load and most of the commercial
and retail load is purchased by retailers from
the wholesale market.

The entities active in the wholesale gas
market include:

• Shell,

• Todd,

• Contact Energy,

• NGC, and

• The Crown.

Emerging wholesalers include Westech Energy
New Zealand (Westech) and Swift Energy New
Zealand Ltd (Swift).  Westech has gas re-
serves in Taranaki and the East Coast and
Swift has reserves in the Rimu field onshore
in the Taranaki basin.

A significant restriction in the market is that

Shell and Todd have undertaken not to sell
their share of gas from the Kapuni field to
electricity generators or the petrochemical
industry, reserving it all for the reticulated
market.

Another notable restriction in the market is
the extent to which current access and
contract arrangements limit the ability to
resell gas, constraining the creation of a
secondary market.

Transmission Services

Gas users generally contract for a gas supply
with a gas retailer.  In order to retail gas the
gas retailer must normally hold:

• A Gas Sales Agreement with a wholesaler

• A Transmission Services Agreement with
NGC, and

• A Network Services Agreement with the
owner of the distribution network system
to which the end user is connected.

Any party can bundle part or all of these
services.  A major end user wishing to deal
directly with a wholesaler can arrange its own
transmission and network services.

The methodology provides that:

• Prices for some delivery points are capped
at a level where the methodology might
otherwise result in price higher than the
market can bear;

• NGC Transmission (NGCT) is also prepared
to negotiate prices where for example a
customer would otherwise bypass the
Transmission system; and

Generation
Competition

Domestic Fuel
Sources

International Fuel
Sources

Industry Reform

Pool Prices Fuel type availability Fuel sources Demonopolisation

New competitors Transport costs World commodity
prices

Environmental
regimes

Forward contract
prices

Transport capacity
limits

Transport costs Supply competition

New technology Arbitrage Exchange rates Regulation

Merit order dispatch Sector regulatory
environment

Import/ transmission /
distribution
infrastructure

Political imperatives

Import duties Trade Unions

Table 4.10:  Factors Influencing Fuel Procurement Decision Making (after KMPG)
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• NGCT holds to a principle of non-discrimi-
nation.

Within these constraints, NGCT states that it
remains open to discussions with customers
regarding modification of prices to meet their
particular circumstances.

The basic concepts on which NGC’s access
regime and the Transmission Services Agree-
ment are outlined in the NGC Transmission
System Information Memorandum, these
concepts are:

Concept 1 — Receipt and Delivery of Energy

Customers contract with NGC to receive
energy at Receipt Points and deliver it at
Delivery Points in the form of Specification
Gas.

Concept 2 — Reservation of Capacity

Customers must reserve pipeline Capacity in
advance.  NGC can then ensure that the
Capacity will be available for the Customer
when required.

Concept 3 — Capacity is Specified as GJ/day

Capacity is reserved in terms of the maximum
amount of energy, in GJ, which is required to
be delivered on any day at Specified Delivery
Points.  Customers can require their gas to be
delivered up to this level of Reserved Capac-
ity on every day of the Contract Year.

Concept 4 — Capacity May be Transferred

The Transmission Services Agreement pro-
vides for the transfer of any amounts of
Reserved Capacity between Delivery Points for
any period from a Day to a Year.

Concept 5 — Unaccounted for Gas

NGC contracts to deliver to the Customer
exactly the same amount of energy as it
received from the Customer.

Concept 6 — Instantaneous Receipt and
Delivery

Gas received into the Transmission System at
Receipt Point(s) will be deemed to be instan-
taneously delivered at Delivery Point(s).

Concept 7 — First Come, First Served.

Existing Customers have the right of first
refusal to their existing level of Reserved
Capacity in the next Contract Year.  Otherwise,

all new requests for Capacity are processed
on a first come, first served basis.

NGC also provide the facility to reserve
capacity for 5-year periods.

At the present time there are two options to
contract gas from Taranaki fields and markets
north of Rotowaro. The first is to gain access
to the Kapuni pipeline.  The second approach
is to seek a swap with either Contact or NGC
whereby gas from non-Maui fields would
replace Maui gas in the southern transmission
system, allowing Maui gas delivered at
Rotowaro to meet the supply obligations of
third parties.  The problem with this arrange-
ment is that gas marketers are seeking the
co-operation of competitors to arrange these
swaps.

Competing Uses
The Ministry of Economic Development,
Resources and Networks Branch examines the
following sub-markets of the gas sector:

• Reticulation – industrial, commercial and
domestic,

• electricity generation,

• co-generation, and

• petrochemicals.

The Ministry believes that the determinants of
future gas demand are market price of gas
and prices of competing energy sources.
With general growth in demand for energy,
and with gas having relatively low green-
house gas emissions compared to some other
fuels, the prospect is for an increase in gas
prices due to the demand side attractiveness
of gas as a thermal fuel.  They also believe
that with the rundown of the Maui resource,
that there will also be an increase in gas
prices due to constrained supply.

In terms of sub-market demands, the
Ministry’s analysis shows the five-year
average and predicted 2010 breakdown of
gas use as shown in Table 4.11.

The Ministry’s detailed sub-market analysis of
the major gas consumers is shown in Figure
4.8.

The Ministry’s Conclusions are:

• Maui depleted by 2007?

• petrochemicals production will cease
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unless new, large, cheaply recoverable
reserves become available ($2.00 – 3.50/
GJ).

But:

• plenty of gas availability for high value
reticulated market,

• significant gas available for electricity
generation,

• prospects are that gas use for both
reticulation and electricity generation will
grow over time,

• the future of the gas market is particularly
dependent on:

• costs of recovery from known fields and
new discoveries,

• greenhouse gas policy decisions.

During 2002 the Ministry will be undertaking
further modelling with a range of scenarios,
with different assumptions on GDP growth,
forestry industry growth, energy efficiency
uptake, Government policy settings etc and
propose to publish full results later in 2002.

The Ministry of Economic Development takes
a view that supply and demand will balance

and consequently assesses supply and
demand based on three scenarios (baseline
80 PJ/yr, low 40 PJ/yr and high 120 PJ/yr) of
new discoveries per year. The Ministry view of
gas availability for electricity generation is in
the context that gas will be available but at a
price which is yet to be determined by
market forces.

Another supply and demand viewpoint has
been presented at the March 2002 Utilicon
Conference by Shell (Petroleum Mining) Co.
Ltd., the largest gas supplier.  This view is
represented in Figures 4.9, 4.10 and 4.11, all
courtesy of Shell.  P90 represents a reserves
quantity assessed at 90% certainty of pres-
ence and recovery, and P50 reserves quantity
assessed at 50% certainty of presence and
recovery. Shell is indicating the need to find
and exploit more reserves, and also that
prices need to rise to provide the necessary
economic incentives for the exploration.  The
Shell figures assume that the price of gas will
be too high to economically justify its use for
Petrochemical production, and also exclude
any new discoveries.

Shell’s conclusions are:

• Gas is a vital energy supply,

• We must now move if supply shortage is

Market Year Average to
2001

(PJ per year)

2010

(PJ per
year)

Petrochemicals 87 0

Electricity Generation 71 88

Reticulation 37 40

Cogeneration 16 21

Table 4.11:  Breakdown of sub-market gas use

Figure 4.8:  Primary Energy Supply of Gas 1970 – 2025
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to be minimised,

• The price will go up from current levels,

• Open access on the Maui pipeline is
essential

• Pohokura development must not be
delayed

• Exploration still has someway to run, and

• LNG is an option.

In our (Shell’s) view...

The well being of the NZ economy and the
electricity industry is linked to a secure gas
supply.

It is understood that Methanex has stated a
willingness to enter into long-term gas
purchase contracts in New Zealand for their
petrochemical plants.

The Ministry of Economic Development
assessment of projected energy demand
growth, shown in Table 4.12, indicates the
projected gas demand changes over this
period, reference publication, New Zealand
Energy Outlook to 2020  February 2000.

Total gas consumption is projected to decline
at around 3% per year with the closure of the
petrochemical plants in 2003 and 2005
reflected in the petrochemical demand drops
of 60 PJ between 200/2005 and 24 PJ be-
tween 2005/2010.  Gas share of total indus-

Figure 4.9: NZ Gas Demand by Sector 2002 – 2020   Source Shell

Figure 4.10: NZ Gas Supply (P90) /Demand (no Petrochem Post 2006)

Figure 4.11: NZ Gas Supply (P50) /Demand (no Petrochem Post 2006)
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trial, commercial and residential non-transport
energy consumption drops from 42.5% in
1995 to 29.4% in 2020.  Forestry, with the
growth in forest maturity, is projected to grow
by 2.2% per year between 1998 and 2020,
with this growth level assuming further use of
energy supplied internally from such sources
as pulping residues, wood waste and hog
fuels.  Basic Metals – comprises Comalco’s
aluminium smelter at Tiwai point, the
Glenbrook Steel Mill at and the Pacific Steel
Mill in Auckland.  Their consumption of gas is
projected to decline at 0.3% due to opera-
tional efficiencies and the application of
cogeneration.  Other Industrial & Commercial
gas demand grows with organic growth at
1.8% per year.

Notable Risks
The following is a list of notable risks for the
use of gas in distributed power generation:

• Commodity price risk in a depleting supply
scenario as Maui resources run down.

• Changes to the cost structure and costs of
gas transmission as the Maui pipeline
becomes accessible to non-Maui gas.

• Because of the gas price risk that the gas
retailers face, efforts to obtain a long term
contracts for gas supplies is unlikely to be
successful.

• The challenges in securing delivered gas
for distributed generation at economic
prices in competition with large
centralised high efficiency or low book
value generation assets.

• Post Maui depletion, gas resources will be
in relatively tight supply/demand balance
with little scope for supplying “dry year”

peaking demands.  This situation is most
likely to affect new large scale operations.
Smaller scale distributed generation
facilities will be able to secure gas
supplies at the then prevailing commercial
prices, terms and conditions.

• Gas is limited by being available only in
specific locations in the North Island
associated with both the available capac-
ity and location of the gas transmission
and distribution pipelines, but also
electricity generation is further limited by
electricity transmission system constraints
as prime plant locations are used up.

• For distributed generation low load factor
roles, the need to commit to annual gas
transmission capacity reservations costs,
leading to high per GJ transmission costs
or the need to engage in gas transmission
capacity trading.

• The different regulatory regimes in the
electricity and gas sectors provide mixed
commercial signals that force compromises
between the fuel input and electricity
output rather than the two being entirely
complimentary.

• The potential for significant changes to
the gas sector regulatory regime, to a
centrally regulated environment from the
existing self regulation.

The implications for distributed generation
are many, however the overall picture can be
described as encompassing significant
uncertainty and risk.

Maui Gas Reserves
February 2003 press reports suggest that the

March
Years

Total
Industrial,

Commercial &
Residential

Energy
(PJ/year)

Total
Industrial,

Commercial &
Residential

Gas
(PJ/year)

Petrochemical
Gas

(PJ/year)

Forestry
Gas

(PJ/year)

Basic
Metals

Gas

(PJ/year)

Other
Industrial &
Commercial

Gas

(PJ/year)

Residential
Gas

(PJ/year)

1995 208.9 89.5 46.7 8.4 1.9 28.1 4.4

1998 228.9 111.4 69.7 7.7 2.2 26.6 5.2

2000 249.0 127.2 84 8.9 2.0 26.8 5.5

2005 206.0 74.1 24.6 11.4 2.0 29.7 6.4

2010 193.5 54.1 0 11.8 2.0 33.1 7.2

2020 214.8 63.1 0 12.5 2.0 39.4 9.2

Source Ministry of Economic Development, New Zealand Energy Outlook to 2020 – February 2000

Table 4.12:  Industrial, Commercial & Residential Gas Use 1995 – 2020
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economic recoverable reserve resulting from
the Maui Contract Redetermination is around
370 PJ.  It is also indicated that of this
amount 55 PJ cannot be accessed; an unex-
plained direct contradiction.  The allocations
of this gas to Methanex, NGC and Contact
energy is uncertain due to the unknown
status of pre-paid gas, Methanex taking more
than their allocation, gas swaps and the sale
of NGC’s prepaid gas.

Current government statement that these
remaining reserves will be allocated across
the remaining time until the Maui Contract
expires in 2009 raises a number of issues
around daily and yearly allocations.  Adher-
ence to this point may well have the effect of
reducing further that extent of the reserve
able to be economically recovered.

It is also noted that the unallocated gas is
known to be of high CO2 content.  Exploitation
of this gas will impact on pipeline quality and
will require re-injection of additional LPG into
the gas stream to maintain gas specification.

Coal
Coal has a wide range of uses, but is most
significant in electricity generation, steel and
cement manufacture, and industrial process
heating.  According to the World Coal Insti-
tute, coal is used to generate about 35% of
all electricity generated internationally using
more than half of the total world coal produc-
tion.  Other major sector users are iron and
steel manufacture and cement production.

Of the 3.5 million tonnes of coal produced in
New Zealand in 1999, 46% was bituminous,
48% sub-bituminous and 6% lignite.  All
bituminous production was from the West
Coast region, and most sub-bituminous
production was from the Waikato region, with
much smaller amounts from Southland and
the West Coast.  Lignite production was from
the Southland and Otago regions, with very
small amounts from Canterbury and the West
Coast.

Unlike New Zealand many countries are
heavily dependent on coal for electricity
generation, including Poland (95%), South
Africa (93%), Australia (83%), Denmark (77%),
China (75%), Greece (69%), Germany (53%)
and the USA (53%).

The major coal exporters are Australia, USA,
South Africa, Indonesia, Canada, China,

Poland, Colombia and Russia.  Major coal
importers are Japan, South Korea, Taiwan, UK,
the Netherlands, Italy and Germany.  To put
New Zealand’s coal production into perspec-
tive, Australia exports over 100 million tonnes
of coal per year, compared to New Zealand’s
production of 3.5 million tonnes.

Resource Location and Quantities
Coal is New Zealand’s most abundant fossil
fuel. New Zealand’s coalfields have been well
explored by government-funded surveys in
the past, and the country’s coal resources are
well known. Workable seams are present in
the Northland, Waikato and Taranaki regions
of the North Island, and in the Nelson, West
Coast, Canterbury, Otago and Southland
regions of the South Island. The total in-
ground resource for New Zealand is estimated
to be 15 563 Mt, of which about 8 643 Mt
(55%) is considered to be recoverable. Most
of the resource is in the South Island, where
over 13 000 Mt (84%) of the total in-ground
resource is present, mainly in the huge lignite
deposits of Southland. The North Island in-
ground resource of about 2 461 Mt (16%) is
almost entirely sub-bituminous coal.

Electricity generation consumes about 20% of
New Zealand’s domestic coal supply, subject
to considerable fluctuation. New Zealand
industry uses about 70% of domestic coal
consumption, with BHP New Zealand Steel
being the largest customer. The lack of a
natural gas supply in the South Island has led
to more widespread industrial use of coal in
the south. Industrial coal consumption is
likely to increase only slowly due to competi-
tion from gas in the North Island and environ-
mental factors/regulations. Residential coal
consumption has been static at about 3% of
domestic consumption for many years.

In the mid 1970s, the international coal
market and especially Japan, became aware
of the special qualities of New Zealand’s
premium grade bituminous coals. These
properties included a consistently low ash
and sulphur contents, and extremely high
swelling characteristics, making them suitable
for use in the chemical and steel industries
and valuable for blending. Coal exports have
increased steadily to about 2 Mt by 2000.
New Zealand’s largest coal export markets are
Japan, India, Chile, China, Australia and
Belgium, with smaller quantities going to Fiji,
the Netherlands and Saudi Arabia. Most
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Figure 4.12: North Island Coal Regions and Coal Fields

export coal comes from Solid Energy’s
opencast mines in Buller Coalfield. The future
looks good for increased coal exports,
although transport constraints on the West
Coast impact profitability.

North Island and South Island coal regions
and coal fields are shown in Figures 4.12 and
4.13 respectively.  The North and South Island
coal regions are described below.

Coal resources.

Tables 4.13 and 4.14 show the North and
South Island in-ground and recoverable coal
resource quantities by region and coalfield.

Northland Coal Region

North of Auckland are some small coalfields
with coal of sub-bituminous A to high-volatile
bituminous C rank, and medium to very high
sulphur and medium ash contents. Most
known areas of coal have been worked out,
the last working mine producing 7.3 Mt
before closing in 1955.

Waikato Coal Region

In a region south of Auckland, 13 coalfields
extend for 125 km. The main coalfields are
Maramarua, Waikare, Huntly and Rotowaro in
the north, and Kawhia, Tihiroa and



Opportunities for Distributed Generation in NZ

42

Figure 4.13: South Island Coal Regions and Coal Fields

Mangapehi in the south. Coals cover the full
sub-bituminous rank range. Those in the
north generally have low to medium ash and
low sulphur contents, whereas seams in the
south have medium to high ash and sulphur.
Seams are typically 2-10 m thick, but reaches
20 m in places.

Coal-in-ground resources for the region are
2078 Mt, of which 714 Mt are estimated to be
recoverable, including what is probably the
most attractive large virgin block of
opencastable coal left in the North Island.

Nearly half of the recoverable resource is in
the Huntly coalfield, from which virtually all
opencastable reserves have been mined. The
region is essentially fully explored.

Recent production averages about 1.4 Mtpa
and accounts for 40% of New Zealand’s total
annual production. The BHP New Zealand
Steel Ltd mill at Glenbrook uses about
800,000 tpa for direct reduction iron making,
and about 500,000 tpa is supplied to the
1000 MW thermal power station at Huntly.
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Taranaki Coal Region

Five coalfields in northeastern Taranaki
contain coal-in-ground resources of 380 Mt,
of which 173 Mt are estimated to be recover-
able. Typically thin seams extend over large
areas with little variation in thickness. Coals
are of sub-bituminous A to B rank, with highly
variable sulphur contents and mainly low to
medium ash. There has been no production
since the last mine closed in 1990. Most of
the resources are in the Mokau coalfield in
the west of the region, where there are
prospects for opencast and underground
mining. The region is well explored by
outcrop sampling and drilling.

West Coast Region

The main coalfields on the West Coast of the

South Island are Buller, Greymouth, Pike
River, Reefton, Garvey Creek and Inangahua.
There are two main coal measure sequences.
Paparoa Coal Measures contain seams up to
21 m thick with low ash and sulphur con-
tents. Brunner Coal Measures contain seams
up to 20 m thick in places with low to
extremely low ash contents, but with consid-
erable variation in sulphur content. West
Coast coals straddle the full bituminous rank
range, with minor coal deposits of anthracite
and sub-bituminous coal.

All of New Zealand’s bituminous coal produc-
tion is from the West Coast, and their high
quality is the key to the success of export
operations. Some thick seams are exception-
ally low in ash (0.5% or less in places) which,
together with high fluidity and swelling

Source Ministry of Economic Development

Regions and
Coalfields

Coal-in-Ground
Resource

(Millions of tonnes)

Recoverable
Resource

(Millions of tonnes)

Northland Region 2.5 nil

Waikato Region 2078.7 714.1

Pukekawa 40.7 12.2

Whangamarino 28.9 8.7

Maramarua 233.2 101.9

Waikare 219.8 96.8

Huntly 1048.2 313.6

Rotowaro 70.9 48.7

Glen Massey 2.1 1.1

Whatawhata 3.7 2.9

Kawhia 181.9 59.2

Tihiroa 181.1 49.2

Te Kuiti 38.4 11.6

Mangapehi 29.8 8.2

Taranaki Region 379.9 173.5

Mokau 164.9 108.1

Aria 1.9 nil

Waitewhena 89.8 32.1

Ohura-Tangarakau 110.9 33.3

Retaruke 12.4 nil

North Island total 2461.1 887.6

Table 4.13: North Island Coal Resources
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Regions and Coalfields Coal-in-ground
Resource

(Millions of tonnes)

Recoverable
Resource

(Millions of tonnes)

Nelson Region 1.5 -

West Coast Region 983.5 343.3

Buller 193.4 118.4

Inangahua 11.5 5.9

Reefton-Garvey Creek 25.2 11.6

Charleston 16.5 12.9

Pike River 94.3 28.3

Greymouth 543.9 163.5

Aratika 90.1 nil

Minor coalfields 8.6 2.7

Canterbury Region 3.6 2.2

Otago Region 2721.8 1154.2

St Bathans 1027.1 569.1

Roxburgh 248.3 156.1

Minor Central Otago coalfields 123.6 6.2

Ngapara-Herbert 4.5 3.6

Waihao 14.8 11.9

Shag Point 1.1 -

Green Island 18.1 4.3

Kaitangata 1249.2 386.2

Pomahaka 35.1 16.8

Southland Region 9392.2 6256.4

Gore 304.4 244.1

Croydon 483.5 333.1

Waimumu 285.5 233.1

Mataura 2940.1 1944.9

Edendale 618.7 494.9

Morton Mains 1225.7 547.1

Waimatua 961.9 833.9

Ashers-Waituna 1356.6 746.1

Makarewa 1026.8 820.9

Ohai 179.1 50.4

Orepuki 9.9 7.9

South Island total 13 102.6 7756.1

New Zealand total 15 563.7 8643.7

Source Ministry of Economic Development

Coal in Ground: All coal that is contained in seams within specified limits, normally thickness,
quality and depth from the surface

Recoverable Coal: That part of the resource which can currently be produced by mining.

Table 4.14: South Island Coal Resources



Fuel Supplies

45

indices up to 9+++, allow these coals to
command premium prices on world markets.
The Solid Energy mine complex on the
Stockton Plateau in the Buller coalfield has
the largest output in New Zealand, producing
about 1 Mtpa. There are several export-based
mine projects on the West Coast at various
stages of development.

The main coalfields in the region are well
explored by outcrop sampling and drilling.
Coal-in-ground resources for the region are
983 Mt, of which 343 Mt are estimated to be
recoverable. Nearly 80% of recoverable
reserves are in the Greymouth (mostly
underground) and Buller (mostly opencast)
coalfields.

Canterbury Coal Region

Several small coal deposits west of
Christchurch contain coals of lignite A to sub-
bituminous C in rank, reaching anthracite
rank in places through contact metamor-
phism. Ash and sulphur contents vary. The
extent of seams is difficult to assess, but
there are no apparent prospects of coal
mining at anything other than a small scale.

Otago Coal Region

The diverse coal deposits of Otago include
the major lignite deposits of Home Hills,
Hawkdun and Roxburgh, and Kaitangata
coalfields south of Dunedin. The region
produces about 50,000 tpa. In-ground
resources for the region are 2721 Mt, of which

1154 Mt are estimated to be recoverable,
almost all by opencast mining. The region is
well explored.

The lignites are generally in a single seam
with multiple splits totalling 20-60 m thick
(maximum 90 m). In-ground moisture con-
tents are typically 40-50% with 3-15% ash
and less than 0.5% sulphur.

Kaitangata coalfield has up to 19 seams,
commonly 2-20 m thick. Coals range from
lignite to sub-bituminous B in rank with low
to medium ash and medium to high sulphur
contents.

Preliminary mining feasibility studies have
been carried out on the main Central Otago
lignite fields and on the Benhar Sector of the
Kaitangata coalfield.

Southland Coal Region

Southland’s coalfields include Ohai Coalfield
and the extensive lignite deposits underlying
the Eastern Southland plains. The region
produces about 350,000 tpa and is well
explored.

Coal at Ohai is sub-bituminous A to high-
volatile bituminous C in rank with low to
medium ash and low sulphur contents in
seams up to 23 m thick. 50 Mt are estimated
to be recoverable.

The lignites are in multiple, laterally persis-
tent seams up to 18 m thick with in-ground

Source Ministry of Economic Development

Region Bituminous
(tonnes)

Sub-
bituminous

(tonnes)

Lignite
(tonnes)

Total
(tonnes)

North Island

Waikato - 1,306,781 - 1,306,781

North Island total - 1,306,781 - 1,306,781

South Island

West Coast 1,792,784 82,387 - 1,875,171

Canterbury - 669 - 669

Otago - 44,702 1,773 46,475

Southland - 145,696 210,843 356,539

South Island total 1,792,784 273,454 212,616 2,278,854

New Zealand total 1,792,784 1,580,235 212,616 3,585,635

Table 4.15: Year 2000 New Zealand Coal Production
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moisture contents of 40-65% with 3-20% ash
and generally less than 0.6% sulphur con-
tents. In-ground lignite resources are over
9000 Mt, of which 6200 Mt are estimated to
be recoverable. Preliminary mining feasibility
studies have been carried out on the main
lignite fields.

Coal Production
Table 4.15 shows the breakdown of coal
production in 2000 by region and coal
quality.  This table shows that the Waikato
and West Coast are the dominant coal
producing areas, and that all of New
Zealand’s bituminous coal is produced on the
West Coast, principally for high value export
markets.

New Zealand’s historical consumption and
export of coal is shown in Figure 4.14.  The
impact of the growth in exports of very high
quality coal by Solid Energy is evident in the
increase in average calorific value of the coal
extracted.  Because other major coal consum-
ers have a generally steady coal consumption
pattern, the variability in local consumption is
largely a factor of the amount of coal utilised
at Huntly power station in any year.  This
variability may continue to be significant up
to the final depletion of Maui as Genesis
Power fuel strategy at Huntly power station
by accesses discrete parcels of gas and
increases coal consumption as gas prices
increase.  It demonstrates the significance of
Huntly power station in New Zealand’s energy
sector.

Resource Ownership

Coal resources in New Zealand are owned
privately, including by Maori groups, and by
the Crown. Ownership of coal resources is not
necessarily related to land ownership, and in
some regions, ownership of coal resources is

complex and can have implications for
resource access. Permits to mine coal owned
by the Crown are issued by Crown Minerals of
the Ministry of Economic Development under
the Crown Minerals Act 1991.

The ownership of the coal resource is a
material issue for distributed generators
because the coal quality required may only
be able to be supplied by a single supplier,
creating captured supply pricing effects.
Where possible, the combustion technology
employed should allow for a broad coal
specification, to allow competitive tension to
be maintained between alternative coal
suppliers.

The largest coal supplier in New Zealand is
Solid Energy, a New Zealand Government
State Owned Enterprise. There are many other
suppliers of coal in New Zealand many of
whom are members of the Coal Association of
New Zealand, which is based in Gracefield,
Lower Hutt.  The Coal Association can provide
contact details for their members and through
a membership service, provide various sector
forums and information services.

Resource Properties
The properties of representative indigenous
coal resources are given in Table 4.16.  The
analyses are averages, independent of grade
and may or may not represent the properties
of a particular consignment of coal.

Coal is not uniform in composition from
location to location, nor within in one
resource.  Suppliers will be able to provide
coal within a range of specification limits,
however the longer the term of the coal
supply agreement, the more variability can be
expected in the coal as the supplier accesses
previously untapped coal seams.  Developers
of coal burning facilities will need to investi-

Figure 4.14: Coal Consumption and Exports (PJ)
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Table 4.16:  Coal Analysis from Representative Mines
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gate the properties of economically available
coal supplies, as these properties will need to
be supplied to the combustion equipment
designer to ensure that the facility includes
appropriate design characteristics to suit the
coal.  The designers will take into account a
wide range of parameters, including sulphur
and ash content, and a range of trace ele-
ments.  These properties will determine the
overall design parameters including combus-
tion chamber design, fuel handling and pre-
treatment, emission treatment, ash capture
and disposal.  In most cases, the coal
properties will be the most significant factor
in selecting the combustion technology, and
hence will dictate capital and operating costs.

Coal properties are characterised into ranks,
the ASTM system is used to determine the
rank of New Zealand coals.  Classification
divisions and significant parameters are
shown in Figure 4.15.

The categories for ash and sulphur contents
applied for New Zealand coals, normally on
an air-dried basis, are shown in Table 4.17.

Commodity and Delivery Costs
The cost of coal in New Zealand comprises
the wholesale commodity cost plus transport
costs for delivery to the consumer.  These

factors are discussed below.

Commodity Cost

New Zealand coal commodity costs for coal
mined in New Zealand are determined by
factors that include:

• Extraction costs,

• Competing coal suppliers for the specified
coal quality, and annual and total quanti-
ties required,

• Coal quality and impacts on capital costs
operating and maintenance costs for the
most appropriate utilisation technology,

• Location of the fuel relative to the place of
consumption

• Competing fuels, and

• Competing utilisation technology.

In the report New Zealand Energy Outlook to
2020, dated February 2000, the Ministry of
Economic Development states that “Currently
around 80 PJ of coal is extracted in New
Zealand, including coal for export.  The
projected growth in domestic consumption to
2020 will therefore put very significant
pressures on the New Zealand coal industry
and its supporting infrastructure.  It is

Figure 4. 15: ASTM Coal Classification Source
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unlikely that all this increased demand will be
met by New Zealand production, given that
significant new mine development would be
required, potentially at a higher cost than
imports.  Thus a sizeable portion of future
demand is likely to be sourced internation-
ally.”  The same report also states “Projec-
tions of internationally traded coal prices act
as a cap on the domestic price of coal
allowing for transport costs.  The baseline
scenario assumes that New Zealand whole-
sale coal prices rise from around $2.60/GJ in
1998, to $3.00/GJ in 2010 in real terms,
remaining flat thereafter.  Significant new
investment in mine capacity will be required
to source all of New Zealand’s projected coal
demand domestically, given the growth in
demand, and the decline in some of New
Zealand’s existing coal mines over the
outlook period.”  In their baseline scenario,
the Ministry forecasts 675 MW of new coal
fuelled generation capacity will be required

by 2020, with 24.2 PJ of coal being used for
power generation per year at that time.

Local coal suppliers were reluctant to provide
cost information for competitive reasons.
However, the coal industry believes that coal
is a competitive thermal power generation
fuel in the South Island and locations remote
from the North Island natural gas transmis-
sion system, with delivered coal prices in the
order of $3.50/GJ cited.

Minehead Cost Curve

The extraction cost for coal, is dependent not
only on the mine characteristics, open cast or
underground, but also upon annual quantity of
coal required. The cost curve for coal is
typically in the form shown in Figure 4.16.  The
step changes indicate the need to develop
additional capacity as the demand increases.
The quantum of this quantity impact is specific
to the mining region.  Distributed generators

Source Ministry of Economic Development, Resource Information
Report 16, Coal Resources of New Zealand.

Ash Sulphur

Low up to 5% up to 1%

Medium 5-10% 1.1 – 2.5%

High 10 – 15% 2.5 – 4.0%

Very High 15 – 20% over 4%

Table 4.17:  Ash and Sulphur Categories

Figure 4.16: Coal FOB Cost Curve
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should make themselves aware of the impact
of their consumption on the mining opera-
tions because adjustment to quantities could
have material price effects.

International Prices

Since a significant number of competing
suppliers supply the domestic market, and
they supply from local reserves, the interna-
tional prices obtainable for export coals is
not a fundamental benchmark for local coal
prices.

The factors that limit the impact of interna-
tional coal prices on local prices are:

• Most local suppliers do not export,

• the high per GJ transport costs to import
relatively small amounts of coal, and

• the limited availability of coal importing
port infrastructure.

A very large coal consumer may find it
economic to import coal in large shipments
through dedicated facilities at the point of
consumption.  In a press statement in March
2002, Todd Energy, in announcing its impend-
ing sale of its interest in the West Coast
Rapahoe mine, offered the opinion that
“There was plenty of coal mined around the
world that could be mined easily and it could
be shipped to New Zealand for power genera-
tion.  So there was no guarantee New
Zealand coal would be cost effective, espe-
cially if it had to be moved to the North
Island for sale.  If New Zealand moved to
coal-fired power stations they would be north
of Auckland, close to its big market, near a
deep water port like Whangarei where big
volumes of coal could be brought in.”  This
view would be contested by Solid Energy who
would be very keen to supply local power
generation market and to prevent coal
imports affecting their local market presence.

Consequently, international traded coal FOB
prices, plus a margin for delivery costs,
including amortised costs of the importing
facilities, provide an indicative price cap for
locally sourced coal.  Tables 4.18 and 4.19
show coal prices in US$/tonne for a range of
countries, the US$/GJ prices would depend on
the coal calorific value.

International prices outside of the US vary
depending on the coal quality and source.
Between 1991 and 1998 the marker price for

steaming coals delivered to northwest
European ports has ranged from US$31.8 to
US$45.8 per tonne (cost, insurance, freight or
CIF).  The Japanese have traditionally used a
bench mark system which is now breaking
down, with Japanese utilities purchasing on
the spot market, to obtain coal at discounts
to the bench mark price.  The bench mark
price for steaming coal in 1997 was US$45.5
per tonne (CIF), having ranged between
US$41.3 and US$50.8 per tonne over the
previous decade.  Indonesia, Colombia and
South Africa are the lowest cost steaming
coal exporters, with average FOB (free on
board) cash costs of about US$22 per tonne.
(Mineral Commodity Report 18 – Coal Institute
of Geological and Nuclear Sciences, New
Zealand.).   An order of magnitude estimate
for freight would be US$10 –15/tonne.  Thus,
on this basis, with an estimated net calorific
value of 20GJ/tonne, the CIF price delivered to
the point of entry in NZ of internationally
traded coal could be in the order of US$32 –
US$45/tonne, or US$1.60 – 2.25/GJ.  Local
port infrastructure and transport costs would
add to this figure.

Delivery Costs

Truck is the transport means that will set the
freight cost floor for the inland transport of
coal.  The industry rule of thumb for land
transport by truck is $2.00 per km (total cost/
total distance) for the transport of bulk
materials.

Assuming 30 tonnes of coal per truck, and
with an average calorific value of 22.5GJ/
tonne it will cost $0.0030/GJ per kilometer.
For example, for a facility that is 100 km from
mine, giving a 200 km round trip for the
truck, the freight costs will be:
0.0030 x 200 = $0.60/GJ.  This figure ex-
cludes any handling costs at each end.

Purchasing and Contracting Issues
The purchase of coal resolves itself to the key
issues:

• Coal quality and quality consistency,

• Coal quantity including delivery rate and
total demand over project lifetime,

• Delivered price and price adjustment
mechanisms, and

• Commodity supplier and delivery channel
reliability.
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Table 4.18: United States Coal Prices and Price Forecasts
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Source: US Department of Energy Energy Information Administration
(1) Brown coal price for Czech Republic, Mexico, and Turkey.
(2) Organisation for Economic Co-operation and Development
(3) Organisation for Economic Co-operation and Development
n.a. = Not Available

Year
U.S. $ per Metric Ton

Country 1994 1995 1996 1997 1998 1999

OECD2 38.4 39.3 34.4 32.9 30.5 29

OECD Europe3 56.3 62.2 42.9 39.3 37.5 33.8

Argentina n.a. n.a. 81.68 81.68 81.68 81.68

Austria 72.5 n.a. n.a. n.a. n.a. n.a.

Belgium 40.05 43.66 45.64 42.65 34.2 30.2

Brazil 63.6 52.76 54.18 50.5 39.66 n.a.

Chile n.a. n.a. n.a. 67.51 59.32 52.17

Chinese Taipei (Taiwan) 114.86 116.87 113.81 108.92 93.04 96.37

Colombia n.a. n.a. 9.02 9.79 18.98 15.5

Costa Rica n.a. n.a. 10.84 8.38 7.5 6.77

Cuba n.a. n.a. 66.18 80.45 80.45 80.45

Czech Republic1 8.3 9.6 9.9 8.9 9.5 9.6

Dominican Rep. n.a. n.a. 39.4 56.45 52.23 49.83

Finland 56.92 84.29 77.57 52.13 43 30.9

France 40.65 45.8 45.41 45.16 38.6 36.1

Germany 141.59 161.83 55.8 49 46.6 42

India 10.04 9.93 9.09 n.a. n.a. n.a.

Ireland 40.93 47.18 50.93 45.76 n.a. n.a.

Italy 56.81 57.79 59.93 55.9 50.4 n.a.

Jamaica n.a. 68.17 76.56 76.56 74.29 69.32

Japan 72.34 74.42 71.2 62.79 n.a. n.a.

Mexico1 28.1 21.9 23.7 26.9 25.9 28.8

Panama n.a. n.a. n.a. n.a. n.a. 52.58

Paraguay n.a. n.a. 207.92 196.1 157.66 138.64

Peru n.a. n.a. n.a. 36.23 32.95 28.57

Poland 30.2 31.98 30.65 29.84 32.6 29.1

Portugal 38.93 44.32 45.08 42.04 36 31.5

Russia 16.14 22.12 30.58 n.a. n.a. n.a.

South Africa 8.44 8.82 8.15 n.a. n.a. n.a.

Thailand 8.44 8.82 8.15 n.a. n.a. n.a.

Turkey1 13.14 17.9 17.58 15.65 15.9 15.4

United Kingdom 55.67 55.38 54.95 55.22 50 46.9

Table 4.19: Steam Coal Prices for Electricity Generation

The importance of each of these is self
evident however are easily underestimated in
their significance to the commercial robust-
ness of a distributed generation project.  The

long term economic impact of what are
inevitable changes to the coal supply over
the project lifetime must be manageable.

The principal to be established early on is the
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flexibility of the generation facility technology
must allow for long term changes in the fuel
quality.  The reasons for this is firstly to cater
for the expected changes in the coal proper-
ties as the principal source is exploited into
areas where the properties were not well
understood when the supply contract was
initiated.  Secondly, a developer should allow
sufficient fuel quality tolerance in the selected
technology to allow a change in supply
source from one supplier to another should
the initial supplier prove unsatisfactory for
commercial reasons.

Developers should be aware of the reliable
delivery rate and ultimate lifetime capacity of
the nominated source to avoid short or long
term supply shortages.

Delivered price has a significant impact on
economics, which should be robust enough
to cater for allowed fluctuations in delivered
price.  This price protection is difficult to
achieve in purchasing imported fuels, which
are invariably priced in US dollars with the

consequent exchange rate exposures.  As
noted earlier, with most local suppliers not
exporting, local coal prices should not be
based entirely on international prices for coal.

A distributed generation facility is likely to
have a high capacity factor, requiring a
combination of a buffer coal stock, and a
reliable supply channel.  The supply channel
should be robust in extreme weather condi-
tions and low risk of long duration severance
events.  Alternative delivery routes or chan-
nels are advantageous.

Competing Uses
A summary of the local coal consumption in
New Zealand is shown in Tables 4.20 and
4.21.  These show that the major local coal
consumers are industrial with power genera-
tion taking about 20%.

The Ministry of Economic Development
projections for industrial, commercial and
residential coal consumption is shown in
Table 4.22.

Sector  Year to
March
1999

PJ PJ PJ % % %

Agriculture 0.7 0.47 0.57 1.8 1.3 1.5

Industrial 32.59 31.05 31.6 85.3 85.4 85.8

Commercial 3.54 3.6 3.59 9.3 9.9 9.8

Residential 1.3 1.17 0.97 3.4 3.2 2.6

Domestic Transport 0.08 0.08 0.08 0.2 0.2 0.2

Total 38.21 36.37 36.81 100 100 100

 Year to
March
2000

 Year to
March
2001

 Year to
March
1999

 Year to
March
2000

 Year to
March
2001

Source Ministry of Economic Development, Energy Data File July 2001

Table 4.20: Summary of coal consumption by sector, excluding electricity generation

ConsumptionSector

PJ %

Commercial 3.6 7.9

Other Use (agriculture, transport, residential) 1.62 3.6

Electricity Generation (Incl. Cogen.) 9.7 21.3

Iron & Steel 15.3 33.5

Other Industry (incl. Unallocated manufacturing) 15.4 33.8

Total 45.62 100

Source Ministry of Economic Development, Energy Data File July 2001

Table 4.21: Domestic coal end use March Year 2001
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Coal is projected to increase its share of total
non-transport energy consumption from
around 16% in 1998 to 21% in 2020.  For-
estry, with the growth in forest maturity the
coal consumption is projected to grow by
2.3% per year between 1998 and 2020, with
this growth level assuming further use of
energy supplied internally from such sources
as pulping residues, wood waste and hog
fuels.  Basic Metals comprises Comalco’s
aluminium smelter at Tiwai point, the
Glenbrook Steel Mill at and the Pacific Steel
Mill in Auckland.  Their energy demand of
coal is projected to grow at 0.7%, with the
energy impacts of moderate output growth
expected to be offset by improved efficiencies
and cogeneration projects.  Other Industrial &
Commercial coal demand grows only slowly
with much of this in the South Island where
reticulated gas is not available.

Competing local demand for coal supplies is
unlikely to be of concern to distributed
generators.  Competing export demand is
unlikely to affect the long term availability of
coals suitable for power generation.  However
the quality of coals that are economic to
purchase for power generation in New
Zealand may be affected by export demand
for New Zealand’s premium quality coals from
markets that have higher energy cost struc-
tures than New Zealand.

Notable Risks

Coal combustion produces pollutants that
adversely affect air quality, and it is a major
source of greenhouse gases.  International
environmental concerns about the use of coal

are likely to lead to some international
decline in its share of total energy consump-
tion in the future, however there is significant
effort being put into clean coal technologies,
in particular because of its importance for
electricity generation.

The major risks for intending users of coal for
distributed generation are associated with the
environmental issues associated with the use
of coal.

There is a considerable consenting risk
associated with securing a resource consent
under the Resource Management Act

New Zealand may bind itself to the Kyoto
protocol before many third world, developing
or industrialised nations creating a challeng-
ing scenario for the use of coal for power
generation in New Zealand.  This may lead to
the development of higher cost electricity
generation utilising renewable resources in
preference to coal fuelled thermal generation.
Associated with the international environmen-
tal issues is the risk of incurring the highest
rate of carbon tax that affecting power
generators using thermal fuels, if one is
imposed.

The risk of loss of supply is minimal even if
resources in New Zealand become uneco-
nomic to exploit.  Australia being one of the
worlds major coal exporters is a ready source
of coal for power generation.

In the event that coal is imported, the
principal risks are the continuity of the whole
supply chain and the foreign exchange rate
risk.  It is possible to purchase coal on long

Source: Ministry of Economic Development, New Zealand Energy Outlook to 2020 – February 2000

Forestry
(PJ/year)

Basic
Metals

(PJ/year)

Other
Industrial &
Commercial
(PJ/year)

Residential
(PJ/year)

Total
Industrial,

Commercial &
Residential

Coal
(PJ/year)

Total
Industrial,

Commercial &
Residential
Consumer

Energy
(PJ/year)

2.1

1.6

1.8

2.3

2.4

2.6

15.1

13.7

16.1

16.1

16.1

16.1

27.6

24.0

23.8

25.4

27.1

29.5

1.0

1.2

0.8

0.3

0.1

0.0

45.8

40.5

42.5

44.1

45.7

48.2

208.9

228.9

249.0

206.0

193.5

214.8

1995

1998

2000

2005

2010

2020

Table 4.22:  Industrial, commercial and residential coal use 1995 – 2020
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term contracts from most international
sources, alternatively exposure to spot prices
is also possible.

Petroleum Products

Resource Location and Quantities

Fuel Oil Energy Supply

New Zealand’s total primary energy supply for
the year ended March 2001 was around 806
PJ and oil accounted for 249 PJ (31%) of this
total.  Oil also accounted for 218 PJ. (48%) of
consumer energy, dominated by transport
uses at 186 PJ.

New Zealand’s self-sufficiency in oil depends
on both indigenous oil production and
product demand.  Over the period 1974 to
1986 self-sufficiency increased from under 5%
to over 50%.  By 1996, with demand having
increased faster than production, this figure
declined to 36%.  In the year ended March
2001, self-sufficiency declined to 34%.
Source Ministry of Economic Development,
Energy Data File.

New Zealand Indigenous Supplies

Current New Zealand crude oil, condensate
and naphtha production comes from onshore
and offshore oil/gas fields all located in the
Taranaki region.  There are nine fields produc-
ing these products, with Maui the dominant
source that supplied 77% of total production
in the year to March 2001.

The McKee and Kapuni fields provide 10%
and 5% of total oil production respectively.
The remaining 8% is produced by the Tariki/

Ahuroa Waihapa/Ngaere, Ngatoro and Kaimiro
fields as shown in Figure 4.17.

Production fell between 2000 and 2001 due
to reduced output from all fields except for
Kaimiro, which slightly increased production.
Production was 44% condensate, 37% crude
and 19% naphtha.  Condensate is produced
at Kapuni and Maui and Tariki/Ahuroa
Waihapa/Ngaere (TAWN) fields.  McKee,
Kaimiro, TAWN, Ngatoro, Maui F sands and
Maui field produced the crude and naphtha.
Average daily production rates were 88.9 TJ
condensate, 75.5 TJ crude and 37.7 TJ
naphtha.  New Zealand exported 55.0 PJ of
crude oil, condensate and naphtha during the
year ended 31 March 2001.

Imports accounted for the balance of oil
supplies, including 210 PJ of crude and 13 PJ
of blendstock for refinery feedstock in the
year ended March 2001.  52.2 PJ of refined
products was also imported during this time.
The point to note is that unlike locally
produced natural gas supplies, the New
Zealand produced oil products are priced at
the prevailing international rates.

The New Zealand Refining Company Limited
operates the only oil refinery in New Zealand
at Marsden Point near Whangarei.  The
refinery processes local and imported crude,
condensate and blendstock to produce a full
range of refined products for the major oil
companies.  The oil is at all times owned by
the oil companies with the refinery acting
only as a processor.  Refinery intake and
output is around 5 million tonnes of material
per year.  In the year to March 2001 221.3 PJ
of oil products were produced at the refinery,

Figure 4.17: New Zealand oil production by field
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including petrol, diesel, fuel oil, jet A-1 and
premium kerosene, and other petroleum
products including sulphur, which is sold to
the fertiliser industry, and carbon dioxide,
which is sold to the beverage industry.
Aviation gasoline, marine gas oil and light
kerosene are not produced at the refinery.
Source Ministry of Economic Development,
New Zealand Energy Data File, July 2001.

A breakdown of the inputs and outputs of the
refinery are shown in Table 4.23.

Liquid Petroleum Gas

New Zealand’s Liquid Petroleum Gas (LPG)
supplies are sourced from Maui, Kapuni and
Waihapa gas fields.  LPG production from
these fields is shown in Table 4.24.  Of this
production, approximately 100,000 tonnes per
year of the Maui LPG resource is exported.
Most gas fields produce LPG as a result of
the normal composition of the raw gas.  In
most instances these must be removed to
prevent the formation of liquids in the
transmission pipelines.

The Maui field is currently the largest pro-
ducer of LPG.  The Pohokura field will replace
its role as the major producer when it
commences production.  The gas processing
technology being installed at Pohokura will
be more advanced than Maui and hence a
larger proportion of LPG will be recovered as
a percentage of the field total production.

The Rimu/Kauri fields will also produce LPG, the
quantities are not known at this stage.  This
LPG is most likely to be sold on the domestic
market and Swift will be seeking buyers for this
LPG as they develop these fields.

The market for LPG in the Asia-Pacific region
is moving into an oversupply situation, which
will mean some constraint on regional prices
and create some uncertainty as to the scale
of LPG production capacity that will be
installed at the Pohokura and Rimu/Kauri gas
fields.

Resource Ownership
Four international oil companies BP, Caltex,

(‘ooo’s barrels) 1997 1998 1999 2000 2001

Feed Stocks 5,044 2,832 3,094 2,740 2,326

Condensates 13,749 13,406 13,577 13,748 13,650

Low Sulphur crudes 14,211 17,717 16,151 15,958 15,998

High sulphur crudes 2,338 2,113 2,145 4,324 3,036

Residues 2,446 3,017 2,093 1,322 2,113

Blend Stocks 63 3 2 330 959

Total Intake 37,851 39,088 37,062 38,422 38,082

Products

Gasoline 13,505 13,621 11,675 12,022 12,773

Jet A-1 6,524 6,397 6,594 6,594 6,409

Diesel 11,191 13,436 12,712 13,707 13,352

Fuel oil 3,251 3,358 3,377 3,492 3,155

Bitumen 848 830 899 856 696

Sulphur 72 72 67 78 80

Total Production 35,391 37,714 35,324 36,749 36,465

Recovery % 93.50 96.48 95.31 95.65 95.75

Source, NZRC Annual Report 2001

Table 4.23: New Zealand Refinery Company intake and production
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Mobil and Shell, with Gull Petroleum being a
small market participant, dominate New
Zealand petroleum product distribution and
retailing.  The retail outlet Challenge is now a
subsidiary of Caltex.

The New Zealand Refining Company is owned
by the by BP (23.66%), Mobil (19.20%), Shell
(17.14%), Emerald Investments Limited ( a
private NZ investment company, 14.20%) and
Caltex (12.38%), and is also listed on the New
Zealand stock exchange (13.42%).  The four
international oil companies jointly operate the
refinery.  Between them they also own all of
the bulk storage facilities around the country
except for the Gull Petroleum facility at Mount
Maunganui.

The notable feature of the ownership of LPG is
the limited number of producers as reflected in
the gas field ownerships, there is also a
significant vertical integration.  Swift Energy will
be a new entrant to the production of LPG from
its Rimu and Kauri gas fields.

Resource Properties

Fuel Oils Properties

Caltex publish product bulletins on fuel oils,
which outlines the availability of various fuel
products around New Zealand.  The Caltex
range of marine fuels available in New
Zealand consist of the distillate and residual
fuel oil products below, which conform to the
latest ISO 8217 standard for marine fuels.

• Automotive Gas Oil (AGO)

• Marine Gas Oil (MGO)

• Fuel Oil Light (IFO40)

• Fuel Oil Heavy (IFO180)

• Heavy Bunker Fuel Oil (IFO380)

Automotive Gas Oil is the highest quality all-
distillate fuel supplied for marine use, it has
a minimum Cetane Number of 49.

Marine Gas Oil is a general purpose distillate
fuel supplied for marine use.  It has a mini-
mum Cetane Number of 40.  Fuel Oil Light,
Fuel Oil Heavy and Heavy Bunker Fuel Oil are
black, residual fuel oil type products meeting
ISO-F grades RMC 10, RMF 25 and RMH 35
respectively for marine residual fuels.  These
grades are blended to achieve a specific
viscosity with cutter stock and, as such, are
termed Intermediate Fuel Oils (IFO fuels).
Under the IFO classification system Fuel Oil
Light, Fuel Oil Heavy and Heavy Bunker Fuel
Oil are classified as IFO40, IFO180 and IFO380
respectively.  Table 4.25 shows product
specifications for Caltex range of Marine fuels.

These fuels are combustible liquids, Danger-
ous Goods Class 3 (c).  Flash points are
specified to exceed the 60oC minimum
generally required for international marine
insurance purposes.  Automotive Gas Oil,
Marine Gas Oil and Fuel Oil Light can be
readily handled at ambient temperature in
normal marine operations without preheating.
Fuel Oil Heavy and Heavy Bunker Fuel Oil
require preheating for handling purposes.

Automotive Gas Oil and Marine Gas Oil are
intended for use in higher speed diesel
engines (typically > 800 rpm), which require

Field /
Ownership

LPG Production Expected
Production

‘000’s tonnes /
yr

PJ/yr.
(approx)

‘000’s tonnes /
yr

Developed Fields

Maui (Shell/Todd) 180 8.7

Kapuni
(Shell/Todd)

34 1.7

Waihapa (Swift) 20 1.0

Undeveloped Fields

Pohokura (Shell /Todd/Preussag) 200 – 300

Rimu/Kauri (Swift) 12 – 100

Table 4.24: Indigenous LPG production
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an all-distillate fuel.  Fuel Oil Light, Fuel Oil
Heavy and Heavy Bunker Fuel Oil are in-
tended for use in slower speed diesel engines
(typically < 800 rpm) equipped for burning
residual fuels, and also as furnace fuel oils in
the boilers of steam turbine powered vessels.
Grade selection should be made on the basis
of the maximum viscosity that a particular
fuel and combustion system is capable of
handling.  Source, Caltex.

Recently there has been significant moves to
reduce the sulphur content of New Zealand
diesel fuels.  The New Zealand Refining
Company has indicated that this reduction in
sulphur content will require a major capital
investment at the refinery, which may not be
recoverable through higher refining margins,
indicating that continued refinery operation
past around 2005 is not assured.

Liquefied Petroleum Gas Properties

LPG is predominantly a mixture of propane

(C3H8) and butane (C4H10) and small quantities
of other closely related hydrocarbons.  Com-
mercial propane and commercial butane are
approximately 98% pure.  The composition of
LPG is determined by production parameters
but is typically 60% propane and 40% butane
on a volumetric basis.  Variations on the
content are permitted under the New Zealand
Standard 5435:1996.  The suppliers can
customise LPG composition, ranging from
commercial propane through to commercial
butane.  The standard states in the Foreword,
”The maximum butane content specified for
General Product in table 1 is based on the
composition of LPG being produced from gas
fields at the time this Standard was pub-
lished.  The composition of this naturally
occurring LPG is expected to change gradually
over time and this composition limit may
need to be amended in future to reflect the
actual composition of LPG being produced.  It
is expected that buyers and sellers of LPG
will include this Standard as a base document

GRADE AGO MGO IFO40 IFO180 IFO380

ISO-F Grade DMA DMA RMC 10 RMF 25 RMH 35

Density @ 15C, kg/l 0.834 0.843 0.916 0.954 0.965

Viscosity, Kinematic

mm2/s @ 40 ˚C 3.313 3.347

mm2/s @ 50 ˚C 31.90 172.7 367.3

Flash Point, PM, ˚C 84 84 103 103 108

Pour Point, ˚C

winter -12 -7 -15 -6 3

summer -5 -4 -11 1 5

Carbon residue
(MCR) on 10%
residue, % mass

0.01 0.02

Carbon residue (MCR) 11.5 15.5 17.6

Ash, % mass 0.002 0.002 0.022 0.033 0.037

Sediment, % mass <0.01 <0.01 <0.01 <0.01 0.01

Water, % vol. <0.05 <0.05 <0.05 <0.05 <0.05

Sulphur, % mass 0.24 0.26 1.78 2.54 2.74

Vanadium, mg/kg 20 91 117

Aluminium + Silicon, mg/kg 4 11 11

Total sediment potential, %
mass

<0.01 <0.01 <0.01

Cetane Number 52 50

Specific Energy
(Gross),MJ/kg

45.9 45.8 43.7 42.5 42.1

Ignition Quality
(CCAI)

810 824 832

Table 4.25: Product Specification Caltex marine fuels (Source Caltex)
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in any sale and purchase agreement for LPG
and that such parties may impose additional
requirements over and above this Standard
for specific purposes.”

LPG is typically stored in certified pressure
vessels at ambient temperatures and about
690 kPa.  The composition of an LPG storage
vessel can vary if the draw-off from the
cylinder is in the form of gas and the ambient
conditions lead to the preferential draw-off of
one component or another.

Table 4.26 shows the typical energy data for
general LPG product and Table 4.27 shows
principal component gases of production LPG.
These values are not requirements of the
standard but are provided as information.
The standard includes a table of “Specifica-
tion for LPG Products” including vapour
pressure, volatility, relative density and a
range of other characteristics.

LPG has the following general characteristics:

• Colourless.

• Odourless. (It is normal to odorise LPG by
adding an odorant prior to supply to the
user, to aid the detection of any leaks).

• Flammable.

• Heavier than air.

• Approximately half the weight of water.

• Non toxic but can cause asphyxiation.

• LPG expands upon release and 1 litre of
liquid will form approximately 250 litres of
vapour.

CO2 Emission Factors

Diesel produces about 69 kg CO2 per GJ of
fuel combusted, and light and heavy fuel oil
typically produce 72 – 75 kg CO2 per GJ of
fuel combusted.  LPG’s typically produce
approximately 60 kg CO2 per GJ combusted.
(Source New Zealand Energy Information

Product Liquid
Specific

Gravity1,2

Gross Calorific
Value

Net Calorific
Value

Motor
Octane
Number

Wobbe
Index

MJ/kg MJ/l3 MJ/kg MJ/l3

Commercial
Propane4

0.508 50.4 25.6 46.3 23.5 96 80

Commercial
Butane4

0.573 49.5 28.4 45.7 26.2 93 87

General LPG
Product

Min. 0.508
Max. 0.545

Typ. 0.530

50.0 26.5 46.1 24.4 95 84

Notes (1)  at 15oC; ±0.010.  (2) Assuming negligible volume changes on mixing  (3) Liquid volume
(4) Calorific Values ±0.1 MJ/l

Table 4.26: Typical energy data for LPG and component gases

Commercial
Propane

Commercial
Butane

General
Product

vol% vol% vol%

Ethane 2.0 0.1 1.5

Propane 92.0 2.5 55.0

Isobutane 5.0 40.0 26.0

n-Butane 1.0 56.0 17.0

Pentane - 1.4 0.5

Source NZS5435:1996

Table 4.27: Typical composition of production LPG
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Handbook, JT Baines, Editor).

Commodity and Delivery Costs

Oil Products Pricing

Imports of refined oil products to New
Zealand are sourced either from Australia or
Singapore.  Oil prices are generally
benchmarked against the Singapore market
price, Singapore being one of the world’s
largest refining centres.  The price compo-
nents of refined products are thus:

Base price: Singapore market price, Plus
Freight and insurance, Plus Wholesale storage
and distribution costs, Plus Suppliers margin,
Plus On-site storage facility costs, Plus Local
taxes.

The largest cost component is the Singapore
market price plus freight and insurance (the
CIF cost), with the other components adding
in the order of 5  15 c/l to the final fuel cost
depending on the fuel type and applicable
taxes.

Table 4.28 shows the Ministry of Economic
Development figures for fuel prices in March
2001 dollars.  The Ministry of Economic
Development categorises fuels as transport
and non-transport as shown in Table 4.28.

The fuel prices shown in Table 4.28 are
collected by the Ministry of Economic Devel-
opment for statistical and policy analysis
purposes and may not necessarily be an
accurate reflection of the prices that may be

Non Transport Fuels Transport Fuels

Year
End

March

Light Fuel
Oil

Heavy Fuel Oil Auto
Diesel

LPG
(Retail)

$/GJ $/GJ $/GJ $/GJ

1983 27.20

1984 26.22

1985 28.00

1986 24.62

1987 22.04

1988 0.00

1989 0.00

1990 9.58 9.34 16.62

1991 12.29 11.75 15.64 24.71

1992 10.64 10.15 13.51 24.27

1993 10.08 9.72 14.04 23.91

1994 9.54 7.49 12.27 23.64

1995 8.99 8.58 12.44 22.76

1996 9.26 8.59 12.62 21.87

1997 9.53 7.65 13.33 21.42

1998 9.12 8.14 12.44 21.24

1999 9.26 9.20 11.56 21.96

2000 12.66 11.99 14.84 22.13

2001 12.73 12.73 17.51 22.49

Source Ministry of Economic Development, New Zealand Energy Data File July 2001

Table 4.28: Fuel prices (real March 2001)
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obtainable through competitive tendering of a
fuel supply for a distributed generation
facility.  It is impractical to try and predict the
actual price that will be paid by a distributed
generator particularly over the long term.
Long term contracts for significant quantities
of fuel oils will be tied to the market price of
the selected fuel, usually ex Singapore.  The
long term pricing of LPG may differ since LPG
is an indigenous resource, it may be possible
to secure LPG supplies at a fixed price
inflated at a defined component of CPI or
PPI.

Specific pricing should be sought for each
application from the major fuel suppliers.  A
development of a fuel price has also been
undertaken to illustrate the structure and a
possible order of magnitude of prices for
diesel fuel, refer Table 4.29, which is based
on an estimated long term benchmark crude
price of US$20.00 per barrel.  The fuel price
will vary with crude prices, which are them-
selves subject to significant political and
market forces, which are extremely difficult to
predict over the long term.  This price
uncertainty is one of the most significant
risks to the use of fuel oils for power genera-
tion purposes.  Fuel prices can be stabilised
through hedge contracts for defined periods,
however at the end of the hedge period,
there is still a significant price exposure for
the purchaser.

LPG Pricing

The pricing of LPG tends to be provided on a
case by case basis.  Suppliers would not
provide pricing information due to the highly
variability of costs associated with supplying
specific applications.  Most major suppliers
provide a full service approach by providing
advice on specific applications and complet-
ing the full technical/commercial/regulatory
requirements to install a dedicated facility on-
site.  In general the annual quantity, annual
demand profile, site location and access,
storage capacity and liquid vaporisation rate
are the key ingredients to the costs.

The LPG industry is working to grow demand
through market pricing against other liquid
fuels.  Along with organic growth, this pricing
strategy and the rising price of diesel realised
a demand growth from 120,000 tonnes in
2000, to 128,000 tonnes in 2001.  The LPG
industry considers LPG to be competitive with
diesel and light fuel oil, evidenced by many
small boilers being fuelled with LPG.

Like the price of natural gas, the price of LPG
will be forced upwards closer to the region-
ally traded prices as the Maui gas field prices
work their way out of the fuel pricing struc-
tures in New Zealand.   Because New Zealand
is self sufficient in LPG it is unlikely that the
local price will reach the full regional interna-
tional price, however the upward price

Factor Unit Rate Unit Rate

Long Run Barrel cost of Gas
Oil (based on US$20/bbl for
crude)

US$/Bbl 26.50 NZ$/l 0.3338

International Freight to NZ &
Insurance

US$/Bbl 3.80 NZ$/l 0.0479

US/NZ Exchange Rate 0.50

Cost in $NZ per barrel NZ$/Bbl 60.60 NZ$/l 0.3816

CIF Cost NZ$/l 0.38

MOE Tax NZ$/l 0.0036

Delivery Cost NZ$/l 0.008

On-site Storage Expenses NZ$/l 0.03

Margin NZ$/l 0.03

Total Delivered Price NZ$/l 0.4532

Net Calorific Value MJ/l 35.80

Total Delivered Price NZ$/GJ 12.66

Table 4.29: Example calculation of diesel delivered cost
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pressures will be significant.

The South Island company The Gas Company
quotes retail rates for gas on its web site
(http://www.thegascompany.co.nz/) as follows:

“Gas Price

• Gas is one of the most convenient and
cost effective ways to run your home. The
Gas Company will deliver LPG to your
home by way of 45 kg cylinders, at a rate
of $1.32 per kg (including GST).  This
amounts to $59.40 per 45 kg cylinder fill.
A reduced price of $1.22 including GST per
kg will apply to customers with gas water
heating.

• Commercial pricing available on request.”

At the domestic retail price of $1.22 (incl.
GST) per kg this price equates to $1.08 per
45.8 MJ or $23.68/GJ excluding GST.

Rockgas, publish the following rates in the
Wellington area for 45 kg cylinders, approxi-
mately 2.268 GJ, on a delivered basis.

Zone 1 (Most Wellington areas)
$59.95 incl. GST (53.29 excl. GST)

Zone 2 (Whitemans Valley/Mangaroa area)
$60.95 incl. GST (54.18 excl. GST)

Zone 3 (Kaitoke & Makara areas) $65.00 incl.

GST (57.78 excl. GST)

As a result of the higher and volatile prices
for oil products, the competitiveness of LPG
for distributed power generation is improving.
A comparative analysis between oil products
and LPG is recommended for any application
where diesel is contemplated as the fuel.

Purchasing and Contracting Issues

Fuel Oil Availability

Caltex, which is representative of the major
fuel suppliers, indicates that not grades of
Marine Fuels are available at every New
Zealand port.  Table 4.30 shows product
availability at each port, and method of
delivery.

Heavy Bunker Fuel Oil (IFO380) is available
only at Marsden Point, Whangarei for tankers
discharging there and incremental bunkers at
the refineries discretion.  Source, Caltex.

LPG Availability

LPG is transported by ship from New Ply-
mouth to Auckland, Christchurch and Dunedin
and distributed from depots at those loca-
tions and from New Plymouth by road
tankers.  Contracted shippers provide the
shipping capacity and there is no shipping
capacity constraints.  Additional trucking
capacity is added on an as required basis.

PORT AGO MGO IFO40 IFO180

Auckland PL/RTW/B PL/B PL/B

Bluff PL/RTW NA NA

Dunedin PL/RTW PL NA

Gisborne PL/RTW NA NA

Lyttelton PL/RTW PL PL PL

Mt Maunganui RTW NA PL

Napier RTW NA PL

Nelson PL/RTW PL PL NA

New Plymouth PL/RTW NA NA

Timaru PL/RTW NA NA

Wellington PL/RTW PL PL NA

Whangarei RTW NA NA

Notes: B = Barge, PL = Pipeline, RTW = Road Tank Wagon, NA = Not Available
Heavy Bunker Fuel Oil (IFO380) is available only at Marsden Point, Whangarei for tankers
discharging there and incremental bunkers at the refineries discretion.  Source, Caltex.

Table 4.30: Product availability, Caltex marine fuels
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The large road tankers are either 30,000 or
35,000 litre volume holding 15 or 18 tonnes
of product respectively.  Most are indepen-
dent contractors.  Todd Energy rails LPG to
the South Island from Kapuni.

NGC has a significant presence in the New
Zealand LPG industry, with interests encom-
passing LPG production during the processing
of gas at the Kapuni gas treatment plant, the
supply of LPG to BP service stations, a 60.25
percent shareholding in the LPG distributor,
Liquigas Limited, a 100 percent interest in
Propane Gas Limited and Port-a-Gas Limited
which are developing markets for bulk and
larger cylinder LPG markets.

Nova Gas is Todd Energy’s industrial/commer-
cial supplier for the whole of the North
Island.  HulmeGas is Todd Energy’s supplier of
industrial/commercial gas (e.g. Oxygen,
Helium, etc) and bottled or bulk LPG in the
Coromandel, Bay of Plenty, Rotorua and
Gisborne areas.  HulmeGas can supply bulk
LPG almost anywhere in the North Island and
is based in Mount Maunganui.  Otago Citigas
is Todd Energy’s supplier of reticulated LPG
for commercial/industrial users in the
Dunedin/Otago areas.  Otago Citigas can also
supply bulk LPG almost anywhere in the
South Island.  Shell is both a wholesaler and
retailer of LPG.

Rockgas is the largest supplier with around
50% of the market.  Caltex and Origin Energy
(of Australia) own it.

There are numerous smaller retailers of LPG
throughout New Zealand.

On-site LPG Facilities

LPG suppliers are flexible about the owner-
ship of the on-site storage and vaporisation
equipment with the customer preference
tending to dictate the ownership structure.
Capital charges for on-site equipment owned
by the LPG supplier could be either amortised
in the LPG price or paid as annual rental
charges.

The size of LPG storage tanks is flexible.
Many tanks are in the range of 7.4 – 7.5 m3

in water volume providing 2-4 tonne of
product capacity.  20 tonne capacity is a
common size for larger applications.  LPG
storage vessel must be located in the open
with prescribed isolation distances, or
underground.  Many new LPG facilities

include underground storage tanks, which
provide a safety advantage to above ground
storage, however the costs of underground
tanks, their installation and maintenance
costs, are higher.  The principal driver for
placing tanks underground is the reduced
isolation distances required for underground
compared to above ground tanks.

Competing Uses

Table 4.31 shows the New Zealand industrial,
commercial and residential non-transport oil
use for the period 1995 through to predicted
2020 consumption rates.  The table shows
only a slight decrease in the market share for
oil from 7.1% to 6.9% for non-transport
purposes.  The significant increase in use for
electricity generation is based on the Ministry
of Economic Development’s analysis that
there will be an economic need for oil based
peaking generation plant arising between
2010 and 2020.

Shortages of oil for power generation pur-
poses are possible in extreme political events
where international supply becomes short.

Use of oil for land transport is shown in Table
4.32, showing a steady increase in demand
for diesel and a steady decrease in demand
for LPG.

The fact that there are significant exports of
LPG from New Zealand, and advice from with
industry participants, indicate that there are
no intrinsic limitations on the supply of LPG
to either the existing or a significantly
expanded LPG market.

Notable Risks

The most significant risks to the use of oil
based products for distributed power genera-
tion are:

• Price fluctuations with international
commodity prices

• Price fluctuations with NZ/US$ exchange
rate

• Consenting risks for high sulphur oil
products

• Supply risks associated with international
crude oil supply interruptions,

• Regulatory changes associated with the
Kyoto Protocol and the planned imposi-
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tion of carbon taxes in 2007.

The first two risks are the most significant
particularly for applications with high load
factors and long operational lives, where the
stability of fuel cost is an important economic
factor in assessing the power price and
commercial sustainability of an application.

Combined with the relative high fuel costs for
petroleum products, these risks are likely to
lead to the marginalisation of these fuels for
distributed power generation in New Zealand
except in particular circumstances.  They are
applicable in locations that have high alterna-
tive fuel costs or that have an essential need
for back-up electricity supplies.

Examples are peaking or back-up power

supplies where the costs of peak electricity,
or loss of electricity supply are likely to
exceed the overall cost of the generation
facility.  In these examples, the fuel cost
tends to be a secondary issue in comparison
to the importance of maintaining continuity of
supply for critical applications.

In general the risks faced by LPG users are
significantly less than those for oil products,
provided that a predictable long-term price
for the commodity can be secured.  Consent-
ing risks are much less, except for the well
defined safety considerations associated with
the storage of LPG, which may limit the
available size and location of bulk storage
facilities within built up areas.

March
Years

Total
Industrial,

Commercial
&

Residential
Energy

(PJ/year)

Total
Industrial,

Commercial
&

Residential
Oil

(PJ/year)

Electricity
Generation

(PJ/year)

Forestry Oil

(PJ/year)

Other
Industrial &

Commercial Oil

(PJ/year)

Fuel
Oil

Distillate

1995 208.9 13.1 0 1.7 6.9 4.5

1998 228.9 12.2 0 1.2 6.7 4.3

2000 249.0 12.2 0 1.3 6.7 4.2

2005 206.0 13.0 0.1 1.7 7.0 4.2

2010 193.5 13.7 0.5 1.8 7.2 4.2

2020 214.8 14.9 1.7 1.9 7.5 3.8

Source: Ministry of Economic Development, New Zealand Energy Outlook to 2020 – February 2000

Table 4.31: Industrial, commercial & residential non-transport oil use industrial, commercial &
residential non-transport oil use 1995 – 2020

March
Years

Total

(PJ/year)

Rail Diesel

(PJ/year)

On/Off
Road

Diesel
(PJ/year)

LPG

(PJ/year)

1995 52.0 2.2 45.5 4.3

1998 65.6 2.3 59.0 4.3

2000 70.0 2.3 63.4 4.3

2005 78.7 2.3 72.3 4.1

2010 86.5 2.3 81.0 3.2

2020 105.9 2.3 101.7 1.9

Source:  Ministry of Economic Development, New Zealand Energy Outlook
to 2020 – February 2000

Table 4.32: Land transport oil use 1995 – 2020
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Biomass

Resource locations and quantities
The plantation forest estate (which is 90%
radiata pine) covers approximately 1.8 million
ha, with new land planting of 30,000 ha to
the end of December  2001. The forest
industry is in an expansion period, with the
current harvest of 20 million m3 / year
expected to rise to a potential harvest of
around 30 to 31 million m3 / year over the
next 5 to 10 years, Figure 4.18. Consequently
the volume of residues will also rise during
this period.

New Zealand has an estimated 1.8 million
hectares of plantation forest with the Central
North Island having the largest area, Figure
4.19.  The availability of forestry derived
residues is obviously linked to where the
forest are on a regional basis.

National Resources

Based on previous studies (Hall, 1994,1997,
1999) it is possible to estimate the amounts
of cutover and landing residues being
produced on an annual basis, Table 4.33 (Hall
and Gifford, 2001).  These studies related the
amount of residue to the harvest volume, and
derived factors to estimate the volume of
residue produced from the harvest volume
data.

Survey information based on unpublished
data (Nicholas, 2002) has been used  to
estimate the amounts of wood processing
residues produced and how much goes to
what end use, shown in Figure 4.20.

Regional

The national resources for cutover and
landing residues can be broken down into
regional level estimates based on the Na-
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Figure 4.18:  Current and potential future harvest from New Zealand forests (MAF, 2002)

Figure 4.19:  Percentages of forest area by region (MAF, 2000)
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Figure 4.20: Estimated wood flows of logs and wood processing residues based on harvesting and
processing figures for 2000
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tional Exotic Forest Description (NEFD, MAF,
2000), Table 4.34.

Estimates of future amounts of wood going to
various end uses, and processing wastes
going to land-fill were derived from future
harvest data and data in Figure 4.20, see
Figure 4.21.  Estimates of the amounts of
cutover and landing residues were also made
based on harvest volumes and percentages of
residues produced derived in previous
studies, refer Table 4.35.

Regional Residue Resource Estimates

The above figures can be used to derive
regional estimates of the available residues,
Figure 4.22. The central North Island and
Northland / Auckland regions dominate the
volume.  The central North Island peak is a
function of the age distribution of the forests
(NEFD).  Planting booms in the 70s mean
large volumes are available now and in the
next few years.  A tailing off of new planting

in the 80s means that this increased harvest
is not sustainable.  This peak is unlikely to
be as extreme as suggested by the graph
because the forest companies are likely to
smooth out the wood flow.

Resource Ownership

National

At a national level forest ownership is
dominated by a limited number of companies
with two thirds of the resource owned or
managed by just 19 entities (Figure 4.23, MAF
2000).

56% of the resource is owned or managed by
just 10 companies, 33% of the total forest is
owned by small owners, whose holding may
be just a few hectares.

Regional

The ownership of the forests may be substan-
tially different from region to region, with

Residue
Source

Landing

Cutover*

Total

* Recoverable volume only

2001  to 05

588,000

589,000

1,177,000

2006 to 2010

1,193,000

1,266,000

2,459,000

2011 to 2015

876,000

1,065,000

1,941,000

Table 4.33: Volume (m3) of in-forest residues produced per annum

Landing Cutover

2001 -
2005

2006 -
2010

2011 -
2015

2001 -
2005

2006 -
2010

2011 -
2015

Northland /
Auckland

89,000 194,000 254,000 84,000 178,000 232,000

Central North
Island

199,000 464,000 314,000 342,000 797,000 540,000

East Coast 19,000 67,000 102,000 5,000 17,000 26,000

Hawke Bay 40,000 82,000 93,000 37,000 76,000 86,000

SNI 42,000 72,000 71,000 11,000 19,000 18,000

Nelson /
Marlborough

85,000 116,000 114,000 40,000 55,000 54,000

West Coast 12,000 29,000 29,000 3,000 7,000 7,000

Canterbury 37,000 70,000 59,000 41,000 78,000 65,000

Otago /
Southland

65,000 99,000 94,000 26,000 39,000 37,000

Table 4.34: Annual availability of in-forest residues (m3 solid)
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some of the companies above having all of
their ownership in one region (Wenita –
Otago Southland). Wenita at a national level
are 1.4% of the resource, in the Otago
Southland region they have approximately
19% of the resource. The Selwyn Plantation
Board in Canterbury has 0.6% of the National
total and 11.4% of the regional resource.
Weyerhaeuser New Zealand has its ownership
of forests in only in the Nelson Marlborough
region, with 3.7 % of the national resource,
but approximately 42% of the local resource.

On the other hand Carter Holt Harvey Forests
(18.8% of the national resource) have forests
in all regions except the West Coast and

Otago / Southland.

This highlights the need for careful examina-
tion of the ownership of both the forests, as
well as the processing facilities when deter-
mining placement of biomass fuelled plants.

It is difficult to get accurate ownership figures
on a regional basis for all the major owners,
exact figures for regional ownership are
considered to be commercially sensitive.
Several of the major forest companies (Carter
Holt Harvey, Rayonier, Juken Nissho, Ernslaw
One) have forests in a number of regions and
determining the regional distribution of their
ownership is not possible with available data.

Figure 4.21: Estimates of wood residues available for fuel, national level

Wood Process Waste to Landfill

2001 to
2005

2006 to
2010

2011 to
2015

Region m3 solid per annum

Northland / Auckland 159,000 340,000 447,000

Central North Island 350,000 815,000 552,000

East Coast 33,000 117,000 179,000

Hawkes Bay 71,000 144,000 164,000

Southern North
Island

74,000 128,000 125,000

Nelson Marlborough 150,000 204,000 201,000

West Coast 21,000 51,000 51,000

Canterbury 65,000 124,000 103,000

Otago / Southland 115,000 174,000 165,000

Total 1,038,000 2,097,000 1,987,000

(extrapolated from figures for the Rotorua District)

Table 4.35: Estimate of wood processing waste going to landfill
(extrapolated from figures for the Rotorua district)
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Data on owners with forests in excess of 1000
hectares, on a regional basis, is presented in
Table 4.36.

Obtaining the fuel from the harvest of small
woodlots owned in the “Others” category
(33% of the resource) might be time consum-
ing in relation to volume available.

Ownership of in-forest residues (cutover and
landing) is vested in the forest owner.

Ownership of wood processing residues rests
with the owner of the wood processing plant
up to the point where they are dumped at a
landfill . They then belong to the landfill
owner.

The structure of ownership of wood process-
ing plants is similar in many ways to the
forest ownership, with most of the major

forest owners owning some wood processing
plants, often large facilities that have high
volume throughput. There are also a great
many small scale wood processors who also
make up a significant part of the capacity.

The large facilities often already integrate the
use of their wood residues into the energy
requirements of the processing plant.  This
leaves a large number of smaller producers as
the likely source of wood residues for power
generation.  This ownership structure will vary
from region to region. For example although
the central North Island has a large forest
resource and a substantial wood processing
industry these sites are often large and
integrated, and the use of wood residue as
fuel is already substantial.  Areas of the
country such as Northland and the East Coast
do not have the same scale of processing

Figure 4.22: Total regional residue supply of in-forest and wood processing residues (m3 solid)

Figure 4.23:  Forest ownership
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operations, and the forest resource available
for harvest is expanding.  In these areas there
is scope for increased use of wood residues
from both harvesting and processing.

In many cases the presence of one major
wood residue consumer (300,000 t pa, or 2.1
3.6 TJ/yr depending upon moisture content)
would absorb the majority of the available
residues at a regional level, with the excep-
tion of the Central North Island

Resource properties
Woody biomass from in-forest sources is
variable in its composition, due to site
specific variations in the harvesting system,
species, growing conditions and soil type.
The amounts of stem-wood, branch material
and needles in a fuel resource will vary from
site to site.  However, these components can
then be manipulated by how the fuel is
handled, stored and segregated. Important
characteristics are moisture content, ash
content, bulk density and volume, as well as
volatile and inorganic content.

The residues from in-forest sources need to
be size reduced prior to use. Air drying of the
residues prior to size reduction is desirable in
many cases as the green residues will have a
moisture content of around 55% wet basis
and once residues are comminuted, drying
then becomes an operation that will incur
significant capital and operating costs.

Biomass fuels from wood processing indus-

tries are also highly variable, many produce
bark as separate product to the woody
residues. Even within the bark there may be
differences depending on the age of the trees
being processed and the location of the log
within the stem. The bark may be thick, dry
and chunky or thin wet and fibrous. Sawdust
is generally quite uniform in its size and
moisture content, as the majority of logs are
sawn green. Other products such as off-cuts
and shavings may be green or dry depending
on the processing plant.

The fuel characteristics of bark are different to
that of wood and both are widely used as
fuels, separately and mixed. The key is the
design of the combustion unit that needs to
be specified according to the inorganic
composition of the fuel. Failure to adequately
address this can prove costly, with outages
due to slagging and fouling.

Woody biomass for fuel will be supplied at its
point of use as comminuted woody materials,
with a particle size varying from powder to
pulp chip, depending on the source of the
material and the power plants fuel specifica-
tion. The material is a solid at a particle level,
but is flow-able to some extent as a mass. It
can be tipped and blown as well as con-
veyed.

The energy content of wood residues varies
with moisture content (Figure 4.24).

Indicative fuel properties of radiata pine

Wood Supply
Region

Total Area Area Held by Large
Owners

% of Total Area Held by
Large Owners

Hectares Hectares % of Total Area

Northland 205,105 147,563 71.9%

Auckland 54,940 30,564 55.6%

Central North Island 577,385 513,989 89.0%

East Coast 153,311 115,808 75.5%

Hawkes Bay 123,367 90,237 73.1%

Southern North Island 156,934 66,708 42.5%

Nelson/Marlborough 174,132 112,110 64.4%

West Coast 33,482 29,421 87.9%

Canterbury 118,147 58,816 49.8%

Otago/Southland 201,954 128,583 63.7%

1,798,757 1,264,378 70.3%

Table 4.36:  Large owners, area and % of total regional planted area
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logging residues that are likely to be avail-
able from most forests are presented in
Tables 4.37 and 4.38. This data results from a
study (Hall, 2000) which looked at the
inorganic content and fuel analysis of commi-
nuted logging residues stored outdoors over
time.

The moisture content of the fuel dropped
over time, as this was uncomminuted material
stored out doors.

Greenhouse gas emissions
Emissions arising from the use of biomass
depend on a range of factors, which will vary
with each specific project.

Emissions from the fuel transport phase are
likely to account for a substantial part of the
emissions. Transport (depending on distance)

can contribute up to 80% of the greenhouse
gas emissions from the delivery system.

During the conversion of biomass a range of
different GHGs’ may be emitted dependant on
the type of technology used, the efficiency of
the plant and the fuel specification.  If the
fuel is high quality and the plant is operating
efficiently then the emissions are low and
negligible compared with gas or coal fired
power stations in terms of gC/kWh (grams
Carbon / kWh), refer Table 4.39.

Extraction, treatment and delivery meth-
ods and costs

Cutover residues

Cutover residues have a higher branch
content than landing residues but are still
largely made of solid wood, as many of the

Figure 4.24:  Effect of moisture content (wet basis) on the weight and energy content of wood

Element August February

Fe mg/kg 537.33 230

Ca % 0.09 0.155

K % 0.12 <0.001

P % 0.01 0.005

Si % 0.07 0.310

Al % 0.02 0.065

Mg % 0.03 0.045

Na % 0.03 0.060

Table 4.37:  Inorganic content – raw residue
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branches that make up the bulk of the
volume are quite large.  The stem sections in
these residues are generally slightly longer
than the landing residues. The cutover
residues are also dispersed over a wide area,
rather than concentrated at roadside.   This
will require an extra step in the harvesting
process, to get the residues from stump to
roadside, an average haul distance of 150
metres can be expected.  This harvest step
can be undertaken either by forwarders with
modified load-spaces (common in Sweden) or
by other combinations of heavy duty loading
and forwarding machinery (small (12 tonne)
excavator loader working with 2 skidder /
tipping trailer combinations, trialed in NZ).
Whichever machine is chosen the cost of
delivering the material to roadside is likely to
be between $7 and $12 per tonne ($0.70 to
$1.50 / GJ), depending on the residue density,
haul distance, size of harvest block, terrain
and operational restrictions.

Landing residues

Residues from log harvesting operations arise
at 2 distinct types of location within the
forest.  The first location is at the stump,
where felling breakage and delimbing create
a mixture of stem-wood sections and
branches scattered over the cleared area,
termed “cutover” residue.   In some harvest
areas the terrain is so steep that recovery of
this material is unlikely to be economically or
environmentally viable.  However, approxi-
mately half of the harvest which comes off
rolling or flat terrain where collection of this
material by ground-based machinery would
be possible.  The second location for forest
residues is the point where the stems are
converted into logs of different grades,
termed “landing” residue.  Depending on the
scale of operations this point may be at
individual logging landings, or in larger
operations at centralised super-skids.  In a
few cases where very large volumes are being

The moisture content of the fuel dropped over time, as this was uncomminuted
material stored out doors.

Component August February

Moisture content, % 60.7 29.0

Ash, % 1.25 2.6

Volatiles, % 79.1 78.7

Fixed Carbon, % 19.60 18.7

Gross CV, MJ/kg 20.5 20.2

 Sulphur, % 0.01 0.01

Hydrogen, % 6.15 5.9

Oxygen, % (by difference) 41.17 41.8

Ash Fusion temp, ºC 1220 1220

Volatiles to fixed carbon ratio 4.0 3.8

Table 4.38:  Fuel analysis – raw residue

Emission
Component

Emission
Rate

kg/GJ fuel

CO2 104.2

CH4 0.015

N2O 0.004

NOx 0.065

SO2 0

Table 4.39:  Estimated emissions from combustion of biofuels (kg/GJ)
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harvested the stem to log processing is
undertaken at central processing facilities.  In
all of these cases, when the stem lengths are
converted to logs, short (0.1 m up to 2.5 m)
sections of stem wood are cut from stem and
are discarded.

The residues available at landing are typically
composed of short sections (0.1 to 2.0 m) of
stem wood, with a smaller amount of branch
material.  This material needs little in the way
of harvesting expenditure as it can be made
available in piles at roadside.  This material
can be stockpiled in the forest, and over a
period of 6 months, the moisture content will
drop, increasing the energy content (Hall,
2000).  The harvesting cost is limited to the
cost of loading the truck, which depending on
the equipment available, may be from $1.00
to $4.00 per tonne.  This is obviously a
substantial variation and therefore designing
and managing the system to minimise this
cost is critical.

The cost of harvesting landing residues will
vary with the system, but are likely to be in
the order of $2 to $4 per GJ.  Transport
distance is a significant factor in delivered
energy cost, and can be 50 to 60% of total
delivered cost at higher transport distances
(100 km).  The transport distance, load
density and payload are important consider-
ations in deciding on the structure of the
system used to minimise the cost of delivery
to the power plant.  A key decision is where
to comminute the fuel, before or after
transport, refer Figure 4.25.  A model has
been developed (Hall, Gigler and Sims, 2001)
which allows the rapid comparison of system
options and costs as well as sensitivity
analysis.

Comminution is a useful way of increasing
load density in some cases, however infield
chipping or hogging is more expensive than
the same process carried out at a central
point.  Comminuted residues have a density
of 35 to 40 %. Compacted uncomminuted
residues have a density of up to 45%, with

loose densities as low as 20%.  If the
uncomminuted residues can be transported at
a density sufficient to give an adequate
payload then comminution at a central point
will probably be cheaper.

The decision making process involved here is
complex and needs to account for a range of
site specific variables (roading infrastructure,
forest density, size of resource, size of
demand, nature of the residues).  However, it
is likely that for much of the landing residues
coming from current harvesting systems, that
they can be transported at densities of 40%
or higher without comminution.  This is
sufficient, given a high volume bulk carrier
type truck to achieve sufficient payload to
make transporting the uncomminuted resi-
dues viable, with comminution at a central
point.

Comminution at a central point (of large
volumes of residue) also allows the consider-
ation of product segregation both before and
after comminution, with the aim of recovering
some higher value fibre (panel fibre).

Wood processing residues

Once the logs are delivered to log processing
or export facilities a variety of residues is
produced depending on the processing being
undertaken.  In many cases the larger wood
processors use some of their residues (bark,
sawdust, shavings etc) as fuel, or it is sold as
other products (garden mulch, animal bed-
ding).  However, a significant quantity is still
potentially available for other new uses –
material not used is landfilled.

In many cases the residues from wood
processing need very little processing to get
it into a suitable form to use as fuel, as much
of it is already in small particles (sawdust,
shavings and much of the bark).  The delivery
costs are then limited to the cost of trans-
port.  Transport costs per tonne vary with
transport distance, that is, at short distances
(5 to 25 km) the cost per tonne kilometre is
higher than it is for longer distances (50 to

Figure 4.25: Possible landing residue flows
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100 km), refer to Table 4.40.

Some of the wood processing residues (bark,
dockings) may need some size reduction or
drying prior to it being suitable for use. The
cost of size reduction is likely to be in the
order to $3 to $4 per tonne and is typically
done with an electric hogger.  Drying costs
will vary substantially depending on the
green and target moisture contents and
particle size.  However, drying of comminuted
fuels such as sawdust is rare, and it tends to
be burnt in its green state.

The delivered cost of energy may vary, as a
tonne is not necessarily indicative of energy
content due to the drop in net calorific value
with increasing moisture content. When
paying for the delivery of bio-fuels, paying by
delivered energy rather than delivered weight
is recommended.  This is common practice in
countries such as Sweden and Finland where
large volumes of biomass are used.  Simply
sampling loads for moisture content and
using this figure to convert to energy content
using standardised conversion factors can
determine delivered energy quantities.

In the case of some wood processing resi-
dues (sawdust, shavings) the transport cost
may be the only cost of the material.  It may
not require any further processing.

Storage

Once the residues have been delivered to the
point of use the storage of these becomes a
significant issue and an important part of the
delivery system design.  There are two
important considerations:

• when the residues are in large sections

they will air dry to a moisture content of
30 to 35% (wet basis) over a period of six
months in outdoor storage

• once comminuted the residues need to be
used within a few (2 to 6) weeks to avoid
problems with pile heating, dry matter
loss, smell, leaching, fungal growth and
absorption of rainfall in outdoor storage.

It is desirable in many cases to keep the
residues in as large a piece as possible for as
long as possible (as long as it does not
negatively affect delivered cost).  The large
sections will dry out, and are less susceptible
to re-absorbing moisture from rainfall than
smaller pieces.

Once comminuted the residues become a
better host for microbial activity that can
result in rapid dry matter loss (1 to 2% per
month for the first 4 to 6 weeks).  Associated
with the microbial activity is the potential for
heat build up in large piles, this can contrib-
ute to dry matter losses and in extreme cases
can lead to pile fires.  If left in storage for
long periods fungal growth can occur which
release spores when the pile is disturbed,
these have been linked to health problems in
workers exposed to them.

Storage piles should be managed on a first in
first out basis.

Secondary Processing into Fuel Products

Once the residue has been comminuted (or is
bought in small particles such as sawdust) it
is possible to reprocess it.  This could be into
drier form or into dried and pelletised form.
There is evidence overseas (Europe, North
America) of an expanding market for

Transport
Distance

$ per
tonne

kilometre

$ per
tonne

$ per
GJ*

5 km 0.35 1.75 0.23

10 km 0.25 2.50 0.33

25 km 0.20 5.00 0.77

50 km 0.18 9.00 1.21

75 km 0.18 13.50 1.80

100 km 0.17 17.00 2.23

* Assumes 55% moisture content (wet basis) and a load density of 40%

Table 4.40: Transport costs, variation by distance in rates per tonne km and delivery cost
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pelletised wood fuels.  These fuels have the
advantage of being high in energy content
relative to green residues due to the low
moisture content (<10% wet basis).  The
higher energy content per m3 increases the
economic transport distance of the pellets.
They are also homogenous with a known
combustion performance.  The down side is
the reprocessing cost, estimated at $4 to $5 /
GJ (Li, Gifford and Hooper, 2001).

Commodity costs
The costs of wood residues will vary widely.
Some wood processing wastes that are
currently being landfilled may theoretically be
available at a negative cost (the power plant
gets paid to take it) or it may simply be
delivered free.  Other wood processing
residues may be in demand by other users, or
having found that there is a demand the
owner may choose to charge for it.  This cost
may vary from $1 to $2 per tonne, up to
market rates, that are as high as the energy
plant is prepared to pay.

Wood processing residues have many estab-
lished as well as potential uses and dumping
of these residues occurs only where supply
exceeds the demand for it. Where the resi-
dues are dumped, the costs associated with
this tend to be substantial.  This may mean
that some residue producers may give the
residue away.  However, it is unlikely that any
will commit to it be taken away at a cost to
the producer as part of a long term supply
contract.

In-forest residues (especially cutover residues)
currently have little if any market and no
price fixed for them.  Many forests face
paying for some costs associated with the
management of these residues.  These costs
range from a few cents to $10 per tonne
depending on the location of the residues.
This would suggest that the forest owners
would be happy to see this material removed.
However, as soon as there is a demand for
this material there will be a price attached to
it by the forest owner.  In the case of the
landing residues (short stem wood waste)
there is precedent for the residues to be
priced based on its distance from the point of
use, with prices between $2 and $10 per
tonne.

Currently there is little if any competition for
in-forest residues (landing or cutover), there

are few established markets and prices are
not well known and tend to be set only when
demand occurs.  The value of this material
will be low in comparison to other solid wood
resources, as it generally does not have
established pathways into the traditional
wood products market.  The price attached to
it will vary on a supply / demand basis (the
residues in more remote forest will be worth
less than those close to a potential market
due to transport costs).  In some cases there
are management costs to the forest owner
attached to the residues at present, and it
has been suggested that this means the
residues have a negative value to the forest
owner.  This view is unrealistic, as the current
disposal of in-forest residues has been the
standard for many years and anyone asking
for guaranteed supply of the residues would
probably be asked to pay for it.

Purchasing and Contracting Issues
In many areas there is little or no history of
large scale contracted supply of bioenergy
fuel.  The large scale wood processing sites
(pulp mils etc) using large volumes of
biofuels are obtaining the fuel internally from
their own operations and any purchasing of
external supply tends to have been ad hoc
and intermittent.

There are few suppliers of biofuels who
market wood residues as fuel.  This is largely
because historically there has been little
demand for these fuels.  There are a very
limited number of contractors with the
necessary equipment (hoggers etc) who can
produce comminuted residues for fuel on a
large scale.  There are many small machines
used at municipal landfills and by urban
forestry contractors that can produce limited
volumes.

Recent events indicate that a more cohesive
approach is possible and that there are
contractors with the necessary capital and
technical skill to supply biofuels.  Carter Holt
Harvey has set up a subsidiary company
called Biogrid, which is positioning itself to
be able to guarantee supply of specified
quantities of biomass for fuel.  Biogrid
operates nationally and has been involved in
a number of site specific investigations of
biomass supply.  Its business model is to
identify and secure local supplies of residues
from all sources and then contract to obtain
and on-sell a given volume of fuel.
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At the contractor level, Fibre Recovery Limited
has a 10 year history of being involved in
recovery of panel fibre and hog fuel from
short stem sections abandoned at log
processing landings.  They run a variety of
equipment and can produce pulp chip, panel
fibre and hog fuel.  The parent company
(Mike Lambert Group) has a long history in
the forest industry and the capacity to
expand the operation if the opportunity
arises.

There are also contractors working in the
waste management industry (such as Materi-
als Processing) who are recovering wood
processing waste from landfills and producing
bio-energy fuels.  This can be by interception
at the landfill with reprocessing, or by landfill
mining.

Whilst there is little history of recovering in-
forest residues from forest for bio-fuels, the
forestry contracting and transport industry
has the capacity to develop this.  It is simply
dependent on the demand occurring and a
price being set for the service that will allow
the contractor to be profitable.

Some machinery required for residue recovery
is specialised and not easily converted to
other tasks, hence there may be some
reluctance to invest in machinery unless a
sufficient residue supply is available, and a
purchase contract of reasonable length is
offered.

Supply of in-forest residues from small wood-
lot logging operations (anticipated to be 33%
of the harvest volume in the future) may be
more difficult if it is done by direct contact
with the owners.  It may be more efficient to
approach this through the organisation or
contractor, who is organising or carrying out
the harvest, as these people will be dealing
with many wood-lot owners.  The forest
owners will also want a share of the revenue.

Competing uses
Markets exist for all of the different types of
processing residues currently produced. Bark
is frequently sold as a landscape or mulch
material, as are hogged wood wastes.
Sawdust can be used as animal bedding
(calving pads).  Shavings are popular for
animal bedding as well, with a wide range of
uses. Dry shavings are also a high quality
fuel. Dockings and slabwood (which aren’t
chipped and sold to pulp or MDF mills) can

be sold as domestic firewood.

The in-forest residues are much less in
demand but have been collected in the past
for a range of uses. In some regions the
demand for domestic firewood is such that
some of the harvesting residues are collected
and sold in local towns and cities.  This
demand is population and climate based and
therefore predictable to some extent.

Less predictable is the price of pulp chip on
the international market that can vary from
$30 to $80 per tonne delivered to the wharf.
At the higher prices the collection and
chipping of short logs becomes attractive and
some of the stem wood residues being
abandoned in-forest is collected. The mini-
mum merchantable log length acceptable may
drop from 3.0 m to 2.2 m.  In some regions
where the volume of short stem wood is
high, specialist systems exist to harvest logs
down to 1.0 m and convert them into pulp
chip.  These systems are more expensive to
run than conventional ones and are only
viable when pulp chip prices are high and the
volumes of wood available are large (100,000
tonnes per annum).

The very short stem wood off-cuts (less then
1.0 m) can in some instances be processed
into “Panel fibre”, a feed stock suitable for
particle board and MDF plants, but not
suitable for pulp chip.  These systems are
also price and volume dependent.  However,
if there is a long-term upswing in prices for
pulp chip then this will flow onto the feed
stock for reconstituted board products.

There may be resistance to the removal of
cutover residues from both forest managers
and environmental agencies.  The cutover
residues are a source of slow release nutri-
ents that may enhance tree growth over time.
On infertile sites removal of this material may
require applications of fertiliser to maintain
site productivity.  On rolling to steep terrain
with erodible soils the cutover residues also
provide sediment traps, which reduce the
movement of sediment across the site into
watercourses.

Other Biomass Resources
There are a wide range of potential biomass
resources outside the forestry and wood
processing industry residues. Some of these
are;

• municipal green waste,
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• construction and demolition waste,

• reject pallets,

• horticulture waste, and

• short rotation forestry.

Municipal green waste is clean biomass,
which can be separated out of the waste
stream.  It is suitable for use as fuel if dried
and size reduced. Size reduction and use of
this material as compost, mulch or fuel
already occurs at some landfills. The size of
the resource is estimated at approximately
500,000 tonnes per annum nationally. As its
production is per capita based, it will be
more plentiful at large urban centres. This is
also the case for construction and demolition
waste (which often includes reject pallets)
which is estimated at 270,000 tonnes per
annum nationally.

A significant issue with construction and
demolition waste is the potential for treated
materials to contaminate the fuel. Burning of
CCA treated materials is widely regarded as
environmentally risky as it can release heavy
metals in gas emissions and in the ash.

Some regions will have concentrations of
horticultural wastes (Hawkes Bay / Nelson –
Marlborough).  This is material sourced from
prunings, retirement of over mature trees and
vines, and from fruit processing (pips and
stones).  This residue stream is likely to be
small but may be sufficient on a site-specific
basis to contribute to a fuel supply stream.

A further possible source of biomass supply is
from short rotation forest crops. It is likely
that these crops will be grown to serve
multiple functions; the first being nutrient
stripping from land application of municipal
waste water and sludge. Once the crop has
reached the sites maximum carrying capacity
it will be harvested and the biomass recov-
ered can be used for:

• biomass fuel,

• pulp chip & biomass fuel,

• extractives (eg eucalypt oils) & biomass
fuel, and

• pulp chip & extractives & biomass fuel.

Currently there are only a few small scale
examples of this type of crop being grown,

but it has significant future potential, espe-
cially for waste water applications from rural
communities. Potentially it could be a source
of fuel for distributed generation as these
crops are likely to be grown near rural
centres.

Notable risks
When biomass resources from all sources are
aggregated the volumes in some areas are
substantial. However, the total volume is a
composite of a wide variety of quite different
materials, which can be a problem for
conversion plants, which prefer clean dry,
homogenous fuels.

A substantial risk is competition for resource
(see above) driving the price of fuel up.

If the harvested volume drops due to over-
seas market conditions (especially reduced
demand for export logs), reducing the supply
of in-forest residues and to a lesser extent
the amount of processing residues, the
residues may simply not be available (espe-
cially the in-forest resides).  Existing process
residues would be likely to continue at levels
similar to or slightly less than those existing
at the time.

Competition for the short stem wood sections
driven by demand from reconstituted panel
producers due to increasing plant capacity
drives up residue price.

The proportion of harvested volume exported
as logs increases, lowering the future poten-
tial availability of wood processing residues

Economic risk associated with high capital
cost investment in a climate where interest
rates may rise.

Guarantee of wood residue supply may be
difficult to obtain.

Variations in fuel quality (moisture content,
contamination and composition).  Change in
harvesting or processing technology may
change the volume or composition of the
residue stream.

Environmental restrictions on cutover residue
harvest in some regions (East Coast).

Wind
The information for this brief commentary is
largely extracted from the Energy Efficiency
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and Conservation Authority report “Review Of
New Zealand’s Wind Energy Potential To
2015”, which document can be found on their
web site, www.eeca.govt.nz.

Many regions of New Zealand have a wind
resource with annual average wind speeds of
the order of 10 m/s, as shown in Table 4.41.
The annual resource for particular sites can
be accurately predicted following a period of
site-specific wind data collection.  The wind
resource variation can be to some extent
forecast, calculated and allowed for and
seasonal variation patterns are generally
predictable.  The annual wind pattern varia-
tion in New Zealand is typically around 10
percent, rainfall variation is typically around
20 percent.

Wind energy currently provides approximately
150 GWh per year of electricity, or under 0.5
percent of New Zealand’s electricity gener-

ated, ay zero green house gas burden. There
are two existing wind farms in the Wairarapa
and near Palmerston North, and a single unit
in Wellington.  Thirteen general areas of land
have been identified as suitable for potential
wind farming, with most being on the coast
since coastal winds are generally of a higher
average speed and consistency.

The EECA study reviewed previous work
showing that if economic and resource
consent conditions were favourable, New
Zealand’s wind resource could provide
approximately 23% (7,900 GWh hours per
year) of the country’s present electricity needs
at costs of up to 10 c/kWh within 10-15 years.

Agricultural land use is compatible with wind
power with a windfarm using about 1% of
available land area at a wind farm site.  In
many cases, the wind farm output can be
connected directly to the local distribution

Region Annual Wind
speed

m/s

Far North 8

West Coast Auckland 8

Kaimai Ranges 9

Taranaki Coast 7

Manawatu Gorge 10

North Is. East coast 8

Wellington 10

Wairarapa 9

Marlborough 8

Banks Peninsula 8

Canterbury river gorges 7

Inland Otago 7

Foveaux Strait 9

Source:  Energy Efficiency and Conservation Authority,  Review
Of New Zealand’s Wind Energy Potential To 2015

Table 4.41: New Zealand average wind speeds
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network thus avoiding transmission charges.

Table 4.42 gives the calculated average
annual energy production levels from the
areas identified in Figure 4.26.  The potential
energy output is significant.  The base case
energy calculations used to calculate the data
presented in the table incorporate the
following assumptions:

• Thirteen areas with high wind resource
were considered, plus a general “distrib-
uted generation” category covering any
locally windy places throughout the
remainder on the country.  Offshore and
island resources have been excluded.

• The technically viable resource estimated
to cost up to 10 c/kWh has been identi-
fied, i.e. mostly areas with good wind
resource and existing infrastructure
(transmission lines, roads, etc).

• Some areas have been excluded due to
known significant resource consent issues,
such as National Parks, areas of outstand-
ing landscape or natural character values.

• Some areas have been excluded because
of physical inaccessibility for construction
and transmission.

• A conservative estimate of 10 MW per
square km is used, which is based on a
nominal three by seven rotor diameter
spacing between wind turbines. An
allowance has been made for local terrain,
and buffer areas around roads and
residential development within the wind
farm.

• The energy generation is calculated from
the approximate wind resource figure for
the area, using an overall loss factor of 92
percent, which includes availability, wake,
electrical and other losses (eg hysteresis
losses , air density, etc).

Reliable turbine technology is available and
recent advances in technology mean that
larger turbines are available than those
installed to date.

At present, wind energy generally costs more
than competing forms of energy generation,
with indications that the cost of new wind

Region Estimate
Resource

Base
Case

Base
Case

Base
Case

(typical
wind speed
in m/s at 50

mAGL)

Area (km2) MW GWh/y

Far North 8 35 350 1,070

West Coast Auckland 8 8 80 250

Coromandel/Kaimai Ranges 9 4 40 140

Cape Egmont/Taranaki Cost 7 30 300 710

Manawatu Gorge 10 10 100 410

NI East Coast Hills & Coast 8 30 300 920

Wellington Hills & Coast 10 25 250 1,030

Wairarapa Hills & Coast 9 30 300 1,080

Marlborough Sounds Hills 8 8 80 250

Banks Peninsula 8 10 100 310

Canterbury River Gorges 7 12 120 280

Inland Otago 7 30 300 710

Foveaux Strait & SE Hills 9 35 350 1,260

Distributed 7 40 400 950

Total 307 3,070 9,370

Table 4.42: Calculated average energy production levels
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Figure 4.26: New Zealand wind resource

energy generators is around 5 to 6 c/kWh at
the best sites.

The critical factors related to the viability of
wind power developments include:

• the amount of wind resource available
near load centres,

• equipment and installation costs,

• perceptions of unreliability due to fluctua-
tions in wind flow, although there are well-
founded arguments to contest this view,

• probability of gaining resource consents
with acceptable conditions, and
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• uncertainty over operation and mainte-
nance costs and wind turbine life.

New Zealand’s experience in all these areas is
improving as more development take place
and operational histories are developed.

Landfill Gas
There is little public domain information on
the use of landfill gas in power generation in
New Zealand, however there are a number of
applications in service, in Hutt Valley and
Auckland.  Typically these facilities are
connected to the local distribution network.

Table 4.43 shows the main constituents of
landfill gas and their proportions. Methane is
a greenhouse gas and also poses explosion
hazards if uncontrolled.  Other landfill gas
constituents, such as nonmethane organic
compounds are pollutants and others pose
health hazards due to their toxicity.

Although gas is produced once anaerobic
conditions are established within the landfill,
it may be several years before there’s enough
gas to fuel an electric generator.  Later, as the
site ages, gas production as well as the
quality of the gas declines to the point at
which power generation is no longer eco-
nomical.  In the case of a typical well-
engineered and well-operated landfill, gas
may be produced for as long as 50 to 100

years, but production may be economically
feasible for only 10 to 15 years.

A landfill gas generation system has three
basic components, the gas collection system
and the gas processing and the generators.

Gas is typically collected by a series of wells
strategically placed throughout the landfill, as
gas from decomposing rubbish exists at all
levels of the landfill.  The number and
spacing of wells depend on specific landfill
aspects such as volume, density, and geom-
etry.  The wells are connected by a series of
pipes leading to larger, header pipes that
deliver the gas to the processing and conver-
sion stations.  The entire piping system is
under a partial vacuum created by blowers or
fans at the processing station, causing landfill
gas to migrate through the landfill toward the
wells.

At a minimum, the gas needs to be filtered to
remove any particles and condensate that
may be suspended in the gas stream.  After
moisture removal, additional gas processing
may involve the use of refrigerators or
absorbers, such as activated carbon filters, to
remove trace contaminants.

Either internal combustion engines or tur-
bines can be used to power on-site genera-
tors, however engines are used in New

Constituent Gas Concentration in Landfill Gas

Range Average

Methane (CH4) 35 to 60 % 50 %

Carbon Dioxide (CO2) 35 to 55 % 45 %

Nitrogen (N2) 0 to 20 % 5 %

Oxygen (O2) 0 to 2.5 % <1 %

Hydrogen Sulfide (H2S) 1 to 1,700 ppmv 21 ppmv

Halides NA 132 ppmv

Water Vapor (H2O) 1 to 10 percent NA

Nonmethane Organic Compounds 237 to 14,294 ppmv 2,700 ppmv

NA = not available. ppmv = parts per million by volume.
Note: Highest values occur in perimeter wells.
Sources: G.J. Sandelli, Demonstration of Fuel Cells To Recover Energy from Landfill Gas. Phase I Final Report:
Conceptual Study, EPA-600-R-92-007, prepared for the U.S. Environmental Protection Agency by International
Fuel Cells Corporation (Washington, DC, January 1992); M. Doorn, J. Pacey, and D. Augenstein, Landfill Gas
Energy Utilization Experience: Discussion of Technical and Non-Technical Issues, Solutions, and Trends, EPA-
600/R-95-035, prepared for the Air and Energy Engineering Research Laboratory, U.S. Environmental Protection
Agency by E.H. Pechan and Associates, Inc. (Washington, DC, March 1995).

Table 4.43: Main constituents of landfill gas
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Zealand landfill applications.  Using landfill
gas requires gas processing and generation
equipment require careful operations and
management practices because of the poten-
tially corrosive nature of landfill gas.

There are a number of critical success factors
for use of landfill gas, the most important
relate to waste management and disposal
policies.  Generally for landfill gas energy
recovery to be successful requires:

• a well engineered and managed landfill.
Landfill gas cannot be recovered success-
fully from poorly managed landfills or
open dumps,

• an accurate assessment of the size and
longevity of the landfill gas resource at
specific landfill sites, and

• the correct choice of suitable energy
recovery plant.  For example, landfill gas is
corrosive and gas engines must be
suitably modified or designed to avoid
corrosion.

While private investigations have been
undertaken, there is no public domain
information readily available on the quantum
of resource available in New Zealand.  The
application of landfill power generation is
limited to larger mature landfills that have
aged sufficiently to generate viable quantities
of gas.

Geothermal Energy

Resource Locations and Quantities

Locations

Geothermal resources can be classified into
three categories:

• High temperature, usually magmatic-
related resources. These can have tem-
peratures in excess of 300˚C at economi-
cally-drillable depth.  They are of limited
occurrence, and from individual convective
geothermal systems of up to 50 km2 in
area.  Technologies may be developed in
the future to exploit deeper, hotter
resources but there are considerable
practical and economic difficulties, and
pragmatically these occur in the same
general locations as do the identified high
temperature resources, so they are not
discussed separately in this report.

• Moderate to low temperature resources, of
non-magmatic origin, usually associated
with deep faults.  Maximum temperatures
at drillable depth do not exceed 150˚C,
and often significantly less. These are
more widespread than the high tempera-
ture resources, but the individual bodies
of hot water may be no larger.  The
distinction between these and the first
kind is not entirely clear-cut, as cooled
outflows from hotter resources can also
fall into the same temperature range.

• Very low temperature resources, which are
close to ambient.  There occur very widely.

The high temperature resources are the prime
target for electricity generation and can be
exploited with a number of technologies.  In
New Zealand they are almost entirely re-
stricted to the Taupo Volcanic Zone, with only
one other example known, from Ngawha in
Northland.  It is very unlikely that any other
undiscovered high temperature resources
exist outside these areas.

Moderate to low temperature resources are
more widely scattered throughout New
Zealand, including along the Alpine Fault in
the South Island.  The moderate temperature
resources can be used for electricity genera-
tion, down to 100˚C using Organic Rankine
Cycle (ORC) or Kalina cycle technology.  This
has been done successfully elsewhere in the
world.  However, it is very unlikely that such
generation would be economically competi-
tive in New Zealand, except in the special
case of off-grid generation in very remote
areas.  Experience overseas has indicated that
power prices of at least 10 USc/kWh, or large
subsidies, are required for the lower-tempera-
ture resources.  They are not considered
further in this discussion.

Very low temperature resources can be
exploited for direct heat applications using
ground-source heat pumps to provide space
heating and cooling.  While this is a practical
and economic technology almost everywhere
in New Zealand where some groundwater
occurs, and offers real opportunities for
electricity conservation, it cannot be used for
electricity generation and is not considered
further in this report.

This therefore constrains consideration,  for
the present purposes, to the high tempera-
ture geothermal resources, all but one of
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which occur in the Taupo Volcanic Zone.

It is technically practical to transmit hot water
quite long distances by pipeline, with only
modest heat losses.  In Iceland this is done
over distances of up to 70 km.  Where there
is potential for large-scale direct use, as at
Kawerau, this may be economic.  However, for
electricity generation, it would be difficult to
justify transmitting hot water rather than
transmitting the electricity, as pipelines cost
more than an electrical transmission line of
the same capacity (taking conversion efficien-
cies into account).  Therefore it is unlikely
geothermal distributed generation would be
feasible more than a few kilometres from the
known geothermal resources, except in the
special case where there is a large combined
heat and power user at a single site because
of other site-specific considerations (as at
Kawerau).

There is also the issue of disposal of waste
geothermal fluid.  It is generally desirable to
reinject waste geothermal fluid, especially
separated brine, back into the reservoir from
whence it came, both to minimise environ-
mental emissions and to maintain reservoir
temperatures and pressures.  If the fluid is
taken a long way from the reservoir for
generation, it would be expensive to return it.

Existing Plants

Existing geothermal power plants in New
Zealand are listed in Table 4.44.

Resource consents for an additional 14 MW
binary plant using some of the waste heat
have been issued but it has not yet been
built.

The Ohaaki plant is operating well below its
original installed capacity of 112 MWe.  It has
been partially de-commissioned, and various
figures between 40 and 50 MWe have been
quoted for its current capacity.  Whatever its
current installed capacity, it is actually
producing significantly less than that again,
though a new deep drilling programme is
expected to improve that situation.

The Poihipi plant is operating at less than 50
% of its installed capacity (on a daily average
basis) because of resource consent limita-
tions.  For that reason, it has been operated
in a peak-following mode, rather than a base
load mode as have all the other plants in
New Zealand.

The figure for Kawerau includes significant
direct use of geothermal heat, which is
expressed as electrical equivalent capacity:
the actual generation is about 12 MWe.  It
includes the two small geothermal binary
plants operating on the separated water,
which are in separate ownership.  A similar
approach has been taken for the consented
Tauhara plant, which is not yet built and will
only produce 15 MWe while using the equiva-
lent of another 5 MWe in direct heat applica-
tions.

The Mokai plant has a nominal capacity of 60
MWe, but is believed to be capable of about
10% in excess of that (Menzies et al. 2001).

Resource Quantities

The most comprehensive recent assessment
of New Zealand’s high temperature geother-
mal resources is that by Lawless (2002).  That
study was based on applying industry-
standard methodology in a probabilistic

Plant Field Current Installed
Capacity, MWe

Wairakei Wairakei-Tauhara 170 (+14 planned)

Poihipi Wairakei-Tauhara 55

Ohaaki Ohaaki 48?

Kawerau Kawerau ~ 40

Mokai Mokai 60

Rotokawa Rotokawa 25

Ngawha Ngawha 10

Tauhara (planned) Wairakei-Tauhara (20 planned)

Table 4.44: Existing geothermal power plants in New Zealand
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fashion.  It concluded that using only current
technology, and ignoring environmental and
regulatory constraints, the median value of
New Zealand’s high temperature resource
capacity is estimated to be about 3600 MW
of electrical equivalent.  Tenth, and 90th

percentile estimates were approximately 2500
and 5000 MWe.  Even the median estimate is
about 65 % of New Zealand’s current total
peak demand for electricity.  The estimates
have been criticised for being somewhat over-
optimistic (e.g. Grant 2002), but these
criticisms apply mainly to the estimates for
the less-well explored resources, which make
comparatively little difference to the totals,
because of the probabilistic approach used.

Lawless noted that a significant proportion of
the total resource was unusable because of
real environmental considerations, but a large
proportion of the remainder is currently
unusable because of regulatory constraints
without a sound environmental basis.  Taking
environmental and regulatory constraints into
account reduces the 3600 MW [median] figure
to 898 MW.  Of that 412 MW can be utilised
in existing plants, and 64 MW is the subject
of granted but not yet exercised consents.
There is another 422 MW of new potential
generation where there is some expectation
that resource consents could be obtained in
the foreseeable future – or less than 10 % of
the total. However, an additional 447 MWe
would be accessible if the Proposed Waikato
Regional Plan reverted to the 1997 Draft
version.

Resource Ownership and Access

Resource Ownership

All geothermal resources are vested in the
Crown by the Geothermal Energy Act (1953).
While that act has largely been repealed and
replaced by the Resource Management Act
(1992), Crown ownership of the resources has
continued, and the Crown retains the right to
impose royalties for use of the resources.  In
practice this has not been done, except in the
special case of a punitive royalty to discour-
age inefficient use at Rotorua.

All geothermal resources in New Zealand are
subject to Waitangi Tribunal claims, most
notably the so-called “Volcanic Interior
Plateau” claim.  It is likely to be many years
before these claims are resolved.  Three out
of the last four geothermal plants built are
wholly or partially in Maori ownership, which

tends to negate the practical effect of the
claims.  Developers do not seem to regard
the claims as a significant obstacle.

Resource Access

In practical terms geothermal resources
cannot be accessed without the permission of
the overlying land owners, as even subsur-
face directional drilling is regarded as tres-
pass.  There are no provisions for legal
recourse to access geothermal resource
against landowners wishes, unlike for miner-
als.  However it is legal to withdraw the
geothermal resource from beneath a property
by exploiting a neighbouring property which
is in hydrological connection at depth.  The
adjacent landowner can only object to any
surface environmental effects.

Regulatory Framework

Legal rights to tap geothermal resources are
administered by Regional Councils, through
the Resource Management Act (1992).  They
also have the mandate to consider most
environmental effects, and impose conditions
on the consents.  A few older plants are still
operating under older instruments, which
have been deemed to be resource consents
but have not been through the full RMA
process, but they are rapidly expiring.

Certain issues such as noise come under the
mandate of the District Councils, through
Land Use Consents.

Particular mention should be made of the
Proposed Waikato Regional Plan, since that
covers geothermal issues and includes about
80 % of the high temperature resource in the
country.  It is discussed in detail by Lawless
(2002).  A key provision in that Plan is the
“Single Tapper” principle, which strongly
mitigates against multiple developers of a
geothermal resource, except through a single
resource management company (none of
which has in practice ever been set up,
although in a sense the Crown takes that role
at Kawerau).  That would seem to be an
obstacle to distributed generation based on
geothermal resources.  The same does not
apply in the Bay of Plenty Region.

Regulatory constraints, delays and costs,
along with low power prices, have been
widely claimed to be a major factor for the
slow pace of geothermal development in New
Zealand, relative to other countries with
similar resources.
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Ownership of Existing Access Rights, Plants
and Wells

It is instructive to discuss the ownership of
current access rights and power plants, since
those will be interested parties in any future
developments:

• Wairakei, Poihipi and Ohaaki: resource
consents and plants are 100% owned by
Contact Energy, who also hold the re-
source consents to the Tauhara field.

• Kawerau: the resource consents are owned
by the Crown.  The main generating and
direct use plant are owned by Norske
Skog.  Two small binary plants are owned
by Bay of Plenty Electricity.

• Mokai: resource consents and plants are
owned by the Tuaropaki Power Company,
which is principally owned by the Maori
Trust whose land it occupies.  Operations
and maintenance are provided under
contract by Mighty River Power.

• Rotokawa: resource consents and plant
are owned by a joint venture between
Mighty River Power and the Maori Trust
who own some of the land over the
resource.

• Ngawha: resource consents and plant
owned by a joint venture between Top
Energy and the Tai Tokerau Maori Trust
Board.

A unique feature of New Zealand is that there
are many unused but productive geothermal
wells which were drilled by the Crown.  Some
of the current developments have made use
of this legacy by purchasing the wells from
Treasury, but many others remain.  This may
in fact provide the best opportunity for
geothermal distributed generation in the near
future, where a small-scale generation project
could be established based on a single
existing production well, either using another
existing well for reinjection or drilling a new,
possibly shallow, reinjection well.  This have
been successfully undertaken in many
countries, most notably Mexico where indi-
vidual wellhead generators, often using
simple back-pressure turbines, are common.

Existing productive but unused wells are
located at Wairakei, Tauhara, Rotokawa,
Kawerau and Ngawha.  In all these cases
there is existing generation from other wells
on the field, and it would only be practical to

support distributed generation from the
unused wells by reaching an accommodation
with the holders of the resource consents,
since past experience shows competing
applications for consents would be vigorously
opposed.

Existing highly productive wells exist at
Ngatamariki.  Less productive wells have
been drilled at Mangakino and Rotoma.
None of these areas is currently subject to
resource consent applications.  Wells of
variable productivity were previously drilled
at Waiotapu, Atiamuri, Te Kopia, Reporoa and
Orakei-Korako, but it is believed that all of
these have since been abandoned.

Ngatamariki stands out as the best option.
However, development of Ngatamariki would
be impossible under the Proposed Waikato
Regional Plan as it is listed (for no particu-
larly good reason) as a “Protected 2” cat-
egory geothermal system. The New Zealand
Geothermal Association, Contact Energy and
Mighty River Power are all opposing that
designation.

Resource Properties
Most high temperature geothermal resources
produce a mixture of water and steam at
temperatures up to 300˚C.  The water and
steam are physically separated before use.
The ratio of water to steam depends on the
original resource enthalpy and the separation
pressures, but are typically four or five parts
of water by mass to one of steam, with the
proportion of water increasingly steeply as
the resource temperature drops.  A few
geothermal resources, or more often limited
sectors within an large resource, produce dry
steam.

Most large-scale geothermal developments in
New Zealand extract water and heat at a
greater rate than the natural recharge to the
system, and are therefore “heat mining”.
However, where pressures have been reduced
significantly by exploitation, as at Wairakei, in
some cases the rate of replenishment from
depth has increased several-fold.  This,
combined with the ability to recycle water
through reinjection, means that precisely
what is meant by renewability and sustain-
able management of a geothermal resource
can be a moot point (Lawless 2000).

Pragmatically, although some geothermal
resources world-wide have been over-ex-
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ploited and had to reduce their generating
capacity, as at Ohaaki, no geothermal field
has ever been run to exhaustion and the
question of ultimate longevity remains open.
The facts that Wairakei has been operating
for 50 years, resource consents for a further
25 years at the same electrical capacity have
recently been applied for, and reservoir
modelling indicates that the resource will
remain viable for at least another 25 years
beyond that (Contact Energy 2001), demon-
strate that the resources are long-lived
indeed.

Greenhouse Gas Emissions
Most geothermal developments produce
much less greenhouse gases than would a
plant of equivalent electrical capacity burning
fossil fuels.  Figures of 3 to 5% of the
equivalent carbon-based generation have
been quoted world-wide.  However, it must
be acknowledged that two of the existing
plants in New Zealand tap very gassy reser-
voirs.  Ohaaki produces about half as much
carbon dioxide per MWe as does a modern
CCGT plant, and Ngawha even more than a
CCGT plant (White 2002).

On the other hand, Wairakei has historically
produced extremely low gas emissions
(though that may rise a little in the future),
and none of the plants which are considered
likely to come on stream in the next fifteen
years will have gas emissions as great as
does Ohaaki.  A suitably conservative average
figure for geothermal plants in New Zealand
is about 10 % of the gas emissions of an oil-
fired plant.

The issues and controlling factors were
discussed further by Maitland et al. (2000).

Secondary greenhouse gas emissions, for
example from drilling and construction of
plants, are negligible.

Generation Technologies

Older geothermal power plants used only the
separated steam from geothermal plants,
passing it through a condensing steam
turbine.  Separated water was either rein-
jected, or in the case of Wairakei, dumped to
the Waikato River.  Condensing steam tur-
bines are still used for many new plants,
especially in the larger sizes, and for higher
temperature resources.  The Wairakei, Ohaaki
and Poihipi plants are of this type.

An alternative is to use the separated brine,
which may still be at a temperature in excess
of 160˚C, to boil a secondary working fluid,
usually organic, and drive other smaller
turbines in a closed cycle. This is typically
referred to as a binary plant.  The two small
Bay of Plenty Electricity plants at Kawerau are
of this type. The Ngawha plant is similar, but
uses the steam in a binary unit as well.
Plants of this type are particularly suitable for
lower temperature resources and/or resources
with higher gas contents.

More recently, combined cycle plants have
been installed using a steam turbine with
binary plant heat exchangers acting as the
condensers, and additional binary plants
operating on the separated brine.  The Mokai
and Rotokawa plants are of this type.

Although combined cycle plants theoretically
offer thermodynamic advantages, they are
more mechanically complex and in practice
the amount of heat that can be extracted is
limited by the silica content of the separated
water, since excessive cooling and/or concen-
tration by removal of steam can cause silica
to deposit in surface pipework and reinjection
wells.  Choice between future plant types in
New Zealand can be expected to be driven by
commercial considerations rather than
technology per se.

Whichever plant type is selected, the rela-
tively low temperatures (always sub-critical)
and steam pressures mean that the efficiency
of conversion of heat to electricity is low
compared to fossil-fuel fired plants.  Overall
conversion factors of less than 15%, are usual
even for modern geothermal plants operating
on a good geothermal resource.  Ten percent
would be a reasonable average for future
distributed generation, taking into account
the fact that some may be operating on lower
temperature resources.

For distributed generation, it is likely that
smaller plants and/or lower temperatures will
be considered, so the use of binary plants is
more probable.

However, if there is a demand for large
quantities of low pressure steam and/or
process heat, a further alternative would be
to use a back-pressure turbine operating on
the geothermal steam and exhausting to
another use.  The turbine by itself would be
relatively inefficient, but would be cheap and
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the efficiency of the whole process may be
attractive.  This is how the Norske Skog plant
at Kawerau operates.

All of the above types of plant are readily
commercially available, and can be regarded
as proven, mature technologies.

There are distinct economies of scale in
geothermal developments.  The recently
constructed plants in New Zealand, and the
individual units within them, have been
significantly smaller (by at least 50%  than
would routinely be considered optimum on
resources of similar sizes overseas, and
connected to a grid which is large in compari-
son to the size of the plants.  This has led to
higher unit costs.  The main driver for the
small sizes has been enforced conservatism
over sustainability, through the regulatory
process.

No huge breakthroughs in improving the
efficiency of geothermal plant can be ex-
pected in the next fifteen years, but modest
gains may be possible through chemical
inhibition of silica deposition.

Commodity Costs
Geothermal energy for direct use can be
provided at very low cost.  Data from White
(2002) can be used to estimate a levellised
energy cost of 0.48–0.82 NZc/KWh for a
greenfields site and a high temperature
resource if no long transmission distances are
involved.  The fairly wide cost range results
from different assumptions made as to
whether the total flow or only steam is used,
and the economic lifetime of the project (10-
20 years).

However, the relatively low efficiency of
conversion of geothermal energy to electricity
means that this does not give a fair compari-
son with other fuel sources for electricity
generation.

White (2002) modelled supply uptake curves
for geothermal generation in New Zealand.
The cost assumptions at which uptake still
occurred to 2012 ranged from 2 to 10 NZc/
kWh.  However, that included add-ons or
improvement in load factors for existing plant
(some of which could be obtained simply
through changes in resource consents), which
accounts for the low-cost end of the range.
The data imply costs of 4-6 NZc/kWh for the
bulk of new plant.

There are significant economies of scale in
capital costs for geothermal projects (of the
order of 25%, in the larger sizes and probably
greater for smaller sizes; Mills 2002) and so
small-scale generation may be towards the
upper end of the range.

There is, however, a reason to believe the
cost figures may be somewhat pessimistic.  In
the period 1994-97, four new geothermal
plants ranging in size from 10 to 60 MWe
were built in New Zealand, despite power
prices which at the time averaged less than 3
c/kWh.  While some plants may have been
built more for strategic reasons rather than
strict economics, the developers also made
good use of cost savings such as purchasing
existing wells to reduce resource risks and
drilling costs, and use of second-hand plant
to cut delivery times and costs.  Both of
those opportunities still remain today.

Purchasing and Contracting Issues
No particular purchasing or contacting issue
can be identified for geothermal energy
supply, other than the need to cover off risks
as discussed below.  Long-term steam or
energy supply contracts have been success-
fully negotiated elsewhere.

Because of the relatively large capital costs of
geothermal wells and pipework, and the
tendency towards consolidating resource
consents for each field, it is likely that a
centralised energy supply company would be
the prime distributor, rather than multiple
smaller users being responsible for their own
wells and consents.

Where there are existing developers on
geothermal fields, it would be most logical for
them to take this role and most of the compa-
nies concerned have expressed a willingness
to become involved in multiple or cascaded
uses.  Where a greenfield site is being consid-
ered, a new organisation would have to be set
up.  Who was involved in that would depend
very much on land ownership issues.

Competing Uses

Non-Electrical Energy Uses

Geothermal direct-heat uses, whether for
process/industrial use or space heating/
cooling, are the biggest competitor to elec-
tricity generation.  Because using heat
directly is so much more efficient than
electricity generation from geothermal
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sources, it will often be favoured if a suitable
user or users exist.

Use of geothermal fluid for bathing can be an
important use locally, but waste fluid from a
power plant can supply the requirements if
necessary, and the energy needed is com-
paratively small.

Non-Energy Uses

The main “competitor” and constraint to
geothermal energy development in New
Zealand is conservation.  Apart from that, the
largest non-energy use of geothermal to
compete with electricity generation is tourism.
In Rotorua for example, it is estimated that
tourism based on geothermal features and
bathing raises about 10 times greater returns
than could be obtained from electricity
generation.

Notable Risks

Technical

Technical risks for geothermal developments
include:

• Resource capacity issues.  Assuming that
distributed generation would be at the
smaller scale of development, these are
not of major significance.

• Rapid reinjection returns.  Avoiding this is
part of good reservoir management
practice.

• Individual well productivities. If a distrib-
uted generation project on a greenfield
site had to stand alone, the risks of
drilling an unproductive well would be
significant.  It would be prudent, where
possible, to spread the risk through a
consolidated energy supply organisation,
or taping into a larger generation project.
The use of existing productive wells would
also be a major risk mitigation strategy.

• Scaling and corrosion.  Silica scaling in
particular imposes practical limits on
energy extraction, but the issues are well
understood and there is a great deal of
practical experience to draw on.

• Given that all high temperature geother-
mal projects are in tectonically and
seismically active areas, there is an
enhanced level of volcanic and seismic
risk relative to other parts of the country.

This does not seem to have been a
constraint on development so far in New
Zealand.

All of these risks are well understood and can
generally be managed satisfactorily.

Environmental

Extraction related

Extraction of geothermal fluids and power
generation can have effects on the surface
environment, through issues such as:

• Changes in surface geothermal activity,
including hydrothermal eruptions

• Subsidence

• Effects on ecosystems and flora & fauna.
That can include rare and endangered
tropical plant species whose existence in
New Zealand is supported by geothermal
heat.

Some of these risks are manageable, but
others such as hydrothermal eruptions and
subsidence may prevent future development
in sensitive area such as Wairakei-Tauhara
and Rotorua, and possibly Ohaaki – not
because it is particularly sensitive, but
because it is prone to flooding.  Kawerau is
in the unusual situation where future geother-
mal development may now be inhibited by
the possibility of subsidence affecting the
pulp and paper mill, which has been sited on
top of the geothermal resource to make use
of the energy.

Emissions

A modern, properly designed and operated
geothermal plant should have emissions of
only non-condensable gases and some water
vapour to the air.  Even those can be chemi-
cally treated if required, to remove hydrogen
sulphide which is usually the limiting con-
stituent in terms of odour nuisance, though
use of this technology has not be considered
necessary at any plant in New Zealand so far.

Some geothermal cooling systems produce
toxic sludge, but the quantities are small and
can be disposed of satisfactorily to sealed
landfills.

Most geothermal plants today adopt total
reinjection of separated water and conden-
sate, and so have zero liquid emissions.
Wairakei is an exception, in that it produces
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large liquid emissions both of separated
water and of condensate, as it uses the
Waikato River in a once-through direct
contact cooling system.  It also adds as
significant amount of heat to the river.  An
application has recently been made to
continue these discharges for the next 25
years, but considerable opposition has been
voiced and whether it can continue to
operate in this fashion is by no means clear.

As noted above, the need to reinject sepa-
rated water both for disposal and reservoir
conservation will mitigate against long
transmission distances of two-phase fluids for
distributed generation.

Other Issues

Other environmental effects are not unique to
geothermal projects.  These include aspect
such as:

• Noise (apart from well testing)

• Landscape, visual and erosion effects

• Traffic, transport and access

• Social considerations.

Costs and Market

Market risk in terms of the overall power
demand in New Zealand on the grid is not an
issue.  New Zealand is facing a shortfall in
the near future - some would say it has
already arrived.  For distributed generation,
there is always an issue of finding an appro-
priate end-user, preferably one who also has
a need for a large amount of direct heat.

Very low wholesale power prices have until
now inhibited geothermal energy develop-
ment in New Zealand.  With greater interest in
renewable energy from the Government, a
possible carbon tax, and depletion of Maui
gas, that situation can be expected to
change.

Exchange rate variations remain a significant
risk, since about two thirds of the cost of a
moderate sized geothermal plant is in
overseas currency.  That is known to have
been an inhibiting factor for at least two
recent developments.  However, there has
recently been some improvement in that
regard.

However, a huge advantage of geothermal
energy along with other indigenous

renewables is that it is not subject to fuel
price increases through exchange rate fluctua-
tions.

Regulatory and Ownership

The biggest risks facing a potential developer
for a new geothermal project are the delays
and uncertainties in the resource consent
process, and subsequent compliance costs. It
is fair to say that the perception of geother-
mal environmental risk is a greater impedi-
ment than the risks themselves when it
comes to obtaining resource consents.  Now
that power prices seem set to rise, this has
been identified in numerous recent submis-
sions by the New Zealand Geothermal Asso-
ciation, amongst others, as the biggest
obstacle to achieving the Government’s
renewable energy targets.  Specific factors
have been claimed to be:

• Delays caused by the bureaucratic process
and inadequate resourcing of consent
authorities.  Although there is a statutory
timetable set down for processing re-
source consent applications, it is rarely
adhered to.  The protracted process of
appeals, and under-resourcing of the
Environment Court, is another contributory
factor.

• Delays caused by frivolous or malicious
objections, or those made through
motives of commercial competition, or
others which are not based on genuine
environmental concerns, and with no need
to demonstrate standing.

• The effects of delays and uncertainty on
the ability to commercialise projects.

• An excessively cautious approach to
sustainability by consent authorities.
Some recent projects have been granted
resource consents for only 25 % of what
was applied for, and for operational
periods as short as 9 years. This is far too
short for obtaining a reasonable financial
return on a project which is capital
intensive.

• A related issue is that an excessively
cautious approach has been taken in
some cases on the potential for develop-
ment of one resource to affect adjacent
resources, despite there being little
scientific evidence that this can occur.
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• Excessive caution in relation to conserva-
tion of geothermal surface features.   This
is especially so in relation to the current
proposed Waikato Regional Plan.

• Excessively restrictive operational and
monitoring conditions.

The only risk in relation in relation to re-
source ownership is posed by outstanding
Waitangi Tribunal claims to the resources.
While that threat is real, it is unlikely that it
will be resolved quickly.

Resource access issues can pose risks in
some cases, but those can presumably be
dealt with by suitable commercial arrange-
ments up front.

Conclusions
Geothermal energy has the potential to make
a major contribution to New Zealand’s energy
supply.  It is fair to say that further geother-
mal development within the next fifteen years
will not be resource-limited.  It will be limited
by costs, risks and uncertainties, and the
regulatory process.

However, the characteristics of geothermal
resources, being physically localised, expen-
sive to transport long distances, and with low
conversion efficiencies to electricity, means
that generation is unlikely to be feasible
outside the Taupo Volcanic Zone and at
Ngawha.

The best contributions that geothermal
energy can make in New Zealand are:

• To provide direct process or space heat-
ing/cooling, thus substituting for other fuel
sources in a very efficient way.

• To provide large-scale centralised electric-
ity generation independent of climate, and
with low environmental impact.

• To provide embedded generation, but only
where a user exists close to one of the
identified geothermal resources.

• To provide distributed generation, only in
special cases where there is a demand for
large quantities of direct heat plus some
electricity, within a few tens of kilometres
of a known geothermal resource.

The most feasible form of distributed geother-
mal generation may in fact be to make use of
some of the many unused existing wells

previously drilled by the Government, in
individual small-scale wellhead generation
projects.  The resource area which may offer
the most promise for this concept is
Ngatamariki, where wells which were drilled
in the 1980s are known to be productive, and
there are no existing users or competing
resource consents held, though the Waikato
Regional Plan remains an obstacle to devel-
opment there.
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Network and Regulatory
Issues5

Executive Summary
The introduction of distributed generation has
technical implications for the design and
operation of distribution networks. These can
generally be solved but at a cost.

If small scale DG becomes widespread these
technical implications become significant,
particularly in respect of the safe operation of
electricity networks.

It should not be assumed that the introduc-
tion of DG would always reduce the costs of
the network owner. It is just as likely to
increase a network owner’s cost. There is no
general rule and the pricing arrangement
needs to provide the appropriate financial
signal to encourage generators to connect to
points of the network where the total costs to
all parties will be minimised.

Overseas there is reluctance for distribution
network owners to look to solutions other
than network augmentation to address
network constraint problems. The overseas
evidence suggests that, to encourage the use
of distributed generation, the regulatory
regime needs to provide the right incentives
so that alternative solutions to network
constraints, such as embedded generation,
are used where these are economically
efficient.

In New Zealand distribution companies, a
generator owner has been required to pay the
full cost of network augmentation (including
any augmentation required of the shared
network) before being allowed to connect. On
the other hand, offtake customers are only
required to pay a “shallow” connection
charge based on the direct cost of connection
with any shared network augmentation costs
being recovered through ongoing use of
system charges.

A pricing strategy that treated generator and
offtake connection customers in the same
way may be appropriate, as it would reduce a
generator’s up front costs.

There are commercial and regulatory issues to
address in relation to the connection of very
small-embedded generators to the network.
For example, if a generator is an offtake
customer at times and a supplier into the
network at other times, what is the appropri-
ate pricing (and metering) arrangement? Such
a generator could not be expected to pay
only for its net consumption at retail rates. If
this were the case, it would at times be
selling electricity at the standard retail pricing
option and there would be no provision for a
retailer margin.



Opportunities for Distributed Generation in NZ

94

Introduction
Until the late 1980s, electricity generation in
New Zealand, and indeed in many countries
of the world, was generally government
owned and centrally planned. In order to
capture economies of scale, generating plant
tended to be large and located close to the
fuel supply or other primary source of
mechanical or thermal energy. These large
generators were interconnected by extra high
voltage transmission systems, which delivered
bulk electricity to distributors at transmission
substations or grid exit points (GXPs).

The distributors’ primary task was to distrib-
ute this bulk electricity to individual electricity
consumers. This was normally undertaken
using distribution networks that were gener-
ally:

• passive, in that there was no directly
connected generators;

• radial, in that power flowed in one
direction only, from the GXP toward the
consumers; and

• tapered, in that the closer the network
was to the end user, the smaller the
network capacity.

This is not to denigrate the contributions of
electricity from a number of local hydro
schemes located around the country, usually
owned by the distribution companies, which
were constructed to take advantage of
smaller hydro potential at various sites. In
general, however, such sites tended to be
located away from load centres and their
output was delivered to load centres by
means of sub transmission lines. Essentially,
distribution of their output was similar to the
distribution of bulk electricity delivered to
GXPs.

Industry reforms, which commenced in 1987
with the corporatisation of New Zealand
Electricity, a Division of Ministry of Energy,
have been aimed at introducing greater
economic efficiency into the industry and also
at reducing the dependence of the electricity
industry on government capital. Hence the
reforms, which are still continuing, have
focused primarily on the achievement of
economic objectives.

Nevertheless, over this period the technology
of the industry has been changing. The
discovery of large natural gas supplies and
the development of combined cycle gas

turbine technology has made it practical to
site medium size generators close to large
load centres; this reduces the reliance on the
interconnected transmission system and also
increases economic efficiency by using more
efficient plant and reducing system losses.

Further, deregulation of the generation sector
has already accelerated the development of
small generators embedded in a distribution
network. Examples include small geothermal
generation, such as Top Energy’s unit at
Ngawha as well as the Combined Heat and
Power (CHP) or cogeneration plant in some of
our larger industries such as in dairy factories
at Edgecumbe and Te Rapa.

Of potentially more significance, particularly
over the longer term, are the technological
advances in “clean” technology small generat-
ing plant such as wind power, fuel cells and
micro-turbine driven generators. These
technologies are relatively environmentally
friendly and are likely to become even more
attractive as they become more economically
competitive with traditional large scale
generating plant.

These trends raise two important issues for
the electricity supply industry in New Zealand.
These are:

• What impact will the connection of
significant numbers of embedded generat-
ing units have on the design, operation
and management of our distribution
networks?

• Are changes needed to the current
industry governance arrangements if the
installation of embedded generating
plants is to be encouraged where this is
economically and environmentally effi-
cient?

This report looks in more detail at these
issues in a New Zealand context. It first looks
at the technical issues associated with the
introduction of distributed generation (DG)
and then considers the implications of these
technical issues for the governance structure
of the industry, particularly as it affects the
governance of distribution networks. The
report also considers work undertaken in
other jurisdictions, particularly the United
Kingdom and Australia. Finally the report
considers what potential changes might be
needed in the New Zealand context if the
installation of economically efficient DG is to
be encouraged.
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Technical Issues

Configuration of the Network

Traditionally a distribution network has
consisted entirely of passive elements
arranged in a tapered radial configuration.
Electricity has been injected into a network at
one point only (the GXP) and the network has
generally been designed on the basis that
power will flow in one direction only, away
from the GXP and towards the load. The
magnitude of power flow in any part of the
network is determined almost entirely by the
nature of the connected load. The required
capacity of any element in the network is
determined by the maximum connected load,
after making appropriate allowances for
additional capacity in order to provide the
required level of reliability under contingency
operating conditions. If the distributed
generator absorbs rather than exports
reactive energy, the network may also need to
supply reactive power.

In a network containing DG, there will be
multiple points of injection. Further, at any
time, the power injected into the network at
any particular injection point is unpredictable
since DG is generally not subject to
centralised dispatch. Indeed, the power
injection will increasingly be determined by
the availability of the primary energy source,
which in some instances are from uncon-
trolled renewable energy sources such as
wind speed, water flow or sunlight.

This means that power flow can be bi-
directional and the direction of power flow at
any point in time cannot be controlled or
predicted. This in turn means that the
traditional tapered radial configuration may
no longer be appropriate.

Network Thermal Capacity

When a distributed generator is connected to
a network, the network must have sufficient
thermal capacity to deliver the generated
power to the load. Network capacity is
usually limited by the allowable temperature
rise of the lines, termed “thermal capacity”.
This means that the surrounding network may
need to be upgraded before the generator
can be connected.

However, situations can arise where the
connection of a distributed generator can
allow the cost of a network upgrade to be

deferred or even avoided. Consider a situa-
tion where power demand located some
distance from a GXP grows to the extent that
an upgrade of the network delivering electric-
ity from the GXP is required. The connection
of a distributed generator close to the load
may allow the network upgrade to be
avoided. Further, in such a situation network
losses will be reduced.

The above is a simplistic model, limited by
the obligation of the network to be able to
meet the power demand at times when the
distributed generator is not operating.
Nevertheless, situations often arise when the
connection of DG can allow network upgrades
to be deferred or avoided. In particular, where
there are a large number of small distributed
generators, the need to upgrade transmission
and distribution networks to supply the total
distribution network load is significantly
reduced by the diversity of generation
sources. Unless the primary fuel source is
common and it fails, the probability of all the
distributed generators not being in operation
at the same time is low and potentially an
acceptable risk.

Network Steady State Voltage Changes

DG has a significant inter-relationship with
voltages on a network, and depending on the
network characteristics can incur negative or
positive impacts on the network.

Electrical equipment is designed to operate at
a particular rated voltage, typically 400 volt
three phase or 230 volt single phase. If the
network voltage is too low, the equipment
may fail to operate as designed, while
voltage that is too high may damage the
equipment, possibly to the extent that the
equipment becomes dangerous. The voltage
on a distribution network will vary with load,
rising as the load reduces and dropping as
the load increases. It is therefore necessary to
design the network to limit these voltage
excursions. In New Zealand, regulations
require the voltage at the point of entry to a
consumer’s installation must be within +/- 6%
of nominal, except for momentary variations
under transient conditions.

The change in the steady state voltage
(termed “voltage regulation”) in a transmis-
sion or distribution network due to electricity
flows can be approximately described by the
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formula:

∆V = 

where R = resistance

X = reactance

P = real power

Q = reactive power

In a high voltage transmission system, where
the reactance X is generally much higher than
the resistance R, with X/R ratios typically in
the order of 10, it can be seen from this
formula that voltage regulation is primarily
determined by the reactive power flow (Q)
and is largely independent of the real power
(P). In a distribution system however, with
lower operating voltages, the X/R ratio is
much lower and from this formula it can be
seen that if R is comparable with X, real
power flow (P) will have a significant impact
on voltage regulation.

The fact that network voltages can change
significantly as the real power output of a
distributed generator is altered can be
problematic for a network owner. It means
that the voltage at the generator point of
connection may need to rise to unacceptable
levels to permit the export of the generated
power. This inability to control network
voltage independently of real power flow can
significantly affect the maximum generation
capacity that can be feasibly connected to an
existing distribution network, even where the
relevant network elements would appear to
have the thermal capacity to export the
generated power.

On the other hand, situations often arise
where the connection of a distributed genera-
tor will allow the voltage regulation of a
network to be improved. It can be inferred
from the above equation that the voltage at
the point of connection must rise as the
export electricity flow from the distributed
generator is increased. The connection of a
generator to a distribution network can thus
be beneficial in situations where the network
capacity is insufficient to maintain voltage at
the point of entry to a consumer’s installation
at acceptable levels. Further, if a synchronous
generator has the capability to regulate the
voltage in its field winding, it can continu-
ously control the voltage at the point of
connection because the generator may then
produce or absorb reactive power as may be

required.

Fault Levels
Rotating plant, including generators, con-
nected to an electricity supply network will
feed current into the network under fault
conditions. This current is limited only by the
internal reactance of the machine and can be
very large. Clearly, connecting a distributed
generator to a network will increase the
potential fault current in the surrounding
network, possibly to the extent that it
exceeds the fault current rating of other
current carrying equipment, particularly
switchgear and fuses. In such circumstances
this equipment must be replaced with higher
rated plant, or other remedial measures, such
as the connection of fault current limiting
reactors, put in place.

Power Quality

In section 2.3 above, it was noted that steady
state voltage regulation can be significantly
affected by the real power output of a
generator. It follows that dynamic variation in
real power output can cause dynamic fluctua-
tions in system voltage levels.

This can be a particular problem for the
connection of generators, such as wind
turbines, where the real power output is
uncontrolled. Since wind turbine power is
dependent on the wind speed (theoretically,
wind power is proportional to the wind
velocity cubed) at any point in time, the real
power output will be continuously fluctuating
and this could adversely affect system voltage
levels. Wind turbine prime movers also suffer
from the phenomenon of tower shadow;
whereby there is a transient change in power
output each time the blade passes the
supporting tower. This low frequency, low
magnitude real power fluctuation can cause
voltage flicker due to interaction of the real
power output with the system impedance.
This is more likely where the fault level of the
system is low, i.e. system impedance is high.

Situations can also arise where power quality
problems on a network prior to connection of
a generator can be injurious to the generator
itself. Differing power flows in the three
phases of a three-phase network could cause
additional heating of the generator windings,
which if significant could require the genera-
tor to be derated, thereby reducing the
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maximum power output. Harmonics, or high
frequency variations in system voltage caused
by the connection of non-linear loads to a
network, can cause similar problems.

It should be noted, however, that regulations
and electrical codes of practice exist that
require network owners to maintain the
delivery voltage within limits and, with
electricity consumers, to keep the delivery or
injection of harmonic voltages and currents
below prescribed levels. If the power quality
on the external network complies with the
regulations, it should not be a problem for a
well designed embedded generator.

Transient Stability
Transient stability is associated with the
ability of a generator to maintain synchronism
with the main grid, following a network fault
or step load change. The problem becomes
more acute if the network to which a genera-
tor is connected is weak, i.e. it has a low
fault level.

The addition of a generator to a network
could add to the risk of a loss of energy
supply on the network following a system
incident due to the possibility that the
incident may cause the generator to discon-
nect from the gird. This generator disconnec-
tion can exacerbate the original problem and
increase the severity of the incident from
which the network must recover.

Transient stability issues can arise on net-
works that appear to have adequate thermal
capacity to accommodate the generated
loads. It is possible to model the stability of
a generator following a system disturbance
using dynamic simulation software and such
modelling is recommended if it is considered
that stability could be a problem.

Protection

With the addition of embedded generation,
the distribution network can experience new
operating conditions and the network design,
and particularly the protection design, may
need to be modified to accommodate this.
Possible scenarios that can arise include:

• an 11 kV distribution network is normally
connected to earth through the supply
transformer at the zone substation. If a
generator connected at 400 V is allowed
to backfeed into an 11 kV network that is

not connected to the supply transformer,
there could be no earth connection on the
11 kV system, creating an unsafe operating
condition; and

• if a connection between a distributed
generator and the rest of the electricity
supply network is momentarily lost and
then restored, the mains supply may be
out of synchronism with the generator
when power is restored. This could
preclude the use of automatic reclosers on
11 kV feeders to which an embedded
synchronous generator is connected.

Islanded Operation
The ability of a distributed generator to
supply the local network load following a loss
of connection to the transmission grid is
commonly thought to be a significant benefit.
However, the provision of such capability,
while technically feasible, can be problematic
and costly. Issues that must be addressed
include:

• Assuming that the generator is capable of
islanded load operation, the load supplied
in an islanded situation must be within
the rating of the generator and also lie
within the frequency keeping range of the
prime mover’s governor. This may require
automatic load shedding to be installed to
disconnect excess load immediately grid
connection is lost.

• If the reconnection to the grid is to be
seamless, without loss of supply or
disruption to the operation of the genera-
tor, synchronising equipment is required
across the point of connection. If the point
of connection is remote from the genera-
tor (typically at the zone substation),
remote control facilities are necessary to
bring the generator into synchronism
before the reconnection is made. This
sophistication can be avoided if the
generator can be disconnected while the
grid is reconnected to the island. This will
mean that supply to the load on the
island will be interrupted but will allow
the generator to be reconnected using its
local synchroniser.

Metering

The type of metering necessary for embedded
generation will largely be determined by
industry requirements or by the commercial
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arrangements between the generator opera-
tor, the electricity purchaser and the network
owner. Interval (time-of-use) metering, which
measures the energy output in half hourly
time intervals is currently necessary if the
generator output is sold through the whole-
sale market. Where DG is connected to a
network and sells the exported electricity to a
retailer or consumer on the same network (a
“local supply contract”), time-off-use metering
is not obligatory because the MARIA (meter-
ing) rules do not apply (reference MARIA
Chapter 2, 3.1). However, the use of interval
metering for both small loads and injections
is currently uneconomic although the situa-
tion is changing. The data processing issues
alone would be significant if a large number
of time-of-use meters are installed. For
reference, the minimum requirements for a
metering installation are only prescribed in
MARIA. Part 2 Section H, 6.8 of the NZEM
rules says that metering standards must meet
a minimum standard as prescribed in the
MARIA rules. The relevant section of MARIA is
Part 2 Section 7. Regulators in both New
South Wales and Victoria are currently
considering whether to mandate the installa-
tion of interval metering in all new installa-
tions and when obsolete or inaccurate meters
should be replaced.

The installation of local micro-generation
within a customer’s own premises may create
situations where the customer will at times
be taking electricity off the network and at
other times be feeding surplus electricity into
the network. A standard accumulating three-
phase or single-phase meter will measure net
consumption (or generation) in such situa-
tions. However, the use of these meters in
such situations creates commercial problems
as the retailer is in effect buying electricity at
the retail sale price. Bi-directional meters that
separately measure electricity flow in each
direction to obtain power flows are also
available. Commercial issues arising from the
installation of micro-generation in customer
premises are discussed further in section 4.

Network Operation
A primary driver in electricity network opera-
tion is the need to ensure the safety of both
the field staff that work on the network and
also of members of the public. This has
necessitated the development of complex
operating procedures designed to ensure that
field staff will not come into contact with

energised network plant and also that a
network that has been de-energised for any
reason will not be inadvertently re-energised.

Operation of a traditional radial distribution
network is facilitated by the fact that such a
network has only one point of injection.
When a part of the network is disconnected,
all downstream components of the network
will be de-energised. Where backup circuits
are available to restore supply downstream of
a disconnected or isolated part of a network,
the associated connection points are limited
in number and under the control of the
network owner.

The safe operation of a distribution network
becomes more complex where there are
multiple points of injection. Where infeeds are
possible from both ends of, and possibly
within, a de-energised section of a network,
the possibility of inadvertent re-energisation
increases. Operating procedures become more
complicated increasing the possibility of an
operating error creating a dangerous situation
or an accident. The operating problem
becomes even more complex as the number
of connected generators increases or when
the network owner does not have direct
operational control of the generating equip-
ment.

While the number of distributed generators
connected to a network is limited, the
problem is manageable. However, as genera-
tors become smaller and the number of
infeeds to a network increases, the complex-
ity of ensuring that the network is safely
operated and maintained will escalate, and
operating costs will increase. Research is
needed into the potential impact of a prolif-
eration of small embedded generators on the
design and operation of a safe distribution
network.

Conclusion
The trend away from a limited number of
large generators to smaller more efficient
units located closer to the load has the
potential to provide significant environmental
and economic benefits provided that the DG
technology uses renewable energy sources
and the costs of the DG technology reduce.
Furthermore, the connection of such genera-
tion can improve network operation and allow
investment in network infrastructure to be
deferred or avoided.



Network and Regulatory Issues

99

However, the connection of a distributed
generator can create a range of technical
problems for a network owner, and these can
be costly to overcome.

From a network perspective, whether the
connection of a distributed generator plant is
beneficial or otherwise depends on a number
of factors, particularly the size of the genera-
tor and its location on the network. There is
no general rule and each proposal needs to
be analysed on a case-by-case basis.

Overseas Research
The reducing costs of small-scale, environ-
mentally friendly generation technologies and
the potential of such technologies to increase
the efficiency and sustainability of the electric
power industry have generated much world-
wide interest and research. Of particular
interest to governments and regulators is how
to create an environment where efficient
investment in small-scale electricity genera-
tion is encouraged.

This section of the report reviews some of the
work being undertaken overseas, particularly
in relation to the impact of small-scale DG on
distribution networks. The research identifies
many of the issues that need to be addressed
in developing a suitable industry structure
and may also provide indicators of possible
solutions that could be appropriate in a New
Zealand context.

United Kingdom
In November 1999 the Department of Trade
and Industry, Department of Environment,
transport and Regions and industry represen-
tatives established an Embedded Generation
Working Group under the Chairmanship of the
electricity regulator, the Office of Gas and
Electricity Markets (OFGEM). The Working
Group was charged with reviewing a range of
issues relating to the installation of DG,
including consideration of:

Technical Issues

• possible measures for ensuring that
distribution companies, in managing
distribution networks economically,
compare embedded generation on an
equitable and transparent basis as an
alternative to an proposed distribution
network augmentation;

• possible measures for ensuring that

distribution companies have regard to the
possibilities of obtaining security services
from embedded generators and are
provided with incentives to do so;

• possible measures for ensuring that the
National Grid Company (NGC, the transmis-
sion network service provider in England
and Wales) has regard of the use of
embedded generators for the provision of
ancillary services;

Publication of Information

• the possible need for further requirements
on distribution companies to publish
informed technical and commercial
information to allow prospective genera-
tors to make informed judgements
concerning appropriate points of connec-
tion and opportunities to make proposals
that would avoid the need for network
reinforcement;

• the adequacy of the present arrangements
under which the NGC and the distribution
companies presently report publicly, at
regular intervals, how they have facilitated
competition in generation;

• the possible need for new rules on the
publication of charges by distribution
companies, so as to ensure transparency,
and to provide a definitive basis for the
financial appraisal of new embedded
generation proposals;

• the possible need for new rules on the
publication of information by distribution
companies on actual charges for the
connection to and use of systems;

Charging Issues

• the principles and ground rules under
which embedded generators should be
charged for connection to and use of
distribution systems;

• issues for domestic and micro-generators;

• the possible case for basing distribution
use of systems payments by embedded
plant on actual use of distribution assets,
but with connection charges made on a
“shallow” rather than a “deep” basis (see
below for explanation of terms);

Longer term Issues

• the possible need, in the medium and
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longer term, to encourage distribution
companies to design networks to facilitate
the accommodation of embedded genera-
tion; and

• the possible need to encourage distribu-
tion companies actively to manage the
operation of those parts of their networks
where significant embedded generation
exists or is proposed, possibly through
forms of incentive for security services or
active planning.

The working group was split into a number of
sub-groups, each of which looked at different
facets of the issue. Each sub-group developed
its own recommendations  and these were
consolidated into a consultation document
that was issued in January 2001. Themes that
come through in the consultation document
include:

• There is a need to review the technical
requirements that govern the distribution
sector of the electricity supply industry in
the UK to address the technical issues
raised by the more widespread connection
of DG and also to recognise the positive
contribution embedded generation can
make to network performance. The
required changes cover three main areas:

—  network design;

—  provision of ancillary services; and

—  islanded operation.

• Under present charging arrangements
embedded generators pay “deep” connec-
tion charges, which is the cost of the
direct connection to the distribution
network together with any necessary costs
of reinforcing the network through to the
local grid exit point. There is a need to
modify this charging regime to reduce the
entry cost for new generation. One
proposal is that the generator pays only
“shallow” connection charges, the cost of
any necessary “deep” network reinforce-
ment being recovered through use of
system charges. However, further consider-
ation of an appropriate charging mecha-
nism is necessary since a system that
provides for only the “shallow” cost of
connection does not provide a financial
signal to encourage connection to those
parts of the network where the connection
of embedded generation would be most

beneficial.

• Separate to the above themes there is a
need to address the particular problems
created by the more widespread introduc-
tion of domestic and other micro-scale
generation, which the report notes will
have “enormous” implications for the
future operation of distribution networks.
Potentially there will be times during the
day where distribution networks would
see no net flow of electricity. At these
times the system would become more like
a balancing network providing the appro-
priate level of backup capacity and
security.

Initially there is a need to develop a
simpler and transparent connection and
payment structure that is appropriate to
micro-scale generation technology. There
is also a need to develop appropriate
technical standards for network connected
inverter based generators and also for
small non-inverter generation technology
such as the Stirling engine. The standards
would need to be suitable for assessing
mass produced equipment, possibly using
a type testing approach, and would also
need to take fully into account relevant
security and safety issues.

There is also a need to confirm metering
requirements for micro-generation. Meter-
ing needs to be economic to install and to
be linked to pricing arrangements that
allow all parties to measure or estimate
with confidence the information they
need.

The report also noted a need to review
the Balancing and settlement Code to
ensure that it enables options for micro
generation.

• Information disclosure guidelines need to
be developed to identify the high level
network information that should be
publicly available to:

— inform the market place generally;

— enable developers to identify potential
business opportunities; and

— provide transparency in the cost of
network connections.

The information disclosure requirements must
strike an appropriate balance between the
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value of the information and the cost of
providing it. Further, there needs to be a
consistent approach across distribution
network providers to the provision of
information and to the connection applica-
tion process.

• There is a need to develop a regulatory
and business environment that supports
and provides incentives to network
owners to meet their obligations to
facilitate competition in supply and
generation. Two models are proposed that
are considered to be at opposite ends of
a possible regulatory spectrum. At one
end of the spectrum is an open market
environment that:

— increases the certainty of the regulatory
process;

— creates a local ancillary and security
services market;

— moves towards a more performance
based regulatory system;

— create opportunities for increasing the
revenue of distribution network own-
ers; and

— changes the generator and load
management connection charging
mechanism.

At the other end of the spectrum is a
much more rigid regulatory framework that
incorporates mandatory requirements to
connect additional embedded generation
capacity.

The reports notes that a practical solution
between these two extremes should exist
and proposes that network owners discuss
with OFGEM proposals that would facili-
tate and hence pave the way for increased
levels of embedded generation.

Australia
The Independent Pricing and Regulatory
Tribunal (IPART) of New South Wales pub-
lished a discussion paper on DG in March
2002. This discussion paper considers a
number related to the connection of embed-
ded generation and these are discussed in
the sections below.

Negotiation of Fair Connection Agreements

The Australian National Electricity Code (Code)

currently takes a light-handed approach to
the process through which embedded genera-
tors connect to the network and sell power
into the market. The Code sets out a four-
stage process that requires a prospective
generator to negotiate a connection agree-
ment with the relevant network operator.
However, no standard connection agreement
or national guidelines exist.

Some stakeholders believe that the current
light handed approach to regulating the
connection process, while worthwhile in
principle, is inadequate in practice. It is
argued that there is a need for standard
connection agreements as smaller generators
have insufficient information or resources to
negotiate a fair agreement.

There is also an inequity whereby new
distributed generators can be required to pay
“deep” network costs (including transmission
costs in some cases) whereas existing
generators connected to the transmission
network only pay “shallow” connection costs.
However, this issue is recognised and is
currently the subject of a Code review.

In order to address these issues, IPART
supports the development of national stan-
dards and guidelines for connection and also
more equitable treatment of DG, perhaps by
introducing a mechanism such as a “benefi-
ciary pays” approach.

Payment of Avoided Network Costs

The Code provides for transmission use of
system costs avoided by the connection of an
embedded generator to a distribution net-
work to be paid to the generator by the
network operator and further sets out a
methodology for calculation of these charges.
These payments are funded under the
revenue cap determined by the regulatory
price controls that are applied to all transmis-
sion operators in the National Electricity
Market.

Generators have suggested there is uncer-
tainty about how this framework is to be
applied although recent changes to the Code
may have clarified the situation.

The use of DG can enable network providers
to avoid some distribution network costs.
IPART considers that these cost savings
should be shared between the network
operator and the generator. The cost savings
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should be calculated by applying a “with/
without” test whereby the expected distribu-
tion costs without the embedded generator
are compared with the expected distribution
costs with the generator. A similar test would
be applied to quantify payments from the
generator to the distributor where network
costs are increased by connection of the
generator.

Problems arise, however, in determining the
methodology to be used in calculating the
costs. Often the difference can be determined
by comparison with previous capital expendi-
ture plans. In some cases however, the
application of normal planning standards of a
hypothetical scenario is required. Also, as the
expenditures with and without the embedded
generator occur in different periods, the cost
streams need to be calculated and compared
on the basis of their net present value in a
common base year.

It would seem that IPART is unwilling to leave
this issue to be negotiated between the
generator and the network operator and has
determined it to be a matter warranting
regulatory intervention. However, it is cur-
rently consulting on whether it should
consider such situations on a case-by-case
basis or whether a more rules based ap-
proach should apply.

It could apply the “with/without” test on a
case-by-case basis while at the same time
providing quantitative guidance on the
sharing of any cost efficiencies. It notes that,
while this approach has the advantage of
permitting decisions that reflect the circum-
stances of each case, it does not give the
certainty that a more rules-based approach
could provide.

The Regulatory Test

The Code requires a regulatory test to be
applied before a transmission network
operator proceeds with a system augmenta-
tion project. The test involves a process of
public consultation that allows non-augmen-
tation based proposals, such as the connec-
tion of new generation or the implementation
of demand management to be compared with
the network augmentation solution on an
even-handed basis. The network operator is
required to implement the most cost effective
technically acceptable proposal.

The application of such tests in a distribution
network environment is seen as a useful tool

in that it brings in competing options such as
embedded generation and demand manage-
ment. However, stakeholders are concerned
about the detail and quantity of information
required to perform the test and the difficulty
in factoring in costs and benefits that cannot
be accurately quantified in economic terms.
Environmental impacts are an obvious
example.

The discussion paper does not reach any
conclusions regarding the extent to which a
regulatory test of this nature should be
applied to distribution network augmentation
proposals.

Framework for Small Generators

The Code requires that all generators produc-
ing more than 5 MW must register with the
National Electricity Market Management
Company. Registration involves significant
fees and overheads but allows the generator
to operate in the market and facilitates its
relationships with other market participants.

There is no equivalent framework for small
generators that choose not to join the
market. This is a barrier to DG as unregis-
tered generators are only able to sell their
output to a local retailer or a customer at the
same connection point.

Further barriers is that the current costs of
connection and of half hourly interval meters
make the installation of domestic and small
commercial generation uneconomic. The
discussion paper notes that, unless the cost
of connection falls, and systems are put in
place to enable domestic and small commer-
cial customers to recover an adequate price
for the electricity they export to the network,
small scale DG is unlikely to become wide-
spread.

IPART supports the development of a market
framework for small generators but the
discussion paper provides no indication as to
how such a framework might operate. The
paper also notes that, given the importance
of metering development for DG and other
aspects of demand management, interval
metering trials and/or a targeted roll out of
interval meters might be worth considering. It
is understood that issues relating to a
possible widespread roll out of interval
meters are being considered by the Essential
Services Commission in Victoria.
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Incentives for Network owners

It is argued that network owners do not have
sufficient incentives to support or undertake
demand management initiatives such as DG.
Without such incentives, they are unlikely to
support such initiatives since they are
perceived as being higher risk than network
augmentation. Network owners are averse to
carrying such risks because of their responsi-
bility for reliability and continuity of supply.

IPART believes that the risk stems from the
fact that network owners have limited
experience with DG and that the current
problems will gradually disappear if a more
conducive regulatory framework is provided.

Institutional and Structural Factors

The discussion paper notes that the transac-
tion costs and compliance costs of imple-
menting an embedded generation project can
be so high that the project may not be viable.
Before an embedded generation project can
commence, the proponent may require
contractual relationships with end users,
aggregators, retailers, the wholesale market
distribution and transmission network owners
and generators. The contracts will require the
generator to comply with all technical stan-
dards and to comply with market rules.

There are also a number of “soft” barriers to
embedded generation including:

• a lack of integration of embedded genera-
tion into network planning;

• a lack of experience with embedded
generation as a means of network support
and concerns as to its reliability;

• a lack of experience in contracting for DG
in a way that recognises, manages and
shares these risks appropriately; and

• the relative immaturity of the market for
DG.

Distributed Generation in The New
Zealand Context
In a New Zealand context, DG normally refers
to electricity generators that are close to
points of electricity usage (i.e. a load centre)
and small in capacity compared to large scale
generation that is normally located close to
its fuel source and that normally relies on
both the high voltage transmission system

and the lower voltage distribution systems for
energy delivery.

It is also likely that DG could be of a size that
would replace network owners’ distribution
substations (normally 11 kV/400 volt) and
utilise the 400 and 230 volt reticulation in
local areas. Such distributed generators
would be embedded into the distribution
network and security and reliability of supply
could be obtained by:

• having inter-ties among a number of local
distributed generators; and

• having a back up connection point to the
existing traditional reticulation consisting
of distribution and transmission.

Technology for DG is quite varied and the size
of the generation capacity will in most cases
dictate the most efficient DG technology. The
introduction of DG like most other generation
capability has a number of hurdles to over-
come before the project can be implemented.
Some of these are:

• approvals for resource consents, building
permits, environmental emission consents,
etc and other local and central govern-
ment requirements; and

• contractual relationship with the buyers of
energy, network operator for connection
and ensuring that generation will be
within stated quality guidelines, dis-
patcher for those distributed generators
above 10 MW, and the wholesale market
for any settlement through the market.

Present Commercial Arrangements for
Distribution Network Usage

Most Use of System Agreements (UOS) that
are used in New Zealand are arranged to
provide the consumer with a safe, secure and
reliable delivery system over which energy
from any retailer can be transported. If the
criteria and standards for reliability and
security is not within the UOS, the UOS would
refer to the Asset Management Plan (AMP) of
the Network Provider.

Most UOS are between the network operator
and a retailer. The retailer is responsible for
any payments to the network operator for the
use of the delivery system. The retailer would
have a number of commercial agreements
with the consumers and the type of agree-
ment is normally dictated by the class of
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consumer (i.e. domestic, small commercial,
irrigation, industrial with maximum demand
charges, large industries with either direct or
“near direct” supply from transmission
system) and the energy usage profile.

Since the network operator obtains all its
revenue from retailers using its system, the
payment structure is commonly made up of
fixed daily charges, variable energy charges
for domestic and commercial consumers, with
capacity, maximum demand and energy
charges for larger users. The reconciliation for
losses is done on a monthly basis using the
information from the transmission grid exit
point metering, half hourly metering at the
network owner’s substations, half hourly
metering at the larger consumers and an
aggregation of all other consumptions over
that month.

Given estimates for the new financial year of
energy carriage, GXP maximum demand and
the demands of large individual connections,
the network operator tends to set its pricing
option rates to recover its forecasted routine
capital investment in its network and equip-
ment, its normal operating expenses and
provide an acceptable return on its invest-
ments. Such a pricing system could be
regarded as “cost recovery” pricing.

Impact on Distributed Generation
It is fair to say that for generating plant to be
introduced into any distribution network,
both parties (being the DG owner and
operator and the network owner) would need
to benefit. Under the present arrangements
there is not likely to be any material increase
in the revenue stream attributed to the
network owner through the introduction of
DG. The work being undertaken on distribu-
tion pricing by the Transport Working Group is
discussed in section 6, and if accepted, DG
would be treated as a load for the recovery of
network costs.

If the network owner either perceives or
recognises a real reduction in its revenue, the
network owner may increase its pricing, which
would then be reflected to all the consumers
via the retailer.

If the investor in the generating plant is
independent of the network owner, it would
need to see a reasonably secure income to
be able to receive favourable project funding
(bankability) and to service its debts. It is

likely that relying solely on energy sales from
DG would not be sufficient to make introduc-
tion of a distributed generator viable due to
the fact that current market rates are well
below estimated DG energy costs.

Should the distributed generator be either
partly or wholly owned by the network
operator, whereby the network owner can
gain returns that would off-set any losses due
to reduced energy volumes over its traditional
delivery system, the network owner would
look at the introduction more favourably.

In terms of the commercial issues it appears
that the barriers for the introduction of
distributed generators can be lowered by:

• ensuring that any the network owner is
appropriately recompensed for the net-
work facilities and operational services
that they provide;

• the network owner playing a good faith
role in terms of investment, decision
making and cost savings sharing from the
DG investment; and

• the distributed generator investor being
able to secure long-term revenue require-
ments by being able to financially benefit
from the savings, if any, enjoyed by the
network owner, as well as the revenue
from long-term sale of its exported energy
at reasonable market rates.

Although the network owners are responsible
for reliability and security of the delivery
system, their client is normally the retailer. It
is likely that any change in the network
pricing regime due to the introduction of DG
will be reflected to all consumers via the
retailer. For this reason, it is prudent that any
pricing regulation introduced to encourage DG
uptake, avoids being a mechanism for
gathering revenue from the consumer to
compensate for any loss of income due to
decreased energy flow over the existing
network assets. Conversely, the network
owner may very well have a legitimate claim
for recovering lost revenue due to connecting
DG within its network.

The network operator’s perspective is that it
is required by the consumer to provide the
capacity to deliver the energy demand,
regardless of how often or whether or not the
demand actually occurs. The reality is that,
unless the connection to the network is
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severed altogether, the DG is responsible to
compensate the network owner for the
connection facilities. Many cogeneration
owners have considered the concept of
disconnecting; however, the prevailing need
for security of supply has overridden this
concept.

Benefits to Network Owner through
Distributed Generation

A number of potential benefits for the
network owner arise through the introduction
of DG. Some of the more significant ones are
discussed below:

Rural Delivery System Enhancement

By the introduction of synchronous distrib-
uted generators into a network operator’s
rural reticulation, the network operator could
improve its delivery quality through improved
voltage regulation and, if they were capable
of islanded operation, reduce the number of
forced and unforced outages. In systems
where there is a long run of rural line with a
reasonable load at the very end, containing
volt drop within the required parameters can
be difficult where there is load growth.
Through utilisation of DG, a network owner
may obtain savings in its capital and mainte-
nance costs, particularly where the distributed
generator is dependable and able to meet
local load demand so that the reliability of
the line is allowed to reduce. However, such
capability of DG is rare in practice. Capital
investment to improve quality of supply could
be put towards DG investments rather than to
network enhancement.

A possible secondary benefit to retailers
through DG that provides energy to rural
consumers, is the reduced cost of meter
readings and attending to calls related to
consumer churn associated with direct
connection. With localised DG, the retailers’
costs for network services will also be
reduced.

Return on DG Investment

If a network owner viewed DG as an alterna-
tive to traditional delivery system enhance-
ment, it could provide funding for DG intro-
duction and, in so doing, expect a return
equivalent to that expected from its present
network operations. The present legislative
environment allows the network owner to
own up to two percent of its maximum
demand, capped at 5 MW, as generation

capacity or an unlimited capacity of renew-
able sourced generation provided that it is
operated at arms length from the network to
avoid transfer of cross-subsidies and is in lieu
of increasing network capacity. This makes
the way clear for network owners to be DG
investors.

Reduction of Transmission Delivery Charges

Transpower’s pricing policy is based on
ensuring that the company receives enough
revenue to make a pre-determined return on
its investment, as set by regulation.  Since
investment into transmission assets is very
capital intensive, Transpower is conscious of
investing ahead of time and avoiding asset
stranding. Since an investment has already
paid for those assets, Transpower tries to
charge for their use in such a way that future
investment decision-making by others is not
affected by the charges.

The network owners presently pay
Transpower’s transmission charges based on
the Transpower’s investment in assets at each
GXP to which the network owner’s distribution
network is connected, and the maximum
demand at each GXP. Through DG it is pos-
sible to reduce the demand charge by reduc-
ing the maximum demand at a particular GXP.

The charges that can be avoided by using
embedded generators are the “interconnec-
tion charge” (based on Transpower’s pricing
booklet1). From the distributors’ point of view,
since most small embedded generators inject
into the distribution network (rather than the
transmission network), the charge applicable
to the distribution company (the Interconnec-
tion charge as shown in Figure 1) can be
reduced through peak lopping.

This charge is calculated as a rate and
currently is  $50.18/kW2. This rate is then
multiplied by a capacity measure (kW), which
is the “average of the distributor’s top twelve
anytime peaks” over the past twelve months.

If, for example, the operation of a distributed
generator is used to reduce the “average top
twelve peaks’ by, say, 1,000 kW, the avoided
interconnection charge is:

1000 kW x $50.18/kW = $50,180 per year

In reality, the avoided interconnection charge

1 Pricing for Grid Connection Services from 1 April 2002,
Transpower New Zealand Ltd, December 2001

2 Transpower pricing booklet April 2002
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can be a lot less than this. If a DG plant fails
to generate at other times, where the demand
is only slightly less than the 12 peaks, these
will become the “new” 12 peaks. So the
reduction in charge from Transpower will be
minimal. Transpower views this as an eco-
nomically efficient outcome.

Also, should the distributed generator provide
a satisfactory level of security, it may be
possible to reduce the asset investment at a
GXP and so lower the asset charge. These
savings in transmission charges would benefit
the network operator and contribute to
improving the commercial viability of DG if
passed on to the DG owner/operator. Nor-
mally, there would be some savings sharing
agreement in such circumstances.

Should there be a change in pricing method-
ology as a result of its current review, there
could be a change in the demand charges.
For example, the main generators are cur-
rently excused interconnection charges and
price their energy accordingly. If they were to
be charged for interconnection to the grid
then they would have to increase their energy
charges, increasing the price of energy
delivered to GXPs, and the GXP interconnec-
tion charges would be approximately halved.
Such a change would be useful for energy
producing distributed generators with a high

plant factor, but would lessen the rewards for
distributed generators that specialise in
cutting peak demands or having a low plant
factor, e.g. wind generators.

Transmission charges include the imposition
of nodal energy prices that retailers pay for
the delivery of energy at GXPs. These prices
are calculated to reflect the energy losses
that take place within the transmission grid
itself. Where there is a transmission capacity
constraint, generation must be dispatched to
manage this. This no longer permits least-
cost dispatch and the nodal price at GXPs
increases at one end of the constraint and
decreases at the other.

Transpower, incidentally, does not keep the
gains from nodal pricing, which are calculated
on the basis of losses at peak flows in the
grid; the company returns the revenue in
excess of that required to recover the actual
losses in the grid to the network owners by
way of rebates on their other transmission
charges. In that the nodal prices increase
retailers’ energy charges, such rebates have in
the past been passed back to each network’s
connections (end users) by means of lower
network charges. A letter from the Minister to
network owners dated 20 May 2002 proposes
that loss rental rebates, and any other
revenue derived from associated financial

Figure 5.1: Source:  Pricing for Grid Connection Services from 1 April 2002,
Transpower New Zealand Ltd, December 2001, p27)
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instruments, should be returned to the end
users in an equitable, transparent and non-
distortionary way. This is an issue that will
take some time for the industry to agree the
appropriate mechanisms and it will have a
transition phase while the industry decision
making and consultation occurs.

The effect of the losses and constraints on
the nodal pricing signals to DG investors the
value of siting DG downstream of GXPs with a
high nodal price, since the operator of DG
can be expected to negotiate the sale of its
energy output to a retailer at or near avoided
cost, i.e. the nodal price. At the same time, it
has to be remembered that the presence of
DG will lessen the quantity of energy requir-
ing to be delivered over the grid and so
lowering the grid losses. If the distributed
generator is sufficiently large, its output may
serve to relieve transmission constraints and
this effect should lower the nodal price at the
GXP and hence the revenue to the DG
operator. All the retailers taking supply at the
GXP will also benefit from this effect so it is
in their collective commercial interests to
encourage distributed generators to be
established in areas with high nodal prices.
Whether they would be willing collectively to
provide DG operators with a hedge against
any fall in nodal price due to the DG output
remains to be seen but that possibility
should not be overlooked.

Perceived Barriers of DG Dealings with
Network Owner

Due to the immaturity of the DG sector, the
ability of a DG owner to negotiate a
favourable arrangement with the relevant
network owner may be limited. At times the
desires of the DG owner may not be met and
there is at present no avenue to review
whether the network operator is being fair
and reasonable in what it is offering in terms
of a financial incentive.

With network pricing being seen as “cost
recovery”, there are few drivers for a network
owner to negotiate on a level playing field.
From the perspective of the network owner, it
could try and maintain its revenue stream
knowing that this is possible using the
traditional delivery system rather than
facilitating innovative mechanisms such as
DG. If the DG investor is independent of the
network owner, the onus is on the DG
investor to prove the real worth of DG to the

network owner. Here the negotiation could
then be seen as one-sided rather than both
parties negotiating on a level playing field.

As mentioned earlier, although locating DG
downstream in the distribution network can
provide benefit to the consumer and the
network owner, it is at times seen as a threat
to the traditional network owner’s business
rather than a way of complementing the
delivery system. A number of network owners
have tried to implement DG with only limited
success. It appears that some network owners
are happy to stay with the tried and proven
method of asset augmentation rather than
seriously considering DG as an alternative.

Regulatory Issues
For DG to be encouraged into networks, there
needs to be a change in the present regula-
tory regime from one of “light handed
regulation” to one that will provide incentives
to network owners. This could be done by
“heavy handed regulation” applicable to DG
installation as well as their operation and
maintenance for long-term viability. If the
environment is not conducive to DG
utilisation from a regulatory point of view, it
is likely that network owners will not provide
a “friendly” environment if there is potential
of revenue earning assets being stranded.

An example is where regulatory incentives
promoting DG may assist national and
international environmental objectives by
reducing green house gas emissions, and at
the same time reducing the visual impact of
transmission and distribution reticulations.
Conversely, while the resource consents
process for permitting generating plant
presently provides guidelines on acceptable
levels on air emission requirements; a
potential downside for DG based on thermal
technology for generation could be perceived
to arise from increased air emissions within
urban areas.

Under the present regulatory regime, a
number of network owners through their own
initiative have encouraged DG. The introduc-
tion of DG is based on the deferment of
capital enhancement of the network due to
load growth or quality of supply compliance.
If the present regulatory regime is unchanged,
it is possible that more network owners will
consider DG as a potential alternative to
enhancement of the network. Obviously there
is no compulsion on all the network owners
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to seriously consider DG as an alternative.
This will only be possible through a regula-
tory regime that requires network owners to
consider DG and, if rejected, provide a
legitimate and defensible reason for such
rejection.

Pricing Regulation
Under the present “light handed regulation”,
a defined pricing structure for both distribu-
tion and transmission system does not exist.
Due to the lack of such a structure, it is
difficult to determine the level of avoided
costs. As an incentive for DG introduction,
such savings need to be passed on to the
providers of DG to make such projects
commercially viable.

At times, it is difficult to accurately ascertain
the value of the avoided costs for both
distribution and transmission delivery ser-
vices. This difficulty then leads to confusion
and lack of finding a compromise that could
then be factored into the cost of investing in
DG. If a DG investor has to pay for all the
costs associated with installation of the plant,
including line enhancement if needed, and
ultimately that line enhancement benefits
other distributed generators, the applicable
pricing mechanism and payment structure
needs to be such that all future beneficiaries
will also contribute equitably.

Market Barriers for Small Distributed
Generators
Under the present electricity market rules, all
large generators are dispatched through a
centralised dispatch system. Smaller genera-
tors (less than 5 MW) do not need to be
dispatched centrally, thus limiting their ability
to sell their output outside the network
owner’s distribution network; their output
cannot be exported to the transmission grid.
Also it is most likely that the DG would
establish a long-term arrangement with a
retailer (in most cases being the incumbent
retailer) and is then at the mercy of the
retailer as to the sale price of the energy
generated by the DG. The DG may not have
the resources to optimise its revenue position
by selling into the market at times of high
prices.

To reduce this barrier and to avoid additional
stress on the central dispatcher to dispatch
all generation, it would be prudent to have
transparency in the possible payment scheme

by which the DG would receive revenue. This
could be done through:

• Providing for low initial entry cost for
distributed generators to participate in the
electricity wholesale market. This would
give the DG an alternative to consider
when negotiating the sale of its genera-
tion with retailers.

• The prices paid by retailers being indexed
to the market price. Should a retailer and
the DG owner agree on a long-term sale
and purchase contract, this contract could
be structured to benefit the DG with
wholesale market price increases. Care
needs to be taken when structuring such
contracts to ensure that the retailer does
not end up carrying all the market risks
but is still compelled to share gains with
the DG.

• The DG being responsible for only the
immediate cost incurred by the network
operator for embedding the DG. Here the
costs are likely to be direct costs associ-
ated with connection assets rather than
assets further downstream in the delivery
system. Since DG is introduced into the
existing delivery system, there could be a
tendency for the network operator to
ensure that the DG contributes to the
solution of potential problems that could
arise in its network. Here a good working
relationship between the DG owner and
the network operator would ensure that
potential problems are identified early and
eliminated collaboratively rather than
being left to the DG owner to look for
solutions on its own.

Lack of Incentives for Network Owners
Although the present regulatory regime allows
any network owner to own 2%, to a maxi-
mum of 5 MW, of its system maximum
demand as generation (or unlimited renew-
able generation), there is no indication that
any network owners have taken up the
challenge of DG ownership seriously. There
need to be stronger incentives for network
owners, since DG is perceived to be an
expensive option, especially for network
augmentation.

It would be fair to say that there is a lack of
understanding of DG among network owners,
with awareness rising only now due to
gaining a higher profile in various publica-
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tions. For this reason it is easier for network
owners to consider supply side solutions for
their various reticulation requirements rather
than investigating DG as a viable option.

Proposed Options to Overcome The
Barriers

Overcoming the various barriers associated
with DG is not a simple matter. The DG
investor needs to overcome not only the
technical issues, but also issues based
around environmental consents, regulatory
regime, commercial implications associated
with such capital intensive projects, and
ongoing requirements for the economical life
of DG.

To reduce some of these barriers, the follow-
ing are suggested:

• improve the level of clarity in negotiations
by having clear guidelines for connection
related costs. This could be done through
having standard offers that are clear and
transparent to all parties involved;

• reduce the level of complexity associated
with DG connections and dispatch require-
ments; and

• align the treatment of DG with that of grid
connected generators where all parties
that benefit from a network enhancement
(increasing supply capacity or installing
DG) pay equitably for the costs involved.
(In theory this should happen now, since if
a network owner increases the network
capacity, the ODV of the network increases
and the “allowable” return on investment
also increases; provided any resulting
price increase is restricted to those
consumers benefiting, equity should
prevail.)

Dealing with the network issues: A
Commercial Perspective
It is important for a prospective DG owner to
be capable of negotiating a rational arrange-
ment with each of the parties with which they
will need to transact. The current light
handed regulatory environment in New
Zealand relies on the parties bargaining in
good faith to reach mutually acceptable
agreements; however, in a negotiation
between unequal parties, the outcome is not
always the commercially rational one. Some
countries are looking to regulate the sector to

ensure fair treatment and a rational commer-
cial outcome for DG based on:

• “user of service pays”;

•  “causer of cost pays”; and

•  “provider of service benefits”.

The commercial treatment of each of these
classes of DG can be rationalised in relatively
simple terms. However, there are two signifi-
cant issues affecting the electricity sector in
respect of DG that create uncertainty. Firstly,
there is no commercial consistency across the
different network owners and, as described in
this report, there is no technical reason for
consistency within individual networks either.

In addition, two major risks are common to
all the parties, being changes to either the
regulatory environment or the standard
charging regime of a major industry sector –
such as the transmission or distribution
parties.

In many DG circumstances, a lack of clarity
occurs and in the role definition of each of
the three parties, network company, retailer
and consumer/generator, where each can be
either a service provider or service consumer.
Clarity would begin to emerge where:

• the consumption of electricity or ancillary
services; and

• the (export) of electricity or ancillary
services,

were treated as separate and distinct activi-
ties and the role of the parties was separately
defined in each of the activities.

The application of DG has impacts on the
transmission and distribution networks that
depend upon the scale and location of the
DG. As the market penetration of DG in-
creases, the technical and commercial impacts
on the network company become more
complex and a new set of more sophisticated
capabilities and skills will need to be applied
to network assets, ownership and operation
than are currently applied.

Four fundamental classes of DG can be
identified, each of which have different
technical and commercial characteristics and
different impacts on the distribution network.
The four classes, the technical characteristics
and impacts on the network and commercial
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responsibilities can be described as follows:

Small Scale DG
DG for own use but no export of electrical
energy, owned by a domestic, commercial or
industrial electricity consumer connected to
the distribution network to consume electric-
ity. The DG owner requires the network
supplier to maintain distribution capacity and
connection facilities of capacity sufficient to
meet the total demand of the consumer.

Electrical Energy Purchase Savings: This DG
benefits by the amount saved by the reduc-
tion in the amount of electricity purchased.
Since there are no export sales, there is no
electricity sales revenue.

Electrical Energy Sales Revenue: None.

Network Demand Charge Savings: None. This
DG has no opportunity to save peak demand
charges because the network owner does not
levy them to this class of consumer.

Ancillary Services: None.

Network Enhancement: This DG has no
material technical or commercial impact on
the network, other than protection consider-
ations, unless there is a high level of uptake
of DG on a network.

Medium Scale DG

DG for own use and for export of electricity,
owned by a domestic, commercial or indus-
trial electricity consumer connected to the
distribution network to consume and export
electricity. The DG owner requires the network
supplier to maintain distribution capacity to
meet the total consumer demand but does
not require the network company to enhance
the network or owner’s connection facilities to
a capacity greater than the import demand
capacity.

Electrical Energy Purchase Savings: This DG
benefits by the amount saved by the reduc-
tion in the amount of electricity purchased.

Electrical Energy Sales Revenue: This DG
benefits also from sales of electrical energy to
a retailer. These sales would oblige the seller
to meter the exported electricity separately
from the imported electricity.

The selling rate will be negotiated, with a
potential maximum sale price at slightly
below the alternative cost of supply for the

retailer. The value that the seller can expect
to receive will depend upon the sellers scale
and sophistication of operation. This DG is
unlikely to reasonably expect an electricity
market relationship, making the sale price
unable to be connected to market prices; this
restricts the sale price to whatever the retailer
is offering.

Network Demand Charge Savings: This DG
also has the opportunity to save peak
demand charges (if any) by managing their
own peak demand.

The value of this service is either initially
reflected in any peak demand based charges
applied by the network owner before DG is
installed, or notified to the DG by the net-
work owner as the network reaches constraint
conditions and the network owner seeks to
manage peak demand by incentivising DG to
generate during system peaks (as per Orion
Case Study, Chapter 6.3).

Ancillary Services: The DG may be able to sell
ancillary services to the network owner such
as voltage control.

If ever there is a national market for ancillary
services, the economic values of these
services are most likely to only be quantifi-
able by the network owner; thus the DG is
reliant on the network owner to provide
appropriate commercial signals.

Network Enhancement: The DG may cause the
need for enhancements to the network.

If network enhancement is required, the DG
can expect to pay for those enhancements at
a charge consistent with the network owner’s
commercial practices and regulatory obliga-
tions. This DG may have a technical or
commercial impact on the network, which
only the network owner could quantify.

Commercial Scale DG

DG for own use and for export of electricity,
owned by a commercial or industrial electric-
ity consumer connected to the distribution
network. The DG owner requires the network
company to enhance the network and owner’s
connection facilities to a capacity greater than
the import demand requirement.

Electrical Energy Purchase Savings: This DG
benefits by the amount saved by the reduc-
tion in the amount of electricity purchased.

Electrical Energy Sales Revenue: This DG
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benefits also from sales of electrical energy to
a retailer. These sales would oblige the seller
to meter the exported electricity separately
from the imported electricity.

The selling rate will be negotiated, with a
potential maximum sale price at slightly
below the alternative cost of supply for the
retailer. The value that the seller can expect
to receive will depend upon the seller’s scale
and sophistication of operation. This DG may
have an electricity market relationship,
providing the ability to rationally base the
sale price to the market price.

Network Demand Charge Savings: This DG
also has the opportunity to save peak
demand charges (if any) by managing their
own peak demand.

The value of this service is either initially
reflected in any peak demand based charges
applied by the network owner before DG is
installed, or notified to the DG owner by the
network owner. As the network reaches
constraint conditions and the network owner
seeks to more actively manage peak demand,
the network owner may incentivise the DG
owner to generate during system peaks by
paying the DG for such capacity.

Ancillary Services: This DG may be able to
sell ancillary services to the network owner
such as voltage control.

Unless there is a national market for ancillary
services the economic values of these
services can only be quantifiable by the
network owner; thus the DG owner is reliant
on the network owner to provide appropriate
commercial signals.

Network Enhancement: This DG is likely to
cause the need for enhancements to the
network and the owner’s connection facilities.

The DG owner can expect to pay for those
enhancements at a charge consistent with the
network owner’s commercial practices and
regulatory obligations, but may be able to
negotiate these charges from an informed
basis. This DG will have a technical or
commercial impact on the network and
connection facilities, which the network
owner could quantify and the DG owner may
be able to quantify.

Large Scale DG
DG’s fundamental business is electricity

generation, requires a connection to the
distribution network and may cause the need
for network enhancement to allow injection of
his generation.

Electrical Energy Purchase Savings: None.

Electrical Energy Sales Revenue: This DG
benefits also from sales of electrical energy to
a retailer. These sales oblige the seller to
meter the exported electricity separately from
any imported electricity.

The selling rate will be negotiated, with a
potential maximum sale price at slightly
below the alternative cost of supply for the
retailer. The value that the seller can expect
to receive will depend upon the sellers scale
and sophistication of operation. This DG is
likely to have a relationship with the electric-
ity market, providing the ability to rationally
connect the sale price to the wholesale
market price. However, due to commercial
requirements of the DG, it is more likely that
the selling price will be fixed to satisfy
lenders’ requirements for security of income.

Network Demand Charge Savings: The
network owner may pay the DG if the DG
contributes to delaying or reducing the
magnitude of network enhancements.

The economic value of these services can
only be quantifiable by the network owner,
thus the DG is reliant on the network owner
to provide appropriate commercial informa-
tion.

Ancillary Services: This DG may be able to
sell ancillary services to the network owner
such as voltage control.

Unless there is a national market for ancillary
services, the economic values of these
services can only be quantifiable by the
network owner; thus the DG is reliant on the
network owner to provide appropriate
commercial information.

Network Enhancement: The DG is likely to
cause the need for enhancements to the
network and can expect to pay for those
enhancements at a charge consistent with the
network owner’s commercial practices and
regulatory obligations, but will be able to
negotiate these charges from an informed
basis.

This DG will have a technical or commercial
impact on the network and connection
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facilities, which the network owner can and
the DG probably can quantify.

When the owner of a DG facility wishes to sell
exported electricity and in doing so incur
network costs, the retailer should purchase
the electrical energy from the DG and pay the
DG an amount to cover the cost of the
network charges (if any) incurred by the DG
to facilitate export of electricity. This ap-
proach means that, because the network
charge is likely to be a fixed annual charge, it
would drive the DG towards a base load
export operation; otherwise the additional
network charges to provide the export
capabilities would make the total cost of the
exported electricity uneconomic.

Model Arrangements for Pricing Elec-
tricity Distribution Services
The concepts outlined previously require
some skill and capability to negotiate and in
many instances a DG will not have these
readily available to them. Some guidance is
available from electricity sector publications.
Two publications worth noting are published
on the web site of the Electricity Governance
Board, specifically those relating to the
Transportation Working Group,
www.egb.co.nz/tws_cmat.htm. The two
documents of particular interest are those on
distribution pricing framework and the draft
model distribution agreement.

The Transport Working Group of the Electricity
Governance Establishment Board is working
on the development of “A Framework for
Model Approaches to Distribution Pricing”.
The documents produced by the working
group include principles for the design of
pricing for network services. To assist pro-
spective DGs understand the electricity
distribution sector’s approach to pricing
distribution services, it is useful to include
these principles in full in this report (Trans-
port Working Group of the Electricity Gover-
nance Establishment Board, 24 October 2001.
They are:

“The following is an initial draft of design
principles that appear consistent with pricing
methodologies that would be negotiated for
competitive long term distribution contracts.

Design Principles for price structure

1 The price structure should relate to service

levels received by the person paying the
price.

2 The price structure should be reflective of
cost structures, including risk, of deliver-
ing those services to the customer.

3 The price structure should not create
inefficient barriers to entry in the market
for distribution services, energy markets,
or related markets.

4 The price structure should take into
account practical considerations, such as
transaction costs, compliance and admin-
istration costs, and the desirability of
simplicity over complexity.

Design principles for price adjustment

1 Price adjustments, and the rationale for
them, should be transparent and
publicised widely.

2 The trigger points for price adjustment,
and the factors determining the magnitude
for price adjustment, should be verifiable
by third parties at reasonable cost.

3 Price adjustments should be predictable
and incremental.

4 Price adjustments reflecting efficiency
gains and value-enhancing innovations
should mimic adjustment processes in
normal commercial markets.

9 Price adjustments should allocate risks in
an efficient manner.

6 Price adjustments should take into
account practical considerations, such as
the transaction costs incurred by custom-
ers and the opportunities it creates for
wasteful haggling between the distributor
and its customer.”

The Draft Model Distribution Agreement is
another useful document to review. However,
one of the challenges facing distributed
generators is immediately obvious in the
introduction of the draft agreement, in that
the parties to the agreement are the distribu-
tor and the retailer; the DG or energy con-
sumer is not a party. Prospective distributed
generators will need to identify if and how
they can relate to the distribution agreement
pertinent to their premises. The introduction
of the Draft Model Distribution Agreement
reads:
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A The Distributor owns and operates the
Network and has agreements to maintain
Points of Connection.

B The Retailer wishes to purchase Distribu-
tion Services from the Distributor in order
to sell Electricity to its Consumers.

C The Distributor and the Retailer are
separately bound by the Rules and this
agreement is separate from but acknowl-
edges the existence of those other
obligations.

The Distributor agrees to provide the Distribu-
tion Services to the Retailer on the terms and
conditions set out in this agreement.
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Case Studies6

IntroductionIntroductionIntroductionIntroductionIntroduction
The Centre for Advanced Engineering (CAE) has undertaken an electricity industry study that has
focused on distributed generation.  The objective is to investigate the implications on operation
and configuration of the New Zealand electricity system arising from the wide-scale introduction of
Distributed Generation (DG).  Market influences, international technology trends and externalities
will impact on the actual scale of DG uptake.

The approach taken by CAE is to use the case study analysis as one part of identifying and
analysing these implications.  Hence, the case studies are used to identify and study opportuni-
ties, economics, risks and probability of uptake of the technologies.

The case studies chosen consider a number of existing distributed generation projects already in
existence. These case studies also include a number of groundbreaking examples of DG within
New Zealand.

The case studies are:

1 Opuha hydro generation (integration into rural network, local communities)

2 Christchurch peak reduction (backup diesel generation to avoid distribution lines upgrading)

3 Stonyhurst remote homestead (islanded rural supply)

4 Wind flow wind turbines (fluctuating load on weak rural system and to give insights into the
early planning issues.)

5 Gisborne and East Cape Networks (regional spur with alternative generation to avoid transmis-
sion upgrade)

6 Kinleith Cogeneration facility (market and dispatch related issues)

7 BP service stations (solar P-V panels on service stations to reduce imported supply)

8 Kumeroa rural farming (voltage stability issues and technology options, islanded vs distribution
backup)

Each case study probes why and how this particular project was implemented.  By doing this, the
main drivers for the project are identified (these may be economic or strategic).  In addition, any
risks associated with the project are identified and, if appropriate information is being made
available, the economics (costs and revenues) revealed.  Some of the opportunities and risks may
be similar from one case to another or quite different depending on the organisation that imple-
ments the project, the technology and fuel used.  However, by looking at various cases a good
insight into commonalities that apply to DG are gained.
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6.1  Opuha Hydro/Irrigation Project

IntroductionIntroductionIntroductionIntroductionIntroduction

History of Opuha Hydro/Irrigation ProjectHistory of Opuha Hydro/Irrigation ProjectHistory of Opuha Hydro/Irrigation ProjectHistory of Opuha Hydro/Irrigation ProjectHistory of Opuha Hydro/Irrigation Project
The question of getting better access to water
in the South Canterbury region has received
considerable attention over at least the last
20 years.  During the early years, a canal
from Lake Tekapo to the Timaru region was
proposed. However, this was shelved by 1992
in favour of a dam being built at the
confluence of the North and South Opuha
Rivers. The advantages of the dam project
were seen to be:

• Summer irrigation to an estimated 16,000
hectares of farmland (including the
economic benefits as a spin-off from the
increased production of the farmland);

• A power generation scheme; and

• A lake for recreational use.

In February 1994 Opuha Dam Limited (ODL)
was incorporated, with the express purpose
of being the interim entity through which the
dam project would be financed and under-
taken. Opuha Dam Partnership (ODP) later
assumed that role, after some initial transac-
tions had taken place through ODL.  Con-
struction started in 1995

At the beginning of February 1997 when the
dam was approximately half completed, a
flood event overtopped the dam and caused
significant damage and delay to the project.
Roughly, one-third of the compacted fill
material that had already been placed in the
dam was eroded and washed downstream –
causing damage to roads, fencing and river
protection works.

Construction of the dam recommenced later
in 1997. Commissioning began by the end of
1998, and the dam has been operating at full
efficiency since April 1999.

Farmers affected by the dam failure were paid
compensation for individual property damage
and losses, and a confidential out-of-court
settlement was reached between ODL and its
insurers. A partial settlement for river control
and protection works was made.  Canterbury
Regional Council negotiated a settlement for
damage to flood protection works on behalf
of the Opihi River rating district ratepayers.

ODP is the beneficial owner of the dam,
including the surrounding land.  ODP is a
local authority trading enterprise. Until
December 1998, the beneficial equity interests
in ODP were Alpine Energy 50%, Opihi River
Holdings Ltd 25.4%, Timaru District Council
(TDC) 14.9%, South Canterbury Farmers
Irrigation Society Holdings Limited 6% and
Levels Plain Holdings Limited 3.7%.  Timaru
District Council withdrew from ODP on 15
December 1998, selling its equity interest to
the three private sector partners

In their 2001 Annual report, the directors of
Alpine made a further reduction to the
holding value of Alpine’s share in the Opuha
Dam.  This was despite the very wet winter
and lowering of the lake by 19 metres from
January to May 2001 during the drought
contributed to a record 36 GWh of generation
for the year ending 31 March 2001.  The recent
effects of drought is expected to expedite the
sale of all remaining water rights.

In May 2002, it was reported that all water
right allocations had been taken up.1  In 2002
generation was only 19 GWh.2

Case Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and Objectives

Case Study Objective

The general objective is to analyse the
installation from various perspectives includ-
ing commercial, strategic and market, then to
identify aspects that will affect the uptake of
DG nationally.

The major issues to be highlighted for the
Opuha Hydro/Irrigation project case study are:

• Issues related to a combined hydro/
irrigation project;

• Issues related to multiple shareholders
with different business objectives; and

• Impact of a hydro project on a rural
distribution network.

The outcomes of this case study should meet
the following objectives:

• Identify the main drivers (opportunities)

1 Networks-South, Response to question raised from CAE initial
Questionnaire, 6 May 2002

2 Jim Pearce, Networks South Ltd, email to Ian Bywater, Wed, 26
Jun 2002.
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for the Opuha hydro/Irrigation project.

• Assess the economic merits and risks of
the project

• The third objective is to draw conclusions
from the case study that has broad
application for the electricity industry
within New Zealand.

Case Study Scope

The case study assesses the project that was
the subject of the Joint Venture between
Alpine Energy, Opihi River Holdings Ltd,
Timaru District Council (TDC), South Canter-
bury Farmers Irrigation Society Holdings
Limited and Levels Plain Holdings Limited.

MethodologyMethodologyMethodologyMethodologyMethodology
The methodology used identifies the strategic
drivers of the project.  The study will also
assess actual and potential revenue streams
for the generation project and compare them
to the project cost.  The assessment will raise
a number of broader issues that will be
discussed.

Revenue streams to be assessed include:

• Sale of electricity

• Sale of irrigation water

• Flood control value of project

• Recreational values of facility

• Avoided distribution system upgrade/
charges

• Avoided Transpower charges

Common Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and Parameters

Economic Parameters

The inflation assumption over the timeframe
of the analysis is 2.0%.

The Corporate tax rate used in this report is
33%.

The three categories of equity investor in the
project are a distribution company, a regional
council and private farmer investors.  Alpine
Energy’s investment policy required a rate of
return of 7% or better3.  This is higher than
the 6% expected rate of return on assets of
other network companies.

The councils required rate of return is not
specified but could be in the region of 5% to
6%.  The council sold its investment when
addition equity funding was asked of them.
There is a substantial component of regional
benefit for this project.

The private interests invested for the irriga-
tion potential of the project, and now hold an
equity interest in 50% after purchasing the
councils share at a discount when the
investment met a number of difficulties.
There are still some public equity and debt
interest within the private investment ve-
hicles.  The private investors also appear to
have taken on debt within their investment
vehicles solely to fund the Opuha project.
Some of this debt was from public sources
that were in part subsequently written off 3.
Therefore, given the complexity of their equity
involvement their position will not be specifi-
cally represented in this.  However, the WACC
range given below would be consistent with
farming returns.4

Net Present Value calculations for Opuha cost
or revenue streams are done using a pre-
finance post tax real WACC in the range of 5%
and 7%.   This WACC has been chosen to
represent the cost of capital to public entities
and of Alpine Energy.

Value of Marginal Capacity

The value of energy delivered will be valued
by using the half hourly wholesale electricity
price at Benmore.  Half hourly price data
beginning 1999 through to the present will be
used to derive the energy value of sent-out
energy.

Alpine Energy System Peak Load Forecast

The Opuha project exports all of the electric-
ity from the site into the Alpine distribution
network, and half of that is exported to the
Transmission Grid.  Alpine forecasts5;

• Peak demand within its distribution
network to increase from about 85 MW to
93 MW, i.e. about 1% pa over the next
ten-years.

• Demand for energy will grow at 5% pa
over the next 3 years

• The forecasts of peak load are slightly
lower than most of the energy forecasts

3 Auditor-General, “Good practice for involvement in a major
project, lessons from the Opuha Dam Project”, pg 42, Feb 2001.

4 Waimakariri Irrigation Ltd, http://www.wil.co.nz/irrigation.htm

5 June 2001 AEL Asset Management Plan Page 23
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because of the higher growth rates for
industrial and commercial loads, which
have higher load factors.

Plant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And Costs

General Project Description

The 7.4 MW hydro generator takes water from
the Opuha Dam and passes out to a weir
from which releases to irrigation and to
maintain river minimum flows are made.

The Turbine output depends on the storage
lake level such that average maximum output
is 6.8 MW.

Resource consent conditions currently require
a 1.5 cumecs minimum flow from the down
stream weir.  A minimum flow of 1.5 cumecs
requires 3 hours generation per day.

The generator is connected to Transpower’s
nearby Albury substation.

Opuha is 15 minutes from Fairlie.  It is
possible to island Fairlie to supply 500
residents at about 1 MW output.

Storage

The lake is 710 ha in area and has 95 million
cubic metres of storage.  The operating range
is 17 metres with maximum and minimum
levels for generation of 52 m and 35 m
respectively.  The generator will not be able
to operate below the minimum level requiring

spill to meet irrigation and minimum flow
requirements.

Generation

Average annual energy output has histori-
cally been about 30 GWh with a record 36
GWh recorded in year ending March 2001
and as low as 19 GWh in year ending March
2002.  The year ended March 2002 yielded
19 GWh2.  Recent changes  will reduce spill
from 5% to 10% down to 1% to 2%.  This
should increase annual average output to 31
GWh or 32 GWh.

Irrigation

The Opuha irrigation scheme, services up to
16,000 ha of farmland.

Opuha TechnologyOpuha TechnologyOpuha TechnologyOpuha TechnologyOpuha Technology

Technology Description

The turbine is a 7.5 MW horizontal Francis
from Kvaerner with inlet guide vanes.  It is
directly coupled to a 6.6 kV generator from
Ideal in the US.  The generator has static
excitation and transformer stepping the
output to 33 kV.

Performance Issues

The station is completely remote operated
with remote and automatic re-scheduling
features.  The station has a downstream pond
with a regulating gate on the outlet to
maintain a steady inflow to the river.

The station typically goes through two start/
stop cycles per day and has proved to be
extremely reliable with very high availabilities
(over 98% in year 1 despite an electronic
governor failure and an excitation problem).

Operating PhilosophyOperating PhilosophyOperating PhilosophyOperating PhilosophyOperating Philosophy
Project viability depends on release of water
for irrigation use for 16,000 ha of farmland
with water being released through the
generator for electricity revenue.

The project is remotely controlled via telecom
lines.  Operators’ weekly checks include
monitoring of dam and providing data for
civil engineering review.  There are two local
operators, one at Fairly and one at Tekapo.
There is also provision for remote laptop dial-
in.

Operation uses Network-South’s own staff
with mechanical services contracted in.

Figure 6.1.1: Opuha Location [Source: Auditor-
General (2001), p.4]
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The resource consent conditions control the
amount of water released from the dam.
Flow release to weir and river system based
on daytime energy rates and operating
consents.  Operation below the minimum
level of 35 m will require spill to meet
resource consent minimum flow requirements.

There is a need for a review of operating
levels to improve flexibility of generation to
meet market demands yet maintain irrigation
reliability.

Water InflowsWater InflowsWater InflowsWater InflowsWater Inflows
The Opuha dam sits at the confluence of the
North and South Opuha rivers, both of which
rise in the adjacent mountains some of which
reach 2,000 m.  Both rivers are of similar size
with autumn rain and spring snowmelt the
key features.  The mountains where the rivers
rise are tall but are east of the Main Divide
and so generally do not receive west coast
rain, and as they are a relatively long way
from the east coast, any easterly winds
carrying heavy rain will loose much of its
water burden before reaching the Opuha
catchments.

The mountains are steep and largely bare
rock so the transit time is short (6 to 16
hours) and as a result the inflows quickly rise
to a moderate level from occasional easterly
rains and rise very quickly to very high levels
on the rare occasions that westerly rains blow
over the main divide.  Spring snowmelts
provide the longest-lived inflows.  The
recession curves for both rivers are similar
and the flows are monitored.

Cost of GenerationCost of GenerationCost of GenerationCost of GenerationCost of Generation

Capital Cost

The original capital cost estimate for the
Opuha project was $30.2 million in January
1995.  This included a contract price for the
dam signed in 1995 for $16 million.  The
financial statements of ODP show that, as at
31 March 1999, the total cost of the dam and
power station was $30.5 million6.

Operating Cost

Network-South, give the operating cost as
$200,000 per annum including environmental
and external engineering costs.

Total Cost of Generation/Irrigation Supply

The annual revenue required to cover the cost
of capital and operations and maintenance
costs is $480/kW/year using a cost of capital
of 7% real post tax or $360/kW/year for a
cost of capital of 5%.

Main Drivers for the Opuha Hydro/Main Drivers for the Opuha Hydro/Main Drivers for the Opuha Hydro/Main Drivers for the Opuha Hydro/Main Drivers for the Opuha Hydro/
Irrigation ProjectIrrigation ProjectIrrigation ProjectIrrigation ProjectIrrigation Project

Alpine Energy’s Main DriversAlpine Energy’s Main DriversAlpine Energy’s Main DriversAlpine Energy’s Main DriversAlpine Energy’s Main Drivers
Alpine Energy’s two main reasons for invest-
ing in the project were to:

• Benefit the local region and business
sector; and

• Obtain commercial benefits for itself.

The dam’s potential for power generation
meant that Alpine Energy would be able to
achieve increased self-sufficiency in the
generation and supply of electricity. In
addition, the spin-off benefits of irrigation
would increase the demand for electricity
supplied by Alpine Energy.

Alpine’s equity interest in the project is 50%.

Timaru District CouncilTimaru District CouncilTimaru District CouncilTimaru District CouncilTimaru District Council
The Timaru District Council considered that
the benefits of the scheme were:

• The provision of a reliable long-term water
source for the Timaru District;

• Increased economic activity within the
district; and

• Improved irrigation for the area.

As a result of a review in May 1998, the
Council approved the sale of its partnership
units in ODP to private sector partners, ORDC,
SCFIS, and Levels Plain Irrigation Company
Limited.

Although the Council fell short to achieve an
acceptable monetary rate of return on its
investment, its principal objective for the
investment was regional development.  The
Council decided as a matter of policy that,
having achieved that objective; it should
cease financial involvement in the project.

Private Farming InterestsPrivate Farming InterestsPrivate Farming InterestsPrivate Farming InterestsPrivate Farming Interests
The initial private farming interest in the
project was 35.1%.  Ultimately they purchased
50% after the withdrawal of the Timaru

6 Auditor-General, “Good practice for involvement in a major
project, lessons from the Opuha Dam Project”, pg 23, Feb 2001.
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District Council.  The three private entities
were the Opihi River Development Company
Limited (ORDC), South Canterbury Farmers
Irrigation Society Holdings Limited (SCFIS),
and the Levels Plain Irrigation Company
Limited.

The largest private investment was held by
the ORDC.  The Mackenzie District Council
invested as loan money $1,125,000 in the
ORDC.  The ORDC was set up as a vehicle for
small investors to be involved in the project.

When considering whether the investment
was in line with its long-term strategies, the
Council took the view that the dam project
would provide development opportunities for
the District and be an asset from which the
community would benefit.  Council staff told
the Auditor-General that conservative esti-
mates suggested a regional benefit from the
Opuha development would be in the order of
$80 million in addition to on-farm construc-
tion work.

Regional Benefits – MultiUser Ap-Regional Benefits – MultiUser Ap-Regional Benefits – MultiUser Ap-Regional Benefits – MultiUser Ap-Regional Benefits – MultiUser Ap-
proach to Developmentproach to Developmentproach to Developmentproach to Developmentproach to Development
The Opuha dam development was seen to be
a successful multi resource development
scheme.  The success was due to:

“In the case of the development of the Opihi
Augmentation Scheme with the development
of the Opuha Dam, there were two important
elements:

• A group of promoters or “champions” who
treated the development of the scheme as
a business operation; and

• The multiple benefits achieved through
enhancement of flows of water in the
Opihi River.

The latter was significant, as the scheme was
able to provide not only irrigation water for
16,000 hectares but also a small power
generation capacity at the dam. Thirdly, and
most importantly, it provided augmentation of
the flow of the Opihi River to greatly enhance
the in-stream environmental and recreational
values of the river. All of these elements were
able to contribute financially to the develop-
ment of the scheme.”7

Regional EconomyRegional EconomyRegional EconomyRegional EconomyRegional Economy
Alpine Energy in its 2001 Asset Management
Plan showed a substantial upward revision in
forecast electricity use from 1% pa to over 7%
pa from 2001 on.  Growth in electricity use is
usually an indicator of economic growth and
investment by industry.  The major develop-
ments leading to this growth included the
following projects and indicates the role of
irrigation and consequential dairy conversion
of irrigated properties8:

Major growth over the ten-year planning
period is driven by agriculture and includes:

• The current Clandeboye dairy factory
expansion 6 MW realised during 2001)

• Further Clandeboye dairy factory expan-
sion 6 MW proposed 2003/04).

• On farm growth associated with the Opuha
irrigation scheme

• McCain Foods

• Waihao North irrigation scheme

• Elephant Hill irrigation scheme

• Rangitata dairy conversions

• Morven/Glenavy dairy conversions

• Fairlie dairy conversions

• Project ‘Aqua’

• Mt Cook Development

• Opuha notional embedding

• Timaru Smelter

• Port of Timaru

Alpine comments that “Review of Regional
Plans and Consents will tighten water rights
associated with irrigation takes from the
Opuha scheme. This situation as well as the
summer drought may force further irrigation
development interest.  Network extensions
and reinforcement will be completed as
required.”

Opihi River AugmentationOpihi River AugmentationOpihi River AugmentationOpihi River AugmentationOpihi River Augmentation
The Opuha dam at the confluence of the
South and North Opuha Rivers was completed
in 1998. The resulting lake provides water for
maintaining river flows, irrigation and domes-

7 MAF, “Irrigation Scheme Development Issues to Consider When
Promoting a Water Resource Scheme - Lessons from the Last
125 Years”, MAF Technical Paper No: 2001/8, Prepared for MAF
Policy by Agriculture New Zealand Ltd, ISBN No: 0-478-07650-9
,ISSN No: 1171-4662, January 2001. 8 June 2001 AEL Asset Management Plan Page 23
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tic and stock water supplies, giving an
enhanced and more reliable water supply to
Timaru.9

The Levels Plains Irrigation Company com-
prises at least 1,880 ha of property near
Temuka at the mouth of the Opihi River.  This
area of land is farmed commercially and
irrigated directly from the Opihi River.10  The
annual increase in farm revenue that could
result from augmentation of the Opihi River
was estimated to be between $0.8 and $5
million.  A multiplier of three was used to
assess the increase in total regional output.

RecreationRecreationRecreationRecreationRecreation
The Opuha project has provided a lake of 710
ha and is mentioned in a number of tourist
brochures as one of the recreation attractions
in the locality.  One local holiday park says;
“The warm waters of Lake Opuha boast a
sportsman’s paradise for activities such as
swimming, water-skiing, sailing, canoeing,
kayaking, windsurfing, and fishing.”11

Opuha Dam is mentioned in a major fishing
guide as a location in Canterbury for fishing.12

“The Opihi River supports good populations
of both salmon and brown trout. Where
previously salmon angling was restricted by
regular mouth closure, with the new Opuha
Dam operating to guarantee higher summer
flows designed to maintain the mouth, it is to
be hoped those days are over.”13

Flood ProtectionFlood ProtectionFlood ProtectionFlood ProtectionFlood Protection
Despite the failure of the partially constructed
dam and the consequential flooding that
resulted, Lake Opuha provides flood control
benefits to all the low lying areas down-
stream of the dam.  For the farming and
sparsely populated area from Opuha to
Raincliff this affords some flood protection
provided the lake is not full. A fusible plug14

on the top of the dam will release excess
water if the lake level was very high.

At Raincliff the Opihi River merges with the
Opuha and so the flood protection is only
partial from there downstream.  However, the
Opihi is only about 50% the size of the
Opuha and the catchments generally receive
rain at the same time so the modifying effect
is substantial.

A little further downstream the Tengawai River
joins; this is smaller again but very flashy
rising not far away in some bare hills. It was
responsible for the flooding of the township
of Pleasant Point in 198615, the Opuha dam
would have helped reduce this flood but not
prevent it.

The river traditionally entered a period of a
few days most years when the flow at the
river mouth exit to the sea stopped alto-
gether with consequential environmental
problems.  Increasing and poorly controlled
irrigation off-takes have previously resulted in
stretches of the river becoming very low
during the late summer periods.  All of these
problems have been reversed by the Opuha
Dam: environmentally the river has improved,
minimum flows even in the very dry periods
of 1999 were good and the resource consent
minimum flows were easily achieved despite
heavy irrigation use.

Other community benefits include lake
fishing, boating and associated tourism, plus
a more secure water supply for Timaru and
the district.

An estimation of the benefits with regards to
the flood protection of the downstream areas
was not available and has consequently not
been quantified.

SummarySummarySummarySummarySummary
The Mackenzie District Council estimated the
total regional benefits of the Opuha scheme
to be $80 million3.   If the $80 million is the
result of an NPV calculation using a 5%
discount rate, the value is equivalent to
about $1,000/kW/yr.

Electricity SalesElectricity SalesElectricity SalesElectricity SalesElectricity Sales

Hydro Revenue Expectations – CorrelationHydro Revenue Expectations – CorrelationHydro Revenue Expectations – CorrelationHydro Revenue Expectations – CorrelationHydro Revenue Expectations – Correlation
of Price with Low Inflowsof Price with Low Inflowsof Price with Low Inflowsof Price with Low Inflowsof Price with Low Inflows
In New Zealand, it is expected there will be
occasional low hydro inflow sequences that

9 Timaru District Council, Annual Report 2001

10 Agribusiness & Economics Research Unit, Lincoln University,
“An Economic Evaluation of Changes in the Allocation of Water
from the Opihi River for Irrigation of the Levels Plains Irrigation
Scheme” A report to the Canterbury Regional Council, March
1994.

11 Fairlie Gateway Top 10 Holiday Park, http://
www.fairlietop10.co.nz/, 10/05/2002

12 Tony Busch, “4WD Trout and Salmon Fishing In the South
Island”, Published 2001

13 Fish and Game New Zealand, http://www.fishandgame.org.nz/
default.asp?section=2&pageid=235&subsection=10

14 A sophisticated pile of sand

15 http://www.timaru.govt.nzindex.asp?sidenav=servnav.html&
mainpage=services/emergency/flooding.html
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will cause prices to rise significantly.  This is
expected to occur about every 5 to 20 years.
For example in 2001 the average price for the
year was over $80/MWh and for the 9-month
period of the water inflow shortfall the price
averaged close to $100/MWh.  This compares
to a time weighted average price for calendar
years 1999 and 2000 of about $30/MWh.
The volume weighted average price for hydro
will be less than this because hydro inflows
and generation are inversely correlated with
price.

The average price at Benmore for years 1999,
2000 and 2001 (including the dry spell) was
$47/MWh. The average price excluding the
nine dry months was less than $30/MWh.
The price excluding the dry spell may be
closer to the price received by the Opuha
project because the contract (2 year term) will
have been struck prior to the hydro inflow
shortfall.

A further reason for not achieving a premium
during low hydro inflow sequences is that
Opuha may also have low inflows during this
period.  For Opuha the situation is further
aggravated by increased use for irrigation
during the dry summer season immediately
prior to the electricity system energy shortfall.
Lake levels will be drawn down for irrigation
in preference to conserving water for latter
electricity generation16.  Opuha was unable to
generate for a period at the beginning of June
200117.  This will likely be the result of high
irrigation demands drawing the lake level
down below the generator intake.  Opuha has
an operating range of 17 m (35-52 m).  The
situation would have been aggravated by the
combination of below normal inflows and
continued downstream river minimum flow
restrictions as the lake refills.

The probability of occurrence of a dry spell as
significant as the 2001 hydro inflow shortage,
in any given year, was probably a lot less
than 1 in 3.  For the purposes of this case
study, it is assumed as 1 in 10 or less.   If the

months in which the dry inflows influenced
prices were weighted for a 1 in 10 probability,
the average price for the years 1999 to 2001
would be about $35/MWh.  This is a more
correct interpretation of the expectedexpectedexpectedexpectedexpected time
weighted average price, i.e. 15% to 20%
above the average price in normal hydro
inflow years.

Diurnal and Weekly PriceDiurnal and Weekly PriceDiurnal and Weekly PriceDiurnal and Weekly PriceDiurnal and Weekly Price
Half hourly market price is strongly correlated
to time of day and whether or not it is a
weekend or weekday.  Average price for the
48 half hourly periods in a day are shown in
the graph below for the two periods of 1999/
2000 and 2001.  For each of those two
periods graphs of total weekly average of half
hourly prices are compared to weekday and
weekend averages of half hourly prices.  The
upper three lines correspond to the year
2001.

The Opuha project has storage and can be
operated to generate during times of peak
price providing the lake is full. The ability to
make use of this storage is limited by the
need to generate at all times of the day to
meet downstream river minimum flow require-
ments. A weir downstream of the turbine
allows most generation to be targeted to
higher price periods during the day. If there
were no minimum flow restrictions, Opuha
could achieve a price margin of about 10% to
15% by targeting generation at peak price
periods.

Figure 6.1.2: Average Half-hourly Price vs
Time of Week - Benmore

The contract with the retailer does provide for
a higher price for daytime generation.  Day-
time is defined as 7 am to 10 pm.

Seasonal Variation in RevenueSeasonal Variation in RevenueSeasonal Variation in RevenueSeasonal Variation in RevenueSeasonal Variation in Revenue
The requirements to meet irrigation contracts
and the desire to maximise revenue from
power sales do not correspond.  Irrigation is

16 Alpine Energy Ltd, Annual report 2001, comments ”The very
wet winter and lowering of the lake by 19 metres from January
to May 2001 during the drought contributed to a record 36
GWh of generation for the year ending 31 March 2001.  The
dam did its job in keeping the river going for the environment
and irrigation during a severe drought.  Generation is expected
to be well down in 2001/02 as the lake fills up.  The recent
drought should expedite the sale of all remaining water
rights.”

17 Energize- Daily Energy News - New Zealand, comments
“Electricity generation resumes at Opuha dam station; The
Opuha dam power station is generating electricity once again
but with very limited capacity, Opuha Dam Ltd vice-chairman
Edward Sullivan said on Friday”.  10 June 2001
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needed during summer and maximum power
prices are in the winter.

Over the period, 1999 to 2000 there was little
correlation of price with season.  In 2001,
prices were much higher in winter during the
hydro inflow shortage. Hydro shortages have
typically occurred during winter months and
average monthly inflows in the South Island
are lower during winter months.  The long-
term average price expectation would be for
higher prices in winter.

Historical RevenueHistorical RevenueHistorical RevenueHistorical RevenueHistorical Revenue
Revenue for electricity sales was about $1.3
million18 for electricity for March year 2001
and $0.6 million for 2002.  Generation in
2001 was 36 GWh giving an average sale
price of about $35/MWh.

Expected PriceExpected PriceExpected PriceExpected PriceExpected Price
The current expected time weighted average
price for Opuha is about $35/MWh.  However,
Opuha generates little during a low inflow
period and contracts may not anticipate a
hydro inflow shortfall, so a more likely
average price is $30/MWh over the period
1999 to 2002.  A premium for daytime
generation would be as much as 15% but this
will depend on how much minimum flow
restrictions prevent this occurring.

Therefore, the average price for electricity
sale from Opuha is assumed as $35/MWh.
This is slightly more than what might be
expected from the half hourly wholesale
market price but is consistent with recent
revenue figures for Opuha.  This equates to
$160/kW/year with modified resources con-
sents permitting 31.5 GWh per year of
generation.

IrrigationIrrigationIrrigationIrrigationIrrigation

Revenue to Opuha Project From Sale ofRevenue to Opuha Project From Sale ofRevenue to Opuha Project From Sale ofRevenue to Opuha Project From Sale ofRevenue to Opuha Project From Sale of
WaterWaterWaterWaterWater
The original equity ownership structure was
50% for Alpine, 35% for farming and 15%
local government interests with some involve-
ment of local government in both the electric-
ity and private farming investment structures.
No information has been given about the
revenue for the project.  The above
shareholding is consistent with the project
revenue streams bearing in mind present

electricity revenues are probably lower than
originally forecast.

The actual water sale for the years ending
March 2001 and 2002 was about $800,000
and $900,000 respectively.  At the end of
2001, there was not a complete uptake of
water rights by eligible farmers, but by May
2002 the uptake of rights to draw irrigation
was 100%.  The take-or-pay minimum is 80%,
but water take is unlikely to go above 80%
minimum for 2-3 years.  The summer of 2001/
02 would be considered a wet year, hence
ongoing revenue should now approach the
order of $1,000,000 to $1,100,000 on aver-
age; more in a dry year and less in a normal
or wet year.

One million dollars equates to $140/kW/year.

Value of Irrigation to FarmersValue of Irrigation to FarmersValue of Irrigation to FarmersValue of Irrigation to FarmersValue of Irrigation to Farmers
The Opuha project has the potential to irrigate
16,000 ha of farmland.  Irrigation increases
the productivity of the land and the diversity
of production options.  Dairy conversion has
been a feature in South Canterbury as dairy
returns have improved during the 1990s.
Dairy conversion is made possible by a
reliable source of water to keep dairy herds
consistently in feed and therefore milk.

Alpine comments that “Review of Regional
Plans and Consents will tighten water rights
associated with irrigation takes from the
Opuha scheme. This situation as well as the
summer drought may force further irrigation
development interest.”19 This report was
written prior to June 2001 and after the farm
drought early in 2001.  Network South has
since confirmed that all shareholders have
taken up their shares and metered water take
allocation.

The value of irrigation to the farmer is
inherent in the price of farmland.  Currently
the availability of irrigation in the Opuha area
increases bare sheep farm prices from $1,500
to $3,000 per ha.20  Dairy conversion is more
economic for farms over 200 ha because of
the fixed cost of conversion, e.g. dairy shed.
More than 50% of farms in the Opuha area
are of this scale.

A $1,500 premium for irrigation yields a total
benefit of $22 million from Opuha irrigation.
This benefit is in addition to the payments

18 Network-South, Opuha Questionnaire return, April 2002

19 Alpine Asset Management Plan, pg 23-26, 2001

20Ben Gold, Combined Rural Traders – Real Estate Branch, pers
com 13 May 2002
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made for irrigation water to the Opuha
Project.  Over time, the benefits from down-
stream economic activity will be significantly
greater than this.  $22 million is equivalent to
an annual payment of $360/kW/yr.

Flood ControlFlood ControlFlood ControlFlood ControlFlood Control
It is discussed in Section 4.4, that the Opuha
hydro/irrigation system provides flood control
benefits at times to all the low-lying areas
downstream of the dam.  For the farming and
sparsely populated area from Opuha to
Raincliff this is total flood protection except
in the event of very high lake levels.

Although the Opuha dam would have helped
reduce the flooding of the township of
Pleasant Point in 1986 caused by the
Tengawai River, it could not have totally
prevented it.

An estimation of the benefits with regards to
the flood protection of the downstream areas
was not available and has consequently not
been quantified.

Avoided Distribution UpgradeAvoided Distribution UpgradeAvoided Distribution UpgradeAvoided Distribution UpgradeAvoided Distribution Upgrade

Figure 6.1.3: Alpine Energy Ltd
– Area of Supply

The Alpine Energy network, with a replace-
ment value of some $150 million, connects
27,000 customers throughout South Canter-
bury from six Transpower points of supply.
Customers range in size from a telephone box
to a dairy factory, over a 10,000 square

kilometre area on the East Coast of the South
Island between the Rangitata and Waitaki
Rivers inland to Mount Cook on the main
divide.

The network delivers some 500 GWh of
energy and has a system maximum demand
of 85 MW.

Alpine Energy’s area of supply and
Transpower points of supply is summarised
on the plan above.

There is a 6.6 KV generator step-up trans-
former to 33 kV overhead line to the
Transpower 110 KV Albury substation, of
which 1 MW is netted off at Fairly township
from the 33 kV/11 kV substation.

Fairlie has only a single 33 kV connection to
the grid system.  The same line that goes to
Opuha connects to Fairlie and then onto the
GXP at Albury.  As a consequence Alpine has
derived benefit from being able to run Opuha/
Fairlie as an Island.  It is understood that
ODP pays AEL approximately $2,000 per
month for the connection charges, which are
the net increase costs Alpine faced when the
GXP became a dual export/import site.

There is no detailed information available on
how Alpine might use the Opuha project to
avoid future upgrades within Alpine’s Net-
work. It can, however, be run as an ‘island’ to
avoid some planned local network outages.

Value of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital Expenditure
There was no information provided by
Networks-South with regards to the impact on
deferred capital spending caused by the
development of the Opuha generation/
irrigation project.

The value to the distribution system owner
and its customers is uncertain.

Avoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower Charges
Load flow studies have proven Opuha can
efficiently generate into the Timaru GXP,
bypassing the Albury GXP. A notional embed-
ding agreement has been signed with
Transpower for a three-year period. Alpine can
either extend the 33 kV system between
Albury and Cave to bypass Albury or alterna-
tively finance the 11 kV breaker upgrade at
Albury and reduce connection charges and
maintain the supply security from Albury.
Either result will require investment planning
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over the three-year agreement term.28

Transpower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges Avoided
The charge that can be avoided by using the
installed generators is the ‘interconnection
charge’ (based on Transpower’s pricing
booklet21) from the distributors point of view,
since most small, embedded generators inject
into the distribution network (rather than the
transmission network).  Therefore, the charge
applicable to the distribution company (the
Interconnection charge as shown in Figure
6.1.4) could be reduced through peak lop-
ping.

This charge is calculated as a rate and
currently about $50.18/kW/a (as per
Transpower pricing booklet April 2002).  This
rate is then multiplied by a capacity measure
(kW), which is the ‘average of the distributors
top twelve anytime peaks’ over the past
twelve months.

In theory, the operation of the generator is
used to reduce the ‘average top twelve peaks’
by say 6 MW, the avoided interconnection

charge is:

6 MW x 1,000 kW/MW * $50.18/kW/a =
$301,000/a

However, in this instance, because the
distributor does not have control over the
water use as irrigation takes precedence, this
theoretical saving must be discounted.

Opuha Notional EmbeddingOpuha Notional EmbeddingOpuha Notional EmbeddingOpuha Notional EmbeddingOpuha Notional Embedding
“Load flow studies have proven Opuha can
efficiently generate into the Timaru GXP,
bypassing the Albury GXP. A notional embed-
ding agreement has been signed with
Transpower for a three-year period. Alpine can
either extend the 33 kV system between
Albury and Cave to bypass Albury or alterna-
tively finance the 11 kV breaker upgrade at
Albury and reduce connection charges and
maintain the supply security from Albury.

Either result will require investment planning
over the three-year agreement term”.19

It is understood that Transpower and Alpine
came to an agreement based on the notional
cost of bypassing the GXP at Albury.

Figure 6.1.4: Pricing for Grid Connection Services [Source:  Pricing for Grid Connection Services
from 1 April 2002 – Transpower New Zealand Ltd – December 2001, p27]

Rate

HVAC

HVDCConnection Interconnection

Not applicable $50.18/kW $18.85/kW

Table 6.1.1: Transpower Interconnection Charges [Source: Pricing for Grid Connection Services
from 1 April 2002 – Transpower New Zealand Ltd – December 2001, p33]

21 Pricing for Grid Connection Services from 1 April 2002 –
Transpower New Zealand Ltd – December 2001
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Value of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital Expenditure
There was no information provided by
Networks-South with regards to the impact on
deferred capital spending caused by the
development of the Opuha generation/
irrigation project.

“Alpine has been unable to get the full
benefit of the notional embedding agreement,
at the Transpower Albury GXP, without 100%
availability.  Last year (year end march 2001)
there was not enough head or volume of
water, this year there was not enough water
(year end Mar 2002).  Recently a line to the
Albury GXP was out due to snow for 24 hrs.
In June 2002 Alpine could only generate 2-3
hours/day as the lake is 6 m below full,
Alpine are required to fill up the lake for
irrigation reliability.  Transpower HVDC
charges are still a threat unless Alpine
undertake the “by-pass” option.”22

There appears to be little advantage gained
from the notional embedding agreement.
Alpine have not indicated if the bypass
option will be further considered.

Commercial IncentiveCommercial IncentiveCommercial IncentiveCommercial IncentiveCommercial Incentive
The issues are:

• More information on how the capacity
benefit is passed on to the owner of the
generation.

• Identify distribution companies commercial
incentive

• Discuss the constrained nature of distribu-
tion system and generally options for the
future.

• Discuss Transpower’s network constraint
into the distribution system and
Transpower’s options for the future.

• Political/Environmental dimension to
decision making, if any.

Transpower Avoided Capital ExpenditureTranspower Avoided Capital ExpenditureTranspower Avoided Capital ExpenditureTranspower Avoided Capital ExpenditureTranspower Avoided Capital Expenditure
It is not clear whether the development and
implementation has any effect on:

• Constraints of the transmission network
into Alpine Energy’s network

• Transpower’s options for the future.

• The value of peak lopping, if possible, in
terms of avoided capital expenditure.

• The uncertainty in future Transpower
charges and the impact this has on
decision to install distributed generation.

SummarySummarySummarySummarySummary
Alpine Energy is unable to reduce its intercon-
nection costs with Transpower foremost
because Opuha is primarily an irrigation
scheme. Therefore, having sufficient water
storage to use at times of peak demand
cannot be guaranteed. It would require a
portfolio of generation options in order to
realise this potential.

DiscussionDiscussionDiscussionDiscussionDiscussion

Generation RevenueGeneration RevenueGeneration RevenueGeneration RevenueGeneration Revenue
The actual and potential revenue for the 7.4
(6.8) MW Opuha hydro/irrigation project is
given in Table 6.1.2.  Revenue is estimated for
both the owner of the generation as well as
the regional community.

SummarySummarySummarySummarySummary
The total actual and potential economic
benefits to the owner are about $300/kW/
year.  This is less than the cost of the project
at between $360/kW/year to $480/kW/year.
The project has yet to realise an acceptable
return to its owners because of the currently
low price of electricity.

The main economic benefit of the scheme is
to the farming community as well as the
wider regional community that sees a range
of substantial benefits.  Total direct benefits
to farm owners of land within the Opuha
irrigation scheme exceed $360/kW/year.
Regional economic benefits are of the order
of $1,000/kW/year or greater.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Business Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment Issues

Potential for Hydro/Irrigation Projects NZ Wide

The potential for small hydro projects in New
Zealand is shown in Table 6.1.3.

In almost all cases, the potential in each
region is less than the Grid Exit peak de-
mand.  Therefore, the small hydro potential22 Jim Pearce, Networks South Ltd, email to Ian Bywater, Wed, 26

Jun 2002
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equates to the potential for distributed
generation hydro in each region (see Table
6.1.3).

Multiuse opportunities including irrigation will
be much less.  Small hydro potential in
drought prone regions is about one third of
the New Zealand total.  The actual opportuni-
ties for combined hydro/irrigation schemes
may be less than 10% of this or about 30
MW.

There are opportunities for large-scale hydro
to incorporate irrigation schemes.  Project

Aqua is one such opportunity.  The size of
this project would preclude it from the
definition of Distributed Generation.

Electricity LRMC

The LRMC for electricity in New Zealand over
the next 10 years is generally perceived to be
higher than the current base load price for
electricity, which is approximately $35/MWh
to $40/MWh.  The price depends on location.
Lower in the South Island and higher in the
North Island because of the predominant
northward flow over the HVDC.

No sufficient
information whether
project does benefit
or not?

Value/Revenue/Potential Revenue
($/kW/annum)

Comment

To Project
Owners

Regional
Benefit

Avoided Network
upgrade, (Actual)

? ?

Islanding to Avoid
Transpower Charges,
(Actual)

? ?

Electricity Revenue,
(Actual)

160 160

Irrigation Water Sales,
(Actual)

140 >140

Direct value to farmers
of irrigation (Actual)

- 360

Flood Project Benefit
(Actual)

- ?

Recreation Benefits
(Actual)

? ?

Regional Farming and
Industry Development
(Actual)

- >1,000

Total to Owner >300

Total to ODP/region  1,610

Environmental Cost minimal Minimal

Cost ($/kW/annum) Comment

Cost of capital and
operation &
maintenance cost
(Actual)

360 – 480 Depending on chosen
discount rate!

Irrigation priorities make
peak shaving uncertain

Table 6.1.2: Generator Revenue and Regional Benefit for Opuha generation ($/kW/annum)
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The general expectations are for prices to
increase to, of the order of $60/MWh, and
this is documented in the Windflow Prospec-
tus23. A large-scale gas find may alter the
perception of LRMC on the downside.  The
recent Government move toward a Carbon Tax
and ultimately to tradable carbon credits
would be an upside risk.

Electricity Revenue in a Hydro Energy Con-
strained System

Rising power prices have recently become a
topical issue in New Zealand.  The experi-
ences of last winter have demonstrated,
again, just how fragile New Zealand’s “elec-
tricity capacity reserve margin” inherently is.
Despite the current significant capacity
surplus, the New Zealand electricity system is
vulnerable to major price excursions during a
hydro inflow shortage.

The wholesale price of electricity in normal

hydro inflow years does not reflect the true
average price of electricity.  The NZ electricity
system can apparently swing from a bountiful
surplus accompanied by low average prices to
shortages driven by low hydro inflows
accompanied by high prices.  When calculat-
ing long-term average price expectations, it is
necessary to build in a margin for the less
frequent years when there will be much
higher prices due to low hydro inflows.  In
these circumstances, prices will be higher in
the SI than the NI.  The recent history of the
industry remaining unhedged to a significant
degree prior to 2001 suggests this fact was
not well understood.  Annual contracts should
include a premium of 15% to 20% over recent
prices, observed in normal hydro inflow years,
to fully account for this issue.

In the case of Opuha, the project was not
able to capitalise on high prices in 2001
because of low inflows and draw down of
storage early in the year for irrigation.  The
electricity sales contract may also have
limited access to high market price.

As the wholesale market capacity surplus

Grid Exit Region Grid Exit
Region Peak

Demand 2002

Small Hydro
Potential 24

Drought
Prone

Small Hydro
Potential in

Drought Prone
Location

MW MW MW

North Island

North Isthmus 637 73

Auckland 956

Waikato 547 82

Bay of Plenty 463 58

Central 308 143

Hawkeís Bay 302 82 Yes <82

Taranaki 135 33

Wellington 624 99

Total North Island 3,972 345 <82

South Island

Nelson/Marlborough 174 73 Yes <73

West Coast 55 108

Canterbury 701 33 Yes <33

South Canterbury 80 16 Yes <16

Otago/Southland 966 143 Yes <143

Total South Island 1,976 570 <266

Total New Zealand 5,948 945 <347

Table 6.1.3: Small hydro potential by region

23Prospectus for staged wind power development – Stage 1
Offering – First Windflow Turbine – Prospectus dated 9th July
2001 as amended on 10th August 2001

24Steve Wightman, PB Associates
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reduces over the next few years, the potential
for higher prices during periods of hydro
inflow shortage will increase.  There may still
however be relatively low prices in the normal
hydro ‘surplus years’.

Electricity Price Expectations for SI Hydro

Hydro electricity projects in the South Island
(SI) have at least three sales revenue issues
to contend with.  The first is location.   Ex-
pected long-term average prices in the SI are
usually lower than in the North Island (NI).
This is because generation capacity in the SI
exceeds SI demand by a significant margin
and will do for many years to come.  There-
fore, the LRMC of thermal generation in the
NI may not be an appropriate yardstick for
assessing a SI project.

Secondly, revenue assessments of hydro
projects should be cognisant of correlation of
hydro generation output with price.  This is
particularly important for combined electricity/
irrigation schemes because drought condi-
tions result in increasing demands on storage
for irrigation just when inflows are low and
storage is needed for conserving inflows for
generation.

Finally, the ability to seek a price margin
above the time weighted average price by
targeting daily. Weekly and season price
peaks should be assessed.

Government Support for Renewable Energy

The recently announced carbon tax and
project-funding scheme could provide new
impetus to new hydro project and other
renewable projects.  Projects such as Opuha
would benefit from any carbon tax or tradable
rights but project funding will only apply to
new projects. Two areas that deserve further
support from the Government are:

• Green Energy; through the facilitation role
of establishing an association with the
adoption of industry agreed standards for
new renewable energy

• Encouraging Distribution companies and
Transpower; to adopt pricing mechanisms
that reward avoided lines and substation
investment.  This includes mechanisms to
advise generation owners to be operating
at times of Transmission and System
Peaks

Green Energy in New Zealand?

Green Energy as stated earlier has not been
successfully established in New Zealand.
Such voluntary schemes operate in a number
of countries and provide a mechanism for
voluntary payment by end use customers of
premiums to renewable energy projects.  The
NZ Government has moved away from a
mandatory renewable energy certificate
approach to supporting renewable energy.
This increases the need for a successful
voluntary scheme to be initiated.

The scheme operated in Australia is a Govern-
ment approved, industry supported Associa-
tion.  Launched in 1997 by the NSW
Government’s Sustainable Energy Develop-
ment Authority (SEDA), the Green Power
Accreditation Program was one of the first of
its type in the world25.

Green Power is a national accreditation
program that sets stringent environmental
and reporting standards for renewable energy
products offered by electricity suppliers to
households and businesses across Australia.
Around 60,000 customers across Australia
have chosen Green Power products, including
2500 businesses.

As a result, of the growing demand for Green
Power, over 100 new approved renewable
energy projects have been installed in
Australia since 1997.  In 2001 total Green
Power sales were 470 GWh26.

If New Zealand is to establish a successful
Green Power scheme, the key to success will
be leadership by government.  Industry has
already tried and failed.

Transmission Constraints

There has been very little transmission
investment in NZ since the HVDC link expan-
sion in the early 1990s  Primarily this has
been because there has been little need for
it, but also because the commercial frame-
work for doing so has been unclear and
contentious.

There are various well-known transmission
constraints around the country, which lead
periodically to regional pricing, and higher
average prices in the constrained region than
otherwise would have been the case; eg the

25Green Power, http://www.greenpower.com.au

26National Green Power Accreditation Program, Quarterly Status
Report – December 2001, Sustainable Energy Development
Authority (SEDA). ISSN 1324-9495
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Tokaanu-Whakamaru constraint – which led,
in the past, to higher prices in the Auckland
and more northern regions.  As a result,
Auckland customers faced higher prices than
those applying in the rest of the country at
the time. Since 2001, the commissioning of
thermal plant near Auckland (Otahuhu CCGT)
has eliminated this constraint.

Transpower’s System Security Plan 2000 (their
latest) discusses such issues on a regional
basis.  It is clear that much of the transmis-
sion system is nearing its current capacity
limits and that either renewed transmission
capacity investment or local generation will
be required, in the near future, in a number
of areas, to avoid transmission constraints
from developing.  Whenever a transmission
constraint occurs, there is an attendant
regional pricing impact.  The quantum of this
impact cannot currently be known, because
that largely depends on the future bidding
behaviour of generators with generating plant
located within the constrained regions.  Or,
where there is little such generation, on the
Transpower pricing policies yet to be formally
adopted, on how such new transmission
investments will be paid for, and by whom.

This clearly is a business risk that industry,
located in these regions with sensitivity to
electricity prices, should be aware of and
planning for.

Key areas of the country likely to be affected
in the medium- to long-term are:

• Auckland and regions to the north of it;

• Christchurch, and North Canterbury;

• The East Coast; and

• There are others, but they exist on a more
localised basis.

There are also likely to be areas in Distribu-
tion Networks around the country where this
same issue applies

The framework for further transmission
investment may become clearer, as it is the
focus of the Transport Working Group of the
Grid Security Committee, one of a number of
industry groups set up to develop the
frameworks to the next phases of reforms
necessary for New Zealand’s economic health
and well being.

In conclusion, there are significant opportuni-

ties throughout New Zealand for distributed
generation to defer substantial investment in
transmission network upgrade expenditure.

Opportunities and Barriers to InvestmentOpportunities and Barriers to InvestmentOpportunities and Barriers to InvestmentOpportunities and Barriers to InvestmentOpportunities and Barriers to Investment
in Hydro/Irrigation Projects - Institutionalin Hydro/Irrigation Projects - Institutionalin Hydro/Irrigation Projects - Institutionalin Hydro/Irrigation Projects - Institutionalin Hydro/Irrigation Projects - Institutional
IssuesIssuesIssuesIssuesIssues

Multi Use – Synergies and Multi Ownership

The Opuha project has so far produced sub-
economic returns to the project owners27.
The direct and indirect benefits to the farmer
groups promoting the project and the wider
community have been an almost an order of
magnitude greater than the direct project
revenue.

It could be observed that:-

• Investment be local government in the
project was quite justified; this was also
the view of the Auditor General.

• If left to completely independent genera-
tor investors, the project may have been
considered sub-economic.

• Some of the substantial indirect benefits
(electricity demand increase) to Alpine
Energy were not factored into Alpine’s
plans.

In conclusion

• Community involvement in the ownership
of multiuse projects should be encouraged

Multiuse Conflicting Objectives

The priority of operating the Opuha generator
(or spillway) seems to be:

1 Irrigation

2 Minimum flow release

3 Generation

4 Recreational Use

The drought that occurred during the summer
of 2000/01 resulted in a conflict between the
first three objectives.  Being lower in priority,
generation was compromised to a significant
extent, lake levels were drawn down below
normal operating level, reducing output for a
given flow and preventing generation at the
beginning of the electricity crisis.

“The very wet winter and lowering of the lake

27Alpine Energy Ltd -  Annual Report 2001, Pg 3
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by 19 metres from January to May 2001 during
the drought contributed to a record 36 GWh
of generation for the year ending 31 March
2001.  The dam did its job in keeping the
river going for the environment and irrigation
during a severe drought.  Generation is
expected to be well down in 2001/02 as the
lake fills up.  The recent drought should
expedite the sale of all remaining water
rights.”28

Subsequent to this event it was considered
necessary to review operating levels to
improve flexibility of generation to meet
market demands yet maintain irrigation
reliability.  A “Review of Regional Plans and
Consents will tighten water rights associated
with irrigation takes from the Opuha
scheme”.19  The review of consents resulted in
conditions that are expected to significantly
reduce the amount of spill required to
maintain minimum flow levels.

“The Council will also visit the Opuha Dam
which is now severely depleted after provid-
ing for increased irrigation and minimum
environmental flows during a significant
drought. We find ourselves at the end of the
irrigation season with the irrigators very well
served and an empty reservoir to get the river
and it fisheries through the winter”.29

Distribution System Deferred Capital Expendi-
ture

“Load flow studies have proven Opuha can
efficiently generate into the Timaru GXP,
bypassing the Albury GXP. A notional embed-
ding agreement has been signed with
Transpower for a three-year period. Alpine can
either extend the 33 kV system between
Albury and Cave to bypass Albury or alterna-
tively finance the 11 kV breaker upgrade at
Albury and reduce connection charges and
maintain the supply security from Albury.
Either result will require investment planning
over the three-year agreement term”.19

It is understood that Transpower and Alpine
came to an arrangement based on the
notional cost of bypassing the GXP at Albury.
This has been extended to 3 years.

There is insufficient information to be sure

whether Alpine or the ODP will benefit from
embedding the Opuha project.

Avoided Distribution and Transmission
Charges

Customers avoid peak charges if they can
generate on site?  How many distribution
companies will give payments for injection of
generation to their network?  Many distribu-
tion companies cost allocation and pricing
methodology papers30 make no mention of
connection charges or benefits to generators
connected to the distribution system, e.g.
Powerco31.

Generation embedded in a customer site will
receive benefits by avoiding the capacity
charge (which includes a Transpower compo-
nent).  However, this will only be the case for
generation that happens to be on line at
system peaks.  Most distribution companies
have no scheme for notifying operators when
system peaks occur.  This is necessary for
generators that have control of output and
run at low capacity factors. Two companies
that provide such mechanisms are Orion and
Dunedin32 Electricity.

What are the benefits of encouraging distrib-
uted generation?  The answer is deferred
network and transmission investment and
lower costs to consumers33.   It would
therefore be commercially prudent for distri-
bution companies to pay a distributed
generator at least the avoided Transpower
interconnection charge, and only charge for
connection assets.

Fairlie has only a single 33 kV connection to
the grid system.  The same line that goes to
Opuha connects to Fairlie and then onto the
GXP at Albury.  As a consequence Alpine has
derived benefit from being able to run Opuha/
Fairlie as an Island.  ODP pays AEL $2,000
per month for the connection charges (being
the net increase Alpine faced when the GXP
became a dual export/import site.

28Alpine Energy Limited, Annual Report” pg 5, for the year ended
31 March 2001

29Mr Jay Graybill, Central South Island Fish Manager, Fish and
Game Council, 03 June 2001, http://www.fishing.net.nz/news/
index.cfm?fullarticle=265&newsid=265

30Disclosures of pricing methodology, required to be disclosed
under section 24 of the Electricity (Information Disclosure)
Regulations 1999 and Electricity (Information Disclosure)
Amendment Regulations 2000.

31 Electricity Line Charges Cost Allocation & Pricing Methodology
Effective 1 November 2001, Powerco, http://www.powerco.co.nz/
0,2180,FF.htm

32Roger Sutton, Orion, pers com 17 April 2002

33Except South Island generators who are charged an
interconnection charge for the use of the HVDC link, which is
still a point of dispute between some generators and
Transpower.
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Certainty Needed for Capital Investment -
Transmission Services

Transmission charging regimes are arbitrary
and subject to change.  There is no competi-
tive market within which to test their validity.
This results in low certainty that such benefits
will be available in the long term.  This
reduces the value that can be placed on the
potential revenue from avoiding Transpower
charges.

Transpower Charging Framework Current
Rules and Uncertainties

Transpower is currently redesigning its pricing
methodology, which creates some uncertainty
about the future charges to the different
stakeholders (e.g. generators, distributors
and retailers).  However some degree of
certainty is required when capital investments
are undertaken, which is currently not the
case.  Two aspects to transmission influence
the revenue of a distributed generator under
the current pricing methodology.

1 The effect of transmission constraints on
regional pricing in the wholesale market.

2 The payments for transmission services.

Should there be a change in pricing method-
ology as a result of its current review, there
could be a change in the demand charges.
For example, the main generators are cur-
rently excused interconnection charges and
price their energy accordingly. If they were to
be charged for interconnection to the grid
then they would have to increase their energy
charges, increasing the price of energy
delivered to GXPs, and the GXP interconnec-
tion charges would be approximately halved.
Such a change would be useful for energy
producing distributed generators with a high
plant factor, but would lessen the rewards for
distributed generators that specialise in
cutting peak demands or having a low plant
factor, e.g. wind generators.

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues
The environmental effects of the Opuha
project relate primarily to the in-stream
environmental values of the Opihi River and
the downstream effects of irrigation.

On the positive side hydro is a renewable
energy source.  Substantial multi use benefits
have been realised in electricity, farming,
recreation, tourism and process industry
driven economic growth.

ReferencesReferencesReferencesReferencesReferences
AEL (2001) AEL Asset Management Plan

Auditor-General (2001) Good practice for
involvement in a major project, lessons from
the Opuha Dam Project, February 2001

Ben Gold (2002) - Combined Rural Traders –
Real Estate Branch, pers com 13 May 2002

Fairlie Gateway Top 10 Holiday Park,
www.fairlietop10.co.nz, 10/05/2002

Fish and Game New Zealand,
www.fishandgame.org.nz/
default.asp?section=2&pageid=235&subsection=10

Graybill, Jay (2001) - Central South Island Fish
Manager, Fish and Game Council, 03 June
2001, www.fishing.net.nz/news/
index.cfm?fullarticle=265&newsid=265

MAF (2001) - Irrigation Scheme Development
Issues to Consider When Promoting a Water
Resource Scheme - Lessons from the Last 125
Years”, MAF Technical Paper No: 2001/8,
Prepared for MAF Policy by Agriculture New
Zealand Ltd, ISBN No: 0-478-07650-9, ISSN
No: 1171-4662, January 2001

Networks-South (2002), Response to question
raised from CAE initial Questionnaire, 6 May
2002

Powerco (2001) - Electricity Line Charges Cost
Allocation & Pricing Methodology Effective 1
November 2001, www.powerco.co.nz/
0,2180,FF.htm

SEDA (2001) - National Green Power Accredita-
tion Program, Quarterly Status Report –
December 2001, Sustainable Energy Develop-
ment Authority (SEDA). ISSN 1324-9495

Sutton, Roger (2002) - Orion, personal
communications 17 April 2002

TDC (2001) Timaru District Council, Annual
Report 2001

Tony Busch (2001), “4WD Trout and Salmon
Fishing in the South Island”, Published 2001

Transpower (2001) Pricing for Grid Connection
Services from 1 April 2002 – Transpower New
Zealand Ltd – December 2001

Waimakariri Irrigation Ltd, www.wil.co.nz/
irrigation.htm

Windflow (2001) - Prospectus for staged wind
power development – Stage 1 Offering – First
Windflow Turbine – Prospectus dated 9th July
2001 as amended on 10th August 2001



Opportunities for Distributed Generation in NZ

134



Orion Network

135

6.2  Orion Network

Executive SummaryExecutive SummaryExecutive SummaryExecutive SummaryExecutive Summary

BackgroundBackgroundBackgroundBackgroundBackground
Orion purchased two 640 kW diesel genera-
tors as a result of a lifeline study to Lyttelton,
which were commissioned mid 2001.  These
sets were installed in locations within the
Orion network where their peak lopping
capacity and contingency capability would be
of value.  This case study surrounds these
and other generation sets connected to the
Orion Network and which collectively can
contribute up to 23 MW during times of
system peak.

The outcomes of this case study should met
the following objectives:

• To assess the economic merits of the
diesel backup generation project installed
by Orion.

• To assess the economic merits of the
backup generation and load shedding
Orion owns or provides signals or incen-
tives for.

• To draw conclusions from the case study
that has broad application for the electric-
ity industry within New Zealand.

Economic Benefits of Backup GenerationEconomic Benefits of Backup GenerationEconomic Benefits of Backup GenerationEconomic Benefits of Backup GenerationEconomic Benefits of Backup Generation
The owners of backup/standby generation will
receive benefits in the form of:

• Increased reliability of supply that permits
the continued operation of their business.
Orion provides commercial signals to the
owners of backup generation which
incentivises them to reduce their peak
demand charges and in so doing to
provide one or more of the following
potential revenue streams to Orion:

— avoided distribution charges/upgrade

— avoided Transpower charges/upgrade

— contingency operation in the Lyttelton
area

There is a potential for further revenue from
sale of energy.  However, this may require
some changes to electricity market rules.

• Peak lopping energy revenue

• Dry inflow sequence energy revenue

Orion has arrangements with about 23 MW of
generation at about 40 sites in the Canter-
bury region, to which it provides signals and
incentives for operation during Orion’s
network system peaks, also known as control
periods.  All these sites have existing in-
stalled generation capacity to provide backup
for their onsite use of electricity or to take
economic advantage of a waste fuel source.
In many cases, the increased reliability of
supply permits the continued operation of the
owners core business.  Examples of busi-
nesses that require this level of supply
security are indicated in Table 6.2.2.

The installation of a backup generator will
have been justified by each business such
that the perceived benefits exceed the capital
investment made.  Therefore, the benefits
must exceed the LRMC of the generator
concerned.

The LRMC for new diesel plant of a similar
scale to Orion’s would require revenue greater
than $102/kW/year to justify their installation.

The annual revenue required to achieve an
appropriate return on the investment by
Orion from its diesel generators at Lyttelton is
about $88/kW/yr assuming a 15 year eco-
nomic life.  Alternatives to fix the security
problem1 into Lyttelton included an extra
cable(s) via the rail tunnel at a cost of $1.2
million.  This suggests the value to Orion of
the 640 kW back generator was equivalent to
revenue of $185/kW/yr.

Orion states they have been able to defer
$80 million worth of distribution system
upgrades through a variety of programs
including providing incentives and dispatch
signals for 23 MW of embedded generation to
generate at times of distribution system peak.
Orion estimate that during control period, 23
MW of diesels operate and roughly 1/5 of
Orion’s deferred load comes from the running
of the diesels. This suggests the value to
Orion and its customers, of providing incen-
tives and dispatch signals for 23 MW of
backup generation, is about $70/kW/yr.

1 Although n-1 security is available, it consists of a double
circuit installed on the same poles.  There is some risk that a
landslide or other environmental hazard could take out both
circuits at once.  Orion (2002a)
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Owners of the 23 MW backup generation are
being rewarded during times of distribution
system constraint but are not being rewarded
during times of generation capacity con-
straint.

The potential revenue from sales of energy is
of the order of $40/kW/yr to $50/kW/yr during
times of constrained generation capacity.
Constrained generation capacity typically
occurs during times of high peak MW use
and/or during times of low hydro inflows.
High peak MW usage occurs annually but low
hydro inflow occurs maybe once in 10 years.

During times of generation capacity con-
straint, system marginal price can exceed the
marginal cost of backup generation plant by
more than a factor of 10.  The average
revenue will be more than double the mar-
ginal cost of generation of backup plant.

The additional costs to gain the generation
peaking revenue are minimal.  This is because
there is a significant correlation between
periods of generation peak and Orion distri-
bution system peak.

During low hydro inflow periods, fuel cost will
amount to half the benefits of energy sales,
about $10 to $15/kW/yr.

The value of all benefits, both actual and
potential, are summarised in Table 6.2.1.

The total economic benefits to the owner of
backup generation at present are about $180/
kW/yr.  The additional costs to gain this
revenue are some 50 to 200 hours of opera-
tion per year at a cost of $10/kW/yr to $30/
kW/yr.

The main economic benefit to Orion and its
customers of its peak-lopping scheme arises
from the deferral of capital expenditure on
the distribution network.  The claimed
deferral of 1/5th (20%) of $80 million of
expenditure is some $70/kW/yr and is about
the $81.82/kW/yr lost revenue from genera-
tors avoiding the Distribution Peak Charge.

There is potential for further $40/kW/yr to
$50/kW/yr revenue to be gained by the
owners of backup generation in the form of
payments for energy generated during times
of constrained generation capacity.  This
typically occurs during times of peak MW use
and during times of low hydro inflows.  The
additional costs to gain the peaking revenue

are minimal for the periods of peak MW as
the plant will likely be operating for Orion.
During low hydro inflow periods and genera-
tion peak constraints, fuel cost will amount to
half the benefits of energy sales, about $17
to $22/kW/yr.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Potential for Use of Small Backup Generation
NZ Wide

Orion has arrangements with some 23 MW of
small-scale backup generation for distribution
system peak lopping duties.  This represents
about 3% of Orion’s maximum load.  If this
were translated to NZ as a whole, the poten-
tial from backup generation for a similar role
is about 200 MW  Overseas the installed
capacity of customer onsite backup genera-
tion is given as high as 5% of total system
capacity.  This suggests a potential in NZ in
excess of 300 MW

On-Site Hedge

Many businesses require not just security of
supply for their electricity, but also security
over the costs of the supply.  One of the
potential benefits of on-site backup plant is
that an appropriate commercial framework
can offer both security of supply and relative
certainty over the costs of that supply.

Providing security over cost of supply re-
quires backup plant to operate when system
marginal price exceeds marginal cost of
operation.  Changes to market rules may be
needed to facilitate this.

Transmission and Distribution System Con-
straints

There has been very little transmission
investment in NZ since the HVDC link expan-
sion in the early 1990s.  There are various
well-known transmission constraints around
the country, which lead periodically to
regional pricing, and higher average prices in
the constrained regions.

There may be significant opportunities
throughout New Zealand for distributed
generation to defer investment in transmis-
sion network upgrades.

The Orion case study demonstrates there are
also opportunities for deferring substantial
distribution system upgrades.
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Value/Revenue/Potential
Revenue ($/kW/annum)

Fuel Use
($/kW/annum)

Comment

To
Generator

Actual

Regional
Benefit

Potential

Backup Value for
Owners Site, (Actual)

>100 >100 <0.1 Revenue based on LRMC
of capital and O&M. 8%
WACC
Negligible hours of
operation

Orion Emergency
Backup for Lyttelton,
(Actual)

185 185 Minimal

Orion Peak Lopping,
Avoided Distribution
Peak Charge and
upgrade, (Actual)

81.92 90 10 to 30 1/5th of $80 million
deferred lines
expenditure
For distribution system
connections only.  Orion
charge includes
Transpower charge of
$20/kW/yr.
Hours of operation 50 to
200 hr/yr.

Avoided Transpower
Charges, (Actual)

50.18 ?
(Value of

Transpower
deferred

investment could
be large)

>1 Orion Payment to
Transpower
12 x 8 hours of operation
per annum
$12/GJ,
10,800†kJ/kWh.

Peak Lopping Energy
Revenue,  (Potential)

>13 >7 50 hours of operation per
year

Dry Inflow Sequence
Energy Revenue,
(Potential)

>25 to >35 >10 to >15 Benefit per event
$350/kW (2001), 1,300
hours of operation.
2001 - capacity surplus
reduced severity.
Levelised assuming 1
year in 10.

Total to Owner 23MW >180 >280

Total to Orion 640kW 235 >300

Environmental Cost Low Low Because of low capacity
factor and water capture

Cost of Generation
($/kW/annum)

Fuel Use
($/kWh)

Comment

Cost of generation,
(Actual)

88 (plus fuel)
103 - 133 (incl fuel)

10-30 Based on fuel cost of
55¢/litre and heat rate of
10,300 kJ/kWh and
between 50 to 200 hours
of operation.

Table 6.2.1: Revenue for Orion backup generation ($/kW/annum), for both actual
and potential income

Sale of Energy

Orion’s own emergency generation is un-
metered; therefore, it will contribute to a
reduction in measured distribution system
losses.  It is not scheduled to generate at
system marginal prices that are above the
generators marginal cost of generation.

Other backup generation will reduce on site
import of electricity but as for Orion genera-

tion it is not scheduled on price.

Who has the greatest interest in realising the
opportunities that backup generators can
offer the New Zealand Electricity Market?  The
obvious answer is the distribution companies
and the retail/generators that currently
operate in the NZEM.  In other jurisdictions
niche market operators are attempting to take
advantage of these opportunities.
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Realising the energy generation potential of
backup generators will necessitate extension
of the competitive wholesale market to this
category of generation.  This will require a
change to market rules to allow metering and
reconciliation of delivered energy.

Cost and Taxation of Diesel

Diesel prices vary by a factor of two with
changes in supply/demand of the world
market for petroleum products.

A long-term view of exchange rate would be
in the region of 0.5 to 0.55 $US:$NZ.  The
long-term view on oil price is about US$20/
barrel.  Adopting these two parameters
implies a long-term average wholesale price
for diesel of 43¢/litre or $12/GJ compared to
the 58¢/litre given by Orion.  A price of $12/GJ
would improve the economics of use of diesel
backup plant for generation.

Full Interconnection vs. Load Curtailment

“The choice between full interconnection and
load curtailment mode involves a series of
tradeoffs.2

Full interconnection is:

• Uncertain in cost and time required for
installation because of the absence of
uniform technical standards and proce-
dures for interconnection with each utility.

• Relatively expensive in all cases (US$100-
$150+/kw) because of the need for
protective relay equipment and switchgear
to protect both the standby generator and
the utility grid.

• Potentially infeasible because of technical
considerations in situations where the
local utility distribution system uses a
networked rather than radial design.
Utilities tend to use networked distribu-
tion systems in downtown urban areas
where existing standby generators are
likely to be concentrated.”

Certainty Needed for Capital Investment -
Transmission and Distribution Services

Transmission charging regimes are arbitrary
and subject to change.  There is no competi-
tive market within which to test their validity.

This results in low certainty that such benefits
will be available in the long term.  This
reduces the value that can be placed on the
potential revenue from avoiding distribution
or transmission charges thus limiting invest-
ment opportunities.

IntroductionIntroductionIntroductionIntroductionIntroduction

BackgroundBackgroundBackgroundBackgroundBackground
The Centre for Advanced Engineering (CAE)
has undertaken an electricity industry study
that has focused on distributed generation.
Part of the study includes case studies of a
number of groundbreaking examples of
distributed generation in New Zealand.

Orion identified after a lifelines study that
supply to Lyttelton would be seriously
impacted by the exposure of its supply assets
to damage by storms, landslides and so on.
A diesel generator was identified as being
less expensive than installing duplicate lines
over the Port Hills or putting a cable through
the road or rail tunnels.  Initially Orion was
going to put two diesels at Lyttelton but in
the end only installed one.  This change
followed the Lyttelton Port Company’s deci-
sion to install its own diesel.  The Lyttelton
Port Company’s decision to install its own
diesel was partly driven by Orion’s pricing.

The two sets were installed in locations
within the Orion network where their peak
lopping capacity would be of value.  The
generators were justified on both the eco-
nomic value of peak lopping and as an
emergency backup plant for system emergen-
cies.

The Orion generator sets, although mounted
in fixed locations, can be moved relatively
easily in an emergency if required elsewhere.
Environment Canterbury required resource
consent for operation of these generators
limiting noise and particulate emissions.

This case study surrounds these and other
generation sets connected to the Orion
Network and which collectively can contribute
up to 23 MW during times of system peak.
Diesel standby sets predominate although
there are two other alternative types of
generators on the network.

The first is the Christchurch City Council’s
wastewater treatment plant operating engines
on biogas, and the second is the

2 Metro Gen LLC, “Operational Modes: Full Interconnection
VersusLoad Curtailment”, http://www.metrogen.com/
operating_modes.htm
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Ravensdown fertilizer works where surplus
heat from its sulphuric acid plant (initially
fired-up on diesel) drives steam turbines.
Allied to this collection of generation sources,
a number of hotels in the central business
district have dual fuel capabilities and can
contribute at times of system peak with the
ability to fuel switch space and water heating
loads to LPG.

Case Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and Objectives

Case Study Objective

The outcomes of this case study should met
the following objectives:

• To assess the economic merits of the
diesel backup generation project installed
by Orion

• To assess the economic merits of the
backup generation and load shedding by
Orion

• To draw conclusions from the case study
that has broad application for the electric-
ity industry within New Zealand.

Case Study Scope

The initial scope was to look at two 640 kW
diesel generators in Lyttelton.  The scope has
been extended to include 23 MW of supply,
only a small part of which Orion owns.  The
rest Orion has arrangements with the owners
to operate to Orion’s requirements and they
reside at many different sites around Orion’s
network.

The Orion owned diesel generators are only
part of the wider picture of integrating
dispersed standby and on-site generation
capacity in the Canterbury region.  This case
study intends to take a broader look at a
compilation of all these backup sources of
generation and interruptible load.

The initial phase of the assessment will
identify and provide description of and an
economic valuation of the actual and poten-
tial benefits of Orion’s backup generation.

Adding generation at the distribution end of
the industry raises contractual issues that
need to be resolved and control issues that
need to be addressed.  Voltage, frequency,
spinning reserve, control and metering
information all have to be considered and
large investments are involved.  Widespread
use of distributed generation by the distribu-

tion companies will have broader implications
for Trans Power and the large generators/
retailers.

MethodologyMethodologyMethodologyMethodologyMethodology
The methodology used assesses actual and
potential revenue streams for the generation
projects covered by this case study and
compares them to the project cost.  The
assessment raises a number of broader
issues that will be discussed.

The owners of the existing backup plant will
have justified such plant based on maintain-
ing business continuity during times of
electricity system unreliability.  The owners
will receive benefits in the form of:

• Increased reliability of supply that permits
the continued operation of their business

Orion has an arrangement with the owners of
backup generation to provide one or more of
the following potential revenue streams:

• Avoided distribution upgrade

• Avoided Transpower charges

• Peak lopping energy revenue

• Dry inflow sequence energy revenue

• Contingency operation at Lyttelton

The costs incurred by Orion and/or the
backup generators to gain these benefits
include, operating and maintenance costs and
payments for capacity (or capacity payments
foregone).

Common Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and Parameters

Economic ParametersEconomic ParametersEconomic ParametersEconomic ParametersEconomic Parameters
The inflation assumption over the timeframe
of the analysis is 2.0%.

The Corporate tax rate used in this report is
33%.

Net Present Value calculations for Orion cost
or revenue streams are based on a pre-
finance post tax real WACC of 6% (8%
nominal post tax).

Net present value calculations for generators
are based on a pre-finance post tax real
WACC of 8%.  Industry backup generation will
likely have been justified using a higher
discount rate.
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Value of Marginal CapacityValue of Marginal CapacityValue of Marginal CapacityValue of Marginal CapacityValue of Marginal Capacity
The energy value of capacity will be valued
by using the half hourly wholesale electricity
price at Islington.  Half hourly price data
beginning 1999 through to the present will be
combined with price and load signals to
derive the energy value of scheduled capacity.

Orion System Peak Load ForecastOrion System Peak Load ForecastOrion System Peak Load ForecastOrion System Peak Load ForecastOrion System Peak Load Forecast
The peak demand for Canterbury and South
Canterbury is expected to increase from about
730 MW to 880 MW over a ten-year period.
This compares with almost no increase in
peak demand over the last 10 years, a result
of the programmes Orion has instituted to
control peak loads on their network.

Plant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And Costs

Orion Diesel EnginesOrion Diesel EnginesOrion Diesel EnginesOrion Diesel EnginesOrion Diesel Engines

Orion Plant Description

Orion owns two 640kW/800kVA diesel
generators.  The generator sets are each
connected to dedicated 750 kVA 11/0.4 kV
transformers.  The make is a Perkins V12
cylinder 4-stroke diesel model 3012 TAG3A.

One is installed in Lyttelton and the second
set is installed at the Halswell District substa-
tion.  The installed cost of the Lyttelton diesel
generator, including buildings and fuel storage,
was $400,000.  Commissioning was delayed to
July 2001 due to teething problems.

The diesel sets each consumes up to 200L/hr

supplied from 4,000 litre tanks.  On average,
they are expected to run for 100 hours per
year.  Fuel consumption at prime power rating
of 674 kW net is 175l/hour3.  The theoretical
efficiency is 38.7% (Heat rate 9,302kJ/kWh on
LHV basis) assuming a CV of diesel fuel is
35.9 MJ/litre (on an LHV basis).

The analysis has been undertaken assuming a
heat rate of 10,285 kJ/kWh (LHV), about 35%
efficiency.  This is intended to reflect the
diversity of diesel engines that take part in
the Orion scheme in Christchurch, many of
which are smaller than the Orion diesels.

Small diesel engines will operate for 20,000
hours before needing a major overhaul.  Total
life span of diesels can reach 100,000 hours
with rebuilds every 20,000 hours of opera-
tion.

Cost of Generation

The cost of generation per unit will depend
on the levelised capacity factor achieved.
Figure 6.2.1 shows the cost of generation as a
function of capacity factor.

An operating cost of $6,300 per annum for a
640 kW unit4 is assumed as is a life span of
15 years.  Average hours of operation over its
lifetime are assumed less than 1,000 hours
per annum.  Therefore, no major rebuilds are

Figure 6.2.1:  Cost of Generation – Lyttelton diesel generator

3 http://www.gmiasia.com/PWP540.htm, fuel consumption 2%
higher than given by Perkins

4 Including costs for insurance, annual O&M, levelised rebuild
cost, no rebuild cost assumed because unit will do less than
20,000hours in 15 or 20 years
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required over the assumed economic life.

The annual revenue required to cover the cost
of capital and operations and maintenance
costs is about $885/kW/annum.  Fuel is
additional to this and is assumed to cost 55¢/
litre ($15/GJ or $150/MWh).

Available standby GenerationAvailable standby GenerationAvailable standby GenerationAvailable standby GenerationAvailable standby Generation

Description of Plant

Bromley has dual fuel internal combustion
engines (biogas or diesel) and Ravensdown
uses waste heat from the exothermic process
of sulphuric acid production.

Table 6.2.2 shows the available standby
generation in the Orion network that receive
the load signal and their capacity.

1 Addington
2 Armagh
3 Oxford-Tuam
4 Oxford-Tuam
5 Dallington
6 Oxford-Tuam
7 Armagh
8 Hawthornden
9 Armagh
10 Oxford-Tuam
11 Knox
12 Oxford-Tuam
13 Bromley 11
14 Pages-Kearneys
15 Bromley
16 Armagh
17 Armagh
18
19 Linwood
20 Montreal
21 Linwood
22 Hawthornden
23 Harris
24 Grimseys-Winter
25 Armagh
26 Oxford-Tuam
27 Oxford-Tuam
28 Oxford-Tuam
29 Armagh & Lyttelton 800
30 Armagh
31 Oxford-Tuam
32 Hoon Hay
33 Grimseys-Winters
34 Sockburn
35 Knox
36 McFaddens
37 Addington 66
38 Addington
39 Oxford-Tuam
40 Oxford-Tuam
41 Fendalton
42 Bromley 11
43 Armagh

TOTAL

212.5
42.5
63.8
55.3
51.0
51.0

680.0
1,020.0

255.0
2,125.0

318.8
680.0
255.0

1,360.0
2,023.0

51.0
51.0

2 x 680.0
51.0
51.0
51.0

212.5
637.5
425.0

51.0
212.5
425.0
276.3

63.8
255.0
170.0
680.0
212.5

3,400.0
85.0

425.0
212.5
340.0
850.0
722.5

51.0
255.0

93.5

20,863

Site
Number

District substation from
which supplied

Generator Capacity
(kW @ 0.85PF)

Table 6.2.2: Available Standby Generation in Orion Network

5 This assumes a cost of capital of 6% post tax real.  The cost
of capital for backup generation on industrial sites could be
significantly greater, requiring revenue greater than $102/kW/yr
(8% WACC) to justify their installation.
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Operating PhilosophyOperating PhilosophyOperating PhilosophyOperating PhilosophyOperating Philosophy

Orion Backup Generation

The Orion generator sets are installed for
keeping some supply security to Lyttelton
should there be a line failure.  There is a
double circuit 11 kV overhead line on single
poles with large spans either side of the
summit of the Port Hills, that is prone to
landslides and other environmental hazards.

Initially Orion were going to put two diesels
at Lyttelton but in the end only installed one,
following the Lyttelton Port Company’s
decision to install its own diesel.  The second
Orion diesel was installed at Halswell.  The
Lyttelton Port Company’s decision to install
their diesel was partly driven by Orion’s
pricing.

The Orion generator set at Lyttelton is a
permanent installation.  The Halswell diesel,
although mounted in fixed locations, can be
moved relatively easily in an emergency if
required elsewhere.

The signal to get the sets operating is sent
out to all 300 major customers when Orion
has already shed 60% of its controllable load
and anticipates that more will be shed, and
some of these customers with plant run
during this time because of the monetary
benefit.  The signal also goes to all other
standby generators in form of ripple signal.
The different sites than have the option to
either increase output or to shed customer
load.  Some of the customers use this signal
in very innovative ways, such as sending
automatic messages to pagers etc.

Orion diesel engines are only used for peak
lopping and they are not metered for energy
sales, neither are most of the other genera-
tors in Orion’s network, as most of these
generators are net generators.

Industry Backup Generation

All backup generators are capable of export-
ing electricity to the distribution network,
although most are only net generators, which
are used to reduce the import electricity
demand.  These include generators at
Ravensdown and the two owned by the
Christchurch City Council.  Output from all
other backup generators is used to reduce
demand of electricity import to the site.

During control periods Orion estimates that
23 MW of diesels operate.  About 7 MW of

generation has been installed in the last 10
years.  In addition, a number of projects to
synchronise existing diesels have also taken
place.

Avoided Distribution UpgradeAvoided Distribution UpgradeAvoided Distribution UpgradeAvoided Distribution UpgradeAvoided Distribution Upgrade

Value of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital ExpenditureValue of Deferred Capital Expenditure
Orion states they have been able to defer
$80 million worth of distribution system
upgrades through a variety of programs
including having providing signals and having
arrangements with 23 MW embedded backup
generation to generate at times of distribu-
tion system peak.  This includes Orion’s own
1.28 MW of diesel generation.  Further
evidence to the savings achieved by Orion is
given in their submission to the Ministerial
Inquiry into the Electricity Industry.6

As well as it’s own distribution network Orion
has reduced Transmission capital expenditure,
Orion’s “effective price signalling provides
benefits to the economy as a whole ensuring
the appropriate use of scarce resources.  For
example, over the last seven years Orion’s
load factor has improved from 50% to 60%
significantly reducing future capital expendi-
ture.

The LRMC for new diesel plant of a similar
scale to Orion’s would require revenue greater
than $102/kW/year to justify their installation.
The annual revenue required to justify $80
million of expenditure is about $10 million.
This assumes Orion’s 8% nominal post tax
expected return on capital.  Orion estimate
that during control periods 23 MW of diesels
operate and roughly 1/5 of Orion’s deferred
load comes from the running of the diesels.
This is equivalent to about $90/kW/year for
the 23 MW of generation.  In addition, Orion
reduces its use of Transpower network assets
during times of peak.

The annual revenue required to achieve an
appropriate return on the investment by

6 Timothy Irwin, Law and Economics Consulting Group,
“Fostering Innovation in the Electricity Industry - A Discussion
Paper Commissioned by Orion New Zealand Limited”,
attachment to Orion Submission to the Ministerial Inquiry into
the Electricity Industry, 10th March 2000.  “We understand that
over the last seven years Orion has increased the load factor
on its electricity network (actual kWh delivered as a
percentage of potential kWh) by 10 percentage points,
obviating the need for an $80 million reinforcement of
Transpower’s grid and saving Orion itself tens of millions in
expenditure, much of whose cost would probably have been
passed on, ultimately, to consumers. Orion is looking to its
changes in price structure to reinforce these gains.”
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Orion in its diesel generator at Lyttelton is
about $88/kW/yr assuming a 15 year eco-
nomic life.  Alternatives to fix the security
problem (lack of N-1 security) into Lyttelton
included an extra cable(s) via the rail tunnel
at a cost of $1.2 million. This suggests the
value to Orion of the 640 kW back generator
was equivalent to revenue of $185/kW/yr.

Orion estimate that the LRMC of their network
is $97/kVA/yr and the LRMC of the Transpower
network is $35/kVA/yr.

The benefits of the reduced capital expendi-
ture will accrue to either Orion or its custom-
ers.

Commercial IncentiveCommercial IncentiveCommercial IncentiveCommercial IncentiveCommercial Incentive
Orion has a policy of actively encouraging
demand side management.  This policy has
been pursued since the mid 1990s.  The
policy continues today, the strongest evi-
dence of this being their delivery pricing
structure and the mechanisms facilitating
customers use of onsite generation to take
best advantage of these pricing structures.

There are no particular constraints in the
Orion network or Transpower network, but
like all networks such as Orion’s continue to
grow, they must spend capital expanding and
reinforcing the network.

Orion’s current asset management plan
forecast that $75 million will be spent on
network reinforcements over the next 10
years.

SummarySummarySummarySummarySummary
The value to Orion and its customers from
the 23 MW of backup generation is about
$300/kW/yr.

Backup Generation for Owner SiteBackup Generation for Owner SiteBackup Generation for Owner SiteBackup Generation for Owner SiteBackup Generation for Owner Site
Orion provides load signals to 23 MW of
generation from about 40 sites in the Canter-
bury region.  All these sites have existing
installed generation capacity to provide
backup for their onsite use of electricity or to
take economic advantage of waste fuel/heat
source.  In many cases, the increased reliabil-
ity of supply permits the continued operation
of the owners core business.  Examples of
businesses that require this level of supply
security are indicated in Table 6.2.2.

The installation of a backup generator will

have been justified by each business such
that the perceived benefits exceed the capital
investment made.  Therefore, the benefits
must exceed the LRMC of the generator
concerned.

Orion claims it is 99.98% reliable7, which
means consumers connected to Orion’s
network are without power on average for
just 105 of the 525,600 minutes a year or
1.75 hours per year.  This level of reliability
would see negligible generation from backup
plant.  The installed generators can provide
backup in case of line faults and helps to
achieve this high level of reliability.  No
quantitative assessment has been made on
the backup generators to this level of reliabil-
ity.

The LRMC for diesel plant of a similar scale to
Orion’s diesels would require revenue greater
than $100/kW/year to justify their installation.

Avoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower Charges

Transpower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges Avoided
The charge that can be avoided by using the
installed generators is the “interconnection
charge” (based on Transpower’s pricing
booklet8) from the distributors point of view,
since most small, embedded generators inject
into the distribution network (rather than the
transmission network).  Therefore, the charge
applicable to the distribution company (the
Interconnection charge as shown in Figure
6.2.2) can be reduced through peak lopping.

This charge is calculated as a rate and
currently about $50.18/kW9 (see Table 6.2.2).
This rate is then multiplied by a capacity
measure (kW), which is the ‘average of the
distributors top twelve anytime peaks’ over
the past twelve months.

If for example the operation of the two
generators are used to reduce the ‘average
top twelve peaks’ by say 2 x 0.68 MW, the
avoided interconnection charge is:

2 x 0.68 MW x 1,000 kW/MW * $50.18/kW/a =
$68,250/a

By running these two engines to reduce their

7 Orion New Zealand Ltd, http://www.oriongroup.co.nz/Energy/
Electricity/reliability/reliability.htm18 March 2002

8 Pricing for Grid Connection Services from 1 April 2002 –
Transpower New Zealand Ltd – December 2001

9 Transpower pricing booklet April 2002
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top 12 peaks, the distributor could save
about $68,250 a year by shaving.  The
maintenance of these generators needs to be
scheduled in low demand periods.

Applying the same principle to all of the 23
MW of distributed generation in the Orion
grid and assuming it will be able to run all
plant when required, the maximum avoidable
Transpower interconnection charge would be:

23 MW x 1,000 kW/MW * $50.18/kW/a =
$1.154m/a

It is important to note that the pricing
methodology is currently being reviewed, and
may change.  The pricing methodology could
change significantly if it were to be set by the
Commerce Commission, which is a possibility
under the Electricity Governance Board (EGB).

SummarySummarySummarySummarySummary
A Distributor is able to reduce Transpower’s
‘interconnection charge’ by scheduling
installed generators within their distribution
system during times of peak load at the
Transpower interconnection.  The value of

reducing the peak load at a Transpower
interconnection is $50.18/kW/yr.

Peak Lopping And Dry inflow se-Peak Lopping And Dry inflow se-Peak Lopping And Dry inflow se-Peak Lopping And Dry inflow se-Peak Lopping And Dry inflow se-
quence Energy Revenuequence Energy Revenuequence Energy Revenuequence Energy Revenuequence Energy Revenue
The Orion diesel engines are for peak lopping
and are not metered for energy sales.  This
represents a significant revenue source
foregone.  This section will identify a possible
role and place a value on potential revenue
from energy sales.

Wholesale market PriceWholesale market PriceWholesale market PriceWholesale market PriceWholesale market Price
The wholesale market price for electricity
since the inception of the market is sum-
marised in the graph in Figure 6.2.3 below.
Electricity price for several time-periods is
plotted as a distribution curve.

The first period from Oct 1996 to 1 April 1999
represents the market where competition was
limited to ECNZ and Contact Energy.  The
graph for the two subsequent years of 1999
and 2000 show reducing prices and some
increase in volatility as competition increases.

Figure 6.2.2: Pricing for Grid Connection Services [Source:  Pricing for Grid Connection Services
from 1 April 2002 – Transpower New Zealand Ltd – December 2001, p27]

Rate

HVAC

HVDCConnection Interconnection

Not applicable $50.18/kW $18.85/kW

Table 6.2.3: Transpower Interconnection Charge [Source: Pricing for Grid Connection Services from
1 April 2002 – Transpower New Zealand Ltd – December 2001, p33]
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The first competitive influence post 1 April
1999 was the split-up of ECNZ into three
SOEs with individual SOEs scheduling their
own plant starting 2 April 1999.  The other
main competitive influence was the large
increment in new base load generation
(approx 1,200 MW from mid 1998, additional
to 260 MW commissioned during 1996 and
1997) that was progressively commissioned
through to year 2000.  As at the beginning of
2002, a significant capacity surplus still
exists.

The calendar year 2001 was notable for a
period of very low hydro inflows that saw
prices increase dramatically for a period of
about 5 to 6 months.  Prices since the low
inflows have moved back to 1999/2000 levels.

The opportunity that exists for high marginal
cost plant is evident from this graph.  In
times of generation surplus, there is an
opportunity to generate for about 50 hours
per year, about 0.5% capacity factor at
current diesel price.  During the significant
hydro shortage of 2001, there was an oppor-
tunity for high marginal cost plant to gener-
ate for energy sales for some 15% of the
calendar year; 23 MW will generate about 15
GWh.

Potential Revenue From Energy SalesPotential Revenue From Energy SalesPotential Revenue From Energy SalesPotential Revenue From Energy SalesPotential Revenue From Energy Sales

Energy Sales Role

At Christchurch in calendar year 2001, a
backup diesel had the opportunity to be
scheduled for 15% (1,300 hours) of the time
when wholesale market price exceeded $150/
MWh, see the figure below.  The potential
average revenue received for a unit dis-

patched at $150/MWh and above was $265/
MWh.  The revenue from the 2001 low hydro
inflows year in a system with surplus capacity
would therefore be of the order of $350/kW
for the year.  Assuming 2001 represents a
significant shortfall in hydro inflows that
occurs once in 10 years the annualised value
is in the ballpark of $25/kW/yr to $35/kW/yr
depending on when it occurred.  This value
could be significantly greater in a system
where capacity is in economic balance with
supply or where there is a capacity shortfall.

Over the previous two years at Christchurch,
wholesale market price exceeded $150/MWh
about 0.5% of the time.  The potential
average revenue received for a unit dis-
patched at $150/MWh and above was $265/
MWh.  The revenue from normal hydro
inflows years in a system with surplus
capacity would therefore be of the order of
$13/kW/yr.  The value would be significantly
greater in a system where capacity is in
economic balance with supply or where there
is a capacity shortfall.

The annualised revenue during periods of low
hydro inflows is greater than for peaking
energy sales.  This is to be expected in the
energy constrained New Zealand Electricity
System, particularly in the South Island.

The combined annualised revenue from
peaking and dry year energy supply is about
$20/kW/yr to $25/kW/yr net of fuel cost.  A
capacity payment of the order of $122/kW/yr
net of fuel cost would be necessary to justify
the capital investment for energy generation
alone.  As New Zealand’s capacity surplus
declines, annualised revenue can be expected
to increase substantially.

Figure 6.2.3: Price Distribution Islington for calendar years 1996 to 2001
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Correlation between Potential Energy Sales
and Orion Peak Lopping Role

Orion provides a history of Chargeable Peak
Half Hours and Major Customer Control
Periods.  These can be viewed on Orion’s web
site10.  Orion notifies major customers with
load management opportunity 15 minutes
before load management is required.  This is
done by a variety of mean, eg pagers.

Chargeable Peak Half Hours occurred almost
4% (341 hours) of the time from 1 May 2001
to 26 February 2002.  By comparison, Major
Customer Control Periods totalled about 180
hours or about 2%.  The average system
marginal price for the Chargeable Peak Half
Hour periods was $293/MWh.  The Duration
of Chargeable Peak Half-hours is less than

20% of the time that backup generation
could have been scheduled to meet a system
marginal price signal greater than $150/MWh.
This is illustrated in the graph.

Major Customer Control Periods for 1999 and
2000 totalled about 55 hours or about 0.6%
of the year.  A little over half the hours a
diesel could be scheduled for energy genera-
tion.  Few instances of Major Customer
Control Periods correlated with marginal price
above $150/MWh.

SummarySummarySummarySummarySummary
Owners of the 23 MW backup generation are
being rewarded during times of distribution
system constraint but are not being rewarded
during times of generation capacity con-
straint.

The weighted average potential revenue from

Figure 6.2.4: Average dispatch price

Figure 6.2.5: TOU vs. Load Shed scheduling, 2001

10 Orion, http: “Load Management”,//www.oriongroup.co.nz/
Energy/Electricity/load%20management/load%20management,
March 2002
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sales of energy is of the order of $40/kW/yr
to $50/kW/yr during times of constrained
generation capacity.  Constrained generation
capacity typically occurs during times of high
peak MW use and/or during times of low
hydro inflows.  High peak MW usage occurs
annually but low hydro inflow occurs maybe
once in 10 years.

During times of generation capacity con-
straint, system marginal price can exceed the
marginal cost of backup generation plant by
more than factor of 10.  The average revenue
will be more than double the marginal cost of
generation of backup plant.

The additional costs to gain the generation
peaking revenue are minimal.  This is because
there is a significant correlation between
periods of generation peak and Orion distri-
bution system peak.

During low hydro inflow periods, fuel cost will
amount to half the benefits of energy sales,
about $10 to $15/kW/yr.

Contingency Operation LyttletonContingency Operation LyttletonContingency Operation LyttletonContingency Operation LyttletonContingency Operation Lyttleton

Orion’s Perception of BenefitsOrion’s Perception of BenefitsOrion’s Perception of BenefitsOrion’s Perception of BenefitsOrion’s Perception of Benefits
Orion’s response to a lifelines study showed
the strategic importance of Lyttelton.  Orion
identified that supply to Lyttelton would be
seriously impacted by the exposure of their
supply assets to damage by storms, land-
slides and so on.  A diesel generator was
identified as being less expensive than
installing duplicate lines over the Port Hills or
putting a cable through the road or rail
tunnels.  The Port Company decided to
purchase their own diesel generator for this
purpose, which was installed at about the
same time as the Orion unit.

DiscussionDiscussionDiscussionDiscussionDiscussion

Backup Generation RevenueBackup Generation RevenueBackup Generation RevenueBackup Generation RevenueBackup Generation Revenue
The actual and potential revenue for the 23
MW of backup plant, which Orion owns or
provides signals and incentives for dispatch
during system peaks is summarised in the
Table 6.2.1.  Revenue is estimated for both
the owner of the generation as well as the
regional community.

SummarySummarySummarySummarySummary
Forty-four generators take part in the Orion

peak-lopping scheme. The total actual and
potential economic benefits to the owner of
backup generation are about $200/kW/yr.
The additional costs to gain this revenue are
some 50 to 200 hours of operation per year
at a cost of about $10/kW/yr to $30/kW/yr.

The main economic benefit to Orion and its
customers of its peak-lopping scheme arises
from the deferral of capital expenditure on
the distribution network.  The claimed
deferral of 1/5th of $80 million of expenditure
is some $70/kW/yr and is about the $81.82/
kW/yr lost revenue from generators avoiding
the Distribution Peak Charge which also
includes avoided Transpower charges.

There is potential for further $40/kW/yr to
$50/kW/yr revenue to be gained by the
owners of backup generation in the form of
payments for energy generated during times
of constrained generation capacity.  This
typically occurs during times of peak MW use
and during times of low hydro inflows.  The
additional costs to gain the peaking revenue
is minimal for the periods of peak MW as the
plant will likely be operating for Orion.
During low hydro inflow periods and genera-
tion peak constraint, fuel cost will amount to
half the benefits of energy sales, about $17
to $22/kW/yr.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Business Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment Issues

Potential for Use of Small Backup Generation
NZ Wide

Orion provides load signal to some 23 MW of
small-scale backup generation to operate at a
capacity factor of about 1%.  This represents
about 3% of Orion’s Maximum Load.  If this
were translated to NZ as a whole, the poten-
tial for backup generation for a similar role is
about 200 MW  Overseas the installed
capacity of customer onsite backup genera-
tion is given as high as 5% of total system
capacity13 .  This suggests a potential in NZ in
excess of 300 MW

The economic utilisation of this potential
source of generation for peak lopping or for
energy sales will depend on a number of
generator factors, which include11:

• Whether the generators are large enough,

11 Metro Gen LLC, “Partner Preferred Program”, http://
www.metrogen.com/partner_preferred.htm
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given economies of scale a capacity of
500 kW or more is desirable;

• Whether additional loads can feasibly be
served by the generator;

• Whether the generator has a sufficiently
large fuel tank to support dispatch for grid
purposes, and;

• Whether any noise or pollution problems
with the generator can be mitigated in a
cost effective manner.

On-Site Hedge

Many businesses require not just security of
supply for their electricity, but also security
over the costs of the supply.  One of the
potential benefits of on-site standby plant is
that an appropriate commercial framework
can offer both security of supply and relative
certainty over the costs of that supply.

Providing ‘on-site hedge’ requires standby
plant to operate when system marginal price
exceeds marginal cost of operation.  However,
the present electricity market rules have a
number of barriers that act as a disincentive
for back-up plant to operate.  In particular,
changes are required to ensure that real-time
price signals are available to the operators of
small stand-by plant.  While there are variet-
ies of commercial mechanisms by which a
business can achieve a sufficient level of
confidence to move into the future, there is
little evidence that retailers are contracting
with small generators for dry years.

Electricity Pricing Trends

Rising power prices have recently become a
topical issue in New Zealand.  The experi-
ences of last winter have demonstrated,
again, just how fragile New Zealand’s “elec-
tricity capacity reserve margin” inherently is.
Despite the current significant capacity
surplus, the New Zealand electricity system is
vulnerable to major price excursions during a
hydro inflow shortage.

As the capacity surplus reduces over the next
few years, the potential for higher prices
during periods of shortage will increase.  The
value of scheduling backup generation will
also increase substantially from that shown in
Sections 7 and 9.

Transmission Constraints

There has been very little transmission

investment in NZ since the HVDC link expan-
sion in the early 1990s  Primarily this has
been because there has been little need for
it, but also because the commercial frame-
work for doing so has been unclear and
contentious.

There are various well-known transmission
constraints around the country, which lead
periodically to regional pricing, and higher
average prices in the constrained region than
otherwise would have been the case; eg the
Tokaanu-Whakamaru constraint – which led,
in the past, to higher prices in the Auckland
and more northern regions.  As a result,
Auckland customers faced higher prices than
those applying in the rest of the country at
the time. Since 2001, the commissioning of
thermal plant near Auckland (Otahuhu CCGT)
has eliminated this constraint.

Transpower’s System Security Plan 2000 (their
latest) discusses such issues on a regional
basis.  It is clear that much of the transmis-
sion system is nearing its current capacity
limits and that either renewed transmission
capacity investment or local generation will
be required, in the near future, in a number
of areas, to avoid transmission constraints
from developing.  Whenever a transmission
constraint occurs, there is an attendant
regional pricing impact.  The quantum of this
impact cannot currently be known, because
that largely depends on the future bidding
behaviour of generators with generating plant
located within the constrained regions.  Or,
where there is little such generation, on the
Transpower pricing policies yet to be formally
adopted, on how such new transmission
investments will be paid for, and by whom.

This clearly is a business risk that industry,
located in these regions with sensitivity to
electricity prices, should be aware of and
planning for.

Key areas of the country likely to be affected
in the medium- to long-term are:

• Auckland and regions to the north of it;

• Christchurch, and North Canterbury;

• The East Coast; and

• There are others, but they exist on a more
localised basis.

There are also likely to be areas in Distribu-
tion Networks around the country where this
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same issue applies

The framework for further transmission
investment may become clearer, as it is the
focus of the Transport Working Group of the
Grid Security Committee, one of a number of
industry groups set up to develop the
frameworks to the next phases of reforms
necessary for New Zealand’s economic health
and well being.

In conclusion, there are significant opportuni-
ties throughout New Zealand for distributed
generation to defer substantial investment in
transmission network upgrade expenditure.

Barriers to Investment in Backup Genera-Barriers to Investment in Backup Genera-Barriers to Investment in Backup Genera-Barriers to Investment in Backup Genera-Barriers to Investment in Backup Genera-
tion - Institutional Issuestion - Institutional Issuestion - Institutional Issuestion - Institutional Issuestion - Institutional Issues

Distribution System Deferred Capital Expendi-
ture

Many distribution companies cost allocation
and pricing methodology papers12 make no
mention of connection charges or benefits to
generators connected to the distribution
system, e.g. Powerco13.

Some distribution companies charge genera-
tor connections to their network (e.g. Vector
charges about 23.6¢/kVA/day for at least one
project14, which for a 500 kW wind turbine
with a capacity factor of 50% could be up to
$20,000 per annum or $86/kW/yr).

United Limited (UNL) is currently investigating
a similar framework, which incorporates in its
preliminary form a charge for the distributed
generator, but also benefits if the installation
can provide substantial benefit to UNL.
These benefits will consider benefits as a
result from savings within its distribution
network, as well as from Transpower.  How-
ever, detailed information about the method-
ology on how these potential benefits are
going to be assessed have were not avail-
able.  At this stage it appears that these are
assessed on a case by case basis.

Generation embedded in a customer site will
receive benefits by avoiding the capacity
charge.  However, this will only be the case

for generation that happens to be on line at
system peaks.  Most distribution companies
have no scheme for notifying operators when
system peak occur.  This is necessary for
generators that have control of output and
run at low capacity factors. Two companies
that provide such mechanisms are Orion and
Dunedin15 Electricity.

What are the benefits of encouraging embed-
ded generation?  The answer is because of
deferred network and transmission invest-
ment and consequent lower costs to consum-
ers15.  Orion, in its statement of Corporate
Intent, explicitly mentions the need for
demand side management to manage the
growth of its network.  Demand side manage-
ment is also mentioned as part of the
strategy to reduce air pollution in
Christchurch16.

Sale of Energy by Orion

As far as we can tell, Orion does not schedule
emergency backup generation for energy
sales.  At present, this generation is un-
metered.  This results in a significant loss to
the electricity system as a whole, particularly
during times of low hydro inflows. Before
Orion sold its retail business to TransAlta it
used to pay backup generators $15/kW/yr to
run in a low hydro inflow crisis17.  This has
not been carried on by TransAlta or any other
retailers.

Customers are metered and the system
supply to Orion’s distribution system is
metered.  Therefore, the generation will
contribute to a reduction in Orion’s distribu-
tion system losses or a reduction in customer
load if used on site.  The benefits of this
presumably accrue to the retailers and/or
customers.

Where the customer uses own generation on
site then purchased electricity will be re-
duced.  The effective price will be at the price
agreed between the retailer and the customer.
The effective price may be significantly less
than the system marginal price.

Where electricity is sent out from the custom-
ers site, it will contribute to reduced losses.
This may benefit the retailer because less
electricity has to be purchased to meet
customer load commitments.

12 Disclosures of pricing methodology, required to be disclosed
under section 24 of the Electricity (Information Disclosure)
Regulations 1999 and Electricity (Information Disclosure)
Amendment Regulations 2000.

13 Electricity Line Charges Cost Allocation & Pricing Methodology
- Effective 1 November 2001, Powerco, http://
www.powerco.co.nz/0,2180,FF.htm

14 From a discussion with Wernher Roding from Windflow.

15 Roger Sutton, Orion, pers comms 17 April 2002.
16 Orion Annual Report 2001
17 Roger Sutton, Orion, pers comms 17 April 2002
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There may be a legal impediment for Orion
selling generation from backup generators.
This would occur if this backup generation
were interpreted as ownership.  The amend-
ments to the Electricity Industry Reform Act
1998 state:

• Allow line companies to own distributed
generation up to 2 per cent of the
network’s maximum demand or 5 MW,
whichever is greater

• Allow lines companies to own distributed
generation with no quantified restrictions,
provided that the source of such genera-
tion is a new renewable energy resource
and that the generation activity is carried
out in a separate company subject to the
arms length rules et out in Schedule 1 of
the Act.

There will also be a cost associated with
metering each of the 44 small generators.

There is significant value in scheduling
backup diesel capacity for energy during
capacity and hydro shortages.  Realising this
value will necessitate extension of the
competitive wholesale market to this category
of generation.  This will require a change to
the market rules to allow metering and
reconciliation of delivered energy.

Cost and Taxation of Diesel

Diesel prices vary by a factor of two with
changes in supply/demand of the world
market for petroleum products.  This is
illustrated in the graph18 in Figure 6.2.6 below
where New Zealand retail diesel price before
taxes is compared with the wholesale price in
Singapore.  Orion gave a price of 58 cents
per litre for August 2001.  This compares with
a retail price at that time of about 68 cents
per litre before taxes.  The retail price before
taxes has varied from 50 to 80 cents per litre
since late 1999.

Two factors give rise to the wide variation in
diesel prices.  The first is the international
price of crude.  The second is the exchange
rate between the NZ$ and US$.  The 58 cent/
litre quoted by Orion in August 2001 was at a
historically unfavourable time with respect to
both international oil price and NZ$/US$
exchange rate.

A long-term view of exchange rate would be
in the region of 0.5 to 0.55 $US:$NZ.  The
long-term view on oil price is about US$20/
barrel.  Adopting these two parameters
implies a long-term average wholesale price
for diesel of 43¢/litre or $12/GJ.  A price of
$12/GJ would improve the economics of use
of diesel backup generation.

LPG is a cheaper alternative for high use
diesel engines19.  Prices are 20% to 25%
cheaper and fuel price volatility is claimed to
be less.

Full Interconnection vs. Load Curtailment

“The choice between full interconnection and
load curtailment mode involves a series of
tradeoffs.20

Full interconnection is:

• Uncertain in cost and time required for
installation because of the absence of
uniform technical standards and proce-
dures for interconnection with each utility.

• Relatively expensive in all cases (US$100-
$150+/kw) because of the need for
protective relay equipment and switchgear
to protect both the standby generator and
the utility grid.

• Potentially infeasible because of technical
considerations in situations where the
local utility distribution system uses a
networked rather than radial design.
Utilities tend to use networked distribu-
tion systems in downtown urban areas
where existing standby generators are
likely to be concentrated.”

Distribution, Wholesale Market Rules and
Metering

Most of the current “rules” of the electricity
industry (eg NZEM, etc) have been structured
to address the major issues and needs of the
major players.  This results in a complex set
of rules, whose very complexity is off-putting
to small potential backup generators.  This
probably requires one of the large existing
market participants become involved if the
potential of backup generation is to be
realised.

18 Ministry of Economic Development, “International and
Domestic Petrol and Diesel Price Comparisons”, http://
www.med.govt.nz/ers/oil_pet/prices/index.html

19 Rockgas New Zealand, “Buses”, http://www.rockgas.co.nz/auto/
buses.htm

20 Metro Gen LLC, “Operational Modes: Full Interconnection Versus
Load Curtailment”, http://www.metrogen.com/
operating_modes.htm
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The owner of backup generation should be
able to contract with all the parties that
benefit from the operation of their plant.  A
retailer that wishes to purchase generation
has the potential to gain from:

• An effect hedge against high wholesale
market prices.

• Avoided Transpower/Distribution charges.

Certainty Needed for Capital Investment -
Transmission Services

Transmission charging is conducted in
accordance with the government policy
statement, which is implemented through the
currently uncertain industry governance
arrangements. This results in low certainty
that such benefits will be available in the
long term.  This reduces the value that can be
placed on the potential revenue from avoid-
ing Transpower charges.

Orion on request will guarantee in writing
that avoided capacity charge benefits will not
change for at least 5 years.  About 7 MW of
generation was installed in the last 10 years
since this policy has been in place.  In
addition, a number of projects to synchronise
existing diesels have also taken place.
Lyttelton Port Company asked for this assur-
ance as have others but not all customers
installing generation have required this.

Transpower Pricing Policy

Transpower is currently in the process of
revising its pricing methodology.  Other than
in the past, this review is taken to all stake-
holders of the NZ electricity market to gain
feedback on issues arising from the applica-
tion of the interconnection charge.

The formal consultation process is outlined in
“Confirmed Pricing Methodology – Final
Process”, dated 21 December 2001.

Transpower has extended the consultation
period for the confirmation of the Pricing
Methodology.  The original timetable for the
confirmation of Transpower’s pricing method-
ology recognised that successful confirmation
required a properly constituted Electricity
Governance Board (EGB) to confirm the
methodology.

The original timetable allowed Transpower to
submit the pricing methodology to the EGB in
August 2002, giving the EBG sufficient time to

confirm the methodology by October 2002.

It is unlikely that a properly constituted EGB
will be ready to begin the confirmation
process in August.

Transpower is therefore extending the consul-
tation period to take advantage of the time
between August and October.

Transpower revised the timetable as follows:

• May-June: Transpower publishes discus-
sion documents and invites comment from
stakeholders.

• July: Transpower publishes the draft
pricing methodology and invites comment
from stakeholders.

• August-September: Open forums held.

• October: Transpower submits a pricing
methodology as required.

The main issue surrounding the current round
of review of the methodology is that a
higher degree of certainty is needed for
capital investment to take place.

Two aspects of transmission influence the
revenue to distributed generation.

• The first is the effect of transmission
constraints on regional pricing in the
wholesale market.

• The second is the payments for transmis-
sion services.

Opportunities for Backup Generation

Who should be now looking at the opportuni-
ties that backup generators can offer New
Zealand?  The obvious answer is the distribu-
tion companies and the retail/generators that
currently operate in the NZEM.  In other
jurisdictions niche market operators are
attempting to take advantage of the opportu-
nity.

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues
Air pollution in Christchurch has been a major
issue and focus of action by the Regional
Council for many years.  The focus to date
has been on reducing the use of domestic
fires and transport.  Industrial sources of air
pollution are controlled through the Resource
Management Act 1991.

Section 15 of the Resource Management Act
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1991 requires consent for the discharge
contaminants into the air, land or water, and
for the discharge of water into water.  Under
Section 9 of the Act, the Canterbury Regional
Council currently has plans requiring consents
including the installation of underground and
above ground storage tanks.

Higher capacity factors for diesel generators
could exceed consent condition for both
noise and air emissions.  New consents may
need to be sought for this and increased fuel
storage.

Diesel engines have very high emissions of
air pollutants21, and this may be of particular
concern in Christchurch:

• NO
x
 roughly two orders of magnitude

greater than CCGT (and higher than coal
plants)

• Particulates three orders of magnitude
greater than CCGT

• Sulphur emissions three orders of magni-
tude greater than CCGT

A viable option for reducing emissions is to
convert diesel-fired engines to “dual-fuel”.  It
is possible to displace 50-90 percent of diesel
with LPG and retain full output of the unit.
NO

x
 emissions will be reduced substantially

and particulate and SO
2
 emissions are

reduced in proportion to diesel displaced.
Cost of conversion is about US$30/kW21.  LPG
has a price advantage of about 20% to 25%

Figure 6.2.6: Retail and Singapore Spot Price - Diesel

when used in buses.19  Red Buses are cur-
rently running trials of LPG conversion.

Green House Gas emissions are another
environmental concern for use of Diesel
fuelled backup generation.  The main concern
is carbon and hydrocarbon emissions.

Low capacity factors of backup diesel genera-
tion plant are a significant mitigating factor
when considering all air pollution impacts,
but particularly greenhouse gas emissions.
Of the various roles discussed for backup
generation in the sections above, the use of
backup diesels for energy generation during
times of water shortage would give rise to
the most significant emissions.  The mitigat-
ing factor is that water shortage is a rare
event that is normally considered a contin-
gency.

In addition, backup generation provides an
essential service that increases the effective-
ness or efficiency of use of the South Island
hydro resource thus indirectly reducing fossil
fuel use in the North Island.  The reason for
reducing overall fossil fuel use is as follows.

The New Zealand electricity system is domi-
nated by hydro generation.  Hydro is renew-
able but is also an unreliable form of genera-
tion.  This lack of reliability is due to a
naturally large variation in water inflows to
storage lakes that are too small to buffer
(smooth out) those variations.

During low inflow sequences, that occur every
10 to 20 years, storage lakes have historically
been managed to come close to empty with
consequent threat of electricity shortages for

21 Nicholas Lenssen, “Distributed Generation as a Peak Load
Response: The Environmental Wildcard”, Presentation to: Peak
Load Alliance Spring Conference Crystal City, Virginia, May 1,
2001
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periods of weeks or months.  During high
inflows, storage lakes can overflow and water
spilt is lost from electricity generation.

Hydro storage therefore has too uses.  The
first is to hold water to prevent electricity
shortages by increasing lake storage.  The
second is to capture as much water inflow to
storage lakes as possible by lowering lake
storage.  Meridian, Contact Energy and Mighty
River Power are therefore faced with the
challenge of managing (optimising) lake
storage to best meet these contradictory
objectives if they are to maximise their hydro
generation value.

Significant quantities of high marginal cost
diesel generation could alter the management
of storage lakes as follows.  Say there is
diesel generation capable of producing 100
GWh of electricity during a 5-month (approx)
water shortage, eg 1992, 2001.  Further, this
generation is scheduled through the whole-
sale market.  This knowledge in the hands of
the storage lake owners should result in a
change in storage lake management such that
storage guidelines at low levels are reduced
by of the order of 100 GW.

22 Richard Robinson, Pers comm 19 April 2002

Lower lake guideline levels (about 100 GWh)
will increase water capture (by of the order of
100 GWh) during high inflow sequences.  High
inflow sequences occur about once every 2
years22, primarily in the South Island.  There-
fore every 100 GWh of ‘hydro firming’ diesel
generation (about one in every ten years)
should result in several times that quantity of
increased water capture in storage lakes
which will likely be used to displace fossil
fuel generation.  The five-fold difference
between diesel fuel cost and base load fuel
cost suggests a ratio of about 5 to 1 in
increased water capture.  For this purpose,
diesel generation would be particularly useful
in the South Island.

Overall, electricity system benefits would also
accrue if diesels were used to back-up other
unreliable forms of renewable generation, eg
wind or solar power.  In this case, diesel
generation would provide firm capacity during
times when system MW peaks are concurrent
with below average levels of renewable
generation.  For this purpose, diesel genera-
tion would be particularly useful in the North
Island.
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Appendix A: Orion’s Published Delivery Prices

All prices are net, excluding GST Applicable from 1 April 2001.

LineLineLineLineLine TransmissionTransmissionTransmissionTransmissionTransmission DeliveryDeliveryDeliveryDeliveryDelivery

Major Customer ConnectionsMajor Customer ConnectionsMajor Customer ConnectionsMajor Customer ConnectionsMajor Customer Connections

Fixed 500.05 $500.05/year

Control Period Demand 60.00    21.92 $81.92/kVA/yr

Assessed Capacity 24.40    23.00 $47.40/kVA/yr

Provision of Equipment refer to schedule

    Applied to measurements taken at the connection

    Minimum chargeable loading of 300 kVA for new connections

Charge to the purchaser of the delivery service from Orion:

Retailers, Major Customers $20 per monthly delivery invoice

Charges for associated services Refer to “Schedule of Charges for Associated Services”

Notes:
Zone A is the area supplied by Addington, Arthur’s Pass, Bromley, Castle Hill, Coleridge, Islington, & Papanui GXPs.

Zone B is the area supplied by Hororata & Springston GXPs.

On application, a discount is available to retailers supplying irrigation connections in Orion’s Zone B. This discount is

available for a limited period and certain conditions apply. Refer to Orion’s statement “Discount for Irrigation Connections”.

Standard delivery prices for general connections apply to non-qualifying irrigation connections.

Estimated number of connections: General 168,150

Outside Lighting 36,000

Major customer 350
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Figure 6.3.1: System Layout [Source: Henderson, M.A. (1997)]

6.3  Stoneyhurst Remote Homestead

IntroductionIntroductionIntroductionIntroductionIntroduction

BackgroundBackgroundBackgroundBackgroundBackground
The Centre for Advanced Engineering (CAE)
has undertaken an electricity industry study
that has focused on distributed generation.
Part of the study includes case studies of a
number of groundbreaking examples of
distributed generation in New Zealand.

This case study analyses a remote, non-grid
connected wind-diesel power system installed
at a farm (Stonyhurst Station) in North
Canterbury, just north of Greta Valley at an
elevation of 245 m above mean sea level.

Case Study Objectives and ScopeCase Study Objectives and ScopeCase Study Objectives and ScopeCase Study Objectives and ScopeCase Study Objectives and Scope

Case Study Objective

The Centre for Advanced Engineering (CAE)
has undertaken an electricity industry study
that has focused on distributed generation.
Case studies of best practice distributed
generation projects have been adopted as
part of the functional framework approach to
this project.

The outcomes of this case study should meet
the following objectives:

• To assess the economic merits of the
wind-diesel generation project installed at
Stonyhurst.

• To draw conclusions from the case study
that has broad application for the electric-
ity industry within New Zealand.

Case Study Scope

The scope was to look at the installation of
the wind-diesel energy system and the merits

for operating the farm as a stand-alone site
without grid connection.

The initial phase of the assessment identifies
and provides a description of an economic
valuation of the actual and potential benefits
for the farm owner and from the point of view
of the network owner/operator.

MethodologyMethodologyMethodologyMethodologyMethodology
The methodology assesses actual and
potential revenue streams from the genera-
tion projects covered by this case study and
compares them to the project cost.  The
assessment will raise a number of broader
issues that will be discussed.

Common Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and Parameters

Economic Parameters

The inflation assumption over the timeframe
of the analysis is 2.0%.

Net Present Value calculations for cost or
revenue streams will be done using a pre-
finance post tax real WACC of 6% (8%
nominal post tax). Net present value calcula-
tions for generators will be done using a pre-
finance post tax real WACC of 8%.

Plant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And Costs

Wind Diesel systemWind Diesel systemWind Diesel systemWind Diesel systemWind Diesel system
The following sections briefly describe the
wind diesel energy system and its main
components.

Figure 6.3.1 is a simplified system layout for
the stand-alone wind-diesel generation
system that shows the main components of
the system.
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Wind Turbine

The wind turbine is a BWC EXCEL turbine with
10 kW capacity of a three-blade design that is
turned upwind by a vane on the tail.  The
direct driven magnet alternator does not
require a gearbox.  The turbine has an over-
speed protection called Autofurl that partially
turns the rotor out of the wind, which is
typical for small wind turbines, which do not
have adjustable blades unlike large size wind
turbines.

The turbine is installed at a height of 30.5 m
on a single pole that is supported by four
guyed cables.  For easy maintenance, the
pole can be lowered by using an electric
winch on a four-wheel drive vehicle.

Some of the main characteristics of the wind-
turbine are shown in the following table.

BWC EXCEL

Start-up wind speed 3.4 m/s

Cut-in wind speed 3.5 - 4.5 m/s

Furling wind speed (cut-out) 15.7 m/s

Max design wind speed 54 m/s

Rotor diameter 7 m

  Source: Henderson (1997)

The output from the turbine is a variable
frequency and voltage alternating current (AC)
that is delivered to the controller via a 400 m
three phase aluminium cable.

Diesel Generator

The installed diesel generator is made by
Lister Petter with a single phase 12 kVA
power rating.

Balance of System

The other core components of this stand-
alone system are a controller, that rectifies
the variable frequency and variable alternat-
ing current into nominal 120 V DC.

Controller characteristics

Max output power 10 kW

Nominal battery voltage 120 V

Max output current 80 A

  Source: Henderson (1997)

The batteries are used to store energy when
there is a surplus of generation from the wind
turbine generator to times when demand is
higher than supply.  There are 60 x 2 V GNB
New Zealand Ltd batteries used in series to
give the 120 V DC required by the inverter.

Inverter characteristics

Input voltage 120 - 165 V DC

Output voltage 230 V AC

Output frequency 50 Hz

Maximum efficiency 92%

  Source: Henderson (1997)

To be able to use the standard household
equipment, an inverter has been installed to
convert the 120 V DC into 230 V AC at 50 Hz.
The inverter also receives the output from the
diesel generator to meet the demand of the
house and charge the batteries in times of
low wind.

A dump load has also been installed that can
take some of the supply from the wind
turbine as the batteries reach a full charged
state.  This provides a load otherwise the
turbine without it may go into overspeed,
which can damage the turbine.

Energy BalanceEnergy BalanceEnergy BalanceEnergy BalanceEnergy Balance
An energy balance for the system was
analysed based on actual data monitored on
site for 5 months only, between November
1998 and April 1999.  This information was
summarised and presented by Bowen (2001).

Wind Turbine

The wind turbine estimated annual output
was 12,355 kWh/a based on data monitored
over a period of 5 months - between Novem-
ber 1998 and April 1999.  This was less than
half the annual 30,000 kWh/a energy output
for 7.9 m/s mean wind speed predicted from
the supplier’s information.1

Diesel Generator

The diesel generator (12 kVA rated) provided
an estimated annual output of 4,512 kWh at
an average output of 6.46 kW.  This equates
to about 27% of total electricity output from
the whole system (wind turbine and diesel
generator combined).

House Demand

The house takes a single phase, 50 Hz, 230 V
AC supply, which is limited by the inverter
capacity to 4.5 kW from the batteries/wind
turbine generator, plus at times, the output
from the diesel generator.

The equivalent annual house demand was

1 The reasons for the poor performance of the turbine and
system are discussed fully in the unpublished paper by Bowen
- The field performance of a remote 10kW wind turbine.



Stoneyhurst Remote Homestead

161

estimated to be about 11,896 kWh at an
average continuous power demand of 1.36 kW.

This house demand represents 83% of the
total system load with the balance taken by
the dump load.  The dump load equivalent
annual consumption was estimated to be
2,514 kWh at an average capacity of 2.17 kW.
This equates to 17% of total electricity system
load.

Dump Load

A dump load of up to 10 kW is directly
supplied through the controller into the hot
water cylinder, bypassing the batteries.

The dump load is important as it absorbs all
excess load from the wind turbine, that can
neither be utilised directly nor used for
charging the batteries.  If this excess energy
was not dumped in some way, the load on
the wind generator would be too low and the
wind turbine operation may result in
overspeeding and consequential damage to
the rotor.

Although “dumping” surplus electricity into
the hot water cylinder, this is in effect good
use of energy which would otherwise need to
be supplied.  It displaces use of electricity at
a later time or replaces a less expensive fuel
source (wood).  Most of the hot water is
provided by solar panels.  Space heating
demands are provided from a wood burner
which also heats hot water.  No information
was available about the wood fuel consump-
tion and any associated cost.  Hence no true
evaluation can be undertaken about the value
of the electricity utilised in the dump load.

Summary

Based on the above information, a total
system capacity factor, which neglects the
dump load, has been calculated to be 8.75%
(or 766 h/year).

The fuel related capacity factor of the diesel
generator has been calculated to be 3.7%.

Operating PhilosophyOperating PhilosophyOperating PhilosophyOperating PhilosophyOperating Philosophy
The system is continually receiving and
distributing energy due to the variable nature
of the energy supply from the wind turbine
and household demand.  Bowen et.al.2 report
that detailed monitoring showed that the

system deals with an energy overload almost
as often as a deficit with 18% of power
consumed by the dump load and 26% of
generation produced by the diesel generator.

The generator is also used to overcome the
inverter limit.  Bowen reports that the main
deficiency of the system is not a general
under-supply of wind energy, but a problem
of energy distribution.

Based on this finding the sizing of the
components is of major importance.  Choos-
ing the optimum size of each major compo-
nent in any remote wind energy system is
fundamental to its design and efficient
operation.  For example while each compo-
nent has certain characteristics when operat-
ing by itself, they all interact and affect the
behaviour or performance of other compo-
nents.  Therefore the selection of the rating
capacity of each component needs to be
considered when sizing the whole system.

Bowen showed that although the total energy
produced by the wind turbine is greater than
the electrical energy required by the house-
hold, about a quarter of the energy consumed
by the household must still be provided by
the diesel generator and one-fifth of the wind
energy provided needs to be dumped.  This
difference between generating excess and
dumping of energy is the main obstacle to
improvements in the energy system.

Cost of GenerationCost of GenerationCost of GenerationCost of GenerationCost of Generation
The cost of generation per unit will depend
on the levelised capacity factor achieved.
Figures 6.3.2 and 6.3.3 show the cost of
generation as a function of the capacity
factor.

Based on the information above and the
calculated capacity factor of 8.75%, the
annual cost is equivalent to about $430/kW/
yr.

The above cost curves are based on the
following capital and O&M cost assumptions
as given in the following tables.

The cost for the installation and operation of
the wind-turbine and associated equipment
are shown in Tables A and B 3.

2 Bowen, A.J. (2001) – The performance of a remote wind-diesel
power system, Department of Mechanical Engineering,
University of Canterbury, Renewable Energy, Volume 22, p.441

3 Henderson, M.A. (1997)- The investigation and analysis of a
small scale wind-diesel power generation system – Department
of Mechanical Engineering, University of Canterbury,
Christchurch, September 1997
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Figure 6.3.2:  Cost of Generation [$/kW/yr]

Figure 6.3.3:  Cost of Generation [$/MWh]

Component Capital Cost
in 1997 dollars

Design Life
years

Cost per
Year
[$/a]

Wind turbine $19,500 30 650

Transmission cable $10,000 25 400

Controller/Rectifier $4,000 30 133

Batteries $12,000 8 1,500

Inverter/Charger $5,000 25 167

Diesel generator $10,800 30 360

Tower $8,000 30 267

Foundations $2,500 30 83

Labour $480 -

Tower fittings $2,800 30 93

SUBTOTAL $75,080 3,653

Assumptions:
Project Life = 30 years
Battery replacements every 8 years

  Source: Henderson (1997)

Table A: Capital cost

Annual operating costs are also based on the
same 1997 reference.  More recent informa-
tion about the reliability and appropriateness
of the operating costs below has not been
provided (see Table B).

It would be expected that other maintenance

costs (than the ones listed) would be appli-
cable, but these were not provided and were
not part of the initial investigation.

Other maintenance costs that would be
anticipated are costs for:
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• engine maintenance, such as lube oil, lube
and air filters etc.;

• battery maintenance and replacement; and

• additional increased turbine maintenance
after 20 years of operation.

These costs were also estimated as part of
the calculation of the cost above.

Cost of Alternative supplyCost of Alternative supplyCost of Alternative supplyCost of Alternative supplyCost of Alternative supply

Supply through grid connectionSupply through grid connectionSupply through grid connectionSupply through grid connectionSupply through grid connection
As one would expect the main measure for
the justification for the installation of the
wind-diesel hybrid system was the cost of
alternative cost for the connection to the
distribution network of Mainpower.  The
installation of the wind diesel hybrid system
made the installation of a connecting line to

the farm redundant, but it requires a high
degree of reliability from the hybrid system
for the supply of the farm since no backup
from the grid is available.

Henderson4 reported the cost for the connec-
tion of the farmhouse to the grid to be in the
order of about $83,600 (1997 dollars) plus an
annual fixed and variable electricity cost of
about $1,004.

The capital cost calculation was based on the
following methodology used (by the lines
company Mainpower) (see Table C).

The annual fixed and variable electricity cost
were based on the following daily charges
and variable energy cost, based on an annual
consumption of about 8.2 MWh/a (see Table
D).

Generation system in 1997 dollars

Wind turbine
- blade tape
- add maintenance after year 20

$200/a
$2,000/a

Diesel fuel consumption
(4 l/h, approximately 200 h/a, 68¢/litre) $544/a

SUBTOTAL $694

Assumptions:
Fuel price based on $15/GJ

  Source: Henderson (1997)

Table B: Operation and maintenance cost

Grid Connection Cost Units $/unit in 1997 dollars

Cost of line including poles 2,500 m $28/m $70,000

Transformer at house standard 30 kVA 1 $6,000 $6,000

Tee-off from main line, if required 1 $1,100 $1,100

Extra for every corner required to turn 13 $500 $6,500

SUBTOTAL $83,600

  Source: Henderson (1997)

Table C: Mains connection cost

Fixed and variable electricity
cost

Units $/unit in 1997 dollars

Daily fixed lines charges 365 days/a 0.26667 $97/a

Variable energy cost 8,190 kWh/a 0.11061 $906/a

SUBTOTAL $1003/a

  Source: Henderson (1997)

Table D: Energy supply costs

4 Henderson (1997)
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Although one would expect that the justifica-
tion for the installation of the hybrid system
is based on economic grounds, this appears
not to be so in this case.  Henderson calcu-
lated that the average electricity cost based
on the non-grid connected hybrid option is
about 51.3 ¢/kWh and about 41.4 ¢/kWh for
the grid connected option.  This calculation
by Henderson was only based on an
annualised cost for the capital cost charges
and was not based on a NPV calculation.

Although Henderson mentioned that the
supply line that would be required for grid
connection is prone to environmental haz-
ards, such as landslides and storms, no
detailed information about the likelihood of
such damage occurring was provided.  Hence
no evaluation of the cost of such event
occurring was carried out.

The graphs above show that the cost of
supply from the grid is a function of the
capacity factor of the line (or the annual
electricity consumption of the farm), since a
large share of the cost per unit are related to
the fixed cost at low capacity factors.

It can be seen that the cost from alternative
supply from the grid (based on the cost data

provided by Henderson (1997) has been
calculated to be approximately 75.5¢/kWh or
$565/kW/yr.

Supply through diesel generation plantSupply through diesel generation plantSupply through diesel generation plantSupply through diesel generation plantSupply through diesel generation plant
Alternatively to the supply through the grid,
the farm could also be supplied purely by
means of a diesel generator.  This option was
not analysed.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Business Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment Issues

Non-grid Connected Generation

Non-grid connected or standalone generation
is of particular interest for rural areas where
the connection to the grid is associated with
very high cost due to the distance from the
nearest line.  Lines companies typically will
only carry the cost if they can make a reason-
able return on their investment.  However,
loads such as farmhouses, milking sheds etc.
only constitute very small loads and hence
will not provide the required rate of return
based on the annual electricity conveyed
through these lines.

Figure 6.3.4:  Cost of Alternative Grid Supply [$/kW/yr]

Figure 6.3.5: Cost of Alternative Grid Supply [$/MWh]
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Furthermore based on the recent reforms the
lines companies are no longer obliged to
supply rural loads starting in 2013.  One can
expect that this will in particular apply to new
loads that will need to be serviced with new
lines rather than with existing lines.  In these
circumstances, standalone generation, such
as the investigated wind-diesel option may
provide an economically feasible alternative
to grid connected supply.

Electricity Pricing Trends

Rising power prices have recently become a
topical issue in New Zealand.  The experi-
ences of the 2001 winter have demonstrated,
again, just how fragile New Zealand’s “elec-
tricity capacity reserve margin” inherently is.
Despite the current significant capacity
surplus, the New Zealand electricity system is
vulnerable to major price excursions during a
hydro inflow shortage (dry year events).

As the capacity surplus reduces over the next
few years, the potential for higher prices
during periods of shortage will increase.  This
might make standalone generation even more
attractive for some applications.

Capacity Factor

It has been shown in the previous sections
that the unit cost of generation is a function
of the capacity factor.  In particular in applica-
tions in which the average load is small
compared to the system peak load (hence
resulting in a low average capacity factor, as
in the case of Stonyhurst), the weighted
average unit cost will be high.  There may be
other applications where a higher base load

can help to the reduce the weighted average
unit cost, which will have a strong impact on
the economic viability as well as the repeat-
ability of this type of system configuration.  A
possible case where the capacity factor may
be increased through a higher base load, may
be application on a dairy farm, where a
chilling load during the dairy season will have
a positive impact on the weighted average
cost.  However, it is not known whether the
peak load on a dairy farm would be higher
than the peak load at Stonyhurst and would
need to be investigated on a case-by-case
basis.

Barriers to Investment in standaloneBarriers to Investment in standaloneBarriers to Investment in standaloneBarriers to Investment in standaloneBarriers to Investment in standalone
Generation - Institutional IssuesGeneration - Institutional IssuesGeneration - Institutional IssuesGeneration - Institutional IssuesGeneration - Institutional Issues

Cost and Taxation of Diesel

Diesel prices may vary by a factor of two with
changes in supply/demand of the world
market for petroleum products.  This is
illustrated in the graph5 below where the New
Zealand retail diesel price before taxes is
compared with the wholesale price in
Singapore.  This compares with a retail price
at that time of about 68 cents per litre before
taxes, and a price of 58 cents per litre for
August 2001 that has been indicated in the
Orion case study.  The retail price before
taxes has varied from 50 to 80 cents per litre
since late 1999.

Two factors give rise to the wide variation in
diesel prices.  The first is the international
price of crude.  The second is the exchange

Figure 6.3.6:  Retail and Singapore Spot Price - Diesel

5 Minstry of Economic Development, “International and Domestic
Petrol and Diesel Price Comparisons”, http://www.med.govt.nz/
ers/oil_pet/prices/index.html
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rate between the NZ$ and US$.  The 58
cents/litre quoted by Orion in August 2001
was at a historically unfavourable time with
respect to both international oil price and
NZ$/US$ exchange rate.

A long-term view of exchange rate would be
in the region of 0.5 to 0.55 $US:$NZ.  The
long-term view on oil price is about US$20/
barrel.  Adopting these two parameters
implies a long-term average wholesale price
for diesel of 43 cents/litre or $12/GJ.  A price
of $12/GJ would improve the economics of
using diesel backup generation.

LPG is a cheaper alternative for high use
diesel engines6.  Prices are 20% to 25%
cheaper and fuel price volatility is claimed to
be less.

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues
Air pollution in Christchurch has been a major
issue and focus of action by the Regional
Council for many years.  The focus to date
has been on reducing the use of domestic
fires and transport.  Industrial sources of air
pollution are controlled through the Resource
Management Act 1991.

Section 15 of the Resource Management Act
1991 requires consent for the discharge
contaminants into the air, land or water, and
for the discharge of water into water.  Under
Section 9 of the Act, the Canterbury Regional
Council currently has plans requiring consents
including the installation of underground and
above ground storage tanks.

Diesel engines have very high emissions of
air pollutants7 , and this may be of particular
concern in Christchurch, to other parts of
Canterbury or to the country as a whole:

• NO
x
 roughly two orders of magnitude

greater than CCGT (and higher than coal
plants)

• Particulates three orders of magnitude
greater than CCGT

• Sulphur emissions three orders of magni-
tude greater than CCGT

Supplying farms such as Stonyhurst through
wind-diesel hybrid systems minimises air
emissions.  A further decrease could poten-
tially be achieved, if the diesel engines were
converted to “dual-fuel” operation.

It is technically possible to displace 50%-90%
of diesel with LPG and retain full output of
the unit.  LPG is almost at a competitive level
compared with diesel.  NO

x
 emissions will be

reduced substantially and particulate and SO
2

emissions are reduced in proportion to diesel
displaced.  Cost of conversion is about
US$30/kW.  LPG has a price advantage of
about 20% to 25% when used in buses7.
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6.4  Windflow Wind Turbine

IntroductionIntroductionIntroductionIntroductionIntroduction
New Zealand has perhaps one of the world’s
best wind resources with average mean wind
speeds at many sites of 10 metres/second or
better.  So far only two wind farms have been
installed in the country, both in the North
Island and both with imported machines from
Europe of three-bladed design and one fixed
the other variable speed design.

Windflow Technology Ltd is start-up wind
turbine manufacturing company based in
Christchurch.  It is planning to enter the wind
turbine market with a unique two-bladed,
teeter rotor design driving a synchronous
generator through a torque-limiting gearbox.
This is at variance from conventional wind
turbines, which mainly drive asynchronous
(induction) generators and/or use power
electronics to connect to the electricity
network.

Potentially, indigenous manufacture of wind
turbines of a novel design able to withstand
the more severe wind force in New Zealand
will be a beneficial step enabling more power
to be obtained economically from this
abundant natural resource.

The first Windflow turbine of 500 kW will be
sited near Christchurch, on Banks Peninsula
(Gebbies Pass).  The company also has
exclusive rights to develop a wind farm at a
property on North Range Road, running along
the ridge of the Manawatu, close to
Palmerston North.

This case study will give insights into the
early planning issues in particular for the
establishment of a single wind turbine and a
complete wind farm.

Case Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and Objectives

Case Study Objective

Objective is to analyse the installation from
various perspectives including commercial,
strategic and market, then to identify aspects
that will affect the uptake of DG nationally.
The case study specific objective is to give
insights into the early planning issues of
establishing a wind farm site.

The outcomes of this case study should met
the following objectives:

1. To give insights into the early planning
issues in particular for the establishment
of a single wind turbine and eventually a
complete wind farm.

2. To assess the revenue streams of the
Windflow generation project.

3. To draw conclusions from the case study
that has broad application for investment
in wind farms or another form of Distrib-
uted Generation.

Case Study Scope

The evaluation will examine the Stage 1 and
Stage 2 proposals as outlined in the Stage 1
Offering by Windflow Technology Ltd1.  Stage
1 is a single wind turbine to be installed by
Windflow Technology Ltd.  Stage 2 is six wind
turbines to be installed by Windflow with a
further four wind turbines installed for
customers or sold to customers for installa-
tion elsewhere.

Some comment will be made with respect to
larger wind developments in the discussion of
industry issues.

MethodologyMethodologyMethodologyMethodologyMethodology
The methodology will be to assess actual and
potential revenue streams for the generation
projects covered by this case study and
compare them to the project cost.  The
assessment will raise a number of broader
issues that will be discussed.

Issues to be considered that give insights
into the early planning issues in particular for
the establishment of a wind farm:

• Wind potential, affect on site choice and
economics.

• Choice of technology

• Access to investment capital for project
(network companies only established so
far two (Hau Nui and Tararua) apart from
Windflow)

• Government support for renewable energy

• Land access

1 Windflow Technology Ltd, “Prospectus for a Staged Wind Power
Development – Stage 1 Offering: First Windflow Turbine”,
Prospectus dated 9th July 2001 as amended on 10th August 2001.
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• Environmental issues concerned with
noise and visual impact

• Access to electricity load/network, and
commercial arrangements for sale of
electricity and reactive power (VARs).

Common Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and Parameters

Economic Parameters

The inflation assumption over the timeframe
of the analysis is 2.0%.  The Corporate tax
rate used in this report is 33%.

Net Present Value calculations for Windflow
cost or revenue streams will be done using a
pre-finance post tax real WACC of 8% (10%
nominal post tax).   This WACC has been
chosen to represent the cost of capital of
potential generation company clients of
Windflow technology.

The appropriate WACC for Windflow, as a
technology start-up company, would be much
higher.

Net Present Value calculations for Orion (or
any other network company) cost or revenue
streams will be done using a pre-finance post
tax real WACC of 6% (8% nominal post tax).

Value of Marginal Capacity

The energy value of energy delivered will be
based on half hourly wholesale electricity
price at Islington for Stage 1 and Bunnythorpe
for Stage 2.  Half hourly price data beginning
1999 through to the present will be used to
derive the energy value of sent-out energy.

Orion System Peak Load Forecast

The peak demand for Canterbury and South
Canterbury is expected to increase from about
730 MW to 880 MW over a ten-year period.
This compares with almost no increase in
peak demand since 1984, some of which can
be attributed to the programmes Orion has
instituted to control peak loads on their
network.

Windflow Plant Description And CostsWindflow Plant Description And CostsWindflow Plant Description And CostsWindflow Plant Description And CostsWindflow Plant Description And Costs

Wind Farm Plant, Staged DevelopmentWind Farm Plant, Staged DevelopmentWind Farm Plant, Staged DevelopmentWind Farm Plant, Staged DevelopmentWind Farm Plant, Staged Development
and Siteand Siteand Siteand Siteand Site
The Windflow path to commercialisation
involves three stages.  The first stage is to
manufacture a single 500 kW 33-metre blade
(perhaps larger) turbine to be installed at

Gebbies Pass on Banks Peninsula.  Stage 1 is
to demonstrate that local manufacturing,
using the cost-effective technologies of the
Windflow design, will result in lower cost of
energy than imported energy.2

In the second stage Windflow will manufac-
ture at least 6 and preferably 10 wind tur-
bines of 500 kW each (perhaps larger).  These
will be used to market the Windflow and
related products and promote further sales.
At least 6 of these turbines will be erected at
Aeolian Property Company’s 240 ha site near
Palmerston North or some other not yet
specified site.  There is no intention of
installing 6 turbines at the Gebbies Pass site3.
Other turbines may be erected for customers.

Capital and Operating CostsCapital and Operating CostsCapital and Operating CostsCapital and Operating CostsCapital and Operating Costs
The capital costs for stages 1 and 2 are given
in Table 6.4.1.  These costs include the
following year general administration and
engineering costs.

The ongoing administration, engineering,
operating and maintenance cost of the Stage
1 unit, assuming no further development
(Fallback Scenario)4, is $50,000 per annum or
about $25/MWh; This is much higher than the
$10/MWh industry norm for operating and
maintenance costs but reflects the small
project size.  The ongoing operating and
maintenance cost for Stage 2 is $310,000 per
annum or about $13/MWh.

Cost of GenerationCost of GenerationCost of GenerationCost of GenerationCost of Generation
The cost of generation per unit will depend
on the actual capital cost and the levelised
capacity factor achieved.  Windflow suggest
using a wind speed of 10.3 m/sec (although
recent measurements show a speed of 9 m/
sec may be more accurate)5 for Gebbies Pass6

and a capacity factor of 43.5% to produce
1.714 GWh pa7 after allowing 10% losses. The

2 Windflow Technology Ltd, “Prospectus for a Staged Wind
Power Development – Stage 1 Offering: First Windflow
Turbine”,  pg 6, Prospectus dated 9th July 2001 as amended
on 10th August 2001.

3 Wernher Roding, personal correspondence to Bernd Pummer –
Windflow Technology Ltd, 20 May 2002

4 Windflow Technology Ltd, “Prospectus for a Staged Wind
Power Development – Stage 1 Offering: First Windflow
Turbine”,  pg 35 and 39.

5 Wernher Roding, personal communications to Bernd Pummer -
Windflow Technology Ltd, 18 April 2002

6 This is based on data presented in Neil Cherry (1987),
measured in 10 m and extrapolated to 50 m AGL (V(50)).

7 Windflow Technology Ltd, “Prospectus for a Staged Wind
Power Development – Stage 1 Offering: First Windflow
Turbine”,  pgs 26 and 37, Prospectus dated 9th July 2001 as
amended on 10th August 2001.
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capacity factor for Stage 2 could range from
that assumed for Gebbies Pass to more than
50% before losses at the Palmerston North
site.  The average wind speed V(50) for good
sites in this area is about 12.5 m/sec8.

Windflow give an economic life span of 20
years for the turbine and tower.

Windflow plans to manufacture and sell wind
turbines in Stage 3.  The projected selling
price of each wind turbine is $640,000 per
500 kW machine which Windflow claim is
consistent with a long term power price of
$60/MWh on wind farm sites with average
wind speeds of 10m/sec.

The revenue required to achieve a commercial
rate of return for Stage 1 is about $920/kW/yr,
and for Stage 2 $330/kW/yr.

Main drivers for the Windflow Project

Windflow has identified a major opportunity
in New Zealand and Australia for new wind
generation.  The long term potential for wind
generation in New Zealand is as much 3000
MW and the potential is substantially greater
in Australia.

The present state of the electricity markets in
New Zealand and Australia combined with
government environment policy developments
provide a window of opportunity for Windflow
to develop and commercialise its innovative
technology.

Windflow correctly anticipated the Govern-
ments recent policy moves in response to
climate change.  Two policy developments
will provide significant support for wind
energy.  The first is a $25/tonne9 tax on

carbon dioxide to be introduced from 2007.
The second outlines a preferred target for an
additional 30 Petajoules (PJ) of consumer
energy from renewable sources by 2012.

One of the preferred mechanisms for achiev-
ing the target for new renewable energy is a
Projects Projects Projects Projects Projects mechanism designed as a competi-
tive bid-in process to incentivise renewable
energy and to achieve cost-effective CO

2

emissions reductions.  This is discussed
further in Section 7.  Australia already has
such a scheme in operation that is encourag-
ing the development of wind energy and
other forms of renewable electricity genera-
tion.  A renewables industry is already
evident in Australia.  Windflow wish to be an
early participant in the growth of a
renewables industry in New Zealand as well
as take advantage of the growing market in
Australia.

The other timing element contributing to the
window of opportunity is the increasing
demand for electricity in New Zealand.  That
demand is absorbing the present glut with
new generation needed in 3 to 5 years time.
Wholesale prices are expected to recover and
a market for wind power may develop in that
time frame.  The declining gas reserves and
access to the Maui gas line in New Zealand
are expected to give a further impetus to
price recovery.

The innovative wind technology element of
Windflow’s strategy is to demonstrate local
manufacturing, using the cost-effective
technologies of the Windflow design.  This
should result in lower cost of energy than
imported wind power technology and may
lead to commercial success.  In addition to
local manufacturing advantages, Windflow’s

Projected Expenditure Stage 1 Capital Cost
($,000)

Stage 2 Capital Cost
($,000)

Components/Other Stock 1,205 3,959

Engineering 1,019 4,020

Marketing 134 728

Administration and Finance 460 972

Total 2,818 9,679

Table 6.4.1: Capital costs

8 Neil Cherry, “Wind Energy Resource Survey of New Zealand –
National Resource Assessment – Summary and Final Report” –
Report No. 140 – Department of Agricultural Engineering,
Lincoln College, Canterbury, June 1987

9 A tax of $25/tonne on carbon dioxide equates to about $7 per
tonne on Carbon or about 10% increase in power station
fossil fuel prices.
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technology aims at eliminating fatigue loads
resulting in lighter components thus increas-
ing reliability as well as reducing costs.

Wind ResourceWind ResourceWind ResourceWind ResourceWind Resource

Wind SpeedWind SpeedWind SpeedWind SpeedWind Speed
Wind speed-power curves are specific for
each wind turbine generator design.  The
wind speed at which a wind turbine generator
begins to generate electricity is its cut-in
wind speed.  This is, depending on the
design, between 3 and 6 m/s.  More power is
produced as the wind strengthens10.  As the
rated output is reached at around 12 m/s the
output from the turbine is controlled.  This
may be a mechanism to control the pitch of
the blades or on fixed pitch machines the
blades progressively stall as the wind speed
increases.

It has to be noted that these characteristics
are design specific and may be different
between different designs11

Wind speeds at any site vary from second to
second and season to season.  Wind speed
frequency distribution curves are needed to
calculate the potential electricity generated
using a particular turbine design.  Most wind
turbines do not operate at very low wind
speeds and vary their power output as the
wind speed changes.

Wind Speed DistributionWind Speed DistributionWind Speed DistributionWind Speed DistributionWind Speed Distribution
The distribution graph (below left) simply
shows how many hours each year the wind
will blow at 5 m/s, 6 m/s, 7 m/s etc.

Wind Speed In New ZealandWind Speed In New ZealandWind Speed In New ZealandWind Speed In New ZealandWind Speed In New Zealand
Two sites with an average wind speed of 7 m/
s can have quite different wind speed distri-
bution curves.  Although a distribution curve
with a Weibull characteristic is shown in
Figure 6.4.3 may be quite typical, other sites
may have distribution curves with two
maxima at different wind speeds.

Figure 6.4.1:  Capacity Factor vs. Generation Cost at Station Gate

Figure 6.4.2:  Example for a Wind speed-power curve
[Source: Energy-wise - Renewables – 3; ECCA October 1997]

11 Windflow specifies a cut-in wind speed of 6 m/s and a cut-out
wind speed of 30 m/s.

10 Power output increases exponentially (cubed) with the wind
speed.
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Windflow was not able to provide detailed
information about the wind characteristics for
the chosen site (Gebbies Pass on Banks
Peninsula).  Monitoring has only been
commenced some three months ago and the
available data is considered insufficient to
make predications about the long-term
average wind speed at this site.

The following table shows some approximate
wind speeds for exposed areas in each region
of New Zealand, including the Banks Penin-
sula area for the Windflow Stage 1 of devel-
opment.

In a publication dated June 198712 reference
was made to the Gebbies Pass area, where
the first Windflow turbine is going to be
installed.  The information given in this
publication is based on an anemometer in 10
m height at an elevation of 250 m above
mean sea level.  The mean wind speed at 10
m is given with 8.1 m/s and at 50 m above
ground level with 10.3 m/s.  It is not clear
how long these measurements were carried
out for and over what duration the data were
averaged.

EECA published a more recent review of the
wind energy potential in May 200113.  This
review includes an identification of the areas
with the biggest potential for wind power
utilisation.

The Figure 6.4.4 illustrates the national
distribution of the main areas with the
biggest potential for wind energy utilisation.

This figure does not take into account issues

such as availability of land for wind farming
or access to grid.

Commercial ArrangementsCommercial ArrangementsCommercial ArrangementsCommercial ArrangementsCommercial Arrangements
There are a number of commercial arrange-
ments that are typically put in place for DG
projects, such as this.  These cover connec-
tion to the grid, energy sales and electricity
import agreements (for auxiliary power use),
land lease/purchase agreements and mainte-
nance agreements for the major plant and
balance of plant items, such as transformer
and transmission lines for connection into the
grid etc.

Connection costConnection costConnection costConnection costConnection cost
The Windflow plant will have minor import
requirements for power during times, when
the turbine is not producing any output.  The
power requirements are minor and are
estimated to be in the vicinity of 5 to 10 kW
for an individual 500 kW turbine (or 1-2% of
gross power output) for lighting, hydraulic
pumps, fans, controls equipment etc.

For the supply of (back-up) power, Windflow
will need to sign a connection agreement
with the incumbent distribution company (in
this case Orion, for the Gebbies Pass site).
The cost for such a connection is currently
given to be $1.37/day14.

Based on information provided by Orion15 the
Windflow wind turbine will pay very little to
inject into Orion’s network as Windflow pay
all the costs of connecting into it, including
new lines, transformers, metering etc.

Orion’s revenue comes from connected

Figure 6.4.3:  Example for a Wind distribution curve
[Source: Energy-wise - Renewables – 3; ECCA October 1997]

12 Neil Cherry (1987) - Wind Energy Resource Survey of New
Zealand – National Resource Assessment – Summary and Final
Report – Report No. 140 - Department of Agricultural
Engineering, Lincoln College, Canterbury, June 1987

13 Review of New Zealand’s wind energy potential to 2015 -
Energy Efficiency and Conservation Authority – Wellington -
May 2001

14 Based on $500.5/year for major customer connection of a
minimum of 300 kVA.  Orion (2002)

15 Personal correspondence with Roger Sutton, General Manager
Commercial, 7 May 2002
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customers who take energy from their
network.

Because the Gebbies Pass site is very close
to the distribution network and only generat-
ing 500 kW max (with 670 kVA very seldom)
the load flow studies show that Stage 1 will
have very little effect on the network.  The
load flow studies have been simplistic and
were carried out free of charge by Orion.
Detailed connection costs have not been
determined as yet, because there are various
grid connection and cable (under/over
ground) options.17

Electricity exportElectricity exportElectricity exportElectricity exportElectricity export
The information provided by Windflow
specifies that “under an agreement dated 29th

May, 2001 between Windflow Technology Ltd.

and the Christchurch City Council (CCC), or
the CCC electricity supplier will take all the
electricity generated by the Stage 1 Windflow
turbine and pay 4.4c/kWh for it”18.

This is a flat price for a 15-year period and is
not indexed (e.g. to Consumer Price Index
(CPI))19.  It is understood that the 4.4¢/kWh
does not include lines losses etc.  The CCC
will pay this directly to the retailer.

Most generators would sell their electricity
produced into the market or to a retailer, who
then on-sells to the end consumer.  In this
case however the electricity appears to be
sold through a bilateral contract between the
generator (here Windflow) and the end
consumer (here Christchurch City Council) or
its retailer.  Such bilateral contracts are
governed through MARIA20.

Region Annual wind
speed

Area Capacity Output

m/s km 2 MW

Far North 8 35 350

West Coast Auckland 8 8 80

Kaimai Ranges 9 4 40

Taranaki Coast 7 30 300

Manawatu Gorge 10 10 100

North Is. East coast 8 30 300

Wellington† 10 25 250

Wairarapa† 9 30 300

Marlborough 8 8 80

Banks Peninsula 8 10 100

Canterbury river gorges 7 12 120

Inland Otago 7 30 300

Foveaux Strait 9 35 350

Distributed16 7 40 400

Total 307 3,070

Source: EECA, http://www.eeca.govt.nz/Content/EW_renewables/wind.htm,  & Review of New Zealandís wind energy  potential
to 2015 - Energy Efficiency and Conservation Authority, Wellington - May 2001

GWh/a

1,070

250

140

710

410

920

1,030

1,080

250

310

280

710

1,260

950

9,370

Table 6.4.2:  Approximate wind speeds, usable areas, and capacity and energy output for exposed
areas in each region of New Zealand

16 “Distributed generation” category covering any locally windy
places throughout the remainder on the country.  Offshore and
island resources have been excluded.

17 Personal correspondence with Wernher Roding, Electrical
Engineer – Windflow Technology Ltd, 24 May 2002

18 Prospectus for staged wind power development – Stage 1
Offering – First Windflow Turbine – Prospectus dated 9th July
2001 as amended on 10th August 2001

19 Personal correspondence with Wernher Roding, Electrical
Engineer – Windflow Technology Ltd, 20 May 2002.
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Capacity PaymentsCapacity PaymentsCapacity PaymentsCapacity PaymentsCapacity Payments
Windflow has a standard agreement for
Electricity Delivery Pricing for Major Customer
Connections with Orion New Zealand Ltd for
the first Windflow turbine.  This includes

purchase rates for real power (kW) and
reactive power (kVAR’s), which the wind
turbine may export during Orion’s control
periods.  This will provide about 1.4c/kWh out
of the total of 5.8¢/kWh of revenue for the
first wind turbine (Stage 1).

Figure 6.4.4:  Locations Most Suitable for Wind Energy Development (with regard to wind re-
source)  [Source: Review of New Zealand’s wind energy potential to 2015 - Energy Efficiency and

Conservation Authority – Wellington - May 2001]

20 NZEM is a voluntary market hence companies can use bilateral
contracts to transact electricity off-market. These off-market
transactions must, however, be reconciled with the NZEM
transactions. This is accomplished through MARIA, which was
established in 1994 to reconcile the quantities of electricity
traded bilaterally through the national grid. The MARIA rules
provide the standards for meters that measure electricity use.
The rules also determine the metering standards a new retailer
must meet before it can take over supply to an individual
consumer. The MARIA rules also require all parties to provide

certain data so electricity flows can be reconciled. The MARIA
reconciliation arrangement then matches the quantities bought
with the quantities sold for each contract. It also determines
any mismatch not covered by contracts. The MARIA rules
impose a self-regulating structure with mechanisms for
selecting a governance board, making rule changes, resolving
disputes and enforcing rules. The industry used MARIA to
allow the introduction of customer switching, enabling
competition between power retailers.
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In a special arrangement, Orion has offered to
hold prices fixed until 30/07/2010, contingent
on the wind turbine (of up to 1000 kW, 1200
kVA capacity) being operational by 1/1/2003.
The terms of the Agreement between Orion
and WTL are recorded in a letter dated 28th
June 2001.

Orion will make payments for these capacity
payments on the following basis.

A control period commences whenever Orion
sends out a signal that a system peak is
approaching, (the signal will be send about
15 minutes in advance), Windflow will prepare
its wind turbine controls for maximizing
reactive power output.  The automatic voltage
control will switch from active power export
to reactive power export21.  The payment by
Orion will have two components and is based
around $81.92/kVA/annum with component A
for active power and component B for
reactive power.

A) Orion will pay for active power 95% of
$81.92/kVA/annum times a multiplier

B) Orion will pay for the reactive power 33%
of $81.92/kVA/annum times a multiplier

The annual revenue is calculated as the

Revenue = A x X + B x Y

= $81.92 x (0.95 x X + 0.33 x Y)

For which X and Y are the net average
quantities of all export kW and kVAr during
the control periods (when a generation signal
is given by Orion).

This requires that both active and reactive
power be metered using TOU meters.

A discussion about export of reactive power,
and the use of synchronous vs. asynchronous
generators can be found in Appendix A.

LaLaLaLaLand lease agreementsnd lease agreementsnd lease agreementsnd lease agreementsnd lease agreements

Gebbies Pass site

Windflow intends to install its first wind
turbine in the Gebbies Pass area on Banks
Peninsula near Christchurch.

The land lease agreement for this site with
the current landowner does not require any

payments to the landowner.  The landowner
has an agreement with Windflow that
Windflow will arrange a connection for one of
the properties on this particular site and in
exchange can use the land for a 20-year term
with renewal options after this period of time
without any further cost.

North Range Road near Palmerston North

The second site accessible to Windflow is
North Range Road near Palmerston-North.
This 240-hectare block of pastureland on
North Range Road, which runs along the ridge
of the Manawatu Saddle, was purchased by
Aeolian Property Company Ltd22 in July 1992.
The Windflow prospectus specifies that a
local farmer has taken a three year grazing
lease on the property, but that the lease
includes provisions for the development as a
wind farm.

This property is in close proximity to the
existing Tararua wind farm, and measure-
ments have shown that it is one of the best
wind farm locations in New Zealand with
long-term average annual wind speeds of
between 10 to 11 m/s.23

The prospectus elaborates that this site is
favourable in particular with regards to

• Planning issues

• Construction access and site conditions

• Transmission access

• Proximity to the North Island load centers

Wind Torque Ltd has an agreement with APCL,
which gives Windflow an exclusive option on
the rights to develop APCL’s North Range Rd
property for wind farming.

Wind generation technology in NZWind generation technology in NZWind generation technology in NZWind generation technology in NZWind generation technology in NZ
Ease of transportation and erection, and the
cost effectiveness of 600 kW to 1 MW ma-
chines are most likely to result of turbines of
this class to be installed in New Zealand in
the near future.  While larger MW class
machines may improve in cost effectiveness
with increasing production, specialist equip-
ment would have to be imported into New
Zealand to allow their installation.  Large

2

21 There are no separate signals for active or reactive power
demand, hence Windflow will always maximise reactive power
output, without sacrificing active power output, since this
provides the bigger revenue potential.

22 Aeolian Property Company Ltd (APCL) is a private company
that was incorporated and commenced trading in June 1992
and is an associated company of Wind Torque Limited (WTL).
Windflow intended to acquire WTL on completion of the share
offer.
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cranes, with capacities of 400 tonnes or
greater are normally required for turbine
erection.  Cranes would need to be imported
for such installations in New Zealand.  This is
likely to delay the introduction of these
machines in the New Zealand market.24

Not all wind turbines available on the world
market are suitable for New Zealand condi-
tions.  Because of the economics of wind
turbine utilization, driven by the low whole-
sale electricity price in New Zealand, only
high wind speed sites with wind speeds of
approximately 9-10 m/s at hub height will be
most competitive with other fossil fuel fired
generating plant.

In particular imported wind turbine designs
are often optimised for lower wind speed
conditions as typical for European sites (6 to
8 m/s at hub height), and are therefore not
always suited to New Zealand conditions.
Site-specific certification for some turbine
models (taking into account wind speed,
wind shear, turbulence, and terrain effects)
may be required, as the site conditions may
not comply with the general certification for
the turbine in some aspects.24

Windflow would be the only New Zealand
manufacturer of larger scale wind turbine
generators.

Renewable energy in NZRenewable energy in NZRenewable energy in NZRenewable energy in NZRenewable energy in NZ
The New Zealand Government (through EECA)
developed an energy supply programme as
part of the National Energy Efficiency and
Conservation Strategy (NEECS), which was
first published in September 2001.

Part of this strategy was the setting of a
renewable target, which was then defined as:

Increase renewable energy
supply to provide a further
25-55PJ of consumer energy by
2012.25

The renewable target was than expressed as
a range that required further analysis and
input from interested parties before a specific
target could be finalized.

In a recent announcement the
preferred target was finalised
and announced on 30 April
200226.

The preferred target is for an additional 30
Petajoules (PJ) of consumer energy from
renewable sources by 2012.

Direct pricing initiatives are not considered
part of the strategy; although a number of
energy pricing matters are being considered
by other government processes, including the
New Zealand Climate Change Programme,
transport legislative reform and the tax
review.  It is government policy that prices
should “reflect the full costs of supply
including environmental costs”25

Developing and deploying renewable energy
systems is a core strategy priority and the
New Zealand Government is currently devel-
oping and evaluating mechanisms to increase
the proportion of energy from renewable
energy sources.  A final decision is expected
from the Government by July 200225.

The preferred mechanisms as presented in
the latest strategy paper26 are:

• An expanded Renewable Energy Pro-Renewable Energy Pro-Renewable Energy Pro-Renewable Energy Pro-Renewable Energy Pro-
gramme gramme gramme gramme gramme under the NEECS containing
sectoral components which focus on
research, information, training, demonstra-
tions/pilots and a government purchase
programme for solar water heating;

• A Projects Projects Projects Projects Projects mechanism designed as a
competitive bid-in process to incentivise
renewable energy and to achieve cost-
effective CO

2
 emissions reductions.

A second output activity from the energy
supply programme as part of the National
Energy Efficiency and Conservation Strategy is
the development of the renewable industry.
The anticipated output from this activity is it
to “develop a dynamic industry capable of
meeting market needs will enhance consumer
confidence and provide the base for any
export potential” 25.  Developing an action
agenda regarding opportunities for renewable
industries is one of the key measures.

The NCEES aims that climate change policy
23 Prospectus for staged wind power development – Stage 1

Offering – First Windflow Turbine – Prospectus dated 9th July
2001 as amended on 10th August 2001, p23ff

24 Review Of New Zealand’s Wind Energy Potential to 2015 – EECA
– May 2001, p15

25 National Energy Efficiency and Conservation Strategy (NEECS) –
Towards a sustainable future – EECA – September 2001

26 National Energy Efficiency and Conservation Strategy (NEECS) -
Towards a sustainable energy future - Renewable Energy: The
Proposed Target for New Zealand - Consultation Document -
Energy Efficiency and Conservation Authority and the -Ministry
for the Environment - April 2002
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will progressively incentivise wind power and
that the ongoing work to improve RMA
processes for renewable energy should
provide greater awareness and more clarity
for wind developments27.

Other developed countries have clearly
defined renewable targets and support
programmes (see Table 6.4.3).

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues
The main environmental issues concerning
wind energy utilisation that are considered
adverse off-site effects and that are generally
associated with the installation of wind
turbines are acoustic noise and visual impact.

Manufacturers emphasis was recently on
significantly reducing tonal noise of wind
turbines, because tonal noise is particularly
distinctive.  The remaining noise generated by
wind turbines is largely aerodynamic in nature
and has a broadband character, also known
as “white noise”.

The use of fewer larger turbines generally
reduces the overall noise levels produced by
a wind farm, when compared to the same
installed capacity using more, smaller tur-
bines.

Using larger turbines also has an impact on
the appearance of a wind farm.  For technical
reasons larger turbines need to be spaced
further apart, hence a wind farm of larger
turbines is likely to appear more open than
one using smaller turbines.  Larger turbines
also rotate more slowly than smaller turbines,
and are perceived by some to be more
“graceful” when in motion.

The trend to larger turbine sizes may to some
extent change the perception of off-site
effects of wind farms.

BarriersBarriersBarriersBarriersBarriers
Most of these barriers were identified in the
EECA Wind Energy Potential Study28.

Cost and EconomicsCost and EconomicsCost and EconomicsCost and EconomicsCost and Economics
Currently the largest barrier for wind energy
development in New Zealand is the high cost
compared to other means of generation from
natural gas or hydropower.

About 70% of the cost of a wind farm is
made up by the cost of the wind turbines
(excluding the towers), which are currently all
manufactured and imported from Europe and
the USA.

The balance of plant, such as towers, civil

Source: National Energy Efficiency and Conservation Strategy - Towards a sustainable future, EECA, September 2001, p.8

Country Target Mechanism being used

Australia mandated “2% target” for electricity

renewables share of electricity from
11 to 13% by 2010

quantified to a target of 9,500 GWh

system of tradeable renewable
energy certificates for electricity
retailers

penalty charges for retailers not
meeting the renewables requirement

Denmark 20% renewable electricity by 2003 renewable energy certificates that
can be sold on a green market

financial support mechanisms for
wind power

Finland 50% increase in renewable energy
use by 2010 compared with 1995

United Kingdom 'Renewable Electricity Supply
Obligation'sets a target to increase
the renewable proportion of
electricity supply from 3% in 1999 to
5% in 2003 and 10 percent in 2010

fund to accelerate deployment of
renewable energy technologies

Table 6.4.3: International assistance mechanisms

28 Review Of New Zealand’s Wind Energy Potential to 2015 – EECA
– May 2001

27 National Energy Efficiency and Conservation Strategy (NEECS) -
Towards a sustainable energy future - Renewable Energy: The
Proposed Target for New Zealand - Consultation Document -
Energy Efficiency and Conservation Authority and the -Ministry
for the Environment - April 2002
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works, electrical, engineering and project
management, is supplied locally, although
some of the materials such as steel and
electrical cables may also be imported.

Manufacturers usually provide the wind
turbine installation personnel, with balance of
plant provided by local contractors.  Person-
nel for performing on-going Operation &
Maintenance are typically employed locally
after a suitable training period.

Another cost factor is that wind farms are
very site specific and may be distant from
sufficient electricity demand, or from connec-
tion to adequate capacity transmission lines.
Therefore the cost of connection to transmis-
sion lines can be a significant cost penalty for
some sites.

Wind energy is a non-firm energy29 and as
such is valued at the average spot price.  It is
thus sold at a lower price than generation
that is controllable in terms of time and
quantity.

DependabilityDependabilityDependabilityDependabilityDependability
Although wind power is often viewed as an
unreliable, fluctuating power source it is
important to understand the potential impact
wind power can have on the reliable opera-
tion of New Zealand’s electricity network.
There are five major issues that need to be
evaluated:

• Replacement generation during low wind
periods

• Power fluctuations due to wind farm
operation

• System voltage fluctuations due to wind
farm operation

• Harmonic disturbances due to wind farm
operation

• Network failure

Analysis of each of these issues reveals that
it is possible to forecast the power output of
wind farms to some extent, and thus be able
to take action to increase the dependable
delivery of energy to the consumers.  Further-
more the voltage fluctuations of modern wind
turbines are small and a smoothing effect on

the power output of wind farms occurs in
proportion to the number of wind turbines.

Backup in generation is required when there
is little or no wind or in conditions where
there is high wind speed and the turbines
must shut down for their protection.

ConsentabilityConsentabilityConsentabilityConsentabilityConsentability
The ability to obtain resource consents for
wind farms is regarded in the New Zealand
industry as a significant barrier to future
development.  Although to date this may be
more apparent than real.  At present one
consented wind farm has not yet been built,
with another where the first stage of about
50 percent of the consented capacity has
been built.  It cannot therefore be said that
consents have limited overall development of
wind generating capacity.  The perception
nevertheless exists, and may in itself be
beginning to be a barrier.

There is some basis for such concern, how-
ever the actual experience has been:

• Only one wind farm project has been
declined by a local authority30.

• One wind farm (Hau Nui in the Wairarapa)
was handled as a non-notified application
and gained a straightforward consent31.

• One turbine (Brooklyn in Wellington) was
one of the first applications handled by
the particular local authority under the
RMA.  The consent was specifically sought
for a limited period of 15 years.

• A single “experimental” Vortec turbine
(reduced scale but still large) in Waikato
District was consented without difficulty.

29 Non-firm energy is the energy from a source that cannot be
depended on by the power station operator to produce
electricity at a pre-determined MW level for any specific half-
hour period.

30 A proposed wind farm at Baring Head was declined in 1995 by
Lower Hutt City Council.  This was on a site identified in the
Regional Policy Statement (and in previous Regional Planning
Schemes) as having outstanding landscape significance and
outstanding geological significance.  The location was also
identified by local tangata whenua as being of cultural
significance in relation to Kupe’s arrival in Wellington Harbour.
It was opposed by a range of parties including tangata
whenua and residents on the opposite side of the harbour.  As
a non-complying activity it was found to be contrary to all
relevant policy statements and plans, and to have effects that
were greater than minor (relating to landscape and natural
values) and thus did not pass any of the statutory tests that
would have enabled its consideration in terms of Part II of the
Resource Management Act.  Most potential wind farm sites do
not face such well-defined statutory difficulties.

31 It is unlikely that any wind farm application would be handled
non-notified in the present case law context of the interpreta-
tion of Section 94 of the RMA, which has tightened
considerably since the Hau Nui consent was obtained in 1996.
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• Two relatively large wind farms have been
consented in the vicinity of Palmerston-
North, following the normal processes of
the RMA.  One raised specific concerns
with telecommunications interference, as
well as the more general work and visual
concerns32.  Only one has since been built,
to an initial stage of about 50 percent of
the maximum that the consent provides.

• Numerous small turbines have been
installed without any consent being
needed, or with minimal difficulty33.

• No project has proceeded to be heard by
the Environment Court.

Thus the actual experience of consenting
wind energy generation has not been particu-
larly negative.  However, it is fair to say that:

• The costs in providing adequate informa-
tion for applications have been high.  This
is mainly due to the technology being
relatively new to New Zealand and its
effects are not well understood by affected
communities or consent authorities.  The
RMA has very high information require-
ments and “proof” of effects is subject to
much more rigorous analysis than almost
anywhere else in the world34.

• Most wind farm projects are discretionary
activities (or sometimes non-complying)
and must be evaluated in terms of
national, regional and local policies. Wind
power projects are also evaluated on the
basis of effects (as defined in the RMA),
as well as under the more general
“sustainability” criteria in Part II of the
RMA.  In practice, the process of consulta-
tion and participation under the RMA
involves a high level of risk as to whether
consents may be able to be obtained or
not.

• The cost of public consultation and
provision of good documentary evidence
of the potential visual and noise effects to
surrounding land owners means that

currently only large well funded investors
can consider investment in wind farms.

• All notified resource consent applications
that attract submissions could be ap-
pealed to the Environment Court by a
submitter.  At that stage, other parties can
also join the process35.  While many
appeals are settled quite quickly through
a mediation process, this involves a risk
assessment by parties and an intransigent
appellant may not be prepared to medi-
ate.  Urgency is rarely granted by the
Environment Court, and would not be, in
the normal course of energy development
projects.  Delays associated with the
Environment Court can add two years or
more to the normal six month consent
process for a notified application36.  This
delay, the risk inherent in the decision,
and the cost, can be perceived as a strong
deterrent to potential developers.

• The expectation of developers is that
consent must be taken up within two
years unless a longer period is applied for
as part of the application.  Councils have
granted up to six-year “start up” periods,
so the uncertainty associated with short-
term consents should not be seen as a
real barrier.

While distributed generation may be able to
be handled more efficiently through consent
processes (i.e. non-notified consents with
neighbours’ written approvals), this may be
very site dependent, and may not be well
known by potential investors.  If notification
processes are involved, the public consulta-
tion and assessment of effects effort for a
single turbine in a controversial location may
approach that for a large wind farm.  If this is
so, it may add significantly to project costs.

This may be seen as a significant barrier to
investment by small investors into single
turbines or small wind farms. On a unit cost
basis, which is the dominant commercial
driver for investment in electricity generating
assets, concentration of turbines onto a
single site reduces these costs.

32 This experience has resulted in a greater industry understand-
ing of the potential pitfalls of seeking consents on very
defined projects, as they are difficult to modify later should
conditions change.

33 Some small turbines installed in some urban locations (ie
suburban residential sections) have resulted in neighbourhood
complaints.

34 EECA has published a useful general and still current guide to
resource consenting in “Wind Energy Guidelines for Wind
Energy Developments” 1995.  Some additional comments are
included in Appendix 3 to this report.

35 Other parties who can join at this stage are limited to those
directly affected, or those who represent a relevant aspect of
public interest.

36 The Resource Management Bill currently before Parliament
includes a mechanism whereby more controversial projects can
be referred directly to the Environment Court.  This may reduce
delays to some extent, if the provisions are introduced.
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Market IssuesMarket IssuesMarket IssuesMarket IssuesMarket Issues
While there is some evidence of “green”
market sales of wind power, these are in the
nature of contract sales.  Any green market is
probably very “thin” and not expanding.
TrustPower has recently launched a green
pricing scheme, in which 16,100 New
Zealanders are invited to contribute $2 per
week to help support the existing wind farm.
However this attempt by TrustPower appears
to have been unsuccessful.

Land AccessLand AccessLand AccessLand AccessLand Access
Because the wind resource is very site
specific and wind turbines are a land-based
activity, it is essential for any potential
developer of a wind farm to gain an interest
in the land.  This is usually accomplished by
either outright purchase of the land or by an
agreement with the landowner for rights to
install and operate wind turbines.

To date the ability to gain such an interest in
suitable land has not been a significant
barrier to wind energy development.  How-
ever, most of the “best” sites have now been
identified and acquired by some particular
interest, and individual investment decisions
may mean that those are not developed in
the logical, most productive or most cost
efficient order.  This in itself may be a factor
delaying some wind energy development,
although its extent cannot be known.

As access rights for the most favourable sites
are taken up, there is likely to be a greater
number of sites with lower wind speeds that
will then become the focus of developer
interest.  The extent to which a developer will
take up an interest in a wind farm site
depends on their perception of both the
likelihood of wind energy generation from
that site becoming economic in the near term
and the consenting risks applicable to the
particular site.

Transmission AccessTransmission AccessTransmission AccessTransmission AccessTransmission Access
Access to transmission facilities at reasonable
cost is also an issue for potential wind farms.
While the exact connection point of a wind
farm to the electricity network may not be
important so far as reducing electrical losses
is concerned, it can make a significant
difference to the costs of delivered energy if
that connection has to be to Transpower’s
system rather than being embedded in the

local network, or if the output from wind
generation is greater than the demand at the
Transpower point of supply.

This regime may favour the first wind farm
connection at a particular location, but can
penalise any subsequent wind farm develop-
ment in the same area.

Technological riskTechnological riskTechnological riskTechnological riskTechnological risk
There is considered only minor technological
risk from the currently marketed wind tur-
bines available from the major overseas wind
turbine manufacturers, such as Enercon,
Vestas etc.

However there is considered still a relatively
high technological risk for the Windflow
turbine, in particular because Windflow is a
new design.  The Windflow prospectus points
out “the development of a new design is
often accompanied by technical problems,
which can range from minor teething prob-
lems to major design failures”37.

The prospectus goes on in saying that “the
[major design failures] are defined as failure
to withstand wind and other local loads
within the specified design conditions” 37.

Access to Investment CapitalAccess to Investment CapitalAccess to Investment CapitalAccess to Investment CapitalAccess to Investment Capital
The two currently existing wind farms in New
Zealand were both installed by distribution
companies (Hau Nui by Powerco and Tararua
by Central Power).  Both wind farms were
sold to generator retailers after introduction
of the Electricity Industry Reform Act 1998
that required distribution companies to sell
off their generation assets.

These changes will be amended to the
following38:

• The Electricity Industry Reform Act 1998
will be amended to allow lines companies
to own distributed generation up to 2 per
cent of the network’s maximum demand
or 5 MW, whichever is the greater.

• The Electricity Industry Reform Act 1998
will also be amended to allow lines
companies to own distributed generation

37 Prospectus for staged wind power development – Stage 1
Offering – First Windflow Turbine – Prospectus dated 9th July
2001 as amended on 10th August 2001, p12

38 Summary of Government Decisions – 3 October 2000 (http://
www.med.govt.nz/ers/electric/package2000/summary.html#
P58_9069
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beyond these restrictions, provided that
the source of such generation is a new
renewable energy resource and that the
generation activity is carried out in a
separate company subject to the arms
length rules set out in Schedule 1 of the
Act.

RevenueRevenueRevenueRevenueRevenue

Stage 1 Energy SalesStage 1 Energy SalesStage 1 Energy SalesStage 1 Energy SalesStage 1 Energy Sales
For the period 1999 to 2002, there is no wind
data available to analyse the amount of
electricity that would have been generated
from the Gebbies pass site.  It will be as-
sumed that annual generation will be similar
to the long-term average capacity factor
discussed in Section 2.

The annualised revenue from Christchurch City
Council will be $153/kW/year.  This assumes a
price of $44/MWh adjusted for inflation.  This
is equivalent to a price at the generator gate
of about $40/MWh39, which is slightly greater
than the weighted average price at the
Islington Grid Exit Point.  The weighted
average price is based on actual prices over
the last three years and assuming 2001 is a
one in ten year occurrence.

Carbon Tax from 2007Carbon Tax from 2007Carbon Tax from 2007Carbon Tax from 2007Carbon Tax from 2007
A carbon tax of $25/tonne of CO

2
 will come

into effect in 2007, four years after the
commissioning of the Stage 1 Development.
This equates to a carbon tax of $90/tonne of
carbon.

Sub-bituminous coal is about 56% fixed
carbon40.  This is a price increase of $32 per
tonne of coal. The carbon tax will increase
the MED 2010 baseline scenario coal price
from $341 to $5.3/GJ.  Maui Gas will increase
by about $1.3/GJ

The carbon tax will therefore increase the
marginal cost of generation at Huntly by
about $24/MWh (at 100% coal use).  For a
gas fired combined cycle power station (such
as NGC’s Taranaki Combined Cycle (TCC) or
Contact’s Otahuhu B) the carbon tax will
increase generation costs by about $9/MWh.

The impact on electricity price will lie some-
where between these two values because the
price of fossil fueled stations determines the
price of electricity on the margin.  For the
purpose of this study it is assumed that
electricity prices will by the average of carbon
on coal and gas, i.e. $14/MWh.

Stage 1 Cost of Wheeling Energy toStage 1 Cost of Wheeling Energy toStage 1 Cost of Wheeling Energy toStage 1 Cost of Wheeling Energy toStage 1 Cost of Wheeling Energy to
CustomerCustomerCustomerCustomerCustomer
There appears to be no cost to the generator
of using the Orion Network, other than the
cost of connection and accounting for losses.
Christchurch City Council will pay major user
network charges as the customer.

Orion Capacity PaymentOrion Capacity PaymentOrion Capacity PaymentOrion Capacity PaymentOrion Capacity Payment
The capacity payment will be calculated as
follows.

Revenue = A x X + B x Y

= $81.92 x (0.95 x X + 0.33 x Y)

For which X and Y are the net average
quantities of all export kWh and kVAr during
the control periods (when a generation signal
is given by Orion).

It is assumed the value of this ‘revenue’
stream will vary depending on the level of
generation during Major Customer Control
Period.  Generation during any particular
Control Period will be uncertain, but will be
calculated assuming the average capacity
factor for the Windflow turbine, which is about
215 kWe. The reactive component is assumed
as 500 kVAr. These assumptions result in a
payment of $60/kW/year made up of $33/kW/
year for real power and $27/kW/year for
reactive power. This is equivalent to $16/MWh
on all energy sales at the customer gate.

Potential Contestable Projects MechanismPotential Contestable Projects MechanismPotential Contestable Projects MechanismPotential Contestable Projects MechanismPotential Contestable Projects Mechanism
The contestable projects “Near cost-effective
opportunities exist for wind power. It is
expected that climate change policy will
progressively incentivise wind power. In
addition ongoing work to improve RMA
processes for renewable energy should
provide greater awareness and more clarity
for wind developments. The contestable
projects mechanism will also be available to
assist wind power development.”42

39 “The price is $44/MWh and any loss component is footed by
the CCC” - Personal correspondence with Wernher Roding,
Electrical Engineer – Windflow Technology Ltd, 20 May 2002

40 JT Baines - New Zealand Energy Information Handbook - p19 & 21
41 The Ministry of Economic Development in their 2000 New

Zealand Energy Outlook, give a baseline price of coal at $2.6
to $3 over the ten year period from 2000 to 2010.

42 Renewable Energy: The Proposed Target for New Zealand
Consultation Document, Energy Efficiency and Conservation
Authority and the Ministry for the Environment, NZ, April 2002
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The project mechanism will be designed as a
competitive, bid-in fund.  It will assist with
the project establishment phase by
subsidising development costs, rather than
provide ongoing income.  Some Green Power
competitive bid processes have established a
price for developing renewable energy of
about $10/MWh to $30/MWh or about 20% to
40% of generation cost.  The proposed New
Zealand fund size of $16 to $20 million per
annum for 10 years may be inadequate to
fund projects to this level but the target level
of new renewable electricity generation to be
funded by this particular mechanism has not
been specified as yet.43).

Stage 1 Generation Revenue SummaryStage 1 Generation Revenue SummaryStage 1 Generation Revenue SummaryStage 1 Generation Revenue SummaryStage 1 Generation Revenue Summary
The revenue required to achieve a generation
company commercial rate of return for stage 1
is about $920/kW/yr, and for Stage 2 $330/
kW/yr.  The revenue required for a network
company commercial rate of return for Stage
1 is about $770/kW/yr

The actual and potential revenue for a 0.5
MW Windflow turbine in tabulated in
Table.6.4.4.  Revenue is estimated for both
the owner of the generation as well as the
regional community.

The total actual and potential economic
benefits to the owner are about $269/kW/
year.  This is less than the anticipated cost of
the project at between $920/kW/year (for
Stage 1).  The anticipated costs for Stage 2
have been estimated to be about $330/kW/
year44.  However this first stage is being
considered a demonstration project and
therefore it is not expected that a return on
the investment can be expected.

There is a somewhat higher benefits to the
wider regional community that have been
calculated to be about $390/kW/year.

There may be additional benefits in particular
to the wider regional community and certain
stakeholders within the community, as
indicated in the table above, but insufficient

information made it impossible to quantify
these.

Stage 2 Product SalesStage 2 Product SalesStage 2 Product SalesStage 2 Product SalesStage 2 Product Sales
No customer sales contract has been negoti-
ated for the Stage 2 development.  The value
of energy sales will be valued here at Grid
Exit Point wholesale market price.  The
weighted average price is based on actual
price over the last three years and assuming
2001 is a one in ten year occurrence.

The revenue required for a network company
commercial rate of return for Stage 2 is about
$280/kW/year.

The Grid Exit Point weighted average price at
Islington is $37.0/MWh at Islington and
$37.8/MWh at Bunnythorpe between 1999
and 2001. The annual revenue from Grid Exit
Point wholesale price is $165/kW/yr for the
North Range Road site and $141/kW/yr for the
Gebbies Pass site.

The proposed carbon tax will increase the
wholesale price of electricity $14/MWh as
discussed in Section 11.2.  This will improve
electricity sales revenue by up to $70/kW/yr
at North Range Road and $60/kW/yr at
Gebbies Pass.

Gebbies Pass as for Stage 1 should attract the
support of Orion, providing a Capacity
payment of about $48/kW/yr benefit.
Powerco does not mention a capacity pay-
ment to embedded generators in its pricing
policy.   Therefore a capacity benefit for the
North Range site is uncertain.

SummarySummarySummarySummarySummary

Stage 1

The energy revenue for the 0.5 MW stage 1
Windflow development is $151kW/yr.   The
energy revenue is a fixed price contract for
sale of energy to Christchurch City Council
and does not have an escalation clause for
real increases in price of electricity.

Real increases in electricity price are likely to
occur because of the recently announced
carbon tax, from 2007.  This will coincide
with the need for new more expensive
generation capacity at about the same time.
Any subsequent development, including
Windflow’s stage 2 development, should
include escalation clauses for carbon taxes.

The Stage 1 Windflow project should realise

43 Renewable Energy: The Proposed Target for New Zealand,
Consultation Document http://www.eeca.govt.nz/Strategy/
Documents/Renewables%20Consultation%20Document.pdf –
EECA & MfE, April 2002

44 Windflow Technology Ltd, “Prospectus for a Staged Wind
Power Development – Stage 1 Offering: First Windflow
Turbine”, Prospectus dated 9th July 2001 as amended on 10th
August 2001, pg 22.  This is given as an all inclusive cost to
achieve an operation windfarm but does not specify what
allowance has been made for consents and grid connection if
any.
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about 70% of the $81.92/kW/yr capacity
benefit. The main economic benefit to Orion
and its customers of its peak-lopping scheme
arises from the deferral of capital expenditure
on the distribution network.  The claimed
deferral of $80 million of expenditure is some
$340/kW/yr for the generation plant currently
taking advantage of the scheme.  This
substantially exceeds the $81.92/kW/yr cost to
Orion of its capacity payment/charge.  The
low reliability of wind power may reduce the
actual benefits to Orion.

The Windflow generator’s synchronous
generator has an advantage over other wind
turbines, being able to produce reactive
power for power factor correction as well as
real power.

The recently proposed Projects Fund will
subsidise the development cost of a project
and are not applicable to the approach taken
in the table above.

Stage 2

The energy revenue for Stage 2 will depend
on location and success of the Stage 1
development.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Potential of Distributed Wind GenerationPotential of Distributed Wind GenerationPotential of Distributed Wind GenerationPotential of Distributed Wind GenerationPotential of Distributed Wind Generation
The potential for wind in New Zealand as
elsewhere is unlimited if it is not defined in
economic terms.  Potential is usually defined
as an economic resource and New Zealand’s
wind potential given in the Windflow project
proposal is given on this basis.  Therefore,
the potential for distributed wind generation

Value/Revenue/Potential
Revenue ($/kW/a)

Fuel Use
($/kW/a)

Comment

To
Generator

Regional
Benefit

Energy Revenue,
(Actual)

153 153 Negligible $44/MWh at the CCCC
customer gate

Carbon Tax Increment
in Electricity Price
(Actual from 2007)

60 60 CCCC contract may not
contain escalation for
carbon tax or
electricity price

Orion Peak Lopping,
Avoided Distribution
Capacity Charge and
upgrade, (Actual)

33
(for real power)

27
(for reactive

power)

6045? $80 million deferred
lines expenditure in
Orion Network
Orion charge of
$81/kW/yr includes a
Transpower charge of
$20/kW/yr.

Avoided Trans Power
Charges, (Potential)

? >50?
(Value of

Transpower
deferred

investment could
be large)

For transmission grid
connections only but
Orion can avoid
capacity charge

Renewable Energy
Projects Fund
(Potential)

30? 30? Say 10% of project
cost

Greenpower Premium
(Potential)

50 50 Based on current
Greenpower payments
in Australia of about
A$10/MWh

Total to Owner 269

Total to Orion/region 391

Environmental Cost Low Low

Cost of generation ($/kW/a)

Cost of Generation
(Anticipated)

920 (Stage 1)

330 (Stage 2)

Table 6.4.4: Generator Revenue and Regional Benefit for 0.5 MW
Windflow generation ($/kW/annum).

45 Roger Sutton, pers com, LRMC of Orion network plus
Transpower interconnection charge is about $100/kW/yr
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is defined in economic terms below.  The
Windflow case study focuses on large-scale
development possibilities.  Again, the discus-
sion of potential is presented in these terms.
Small-scale wind potential is discussed in
other case studies.

Reliability Wind Power - Potential

New Zealand is advantageous for wind
development.  This is because the New
Zealand electricity system has the ability to
provide back generation from its large hydro
base.

Hydro power stations in New Zealand have
been sized to maximise capture of water.
This results in a surplus of MW capacity such
that hydro inflows are the limiting factor on
total electricity system capability.  New
Zealand should be a favourable location for
development of several hundred MW of wind
generation, which will supplement hydro
reserves.

One of the downsides for wind development
in New Zealand is the significant degree of
correlation in wind energy across most NZ
large-scale economic wind sites.

If the 3000 MW of economic wind energy is
developed in New Zealand, it will substan-
tially influence price such that during times of
low wind speeds, power prices will increase
substantially. Conversely, during times of a
surfeit of wind, power prices will drop
substantially.  This will result in wind farm
revenue being less than the time weighted
average base load price.

The South Island electricity system is water
inflow constrained, i.e. during times of water
shortage, prices will be high and typically
higher than in the North Island. The North
Island Electricity system includes substantial
capacity of thermal generation.  Conse-
quently, in the North Island there is a closer
balance between water inflow constraint and
peak MW constraint.  This suggests wind
generation potential will be more price
constrained in the North Island.

ECNZ undertook an electricity system simula-
tion study that assessed the potential for
wind power.  This study suggests that
reliability of wind power is a significant issue
at high levels of wind power development.
Some of the conclusions of this work are46:

• Wind generation substituted for thermal

fuel use, and for some capital associated
with providing energy.  Storable hydro
helped fill in gaps of wind generation.

• There is no significant correlation between
hydro inflows and wind power (this is at
variance with Cherry who suggests based
on upper air studies the wind resource is
10% less in a dry year but goes on to
predict that low land near surface wind
speeds will not show such huge cross-
correlation coefficients47). There is a
significant correlation with season such
that wind strength over the period Octo-
ber to January is about 10% greater than
other months of the year. There is a slight
diurnal variation.

• 100 MW of wind capacity would substitute
for 45 MW of base load thermal capacity
(in terms of energy, not grid security).  The
substitution ratio declines as total installed
wind generation approaches 10% or more
of total system electricity production.

• At around 10% market penetration, wind
generation will need to be $12/MWh
cheaper than base load thermal plant to
compete (about 20% cheaper than base
load price).

Currently 10% of the total NZ electricity
generation is about 4000 GWh, which
equates to about 1000 MW of wind genera-
tion.  At the time of the Robinson study, 10%
of total generation was about 3000 GWh or
about 700 MW

One limitation of the Robinson study is that
weekly average data was used to represent
wind generation.  This could underestimate
the uncertainty of wind generation coincident
with system MW peaks.  This would tend to
overvalue wind power.  Cherry’s analysis

46 Richard DS Robertson, (Generation Analyst, ECNZ), BE (Civil),
BBS, “Integration of Wind Generation into the New Zealand
Generation System” paper presented to IPENZ Annual
Conference 10-14 February 1995, ISBN 0-908960-10-7.  This
study assumed wind power market penetration rates resulted
in 10% of total energy generation by 2018.  In 2018 10% of
energy generation was assessed to be 5000GWh.  The study
focussed on NI wind sites.  The paper also compares lower NI
sites with a more diversified selection from Wellington, to
Taranaki to Northland.  Weekly average wind data was used to
assess wind energy generation, this will increase the perceived
reliability of wind.  The study was done before 1995, before
the decommissioning of some NI Gas Turbine backup
generation.

47 Neil Cherry (1987), “Wind Energy Resource Survey of New
Zealand – National Resource Assessment”, Summary and Final
Report No 140, NZERDC, June 1987.  Note the period of
correlation of 1956 to 1975 does not include a year of major
hydro shortfall.
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suggests wind power distributed across the
country may contribute as little as 10% of
nameplate capacity during some system MW
peaks.  A further limitation is that only North
Island wind power was considered by
Robinson.

In summary, when considering generation
reliability, the North Island of New Zealand is
a favourable location for about 500 MW to
1000 MW of wind generation.  This is the
equivalent of from 200 to 300 MW of reliable
base load thermal generation.  The South
Island wind resource is disadvantaged by
lower wind speed sites.  This will be offset to
some extent by the greater hydro backup
capacity in the South Island.

Wind Power – Centralised Grid or Distributed
Generation?

The potential for wind power in New Zealand
is extensive.  Much potential is located away
from major centres and hence consumer
demand.  Cherry defined twelve locations in
New Zealand with potential for at least
twelve-250 MW developments.  This suggests
that much of the economic potential in New
Zealand is large scale and will need to be

transported via the National Grid and does
not come within a distributed generation
definition.

How is distributed generation defined?  The
CAE project range of case studies suggest the
following:

• Distributed generation involves nearby use
of electricity.   This determines scale.  The
combined output of projects must be of
the same order as local use and with
limited export.

• Is the project connected to the National
Grid, distribution network or, to user
facilities?  Is it an alternative to invest-
ment in the National Grid or distribution
networks?  Is the project able to serve the
customer with minimal grid and network
losses?  This determines scale, must be of
same order as network size or load.

• Controllability (and/or grid export) in
supplying local use, determines how much
the local users can absorb without
stability problems.

The table below shows wind potential by
region as defined by Cherry47.  Consumer

Grid Exit Region
Year 2002

Grid Exit
Region Peak

Demand

Cherry  NZ
Wind

Potential 47

Small Hydro
Potential

MW MW MW MW

North Island
North Isthmus 637 250 127 73
Auckland 956 250 191
Waikato 547 82
Bay of Plenty 463 250 93 58
Central 308
Hawkeís Bay 302
Taranaki 135 250 27 33
Wellington 624 750 125 99
Total North
Island

3,972 1,750 563 345

South Island
Nelson /Marlborough 174 250 35 73
West coast 55
Canterbury 701 250 140 33
South Canterbury 80 250 16 16
Otago / Southland 966 250 193 143

Total South Island 1,976 1,000 384 266

Total New Zealand 5,948 2,750 947 611

Source: Transpower ODV 1998

Distributed Wind
Generation Potential

Table 6.4.5: Regional wind potential
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forecast electricity use at Grid Exit within
those regions is also given.  Distributed
Generation potential is defined as 10% of
regional energy use, i.e. as deduced in
section 12.1.1.  This is approximately equiva-
lent Wind MCR being 20% of Peak MW use.
The Distributed Generation potential for
distribution network scale wind power is
calculated to be about 1000 MW  This level of
wind power development is possible in New
Zealand without experiencing serious loss of
value resulting from unreliability inherent in
wind energy.

Wind Power – Combined with Reliable Energy
Generation Projects?

One possible solution to unreliability of wind
energy would be to combine the development
of wind projects with other more reliable
generation projects.  Small hydro projects
would be one such opportunity; diesel
generation would be another.  The potential
for small hydro projects in each region is
given in the table below.  The potential for
hydro is of the same order as distributed
wind power potential.  Economics and
proximity between projects will dictate how
much of the small hydro potential could be
developed in combination with wind power to
provide local islands of reliable renewable
electricity (see Table 6.4.5).

Business Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment Issues

Electricity Pricing Trends

Rising power prices have recently become a
topical issue in New Zealand.  The experi-
ences of last winter have demonstrated,
again, just how fragile New Zealand’s “elec-
tricity capacity reserve margin” inherently is.
Despite the current significant capacity
surplus, the New Zealand electricity system is
vulnerable to major price excursions during a
hydro inflow shortage.

The wholesale price of electricity in normal
hydro inflow years does not reflect the true
average price of electricity.  The NZ electricity
system can apparently swing from a bountiful
surplus accompanied by low average prices to
shortages driven by low hydro inflows
accompanied by high prices.  When calculat-
ing average price expectations, it is necessary
to build in a margin for the less frequent
years when there will be much higher prices
due to low hydro inflows.

As the capacity surplus reduces over the next
few years, the potential for higher prices
during periods of hydro inflow shortage will
increase.

Electricity LRMC

The LRMC for electricity in New Zealand over
the next 10 years is generally perceived to be
higher than the current base load price for
electricity, which is approximately $35/MWh
to $40/MWh.  The price depends on location.

The general expectations are for prices to
increase to, of the order of $60/MWh, and
this is documented in the Windflow Prospec-
tus. A large-scale gas find may alter the
perception of LRMC on the downside.  The
recent Government move toward a Carbon Tax
and ultimately to tradable carbon credits
would be an upside risk.

Transmission Constraints

There has been very little transmission
investment in NZ since the HVDC link expan-
sion in the early 1990s  Primarily this has
been because there has been little need for
it, but also because the commercial frame-
work for doing so has been unclear and
contentious.

There are various well-known transmission
constraints around the country, which lead
periodically to regional pricing, and higher
average prices in the constrained region than
otherwise would have been the case; eg the
Tokaanu-Whakamaru constraint – which led,
in the past, to higher prices in the Auckland
and more northern regions.  As a result,
Auckland customers faced higher prices than
those applying in the rest of the country at
the time. Since 2001, the commissioning of
thermal plant near Auckland (Otahuhu CCGT)
has eliminated this constraint.

Transpower’s System Security Plan 2000 (their
latest) discusses such issues on a regional
basis.  It is clear that much of the transmis-
sion system is nearing its current capacity
limits and that either renewed transmission
capacity investment or local generation will
be required, in the near future, in a number
of areas, to avoid transmission constraints
from developing.  Whenever a transmission
constraint occurs, there is an attendant
regional pricing impact.  The quantum of this
impact cannot currently be known, because
that largely depends on the future bidding
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behaviour of generators with generating plant
located within the constrained regions.  Or,
where there is little such generation, on the
Transpower pricing policies yet to be formally
adopted, on how such new transmission
investments will be paid for, and by whom.

This clearly is a business risk that industry,
located in these regions with sensitivity to
electricity prices, should be aware of and
planning for.

Key areas of the country likely to be affected
in the medium- to long-term are:

• Auckland and regions to the north of it;

• Christchurch, and North Canterbury;

• The East Coast; and

• There are others, but they exist on a more
localised basis.

There are also likely to be areas in Distribu-
tion Networks around the country where this
same issue applies

The framework for further transmission
investment may become clearer, as it is the
focus of the Transport Working Group of the
Grid Security Committee, one of a number of
industry groups set up to develop the
frameworks to the next phases of reforms
necessary for New Zealand’s economic health
and well being.

In conclusion, there are significant opportuni-
ties throughout New Zealand for distributed
generation to defer substantial investment in
transmission network upgrade expenditure.

Investment in Wind Generation - Institu-Investment in Wind Generation - Institu-Investment in Wind Generation - Institu-Investment in Wind Generation - Institu-Investment in Wind Generation - Institu-
tional Issuestional Issuestional Issuestional Issuestional Issues

Government Support for Renewable Energy

Wind energy is close to economic in New
Zealand particularly if avoided transmission
and distribution investment is rewarded.  The
recently announced carbon tax and project
funding scheme could close the gap and
accelerate the implementation of wind and
other renewable projects on a substantial
scale.  Two areas that deserve further support
from the Government are:

• Green Energy; through the facilitation role
of establishing an association with the
adoption of industry agreed standards for
new renewable energy

• Encouraging Distribution companies and
Transpower to adopt pricing mechanisms
that reward avoided lines and substation
investment.  This includes mechanisms to
advise generation owners to be operating
at times of Transmission and System
Peaks

Green Energy in New Zealand?

Green Energy as stated earlier has not been
successfully established in New Zealand.
Such voluntary schemes operate in a number
of countries and provide a mechanism for
voluntary payment by end use customers of
premiums to renewable energy projects.  The
NZ Government has moved away from a
mandatory renewable energy certificate
approach to supporting renewable energy.
This increases the need for a successful
voluntary scheme to be initiated.

The scheme operated in Australia is a Govern-
ment approved, industry supported Associa-
tion.  Launched in 1997 by the NSW
Government’s Sustainable Energy Develop-
ment Authority (SEDA), the Green Power
Accreditation Program was one of the first of
its type in the world.48

Green Power is a national accreditation
program that sets stringent environmental
and reporting standards for renewable energy
products offered by electricity suppliers to
households and businesses across Australia.
Around 60,000 customers across Australia
have chosen Green Power products, including
2500 businesses.

As a result, of the growing demand for Green
Power, over 100 new approved renewable
energy projects have been installed in
Australia since 1997.  In 2001 total Green
Power sales were 470 GWh49.

The consultation document on renewable
energy published in April 2002 states that the
New Zealand Government “considered a
similar REC mechanism for the electricity
sector in New Zealand but in the end rejected
it because of uncertainty around Project
Aqua, potential duplication with climate
change policies, and the lack of justification
for singling out the electricity sector from
others”50.   The REC scheme and Green Power

48 Green Power, http://www.greenpower.com.au/
49 National Green Power Accreditation Program, Quarterly Status

Report – December 2001, Sustainable Energy Development
Authority (SEDA). ISSN 1324-9495.



Windflow Wind Turbines

187

scheme in Australia operate side by side.  The
government may have rejected the compul-
sory REC approach but this does not preclude
the Government facilitating a voluntary
scheme such as the successful Green Power
scheme in Australia.

If New Zealand is to establish a successful
Green Power scheme, the key to success will
be leadership by government.  In New
Zealand, industry has already tried but failed
to gain the necessary critical mass.

Avoided Distribution and Transmission
Charges

Many distribution companies cost allocation
and pricing methodology papers51 make no
mention of connection charges or benefits to
generators connected to the distribution
system, e.g. Powerco52.

Some distribution companies charge genera-
tor connections to their network (e.g. Vector
charges about 23.6¢/kVA/day for at least one
project53, which for a 500 kW wind turbine
with a capacity factor of 50% could be up to
$20,000 per annum or $86/kW/yr).

United Limited (UNL) is currently investigating
a similar framework, which incorporates in its
preliminary form a charge for the distributed
generator, but also benefits if the installation
can provide substantial benefit to UNL.
These benefits will consider benefits as a
result from savings within its distribution
network, as well as from Transpower.  How-
ever, detailed information about the method-
ology on how these potential benefits are
going to be assessed have were not avail-
able.  At this stage it appears that these are
assessed on a case by case basis.

Generation embedded in a customer site will
receive benefits by avoiding the capacity
charge.  However, this will only be the case
for generation that happens to be on line at
system peaks.  Most distribution companies
have no scheme for notifying operators when
system peak occur.  This is necessary for

generators that have control of output and
run at low capacity factors. Two companies
that provide such mechanisms are Orion and
Dunedin54 Electricity.

What are the benefits of encouraging embed-
ded generation?  The answer is because of
deferred network and transmission invest-
ment and consequent lower costs to consum-
ers54.

Network use charges

It was previously discussed that Transpower
separates its charges into connection and
interconnection charges55.  The purpose of the
connection charge is to recover that part of
Transpower’s HVAC revenue requirement that
is associated with the cost of connecting a
customer’s electrical equipment to the core
grid assets. The connection charge reflects
the cost of connection to the core grid assets,
namely, the cost of providing an identifiable
set of assets required by a grid connection
point.  The interconnection charge is defined
to recover that part of Transpower’s HVAC
revenue requirement not recovered via the
connection charge. A flat $/kW interconnec-
tion rate is set at the beginning of the pricing
year and is used to calculate the interconnec-
tion charge payable by customers who
offtake56.

Embedded generation that is connected to a
distribution company’s network also is
required to pay for the connection of its
assets to the distribution network, however
different from Transpower’s methodology
there is not consistency between the distribu-
tion companies and an embedded generator
may or may not be required to pay for the
use of the network.

It appears that there is no consistent ap-
proach between the lines companies about
this issue.  While Orion does not charge
Windflow for the use of its network, as
discussed in Section 5.1, other lines compa-
nies may charge for the use of their networks.
It could be argued that the lines companies
that charge embedded generators for the use
of their networks (not just for the assets

50 Renewable Energy: The Proposed Target for New Zealand -
Consultation Document, Energy Efficiency and Conservation
Authority and the Ministry for the Environment - April 2002

51 Disclosures of pricing methodology, required to be disclosed
under section 24 of the Electricity (Information Disclosure)
Regulations 1999 and Electricity (Information Disclosure)
Amendment Regulations 2000.

52 Electricity Line Charges Cost Allocation & Pricing Methodology
- Effective 1 November 2001, Powerco, http://
www.powerco.co.nz/0,2180,FF.htm

53 From a discussion with Wernher Roding from Windflow.

54 Roger Sutton, Orion, pers comms 17 April 2002.
55 For this argument HVDC charges, that only apply to South

Island Generators on Transpower’s core grid, are not being
considered.

56 Pricing for Grid Connection Services - Pricing for grid
connection services from 1 April 2002 - Transpower New
Zealand Limited, December 2001
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related to the connection of the embedded
generator) appear to charge twice for the
same network assets, as they are charging
the end-consumer but also the distributed
generator.  The following figure illustrates this
example.

It can be seen that while Transpower is only
charging for off-takers, some of the lines
companies also appear to be charging the
embedded generators for the use of their
networks.  Depending on the details of the
pricing methodology used, one could argue
that these lines companies charge twice for
the same assets.  This issue has not been
resolved yet, and discussions are underway
with a number of lines companies to investi-
gate the details of the arrangements between
embedded generator and lines company.

It is interesting to note that the Transport
Working Group acknowledges avoided costs
through distributed generation through:

• Deferment of investment in additional
capacity (in distribution and/or transmis-
sion) for a given level of security of
supply.

• The provision of improved levels of
security of supply at lower cost.

• Maintenance of quality at lower cost, for
example by the provision of voltage
support at a lower cost than otherwise
would have been the case.

But under current transmission and distribu-
tion arrangements, these benefits are not
systematically signalled to the potential
investor in distributed generation (exceptions
may be Orion’s approach to peak load pricing,
and the emerging market in ancillary ser-
vices).  Rather, they are typically agreed on a
case-by-case basis, for example in the form of
“embedding agreements”.  The level of
benefits provided by distributed generation in
relation to network substitutes will depend
on particular location and timing.57

Distribution, Wholesale Market Rules and
Metering Certainty Needed for Capital Invest-
ment - Transmission Services

Transmission charging is conducted in
accordance with the government policy
statement, which is implemented through the

currently uncertain industry governance
arrangements. Transmission charging regimes
are arbitrary and subject to change.  There is
no competitive market within which to test
their validity.  This results in low certainty
that such benefits will be available in the
long term.  This reduces the value that can be
placed on the potential revenue from avoid-
ing Transpower charges.

Transpower Pricing Policy

Transpower is currently redesigning its pricing
methodology, which creates some uncertainty
about the future charges to the different
stakeholders (e.g. generators, distributors
and retailers).  However some degree of
certainty is required when capital investments
are undertaken, which is currently not the
case.  Two aspects to transmission influence
the revenue of a distributed generator under
the current pricing methodology.

1 The effect of transmission constraints on
regional pricing in the wholesale market.

2 The payments for transmission services.

Should there be a change in pricing method-
ology as a result of its current review, there
could be a change in the demand charges.
For example, the main generators are cur-
rently excused interconnection charges and
price their energy accordingly. If they were to
be charged for interconnection to the grid
then they would have to increase their energy
charges, increasing the price of energy
delivered to GXPs, and the GXP interconnec-
tion charges would be approximately halved.
Such a change would be useful for energy
producing distributed generators with a high
plant factor, but would lessen the rewards for
distributed generators that specialise in
cutting peak demands or having a low plant
factor, e.g. wind generators.

Peak MW loading is important to the timing
of new transmission investment. Where there
is significant unused transmission capacity, an
energy-based charge may be more efficient,
i.e. by discouraging investment in peaking
plant at a time when the use of sunk trans-
mission investment would be more efficient.

Opportunities for Wind Generation Investment

Who should be now looking at the opportuni-
ties that wind generation can offer New
Zealand?57 TWG (2001) - Paper for Transport Working Group - Distributed

generation issues and proposed approach  - 9 May 2001
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Distribution companies are well placed to
invest in wind power and other renewable
generation.  They benefit from avoiding
network upgrades.  Current prices for electric-
ity combined with these benefits make wind
power investments economic today for
distribution companies.  The recently intro-
duced carbon tax will further improve returns.

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues
Air pollution in Christchurch has been a major
issue and focus of action by the Regional
Council for many years.  The focus to date
has been on reducing the use of domestic
fires and transport.  Industrial sources of air
pollution are controlled through the Resource
Management Act 1991.

Section 15 of the Resource Management Act
1991 requires consent for the discharge
contaminants into the air, land or water, and
for the discharge of water into water.

Green House Gas emissions are another
environmental concern undergoing consider-
able policy development by the Government
at present.

Wind generation should be perceived posi-
tively in this environment.
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APPENDIX A: Export of ReactiveAPPENDIX A: Export of ReactiveAPPENDIX A: Export of ReactiveAPPENDIX A: Export of ReactiveAPPENDIX A: Export of Reactive
PowerPowerPowerPowerPower
Electrical generators generate power from the
interaction of electrical conductors and
magnetic fields moving in relation one to
another.  The magnetic fields are commonly
known as “excitation”.  Alternating current
(ac) generators can either generate their own
excitation using exciters and automatic
voltage regulators (AVR), or can draw their
excitation from the electrical network to
which they are connected.  The former type of
generators are known as “Synchronous”
generators, as the magnetic field produced by
the excitation system holds the generator in
synchronism with the electrical system.  The
latter type are known as “Asynchronous”
generators as, in order to generate a mag-
netic field, they need to be running at a
different frequency to the electrical system.

As the synchronous generator has more
complexity than the asynchronous type
(exciter and AVR), it is generally more expen-
sive for generators of the same rating.  The
extra cost of the excitation system would be
of the order of 10% of the generator cost (i.e.
excluding the prime mover).

Power (Active and Reactive)Power (Active and Reactive)Power (Active and Reactive)Power (Active and Reactive)Power (Active and Reactive)
In an ac power system the voltage alternates
at a nominally fixed frequency between
maximum and minimum driving an alternating
current through the system.  The system
opposes this by the impedance of the
system.  If this impedance is purely resistive,

Figure A1.1: Relationship Between Active and Reactive Power of Synchronous Generator

the voltage and current are in phase with one
another, but if the current is needed to do
other things such as produce magnetic fields
(inductive elements) or charge capacitive
devices, the voltage and current are not in
phase.  Generally, an electrical circuit has a
combination of resistive, inductive and
capacitive elements and the phase relation-
ship is determined by the values of the
combination of these elements.

Active Power is produced by the resistive
portion of the impedance and is represented
by the product of the voltage, the current and
the cosine of the angle between them (V I
cos j).  Active power is “real” power, (i.e. it
can do work) and is expressed in Watts.  In a
generator, active power is produced by the
prime mover.

Reactive Power is produced by the inductive
or capacitive impedances of the system and
is represented by the product of the voltage,
current and sine of the angle between them
(V I sin j).  Reactive power of a generator is
expressed as VArs (Volts Amps reactive) and
is determined by its excitation.  Where the
impedance is capacitive the current leads the
voltage and the VArs are said to be positive.
Where the impedance is inductive the current
lags the voltage and the VArs are said to be
negative.

Synchronous GeneratorsSynchronous GeneratorsSynchronous GeneratorsSynchronous GeneratorsSynchronous Generators
As stated above, synchronous generators are
more expensive than asynchronous genera-
tors, but, as they have control of their



Opportunities for Distributed Generation in NZ

192

excitation, they have the advantage that the
magnetic field (excitation) can be adjusted to
make the current lead or lag the voltage.
This means that they can be used to counter-
act the voltage changes caused by the
inductive and capacitive impedances of the
lines.  (The voltages will change depending
on the load on the lines).

The following graph shows the relationship
between active and reactive power of a
synchronous generator and its ability to
increase reactive power without changing the

active power output (1-2).  It is also possible
that reducing the output of active power
maximizes reactive power.

Asynchronous GeneratorsAsynchronous GeneratorsAsynchronous GeneratorsAsynchronous GeneratorsAsynchronous Generators
Asynchronous generators have no control of
their excitation, drawing what they need from
the system.  As the power output changes the
amount of excitation changes, so the VArs
drawn from the system also change.  Depend-
ing on system conditions, this probably
means that at high loads the VArs drawn from
the system are also high.
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6.5  Gisborne and East Cape Networks

Executive SummaryExecutive SummaryExecutive SummaryExecutive SummaryExecutive Summary

This Case StudyThis Case StudyThis Case StudyThis Case StudyThis Case Study
This case study has been prepared at the
request of the Centre for Advanced Engineer-
ing. It addresses the issues associated with
the installation of distributed generation (DG)
in an electrical network.  Specifically, the
strategy adopted by Eastland Networks
Limited (ENL), Gisborne, has been reviewed
and the benefits claimed and potential
problem areas of a distributed generation
installation have been listed.  The strategy
includes the installation of diesel fuelled
generators located around the network.

This study is intended to assist other electri-
cal network owners in determining the
appropriateness of DG for their network
system and identify the issues that need to
be addressed.

The Drivers for Distributed GenerationThe Drivers for Distributed GenerationThe Drivers for Distributed GenerationThe Drivers for Distributed GenerationThe Drivers for Distributed Generation
According to a recent report prepared for
Transpower, the firm (n-1) capacity of the
Tuai-Gisborne line is 40 MW. The same report
identified alternatives for increasing supply.
The first involved upgrading the existing line
and would give a firm capacity of 67 MW for
$11 million; the second, which involved
building a new line, would give a capacity of
122 MW at a cost of $17.3 million.  These

costs together with the demand charges ($50/
kW) and the connection charges ($70/kW) has
motivated ENL to explore alternative options
for system security and peak capacity. The
strategy ENL adopted includes the installation
of new DG and the utilisation of existing
embedded stand-by generation in the region.

Methodology AdoptedMethodology AdoptedMethodology AdoptedMethodology AdoptedMethodology Adopted
The methodology adopted to carry out the
study was to obtain and review information
from ENL, Transpower and present it in a
succinct form. Additionally a financial analysis
was prepared in order to rank the DG projects
in order of benefit and cost.

Financial AnalysisFinancial AnalysisFinancial AnalysisFinancial AnalysisFinancial Analysis
Based on the information provided, the
benefit of DG to Eastland Networks Limited is
represented in Table 6.5.1.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Environmental Factors

With the Government wishing to ratify the
Kyoto protocol, there is a significant move
towards renewable energy generation such as
wind, solar and biogas.  The introduction of a
“carbon tax” in 2007/8 adds weight to this
lobby.  Hydro and geothermal generation are
not necessarily included in this category.

Genearation Option

Vital Statistics Return Ranking

Mata River Hydro G

Wind farm 12 turbines

Wind farm 10 turbines

Biomass plant (base case)

Biomass plant, extra JNL fuel

Gisborne Gas 4 hrs/winter day

Gisborne Gas 2 hrs/winter day

Gisborne Gas 1 hrs/winter day

Gisborne Diesel 4 hrs/winter day

Gisborne Diesel 2 hrs/winter day

Gisborne Diesel 1 hrs/winter day

East Cape Standby Diesel 4 days/year

East Cape Standby Diesel 2 days/year

East Cape Standby Diesel 1 days/year

Maximum
Capacity

Firm
Capacity

Annual
Output

Capital
Cost

Cash Return
on Capital

Expenditure

Model
Finance

Rank

Practical
Finanace

Risk

MW MW GWh $m %IRR

7.5

7.8

6.0

5.3

6.5

5.0

3.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

2.0

2.0

2.7

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

4.9

6.0

29.6

23.2

17.9

39.2

48.0

1.2

0.6

0.3

1.2

0.6

0.3

0.3

0.1

0.1

17.3

14.5

10.8

18.6

20.6

5.1

5.1

5.1

4.1

4.1

4.1

3.1

3.1

3.1

11.94

9.82

9.73

8.46

11.66

19.25

19.01

18.95

20.91

21.50

21.81

21.87

22.02

22.11

10

12

13

14

11

7

8

9

6

5

4

3

2

1

4

6

7.8 MW better

with JNL better

5

3

4 hrs better

4 hrs better

1 hr better

1 hr better

2

1 day better

1 day better

1

Table 6.5.1: Short summary of Economic Analysis of DG options for ENL
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Isolated Spur Lines

Where isolated spur networks exist, DG can
provide a benefit for capacity and security of
supply.  It is an appropriate technology
during the period of system constraint until
such time as the investment for replacement
or augmentation is justified.

Planning

The consenting requirements for additional
transmission and distribution overhead lines
are becoming very lengthy and expensive.
The installation of DG is an appropriate
alternative or localised benefit in both the
short and long term.  However the environ-
mental impact of some DG needs to be
weighed against the line upgrade option.

Regulatory Issues

The Electricity Reform Amendment Act ap-
pears to restrict new generation by lines
companies to 5 MW of non-renewable energy
but unlimited renewable energy.  As men-
tioned above, hydro and geothermal energy
do not qualify as new renewable energy.  This
needs to be clarified in interpretation,
whether this is total or per installation.

BackgroundBackgroundBackgroundBackgroundBackground

Supply to the Gisborne areaSupply to the Gisborne areaSupply to the Gisborne areaSupply to the Gisborne areaSupply to the Gisborne area
Eastland Network (ENL) has two principle
areas of activity – Wairoa and Gisborne/East
Cape.  The Wairoa area is supplied through a
Transpower 110 KV line from Tuai to the
substation at Wairoa, while the Gisborne/East
Cape area has a double circuit 110 KV trans-
mission line bringing electricity into Gisborne
from Tuai. The scope of this case study is
limited to the Gisborne/East Cape area.

According to a recent report prepared for
Transpower, the firm (n-1) capacity of the
Tuai-Gisborne line is 40 MW. The same report
identified alternatives for increasing supply.
The first involved upgrading the existing line
and would give a firm capacity of 67 MW for
$11 million: the second, which involved
building a new line, would give a capacity of
122 MW at a cost of $17.3 million.

A later report prepared by Eastland Networks
suggested that lower cost options for line
uprating may be available. Nevertheless,
increasing the security of supply to Gisborne
by upgrading the transmission system will be

expensive. For this reason, ENL have consid-
ered the application of Distributed Generation
(DG) as a means of reducing the security
requirement of the Transpower supply from n-1
to n.

ENL commissioned Sinclair Knight Merz to
prepare a report examining the options for
deferring the high cost of the transmission
upgrade by installing distributed generation.
This report was submitted in November 2001
and forms the basis for this study.

GisbornGisbornGisbornGisbornGisborneeeee/////East Cape network securityEast Cape network securityEast Cape network securityEast Cape network securityEast Cape network security
issuesissuesissuesissuesissues
ENL’s subtransmission network (50 kV) has
several sections, some constructed as early as
1955, with later circuits added up to 1987.
Several parts of the subtransmission system are
approaching the end of their expected lives.

The subtransmission lines to the three urban
zone substations (Kaiti, Carnarvon and
Parkinson) were built between 1971 and 1987.
Kaiti and Carnarvon are fed via
subtransmission spurs from the Gisborne
substation. Carnarvon has a second supply
via a Tee connection to Parkinson, which is
operated as an open ring. An option to
improve security of supply to Kaiti and
Carnarvon is to complete the ring between
them. This is considered an expensive option
by ENL.

Ongoing demand growth in the ENL distribu-
tion network is inevitable, as load trends show
that ENL’s loads have shifted from dominant
rural domestic to urban industrial since
original network installation.  ENL is planning
medium term expansion with reconcentration
of value into industrial sections, aiming at
increasing capacity, providing higher service
levels, reliability and security, utilising more
technology in its solutions and in proving
ability to manage diversity.

Opportunities for DGOpportunities for DGOpportunities for DGOpportunities for DGOpportunities for DG

Commercial advantagesCommercial advantagesCommercial advantagesCommercial advantagesCommercial advantages
Distributed generation has the potential to
help Eastland network to:

• manage its peak demand from the grid by
using DG peak-lopping capacity

• manage its peak demand on overloaded
sections of the distribution system using
DG peak-lopping capacity
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• reduce system losses by providing
localised generation

• improve system security on Transpower
assets while reducing the security require-
ment from n-1 (100% redundancy) to n

• provide basic emergency power if the
Transpower supply is lost

• provide basic emergency power if a major
distribution feeder is lost

• reduce the lead time for alleviation of
capacity / security / generation constraints

• increase network flexibility and response
to new loads

• defer distribution network upgrades for a
number of years

• qualify for DG / renewables incentives, eg
carbon tax or renewables’ certificates /
renewable project funding

• raise its public image by reducing the cost
of power to its consumers while being
environmentally sensitive

• attract industries that can benefit from
cogeneration

Financial benefits from DGFinancial benefits from DGFinancial benefits from DGFinancial benefits from DGFinancial benefits from DG
If the above objectives can be achieved, the
following costs can be deferred, avoided or
mitigated:

• Transpower demand charge of $50/kW of
anytime maximum demand (Transpower
pricing for grid connection services1 - see
also “Income - Transpower”)

• Transpower asset connection charge of up
to $70/kW (annual ENL Transpower
connection charge divided by ENL maxi-
mum demand2 - see also “Income -
Transpower”)

• Transpower  charges for the upgrade
which would be in the region of $80/kW of
maximum demand (proposed annual cost
of upgrade divided by additional capacity3

- see also “Income - Transpower”)

• distribution system upgrade costs of $85/
kW (based on an analysis of annual ENL

subtransmission and distribution upgrade
costs4 - see also “Income -
Subtransmission and Distribution ”)

• sustained reserves market ($20/kW
average in NI5)

Opportunities for distributed genera-Opportunities for distributed genera-Opportunities for distributed genera-Opportunities for distributed genera-Opportunities for distributed genera-
tion in the Eastland networktion in the Eastland networktion in the Eastland networktion in the Eastland networktion in the Eastland network

East Cape standby DG opportunitiesEast Cape standby DG opportunitiesEast Cape standby DG opportunitiesEast Cape standby DG opportunitiesEast Cape standby DG opportunities

Tolaga, Tokomaru, Ruatoria and Te Araroa
Substations

Tolaga, Ruatoria and Tokomaru substations are
located along the East Cape, North of Gisborne
and are fed from Gisborne via the 50 kV
subtransmission system owned and operated
by ENL. Their combined peak after diversity
maximum demand is approximately 4 MW

The single circuit subtransmission line from
Gisborne to Tolaga, Tokomaru, Ruatoria and
Te Araroa is not of itself, capacity constrained.
However, the load on this line adds to the
load on the constrained Gisborne supply,
which exacerbates the Tuai-Gisborne security
issue.

ENL intends to install 1.25 MW diesel standby
generators at Te Araroa and Ruatoria and to
use a third party’s standby generators at
Tolaga, to improve security. This will provide
a standby capacity of at least 3 MW for
easing the Gisborne security requirement via
backfeed on the subtransmission system, or
for supplying an islanded East Cape network
in the case of failure of the subtransmission
system. As the standby DG units will only be
required to operate for a few hours per year,
diesel generators are appropriate because of
their lower cost and portability.

Gisborne City peak-lopping opportunitiesGisborne City peak-lopping opportunitiesGisborne City peak-lopping opportunitiesGisborne City peak-lopping opportunitiesGisborne City peak-lopping opportunities

Peak-lopping gas engines at city substations

Figure 6.5.1 shows the total Gisborne load
curve for a typical winter day. The jagged
curve above 45 MW is likely to have been
caused by operation of load control by ENL.

The peak demand of the city can be limited
by the installation of gas engine generators
which would be used for peak lopping when

1 “Pricing for Grid Connection Services”, Transpower, April 2002.
2 “Disclosure of Pricing Methodology”, ENL, April 2001.
3 “Economic Analysis of the Supply Alternatives for ENL”,

Transpower, Feb 2001.

4 “Asset Management Plan”, ENL, April 2001; “ENL Embedded
Generation Study”, Sinclair Knight Merz, Nov 2001

5 “Record of Sustained Reserves Prices”, Transpower website.
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the demand approaches the firm capacity of
the Transpower line. The peak-lopping DGs
would be automatically turned on and off
based on real-time load levels at points on
the network.

There is a reticulated gas supply in Gisborne
city with sufficient capacity to provide at least
5 MW Gas is cheaper than diesel, so it would
be feasible to run the units to reduce the
maximum demand at the Transpower meter-
ing point, to limit the loading on the distribu-
tion network and, if requested by the incum-
bent retailer, to provide energy at less than
the spot market price.

By reducing peak loads on the 110 kV trans-
mission lines the generating units would
postpone the upgrade of the Gisborne point
of supply for up to three years and also defer
the transmission line upgrade for 10 years or
more. The added security and reliability
would also defer the completion of the
subtransmission rings between city substa-
tions.

Diesels vs gas engines

Diesel generating sets are an alternative to
gas fuelled units. The capital costs of the
diesel generating sets are lower but, because
the fuel is more expensive, the generated
cost of power would be in excess of 20 c/
kWh.

If diesel sets are used instead of gas engines
they would provide the same service in terms
of reducing peak demand but they would

seldom operate to generate energy because
their marginal cost of generation is much
higher.  However, as both the gas and the
diesel options would operate at a very low
plant factor, the diesel generator is likely to
be the most economic overall. The diesel
generator option also has the advantage that,
when the transmission line is upgraded, the
units can be moved to another point in the
distribution system to provide backup power
and peak demand reduction. There are very
limited opportunities to do this with a gas
engine option because gas supplies that
could provide 5 MW of electricity do not exist
outside the vicinity of Gisborne itself.

The units would operate at times of peak
Gisborne loads and so bring the same
benefits as the gas units discussed above.

Other DG opportunitiesOther DG opportunitiesOther DG opportunitiesOther DG opportunitiesOther DG opportunities

Biomass fuelled steam power plant

The East Cape has a thriving forestry industry
and the forest harvest is expected to increase
dramatically over the next five to ten years. A
steam turbine generator using woodwaste as
fuel could provide a steady supply of power
close to the Gisborne city area.

At present, about 40,000 tons of logs are
exported from Port Gisborne each month. This
generates wood waste from bark abraded
from the logs during handling and storage.

In addition, a wood chip facility at the port
chips approximately 100,000 tons of wood

Figure 6.5.1: Gisborne load graph
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per year and produces a significant quantity
of bark and fines.

Another source of wood waste is an inte-
grated saw and plywood mill near Gisborne,
which generates a considerable quantity of
woodwaste. Most of this woodwaste is
consumed in the plant to meet process heat
demands, leaving a smaller quantity is
currently dumped in a nearby landfill.

A recent study6 has calculated that approxi-
mately 70,000 t/y of combustible woodwaste
is produced by these three operations. This
would provide sufficient fuel for a 6 MW base
load power plant. The supply of the biomass
fuel is expected to be steady, giving the plant
a high reliability. The cost of the biomass fuel
would be negligible (as it is a waste product
and burning it avoids the disposal cost). If
the fuel is effectively free, the plant would
generate power at a cost in the range of 6 to
8c/kWh. As the plant would defer the trans-
mission upgrade, reduce transmission de-
mand charges, defer the distribution upgrade
and sell energy, its income stream could be
well above the 5-6 cents average spot price.

There is potential for other biomass–fired
power plants close to Gisborne as other
sources of woodwaste become available from
new forestry projects in the region.  It is
understood that Hikurangi Forests are soon to
decide to build a wood processing plant in
the Gisborne area processing an estimated
320,000 m3 of logs per year and producing
another 70,000 tonnes of woodwaste per
year. With this extra fuel, the Gisborne
woodwaste plant could be expanded to about
13 MW, or if the new wood processing plant
(and port) is built in Tokomaru Bay, another
biomass plant of up to 7 MW could be built
there.

Hydro

There are many small rivers and streams
around the East Cape and many of them have
hydro power potential. Mata River runs
Eastwards towards Tokomaru Bay and is a
candidate for hydro-electric development.
Previous studies7 on the potential of the Mata
River have indicated a site that could be
developed to produce 8-12 MW.  It would
have a somewhat lower reliable peak lopping

capacity and a firm capacity of around 4 MW
It would be connected to the ENL network via
a 50 kV subtransmission line.

There is little potential for large-scale water
storage in the catchment so the station would
operate as run-of-the-river with sufficient
pondage for a daily peaking operation. Thus
it could be relied upon to deliver its full
capacity during the few hours of system peak
demand, but in times of lower flows the
output outside the peak periods would be
quite low.

As 12 MW is a significant proportion of the
region’s maximum demand of 55 MW, a
prolonged period of low flow in autumn or
early winter could result in high Transpower
charges. Past experience indicates it would be
safe to assume that the firm peak lopping
potential of the scheme would be in the
region of 4 to 6 MW However, 4 MW of peak-
lopping capacity would produce cash flows
that are still significant.

Wind farms along the East Cape

Past studies8 have shown that the East Cape
region has a number of sites exposed to
North-Westerly winds which are promising for
wind energy development.

Wind resources have the benefit of approxi-
mately following the daily load curve. That is,
wind speed picks up during the day, so will
help to reduce load peaks on most, but not
all, days. Hence, wind power cannot guaran-
tee to reduce peaks by anything like its
installed capacity. A typical plant factor for
wind turbines is 30%.

Sites identified as having good wind potential
are situated close to the increasing loads at
and around Tolaga Bay and Tokomaru Bay.
Each site can accommodate from 8 to 15 wind
turbines of 600 kW capacity, producing peak
outputs ranging from 5 to 9 MW  It would be
reasonable to assume that the average peak
reduction capacity would be about 30% of
the installed capacity.  As with the hydro-
power option, this still produces reasonable
savings in Transpower charges.

A combination of wind and hydropower offers
a complementary pair of renewable DG
technologies that could be applied to the
East Cape region, whereby the hydro reservoir
provides energy in times of low wind, and

6 “ENL Embedded Generation Study”, Sinclair Knight Merz, Nov
2001

7 Sinclair Knight Merz 2001; Tonkin & Taylor 1996 & 1978; D.
Lewell 1998 8 Garrad Hassan 1997; Sinclair Knight Merz 2001
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refills during times of good wind.

ENL’s strategy

ENL’s objective is to provide 20 MW of DG
and load management capacity to defer $30
million of transmission upgrades for the next
10 years. ENL has formulated a hierarchy of
strategic initiatives in response to the oppor-
tunities offered by DG. In order of priority,
these are:

Priority 1Priority 1Priority 1Priority 1Priority 1. Address security issues using
standby DG. Because these will have a very
low plant factor hence low operating costs,
standby diesel DGs are to be used. Investiga-
tion into the use of standby diesels for
supply security has caused a paradigm shift
in the thinking of ENL. Standby DG are to
replace the need for 100% redundancy, where
n-1 security will be allowed to reduce to n.

Priority 2Priority 2Priority 2Priority 2Priority 2. Defer transmission and distribution
upgrades, and avoid transmission charges
using peaking DG. Because ENL’s peak profile
is very steep, eliminating the top half of the
daily peak has been assessed to need only
short operating periods on a relatively few
number of days, giving a reasonably low
plant factor. Diesels have been chosen for
this purpose because they present a lower
risk than gas engines, and are more easily
added to, moved or sold.

Priority 3Priority 3Priority 3Priority 3Priority 3.  Use gas fired peaking plant in
longer-term DG applications with a higher
plant factor. There is said to be a 12 MW
excess capacity in the Gisborne gas network,
and the constraint is really how much peak
demand ENL can avoid.

Priority 4Priority 4Priority 4Priority 4Priority 4.  Pursuit of generation that matches
load growth and the profile of large industrial
customers, eg. biomass. Processing plants
have their own profiles and seasonal charac-
teristics that have high correlation with the
waste/fuel by-products they produce. ENL
intends to promote investment in this DG
option from an industrial customer. The main
network advantage will be deferred transmis-
sion and distribution upgrades, although the
base-load plant would make a significant
income from energy sales.

Priority 5Priority 5Priority 5Priority 5Priority 5. Promotion of a base load DG with
storage eg hydro. Investment for this option
is expected to come from a retailer, due to
the renewables constraint on network owner-
ship.

Priority 6Priority 6Priority 6Priority 6Priority 6. Other generation such as wind,
wave, etc. will be more viable when managed
as part of a portfolio of diverse generation
schemes, providing combined technical,
strategic and economic benefits to the region.

Economic and financial analysisEconomic and financial analysisEconomic and financial analysisEconomic and financial analysisEconomic and financial analysis

Introduction

A simple financial model from a previous
study6 has been adapted and used to com-
pare the financial feasibility of different DG
technologies applied to different network
scenarios.

The approach taken has been to analyse the
cash flows associated with energy production,
capacity and the relevant transmission and
distribution cost avoidance or deferral. The
operational expenditure and tax payable have
been deducted from these figures to give a
cash flow for each year, so the Internal Rates
of Return (IRR) represent net return on
investment after income tax. Changes to the
model since the previous study include the
following:

• modelling East Cape standby diesels, able
to achieve capacity incomes by standby
operation for 4, 2 or 1 full days per year 9.

• peaking plant will be able to achieve
capacity incomes by peaking operation for
3 months of the year (working days only),
at 4, 2 or 1 hour per winter day.

• peaking plant energy output will earn
more than the average spot price since
peak loads occur at times of peak spot
price.

ENL transmission and distribution augmenta-
tion by means of distributed generation has
been shown to be feasible and economically
viable from this preliminary study. A detailed
feasibility study is recommended before
proceeding with any of the options, including
further analysis and seeking of advice on
resource consents, ownership and the raising
of capital.

A summary of financial performance is shown
in Table 6.5.2. A more detailed summary of
the modelling of the DG options is shown at
the end of this section in Table 6.5.3.

9 ENL now has more detailed analysis on the required hours of
operation for each unit to reduce transmission charges. The
outcome is that diesels are best used for the first 4 MW and
gas engines for the next 5 MW of peak lopping.
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The set of 3 standby diesel DGs in the East
Cape is the best option, with an IRR in excess
of 22%, followed by diesel and gas peaking
plant in Gisborne, then the renewable genera-
tion options of hydro, biomass, and wind.

The East Cape diesel standby plant relies on
being able to achieve capacity savings whilst
operating for very few days per year. It is
completely insensitive to energy price.

Because of their low plant factor, gas and
diesel peaking plant do not depend heavily
on their income from peak-priced energy
sales, but achieve their positive rates of
return mainly due to Transpower avoidance
and deferral of distribution network upgrades.
They are generally insensitive to energy price.

The hydro and biomass renewable generation
options achieve their rates of return from
energy sales, Transpower avoidance and
distribution network deferral incomes, with a
medium to high sensitivity to energy price.

The wind generation option also achieves its
rate of return from energy sales, Transpower
avoidance and distribution network deferral
incomes, but because of it’s lower reliability
for capacity and security, has the highest
sensitivity to energy price.

IncomeIncomeIncomeIncomeIncome

Energy

Income from Energy output is evaluated as

though it is produced at an even rate
throughout the year; i.e. total annual output
times the assumed price.

The price path assumed is $48/MWh (4.8c/
kWh) in the 2001 year, with 5% increases in
2002 and 2003, and again in 2007 and 2008.
This reflects current expectations for the
energy price to respond to the dry year in
2001, and the beginning of the end of ‘take-
or-pay’ natural gas contracts in 2007. The
price is kept real over the study period by
using a 3% annual inflation figure.

Peaking plants might earn up to 150% of the
average energy price, since peak loads will
occur at times of peak spot price.

Capacity

The existence of new capacity will have
benefits in reducing Transpower charges and
local investment in Lines.

This is a “real” income, i.e. assumed to
increase with inflation.

The amounts attributed have been allocated
to each scheme as discussed in each section
within the following parameters.

For thermal plant the firm capacity is taken as
the same as the maximum output on the
assumption that the plant will be available at
peak times. Hydro plant capacity is discussed
in section 4.3.2, and wind plant capacity in
section 4.3.3.

Genearation Option

Vital Statistics Return Ranking

Mata River Hydro G

Wind farm 12 turbines

Wind farm 10 turbines

Biomass plant (base case)

Biomass plant, extra JNL fuel

Gisborne Gas 4 hrs/winter day

Gisborne Gas 2 hrs/winter day

Gisborne Gas 1 hrs/winter day

Gisborne Diesel 4 hrs/winter day

Gisborne Diesel 2 hrs/winter day

Gisborne Diesel 1 hrs/winter day

East Cape Standby Diesel 4 days/year

East Cape Standby Diesel 2 days/year

East Cape Standby Diesel 1 days/year

Maximum
Capacity

Firm
Capacity

Annual
Output

Capital
Cost

Cash Return
on Capital

Expenditure

Model
Finance

Rank

Practical
Finanace

Risk

MW MW GWh $m %IRR

7.5

7.8

6.0

5.3

6.5

5.0

3.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

2.0

2.0

2.7

5.0

5.0

5.0

5.0

5.0

5.0

3.0

3.0

3.0

4.9

6.0

29.6

23.2

17.9

39.2

48.0

1.2

0.6

0.3

1.2

0.6

0.3

0.3

0.1

0.1

17.3

14.5

10.8

18.6

20.6

5.1

5.1

5.1

4.1

4.1

4.1

3.1

3.1

3.1

11.94

9.82

9.73

8.46

11.66

19.25

19.01

18.95

20.91

21.50

21.81

21.87

22.02

22.11

10

12

13

14

11

7

8

9

6

5

4

3

2

1

4

6

7.8 MW better

with JNL better

5

3

4 hrs better

4 hrs better

1 hr better

1 hr better

2

1 day better

1 day better

1

Table 6.5.2: Short summary of financial analysis of DG options
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Table 6.5.3: Detailed summary of economic analysis of DG options
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Transpower

At the very least, every new generation plant
will enable Transpower’s charges to be
reduced by the new specific variable rate of
$50/kW (Demand “Interconnection” Chargei)
for Anytime Maximum Demand.

A larger amount could be justified using the
following observations. Transpower’s 2002/
2003 forecast charges to ENL totals $6.5M
p.a. for 55,000 kW of peak demand2, which
averages $120/kW. So in the long term, small
generation schemes will reduce Transpower’s
Point of Supply assets and enable reduction
of Transpower charges by $120/kW.

Transpower charges are likely to increase
further. It is understood that the upgrade for
Gisborne transformers under discussion by
Transpower3 46 MW to 88 MW at a cost of
$3.5M p.a.) will add a further $80/kW if they
go ahead.

In short:

• $50/kW represents short-term avoidance
of the demand charge;

• $120/kW represents medium-term gain
from total Transpower avoidance;

• $200/kW would be the total Transpower
Bill if all proposed upgrades were in place.

Subtransmission and distribution

Another benefit that distributed generation
offers to the distribution and subtransmission
systems is the ability to defer or supplant
local system investment. Based on the fact
that annual local distribution costs2 are larger
than those charged by Transpower by a factor
of 1.86 (Distribution costs of $13.4M com-
pared to Transpower costs of $7.2M), a case
could be made to add a benefit of the order
of $100/kW to $200/kW in the long term.

An analysis has been made of the ENL Asset
Management Plan to provide a realistic
allocation. Conservative figures have been
used, taking into account that certain mainte-
nance and fixed costs will not be avoided by
installation of Distributed Generation (DG)
plant, and that local investment will be
deferred for a finite period of time. ENL
suggest that 38% of costs are avoidable,
which implies:

38% x 1.86 x $120/kW = $85/kW

In short:

$64/kW represents avoidance of distribu-
tion investment at DG installations close
to supply points;

$85/kW represents avoidance of distribu-
tion investment at DG installations close
to supply points which have supply
capacity issues and planned upgrades;

$110/kW represents avoidance of distribu-
tion investment at DG installations distant
from supply points, but supplying loads
with security issues and high growth.

ExpenditureExpenditureExpenditureExpenditureExpenditure

Operational

An estimate has been made of the running
costs of each plant based on similar plants
elsewhere. Costs include labour, repairs,
maintenance, rents, rates, levies, insurance
etc. This is assumed to increase with infla-
tion.

Fuel

This is listed for each option that uses fuel,
taking into account the specific factors
surrounding each proposal. For example, the
biomass plant model uses a negative fuel
price of $25/tonne, representing the avoided
transport costs for dumping of woodwaste.
Hydro and wind options have free fuel, while
gas and diesel fuel cost is assumed to
increase with inflation.

Depreciation

The tax rates are based on experience of a
weighted combination of the IRD’s rates for
the various assemblies of equipment.  The
accounting rate is only used to provide an
indication of costs per kWh.

Terminal value.

This has been included for hydro plant. All
other plant has an expected life of 20 years.

Cash Flow Internal Rate of return (IRR) after
Tax

This is the rate of return for the cash flow
series. In year zero the cash flow represents
the capital expenditure, and in subsequent
years, the income less operational expendi-
ture less tax.

Cost per kWh

This has been provided for indicative pur-
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poses. It includes operational expenditure,
Depreciation and return to capital at the
assumed WACC. The WACC figure used is
7.2%, as advised by ENL.

The figures for 20 years have been dis-
counted back to year one and an average
taken of the result.

Issues in implementing DGIssues in implementing DGIssues in implementing DGIssues in implementing DGIssues in implementing DG

NZ electricity industry issues pertinent to DG

Various factors influence the uptake of DG in
New Zealand, and so the decision to imple-
ment DG in a distribution network should be
the result of a balanced consideration of a
wide range of factors.

Strategic network issues such as security and
capacity constraints should be considered in
conjunction with possible earnings and
income from the use of DG to ease these
constraints.

The type of DG technology selected will be
decided by considering the energy resources
available in the region such as wind, hydro,
gas, biomass, solar, or oil fuels. External
factors such as resource consents, ownership
issues and environmental and social legisla-
tion have the potential to veto otherwise
attractive proposals.

Finally, the economic viability of different
options should be compared, and the most
attractive one selected.

Environmental factors

Environmental impact is a major factor in the
consideration of any electrical power scheme
in New Zealand. As the result of the Govern-
ment moving towards ratification of the 1997
Kyoto protocol on greenhouse gas emissions,
there is a consequential move to favour
renewable energy schemes such as solar,
wind, micro-hydro, landfill gas, biogas and
biomass.

The year 2007 is shaping up to be a very
significant year for the electricity industry.
From 2007, a penalty for carbon dioxide
emissions – the carbon tax – is proposed to
be applied through an emissions charge on
carbon fuels, capped at $25 a tonne of
carbon dioxide equivalent. In addition, after
2007, gas reserves in the Maui gasfields are
likely to have been depleted to the extent
that electricity generators will have to look

elsewhere for natural gas.

New gas and/or alternative generation will be
required.  It is likely that additional incentives
will be applied to new renewable energy
schemes, making them more economically
attractive than they are now. For example, a
new renewable generation target of 30
Petajoules/year by 2012 has been proposed
by the Government, to be encouraged by
“Renewable Energy Programme” and “Project”
mechanisms.  The project mechanism is
designed as a competitive bid-in process to
incentivise renewable energy and achieve
cost-effective C0

2
 emissions reductions.  This

is scheduled to come into play in 2003.

Growing loads require growing supply sys-
tems. As peak loads of local networks and
the national grid continue to approach
security constraints, network reinforcement
will continue to be necessary. However,
acquiring resource consents to build new
transmission and distribution lines continues
to be a difficult task under the Resource
Management Act and the consents process
can be expensive and time consuming.

DG technology offers an alternative to
centralised augmentation of generation,
transmission and distribution systems, where
the source of power is situated close to the
load it supplies. Although there will be some
technical and practical issues to overcome,
the intuitive simplicity of having a load and
it’s power source adjacent to one another
remains compelling.

Isolated spur networks

Isolated spur networks can be defined as
distribution domains which are located a
significant distance from the spine of the high
voltage transmission grid, and are supplied
by relatively weak transmission systems often
constructed decades ago.

They represent to Transpower what rural
customers represent to lines companies –
supply obligations characterised by relatively
high losses, low redundancy hence low
tolerance for faults, costly maintenance and
low potential for financial return.

Generally, isolated spur networks have the
following in common:

• single point of supply (Grid POS)

• smaller economy, low historical growth
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• generally less modern infrastructure

• supplying rural, sparsely loaded weak
lines

Some examples of isolated spur networks in
New Zealand include regions of:

• Waitaki

• Northland above Marsden Point

• South Island West Coast

• Queenstown

• North Canterbury

• Motueka / Takaka

• Central Hawkes Bay

• Eastern Bay of Plenty

• Gisborne.

Long term uncertainty of income streams and
fuel costs

The decision-making process leading to the
implementation process must include consid-
eration and management of the following
uncertainties:

• uncertainty of Transpower pricing method-
ologies (interconnection and connection
charges) makes income from avoided
charges uncertain in the long term

• uncertainty in regulatory environment
makes for unclear long-term income
streams, eg, carbon tax, environmental
credits, ownership rules

• uncertainty of gas supply, demand and
price

• uncertainty of electricity market structure
and spot prices

Regulatory issues and ownership legisla-Regulatory issues and ownership legisla-Regulatory issues and ownership legisla-Regulatory issues and ownership legisla-Regulatory issues and ownership legisla-
tiontiontiontiontion

Direct Investment

The legislation surrounding the ownership
issues for DG is complex.

The basic legislation is the Electricity Industry
reform Act 1998:

• Section 17 of this Act states “No person
involved in an electricity lines business
may be involved in an electricity supply

business.”

• The word “involved” is the subject of
several clauses – notably Clause 18 –
“20% cross ownership prohibition” sets an
upper limit on the amount of common
involvement between a Lines and Energy
entity.

• Clause 5 allows Lines Companies to
generate 2.5 GWh pa

• Clause 5 allows Lines Companies to
generate using existing generators up to a
total of 5 MW capacity.

The Electricity Industry Reform Amendment
Act 2001 has the effect of modifying the 1998
Act:

• Section 46A Relates to Generation by
Lines Companies and allows exemption for
new distributed generation from “new
renewable generation sources”.

• 46A.4(b) purports to exclude Hydro Energy
from this exemption.  The Lines Company
“may not own generator or generators
comprising a generation plant that has an
aggregate generating capacity of more
than 5 MW, The effect of this may be to
exclude a lines company from owning, as
an example, more than one 5 MW hydro
scheme but to allow it to own a biomass
fuelled power scheme.

• 46A(a)(ii) allows for a dual fuel plant
using fossil fuels providing that the fossil
fuels provide no more than 20% of the
annual input.  Because this specifically
refers to fossil fuels this means that a
lines company would have some difficulty
using natural gas exclusively as a fuel for
a DG project.

• There is provision under the Act for
exemptions (46A.3), but this appears to
envisage new or advanced technology.

The existing legal framework prevents a lines
company from implementing several DG
technologies. Wind and Biomass options may
be the only projects that a lines company
could invest in without controversy.

Technical IssuesTechnical IssuesTechnical IssuesTechnical IssuesTechnical Issues

Connection issues

The following requirements can generally
apply to DG installations:
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• Protection (over/undervoltage, over/under
frequency, overcurrent and earth fault,
reverse power, loss of mains)

• Synchronising if generator to operate in
parallel with the network (automatic
synchroniser and synchronism check relay)

• Communications (for operation, verifica-
tion, data transfer, network coordination)

• Metering (generator kW measurements
typically to be signalled back to lines
company control room. Where there is a
net export of power from the generator
into the network, and energy revenue to
be earned, accurate recording of the kWh
export is required)

• Fault levels: adding generation increases
system fault levels with corresponding
equipment rating and safety issues

• Power Quality: harmonics and power
factor impacts must be studied.

Connection costs

For DG installations less than 5 MW, costs to
resolve the above issues will be at least
$30,000.  Above 5 MW, resolution may
involve much greater costs.

Control and coordination issues

A third party (eg a consumer on the lines
company network) owner of standby diesel
generation can have the following concerns:

• The third party’s main concern in case of
operation in parallel with the distribution
network is that the availability/reliability of
the standby generator will not be de-
graded, particularly in the event of a
network fault during generator operation.

• The third party is typically against the
lines company having remote generator
starting capability or other control (author-
ity and responsibility issue)

• Verification & remuneration (is my contri-
bution being accurately recorded, and am
I getting compensated accordingly)

A lines company will have the following
concerns:

• Response time – especially for security,
peak-lopping and reserves’ market applica-
tion

• Reliability & upkeep (maintenance) – is
the generator being maintained so that it
has maximum reliability

• Verification & procurement – is the third
party’s generator really providing the
service requested, and are we getting
what we paid for

• Communications methodology – chain of
events from identification of network
constraint, through transmittal of genera-
tor service provision, through third party
confirmation, to verification of service.
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History of Cogeneration in NewHistory of Cogeneration in NewHistory of Cogeneration in NewHistory of Cogeneration in NewHistory of Cogeneration in New
ZealanZealanZealanZealanZealanddddd11111

Prior to 1987, the vast bulk of electricity
generated in NZ came from a government
owned, centralised, effectively monopoly
utility.  As is typical in such circumstances,
with politically set power prices, there were
relatively few cogeneration plants installed.  A
few dairy factories and fertiliser works did
have such plants, generally as simple Rankine
cycle configuration, often powered by residual
fuel or process heat.

In 1987, the obligation to, and the monopoly
for, supply was removed.  Interest in cogen-
eration then blossomed with ECNZ itself
actively pursing such opportunities.  The Te
Awamutu and Kinleith sites were progressed
by ECNZ.  Projects such as Bay Milk, NZ Steel,
Kapuni, Kiwi Dairy, Edendale Dairy Factory
and so on were self-developed.  Many of
these facilities were, by NZ standards,
relatively large; power was often exported
and sold to recently restructured “power
boards”, in competition to ECNZ.  The large
Southdown project, developed by TransAlta
can be thought of being in this group.  At the
same time, smaller projects such as the
Wellington Hospital Energy Centre were
developed.

In the period 1987-1997, approximately 300
MW of cogeneration plant was installed.
After these larger cogeneration sites were
implemented, interest in cogeneration began
to wane a little.

The separation from ECNZ of Contact Energy
in 1996 and later the split of ECNZ into three
competing SOE’s enhanced the limited
competition that was emerging from Stratford
Power (the Taranaki Combined Cycle Project),
Southdown and the stations that are now
part of the Trustpower group.

With the initial flush of full generation
competition, combined with periods of
“slightly wetter than average” hydrology and
the commissioning of large combined cycle
plants, wholesale prices fell.  Customers
became highly desirable and attractive

incentives were introduced to attract custom-
ers directly.  Interest in cogeneration options
fell even further.  Several new factories, which
would earlier have been strong candidates for
cogeneration, were developed or expanded
without incorporating cogeneration plants.

Background of Kinleith CogenBackground of Kinleith CogenBackground of Kinleith CogenBackground of Kinleith CogenBackground of Kinleith Cogen
The Carter Holt Harvey (CHH) Kinleith pulp
and paper mill as at 1993 produced about
450,000 tonnes of pulp and linerboard each
year, mainly for the export market.  The plant
had recently gone through a modernisation
programme.

Steam is an essential component of the
Kinleith production process and was supplied
from; two recovery boilers burning black
liquor, two wood waste boilers and the
remainder from a gas boiler.

At the end of 1993, the old No’s 2 and 3
wood waste boilers environmental consents
lapsed.  In practice, CHH had been allowed
by the local authority to continue operation
with the understanding that these boilers
would be shut down when alternative ar-
rangements were put in place.  The shutdown
of No’s 2 and 3 boilers meant wood waste
which would otherwise be burnt would have
to be trucked and dumped.  This raised an
important environmental issue as well as
being a costly exercise.

Various options were initially considered
including burning additional gas and drying
wood, building a new high efficiency wood
waste boiler, fitting precipitators to the
existing wood waste boilers, and installing a
gas turbine plant with heat recovery.  Follow-
ing a number of submissions to CHH’s
predecessor (NZFP) by various interested
organisations, ECNZ was successful in being
chosen to develop a cogeneration proposal.
The initial proposal was for 25 MW but was
later expanded to 40 MW  The ECNZ proposal
comprised a new wood waste and gas fired
power boiler and a pass-out backpressure
steam turbine generator.

ECNZ engaged DesignPower to assist with
project definition and management.  A
contract was let to Rolls-Royce Industrial
Power (Pacific), for the turnkey construction

6.6  Kinleith Cogeneration

1 Bob Weston, Entec Services Ltd, Alastair Ross, Parson
Brinckerhoff Associates Ltd, “Has the time for renewed
interest on cogeneration come again?”, conference paper,
Utilicon, May 2002.
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of the plant.   Site work began during the
mill’s 1995 Christmas shut.  Construction
proceeded on the mill site through 1996.
Commissioning began in the first half of 1997
and the finished project was taken over by
CHH in January 1998.

Case Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and ObjectivesCase Study Scope and Objectives

Case Study ObjectiveCase Study ObjectiveCase Study ObjectiveCase Study ObjectiveCase Study Objective
The general objective is to analyse the
installation from various perspectives includ-
ing commercial, strategic and market, then to
identify aspects that will affect the uptake of
DG nationally.

The major issue to be highlighted for the
Kinleith cogeneration project case study is
the way DG can be utilised to steady on-site
steam and electricity supply and minimise
electricity grid connection cost.

The outcomes of this case study should met
the following objectives:

1 Identify the main drivers (opportunities)
for the Kinleith cogeneration project
facility

2 Assess the economic merits and risks of
the project

3 Evaluate the value of cogeneration in
reducing network costs to the facility
owner and adjacent community

4 To draw conclusions from the case study
that has broad application for the electric-
ity industry within New Zealand.

Case Study Scope

The case study assesses the project from
inception of the project to the present day.

MethodologyMethodologyMethodologyMethodologyMethodology
The methodology identified the strategic
drivers to the project.  The study also as-
sesses actual and potential revenue streams
for the generation project and compares them
to the project cost.  The assessment raises a
number of broader issues that are discussed.

Revenue streams assessed include

• Sale of electricity

• Sale of steam

• Opportunity cost of alternative supply of
steam and disposal of wood waste

• Avoided distribution upgrade

• Avoided Transpower charges

Common Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and Parameters

Economic ParametersEconomic ParametersEconomic ParametersEconomic ParametersEconomic Parameters
The inflation assumption over the timeframe
of the analysis is 2.0%.

The Corporate tax rate used in this report is
33%.

Net Present Value calculations for Kinleith
cost or revenue streams will be done using a
pre-finance post tax real WACC of 7% (about
10% nominal post tax).   This WACC has been
chosen to represent the cost of capital of the
project owner (ECNZ) at the time the project
was approved.

Value of Marginal CapacityValue of Marginal CapacityValue of Marginal CapacityValue of Marginal CapacityValue of Marginal Capacity
The energy value of energy delivered will be
valued by using the half hourly wholesale
electricity price at Whakamaru given the
absence of information of electricity price to
Kinleith.  Half hourly price data beginning
1999 through to the present will be used to
derive the energy value of sent-out energy.

System Peak Load ForecastSystem Peak Load ForecastSystem Peak Load ForecastSystem Peak Load ForecastSystem Peak Load Forecast
The Kinleith project exports all electricity from
the site but re-imports from the same grid
exit point.  For its electricity requirements, the
Kinleith Mill shares the cost of a Transpower
Grid Exit Point (GXP) with United Networks
(UNL).  UNL is New Zealand’s largest electric-
ity distributor and owns distribution networks
in the Auckland, Thames to Taupo and
Wellington regions.

MMMMMain Drivers for the Kinleithain Drivers for the Kinleithain Drivers for the Kinleithain Drivers for the Kinleithain Drivers for the Kinleith
Cogeneration ProjectCogeneration ProjectCogeneration ProjectCogeneration ProjectCogeneration Project

ECNECNECNECNECNZ /Z /Z /Z /Z /GenesisGenesisGenesisGenesisGenesis
ECNZ worked constructively with a customer
to develop a commercial cogeneration
opportunity.  The main benefit was seen to
be further investment in its core business of
generation for a suitable economic return.
There were also seen to be significant
environmental benefits arising from the
project, reducing fossil fuel use, and thus
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reducing CO
2
 emissions.

The final commercial structure was struck
during major changes within ECNZ and the
electricity industry.  ECNZ’s role was limited to
asset ownership and project management
through the construction phase.

CHHCHHCHHCHHCHH
The project was established primarily to
overcome air emission resource consent
problems. It would also utilise excess wood
waste being dumped in the forest2.  The
project provided an added benefit of some
electricity at a known acceptable price.

At the end of 1993, the old #2 and #3 wood
waste boilers’ environmental consents lapsed.
NZFP who then owned the pulp mill had been
allowed by the local authority to continue
operation on the understanding that the old
wood waste boilers would be shut down
when alternative arrangements were put in
place. The shut down of the #2 and 3 boilers
would have meant that the wood waste from
the mill which would otherwise be burnt
would have to be trucked away and dumped.

Various options were initially considered
including burning additional gas and drying
wood, building a new high efficiency wood
waste boiler, fitting precipitators to the
existing wood waste boilers, and installing a
gas turbine plant with heat recovery.

The cogeneration plant was intended to be
an integral part of the mill operation and
generate electricity without the mill being in
service is not possible.  Electricity generation
is considered a by-product of the mill opera-
tion and for onsite use.

The project commercial arrangements reflect
the main focus of steam production with
Genesis acting primarily as a bank with a
fixed return for the 15-year contract life before
the project reverts to CHH.

The construction and commissioning of the
cogeneration facility has stopped land filling
of wood waste, reduced atmospheric emis-
sions from the mill (compared with using the
two previous wood waste boilers), and

reduced purchase of natural gas fuel by the
plant operator.

The cogeneration plant is also used, together
with load shedding measures and coopera-
tion with UNL, to minimise Transpower
charges.  Because the generator is directly
connected to the Transpower grid, and
because of its size, the generator must meet
the requirements of the NZEM rules.  One of
these requirements is to keep the demand
from the grid within +/-10% or otherwise the
grid operator needs to be given notice
through CHH’s agent Trustpower.

United NetworksUnited NetworksUnited NetworksUnited NetworksUnited Networks
UNL share the Transpower GXP connection
with CHH and provide a service with a 11 kV
distribution network on-site..  Its interest is to
minimise costs and maximise quality of
service to other customers served though this
GXP.

Plant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And CostsPlant Description And Costs

Kinleith Cogeneration Technology De-Kinleith Cogeneration Technology De-Kinleith Cogeneration Technology De-Kinleith Cogeneration Technology De-Kinleith Cogeneration Technology De-
scriptionscriptionscriptionscriptionscription
The basic features of the cogeneration plant
are:

• A new boiler (#8) rated at 100 tonne/hour
on wood waste and 180 tonne/hour on
combined wood waste and gas firing or
gas firing alone.

• Fuel handling equipment for the wood
waste, which consists mainly of Pinus
Radiata bark and chip fines.

• A new steam turbine, which utilises steam
from the two existing chemical recovery
boilers as well as steam from the new
boiler.  It can supply up to exhaust steam
at 45 barg and pass-out steam at 12.5
barg for mill processes, and provide up to
40 MW of electric power from the attached
generator.

• A steam bypass system to ensure that the
mill is supplied with steam when the
turbine is shut down for any reason.

The steam output from the cogeneration
plant is determined by the process needs of
the pulp and paper mill, and not by any
electricity generation considerations.  The two
existing black liquor fired recovery boilers and
the new boiler (#8) are connected to a

2 CHH Media Release, “Kinleith Mill Consultation”, 29 June 2000,
“The Cogeneration Project uses wood waste and black liquor,
a by-product of the paper manufacturing process, to produce
steam and generate 40 megawatts of electricity. This has major
environmental benefits, including reduction of waste, which
was previously land filled, energy savings and reduced carbon
dioxide emissions.”
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common 45 barg steam header providing
steam to the 40 MW steam turbine. The
steam from the new boiler is produced
primarily from wood waste supplemented
with natural gas.  The natural gas is in
particular needed for quick response to steam
load changes.  The plant generates electricity
by utilising the reduction of the steam
pressure from the boiler pressure to the
process pressure levels.

A simplified schematic arrangement of the
plant is shown in Figure 6.6.1, where “#8
Primary Boiler” refers to the above new boiler
comprising part of the cogeneration plant.

Although no details about the performance
and design of the steam turbine were made
available some thermodynamic modelling was
undertaken to estimate likely steam con-
sumption and turbine performance.  The
following graph shows some of the results
from the modelling.  Since the steam turbine
has two outflows, one of which is an extrac-
tion at 12.5 barg and an exhaust flow at 4.5
barg, there are a number of various combina-
tions possible, depending on the actual
design of the steam turbine.  The following
graph shows an approximation for a given
power output of 39.6 MW.

The total throttle flow to the steam turbine is
the sum of the extraction and exhaust flows.
It can be seen that the total throttle flow is

expected to be somewhere between 440 and
480 t/h at the maximum capacity of 39.6 MW.
Of this total flow to the steam turbine the
boiler #8 can contribute a maximum of 180
t/h (or 38%).

No detailed performance information was
provided for the operation of the wood waste
and natural gas fired boiler #8.  However
based on expected performance for such a
boiler the efficiency on wood waste3 and
natural gas were calculated to be approxi-
mately 61% (HHV) of wood waste and 83.5%
(HHV) on natural gas.  This can be translated
into a specific fuel consumption of 0.399 t

wood

waste
/t

steam 
  and

0.0754 s m3 natural
 gas

/ t
steam

 .4

Plant Integration and Performance Issues

CHH have stated that they would not change
the original performance specification of the
plant compared to the initial proposal when
the project was first being committed.  CHH
took the opportunity to extend the scope of
integration of the project with the mill.  This
was done through extensive consultation in
the early phases of project development
before approval to proceed.

3 Mainly consisting of wet material -wood waste and mainly
bark - with a moisture content of approximately 60% and an
assumed calorific value of 9.40 MJ/kg as received basis.

4 @ 39,900 MJ/m3

Figure 6.6.1: Steam System
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The one issue that may not be optimal is the
connection to the National Grid.  It may have
been possible to island the cogeneration
plant better in such a way that further
benefits would accrue to CHH.

Operating PhilosophyOperating PhilosophyOperating PhilosophyOperating PhilosophyOperating Philosophy
The cogeneration plant is an integral part of
the mill operation and cannot generate
electricity without the mill being in service.
Should the turbine be out of service a bypass
allows steam to be continually produced and
utilised.

The operation of the steam turbine is second-
ary to the provision of steam for mill opera-
tion.  Backup electricity is available from the
grid if necessary.

The output from the steam turbine depends
on the operation status of the Kinleith Mill
site.  The cogeneration plant is an integral
part of the mill operation and to generate
electricity without the mill being in service is
not possible.  If the site is 100% operational,
the steam load to the mill will generate 39 to
40 MW through the steam turbine.  If one of
the paper machines is out of service, the
steam load through the turbine may only be
enough to generate about 25 MW.

On average 470 t/hr steam production is
delivered from the energy centre (total steam
plant). Of this 300 t/hr is produced by the
black liquor boilers, which leaves 120 t/hr
from the #8 boiler, of which 70 t/hr is from
wood waste and the remainder is from
natural gas.  The efficiency of the No 8 boiler
is about 85% on 100% natural gas and
around 67% on 100% wood waste.

The Kinleith site always imports electricity
and the cogeneration plant provides close to
half the site needs.   Budgeted average
output from the steam turbine is 33 MW.

There is a Christmas shutdown requirement of
2 days for the turbine plus a 10 to 16 day
shutdown for the boiler.

It is possible to get additional generation
from the #8 boiler and steam turbine.  Run-
ning with the vent valve open can add 2 MW
to 3 MW of generation output.   This was not
done during the winter of 2001, though some
thoughts were given to the advantages and
disadvantages of doing this.  The electricity
market signals were insufficient to change
CHH’s operational policy.  CHH have stated
that market signals would have to be very
significant to alter operation from its current
operational policy5.

Fuel SupplyFuel SupplyFuel SupplyFuel SupplyFuel Supply

Wood Waste

Currently wood waste supplies about 60% of
the fuel for the #8 boiler, but the boiler has
been sized to burn more wood waste.  It is
expected that as the mill production grows
over time wood waste will supply enough fuel
to fully load the boiler.

If the price of natural gas increases suffi-
ciently, e.g. because of a carbon tax, there is
the opportunity to gather wood waste from
other local sources sufficient to fully load the
boiler and to substitute some of the natural
gas.5

CHH have established a company called

Figure 6.6.2: Steam Turbine Exhaust Flow

5 Lyndon Haugh (CHH), Pers Comm, Friday 17th May 2002
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Biogrid that specialises in the supply of
bioenergy solutions to industrial heat users in
New Zealand.  Biogrid has undertaken some
investigations of alternative biofuel sources
for the cogeneration plant at Kinleith.

In the event of a shortage of wood waste an
old wood waste dump in the forests could be
mined.  This would require a trade-off
between obtaining additional wood waste
from the forest or from elsewhere, or using
additional gas.  Currently clean wood waste
(chips, blocks, rubbish) is being taken from
the local industry but the problem is in
ensuring that it is free of contaminants that
could harm the fuel handling and boiler, such
as steel, rocks and soil.

Natural Gas

CHH stated, that at present natural gas is
used to supply 40% of the fuel needs of #8
boiler, although gas makeup can vary from
0% to 80%.  Some gas is needed for flexibil-
ity to meet rapid load changes using the gas
for balancing purposes.5

CHH fuel use in 2001 indicates the site used
in that year 30% to 40% of wood waste and
60% to 70% of natural gas.6

Cost of GenerationCost of GenerationCost of GenerationCost of GenerationCost of Generation

Cost of Fuel

The commodity price of gas to industrial
users is about $2.7/GJ.  Over the next 10
years a price range from $2.7 to $4 /GJ is
expected7.  The cost of transport must be
added to this.  The gas transport fee consists
of two parts.  The first is the Throughput Fee
($/GJ), which is $0.40/GJ.  The second compo-
nent is the Capacity Reservation Fee, which
for Kinleith is $97/GJ.MDQ.  These two
charges add about $1/GJ for the present
average gas usage.

The cost of wood waste fuel could be nega-
tive, i.e. the opportunity cost of wood waste
disposal.  However CHH have stated that
further wood waste would be available at a
cost that is greater than the present price of
gas, i.e. the marginal cost of wood waste is
greater than the avoided cost of gas.

The marginal cost of wood waste would

reflect the cost of collection and transport to
the Kinleith site.  The possibility of a market
for wood waste at Kinleith (and elsewhere)
and the ability to displace gas as the mar-
ginal fuel should value wood waste at the
alternative cost of gas.  The lower boiler
efficiency from burning wood waste suggests
a value for wood waste of $2.60/GJ; this is
based on a delivered value of gas of $3.70/
GJ.  This is the maximum marginal cost that
CHH can incur to deliver wood waste to site.
The average cost of wood waste will be less
than this.

Capital Cost

The cost of the project to ECNZ was in the
order of $50 million.  CHH contributed a
further approximately 20% of this amount for
additional scope of the project, for example
to facilitate integration of the operation with
other boilers, which resulted in an increase of
approximately 10 MW of generation.

Total project cost is therefore estimated to be
$60 million.

Operating Cost

The operating cost of the cogeneration plant
has not been provided by CHH.  PB’s esti-
mate of operating and maintenance costs is
$1 million per year.

Steam Sales

There are no sales of steam as CHH operate
the plant and provide steam to their mill.

Total Cost of Cogeneration Facility

The annual revenue required to cover the full
cost of capital and operations and mainte-
nance costs is $230/kW/year.  The fuel
component assuming 40% gas and no value
placed on wood is $150/kW/year.

Marginal Cost of Electricity Component of
Project

CHH could have limited the development to a
waste wood and gas fuelled boiler without
steam turbine.  This would reduce the cost of
the project by avoiding the cost of the steam
turbine and reducing gas or waste wood fuel
use but would have required increased import
of electricity.

The marginal cost of electricity generation
therefore is made up of the capital cost of
the turbine plus the marginal fuel and O&M

6 N Barneveld, PB Associates, “A New Zealand Study on
Distributed Generation – Fuel Supplies”, prepared for CAE 17
May 2002

7 Carter Holt Harvey, Environment, Health and Safety, Risk and
Partner Relations, Annual Report December 2001
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costs.  The steam volume would remain
unchanged.

About 1 PJ of the energy in the fuel is used in
the steam turbine generator to produce
electricity.  The residual energy remains in the
pass-out steam and is used in the mill
operation.

The costs for the turbine and ancillary
equipment make up about 40% of a typical
cogeneration facility.  A similar split is as-
sumed for O&M costs.

The annual revenue required to cover the
marginal capital and operations and mainte-
nance costs of the electricity generation
component of the project is about $90/kW/
year and for the steam component about
$140/kW/year.

The fuel allocation would be $50/kW/year to
electricity and $100/kW/year to steam.  This
assumes wood waste has no cost.

SummarySummarySummarySummarySummary
The annual revenue required to cover the full
cost of capital, operations and maintenance
costs excluding fuel is $230/kW/year.  The
fuel component assuming 40% gas and no
value placed on wood is $150/kW/year.  Total
cost is $380/kW/year.

The annual revenue required to cover the
marginal capital and operations and mainte-
nance costs of the electricity generation
component of the project is about $140/kW/
year.  The fuel component assuming 40% gas
and no value placed on wood is $50/kW/year.

Commercial ArrangementsCommercial ArrangementsCommercial ArrangementsCommercial ArrangementsCommercial Arrangements

Joint Venture ArrangementJoint Venture ArrangementJoint Venture ArrangementJoint Venture ArrangementJoint Venture Arrangement
The Joint Venture between CHH and Genesis
Power is arranged in a way that Genesis
Power basically acts as an investor much like
a bank.  It is expected that the agreement
protects the Genesis owned assets and puts
obligations on CHH for proper maintenance of
the assets as well as covering the required
debt payments plus a margin for return on
equity.

Besides this there is no further involvement
of Genesis Power in the operation of the
plant, unless major changes or upgrades of
the plant would be required from CHH, which
would require the approval from Genesis

Power.  Genesis Power, as asset owner,
monitors and audits the maintenance and
operation of the plant.

Initially it was expected that issues in relation
to third part ownership of cogeneration
assets embedded in an industrial site may be
an issue that would require some consider-
ation, as it has been on other cogeneration
sites.

This question may arise depending on the
nature of the agreement between the parties.
Some arrangements are based on payments
made for electricity and process heat (steam
and/or hot water) supplied to the site opera-
tor and fuel supplied from the site to the
cogeneration plant operator (e.g. PPAs, FSAs
and SSAs).  However these agreements can
be complex in their design as well as admin-
istration, because it is important to align the
interest of both parties correctly.  If this
cannot be achieved, the relationship between
the contract partners is often a cause of
conflict.

Roles of Owner and operatorRoles of Owner and operatorRoles of Owner and operatorRoles of Owner and operatorRoles of Owner and operator
The roles of the owners are quite different in
the case of the Kinleith cogeneration plant,
compared to other cogeneration plant.  This
is mainly because Genesis Power acts much
like a bank and is not involved in any of the
day-to-day operation of the plant.  The main
interest of Genesis Power is that is requiring
some qualified assurance from CHH about the
proper operation and maintenance of its
assets.

CHH on the other side undertakes the day-to-
day operational decisions.  This is in particu-
lar important on this site because of the large
degree of integration of these assets into the
other CHH core plant, keeping in mind that
this plant has the main task of balancing
steam supply and demand as it has the
largest ability to follow load swings.

It could be said that CHH has the largest
commercial incentives, because the arrange-
ments are structured in a BOT (build, own,
transfer) type arrangement.  As with the
nature of these agreements the assets are
transferred to the site owner (here CHH) after
a specified term.  There are major incentives
for CHH to operate and maintain the plant in
such a manner that maintains the highest
value of the plant when the assets are
transferred to CHH after expiry of the contract
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term with Genesis Power.

Energy Market Relationships AndEnergy Market Relationships AndEnergy Market Relationships AndEnergy Market Relationships AndEnergy Market Relationships And
Operational IssuesOperational IssuesOperational IssuesOperational IssuesOperational Issues

Commercial Arrangements for Sale ofCommercial Arrangements for Sale ofCommercial Arrangements for Sale ofCommercial Arrangements for Sale ofCommercial Arrangements for Sale of
ElectricityElectricityElectricityElectricityElectricity
Although the capacity of the Kinleith steam
turbine generation set is smaller than the site
electrical demand one would expect that no
power is exported to the grid.  However
because the generator is connected to the
Transpower grid and the main load for the
plant is taken off the grid at the 110kV/11kV
bus at the same Transpower substation, CHH
has to offer its full generation load into the
grid to the market.

The Kinleith generator is connected to the
Transpower SCADA system hence Transpower
(the grid operator) has information on the
real-time operational status of the CHH’s
generator, but because of the way the NZEM
rules are written at present, CHH must
provide (bidding) information to the market
administrator (EMCO).  It is important to
distinguish between the different roles of
Transpower as the grid operator and EMCO as
the NZEM administrator based on the current
structure of the NZEM rules. Trustpower is
acting as CHH’s agent both for bidding into
the market and for import of electricity.

What notional embedding means in terms of
interconnection charges is discussed further
in Section 7.

Scheduling CriteriaScheduling CriteriaScheduling CriteriaScheduling CriteriaScheduling Criteria
One major concern that CHH has is the need
to schedule the generation output into the
NZEM, because of the way the NZEM rules are
written.  Although the operation of the steam
turbine is secondary to the provision of
steam for mill operation, embedded genera-
tion (or notionally embedded, as in Kinleith’s
case) over 5 MW requires the NZEM to be
notified in advance if changes of its current
operational status will occur.  CHH have
difficulty complying with the electricity market
rules because its generating plant is following
the steam load.  If there is a loss/decrease of
demand for process steam then the steam
supplied to the steam turbine also decrease,
hence output decreases.  As there is a 2-hour
notice requirement this may mean that CHH is
not able to remain within the quantity of
electricity that it has bid for.

CHH agents have been before the surveillance
committee on several occasions because of
such non-compliance.  CHH would like to
resolve its problems and would ideally like to
arrange an exemption or a change to the
rules.

There have been a number of occasions when
CHH’s agent has incurred penalties under
NZEM Rule 4.15 Section B.  The financial
penalty to the agent has been as high as
$50,000 to $100,000.  CHH after the first
instance ended up paying the fee.

Keeping track of bidding information is a
secondary issue for CHH as it is not part of
its core business.  The plant operator has to
inform its agent when non-compliance occurs,
who then informs the market administrator
(EMCO).

CHH do not normally respond to NZEM
market price signals.  During the hydro inflow
shortage in 2001, CHH thought about provid-
ing an additional 2 MW to 3 MW capacity but
chose not to do so as the additional cost and
operational difficulties gave little if any
incentive.

Electricity And SteamElectricity And SteamElectricity And SteamElectricity And SteamElectricity And Steam

Value of Electricity From CogenerationValue of Electricity From CogenerationValue of Electricity From CogenerationValue of Electricity From CogenerationValue of Electricity From Cogeneration
ProjectProjectProjectProjectProject
Budgeted average output from the steam
turbine is 33 MW, which is 290 GWh or 1.04
PJ.  The Kinleith site imported electricity use
in the 2001 financial year was 1.5 PJ7, which
is 47 MW or about 420 GWh.  Imported
electricity was significantly unhedged in
2001.8  If the increase in cost of imported
electricity were for the Kinleith site only, CHH
may have only been some 30% hedged
against the half hourly NZEM price.

In New Zealand, it is expected there will be
occasional low hydro inflow sequences that
will cause prices to rise significantly.  This is
expected to occur about every 5 to 20 years.
For example in 2001 the average price for the
year was over $76/MWh and for the 9-month
period of the water inflow shortfall the price
averaged close to $90/MWh.  This compares

8 Inwood Magazine, Issue 40, August/Sept 2001, “Electricity
Storm Threatens Forest Companies”, The article states: “Carter
Holt Harvey, the biggest forest products company in
Australasia, is partially exposed to the spot market.  It spent
NZ$4 million more than normal on power in the April-June
2001 quarter, and prices were higher in July”.
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to a time weighted average price for calendar
years 1999 and 2000 of about $37/MWh.

The probability of occurrence of a dry spell as
significant as the 2001 hydro inflow shortage,
in any given year, was probably a lot less
than 1 in 3.  For the purposes of this case
study, it is assumed as 1 in 10 or less.   If the
months in which the dry inflows influenced
prices were weighted for a 1 in 10 probability,
the average price for the years 1999 to 2001
would be about $41/MWh.  This is a more
correct interpretation of the currently ex-ex-ex-ex-ex-
pectedpectedpectedpectedpected time weighted average price, i.e. 10%
to 15% above the average price in normal
hydro inflow years.  As the supply/demand
balance tightens, CHH could expect to pay
more than the current expected time
weighted average price.

In theory the current expected time weighted
average should be the price CHH expect to
pay whether they are hedged or not.   The
proviso is that the NZEM is an efficient
market.

There is little variation in output throughout
the year except for planned and forced
outages of the Kinleith Mill.  Therefore the
time weighted wholesale price plus a small
retail margin should be a reasonable guide to
the avoided price of electricity generated by
the Kinleith cogeneration plant.

Assuming the current expected time weighted
average price for Kinleith of $41/kWh as
discussed above, the avoided cost of electric-
ity produced by the cogeneration plant
equates to about $300/kW/year.

Carbon Tax from 2007Carbon Tax from 2007Carbon Tax from 2007Carbon Tax from 2007Carbon Tax from 2007
The New Zealand government published a
policy statement based on which a carbon tax
of $25/tonne of CO

2
 will come into effect in

2007.  This equates to a carbon tax of $90/
tonne of carbon.

Sub-bituminous coal is about 56% fixed
carbon9.  This is a price increase of $32 per
tonne of coal.  The carbon tax will increase
the MED 2010 baseline scenario coal price
from $310 to $5.3/GJ.  Maui Gas will increase
by about $1.3/GJ.

The carbon tax will therefore increase the

marginal cost of generation at Huntly by
about $24/MWh.  For a gas fired combined
cycle power station (such as NGC’s Taranaki
Combined Cycle (TCC) or Contact’s Otahuhu B)
the carbon tax will increase generation costs
by about $9/MWh.  The impact on electricity
price will lie somewhere between these two
values because the price of fossil fuelled
stations determines the price of electricity on
the margin.  For the purpose of this study it
is assumed that electricity prices will by the
average of carbon on coal and gas, i.e. $14/
MWh.

Reliability of Delivered EnergyReliability of Delivered EnergyReliability of Delivered EnergyReliability of Delivered EnergyReliability of Delivered Energy
One initial concern was that instances of grid
unreliability would cause the steam turbine to
drop out.  However, the reality is that the
generator props up the local network, riding
out faults such as an auto-reclose caused by
a lightning strike.  This type of grid fault
occurs about twice a year.

Capital, Fuel and O&M chargeable toCapital, Fuel and O&M chargeable toCapital, Fuel and O&M chargeable toCapital, Fuel and O&M chargeable toCapital, Fuel and O&M chargeable to
Steam ProductionSteam ProductionSteam ProductionSteam ProductionSteam Production
CHH could have limited the development to a
waste fuelled boiler.  This would reduce the
cost of the project by avoiding the cost of the
steam turbine and reducing gas or waste
wood fuel use.  This would have required
increased import of electricity but the same
volume of steam would be required for mill
operation.

The marginal cost of steam production is
therefore made up of the capital cost of the
boiler plus the marginal fuel and O&M costs.

About 1 PJ of total site energy is converted to
electricity by the cogeneration plant, which is
about 30% of the energy in steam produced
by #8 boiler.  The residual energy remains in
the pass-out and exhaust steam used in the
mill operation.  Total site energy production is
17.9 PJ excluding imported electricity.

The boiler and ancillary equipment make up
about 40% of the cogeneration facility.  A
similar split is assumed for O&M costs.

The annual revenue required to cover the
marginal capital and operations and mainte-
nance costs of the #8 boiler component of
the project is about $90/kW/year.

The fuel allocation would be $100/kW/year.
This assumes wood waste has no cost.

9 J T Baines, New Zealand Energy Information Handbook, p19 & 21

10 The Ministry of Economic Development in their 2000 New
Zealand Energy Outlook, give a baseline price of coal at $2.6
to $3 over the ten year period from 2000 to 2010.
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Disposal of wood wasteDisposal of wood wasteDisposal of wood wasteDisposal of wood wasteDisposal of wood waste
Cartage and dumping cost to move the waste
say 5 km is about $1.75/tonne or $0.4 million
pa for 200,000 tonnes of wood waste.   The
avoided cost of using this wood waste to fuel
#8 boiler is therefore $9/kW/year.  This value
excludes environment cost or future carbon
credits foregone.

Avoided Gas UseAvoided Gas UseAvoided Gas UseAvoided Gas UseAvoided Gas Use
Approximately 200,000 tonnes of wood waste
was used in 2001 to displace some of the gas
fuel for boiler #8.  The energy content of the
gas displaced is 1.5 PJ/year.  This has a value
of $130/kW/year.

Network chargesNetwork chargesNetwork chargesNetwork chargesNetwork charges
The site has an 11 kV United Networks
Limited (UNL) ring system that is considered
as a virtual Transpower connection.  As
discussed in Section 5.1, all output from the
generator is supplied to the same Transpower
substation from which the Kinleith site load is
serviced.

The concept of notional embedding, as
appears to be the case in Kinleith, is a
concept that is considered by Transpower on
a case-by-case basis, similar to the Economic
Valuation (EV) concept.  It typically is applied
in cases were a generator considers to
duplicate any transmission or interconnection
assets in order to reduce its connection/
interconnection cost.  Before implementing
such a physical duplication the generator
owner/operator can present a business case
to Transpower, outlining the benefits, cost
and timing of an asset duplication to
Transpower.  Transpower than evaluates this
case and if accepted will negotiate financial
arrangements with the generator, which will
provide benefits of the embedding to the
generation owner/operator11.  Such benefits
for embedding should be the higher the
higher the off-take and export correlate
(because of Transpower’s current pricing
methodology of 12-month rolling averages).

The connection to Transpower’s substation
results in CHH being exposed to the
Transpower charges for connection12 as well
as interconnection13.  It can be expected that
these costs are as per Transpower’s published
Pricing Methodology14.  CHH did not provide
any information on whether it has a formal
agreement with Transpower that considers
notional embedding and if so, what embed-
ding benefits (over which timeframe) it will
receive from Transpower.

It should also be mentioned that the
Transpower pricing regime has changed
significantly from when the project was first
mooted.  This uncertainty about changes in
the pricing methodology is concern for any
generation plant operator and is discussed
further in Section 9.

One of CHH’s major focuses is on minimising
Transpower interconnection charge.  The net
off-take from Transpower is about 45 MW but
the substation has a capacity of 90 to 100
MW.  The total electric site demand is 70 to
75 MW.

CHH employs a combination of onsite genera-
tion and load shedding to keep the maximum
capacity taken from Transpower at about 60
MW, hence only pay interconnection charges
for 60 MW.  CHH imports about 44% of its
electricity requirements and generates 45%
on site.

CHH emphasised a close working relationship
with UNL.  Should there be a generator trip
from the cogeneration plant, load will be
shed within the CHH site and an automatic
signal is transmitted to UNL whose controls
automatically shed load at its offtake (e.g.
Tokoroa township), although this is rarely
used.

Tokoroa contributes 13% of load through the
Transpower GXP.  The initiative for keeping
GXP peaks low is greater for CHH than it is
for UNL, since UNL will pass these costs on to
the retail companies.

11 Transpower may also decide that it may be more economically
efficient if the generation owner/operator duplicates some of
the assets.

12 Transpower defines the purpose of the connection charge to
recover that part of Transpower’s HVAC revenue requirement
that is associated with the cost of connecting a customer’s
electrical equipment to the core grid assets. The connection
charge reflects the cost of connection to the core grid assets,
namely, the cost of providing an identifiable set of assets
required by a grid connection point.

13 Transpower defines the purpose of the interconnection charge
to recover that part of Transpower’s HVAC revenue requirement
not recovered via the connection charge. A flat $/kW
interconnection rate is set at the beginning of the pricing year
and is used to calculate the interconnection charge payable by
customers who offtake.

14 Pricing for Grid Connection Services - Pricing for grid
connection services from 1 April 2002 - Transpower New
Zealand Limited, December 2001
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Fuel supplyFuel supplyFuel supplyFuel supplyFuel supply
The main fuel sources for raising steam,
hence power generation, used at the CHH site
are black liquor15, wood waste and natural
gas.

Black liquor is used at the two existing black
liquor fired recovery boilers while wood waste
(in particular bark) and natural gas is used at
the newer (#8) boiler.  Natural gas is used to
provide quick response to steam load
changes and supplementing the wood waste
fuel.

Because of this modulating function of the
boiler #8, the natural gas consumption varies
between 0% to a maximum of 80% of boiler
fuel input16.  The average annual gas con-
sumption for the wood waste/natural gas
boiler is approximately 40% of total fuel
consumption of boiler #8 and the two black
liquor boilers.

The boiler #8 has the following rated capacity
at life steam conditions of 45 barg and
400˚C:

• 100 t/h on Pinus Radiata wood waste

• 180 t/h on natural gas

• 180 t/h on combined wood waste and
natural gas

Although no detailed information on fuel
consumption were provided one would expect
the annual fuel consumption using wood
waste and/or natural gas as shown in Table
6.6.1.

On average the boiler #8 consumes about
40% natural gas16 and 60% wood waste.
Based on the information provided in Table
6.6.1, the site used about 1.6 PJ/a of wood

waste, hence it could be concluded that the
boiler #8 consumed on average about 4.0 PJ
of natural gas.

Natural GasNatural GasNatural GasNatural GasNatural Gas
The availability of natural gas and its cost is
dependent on a number of parameters.
There are two principal components to gas
prices, the wellhead or treated gas commod-
ity price and the transmission/distribution
price17.

The cost of gas in New Zealand is driven
principally by the Maui gas costs.  The
transmission and distribution charges have a
significant impact on delivered gas cost in
New Zealand.

The “Review of New Zealand Gas Sector” by
ACIL for MED gives a comparison of wellhead
to end user prices, which are shown in the
following table.18

Price in
NZ$/GJ

New Zealand
$NZ/GJ

Wellhead Price 1.50

Industrial Price 9.25

Residential Price 16.79

What is shown in the above table as ‘Indus-
trial’ is considered to be mainly commercial
and small to medium size consumers.  Larger
power plant and larger industrial application
would see a much lower natural gas price.
The above prices for industrial and residential
customers include the cost for transmission

15 Black liquor is a by-product from the paper milling process.

16 Lyndon Haugh, CHH, Personal communications, 17 May 2002

Estimated boiler
performance

Wood waste
(@ 60% MC)

Natural gas Mix
(Wood waste @ 60% MC

& natural gas)

Efficiency (HHV) 67% 85% 70%

Steam generation1 100 t/h 180 t/h 180 t/h

Fuel Consumption 38.4 t/h 512.5 GJ/h 40 t/h wood waste
248.9 GJ/h nat. gas 2

 1 life steam @ 45barg/400˚C, feed water @ 185˚C
 2 assuming on average 40% of total fuel input is through natural gas

Table 6.6.1: Annual fuel consumption

17 A New Zealand Study on Distributed Generation - Fuel Supplies
– Draft – for Centre for Advanced Engineering by PB Associates

18 A New Zealand Study on Distributed Generation - Fuel Supplies
– Draft – for Centre for Advanced Engineering by PB
Associates, Table 9

19 The Ministry of Economic Development have published their
gas price scenarios in New Zealand Energy Outlook to 2020,
dated February 2000
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and distribution.

Figure 6.6.3 shows the average gas prices for
the industrial market compared with average
wholesale price.19

The transmission cost is location dependent
and the following figure shows the average
tariffs in a particular location, based on an
85% capacity factor, typical for an industrial
consumer.

Wood wasteWood wasteWood wasteWood wasteWood waste
The following data was published in Carter
Holt Harvey, Environment, Health and Safety,
Risk and Partner Relations, Annual Report
December 2001.

Although wood waste used for energy
purposes at the Kinleith mill comprised only
about 8.4% (or 1.6 PJ/a), it made up about
60% of fuel used in boiler #8 in 2001.  The
remaining 40% of the fuel used in boiler #8
is made up of 4.0 PJ/a of natural gas.

Additional wood waste sources

It is understood that all of the wood waste
used in the boiler #8 is sourced from within
CHH.  Additional fuel could be brought onto
the Kinleith site to further increase the use of
wood waste and to further reduce the amount
of gas used on site.  However this additional
wood waste has a cost to it that needs to be
considered and at present the cost for
collection and transport appears not to justify
additional wood waste to be brought onto
site.  This may change with the introduction
of a carbon tax, as has been announced by
the New Zealand Government and is dis-
cussed elsewhere.

The cost of supplying wood process residues
for energy may be up to $30 to 40/m3 (solid)
for wood chip, which could otherwise be sold
for pulping20.

There are a number of publications about the
expected increase in woody biomass with the
increase in mature forests in New Zealand.
The EECA publication on woody biomass
suggests major growth in forestry in next 10
years20.

Trends in regional forestry by-products were
forecasted by CAE in 2000.  A summary of
these estimates is shown in Table 6.6.3.

These sources may provide additional fuel or
use in cogeneration or heat-only facilities.
However the economics of this fuel source
will depend on the cost for collection and
transport, in particular with regards to the
forest residues.

Disposal

Installing the wood waste boiler at the
Kinleith site offered the opportunity for co-
firing gas boilers with wood waste in parallel
with the existing black-liquor recovery boilers.
The wood waste boiler reduced a waste

Energy use by type (%)

Black Liquor 60.9% 11.8 PJ

Natural Gas 22.8% 4.4 PJ

Wood waste 8.4% 1.6 PJ

Electricity 7.9% 1.5 PJ

Total energy consumption 100.0% 19.4 PJ

Source: CHH (2001) - Carter Holt Harvey, Environment, Health and Safety, Risk and Partner
Relations, Annual Report December 2001

Table 6.6.2: Kinleith’s Energy Use by Type (%)

Figure 6.6.3: Approximate Regional Gas
Quantities, Source: ACIL Review of the New
Zealand Gas Sector October 2001, Compiled

from NGC documentation

20ECCA (2001) - Energy from Woody Biomass in New Zealand -
Energy Efficiency and Conservation Authority, May 2001
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Figure 6.6.4: Average gas prices for residential market component with average wholesale price

Figure 6.6.5: Average gas prices for industrial market compared with average wholesale price

disposal problem of 200,000 tonnes per year
of bark and turned this into a revenue
stream, what previously resulted in a disposal
cost to CHH20.

Negative costs, as in the case of Kinleith,
result where residue producers are prepared
to pay for the transport of the residues to an
energy plant instead of incurring even greater
landfill disposal costs20.

Wood Processing Residues Forest Residues All Residues

Supply Region 1996-00 2006-10 1026-20 1996-00 2006-10 2016-20 1996-00 2006-10 2016-20

Northland 54 222 218 103 424 418 156 646 637

Auckland 83 109 108 160 208 207 243 317 315

Central North Island 697 783 786 1863 2092 2101 2560 2875 2887

East coast 47 167 211 91 320 405 138 487 616

Hawkes Bay 59 146 151 114 279 289 173 425 439

Southern North Island 72 137 172 138 261 330 210 398 502

Nelson & Marlborough 107 11723 182 197 316 335 304 487 517

West coast 19 23 26 35 43 48 53 67 73

Canterbury 50 77 81 93 142 148 143 219 229

Otago & Southland 87 144 169 161 265 311 248 409 481

New Zealand total 1277 1979 2105 2953 4351 4591 4230 6329 6695

Table 6.6.3: Trends in Regional Forestry By-products (000 m3/year) [Source: CAE Information
Bulletin Number 16 - December 2000 - Centre for Advanced Engineering - University of Canterbury]
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Avoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower ChargesAvoided Transpower Charges

Transpower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges AvoidedTranspower Network Charges Avoided
The Kinleith site grid connection is consid-
ered a virtual Transpower connection, as
discussed previously.  Therefore some of the
‘interconnection charges’ can be saved, due
to the management of the load on site and in
Tokoroa township as well as through onsite
generation.  Some of the interconnection
charges applicable to both, the distribution
company (UNL) and CHH, can be reduced
through a combined effort and management
of the load at the grid exit point.

This charge is calculated as a rate and
currently about $50.18/kW (as per Transpower
pricing booklet April 2002).  This rate is then
multiplied by a capacity measure (kW), which
is the ‘average of the distributors top twelve
anytime peaks’ over the past twelve months.

If for example the operation of the steam
turbine generator can be used to reduce the
‘average top twelve peaks’ by say 15 MW, the
avoided interconnection charge is:

15 MW x 1,000 kW/MW * $50.18/kW/a =
$750,000/a

By running the steam turbine generator and
managing the site electrical load to reduce
these top 12 peaks, CHH together with UNL
can save about $750,000 a year.

It is important to note that the pricing
methodology is currently being reviewed, and
may change.  The pricing methodology could
change significantly if it were to be set by the

Commerce Commission, which is a possibility
under the Electricity Governance Board (EGB).

SummarySummarySummarySummarySummary
A distribution company is able to reduce
Transpower’s ‘interconnection charge’ by
scheduling installed generators within their
distribution system during times of peak load
at the Transpower interconnection.  The value
of reducing the peak load at a Transpower
interconnection is $50/kW/yr.

DiscussionDiscussionDiscussionDiscussionDiscussion

Generation RevenueGeneration RevenueGeneration RevenueGeneration RevenueGeneration Revenue
The actual and potential revenue for the 40
MW Kinleith cogeneration project is given in
Table 6.6.4.  Revenue is estimated for both
the owner of the generation as well as the
regional community including the owner.

SummarySummarySummarySummarySummary
The total actual and potential economic
benefits to the owner are greater $699/kW/
year.  This is more than the cost of the
project at about $380/kW/year.  The project
benefits accrue mainly to CHH and Genesis.
There are also significant environmental
benefits that have not been valued.

Industry IssuesIndustry IssuesIndustry IssuesIndustry IssuesIndustry Issues

Business Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment Issues

Potential for Co-Generation NZ Wide

Figure 6.6.6: Pricing for Grid Connection Services [Source: Pricing for Grid Connection Services
from 1 April 2002 – Transpower New Zealand Ltd – December 2001, p27]
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Cogeneration is typically a very site-specific
opportunity that often fits within an industrial
or commercial environment.  There are
numerous existing cogeneration plants
around New Zealand, although most of the
existing cogeneration plants are installed in
the North Island.  The following graphs in
Figures 6.6.7 and 6.6.8 show the installed
electric capacity of the existing cogeneration
plant by type of industry and fuel type.

Figure 6.6.7: Installed Capacity of Cogenera-
tion Plant by Fuel Type

Figure 6.6.8: Installed Capacity of Cogenera-
tion Plant by Type of Industry

There was a boom of cogeneration develop-
ment in New Zealand in the early to mid
1990s  The following graph in Figure 6.6.9
shows the development of cogeneration
capacity between 1992 and 2000.  Most of
the cogeneration capacity is contributed to
installation of gas fired cogeneration plant,
mainly in the commercial sector and the dairy
industry.

Figure 6.6.9: Development of Cogeneration
Capacity Over Time

However it appears that the perceived most
economic industrial and commercial sites with
cogeneration potential have been utilised.

There are numerous niche opportunities or
opportunities that may be on the verge of
economic viability.  This is true in particular
for smaller wood-fired cogeneration plant.
There is a large potential of wood waste
becoming available, due to large areas of
forest due to becoming mature in different
parts of New Zealand a discussed previously.
Although the quantities coming available are
rather large, the cost for utilisation and in
particular transport as well as the low price of
competing fuels (e.g. natural gas) and
electricity do currently not justify the econom-
ics of most of these plants.  The potential of

Rate

HVAC

HVDCConnection Interconnection

Not applicable $50.18/kW $18.85/kW

Table 6.6.3: Transpower Interconnection Charge [Source: Pricing for Grid Connection Services from
1 April 2002 – Transpower New Zealand Ltd – December 2001, p33]
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such wood residues from forestry is discussed
in detail in the CAE fuel study.

There is a smaller share of wood residues
though, that may be used economically on
industrial sites, whether for power or purely
for heat generation.  This potential of wood
residues that is currently disposed-off at
landfills is shown in Table 6.6.5.  Based on
typical calorific values of a mix of wet and dry
wood residues and expected boiler efficiency
and cycle efficiency an approximation about
the technical potential from this fuel source
has been made.

A technical potential of annual generation
from this fuel source has been calculated to
be 579 GWh/a between 2001 and 2005 and
almost twice this amount (1,170 GWh/a)
between 2006 and 2010.

The main regions are the regions with large
pine plantations such as the Central North
Island Plateau, Northland/Auckland and
Nelson/Marlborough.

Opportunities for Cogeneration

Who should be now looking at the opportuni-
ties that cogeneration options can offer New
Zealand?  The list below is offered as a
“thought starter”:

• All large industrial users without a cogen-
eration facility

— Any dairy factories without a cogenera-
tion plant

— Larger sawmilling and wood processing
facilities

• Medium / large users in the Auckland and
Northland regions, who also have a
significant heat or steam demand

— Hospitals

— 24 hour process industries

— Medium / large industries in areas
behind existing or emerging transmis-
sion constraints for whom electricity
reliability is particularly critical or for
whom electricity costs are a critical
input parameter.

• Regional / District Councils in areas behind
existing or emerging transmission con-
straints:

— Those north of Taupo

— Christchurch and the northern South
Island

— The East Coast

— Do your policies and plan hinder or
facilitate industries in your area
installing cogeneration facilities?

• Transpower/Distributors

— Is local generation, including cogenera-
tion facilities, a more economic alterna-
tive for “NZ Inc” than reinforcing
existing transmission links?

On-Site Hedge

Many businesses require not just security of
supply for their electricity, but also security
over the costs of the supply.  One of the
potential benefits of on-site generation plant
is that an appropriate commercial framework
can offer both security of supply and relative
certainty over the costs of that supply.

Electricity Pricing Trends

Rising power prices have recently become a
topical issue in New Zealand.  The experi-
ences of last winter have demonstrated,
again, just how fragile New Zealand’s “elec-
tricity capacity reserve margin” inherently is.
Despite the current significant capacity
surplus, the New Zealand electricity system is
vulnerable to major price excursions during a
hydro inflow shortage.

As the capacity surplus reduces over the next
few years, the potential for higher prices
during periods of shortage will increase.  The
value of on site generation will also increase.

Transmission Constraints

There has been very little transmission
investment in NZ since the HVDC link expan-
sion in the early 1990s.  Primarily this has
been because there has been little need for
it, but also because the commercial frame-
work for doing so has been unclear and
contentious.

There are various well-known transmission
constraints around the country, which lead
periodically to regional pricing, and higher
average prices in the constrained region than
otherwise would have been the case; eg the
Tokaanu-Whakamaru constraint – which led,
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in the past, to higher prices in the Auckland
and more northern regions.  As a result,
Auckland customers faced higher prices than
those applying in the rest of the country at
the time. Since 2001, the commissioning of
thermal plant near Auckland (Otahuhu CCGT)
has eliminated this constraint.

Transpower’s System Security Plan 2000 (their
latest) discusses such issues on a regional
basis.  It is clear that much of the transmis-
sion system is nearing its current capacity
limits and that either renewed transmission
capacity investment or local generation will
be required, in the near future, in a number

Value/Revenue/
Potential Revenue

($/kW/annum)

Fuel Use
($/kW/annum)

Comment

To
Generator

Regional
Benefit

Reliability  >0? >0? Electricity supply
more robust to
transients

Distribution System
Benefits

Na >0? Avoided Transpower
Connection charges
Reliability

Avoided Transpower
Charges, (Actual)

20 0 Avoided Transpower
Connection charges

Electricity Avoided
Cost,  (Actual)

300 300 50 Avoided cost of
NZEM supply

Includes electricity
component of gas
use

Steam Value (Cost
Based)

240 240 100 Steam value based
on proportion of
project devoted to
steam production.
Includes steam
component of gas
use.

Waste Wood Avoided
Gas Use (Actual)

130 130

Waste Wood Avoided
Disposal (Actual)

>9 >9 Environmental
benefit not included

Carbon Tax Increment
in Electricity Price
(Actual from 2007)

40 40 Assumes Boiler #8
fuelled 1/3 rd on wood
waste

Total to Owner, CHH >699?

Total to CHH/region >699?

Environmental Cost Low Low

Cost of Generation
($/kW/annum)

Fuel Use
($/kW/annum)

Comment

Cost of generation 230 150

Table 6.6.4: Generator Revenue and Regional Benefit for Kinleith Co-generation ($/kW/annum).

of areas, to avoid transmission constraints
from developing.  Whenever a transmission
constraint occurs, there is an attendant
regional pricing impact.  The quantum of this
impact cannot currently be known, because
that largely depends on the future bidding
behaviour of generators with generating plant
located within the constrained regions.  Or,
where there is little such generation, on the
Transpower pricing policies yet to be formally
adopted, on how such new transmission
investments will be paid for, and by whom.

This clearly is a business risk that industry,
located in these regions with sensitivity to
electricity prices, should be aware of and
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planning for.

Key areas of the country likely to be affected
in the medium- to long-term are:

• Auckland and regions to the north of it;

• Christchurch, and North Canterbury;

• The East Coast; and

• There are others, but they exist on a more
localised basis.

There are also likely to be areas in distribu-
tion networks around the country where this
same issue applies.

The framework for further transmission
investment may become clearer, as it is the
focus of the Transport Working Group of the
Grid Security Committee, one of a number of
industry groups set up to develop the
frameworks to the next phases of reforms
necessary for New Zealand’s economic health
and well being.

In conclusion, there are significant opportuni-
ties throughout New Zealand for distributed
generation to defer substantial investment in
transmission network upgrade expenditure.

Opportunities and Barriers to InvestmentOpportunities and Barriers to InvestmentOpportunities and Barriers to InvestmentOpportunities and Barriers to InvestmentOpportunities and Barriers to Investment
in Cogeneration - Institutional Issuesin Cogeneration - Institutional Issuesin Cogeneration - Institutional Issuesin Cogeneration - Institutional Issuesin Cogeneration - Institutional Issues

Energy efficiency

A cogeneration plant can produce a combined
electrical and thermal efficiency in the region
of 85%, a figure that compares most
favourably against other forms of thermal
generation plant.  This high generating
efficiency is especially attractive when one

considers that the cogeneration plant is
embedded within a host site, thereby
minimising transmission and distribution
losses that are inherent with centralised
plants.

This high energy efficiency brings a variety of
intangible benefits to the cogeneration plant
owner and particularly the host.  It assists in
enhancing a company’s reputation of being a
responsible user of resources, and can be
used effectively in marketing campaigns to
convey this message to the host company’s
“public”.  It also assists in gaining consents
and other approvals.  Environmental regula-
tory agencies invariably think in terms of total
emissions from a site.  In a few cases,
particularly on complex sites where there are
multiple emissions sources, the improvements
resulting from a new cogeneration plant can
be “traded off” against other emissions
elsewhere on the site, and regulatory pres-
sures eased.

Security of supply

A cogeneration plant that is embedded in a
host site can provide enhanced security of
supply to the host.  Many cogeneration plants
run in “continuous duty standby” mode,
generating in parallel to the grid.  In the
event that the grid connection fails, the
cogeneration plant can be designed to switch
to “island” mode and would then continue to
supply the site load in a seamless manner.  A
load-shedding system may be required to
ensure that the current site load does not
exceed the operating capacity of the cogen-
eration plant, or alternatively, if the cogenera-
tion plant normally exports, a generation run-
back system may be necessary.

m3 solid per annum Power GWh per annum

Region 2001 - 2005 2006 - 2010 2011 - 2015 2001 - 2005 2006 - 2010 2011 - 2015

Northland/Auckland 159,000 340,000 447,000 88.64 189.55 249.20

Central North Island 350,000 815,000 552,000 195.12 454.35 307.73

East coast 33,000 117,000 179,000 18.40 65.23 99.79

Hawkes Bay 71,000 144,000 164,000 39.58 80.28 91.43

Southern North Island 74,000 128,000 125,000 41.25 71.36 69.69

Nelson/Marlborough 150,000 204,000 201,000 83.62 113.73 112.06

West Coast 21,000 51,000 51,000 11.71 28.43 28.43

Canterbury 65,000 124,000 103,000 36.24 69.13 57.42

Otago/Southland 115,000 174,000 165,000 64.11 97.00 91.99

Total 1,038,000 2,097,000 1,987,000 578.67 1,169.05 1,107.73

Table 6.6.5: Wood process Waste to Landfill
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Power quality

The embedded nature of a cogeneration plant
can deliver further benefits to the host in
terms of improved power quality on site, in
areas such as voltage and frequency support
and on-site power factor control.

National Economic Benefits

After several years of “Lassie Faire” economic
policy, it is less common these days to think
in terms of “benefits to the national
economy”.  Yet cogeneration plants do bring
benefits, some subtle, to the national
economy, at both national and regional
levels.  They introduce diversity.  And, as
economists know, diversity is a useful risk
management tool.

At a regional level, local generation reduces
dependence on the transmission network.
With New Zealand’s long “stringy” transmis-
sion network, some areas of the country are
highly dependent on a single (albeit double)
transmission circuit.

Many cogeneration plants, particularly those
that use alternative fuels such as the various
wood waste or coal-fired plants, introduce
fuel diversity too, reducing New Zealand’s
dependence on water and gas.  During the
drought last year, many cogeneration plants
operated at unusually high electrical outputs,
contributing “their bit” in circumstances of a
strained national resource.

Cogeneration Complexity

Cogeneration projects are almost never
simple.  It is a complex task to find a better
way for a business, commercial or public
good, to meet its energy needs than just
putting in a couple of package boilers and
buying the electricity.  Vision and quality
advice is required, (of a technical, legal and
financing structure nature), to bring a cogen-
eration project to fruition.

Wholesale Market Rules and Metering

Most of the current ‘rules” of the electricity
industry (eg NZEM, etc) have been structured
to address the major issues and needs of the
major players.  This results in a complex set
of rules, whose very complexity is off-putting
to small potential cogeneration owners and
operators.

Certainty Needed for Capital Investment -

Transmission Services

Transmission charging is conducted in
accordance with the government policy
statement, which is implemented through the
currently uncertain industry governance
arrangements. This results in low certainty
that such benefits will be available in the
long term.  This reduces the value that can be
placed on the potential revenue from avoid-
ing Transpower charges.

Responsibilities for embedded GeneratorsResponsibilities for embedded GeneratorsResponsibilities for embedded GeneratorsResponsibilities for embedded GeneratorsResponsibilities for embedded Generators
There is an issue here that CHH (because
generation is not core business) seem to
want the benefits from connecting to the
NZEM without willing to take on the responsi-
bilities for ensuring their actions do not cost
the rest of the electricity industry.

One would expect that any benefits coming
from the operation in the NZEM will require
CHH to take-on some of these responsibili-
ties, such as forecasting when Kinleith
generation will be available.  The rational for
this is that the market may have to schedule
other plant at the last minute, which may be
more expensive, than scheduling alternative
generation two hours in advance.
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6.7  BP Service Stations

IntroductionIntroductionIntroductionIntroductionIntroduction

BackgroundBackgroundBackgroundBackgroundBackground
The Centre for Advanced Engineering (CAE)
has undertaken an electricity industry study
that has focused on distributed generation.
Part of the study includes case studies of a
number of groundbreaking examples of
distributed generation in New Zealand.

This case study analyses grid connected solar
photovoltaic (PV) installations in different
locations in New Zealand that have been
installed and are owned and operated by BP.

Case Study Objectives and ScopeCase Study Objectives and ScopeCase Study Objectives and ScopeCase Study Objectives and ScopeCase Study Objectives and Scope

Case Study Objective

The Centre for Advanced Engineering (CAE)
has undertaken an electricity industry study
that has focused on distributed generation.
Case studies of best practise distributed
generation projects have been adopted as
part of the Functional Framework approach to
this project.

The outcomes of this case study should meet
the following objectives:

• To assess the economic merits of the solar
PV generation project installed at different
sites in New Zealand.

• To draw conclusions from the case study
that has broad application for the electric-
ity industry within New Zealand.

Case Study Scope

The scope was to look at the installation of
grid connected solar PV installations and the
merits for operating these installations in
parallel to the grid.

The initial phase of the assessment will
identify and provide description of the
installations and an economic valuation of
the actual and potential benefits for BP and
from the point of view of the network owner/
operator.

MethodologyMethodologyMethodologyMethodologyMethodology
The methodology used assesses actual and
potential revenue streams for the generation
projects covered by this case study and
compares them to the project costs.  The

assessment raised a number of broader
issues that will be discussed.

The installation has other purposes than
providing a low cost supply alternatively to
the grid connection.  BP’s man focus is to
demonstrate new technologies, to gain
practical experience and to demonstrate its
long-term commitment to a cleaner environ-
ment by developing a source of renewable
energy.  Most of these benefits are predomi-
nately intangible.

The costs incurred by BP to gain these
intangible benefits include primarily capital
cost, monitoring, operating and maintenance
costs.

Common Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and ParametersCommon Data and Parameters

Economic Parameters

The inflation assumption over the timeframe
of the analysis is 2.0%.

The Corporate tax rate used in this report is
33%.

Net Present Value calculations for BP cost or
revenue streams will be done using a pre-
finance post tax real WACC of 6% (8%
nominal post tax).

Net present value calculations for generators
will be done using a pre-finance post tax real
WACC of 8%.

Value of Marginal Capacity

The energy value of energy generated will be
valued against retail electricity prices at the
different locations.  Most petrol stations were
these PV solar systems are installed at
present may be considered small commercial
customers, which will have similar retail
electricity tariffs like residential customers.
The Ministry of Economic Development
publishes residential customer tariffs on a
regular basis, which are used for comparison
with actual cost of generation.

Main Drivers for the PV Solar ProjectMain Drivers for the PV Solar ProjectMain Drivers for the PV Solar ProjectMain Drivers for the PV Solar ProjectMain Drivers for the PV Solar Project

Main driversMain driversMain driversMain driversMain drivers
BP’s solar canopy programme has four aims:

• To provide a market for BP’s rapidly
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growing solar business, thereby generating
economies of scale.

• To demonstrate the use of film PV technol-
ogy as a durable and attractive cladding
material.

• To gain practical experience in the use of
photovoltaic systems in many different
countries and environments.

• To demonstrate BP’s long-term commit-
ment to a cleaner environment by devel-
oping a source of renewable energy,
thereby avoiding greenhouse gas emis-
sions that would have arisen from fossil
fuel sources.

BackgroundBackgroundBackgroundBackgroundBackground
BP Solar is the third largest manufacturer of
photovoltaic systems globally and the largest
outside Japan.  BP is the world’s largest
commercial user of PV solar.  It has nine
manufacturing facilities globally, located in
Maryland, Virginia and California USA, and in
Spain, India and Australia.  Output is growing
at over 30% per year.

BP launched its solar canopy programme in
1999 beginning with the (Plug-in-the-Sun)
retrofit programme and continuing under the
Sunflower programme.  BP now has almost
400 sites with solar canopies.

PV solar is already an economic option for
electricity generation in many remote loca-
tions and in some special circumstances
where the alternative is to expand the
capacity of the grid, the cost of which would
be factored in to the electricity price.  Solar
power is only available on sunny days so,
when connected to the grid, is used to
supplement supply or offset demand from
conventional sources.

Solar lacks the flexibility of some major
sources of power generation such as hydro or
combined cycle gas which are able to re-
spond to diurnal, seasonal or unanticipated
changes in demand.  It also lacks the capacity
to store energy at reasonable cost.  Neverthe-
less, it can be generated anywhere sunlight is
available, can be accommodated unobtru-
sively on most types of buildings and has
potential to make a useful contribution to the
grid in locations where use of air conditioning
in hot weather is widespread.  As a renew-
able form of energy, it can be used to reduce
greenhouse gas emissions.

Capital and installation costs are high com-
pared to conventional sources of electricity
but these costs are expected to diminish over
time.  Operating costs are minimal.

System description and costSystem description and costSystem description and costSystem description and costSystem description and cost

Solar Cells and Solar PanelsSolar Cells and Solar PanelsSolar Cells and Solar PanelsSolar Cells and Solar PanelsSolar Cells and Solar Panels
Solar cells are made up of two layers of the
semi-conducting element, silicon.  One layer
is doped with traces of an electron-rich
(donor) element such as phosphorus and the
other with an electron-deficient element such
as boron.  The latter is said to be a P (posi-
tive) type and the former an N (negative) type
layer.  Where P and N zones occur in close
proximity, a P-N junction results in which
some electrons move from the donor element
(eg phosphorus) embedded in the N type
layer to the recipient element (eg boron) in
the P-type layer.  The process is reversible
and produces no net energy.

However, if a photon of sufficient energy
(sunlight) impinges on the P-N junction, the
electron absorbs some of the energy of the
photon, releasing it from the now negatively
charged P-site (the quantum photovoltaic
effect).  These energetic free electrons create
a charge differential. They can be directed
through an external circuit to the alternate
silicon layer where they are re-captured,
generating a DC electric current similar to that
produced by a chemical battery of about 0.5
volts.  The electrical power available is the
voltage times the current.

A PV panel is made up of a number of cells in
series and can produce an electrical current at
around 10 volts when exposed to sunlight.
(Sunflower panels for instance consist of 36
cells).  When these panels are linked in
series, higher voltages result.  BP solar
canopies are configured to produce a DC
current at around 200 volts.  This is con-
verted to an AC current by means of elec-
tronic devices called inverters (Refs 1 and 2).

Optimising for the SunOptimising for the SunOptimising for the SunOptimising for the SunOptimising for the Sun
The power generated is roughly proportional
to the intensity of the sunlight (irradiance, GGGGG)
and the area of the panel oriented at right
angles to the sun.  For panels of area A A A A A at an
angle to the sun’s rays (angle of incidence, ),
the power generated varies as -.

P _ A G sin_
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P is a maximum where _ is 90¡ but as _ is
varied from 90˚, the fall-off in power will be
small at first and increase as the rotation
progresses.

The sun’s elevation depends on the latitude,
_, season and time of day.   At midday in
mid-summer, it reaches an angle of (_ – 23.4)¡
from the vertical and in mid-winter (_ +
23.4)¡.  For example in Auckland (latitude
37˚), these angles are 14˚ and 60˚ respec-
tively.  To maximise solar power generation at
these times, the solar panel should face
North at the above angles from the horizontal
(tilt).

At other times of the day, the optimal tilt will
be greater and of course the sun will not be
in the North.

The sun’s irradiance is also a function of the
sun’s declination.  On a clear day when the
humidity is low and the sun is directly
overhead, about 78% of the sun’s radiant
energy reaches ground level.  At other angles
of declination, the suns’ rays must pass
through a thicker layer of atmosphere.  The
direct irradiance is give approximately by

G = G
o
 x Exp{-0.25/sin_}

and the irradiance on a horizontal surface by

Gh = G x sin_

where GGGGG
ooooo
 averages 1.353 kW/m2 and _ is the

angle of declination.  (Deviations from the
first formula occur at low angles of declina-
tion.)

InsolationInsolationInsolationInsolationInsolation is a measure of incident solar
radiation over time, eg radiation received at a
given location on an average day in a given
season or year.  Irradiance is affected by
humidity and atmospheric conditions as well
as cloud and typically averages less than half
the values found under ideal conditions.

Global irradiance G
g
 is a measure of insola-

tion and is similar to G
h
 except that diffuse

irradiance is also included.  In New Zealand,
global irradiance measurements vary from
about 22 kJ/m2/day in summer to about 6 in
winter (Ref 3).  (Note 1.0 kJ = 0.278 kWh).
Sites in New Zealand receive global irradiance
ranging from 1,290 (Invercargill) to 1,500
kWh/m2/year (Gisborne).

No fixed orientation or angle is ideal for
maximum sunlight collection.  Grid-connected

solar power is freely supplemented from
conventional sources, so the best configura-
tion for a fixed, flat panel is probably the one
that generates the most power overall.  Since
sunlight is most intense in summer two to
three hours either side of noon, North-facing
panels set at an angle to the horizontal a
little less than the optimal angle for summer
give the best result.  In temperate zones, this
is 8-10¡ less than the latitude.

Programs are available for determining
optimal angles of panel orientation in various
circumstances.

In principle, the quantum voltaic effect is
independent of temperature.  However, high
ambient temperatures can result in losses of
power due to leakage of electrons across the
P-N junction.  Higher temperatures result in a
reduction of voltage but a small increase in
current.  Power output is reduced by about
0.5% per ¡C increase in panel temperature.  It
is therefore important to ensure that good
ventilation is provided for so that cooling of
solar panels can take place.

The BP Solar Canopy ProgrammeThe BP Solar Canopy ProgrammeThe BP Solar Canopy ProgrammeThe BP Solar Canopy ProgrammeThe BP Solar Canopy Programme
The solar panels used in the original BP Plug-
in-the-Sun retrofit programme were a crystal-
line silicon type with a photovoltaic (PV)
efficiency of 12-13% under optimal conditions.
Papakura MSA was the first site in New
Zealand with arrays of solar cells mounted on
the canopy (September 1999) and is fitted
with this panel type.  Panels are mounted on
the roof facing N, 20o East at 20o from the
horizontal.

The solar power forecourt canopies installed
in the new BP ConnectBP ConnectBP ConnectBP ConnectBP Connect service station and
convenience store sites make use of amor-
phous silicon thin film panels doped with
germanium.  They have a PV efficiency of
about 6% and are supplied under the BPBPBPBPBP
HarmonyHarmonyHarmonyHarmonyHarmony programme that commenced in
2000.

In New Zealand, eleven BP sites have been
fitted with Harmony solar canopies to date
and two more (Cambridge and Queenstown)
are planned for the coming months.

Where higher levels of efficiency are of
benefit, a third programme using BP Saturn
technology is available.  This is crystalline
technology.  Panels have a PV efficiency of up
to 17%.
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BP’s solar powered canopy systems are grid-
connected, i.e. they interface with the mains
power supply rather than providing power
from a segregated source.  By supplying part
of the service station’s electrical requirements,
they provide a modest saving in electricity
costs and reduction in greenhouse gases
(CO

2
) that would otherwise be emitted due to

marginal electricity generation.

The Photovoltaic Power SystemThe Photovoltaic Power SystemThe Photovoltaic Power SystemThe Photovoltaic Power SystemThe Photovoltaic Power System
The solar power system comprises photovol-
taic panels, single-phase inverters and a fault
monitoring system.

The solar panels form the roof of the Connect
forecourt canopy are an integrated element of
the canopy structure.  They replace the
conventional canopy roof.

The DC power generated by the solar panels
is converted to mains 230 V, 50 Hz AC power
by inverters.  These are connected direct to
the mains at the site main switchboard and
operate in parallel with the grid.

The solar power system generates a relatively
small proportion of the site’s overall electrical
requirements, so no power is exported to the
grid.

The components used for the solar power
systems have been standardised for the BP
Sunflower and Harmony programmes with the
exception of the USA where specific UL
(earthing) requirements apply.  The compo-
nents have been selected so they will form a
functioning and productive solar power
system whichever country they are used in.

The main components are:

Solar
Panels

BP Solar Harmony B (on earlier
sites)

BP Solar Harmony A (on later
sites)

Inverters BP Solar GCI1000 manufactured
by SMA Regelsysteme GmbH,
Germany

Fault
Monitoring
System

Sunny Boy Controller, SMA
Regelsysteme GmbH, Germany

The solar power system incorporates safety
features which:

• Prevent feed back into the grid in the

event of a mains failure (non-islanding).

• Detect failures that may cause unsafe
situations in the fuel handling areas of the
service station

The solar power system complies with NZ
Electricity Regulations and the Australian
Guidelines for Grid Connection of Energy
Systems via Inverters.  The latter is a draft
standard that will be published as AS4777.

Forecourt CanopiesForecourt CanopiesForecourt CanopiesForecourt CanopiesForecourt Canopies
Canopies have been designed to meet the
visual requirements of the BP Connect
programme and are standard throughout the
world.  They are cylindrical in form and
consist of two types.

Starter Gate

Starter gates are narrower canopies for
islands that accommodate one vehicle per
lane.  Canopy width is 6.8 m and radius 14.0
m.

Domino

Dominos are wider canopies for islands
designed to accommodate two vehicles per
lane.  Canopy width is 13.3 m and radius 27.0
m.

In both cases, the tangential angle at the
edge of the canopy is 15¡.

In New Zealand (May 2002), seven of the 12
BP Connect solar sites are Domino and five
Starter Gates in layout.

Canopies can face in any direction depending
on the orientation of the site.  Because the
panels are not flat or angled towards the sun,
their light-gathering potential per unit area is
sub-optimal and approximately the same as a
flat horizontal panel of the same external
dimensions, and is almost independent of
their orientation.  Their surface area is 1.15%
greater than the equivalent flat panel.
However, they serve other functions.  Custom
designing for different latitudes and site
orientations would add to construction costs.

Harmony Solar PanelsHarmony Solar PanelsHarmony Solar PanelsHarmony Solar PanelsHarmony Solar Panels
The Harmony solar panels are thin film
photovoltaic panels 1,229 x 705 mm in size.
They are made from tandem amorphous
silicon using a deposition process (MST
technology).  Recent versions are EVA encap-
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sulated and utilise a heat-strengthened glass
substrate (marketed externally as PowerView).

Although thin film photovoltaic cells are less
efficient than other types, they are used
because they are more cost-effective as much
less silicon is used.  They are also more
tolerant of shaded situations, an advantage
where sites are not optimised.

Details of the panels are:

Harmony B

• 45 W P
max

 rating (under standard test
conditions)

• Open circuit voltage 100 V

• Also sold as BP Solar MillenniaBP Solar MillenniaBP Solar MillenniaBP Solar MillenniaBP Solar Millennia panels

Harmony A

• 40 W P
max

 rating (under standard test
conditions)

• Open circuit voltage 100 V

• Has fine grooves cut by laser which allows
5% light to be transmitted through the
canopy, reducing the need for under-
canopy lighting.

• Also sold as BP Solar PowerViewBP Solar PowerViewBP Solar PowerViewBP Solar PowerViewBP Solar PowerView panels

The solar panels are wired in strings.  The
Domino canopy uses strings of 10 panels
from the edge to the ridgeline of the canopy
connected in parallel.  Two of these strings
are connected in series to form an array of 20
panels producing a nominal 200 V DC.

The Starter Gate canopy is narrower and uses
two strings of five panels in which the panels
and the strings are connected in parallel.
Two pairs of strings are then connected in
series to form a 20-panel array.  For both
types of canopies, each array is connected to
one single-phase inverter.

Since individual arrays are made up of panels
located on one side of the canopy only, for
east-west oriented canopies, arrays on the
south side will generate less power than
arrays on the north.

This can be measured by comparing the
output of the inverters on each side of the
canopy.  The output also depends on the
immediate surroundings such as proximity to
high-rise buildings (eg BP Newmarket).

Grid Connected InvertersGrid Connected InvertersGrid Connected InvertersGrid Connected InvertersGrid Connected Inverters
The inverters used by BP globally are rated
for a maximum of 700 W for input voltages of
125 to 250 V DC.  The inverters for the
Harmony project are re-configured for input
voltages of 100 to 200 V DC as a standard for
all climates.  This reduces output to 600 W
maximum per inverter but increases their
effectiveness in reduced sunlight and reduces
the risk of failure in intense sunlight.  Their
DC to AC conversion efficiency is about 90%.

Each inverter synchronises automatically with
the mains voltage and frequency.

The inverters are non-islandingnon-islandingnon-islandingnon-islandingnon-islanding which means
they automatically disconnect from the grid if
there is a mains failure or whenever the
mains voltage and / or frequency shift outside
preset limits.  These limits are set at +10%
and –15% of grid for AC voltage and to grid
±0.2 Hz for frequency.  When these limits are
exceeded, the system immediately discon-
nects from the grid.  The system reconnects
automatically once stable conditions have
been established and confirmed for a set
time period.

The inverters operate using maximum power
point tracking (MPPT).  This adjusts the
inverter input voltage to optimise the power
output for variations in irradiance (solar
energy levels).

The system output is connected to the site
main switchboard through an isolator on the
AC side of the inverter.

Net MeteringNet MeteringNet MeteringNet MeteringNet Metering
The PV power generated provides a net
reduction in site consumption from the grid.
Electricity metering provided by the power
company measures the net power supplied
from the grid.  In principle, surplus PV power
is fed back into the grid.  A surplus will not
occur in practice on BP sites.  Sites use more
power than that available from the solar
panels, even under favourable conditions.
Furthermore, the Connect sites generally have
a much heavier power requirement than
conventional BP sites.

For these reasons, reverse flow is not able to
be measured directly but could be detected
by monitoring electricity use from the mains
meter.  When current flows in reverse, the
meter reading will fall to zero but is set up
not to run in reverse.  If warranted, reverse
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metering would require agreement with the
power company on applicable standards,
operating protocols and electricity price.

Fault Monitoring and Data LoggingFault Monitoring and Data LoggingFault Monitoring and Data LoggingFault Monitoring and Data LoggingFault Monitoring and Data Logging
The solar power systems operate automati-
cally and do not require any monitoring or
operation by service station staff.

A ‘Sunny Boy’ controller monitors the solar
power system to ensure it is operating
correctly.  The controller is a central data
acquisition microprocessor device that
communicates with the inverters by a RS485
communications link.

It is set up to detect any alarm conditions
and to fax details to a central BP call centre.
The controller also logs details of the power
generated and can upload data from indi-
vidual inverters.

Performance data can also be uploaded.  The
following data can be monitored:

• Total operating hours (generating or
activated)

• Instant energy output in kW

• Average energy output for the last hour
(PAC)

• Cumulative total energy output in kWh

• Energy output per inverter

• DC voltage and inverter input current (a
measure of solar intensity)

• AC voltage and inverter output current

• AC frequency

• Insulation level:  DC to earth (RISO)

• Faults

The controller can be programmed to provide
data at regular intervals up to a maximum of
4 hours.  A record of cumulative total energy
output is available historically at hourly
intervals for all sites other than Papakura.
Total operating hours (hours when irradiance
is sufficient to generate power) has not been
saved to date.  Saved historical data is
eventually overridden but data can be been
downloaded regularly and saved offsite.  The
remaining measures are normally reserved for
diagnostics and fault detection.  For the
Papakura site, daily power output data is
available back to May 2001.

It should be noted that the more data that is
saved for downloading on a continuous basis,
the shorter the over-write period would be.

Solar Canopy Types and Power Generation

The Papakura site uses a Starter Gate 5
island configuration with a flat 36 x 9 metre
polystyrene canopy.  The monocrystalline type
solar panels are fitted to aluminium frames
mounted on the canopy and occupy less than
half the total roof area.  To date, the
Papakura MSA has generated 46,839 kWh in
989 days, i.e. 0.219 kWh per panel per day.

The remaining eleven sites meet the Harmony
design requirements for which the active solar
panel area is about 90% of the total canopy
area.  The various configurations used are
shown in the following tables.

Locations, site details and electricity gener-
ated at the BP Connect sites up to 23 April
2002 are given in the spreadsheet.

The Harmony installations have generated
50,500 kWh but several of these have not
been connected for long.  Per panel per day

Figure 6.7.1:  Inverter Output WR725A16 – Birkenhead 1-7 January 2002
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average yields per site vary from 0.094 to
0.139, averaging 0.122 kWh but some sites
have not been operating continuously in the
time intervals taken.

From the limited data available, the greatest
average daily yield per panel for a given
complete month was 5.52 kWh (Birkenhead,
Jan 2002) and the smallest was 3.00 kWh for
the Bombay MSA in March 2002.  Lower
yields are expected during winter.

Project CostProject CostProject CostProject CostProject Cost
The total cost of PV power generated by a
given site must take account of the capital
cost of the panels, electrical equipment,
design, approvals, delivery to site, cabling
and installation, and operating costs, namely
monitoring and maintenance.

Costs associated with the rollout of the
Connect project as a whole are treated as
separate and not included.

The relevant costs for Papakura, QE II
(Domino 6) and Rolleston (Starter Gate 5) are
given in Table 6.7.1, and are similar for other
equivalent sites.

Panels are quite durable and some types are
guaranteed to maintain 90% of their as-new
performance for 25 years.  Panel costs were
taken as the incremental cost of PV panels
over non-PV panels of similar appearance and
durability, since the solar panels perform a
dual function.   The cost of the electricity
produced was then estimated from the
depreciated capital costs and the mainte-

nance costs associated with each installation.

The annual income from PV power required to
remunerate the investment in a given site
over the project life of the installation was
calculated using the total installed cost,
annual maintenance cost and the following
assignments:

• Project life 25 years

• Discount (DCF) rate 6% real

• Tax depreciation rate 10% SL

• Inflation in 2002 currency Nil

• NPV at end of project Nil

Results for Papakura, QEII and Rolleston were
$36000, 38000 and 32000 respectively in
2002 NZ dollars.

Since the major part of the costs are capital
costs that net back to US dollars, the results
are very sensitive to the value of the NZ
dollar at the time of equipment acquisition.

DiscussionDiscussionDiscussionDiscussionDiscussion
The BP project shows that the cost of this
type of generation technology is currently too
high to be able to compete with other more
conventional types of generation in a stan-
dard grid connected supply situation.  How-
ever, as has been pointed out earlier, the
main objective of this project is to demon-
strate the technical not its commercial
feasibility.

Starter Gate 4 Island (S4) 5 Island (S5)

Number of Solar Panels 220 280

Nominal Solar Capacity (Pmax) 9.9kW 12.6kW

Number of Inverters 11 14

Nominal Power Output Capacity 6.6kW 8.4kW

Domino 4 Island (D4) 6 Island (D6) 8 Island (D8)

Number of Solar Panels 220 360 500

Nominal Solar Capacity (Pmax) 9.9kW 16.2kW 22.5kW

Number of Inverters 11 18 25

Nominal Power Output Capacity 6.6kW 10.8kW 15kW

Notes:

1 Nominal Solar Capacity is based on Harmony B (Millennia) panels.  Harmony A (Powerview) panels produce about 10% less power per
unit area.

2 Nominal Power Output Capacity’ is the total inverter capacity
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There are however niche market applications
where the cost of installation of PV is com-
petitive with the supply from conventional
electricity supply sources.  One of these
applications is the supply of remote radio
transmitters etc. or other applications where
the cost of grid connection would be too high
or other onsite generation options would be
impractical, hence even more costly.

The two-year global programme to investigate
the use of PV is in two parts:

• Plug-in-the-Sun, which is the solar compo-
nent of the Sunflower programme and
includes Papakura and about 200 sites,
world-wide; and

• the Harmony programme, which includes
another 200 (Connect) sites to date.  The
11 New Zealand Connect canopies are part
of the Harmony programme.

Overall there were 385 BP service station PV
canopies globally at the last count in April.

The project will save around 3500 tonnes of
carbon dioxide (CO

2
) emissions each year and

is one way that BP is actioning its five-point
programme to seek solutions to the issue of
climate change.  These five steps are:

1 to control BP emissions;

2 to fund continuing scientific research;

3 to take initiatives for joint implementa-
tion;

4 to develop alternative fuels for the long
term; and

5 to contribute to the public policy debate
in search of the wider global answers to
the problem.1

Cost of generationCost of generationCost of generationCost of generationCost of generation
Based on the information discussed in

* With 5% loss due to downtime. An accurate annual total is not available for most sites yet.

Costs, NZ$’000 incl GST Papakura
1999

QE II
2002

Rolleston
2002

Type of panel Monocrystalline Millennia MV Millennia MV

Canopy Design Starter Gate
5 Island

Domino
6 Island

Starter Gate
5 Island

Number of panels 216 360 280

Single panel area, gross, m2 0.638 0.866 0.866

Nominal rated total per panel 70W 43W 43W

Total panel area, m2 138 335 237

Cost of panels 185 225 192

Minus equiv non-PV panels 0 -35 -30

Panel fitment (Glazing) 72 112 98

Number of inverters 18 18 14

Cost of inverters $62 $57 $44

Cost of other equipment, diagnostics and
monitoring

$9 $11 $11

Cost of design, freight, electrical
Installation

$38 $12 $12

Total installed cost $366 $388 $327

Annual operating costs 0.7 0.7 0.7

Days on line to 31 May 2002 991 184 183

kWh generated to date 47,012 7,277 6,306

Est annual total, kWh (*) 18,000 13,000 11,000

Net Capacity Factor 13.07% 10.6% 11.93%

Table 6.7.1:  Costs for Three Installations

1 BP (2002) Harnessing the power of the sun  - sourced from
the Internet on 10 July - http://www.bp.co.nz/about/
env_solar.html
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previous sections, the cost of generation
using the photovoltaic systems has been
evaluated.  The calculated cost is shown in
the following graphs on the basis of $/kW/a
as well as $/MWh, as a function of the
achieved capacity factor.  As it was discussed
previously, since the photovoltaic systems are
operated in parallel to the grid, the load on
the photovoltaic system is never the factor
limiting the capacity factor.  This is purely a
function of the location (local irradiation) and
collection efficiency of the system (installation
of the system).

The average cost from the photovoltaic
systems has been evaluated and is shown as
a function of the capacity factor of the
system.  The following graphs show the result
of the evaluation in case of the installation at

Papakura.  This installation has a recorded
average capacity factor of about 13%, as
shown in the following graphs.

Based on the cost and generation data
provided by BP, this results in a weighted
average unit cost of about 280¢/kWh ($2.8/
kWh) or $3,200/kW/yr at the shown capacity
factor of 13%.

Industry Issues and BarriersIndustry Issues and BarriersIndustry Issues and BarriersIndustry Issues and BarriersIndustry Issues and Barriers

Business Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment IssuesBusiness Environment Issues

Potential for Use of Photovoltaic Applications

The potential for photovoltaic applications is
large in a technical sense.  However, because
of the high capital cost it is expected that
photovoltaic will be difficult to justify even for
remote area power supply (RAPS) applica-

Figure 6.7.2:  Cost of Alternative Grid Supply
[$/kW/yr]

Figure 6.7.3: Cost of Alternative Grid Supply [$/MWh]
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tions.  EECA/CAE2 showed that the main users
of photovoltaic systems are the New Zealand
Maritime Safety Authority and harbour
companies and boards.

This study also estimated the annual growth
of RAPS photovoltaic applications at about
15%.  The growth was estimated in 1996
mainly for applications such as telecom sites,
island power supplies and remote telemetry.
One of the main issues of RAPS applications
is the requirement for storage capacity, which
adds to the capital and annual operation and
maintenance costs of these systems.

The small resources, such as PV, that provide
the greatest benefit to the system are those
that can provide clean energy on site at the
end user’s facility.  These are called “Small
and Behind the Meter” resources.  Currently,
the only ability of these resources to secure
any value is to displace the customer’s retail
energy.  Distribution costs can only be
avoided if the site is using TOU (Time of Use)
meters, were some of the distribution compo-
nent is charged on a variable basis.  However
this typically only applies for larger commer-
cial, but hardly ever for residential sites.  This
provision does not allow these resources to
be incorporated into electric power products
or to realize the benefits that extend beyond
the customer’s average retail rates.3

Barriers to Investment in PV systemsBarriers to Investment in PV systemsBarriers to Investment in PV systemsBarriers to Investment in PV systemsBarriers to Investment in PV systems

Cost

One of the main barriers is the currently high
cost of photovoltaic systems compared with
conventional power generation systems.
There is a trend for increasing the manufac-
turing capacities worldwide, which will
positively impact on the cost of production
through economies of scale.

In the meantime photovoltaic systems will
contribute in niche applications, which
otherwise would face similar or even higher
cost if supplied through means of conven-
tional systems.

Although the prediction of capital cost in
other publications are very optimistic (ECCA/
CAE (1999)) estimated unit costs of 15 to 50
¢/kWh for the different types of photovoltaic

technologies.  The cost of power generated
by the BP canopies is much higher than those
indicated by the ECCA/CAE report.

Most of the “Small and behind the meter”
applications will be installed at non-TOU sites
and therefore are competing against electric-
ity supplied from the grid.  Under normal
circumstances, the average domestic electric-
ity price for an average consumer of 8000
kWh per annum is between ¢11.91/kWh
(Dunedin supplied by Meridian Energy) and
¢20.06/kWh (Wairarapa by FreshStart) as of 15
May 2002, which contains about ¢5.44/kWh
and ¢9.53/kWh respectively of lines charges4.

5.2.2 Difficulty of Financing of Photovoltaic
Applications

It is often the view that for grid-connected PV
applications the current costs are too high for
it to be viable without subsidy.  It has been
found in a European study5 that most public
support requires some financing from the
private sector and this is often difficult to find
since the returns on the investment are
unclear and long term.

Securing finance is a major barrier to devel-
opment.  Public support needs to be focused
on encouraging the involvement of private
sector financing in such a way that will
demonstrate the long-term economic opportu-
nities.  This European study found that
support programmes must be designed based
on a clear path for passing the financial
development responsibility from the public to
the private sector as the technology costs
come down.

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues

Emission reduction

One of the main advantages/strengths of
photovoltaic systems is their widespread
acceptance as a clean, renewable source of
energy that requires very little maintenance.
Some argue that the current accounting
systems do not account for the real cost of
power generation, because externalities, such
as noise, emissions etc are not accounted for.
Photovoltaic would have a clear advantage
compared with more traditional types of
power generation such as based on coal or
gas.

2 EECA/CAE (1996) – New and emerging renewable energy
opportunities in New Zealand

3 Sun Power Electric (2002) - Removing Market Barriers To
Distributed Generation : Regulatory Policy Executive Summary -
Westborough, MA 01581 February 26, 2002

4 MED (2002)
5 http://europa.eu.int/comm/energy_transport/atlas/htmlu/

pvmark4.html
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The introduction of a CO
2
 charge is a positive

step through which renewable power genera-
tion technologies will benefit from.  The
current New Zealand government released a
policy statement in which it states that it
anticipates an introduction of a $25/tonne6

carbon dioxide tax from 2007.  Such a CO
2
-

tax would increase the cost of conventional
fuels, such as coal, gas and other fossil or
non-renewable fuels.  The increase is depen-
dent on the composition of these fuels, in
particular their carbon content on a per GJ
basis.  The following Table 6.7.2 shows an
estimation of a CO

2
 charge that would be

applicable to the different New Zealand fossil
fuels if the CO

2
-tax would be implemented as

announced by the government.

Photovoltaic and all other renewable energy
sources will be able to utilise this slight
advantage.

SummarySummarySummarySummarySummary
Globally the demand for PV panels is growing
at over 30% per annum.  This level of growth

is expected to continue for many years to the
point where PV will eventually make a
significant contribution to the power used in
commercial buildings and domestic homes.

In New Zealand BP has a programme to fit
grid-connected solar panels to its new brand
of service station-convenience stores, the BP
Connect stores.  The main aim of the pro-
gramme is in gaining experience and estab-
lishing performance, reliability and durability
of PV rather than finding ways to minimise
costs.  The programme does not provide grid-
connected electricity at an economic price
and will not do so in the foreseeable future in
most situations.

In the meantime, much can be learnt from a
programme such as this.  Information from
the programme including data generated
through monitoring operating hours and
power output by hour, day, month and
season can be made available to external
parties wishing to carry out various studies.
These include measuring the insolation
associated with various New Zealand loca-
tions, distributed generation and greenhouse
gas abatement studies.

Sales Stream SG GVC C Content CO 2 Emission
Factor

CO 2 Charge 3

m3/kg MJ/m3 MJ/kg mass %1 tCO2/TJ TC/TJ $/GJ

Natural Gas

Treated gas 0.674 39.9 26.9 69.5 52.7 14.4 1.32

Maui sales gas 0.670 39.0 26.1 68.3 52.8 14.4 1.32

Mixed gas 0.671 39.2 26.3 —2 52.8 14.4 1.32

Kapuni LTS gas 1.040 24.9 25.9 44.8 84.1 22.9 2.10

Kaimiro gas 0.837 31.7 26.5 54.9 65.2 17.8 1.63

McKee gas 0.717 41.7 29.9 70.2 54.2 14.8 1.36

Waihapa gas 0.824 46.6 38.4 70.7 56.2 15.3 1.41

LPG 0.530 50.0 82.4 60.4 16.5 1.51

Coal

Bituminous coal 32.1 77.9 89.0 24.3 2.22

All sub-bituminous coal 22.6 56.3 91.3 24.9 2.28

Lignite 15.0 39.0 95.3 26.0 2.38

All NZ production 25.1 62.0 90.6 24.7 2.26

Petroleum Products

Premium petrol 47.3 86.0 66.6 18.2 1.67

Regular petrol 47.3 86.0 66.6 18.2 1.67

Light fuel oil 44.5 88.0 72.5 19.8 1.81

Notes:

Source: JT Baines, New Zealand Energy Information Handbook, 1993

1  Includes the CO2 stream of the natural gas prior to combustion
2  Assumed 76% Maui/74% treated gas (by volume)
3  Based on $25/tCO2

Table 6.7.2: Estimated CO
2
 Charge for New Zealand Fossil Fuels

6 A tax of $25/tonne on carbon dioxide equates to about $7 per
tonne on Carbon or about 10% increase in power station
fossil fuel prices.
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6.8  Kumeroa Rural Farming Community

IntroductionIntroductionIntroductionIntroductionIntroduction
The Totara Valley community is a collection of
farms close to Kumeroa, Woodville.  This
community is dependent on the electrical
distribution network for most of their energy
requirements and they, in close association
with Massey University and IRL, have been
evaluating options to produce some of
their heat and power demand from local
resources.

The site has been monitored for its power
demand over the past 2 years or more and
now there is an interest for the community to
become a research and demonstration site for
distributed energy technologies.

The overall aims of the research programme
are:

• For rural communities – to demonstrate a
decision making methodology whereby
their local energy resources could be
easily identified and utilised to meet local
demands for heat and power in order to
provide economic and social benefits.

• For power supply companies – to identify
new future business opportunities and
circumvent the commercial conundrum of
supplying the more remote customers for
limited commercial gain, and to identify
options in relation to the situation after
2013 as stated in the Electricity Act 1993,
Section 62EA.

• For climate change mitigation – to solve
the technical problems of supplying heat
and power to multi-users from several
small generation sites within a given
locality, using renewable energy resources
wherever feasible, in order to reduce
greenhouse gas emissions from using
other traditional energy sources, and
therefore also gain a greater understand-
ing of the predicted global trend towards
distributed generation systems.

The farming community is located in a valley
17 km long, where the stream is a tributary to
the Manuwatu River.  The farms sizes are 971
hectares, 640 hectares and 600 hectares,
where all houses are located in close proxim-
ity because of the valley road.

Economic AssessmentEconomic AssessmentEconomic AssessmentEconomic AssessmentEconomic Assessment

IntroductionIntroductionIntroductionIntroductionIntroduction
Using two year’s worth of energy consump-
tion data from three adjoining farms, a
techno-economic evaluation has been under-
taken, that considers linking the residential
farm properties with a single connection to
the grid, and hence a single tariff.  Massey
University staff are addressing socio-economic
issues associated with rural sites such as this.
Using solar, wind and hydro renewable energy
resource data from the site, the financial
viability of installing grid-connected PV, wind,
micro-hydro and biomass cogeneration at the
site has been evaluated.  This report provides
a summary of the results derived from the
techno-economic model simulations produced
as a consequence of the energy monitoring
program at the site.

Background to the Simulation ModelsBackground to the Simulation ModelsBackground to the Simulation ModelsBackground to the Simulation ModelsBackground to the Simulation Models
UsedUsedUsedUsedUsed
IRL has developed a suite of Integrated
Distributed Energy System (IDES) analysis
models.  The models place a value on the
supply of local energy, and compare the cost
of this with the grid-supplied energy.  A
number of different generic models have been
developed to represent existing and emerging
DES technologies.

The following data was monitored for over
two years to obtain knowledge of the avail-
able local resources:

• the energy loads on the properties;

• water flow rates in a stream on one of the
properties;

• wind speeds and wind directions on a
particular hill site; and,

• solar radiation. (insolation) levels.

The Totara Stream and its tributaries have
shaped the topography of the valley.  The
stream flows the length of the valley in a well
developed channel.  The valley floor is narrow
(300 m to 400 m along most of its length),
with steep hill country on both sides.  The
head of the valley has a coquina limestone
base, with many small outcrops and springs.
There are no surface water features at the
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lower end of the valley due to the high
permeability of its marine sand and silt base.

Kumeroa Resource DataKumeroa Resource DataKumeroa Resource DataKumeroa Resource DataKumeroa Resource Data
The following graphs summarise the data
collected from the Kumeroa evaluation site,
and used in the distributed generation model
simulations.  Seasonal variation in solar
radiation, wind speed and water-flow are
given in Figures 6.8.1, 6.8.2 and 6.8.3 respec-
tively.

The evaluation study in this report examines
the domestic load for three residential
buildings located on three separate farms.
These buildings represent the main domestic
loads (another domestic load covers a small
rented cottage occupied by a farm-worker on
one of the three farms).  The domestic loads
for these three properties have been evalu-
ated because the data collected from these
buildings is more complete than it is for any
other loads being monitored.  The seasonal
variation in the total combined electrical load
for these three dwellings is shown in Figure
6.8.4 below.

Furthermore, a comparison of the average
energy consumption for the three farms at
Kumeroa with the maximum power demand is
shown in Figure 6.8.5.

It is interesting to note that the maximum
power derived from the wind occurs in the
late afternoon / early evening when energy
demand is at its peak, and when the domes-
tic tariff is at its maximum rate (i.e. between
07:00 and 23:00).  Wind power output is
proportional to the wind speed cubed,
indicating an almost three-fold increase in
available power from the lowest seasonal
average wind speed of 5.75 m/s to the
highest seasonal average wind speed of 8.25
m/s.  The correlation between load and
available wind power is good in summer, but
unfortunately, not so good during the cold
winter evenings, when the load goes up but
the availability of power from the wind goes
down.

The data collected for the hot water and
space heating loads in these three dwellings
was patchy (incomplete), so the degree-day
model developed by IRL (outlined in the
appendix) was used instead to estimate
heating demand profiles.

The seasonal variation in the total combined

electrical hot water and space-heating loads,
derived from the degree-day model outlined
above (for the three residential buildings), is
shown in Figure 6.8.6 below.

Resources Simulated and AssumptionsResources Simulated and AssumptionsResources Simulated and AssumptionsResources Simulated and AssumptionsResources Simulated and Assumptions
In order to determine the level of viability of
alternative distributed generation systems for
the three farms in Kumeroa, different tech-
nologies were evaluated on the basis of their
capital and lifecycle costs and the amount of
power (kW

E
) or combined heat and power

(kW
CHP

) they produced.  The values used in
this study for PV, wind, micro-hydro, Stirling
and diesel engine technologies are given in $/
kW in Figure 6.8.7.  These technologies were
used because of the availability of wind, solar
and hydro renewable resources, and because
of the possibility of acquiring diesel, biomass
and LPG fuel resources for operating diesel
and Stirling gensets.  Pipeline natural gas
was not considered because of the absence
of a gas pipeline to the farms.  Other tech-
nologies such as fuel cells are not yet
commercially available in New Zealand for
testing within the context of this study.  This
study focuses primarily on renewable distrib-
uted generation from utilizing PV, wind,
micro-hydro and biomass resources, in
comparison with standard diesel and grid
supplied electricity costs.

It was assumed that a low cost biodiesel type
fuel could be produced locally that would
power either a diesel engine or Stirling
generator.  This was given a cost 72% of that
of conventional diesel, to evaluate the effect
future production subsidies might have.

For the Stirling and the diesel engines, the
values for combined heat and power assume
a heat recovery rate of 90% of the total heat
output, at a cost of 1 cent / kW

H
 extracted

with zero percent inflation over lifetime of the
system.  In this analysis, 1 kW

H
 recovered is

considered to be equivalent to 1 kW
E
 used for

heating purposes.  (Electricity to heat conver-
sion efficiencies have not been defined, as
they are dependent upon the actual applica-
tion specified for the heat).

Two levels of costs are considered: (a) the
combined capital purchase and installation
cost; and (b) the total combined lifecycle cost
covering: capital purchase cost, installation
cost, operation and maintenance (O&M)
costs, fuel costs over lifetime of continuous
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Figure 6.8.1: Seasonal variation in solar radiation at the Kumeroa farms

Figure 6.8.2: Seasonal variation in wind speed at a hill on one of the farms at Kumeroa

Figure 6.8.3: Seasonal variation in water-flow rate at a stream on one of the farms at Kumeroa

operation, heat recovery costs, and the cost
of replacing plant / system components where
necessary (especially for diesel and Stirling
cogeneration units).

Capital Purchase and Installation Cost

The costs in Figure 6.8.1 give a good indica-
tion of the initial payments associated with

different DG technologies in New Zealand.
These figures do not, however, consider the
large discrepancies due to different lifetimes
and fuel costs of the technologies examined.
Operational costs can vary significantly from
technology to technology, based upon their
operational lifetime, typically 20,000 to
40,000 hours of continuous use for a heat



Opportunities for Distributed Generation in NZ

240

Figure 6.8.4: Seasonal variation in the total combined electrical load for these three dwellings

Figure 6.8.5: Comparison of the average energy consumption with the maximum power demand

Figure 6.8.6: Seasonal variation in the total combined electrical heating load for these three dwellings

engine.  In this study, it is assumed that the
diesel and Stirling gensets are operating
continuously over their lifetime at maximum
capacity, and replaced with new units until
the accumulated lifetime of these geneset
units run back to back is comparable with the
lifetime of typical renewable distributed

generation systems.

It is worth noting that many own-generation
plant investors lack operational knowledge
and financial discernment regarding the true
lifecycle costs on investments.  Typical up-
front capital purchase costs for diesel gensets
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for example, are very attractive compared to
the cost of energy demand met by the grid.
These comparisons downplay the significance
of fuel costs (which may be typically between
40 and 70% of the lifecycle cost), let alone
the impact of future fuel price volatility on
annual inflation.

Life Cycle Cost

A PV system for example, has a typical
lifetime of 20 to 30+ years, while a diesel
engine, has a typical lifetime of 20,000 to
40,000 hours of continuous operation.
Furthermore, it is important to determine the
proportion of the total lifecycle costs contrib-
uted by fluctuating fuel prices and operating
and maintenance costs.  Lifecycle costs are
compared in Figure 6.8.8 below.

Figure 6.8.8 gives a comparison of the total
lifecycle costs of the same distributed genera-
tion technologies described in Figure 6.8.7.
This cost assumes maximum use of the
available DG capacity, which means the fuel
led systems run continuously at full power

and the cost includes fuel.  For renewable
systems there is no fuel cost.  The Grid
electricity supply uses the actual domestic
tariff and demand profile for the three
residential properties at Kumeroa to deter-
mine a lifecycle cost per kW for obtaining
100% electrical supply from the grid.

Note that these values (in Figure 6.8.8) do
not present the return on investment associ-
ated with the value of the energy generated.
These values are calculated later.  Figure
6.8.2 values assume grid-connected distrib-
uted generation with 100% reliability and
100% availability of power supply for meeting
the aggregate residential demand, as outlined
in a later section.

A 30-year lifetime is used to compare PV,
wind, micro-hydro, diesel gensets (with
proper replacements) and Stirling gensets
(with proper replacements).  This is equiva-
lent to seven gensets over 30 years, consider-
ing a continuous operational life of 40,000
hours per genset.  0% annual capital price

Figure 6.8.7: Capital costs for PV, wind, micro-hydro, cogen Stirling engines
and cogen diesel engines

Figure 6.8.8: Lifecycle costs for PV, wind, micro-hydro, cogen Stirling engines
and cogen diesel engines
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inflation is assumed, so that the genset
replacement costs the same as the originals.

The capital interest rate on money borrowed
to pay for purchase and installation of the
systems is set at 7% p.a. amortised over 20
years.

A summary of the most significant model
assumptions are given in Figure 6.8.9 below.
The annual electricity inflation rate is chosen
as 2%.  The annual fuel price inflation rate for
diesel, biofuel and LPG is set at 0%.

In this study, 1 kW Stirling genset units are
used, so that 12 kW is equivalent to 12 x 1
kW units.  Diesel genset units of various sizes
are considered, so that individual gensets of
1 to 12 kW per unit are used.

Engines run continuously so that electricity
surplus generated is sold back to the grid at
retail prices (net-metered), but surplus heat
generated as a byproduct in cogeneration, is
lost.  Shortfalls in space heating and hot
water requirements are made up by grid
electricity.

Lifecycle costs include: purchase, installation,
O&M, fuel and heat recovery costs.  The O&M
costs for diesel and Stirling gensets are set at
10% of the capital purchase costs.  The O&M
costs for micro-hydro and PV are set at 2% of
the capital purchase costs.  The O&M costs
for wind are set at 10% of the capital pur-
chase costs.

The domestic tariff used is made up of three
components: two variable and one fixed cost
components.  There is a fixed tariff of $0.276
/ day; and the variable cost components are
as follows: 13.78 cents/ kWh between 07:00
and 23:00 (anytime tariff ), and 10.35 cents /
kWh between 23:00 and 07:00 (controlled
tariff ).  There are six line connections to the
three farms at Kumeroa operating on this
tariff.

The commercial tariff used is made up of
three components: two variable and one fixed
cost components.  There is a fixed tariff of
$0.7875 / day; and the variable cost compo-
nents are as follows: 13.78 cents/ kWh
between 07:00 and 23:00 (anytime tariff ),
and 10.58 cents / kWh between 23:00 and

List of Assumptions

7% capital interest rate

1% grid price annual inflation

0% fuel price annual inflation

Fuel prices used before conversion in KWh of available energy in fuel:

Diesel: 6.67 cents/kWh
LPG: 8.20 cents/kWh
Biomass: 4.79 cents/kWh

40,000 hrs of operational life per diesel or Stirling genset

30 years lifetime comparison for all systems:

ie 7 gensets required over 30 years, assuming 0% annual capital price inflation

Lifecycle costs include: purchase, installation, O&M, fuel and heat recovery costs

O&M costs for diesel and Stirlinh = 10% capital

O&M costs for micro-hydro and PV = 2% capital

O&M costs for wind = 10% capital

Heat recovery = 90% at 1 cent/kWh (HEAT) recovered

Assume only 1 kW Stirling genset units available, therefore 12 kW = 1 kW units

Assume variable kW size for diesel genset units, ie 1 to 12 kW units

Figure 6.8.9: The Main IRL Model Assumptions for the Kumeroa case study
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07:00 (controlled tariff ).  There are three line
connections to the three farms at Kumeroa
operating on this tariff.

Unless otherwise stated, all evaluations
assume net-metering takes place, which is
defined as follows: the value of every kWh of
electricity exported by the user from surplus
on-site distributed generation, is equivalent
to the retail price of every kWh of electricity
imported by the user from the grid.

An export price below the import price would
tend to reduce the return on investment for
the distributed generation owner, more
particularly for the large systems that export
a larger portion of their total generational
capacity.  Larger systems cost less / kW to
purchase and install, so there are two
opposite cost trends to consider.

Distributed Generation ResultsDistributed Generation ResultsDistributed Generation ResultsDistributed Generation ResultsDistributed Generation Results
The value proposition for each individual
technology at this site using the load profile
data previously presented is given in the
figures below.  Figure 6.8.10 indicates that PV
is not cost effective under any condition at
the site – the smaller the size, the smaller the
loss.

Figures 6.8.11 and 6.8.12 show the results for
a wind turbine generator.

Figure 6.8.11 gives the monthly load supplied
by a 5 kW wind turbine generator (WTG)
compared with the actual monthly demand
for electricity by all the farms at Kumeroa.
Figure 6.8.12 compares the lifecycle costs of
own-use only (no export) with various export
prices for net surplus wind energy (of various
sizes).

For any amount of electricity, x kWh / year,
supplied to the site by the grid, up to x kWh
/ year of surplus wind energy can be sold
back to the grid at a net-metered rate: i.e.
equivalent to running the meter backwards.
If the site becomes a net-exporter, by supply-
ing more surplus wind to the grid than the
actual amount of grid electricity supplied,
then the excess wind energy exported to the
grid in a year (i.e. wind surplus – grid sup-
plied) will be sold at a predetermined,
negotiated wholesale price.

Figure 6.8.12 shows that for a turbine with a
capacity greater than 9 kW, the wind energy
surplus per year is greater than the grid

energy supplied per year.  Above 9 kW, the
cost-effectiveness of the wind turbine is
determined by the wholesale price negotiated
for the excess power exported to the grid.
The thick black line represents the cost of
power only from the grid, and the dotted line
represents a non-exporting wind supply
scenario.

This chart demonstrates the need to optimize
the wind turbine size in order to maximize
revenues from net-metering opportunities,
without diminishing the return on investment
resulting from selling too much wind!

Figures 6.8.13 and 6.8.14 show the results for
a micro-hydro turbine.  Figure 6.8.13 demon-
strates that a 5 kW micro-hydro is far more
affective at meeting the Kumeroa site’s total
annual energy requirement, compared with a
5 kW wind turbine (see Figure 6.8.11).

Furthermore, unlike wind energy, micro-hydro
will be very economically attractive to install
at the Kumeroa site, whether or not net-
metering (or any other kind of export-
metering for that matter) is used with the
system (see Figure 6.8.14).

The results for diesel and Stirling gensets are
given in Figure 6.8.15.

Discussion of Main ResultsDiscussion of Main ResultsDiscussion of Main ResultsDiscussion of Main ResultsDiscussion of Main Results
As might be expected from the lifecycle costs
presented in Figure 6.8.8, this study has
demonstrated that the cost of ownership of
small-scale fuel based systems is much higher
than the value of the energy producer, i.e. a
negative return result.  For renewables PV
gives the same result and for wind and hydro
there are some combinations of small-scale
generators that could provide a reasonable
return under favourable conditions.

Integrate distributed energy systems (Hybrid
DG)

IRL has started evaluating the use of more
than one DC technology at a site to achieve
added DG value.

An optimising model was applied to the
Kumeroa site by considering any combination
of the following technology options: 0-12 kW
PV, 0-12 kW Wind, 0-12 kW Micro-hydro, and
0-12 kW diesel genset.

The four-option DG-Integration model consid-
ers how close various combinations of energy
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Figure 6.8.10: Comparison of the net savings / losses and return on investment from PV

Figure 6.8.11: Comparison of the energy supplied by a 5kW WTG with the actual load requirement

Figure 6.8.12: Net-metering options for different wind turbine sizes at Kumeroa

supply alternatives can come to replacing grid
electricity supply (in this case assuming a 1%
cost increase for grid supply).  This is a
practical exercise for many rural sites, as
network distribution companies will no longer
be obligated after 2013 to maintain existing
customers supply.

Figure 6.8.16 shows the best combinations

from the 28,561 individual simulation results
generated for the Kumeroa site from different
combinations of PV, wind, micro-hydro and
diesel.  These results are illustrated on a
graph in Figure 16.8.7.  The available reserve
indicates the budget available (compared with
business as usual grid supply) for bridging
the remaining energy demand shortfall.  For a
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Figure 6.8.13: Comparison of the energy supplied by a 5kW micro-hydro with the actual demand

Figure 16.8.4: Performance of various sizes of micro-hydro systems, with and without net-metering

Figure 6.8.15: Comparison of the net savings / losses and return on investment from diesel and
Stirling gensets operating on diesel, biomass and LPG fuels

7 kW micro-hydro and 3 kW diesel generator,
supplying 99.1% of the necessary load this is
significantly large at $7.04 / kWh of energy
demand shortfall, to consider an adequate
range of energy design efficiency, demand
side management and energy storage options

etc., for bridging the availability gap.

ConclusionsConclusionsConclusionsConclusionsConclusions
• For small scale own-generation options,

the current technology costs favour
supplementing grid power with micro-
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hydro and wind energy local supply.  PV is
not cost-effective at the site because of
prohibitive technology costs and a poor
solar resource.

• Micro-hydro on its own will be competitive
with or in support of the grid (because of
its storage capability) if sufficient water
resource is available.

• Wind is marginally competitive on this site
at 5 kW generator size and due to the
strong economy of scale for wind genera-
tors, would be expected to be attractive at
larger scale.  Market involvement however,
for sale of surplus energy then becomes
an issue.  It is worth noting that the wind
profile correlates well with maximum daily
time-of-use charges.  Translated into

PV (kW) Wind (kW) Hydro (kW) Diesel (kW) %DG Lifecycle Cost $
(30 yrs)

GRID  ONLY 0.0 274,668

0 1 0 0 5.5 37,922

0 0 1 0 18.8 24,659

0 1 1 0 24.3 62,582

0 0 2 0 37.6 44,387

0 1 2 0 43.1 82,309

0 0 3 0 55.8 59,183

0 1 3 0 60.9 97,105

0 0 4 0 70.5 69,046

0 0 5 0 81.5 73,978

0 0 7 0 90.3 102,479

0 1 8 0 92.5 154,419

0 0 7 1 94.8 163,990

0 0 7 2 97.6 176,867

0 0 7 3 99.1 185,753

Table 6.8.1: Summary of optimisation results for supplying different proportions of
the total load from the DG resources shown

Figure 6.8.16: Comparison of lifecycle costs with energy demand shortfalls from the
various renewable energy combinations shown in figure 28
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energy, up to three times more wind
power is available during high time-of-use
charging than is available during low
charge periods.

• Fuelled generators at current technology
costs and fuel prices are not competitive
when run continuously, but, if costs of
both technology and fuel could be low-
ered by a modest amount, a renewable
energy based system with inherent fuel-
based storage could become cost com-
petitive with the grid (as both the primary
source of energy supply and as back-up or
storage for standalone systems).

• The Kumeroa site has good all round
attributes not the least being strong host
site owner interest and IRL along with
Massey University plan to progressively
install and evaluate the performance of
various grid-integrated distributed energy
technologies.

• The main purpose for monitoring and
analysis of the Kumeroa site has been to:

— Quantify the renewable energy contri-
butions that can be made from an

average quality site;

— Demonstrate that cost-benefit analysis
of integrated small-scale renewable
distributed generation on an average
quality site can be accurately quanti-
fied;

— Demonstrate that useful grid-support
features can be provided by embedded
fuel based generators; and,

— Show that new power electronics
control software and hardware systems
can reduce the costs to achieve the
above results.
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Appendix 1: IRL Simulation ModelAppendix 1: IRL Simulation ModelAppendix 1: IRL Simulation ModelAppendix 1: IRL Simulation ModelAppendix 1: IRL Simulation Model
SummariesSummariesSummariesSummariesSummaries
A summary of the distributed generation
model capabilities is given below.  Many
different simulation models have been
configured for each technology option, as it
becomes too cumbersome to incorporate the
functionality of all the different distributed
generation applications within a single model
(spreadsheet).

Solar PV-Distributed GenerationSolar PV-Distributed GenerationSolar PV-Distributed GenerationSolar PV-Distributed GenerationSolar PV-Distributed Generation
A single generic fixed flat-plate PV generator
is provided, with the user entering, for
example, parameters for the variable inputs
listed in Figure A1.

Wind-Distributed GenerationWind-Distributed GenerationWind-Distributed GenerationWind-Distributed GenerationWind-Distributed Generation
For the wind distributed generation model, a
summary of some of the variable wind
generator model input parameters for a
typical example is shown in Figure A2.

Hydro-Distributed GenerationHydro-Distributed GenerationHydro-Distributed GenerationHydro-Distributed GenerationHydro-Distributed Generation
The hydro generator model can evaluate any
type of hydro-turbine technology, such as:
Kaplan, Crossflow, Francis, Pelton, Turgo and
Propellor hydro generator systems for any
moving water source.  A summary of some of
the variable hydro generator model input
parameters for a typical example is shown in
Figure A3.

Heat-Engine (Diesel and Stirling Engines)Heat-Engine (Diesel and Stirling Engines)Heat-Engine (Diesel and Stirling Engines)Heat-Engine (Diesel and Stirling Engines)Heat-Engine (Diesel and Stirling Engines)
Distributed GenerationDistributed GenerationDistributed GenerationDistributed GenerationDistributed Generation
The heat engine model can be configured to
represent for example: (a) an internal com-

bustion engine (e.g. a diesel engine); (b) an
external combustion engine (i.e.. a Stirling
engine); (c) a micro-turbine; and, (d) a fuel
cell.

For Kumeroa we chose to evaluate diesel
generation costs representative of existing
technologies, and a Whispertech Stirling
generator, as representative of emerging
distributed generation technologies.  The
Whispertech capital costs are based upon a
projected volume purchase price of $6,000 /
kW.

Any appropriate fuel can be specified pro-
vided its cost of delivery and calorific value in
the relevant conversion process are known.
Typical fuels could include diesel, petrol,
natural gas, steam, hydrogen, biomass fuels,
etc.

The portion of collectable waste heat can be
specified, and the cost of the heat exchanger
taken into account.

The heat engine model can use any electrical
and heat production curves for any capacity
rating, so that any kind of heat engine can be
represented.  The heat engine may operate
continuously or for any allotted time period
(in half hourly intervals) in a day, week,
month or year.  A summary of some of the
variable heat engine     model input     parameters
for a typical example is shown in Figure A4.
Any number and size of individual heat
engine units can be considered.

IRL IDES Model ValidationIRL IDES Model ValidationIRL IDES Model ValidationIRL IDES Model ValidationIRL IDES Model Validation
RETScreen International is a renewable energy
awareness, decision-support and capacity

Figure A1: Solar PV Generator Simulation Model Summary
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building tool developed by the CANMET
Energy Diversification Research Laboratory
(CEDRL) in Canada, with the contribution of
over eighty nine (89) experts from industry,
government and academia.

The core of the tool consists of a
standardised and integrated renewable
energy project analysis software that can be
used world-wide to evaluate the energy
production, life-cycle costs and greenhouse
gas emission reductions for various types of
renewable energy technologies (RETs).  IRL
has validated its DG simulation models using
the RETScreen software tools for comparison.
So far, IRL has done a comparison of its PV,
wind and micro-hydro models with the
RETScreen equivalents.  Excellent correlation
with RETScreen has been obtained.

PV Model Validation ResultsPV Model Validation ResultsPV Model Validation ResultsPV Model Validation ResultsPV Model Validation Results
See Figure A5

Wind Model Validation ResultsWind Model Validation ResultsWind Model Validation ResultsWind Model Validation ResultsWind Model Validation Results
The region on figure A6 defined by the RETS
(Upper) and RETS (Lower) boundaries,
represents the upper and lower limits of the
RETSCREEN I and RETSCREEN II model
simulation results.  Any IRL model simulation
results within this region, are considered
valid.

Micro-hydro Model Validation ResultsMicro-hydro Model Validation ResultsMicro-hydro Model Validation ResultsMicro-hydro Model Validation ResultsMicro-hydro Model Validation Results
Simulation results for seven different micro-
hydro turbines were obtained for validating
the IRL grid-connected micro-hydro model
results.  The seven turbines selected, in-
cluded six turbine specifications supplied by

Figure A2: Wind Generator Simulation Model Summary

Figure A3: Hydro Generator Simulation Model Summary Example of Variable Input Parameters
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Figure A4: Heat Engine Simulation Model Summary

Figure A5: PV Validation Results for Christchurch, New Zealand

Figure A6: Wind Validation Results for a 30kW Enercon Wind Turbine
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the RETScreen technology database, and one
turbine specification supplied by a south
island New Zealand turbine manufacturer /
installer.

A comparison (and validation) of the perfor-

mance of the turbine specification supplied
by a south island New Zealand turbine
manufacturer / installer, using the IRL and
RETScreen models, is shown in figure A7.

Figure A7: NZ-designed Cross-flow Micro-hydro Turbine Performance Comparison
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Appendix 2: IRL Simulation ModelAppendix 2: IRL Simulation ModelAppendix 2: IRL Simulation ModelAppendix 2: IRL Simulation ModelAppendix 2: IRL Simulation Model
CapabilitiesCapabilitiesCapabilitiesCapabilitiesCapabilities
The simulator places a value on the supply of
local energy, and compares the cost of this
with the grid-supplied energy.  For con-
strained local energy supply, for example from
wind or PV generators, the resource data is
input as half-hourly averages, and all avail-
able energy is utilised according to the
calculated DES model outputs.  For fuel
based systems, i.e. those using energy stores,
more complex dispatch options can be
defined, depending on the relative value of
the local energy supply.  A simple block
diagram of the simulation process is shown in
Figure A8.  A number of different generic
models have been developed to represent
existing and emerging DES technologies.

The main simulator output is the predicted
cost/benefit results from lifetime use of the
DES in relation to grid supply, assuming a
continuous grid connection.  Annual price
adjustments, varying interest rates and
different maintenance costs can be incorpo-
rated.  A large range of intermediate data is
available form the simulations.  For example,
the time varying cost of production to supply
locally generated hydrogen can be found
directly from simulations using the electro-
chemical engine model.

In general the DES models can account for
variable efficiency when operating at under
full capacity, and cost variation based on
capacity.  The heat generation component of
technologies that produce combined heat and
power (CHP), can be included in the simula-
tion to offset electricity supply.  The simulator

has available the following DES:

• Wind generator

• Hydro generator

• Solar PV generator

• Solar thermal

• Heat engine (e.g. biomass co-generation
and other fuels for various types of
combustion engine and turbine)

• Electro-chemical energy system (e.g. fuel
cells and hydrogen production)

• Electrical storage system.

Different DES have considerably different heat
to power ratios (see figure A9).  Biomass co-
generation and solar thermal co-generation
are the only renewable energy sources
considered, capable of producing both heat
and power.  Solar thermal is normally used to
produce either heat or electricity, and biom-
ass heating systems are still more common
than co-generation plants.

A summary of the model functions and
capabilities follow:

• Regional renewable energy data – input
solar, wind, hydro, biomass or fuel
resource supply data for any region in the
country, from a single house location to a
region or an island or the entire country.

• Regional historical renewable energy
resource analysis – this uses whatever
historical data is available to determine
the best and worst case scenarios over a
system’s lifetime.

Figure A8: Model structure
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• Regional load profile data – individual
household, cluster of houses, commercial
business, industrial complex, GXP demand
level, or aggregated GXP demand level up
to total national demand level.

• Type of load profile – any type of demand
profile may be used, and the shape and
size of this profile may be modified in the
model.

• Size of load profile – any size can be
modeled.

• Capital cost and interest repayment period
– include amortized capital cost for any
time period and any interest rate and loan

• Renewable energy resource type – espe-
cially solar, wind, hydro and biomass in
annual, monthly, daily, hourly or half-
hourly increments.

• Size – any size of plant and number of
plants can be considered.

• Lifecycle cost – considering capital pur-
chase, installation, O&M, labour, and any
other fixed and running costs applicable.

• Capital cost (including installation where
necessary).

• Scale-adjusted capital cost – any adjust-
ment can be considered.

• O&M cost – considered as a percentage of
the capital purchase cost or the capital
and installation cost or as a cents/kWh
value for fuel-driven DES applications etc.

• Efficiency – adjusted to consider size

variations and different operating capaci-
ties.

• Grid supply cost, including the following
options: six 4-hourly weekday energy
tariffs and six 4-hourly weekend tariffs,
half-hourly wholesale GXP prices, fixed
and variable line charges, average line
replacement costs, average line operating
and maintenance costs, maximum distribu-
tion capacity costs, coincident distribution
capacity costs, metering costs, average
retail, distribution and transmission costs
for different network regions, variable
electricity price inflation rates and fuel
price inflation rates, transmission capacity
reduction rebates, variable DES tariffs
which are independent of the grid supply
costs, consideration of on-site and
dispersed power production issues with
respect to both grid supply and DES
supply, and export-metering factor to
account for variable returns from exporting
surplus electricity generated back to the
grid.

• Capital interest rate – variable.

• Lifetime – variable.

• Heat to power ratios where applicable –
considering both demand requirements
and supply availability.

• Variable electrical and heat production
curves for any heat-engine application.

• Operating capacities of the plants where
applicable.

• Variable scheduling of operating heat-

Figure A9: Heat to Power Ratios for Various DES.  Hydro generators follow solar PV and wind
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engine systems from continuous to half-
hour periods.

• Different fuel prices and annual inflation
rates where applicable, including hydrogen

production costs using electrolysers.

• Heat recovery rate and cost – where
applicable (including heat recovery
inflation rate).
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Appendix 3: IRL Degree Day ModelAppendix 3: IRL Degree Day ModelAppendix 3: IRL Degree Day ModelAppendix 3: IRL Degree Day ModelAppendix 3: IRL Degree Day Model
A method was developed using the number
of heating degree-days to determine the
variation in hot water and space heating
requirements across the country.  Regional
load profile heat-power ratios were deter-
mined from weather data supplied by NIWA,
and compared with regional electricity
consumption data from the Ministry of
Commerce and monthly heating loads for
houses in Christchurch.  Since reasonably
comprehensive household energy use data is
available for Christchurch, this region was
used as a reference for estimating heat/power
loads for other regions.  This comparison
demonstrates a close correlation between the
number of heating degree-days and the
actual heating requirement, as demonstrated
in Figures A10 and A11 below.

The distance between the two curves in
Figure A10 is approximately constant at 0.34
of the maximum monthly heating require-
ment, and roughly represents the hot-water
portion of the total heating load, as demon-

strated by space heating and hot water
measurements taken from houses in
Christchurch (see Figure A11).

Figure A10 was used to map the number of
monthly heating degree-days onto the total
monthly heating load, by taking account of
the approximately constant monthly hot-water
load as well.  These values were adjusted for
each region, by: (1) comparing the total
regional energy consumption for a typical
domestic customer, against that for
Christchurch; and, (2) comparing the number
of heating degree-days for a particular month,
against that for Christchurch (see figure A12).
These results have been modified as neces-
sary to accommodate the different weather
patterns and demand scenarios for Kumeroa.

The number of cooling degree-days was not
included, because the number of regional
cooling degree-days had a negligible effect on
the overall results.

Figure A12 shows the variation in heating
degree-days across the country.  These values

Figure A10: Normalised monthly heating load and heating degree-days for Christchurch

Figure A11: Normalised monthly average daily heating and hot water for Christchurch
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can be used to estimate the variation in
heating requirements for domestic energy
consumers in New Zealand.   Winter degree-
day values do not vary very much across the

Figure A12: Comparison of the number of heating degree-days in different regions

length and breadth of the country, but
summer degree-day values vary markedly and
significantly influence the heating require-
ments in some regions.
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Social and Environmental
Externalities7

IntroductionIntroductionIntroductionIntroductionIntroduction
This study forms part of the case study
analysis and is based on information ob-
tained through the technical analyses under-
taken elsewhere plus short field visits.

The environmental parts of this study include
carbon dioxide and climate change effects.

It is a high profile study expressly formulated
to provide information to assist the electricity
industry to assess the commercial opportuni-
ties, risk factors and contributing elements
affecting decision making on this topic. The
study draws on overseas research and
detailed case studies, and applies the
findings to investment opportunities in New
Zealand.

The study is being performed on behalf of an
electricity industry grouping. While the
funders recognise that distributed generation
may offer some financially attractive alterna-
tives to investment in large scale generating
capacity, they are also sensitive to the social
and environmental externalities enhancing or
inhibiting its adoption and impacts. This
report addresses some of these issues, with
reference to the eight case studies evaluated
as part of this project.

Study ObjectivesStudy ObjectivesStudy ObjectivesStudy ObjectivesStudy Objectives
The objective of the study is to investigate
the likely realities and implications for the
operation and configuration of the New
Zealand electricity system arising from wide-
scale introduction of Distributed Generation.

The study is to look at all the relevant marketmarketmarketmarketmarket
influences, international technology trendsinfluences, international technology trendsinfluences, international technology trendsinfluences, international technology trendsinfluences, international technology trends
and externalities externalities externalities externalities externalities and how these various
factors may influence the uptake of distrib-
uted generation within New Zealand and, as
well, the probable likely future impacts on the
adequacy of the overall system to meet future
energy demands.

• Market influencesMarket influencesMarket influencesMarket influencesMarket influences cover ownership,
regulatory framework, demand growth,

energy forms, price charging principles,
etc.

• International technology trendsInternational technology trendsInternational technology trendsInternational technology trendsInternational technology trends cover
capital cost, fuel efficiency, maintenance
costs, metering technologies, etc.

• ExternalitiesExternalitiesExternalitiesExternalitiesExternalities cover social and environmen-
tal drivers, pricing effects, consenting
issues, asset stranding, connection issues,
dispatch and control regimes, etc.

Deregulation and privatisation is changing the
way the power industry is organised, particu-
larly its approach to shareholder wealth and
return on capital assets. This feature encour-
ages the industry to view distributed genera-
tion as another parallel business opportunity.
Lower risk investments of a fuel cell here,
photovoltaic cells on a super-efficient building
there, or a microturbine in a substation,
contrast with the large capital cost invest-
ment decisions of central power plants and
bigger transmission lines, which characterised
the industry of yesterday.

Many of these new technologies offer envi-
ronmental benefits, especially low or no air
pollution in the case of the “new” renewable
forms of photovoltaics, modern wind power,
and biomass conversion.

For customers, distributed electricity genera-
tion technologies may help reduce overall
costs and improve services.

Distributed Generation Technologies andDistributed Generation Technologies andDistributed Generation Technologies andDistributed Generation Technologies andDistributed Generation Technologies and
their Applicationtheir Applicationtheir Applicationtheir Applicationtheir Application
A number of different power sources and
concepts are competing for the distributed
generation market. All have their niche:

• Combustion Turbines

• Microturbines

• Hydro

• Wind turbines

• Reciprocating Engines
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• Photovoltaic Solar

• Thermal Solar

• Fuel Cells

• Other Renewables

• Hybrid Systems

• Storage Devices

• Efficiency and Demand-Side Management

These technologies for distributed generation
are rapidly expected to become competitive
and efficient enough for customer acceptance
in the next 10 years or so. Utilities can be
expected to use the technologies to respond
to customers’ energy and reliability needs.
Customers themselves may well make invest-
ment decisions on their own behalf.

Utilities have traditionally sold energy and
capacity. A third market, quality and reliabilityquality and reliabilityquality and reliabilityquality and reliabilityquality and reliability,
has emerged. Industries from food processing
to insurance companies (with large data-
bases) rely on sensitive electronic equipment
that requires exceptionally stable voltage.
Other loads, such as hospitals, require
uninterruptible power, and farms and home-
based businesses expect quality and reliabil-
ity of supply.

The opening up of energy markets places
increased pressure on energy suppliers to
increase capacity to meet growing demand
and increases the probability of forced
outages.

Customer concerns over reliability have
escalated, particularly in the manufacturing
sector. With the increased use of sensitive
electronic components, the need for high
quality electricity supplies is of paramount
importance.

For the New Zealand electricity industry it
offers potentially new ways to serve their
customer base and to solve future transmis-
sion and distribution problems.

Study PhilosophyStudy PhilosophyStudy PhilosophyStudy PhilosophyStudy Philosophy
In this study the process of undertaking the
work and involving interested parties
throughout has been considered as important
as the outcome of the study itself. It was
recognised that the project is futuristic and
much of the success or not of distributed
generation will require a paradigm shift in the

thinking of industry participants. Many of
those participants will not currently be aware
that distributed generation has anything to
do with them. The project was considered to
be successful if it brings about this aware-
ness and focuses strategic business interests
and widespread involvement accordingly.

The study has a commercial focus towards
providing answers to the following:

• “What are the demand side and supply
side drivers?”

• “How will distributed generation affect my
business?”

• “What are my choices?”

• “How can I make distributed generation
work for me?”

The study is based on inclusiveness, covering
a range of distributed generation stakeholder
interests, and involve more than just the
study team. Significant work is already being
undertaken outside this project by a number
of parties throughout New Zealand and there
is a wealth of overseas research and informa-
tion on distributed generation technologies
and their application. The Study uses this
existing information and selectively applies it
to the New Zealand situation.

Study HypothesisStudy HypothesisStudy HypothesisStudy HypothesisStudy Hypothesis
The study hypothesis is:

“That distributed generation
allows paradigm shifts in
thinking about solutions for
meeting consumer energy
capacity and reliability require-
ments.”

Study PlanStudy PlanStudy PlanStudy PlanStudy Plan
The project plan was based around an
opening workshop, case studies and analysis,
a closing conference, and final CAE publica-
tion.

Case StudiesCase StudiesCase StudiesCase StudiesCase Studies
Eight case studies have been identified and
analysed. The analysis has evaluated for each
case study the opportunities, economics,
risks and probability of uptake of the tech-
nologies that are likely to be adopted for
distributed generation throughout New
Zealand by 2015. These studies provided
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base information that allow the externality
studies to be undertaken.

Externalities Studies

One of the aims of the DG study was to
identify how externalities will impact on DG.
In the following analysis the environmental
externalities have been identified and dis-
cussed, but it has not been possible to
evaluate fully how much impact they will
continue to have on the specific DG system.

The Context for Distributed GenerationThe Context for Distributed GenerationThe Context for Distributed GenerationThe Context for Distributed GenerationThe Context for Distributed Generation

The New Zealand Context

With the exception of large scale oil reserves,
New Zealand is endowed with potential for all
the major electricity generation resources;
water, wind, sun, geothermal steam, gas, and
coal.

At 14 persons per square kilometre, New
Zealand’s population density is low. This
compares with the United States of America
(29), the United Kingdom (241), Korea (468)
or Singapore (6255). New Zealand however
also suffers from the tyranny of distance from
the large industrialised nations that makes
larger scale technologies more costly in terms
of capital investment and utilisation.

Prima facie, distributed generation to serve
the quite sophisticated energy needs of its
population is a good option for this country.

Policy and Institutional Framework

The policy and institutional framework in New
Zealand is comparatively permissive. The
major price distortions that characterise the
energy markets of some countries are largely
absent. Structural change in the electricity
industry, intended to facilitate competition
and reduce prices has in fact increased final
prices to many smaller consumers, but has
laid bare the true costs of supply to different
categories of consumer in differing locations
in the country, responsive to changes in
prices on the wholesale market.

One reaction to this volatility has been to
install embedded electricity generation in
industrial and other activities with the ability
to generate some of their energy needs on
site, and indeed to export surplus to the grid.
Another has been to examine more closely
the economics of smaller scale electricity
generation closer to scattered load clusters.

This scrutiny may be expected to intensify as
the “sunset clause” in the Electricity Act,
operative in 2013, draws closer. Under this
clause, suppliers are no longer bound to
maintain service to existing consumers. In
effect, all consumers from that date may have
to bear the costs of line maintenance for-
merly met through cross-subsidy, as new
consumers now have to meet their own costs
of connection. As conventional sources of
large scale wholesale market electricity supply
become more expensive, and the cost of
alternative technologies falls, small, scattered
generation both on and off grid may become
increasingly attractive.

Social Impacts

Social and environmental considerations have
a bearing on the acceptability and cost of
distributed generation options. In general,
distributed generation may be expected to
have positive social impacts. It tends to be
used to reduce cost or to avoid capital
investment, both of which bear benefits to
the profitability of both electricity industry
and downstream consumer enterprises. Job
creation and retention can be beneficial flow-
on effects. Such effects are especially valued
in remoter areas, where the viability of rural
livelihoods is finely balanced on the numbers
needed to sustain services such as health
and education, but also to contribute to a
vibrant civil society.

That distributed generation is often imple-
mented using new and renewable energy
sources is an additional, and as yet inad-
equately valorised benefit. With the emerging
carbon trading market, the CO

2
 emissions

saved, and the carbon credits traded may
improve the viability of such schemes.
However, while greenhouse gas abatement
and any credits it may deliver yield an
economic benefit, this accrues not to the
producer, but to the Government. A mecha-
nism may be needed to ensure that the
expected benefits are reflected in reduced
costs, so as to encourage distributed genera-
tion schemes that support national social and
environmental policy.

The case histories have shown that resource
consent and management procedures have
tended to delay, in some cases for years, a
move to distributed generation, even where
countervailing environmental and social
benefits are involved. An approach to weigh-
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ing costs and benefits as objectively as
possible is needed to avoid discouraging
distributed generation through excessive
compliance costs.

Sustainability

While embedded generation usually occurs in
large scale and relatively technically sophisti-
cated operations, and has a sound financial
record, the history of off-grid renewable
installations (micro hydro, small scale wind
power) in many neighbouring countries is
dismal; some 80% of isolated systems fail
within two years. In the face of such evi-
dence, New Zealand would have to examine
the odds closely before treading that path.

However, unlike its Asian and Pacific develop-
ing neighbours, New Zealand has almost
universally good basic education, and well
developed service and support infrastructure.
Since failure is almost always due not to the
technology, but to inadequacies in financial
planning and management, there is no reason
why distributed generation can not make a
valuable and viable contribution to efficient
electricity delivery to New Zealand consumers,
with concomitant social and environmental
gains.

MethodologyMethodologyMethodologyMethodologyMethodology

Aim of the Study of ExternalitiesAim of the Study of ExternalitiesAim of the Study of ExternalitiesAim of the Study of ExternalitiesAim of the Study of Externalities
The purpose of this section of the study is to
examine the non-technical factors that have
been found in the case histories to influence
outcomes of distributed generation projects.
That these have been found to be quite
important is not surprising; it has been amply
demonstrated in theory that the technologies
themselves work efficiently; what is at issue
is whether they work in a given institutional,
social and environmental context. From the
case histories, lessons can be learned that
can inform future development, minimise
negative impacts and improve efficiencies in
practice. These issues should, however, be
understood in the right political context, as
the political environment changes over time.

The Environmental Externalities DilemmaThe Environmental Externalities DilemmaThe Environmental Externalities DilemmaThe Environmental Externalities DilemmaThe Environmental Externalities Dilemma
In approaching this study the externalities
study team had to address the question of
why we needed to include externalities in the
study? Including externalities in energy
studies is not common, but is becoming

necessary due to increasing environmental
awareness and increasing environmental
impacts in society. It also is getting more
difficult to find a site for landfills, more
difficult to find a site for a large power
stations, and the local nature of DG technolo-
gies will have more direct impact on the local
community. Hence externalities will have a
stronger and stronger role to play in the
decision making process in the future.

By definition externalities are (social and
environmental) impacts which are not
internalised in the economy. Externalities
therefore in general cover a big variety of
social and environmental impacts and they
are very different in character. Valuing exter-
nalities is often criticised for comparing
apples with bananas, which in many ways is
a good example to illustrate the externality
dilemma. In principle as soon as an impact
has been identified and addressedand addressedand addressedand addressedand addressed it may not
be an externality anymore (although it might
be valued inadequately). Externalities are
also very different in terms of how they are
quantified and valued. But they are still real
and will increasingly have to be identified
and addressed in the future. To ignore them
is irresponsible; to inadequately address
them is usual.

ProcedureProcedureProcedureProcedureProcedure
The choice of case studies was not deter-
mined by social and environmental aspects
but by more direct commercial parameters.

Approximately half a day was spent on each
case study. Semi-structured interviews were
conducted with the proponents of each of the
schemes. All were encouraged to raise the
points they felt should be stressed. Site visits
were conducted, accompanied where possible
by proponents and expert informants. Re-
spondents were asked to comment in the
social and environmental areas on their
experiences identifying, planning and imple-
menting the projects, and on the impacts
they could identify as a result of the
schemes. Particular attention was paid to the
institutional and regulatory framework within
which the schemes were conceived and
carried out.

Where possible, interviews were also held
with relevant officials and other stakeholders
to gain an appreciation of the wider context
within which the schemes operate, and to
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glean some understanding of demand as well
as supply side perspectives. Time availability
constrained the work able to be accom-
plished in this area.

Each case history is reported separately,
under various social and environmental
rubrics. At the end of each subsection of the
report, a matrix summarises the characteris-
tics and key issues that emerged from each
study. Generalised conclusions are then
drawn together and recommendations are
made for facilitation of future distributed
generation projects where beneficial social
and environmental impacts emerged from the
surveys.
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The Case StudiesThe Case StudiesThe Case StudiesThe Case StudiesThe Case Studies

Opuha HydroOpuha HydroOpuha HydroOpuha HydroOpuha Hydro
The Opuha Dam is located in inland South
Canterbury, in the jurisdiction of the
Mackenzie District Council. It is operated by
Opuha Dam Limited, a private company
owned 50% by Timaru Electricity Limited on
behalf of Alpine Energy Limited, and 50% by
the water users and local businessmen,
Opuha Water Limited. Each stakeholder group
nominates 3 members to the Board of Opuha
Dam Limited. The schematic map below

shows its location, north west of Fairlie, the
seat of the Mackenzie District Council.

The dam covers an area of 700 hectares, and
has a water storage capacity of 91 million m3.
It is a significant recreational water resource
in the area, contributing also to the environ-
mental health of the Opihi River downstream.

Background

Finally commissioned in August 1998, the
Opuha Dam scheme had a gestation period of
23 years. The original concept was the brain
child of local farmer Tom Henderson. The
drivers were twofold; first, the absence of
local employment opportunities for his
teenage school leaver children, and second,
the realisation that water rights were critical
to farm viability. On a farm group visit to
California, Tom was influenced by the anxiety
evinced by their host farming group that their
expiring water right to utilise flows from the
Hoover Dam, outside their jurisdiction on the
boundary of Nevada and Arizona, might not
be renewed, and also by attending an auction
for a farm that did not have any water right.
Not a single bid was received. These were
seminal lessons, and sustained Tom and the
interested group of Federated Farmers
members through more than two decades of
negotiation and institutional change to
success.

Technical and Financial Issues

The Opuha Dam is a particularly interesting
case study, being the first and only one to
have been constructed under the Resource
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Management Act. The technical characteristics
of the hydro development, commissioned in
August 1998, are described in Chapter 6.

The driver behind the scheme was first and
foremost irrigation, and the need for farmers
to protect their livelihoods and indirectly
those of the wider agricultural and other
services community against the periodic
drought conditions characteristic of the area.
To this end, initially the farmers formed a
group and approached the then ECNZ for
permission to divert water from Lake Tekapo
feeding the Waitaki River.

ECNZ expressed willingness to assist if the
farmers could obtain a water right from the
Water Board. The water right was eventually
obtained from the Waitaki Catchment Com-
mission. ECNZ assisted with hydrological
design aimed at selecting and developing the
best possible site utilising instead the waters
from the northern and southern Opuha Rivers,
so as to avoid offtake from Lake Tekapo.

In principle, the concept was felt by the
farmer proponents to be flawless; no unique
environments were destroyed, other environ-
mental features were enhanced, and the
impacts on livelihoods and recreation stood
to be very beneficial. The three year construc-
tion process started in 1995. Early
geotechnical failure in 1995 prior to comple-
tion of the construction phase rattled nerves,
and significantly constrained willingness to
invest. Total investment was $30 million, of
which $1 million was contributed by govern-
ment through ECNZ, $1.3 million by Fairlie
District Council, and the balance raised by
Alpine Energy, who put up 50%, private
farming and business investors, and debt
finance. Of the total capital cost, the cost of
storage is reckoned at $10 million. Financing
took ten years to secure.

Critical to the ultimate success of raising
finance was the financial involvement of
Government, the Council, Alpine Energy, of
whom a guarantee was required, and local
farmers and business people of good stand-
ing. Without this, the scheme’s promoters
state they would not have enjoyed the
confidence of lending institutions, and would
have had difficulty to proceed.

Investment finance constraints have nonethe-
less limited the size of the dam to less than
optimal size. This investment constraint was

the primary reason for looking to develop the
dam’s hydro potential, to bring in extra
investment and a second revenue stream.
Annual turnover is $2 million. There has been
substantial capital gain; launched at $250,
shares are now worth $2000, with the more
substantial beneficiaries being the sharehold-
ers who also hold water rights.

Some original investors draw attention to the
fact that the benefits of the scheme have not
accrued proportionally to the original risk
takers. Major recreational benefits accrued to
the fishing lobby, which contributed no
finance. The Mackenzie District Council’s
investment, made largely as a statement of
local solidarity, has realised only indirect
benefits from downstream social impacts. The
6%-7% interest on their preference shares
that will be redeemed in a few years does not
represent the return on risk from which other
shareholders have benefited, but the Council
feels that it was a worth while investment
from their perspective as social, economic
and environmental stakeholders collectively.
The Council investment is on behalf of
anglers and other recreation interests who are
not discretely identifiable to invest directly,
nor do they receive a discretely identifiable
tangible benefit.

Environmental Issues and Impacts

The Opuha Dam is an earth filled structure 50
metres high and 330 metres long, at 392.2
masl. Its operating levels range from a
minimum 370 to 392 masl, and are usually in
the 385-392 masl range.

The dam has created a 700 hectare lake,
used for boating and fishing recreational
activities. A 200 hectare wetland has been set
aside as a reserve for bird and fish life, and
wetland species not previously in the area are
establishing. There is a rainbow trout hatch-
ery on the lake. The dam features a fish
bypass that allow native fish to pass up the
river to breed. Recently, elvers were observed
navigating up the fish ladder.

In excess of 700 hectares of land, previously
used as middle hills sheep grazing, was
purchased for the scheme from some half a
dozen farmers. This has been a protracted
process, and only now are titles being
clarified and registered.

To avoid an eyesore and limit the amount of
decomposing vegetation the ground to be
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flooded was prepared by felling scrubby trees
and stripping and redeploying topsoil to
expose the subsoils and rock used for dam
construction.

The Opuha Dam fulfils four principle func-
tions. In order of priority under the consent
and management plan, these are:

1 To supply Timaru town industrial and
domestic water consumers

2 To ensure water flow in the Opuha and
Opihi Rivers below the dam

3 Irrigation

4 Generation of electricity.

It differs from most hydro dams in New
Zealand in that its irrigation function, primary
to its promoters, results in water being stored
in the winter and spring, and spilled in the
summer.

A major influence throughout the protracted
history of the development was the recre-
ational fishing lobby, first as the local
Acclimatisation Society, and subsequently as
Fish and Game New Zealand.

Prior to the implementation of the scheme,
the Opihi and Opuha Rivers, fed by northern
and southern snowmelt fed streams, were
subject to seasonal flood and drying. The
fishing lobby, who were not investors and
had no funds to contribute to the scheme,
successfully influenced the Environment Court
to make consent conditional upon mainte-
nance of flood controls and minimum flows
downstream. Approximately half the water is
used for irrigation, the remaining half being
used for environmental maintenance.

The requirement to maintain stream flows led
to the formation of the Opihi Augmentation
Society, formed and registered by local
interest groups including the local iwi,
farmers, and the Timaru City Council. This
organisation recognised that drought impacts
on local people in all walks of life, and
promoted water harvesting and conservation
in the Opihi catchment area to mitigate this
impact and contribute to satisfaction of the
conditions of consent. The sustainability of
the scheme is somewhat compromised by off-
take of water by non-shareholder farmers in
areas not covered by the Plan, but so far the
scheme has managed to maintain water
flows, irrigation and farm productivity at

acceptable levels through extreme weather
conditions, both drought and exceptional
rainfall.

The promoters found it difficult to maintain
the motivation of the community and partici-
pant groups through the processes of institu-
tional change which saw Water Boards
replaced by Environment Canterbury, and
Acclimatisation Society by Fish and Game
New Zealand, and the electricity industry
vertically disintegrated.

In the course of this change process, the local
level organisations with a close understand-
ing of on-the-ground environmental realities
were replaced by higher level organisations
administering blanket national-level policies.
The local view is that these changes created
tension between pragmatic and beneficial
local environmental management and na-
tional policy that actually frustrated and
delayed beneficial outcomes. There is still
tension between local and regional environ-
mental officers arising from difficulties in
applying blanket policy to particular situa-
tions.

Local authorities feel that the Fish and Game
lobby exercises undue influence, and that the
balance between social, economic and
environmental issues is not always well
maintained in the consents process.

Social Impacts

Social impacts have been in making an
important contribution to sustaining rural
livelihoods, and in the creation of a recre-
ational water body.

Essentially an agriculture service centre for
the Mackenzie and Fairlie basins, Fairlie
township has benefited from the downstream
impacts of intensified and sustained agricul-
tural activity.

Like many rural towns, Fairlie struggles to
maintain the critical mass needed to sustain
population-based services such as education
and health. The Opuha Dam in both construc-
tion and post-construction phase has made
the invaluable contribution of bringing in
residents, keeping school rolls up to critical
levels, and sustaining the right to medical
services in the area.

Local businesses have also benefited mod-
estly from the injection of additional income
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earning capacity. The most significant growth
has been experienced by transport and stock
companies, but other small businesses have
also established.

The knock-on effects have played a role in
revitalising civil society; clubs, societies and
local groups have been given a boost by the
increased population and economic activity.
Sporting and recreational activities have
strengthened as sports clubs have benefited
from increased population and support base.
Though location off the main road means that
tourists may pass Fairlie and Lake Opuha by,
a number of weekend cottages have been
constructed to take advantage of boating and
fishing that now thrive on the lake. Opihi has
found its way on to a website in the USA,
and an increasing number of anglers are
coming specifically to enjoy the trout fishing
that has thriven since the scheme was
implemented. This is a valuable niche tourist
market for the area, bringing small sustain-
able numbers of high income tourists.

Mackenzie District Council officers report no
negative feedback from the community about
the presence of the dam; rather, there is
residual nervousness about its possible
failure, resulting from the geotechnical
problems in the construction phase. The
anxiety is less that the dam is there than that
if there is another such incident, it will not be
there.

There is some dissatisfaction on the part of
private individuals with the price received for
sale of the land, but this is an individual and
contractual concern, not a concern of the
wider society.

Economic Impacts

During the construction phase, 8 families, 12
single workers and a further 10 specialist
workers came to the area. This influx of
workers represented a 15% increase in
employment in Fairlie, whose population had
remained static at around 800 since the
1960s. Three of the families found employ-
ment and remained in Fairlie after construc-
tion.

The intensification of agriculture also created
employment. As an example, an area which
prior to irrigation supported 2000 sheep now
has nine cottages built on it. Ten local
farmers work the area, supplying feed, share
milking and raising calves. Last year’s receipts

were $4-5 million, about a ten-fold increase
on previous farm income from the same land.

The value of land with water rights has risen
from around $1500 – $1700 per acre to
between $4000 and $5000 per acre.

The District Council reckons that some 30
new jobs were created, associated with the
burgeoning dairy industry and servicing it.
Water security during the recent drought was
a factor in maintaining stock, keeping the
Smithfield freezing works open in Timaru, and
sustaining 600 jobs at the plant during a very
difficult season.

Policy, Institutional and Regulatory Frame-
work

The Opuha experience illustrates the tensions
between policy and regulation between the
national and regional level, and the grass
roots level.

The promoters felt that what they were trying
to do was entirely laudable in environmental

Conclusions excerpted from Mayor StanConclusions excerpted from Mayor StanConclusions excerpted from Mayor StanConclusions excerpted from Mayor StanConclusions excerpted from Mayor Stan
Scorringe’s Address to the Rangitata RiverScorringe’s Address to the Rangitata RiverScorringe’s Address to the Rangitata RiverScorringe’s Address to the Rangitata RiverScorringe’s Address to the Rangitata River

Diversion PanelDiversion PanelDiversion PanelDiversion PanelDiversion Panel

“The Benefits of Irrigation to the Fairlie“The Benefits of Irrigation to the Fairlie“The Benefits of Irrigation to the Fairlie“The Benefits of Irrigation to the Fairlie“The Benefits of Irrigation to the Fairlie
Community”Community”Community”Community”Community”

11th December 2001, Opuha Dam

In the age of Triple and Quadruple
Bottom line reporting, let’s not forget
our responsibilities under the RMA to
recognise the social, economic and
cultural well being of our communities
while also recognising our environmen-
tal responsibilities. The RMA is not just
about the life supporting capacity of our
air, water soil and ecosystems, but it is
also about the life-supporting capacity
of our communities. The RMA is about
balance and about sustaining our
present communities needs while not
forgetting the needs of future genera-
tions. Let’s work hard to get that
Balance right. Let’s not try and play
some form of environmental catch-up
game at the expense of today’s genera-
tion, but rather, let’s take a long term
sustainable view to these matters.

Thank you, and good luck. May wisdom
prevail.
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terms; that the environmental detriment
caused by damming and flooding was not
critical to any unique or fragile habitat, and
that there would be considerable environmen-
tal gains to both wildlife and agriculture. They
felt keenly the frustrations of being made
guilty, from the moment of conception of the
idea, for every natural event that affected the
river, and made morally and financially
responsible for improving upon nature for the
benefit of non-contributors to the scheme.

Ironically, the dam and lake, initially opposed
in the consent process, has post facto
become an environmental treasure attracting
a whole new raft of protection and compli-
ance requirements.

Both District Council and the Water Users
found that at times, local officers were
sympathetic to what was trying to be accom-
plished, but were hindered in their on-the-
ground judgements by apparently inimical
higher-level regulation. This requires further
investigation to discover the precise nature of
the inconsistencies and frustrations that
emerged from the process, so that they can
be addressed at policy level.

The vertical disintegration of the electricity
industry also had an impact, since network
companies’ permitted generation limit is 5
MW. The Opuha turbine is rated at 7.5 MW. A
special consent had to be obtained from the
Commerce Commission to permit its opera-
tion to capacity, where this can be done
within the constraints relating to maintenance
of river and irrigation flows.

This illustrates how policy can conflict with
technical environmental and social consider-
ations; theoretically a site that is suited to a
greater capacity installation, and for which
local demand exists but no external investor
can be found, might be prevented from
development because of an arbitrary ceiling
on generation capacity of the logical local
investor.

The Opuha installation was also required to
comply with the usual MARIA interconnectivity
requirements, and obtain Civil Defence
Emergency Planning consent processes. These
were however routine processes, and caused
no particular problems.

Strengths

The strengths of the scheme are in its
eventual and apparently undisputed success

as the basis for both irrigation and electricity
generation. This consists in:

1 A securer town water supply for Timaru

2 A managed river below the dam with now
excellent and reliable fishing

3 An irrigation facility that has seen the area
through seasonal extremes of both
drought and flood without major disrup-
tion to land or livelihoods

4 A electricity generation facility that is
useful in the network to permit isolation
of sectors for maintenance work, and to
provide islanded supply on occasion to
the Fairlie-Albury area.

5 A recreational facility for both local and
foreign tourists that injects welcome
purchasing power in to the area

6 With a carbon tax in view in the middle
term, the scheme may generate a useful
parcel of carbon credits for Alpine Energy.

Weaknesses

A weakness of the scheme overall is that
there are some areas of the catchment which
are not under a management plan, and from
which water can be taken without consent.

The scheme is smaller than would have been
ideal to make maximum use of the water
between snowmelt and sea. The water users
hope to redress these problems in a revived
and somewhat contentious effort to have the
original proposal to divert waters from
Tekapo for irrigation.

These factors have a bearing upon the water
storage, and therefore the generation capacity
of the plant.

If they were starting the Opuha scheme from
scratch, the water users say they would start
with the “externalities”, and would confer
comprehensively with institutional and
community stakeholder groups to ensure
communication and transparency of process
before applying for any form of consent.
Ensuring buy-in to the concept from the
Ministry for the Environment, Department of
Conservation, and Regional Council at the
beginning may have saved much time, and
prior consultation with the local iwi, Fish and
Game and other community groups may have
minimised the opportunities for misinforma-
tion and alarm to spread.
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The network operator also states that if any
variation to the consent were required, they
would go first to all the stakeholders to avoid
regulatory delays or difficulties.

Critical Issues

Regulatory and financial considerations aside,
the critical success factor in the Opuha
scheme was the sheer doggedness, skills and
local leadership of the farmers, business
people and local leaders who stuck with the
concept through an unprecedented period of
institutional change.

While the aim of the scheme was not electric-
ity generation, it is an excellent example of
how integration of sectoral interests, in this
case energy supply and agriculture, can result
in the whole being greater than the sum of
its parts. Neither scheme would have been
robust without the other, and while the direct
financial benefits to all investors are not
great, the ends of wider social and economic
benefit have justified the means.

Orion NetworkOrion NetworkOrion NetworkOrion NetworkOrion Network
Orion has a number of sites at which embed-
ded generation contributes to efficient peak
and crisis management. The case study refers
in particular to two 640 kW/800 kVA diesel
generators, purchased shortly after the
Auckland CBD electricity crisis of 1998 and
installed in locations within the Orion net-
work where their peak lopping capacity would
be of value. One is installed in Lyttelton and
the second set is installed at Halswell District
substation. The generators were justified on
both the economic value of peak lopping and
as an emergency backup plant for system
emergencies.

Background

Orion Networks Limited was formed in 1998,
following the separation of the distribution
and retail functions of Southpower Limited.
The core business of the company is electric-
ity distribution in the area between the
Waimakariri and Rakaia Rivers in Canterbury,
but it also invests in businesses with eco-
nomic and regional development potential in
related sectors such as communication cable
services and energy management. The
shareholders are all institutional; the majority
shareholder is Christchurch City Council, with
Selwyn and Banks Peninsula District Councils
being smaller shareholders.

In its profile, Orion states “As a supplier of an
essential service, Orion provides electricity
delivery services to all electricity retailers
equitably and transparently.” Orion’s venture
into distributed generation was driven in the
first instance by the sense of social responsi-
bility implicit in its statement.

Part of its inheritance from Southpower
Limited was a July 1998 “lifelines” study for
Christchurch where an emergency electricity
supply for Lyttleton was a critical part. Supply
to Lyttleton was identified as critical, given
the strategic importance of the port as a
point of entry for relief supplies in the event
of a major civil emergency.

Amongst the critical services identified that
might fail in a disaster scenario were the
cargo handling facilities, petroleum product
pumping including LPG pumping, lighting and
ventilation of the Lyttleton road tunnel,
sewage treatment and town water supply.

Technical and Financial Considerations

The report identified two translocatable diesel
standby generator sets at different and
potentially secure locations as the most
flexible and appropriate response to possible
disaster. No other technology was considered,
in view of the compelling case for the unique
rapid deployment and response capability of
diesel generators.

Nor was cost a serious consideration; in fact,
the estimated $360,000-400,000 price tag
was eminently acceptable, but Orion consid-
ered simply that this was an essential service
that must be provided.

The investment did however deliver signifi-
cant benefits to Orion in terms of deferred
investment. Orion states that operation of
these and other standby generating plant
around Christchurch at times of system peaks
has enabled them to defer $80 million of
capital expenditure on upgrading their
distribution system. This renders the relatively
high cost of diesel generation acceptable, and
is a significant advantage that somewhat
mitigates the fact that the Lyttleton Port
Company duplicated the investment to assure
their own operations in event of disaster, and
to avoid high peak power prices.

Environmental Issues and Impacts

The usual location of the two generators in
Lyttleton and at Halswell substation, is in
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zones where their operation is a permitted
use. Diesel combustion incontestably has
environmentally damaging impacts. Air quality
is also a major concern in the Christchurch
region. Initially it was necessary to satisfy
conditions relating to noise, discharges into
the air, and maintenance standards to avoid
soil contamination. In addition, storage for
diesel fuel may require future consent.

The plant factor for the Lyttleton and Halswell
diesels is very low; they are expected to
operate only 100 hours per year on average.
Their impacts are accordingly quite limited
under normal conditions, and usually Orion
has no problem with operation within con-
sent conditions.

In the exceptional conditions of the dry
winter of 2001, Orion applied in early August
for a consent to move the Halswell unit to an
industrial zone, where it was proposed to
operate it for up to three months to assure
supply to industrial consumers. Arguments
were that the time of operation would be
limited, that there would be no significant
detrimental impacts on the immediate
environment in which numerous diesel
motors routinely operate, and that the social
and economic benefits in terms of stability of
price and supply were paramount. Health
authorities supported the application, on
grounds that there was more danger to
human health from inability to heat homes
due to supply constraints and high spot
prices than was posed by the air discharge
dangers.

A consent pointing out the areas of non-
compliance with the proposed City Plan and
the General City Rules was eventually granted
by the Christchurch City Council on 11 Sep-
tember, and by Environment Canterbury on 14
September. By this time the crisis had abated.

It is ironic that had the diesels been on
wheels and called a truck, no resource
consent would have been required.

The incident indicates a need for definition of
emergencies, and capability of rapid response
that balances environmental, social and
economic considerations when such an
emergency occurs.

Orion has also produced at the request of
Environment Canterbury a study of the
impacts on their operation of limiting or
banning domestic solid fuels burners, and

substituting electric heating, as a means of
improving air quality around Christchurch.

Orion’s study considered three scenarios;

1 Banning of open fires by 2005

2 Banning open fires and non-complying
appliances from 2005, and prohibiting
burners in new homes from 2002

3 Phasing out all solid fuel burning by 2020.

Orion found that the implications of invest-
ment in network strengthening would result
in price increases to residential end-consum-
ers would be 2% under scenario 1, and 4%
and 8% respectively under scenarios 2 and 3.

They proposed that promotion of gas heating
would be an alternative that would deliver
much of the desired environmental improve-
ment while having a lesser impact on costs of
electricity distribution and sale.

This highlights the problem whereby a
distributed generation solution may be
environmentally, economically and socially
good for the community but because of the
need of planning authorities to make a
paradigm shift in their thinking away from
traditional and out dated concepts, it limits
innovation and environmentally sound
solutions to solving energy supply problems.

Social Impacts

The social impacts of embedded generation
from the Lyttleton and Halswell diesels have
been principally in the relative price stability
Orion can offer as a result of being able to
defer major investment in lines strengthening.
In the past year, the network has managed to
reduce operating costs and electricity prices,
and eliminate fixed line charges for all
residential and small business customers.
This delivers a direct benefit to the consum-
ers supplied by Orion’s wholesale customers,
in assisting to maintain household energy
costs, and sustain conditions favouring stable
employment in the area.

In addition, the diesels offer the probability
of supply for essential services in the event
of a major civil emergency, and their normal
location has been carefully considered to
offer a good chance that the units themselves
will be as secure from the most likely damage
from earthquake or tsunami.
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The Lyttleton unit is housed in an existing
structure, and has minimal impact on busi-
ness operation around the port, or the
housing at the top of the cliff above it.
Refilling the diesel tanks is accomplished
from the road at the top of the cliff, and does
not hinder traffic flow emerging from the
Lyttleton tunnel and proceeding to Banks
Peninsula. While it is not easily moved, being
connected to an existing transformer, the
Halswell unit is containerised and skid
mounted, and would be relatively easy to
relocate as required.

These effects are consonant with Orion’s
vision of itself as a commercially responsible
business providing an essential social service.
The case study is a good example of distrib-
uted generation used to provide a win-win
solution to business and social advantage
without significant environmental detriment.

Policy Institutional and Regulatory Framework

Orion’s origins were in the vertical disintegra-
tion of the electricity industry in 1998. In
common with the numerous lines companies
that emerged from this process it has had to
test-drive the market and regulatory condi-
tions that arose from the process of disinte-
gration.

It has used embedded generation to the
advantage of both its shareholders and its
consumers. Its experience indicates that lines
companies are logical investors in forms of
distributed generation, since they are the
market actors most likely to be able to offset
costs of investment against savings in other
areas of the assets they manage. In the
instance under study, for the price of
$400,000 they have been able to defer $23
million of investment that would otherwise
have been required to strengthen weak
points in their distribution network.

The regulatory framework within which this
has been accomplished has revealed some
areas where there is room for better articula-
tion between regulatory authorities in re-
sponding to the emergencies the venture in
to distributed generation was intended to
address.

Strengths

Orion has the benefit of a desire to behave
as a good corporate citizen on its side. That
this stance also benefits its shareholders,

themselves public agencies, is fortunate.

The power crisis of winter 2001 has added
strength to Orion’s strategic plan for response
to crisis; it has provided a precedent to which
appeal can be made, and hopefully faster
response can follow, in one of the major
events the strategy was designed to address.

Weaknesses

The business benefits to Orion in deferring
investment in lines strengthening are argu-
ably transitory, in that some of the invest-
ment will eventually be required. Depending
upon then prevailing market conditions, this
may result in higher energy costs for its
customers and their consumers.

Critical Issues

The Orion experience illustrates the benefits
of better co-ordinated planning. While Orion
consulted the Lyttleton Port Company about
its emergency power needs, the Port Com-
pany proceeded with its own investment
without consulting Orion. This has resulted in
duplication of effort and investment, though
will probably simply serve to prolong the
operating life of the diesels by reducing the
load on them.

When an emergency arose such as the 2001
winter electricity supply crisis, the response
time from regulatory authorities was too slow
to allow the Orion distributed generation
strategy to be put in to operation. This has
highlighted the need for clarification of
regulation under similar circumstances in the
future. As such, it has been a useful object
lesson for investors in distributed generation;
that it is desirable to clear in principle
conditions of operating consent in advance of
an incident that calls on the capacity in which
they have invested.

Stonyhurst StationStonyhurst StationStonyhurst StationStonyhurst StationStonyhurst Station
Stonyhurst Station is situated on the coast off
SH1, north of Greta Valley in North Canterbury.
The station runs sheep and cattle, and
supports some cropping.

Background

When the owners of the Stonyhurst property,
Peter and Fiona Douglas-Clifford, chose a site
for a new homestead at the northern end of
the station, about 4 kilometers from the old
homestead where the grid terminated,
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electricity supply was an important issue.
Transmission line extension was seriously
considered, along with other available
options. One option that emerged was
purchasing a second hand but unused wind
turbine to supply the homestead needs.
Comprehensive discussion ensued with
Southpower, the owner of the turbine. Grid or
wind electrification were not the only options
canvassed. The owners considered grid,
diesel, solar and wind supply for their energy
needs. Diesel and solar were discounted early
on, on grounds of price to operate and
capital cost respectively. Pros and cons were
listed, debated, and objectively weighed.

Eventually they opted on hard economics for
islanded supply based on the available 10 kW
wind turbine, though they avow that a
sympathy for energy from a renewable
resource (“green power”) in principle in-
creased their comfort level with the decision.

The turbine is mounted on a 30.5 m guyed
tubular mast situated on a coastal ridge at
242 masl, above the homestead, which is
some 600 metres distant, on a lower lying
shelf. The site is about 1 km from the coast.
Cable is trenched to the powerhouse and
diesel generator shed, 50 metres from the
homestead. (see Figure 7.2 below)

Technical and Financial Considerations

The decision for wind power was driven in
the first instance by the fact that there was
very little difference in cost of transmission
line extension and islanded supply with this
technology, in view of the favourable price of
the turbine. It was installed in 1994 after two
years of data monitoring. There was also a
grant assistance of $8,000 from the Rural
Electrification Reticulation Council, now no
longer available to potential off-grid consum-
ers.

Sensitivities to price vary markedly with

distance from the grid. At the cost of this
initial installation, 4 kms was about the
break-even point. Subsequent technical
problems with the stator burning out after
only two years, possibly due to defective
functioning of the dump load placing stress
on the generator, prompted addition of a 12
kW 1500 rpm diesel backup. The household
uses an average 33 kWh per day. If running
on generator alone, daily diesel consumption
is about 6 litres.

Next in the original ranking was the consider-
ation of reliability of supply. Given that the
lines to the area had historically been storm
prone, and that supply was frequently lost
during maintenance not only of the line to
Stonyhurst, but also to other sections of the
line between Stonyhurst and the local
network, this was the consideration that
tipped the balance in favour of islanded
supply. Despite the technical difficulties, in
possibly due in part to a mismatch between
the design characteristics of the turbine unit
and the extreme wind speeds sometimes
experienced at the Stonyhurst site, the
owners are well pleased with their pioneering
decision, for its intellectual interest as well as
for the performance of their unit. Taking in to
account the costs of repairs and maintenance,
they reckon that eight years out, financially
they are probably slightly ahead of where
they would have been had they been paying
bills for grid power.

The system is now fully automated, though in
the extreme winds sometimes occurring, the
owners still find it preferable to furl the
turbine blades manually rather than rely on
automatic furling. As farmers, accustomed to
responding at any time, day or night, to deal
with weather situations affecting property or
stock, they take this as a matter of course.
Routine maintenance of the system takes very
little time; the owners check the powerhouse,
a skid mounted railway carriage housing the

Figure 7.2: System layout (Source: Henderson, M A 1997)



Opportunities for Distributed Generation in NZ

272

electronics and the battery bank, about once
a week, mostly to ensure there is fuel for the
diesel generator. They top up the batteries
about 3 times a year.

Environmental Issues and Impacts

In common with most wind turbine develop-
ments, environmental impacts were limited to
temporary construction disturbances associ-
ated with digging the foundations, of small
swimming-pool dimensions in this very
exposed site, and trenching to bring the cable
to the powerhouse. In common with most
wind turbines, there are no hazardous
materials used, and construction leaves no
permanent scars other than the foundation
pad and guy wire anchor points.

Consent had to be obtained from Hurunui
District Council for noise and visual impacts,
since the then regulations limited height of
structures on the skyline to 8 metres. As
neighbours were far distant and not affected,
this was easily obtained. The consent pro-
cess, prior to the passage of the Resource
Management Act, took a matter of two or
three months, and involved only paper work,
with no requirements for wider public consul-
tations or meetings.

The owners say that they do notice noise,
similar to that of a helicopter in the area at
lower wind speeds. At higher speeds, up to
80 kmh, the wind noise masks that of the
turbine. At extreme speeds, 90-100 kmh, a
deeper thrumming noise alerts them to the
need to see that the blades are correctly
furled. At lower speeds, the blades pre-furl
automatically, but the turbine still generates.

Visual impact of the grey tubular mast is
minimal, and observable only from the
homestead and its immediate surroundings,
or from offshore. In haze or cloud, the tower
and blades merge into the skyscape, and are
hard to detect.

Social Impacts

Though there is no direct social impact
beyond the level of the family, the pioneer
project has generated quite intense profes-
sional interest within academia, the electricity
industry and the farming community. The
installation has been the subject of two
theses, and was monitored in the past by the
Department of Mechanical Engineering,
Canterbury University. This subjects the
owners to a constant influx of visitors, with

whom they cope with traditional farm grace
and hospitality.

The installation is a living lesson to both
home and visiting children, instilling a
knowledge of and respect for energy use in a
manner readily not available to the grid-
connected majority.

The impact on the domestic budget is
reckoned at present to be net positive, taking
in to account maintenance costs and the
approaching need to replace the battery
bank, now in its ninth year of service.

Policy Institutional and Regulatory Framework

Installed prior to the passage of the Resource
Management Act, the scheme offers no
particular commentary in this area. It is to be
speculated that without the availability of a
contribution from the now defunct RERC, the
economic balance would have tipped in
favour of grid connection at the given dis-
tance and the costs prevailing at the time.
This would have deprived the academic
discussion on distributed generation of a very
useful case history.

Strengths

The family regards the large gain of their
decision is the independence they enjoy, and
the absence of the substantial monthly power
bill that generally accompanies the energy
demand of a modern farm operation. An
incidental benefit of the installation is the
informal weather monitoring function it
performs.

Weaknesses

Though the wind resource is immense, the
capacity of the installation is limited by the
size of the inverter, sized at 4.5-5 kW and
87% efficient, and of the storage capacity of
the system. The household is equipped with
every modern convenience, and the family
has adapted to spreading their demand over
the hours of the day. They find that this
imposes need for forethought and planning,
rather than hardship. The homestead is a
showcase of energy efficient planning and
construction. Cooking is done with gas, and
there is an efficient wood burner for space
heating.

If the family were reconsidering their decision,
they would make the same decision, so long
as it was financially robust.



Social and Environmental Externalities

273

Critical Issues

The Stonyhurst case history illustrates that
distributed generation can offer a useful and
viable alternative to maintain electricity
supply in remote areas. Though routine
maintenance is not demanding, it requires
understanding of the technology on the part
of its owners and managers.

Given this, such installations may support
rural enterprise and livelihoods where grid
supply is not an available option.

Stonyhurst is an example of optimised energy
planning, energy efficiency measures and load
management according to the technology
available at the time. Subsequent improve-
ments in both the technology and its cost
offer the promise that future installations will
benefit from the experiences of this case.

Objective ongoing monitoring and in-depth
investigation of the experience as it unfolded
(see bibliography) add to the exemplary value
of the Stonyhurst experience, which may well
prove a model for future similar applications.

Wind Farm, Gebbies Pass, Banks Penin-Wind Farm, Gebbies Pass, Banks Penin-Wind Farm, Gebbies Pass, Banks Penin-Wind Farm, Gebbies Pass, Banks Penin-Wind Farm, Gebbies Pass, Banks Penin-
sulasulasulasulasula
This example of distributed generation is
largely technology driven. The planned
Windflow Technology Limited development at
Gebbies Pass, a windy saddle separating
Lyttleton Harbour from Lake Ellesmere, is
designed to showcase a New Zealand devel-
oped enhanced efficiency 500 kW turbine.

Background

After seven years’ experience in the wind
power industry in the United States and
Britain, New Zealand engineer Geoff
Henderson, CEO of Windflow Technology
Limited, identified fatigue loads as a factor
limiting application of wind power in New
Zealand and Australia’s high steady trade
wind conditions. Applying gear box technolo-
gies used in other applications, Windflow has
developed a significantly lighter two-blade
wind turbine design that reduces this techni-
cal limitation, and therefore improves the
economics of wind power, marginal with
conventional turbine design in the current
power pricing mechanisms in New Zealand.
Windflow is currently seeking consent to pilot
the design at Gebbies Pass, in the jurisdiction
of the Banks Peninsula District Council. It is
planned first to install a single turbine,

followed up with a production run and
installation of a further six to ten demonstra-
tion units, assuming resource consent and
financial feasibility on other sites within New
Zealand. The aim is to produce units for New
Zealand and for the export market in coun-
tries such as Australia where the wind profile
will give the design a technological edge.

Technical and Financial Considerations

The problem Windflow sets out to solve is
how to improve the viability of wind power
generation, as a valuable resource in the mix
of technologies available to supply electricity,
and especially green power. Technical and
financial considerations are therefore closely
entwined in the solution proposed.

Two technologies are combined in the new
design to reduce weight.

The first is a torque limiting gearbox system
that allows the rotor speed to vary. This
reduces gearbox fatigue, and permits reduc-
tion in the weight of the gearbox.

The second is a teetering rotor with pitch-
teeter coupling. This two bladed mechanism
allows the blades to respond to strong gusts
by moving upwind and downwind.

Combined, these design features are calcu-
lated to reduce weight of the turbine by 30-
50%. This means that manufacturing produc-
tion costs are reduced, and power production
enhanced relative to existing designs.

Windflow’s financial projections suggest that
long term, electricity can be produced in the
wind conditions prevailing in their target
market for 5.8 cents per unit.

An agreement for purchase of output from the
pilot plant has been reached with
Christchurch City Council. The turbine’s output
will meet the electricity needs of about 200
households. A favourable connection arrange-
ment has been agreed with Orion Networks.
In periods of peak demand, Orion will also
pay a premium for the electricity produced
from the turbine.

The venture is an unlisted public company
supported by 470 equity investors with an
average holding of around $5,000.

Environmental Issues and Impacts

At time of writing, Windflow is going through
the processes required to apply to the Banks
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Peninsula District Council for resource con-
sent. As wind power generation is a notified
application, these involve consultation with
stakeholders, in particular with community
members who may be impacted. As there is
no discharge involved in wind power, the
case to be proven relates to noise and to
visual impact.

The enhanced design is calculated to consid-
erably reduce the noise often held against
wind turbines to around 40 dBA. At this level,
noise should be indiscernible in the rural
background noise. The site for the proposed
pilot installation has sufficient background
wind noise and is sufficiently distant from
neighbours that turbine noise is believed
unlikely to create adverse effects. If consent
is obtained, the pilot will permit field testing,
and establishment of an empirical basis for
future decisions about siting the follow-up six
to ten demonstration turbines at other sites.

Elsewhere in the world, stock graze undis-
turbed at the foot of wind turbines, so there
no permanent negative impact on flora and
fauna is expected after the initial construction
impacts, which will require construction of a
road to the site. After construction the road
can be permitted to revert to a narrow track.
Bird strike occurs infrequently around wind
turbines, but in this area Windflow is aware
of no unique or endangered species that are
likely to be affected.

Visual impact of the single turbine, a mere 30
metres on the same horizon from some
angles as a 120 metre Radio New Zealand
telecommunications tower, is not likely to be
offensive. However, there is concern about
the possibility of interference with television
reception, and if this occurs suppression
measures will be required. A blue-grey paint
colour, rather than the conventional white,
has been selected by a landscape architect to
blend the turbine and tower in to the
skyscape. Public opinion about visual impacts
was tested at an Open Day held for share-
holders and members of the general public.
Publicity about the event targeted especially
the “neighbours”, and the Open Day was
planned in the vicinity of the site to facilitate
their access to the process.

The development will contribute to New
Zealand’s inventory of renewable energy
generation, assisting to obviate or delay
hydrocarbon-based generation. It may
possibly produce a marketable parcel of

carbon credits, which would improve the
economics of wind power generation.

Social Impacts

If the project proceeds, one of the main
impacts anticipated is in the area of employ-
ment. On the projected scale and time frame
of production, a minimum of 60 units per
annum for the foreseeable future on the
minimal survival scenario, and up to 500
units on the optimist scenario, Windflow
estimates up to 400 jobs will be sustained.
The proposal is not to create a dedicated
manufacturing unit, but rather to draw on the
skills and strengths of existing factories and
workshops, so this employment impact would
be dispersed across the local and possibly
national manufacturing sector. This strategy
mitigates risk for all concerned, since scaling
up or down of the operation has smaller and
more manageable impacts.

Policy, Institutional and Regulatory Frame-
work

In theory, current energy policy encourages
renewable energy. However, incentives are
considered in the industry to be inadequate
within the context of the national energy
policy, and in relation to competitor manufac-
turers in other countries. As the Government
moves towards ratification of the Kyoto
Protocol on greenhouse gas emissions, and
has announced that a carbon tax will be
levied starting in 2007, the policy climate is
encouraging, especially with the potential
evolution of a carbon credit trading market.

Windflow’s immediate driver is to pilot and
demonstrate technical and financial viability
of technology, and its choice of time and
place is directed more at that aim than at
supplying a particular geographical or
sectoral area of need, or responding to policy
signals.

The preparatory work in embarking on
obtaining environmental consent has been
systematic and careful, but is inevitably
costly. Preparatory community consultation
has been undertaken with residents in the
impact zone, and with tangata whenua, the
Wairewa and Ohuku runanga of the Ngai Tahu
iwi, who have been encouraging and have
not felt that the proposal infringes the mana
of the area.

The consent application has not been heard
at time of writing, but the promoters are
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confident that concerns can be met relatively
readily.

Policy and institutional signals for down-
stream applications of the technology may be
less clear. As wind power has higher up-front
investment costs, the liberty to size plants for
maximum economic return is important, and
the organisations to whom this investment
should be most attractive are those that can
offset some of the capital costs against
avoided costs elsewhere in their operations.

For this reason, the lines companies are
logical developers; distributed wind power
generation may in some situations be techni-
cally a good solution for the network compa-
nies to boost supply at weak points in their
distribution systems, avoiding or deferring
the need for lines replacement and mainte-
nance. But the limitation placed upon their
permitted generation levels, and the costs
associated with environmental compliance
may act against this choice, in favour of
diesel, with its lower entry costs and longer
case history of consent clearance. While
diesel generation is the logical and some-
times the only choice for some applications
of distributed generation, the interface
between policy and regulation in the electric-
ity and environmental sectors needs review to
ensure coherence so that less than optimal
electricity supply decisions are not compelled.

Strengths

Institutional support for the Windflow devel-
opment, especially from FORST, is a source of
strength. The venture has also attracted
investment and management support from a
number of experienced and respected busi-
ness leaders, whose advocacy in government
and business circles give the initiative serious
attention that is helpful to feed in to debate
about the structure and nature of the energy
industry and policy in New Zealand.

Windflow points to the timing of the initiative
as favourable. The current rising currency
value will favour importation of the required
raw materials, and units prepared in this cost
environment will be easier to export. Timing
of the new policy direction towards commit-
ment to greenhouse gas abatement also
lends strategic strength to the venture.

Weaknesses

Start up technology companies face enor-
mous hurdles in establishing a presence in

the international academic and business
communities, especially against competitors
that already have market share and support
networks, and the empirical evidence to back
their claims required to establish market
confidence; as Amory Lovins at the Rocky
Mountain Institute puts it, “In God we trust;
all others please bring data.”

Windflow is well aware of the need to survive
through these transitional stages, and is
developing its market strategies accordingly
to supply a technology and geographical
niche that does not confront the opposition
head on. That electricity prices in New
Zealand have historically been amongst the
lowest in the world is a source of both
strength and weakness; it increases the risk
and therefore the cost of energy technology
development, but on the other hand ensures
that design, manufacture and performance
efficiencies are optimised to the last decimal
fraction.

The Windflow Investment Statement of July
2001 offers a frank disclosure of risk in terms
of the potential market risk. Subsets of
market risk are identified as the uncertainties
of the electricity market itself, which includes
such uncertainties as the impacts of hydro
storage on prices, and whether wind power
can be competitive against market forces. In
addition there is wind turbine market risk –
inherently low sales volumes, the difficulties
of protecting a technological advantage,
competition, or, ironically, that wind power
should become so popular that investment in
the new much larger scale turbines now
available become a preferred option.

There is normal commercial risk. Financial
viability of the manufacturing operation in the
start up phase is vulnerable to currency
fluctuation, and in expansion in to overseas
markets, the product thereafter will face the
dollar value issues familiar to all New Zealand
export industries. As with all business, history
may not prove projections of costs, sales and
income.

While the technology risk is not assessed as
high, given that the innovative elements in
the design are well proven in other applica-
tions, risk is present and disclosed in the
offer document.

Critical Issues

Windflow’s success depends critically on
market acceptance that the technology
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enhancements of their product deliver a
marginal benefit worth the perceived risk
against competing technologies and suppli-
ers.

Timing of the launch and early developments
will also be critical.

Leadership in the form of encouragement of
the relevant government agency and credible
business leaders has been important in
attracting equity capital, at present adequate
for the first phase single installation and early
operation.

Eastland NetworksEastland NetworksEastland NetworksEastland NetworksEastland Networks

Background

Eastland Network (ENL) has two principle
areas of activity – Wairoa and Gisborne at the
East Cape. The Wairoa area is supplied
through a Transpower 110 KV line from Tuai to
the substation at Wairoa, while the Gisborne/
East Cape area has a double circuit 110 kV
transmission line bringing electricity into
Gisborne from Tuai. Increasing the security of
supply to Gisborne by upgrading the trans-
mission system will be expensive. For this
reason, ENL have considered the application
of DG as a means of reducing the security
requirement of the Transpower supply.

The Eastland Network case study is special,
because it focuses the potential technical DG
solutions for reducing the constraint on
transmission lines. Technical options both
cover renewable energy sources, like wind,
biomass and hydro and fossil fuel options on
natural gas and diesel have been identified
and assessed by Sinclair Knight Merz Ltd
(SKM). The technical aspects relating to the
various options have been discussed in the
evaluation and costs associated with each of

the technologies have been evaluated.

In Table 7.1 the technology options are
described. Their role in the network is very
different. The hydropower, wind power and
biomass schemes potentially have a signifi-
cant total output, whereas the natural gas
and diesel system is mainly for peak loads.
Hence the very different annual output.

Technical and Financial Considerations

Mata River Hydro G

There are many small rivers and streams
around the East Cape and many of them have
hydro electricity generation potential. Mata
River runs Eastwards towards Tokomaru Bay
and is a candidate for hydro-electric develop-
ment. There is little potential for large-scale
water storage in the catchment so the station
would operate as run-of-the-river with
sufficient pondage for a daily peaking opera-
tion. Thus is could be relied upon to deliver
its full capacity during the few hours of
system peak demand, but in times of lower
flows the output outside the peak periods
would be quite low.

Wind farm

The East Cape region has a number of sites
exposed to North-Westerly winds which are
promising for wind energy development. Wind
resources have the benefit of approximately
following the daily load curve. That it, wind
speed picks up during the day, so will help to
reduce load peaks on most, but not all, days.
A combination of wind and hydro power
offers a complementary pair of renewable DG
technologies that could be applied to the
East Cape region, whereby the hydro reservoir
provides energy in times of low wind, and
refills in times of good wind. In essence the

Technology system Use time Estimated annual
output

Mata River Hydro G 7.5 MW Dependent on rainfall 29.6 GWh

Wind farm 10-12 600 kW turbines Dependent on wind 17.9 - 23.2 GWh

Biomass plant (base case) – JNL
extra fuel case 5.3-6.5 MW

Base load 39.2 - 48 GWh

Gisborne Gas, 5 MW 1 – 4 hrs/winter day 0.3 – 1.2 GWh

Gisborne diesel, 5 MW 1 – 4 hrs/winter day 0.3 – 1.2 GWh

East cape stand by diesel, 3 MW 1 – 4 days/year 0.1 – 0.3 GWh

Table 7.1: Eastland technology options
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hydro acts as an energy store for the uncon-
trollable wind energy.

Biomass plant

It is estimated that around 70,000 t/y of
combustible wood waste is produced at three
different sources in the Gisborne city area at
the moment. Some of this is used at a
sawmill for process heat, but ustilising the
other sources could increase the use of
biomass for energy in the area. Furthermore
forest harvested is expected to increase
considerable during the next 5-10 years,
which inevitable will increase the production
of wood waste. A large new sawmill is
planned, which will increase the role as
biomass as energy source in area in any case.
New wood processing plant is likely to install
cogeneration plant to meet on-site electricity
demand.

Natural gas

The capacity constraint in Gisborne occurs at
peak hours during late afternoons in the
wintertime. ENL operates with load control,
but the peak demand on the city could be
limited by installation of gas engine genera-
tors which would be used for peak lopping
when the demand approaches the firm
capacity of the Transpower line into the

region. The gas engines will thus only be
operating few hours a day during the winter-
time.

Diesel

East Cape stand-by opportunities are mainly
to improve security north of Gisborne at
Tologa, Ruatoria and Tokomaru. The line itself
is not capacity constrained, but the load adds
to the load on the constrained Gisborne
supply. These stand-by diesel generators will
only be required to operate for a few hours a
day. Therefore diesel generators are appropri-
ate because of their lower cost and portabil-
ity.

If diesel generators were used for peak loping
in the Gisborne city area instead of the
natural gas engine they would provide the
same service in terms of reducing peak
demand but they would seldom operate
because their marginal cost of generation is
much higher. However, as both the gas and
the diesel options would operate at a very
low plant factor, the diesel generator is likely
to be the most economic overall. An advan-
tage with the diesel generators, also in this
case, is their inherent portability.

Environmental Issues and Impacts

Technology system Environmental issues Importance

Mata River Hydro Change of land use X

Wind farm 12 turbines Visual impact X

Biomass plant (base case) Emission to air (NOx,
particles, dust)

Ash

Waste water

Avoiding disposal of waste

XXX

X

X

XX

Gisborne Gas 4hrs/winter
day

Emissions to air (CO2, NOx) XX

Gisborne diesel, 4
hrs/winter day

Emissions to air from plant
(CO2, Nox)

Emissions to air from
transportation (CO2, Nox,
SO2, particles)

XX

East cape stand by diesel 4
days/year

Emissions to air from plant
(CO2, Nox)

Emissions to air from
transportation (CO2, Nox,
SO2, particles)

X

Table 7.2: Technology systems and environmental issues
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In Table 7.2 environmental impacts related to
the various DG options identified have been
listed and their importance estimated.
Because of their very different role in the
energy system it is not surprising that the
environmental impacts from the biomass
plant will be more important to evaluate than
the gas and diesel systems. This would
change if a broader technology system
approach were taken, which included the
energy production replaced, and in the case
of utilising wood waste, avoiding disposal
costs.

Both the hydro and wind power projects
seem to be favorable when total annual
output and environmental impacts are
assessed. A much more comprehensive
assessment of the overall environmental
benefit and burden of the various options
should, however, be carried out for final
assessment.

To be able to evaluate the environmental
impacts of the various options on a fair basis
a “technology- system” had to be set up,
which provides the same energy service. One
reason for this being that it is difficult to
compare a technology which provides base
load, and a technology which provides peak
load. In an environmental sense these two
systems cannot be evaluated just by compar-
ing air emission per kWh produced. Their role
in the total energy system has to be taken
into account. The disadvantage with the
options in the present case study is that
these various options are not supposed to
provide the same energy service.

One way to overcome this will be to setup
technology systems, where a group of
technologies are evaluated together to meet
the same energy service. Another way will be
to evaluate the various aspects of the
differences of the technologies. In this latter
case comparing a diesel engine running 1 day
to a base load biomass plant is still theoreti-
cally possible but will need quite a substan-
tial work. The work furthermore complicated
because each of the DG options have differ-
ent environment impacts, e.g. visual intrusion
compared with impacts due to global warm-
ing.

The availability of reliable distributed genera-
tion as diesels or gas engines also have a
distinct environmental benefit in that they
change the risk profile of the hydro genera-

tors and reduce the need to build additional
transmission lines. A hydro generator may be
able to use water rather than store for a
possible future time if it is known that
thermal plant is available for backup. The
availability of the thermal plant means that
the level of security for transmission lines can
be reduced thus avoiding the need for
additional capacity.

Social Impacts

East Cape is in a healthy social situation now
a decade after centralisation of large compa-
nies, which resulted in a number of offices
shut down in the Gisborne area. The falling
business activities resulted in a 10-20%
reduction in electricity consumption 10 years
ago. At that time upgrade of the Transpower
transmission line was planned, but, fortu-
nately for Gisborne, not established when the
community numbers declined. The investment
of a new transmission line would potentially
have increased retail electricity prices in the
region. Increasing prices would surely have
had a negative impact on the living standard
in the area.

The new approach, using various DG sources,
has potential benefits for the whole region.
Development of the energy system with
distributed generation will follow the eco-
nomic development in the area thus not
throwing the communities into large invest-
ment in a new transmission line.

Policy, Institutional and Regulatory Frame-
work

ENL encounters a number of policy, institu-
tional and regulatory issues when trying to
introduce distributed generation. The current
institutional structures make it difficult for
ENL unless they preserver and are prepared
to fight. Rather than have a system whereby
optimisation of solutions is encouraged, the
fragmentation of the electricity market means
that it is difficult to find the “best solution”.
Each of the parties has their own asset
valuations to protect and the ODV system
means that distributed generation type
solutions are not recognised.

In many cases it is also difficult to find
someone in an interested party who can
negotiate or appropriate solutions.

Strengths

The strength with the DG approach carried
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out by ENL is its economic competitiveness
and a careful planning of meeting electricity
generation with electricity demand in the
most efficient way. ENL has the benefit of a
desire to behave as a good corporate citizen,
to service the local community. The DG
approach is also good in a case like
Gisborne, which is not a high growth area. It
means that investment in a new transmission
line will not be followed up by a fast growing
electricity demand in the area.

Weaknesses

As for Orion, the business benefits to ENL in
deferring investment in lines strengthening
are arguably transitory, in that some of the
investment may eventually be required.
Depending upon then prevailing market
conditions, this may result in higher energy
costs for its customers and their consumers.

Critical Issues

ENL is in a healthy position to decide its own
development options for the area. The stand-
by generation options can meet the next few
years of increased electricity demand, but
some of the project may well have a long
planning process to obtain consent. This
should be taken into account, when timing
the decision for the various DG options.

Kinleith Cogeneration FacilityKinleith Cogeneration FacilityKinleith Cogeneration FacilityKinleith Cogeneration FacilityKinleith Cogeneration Facility

Background

In 1994 ECNZ entered into an agreement with
Carter Holt Harvey (CHH) for the independent
development of a $50 million cogeneration
facility. This comprised a new woodwaste and
gas fired boiler, and a pass-out back-pressure
steam turbine generator, on CHH’s Kinleith
pulp and paper mill site. Today Genesis is the
owner of the plant and CHH the operator.

The construction and commissioning of the
cogeneration facility has stopped the
landfilling of woodwaste, reduced atmo-
spheric emissions from the mill (compared
with using the two previous woodwaste
boilers), and reduced the purchase of natural
gas fuel by the plant operator.

The steam output from the cogeneration
plant is determined by the process needs of
the pulp and paper mill, and not by any
electricity generation considerations. The two
existing black liquor fired recovery boilers and
the new boiler are connected to a common

4500 kPag steam header providing steam to
the 40 MW steam turbine. The steam from
the new boiler is produced primarily from the
combustion of woodwaste, but natural gas is
used for quick response to steam load
changes and to supplement the woodwaste
fuel. The plant generates electricity from the
pressure reduction of steam from the boiler
to the process pressures.

Technical and Financial Considerations

The basic features of the cogeneration facility
are:

• A new boiler rated at 100 tonne / hour on
woodwaste and 180 tonne / hour on
combined woodwaste and gas firing or
gas firing alone.

• Fuel handling equipment for the
woodwaste, which consists mainly of
Pinus Radiata bark and chip fines.

• A new pass-out back-pressure steam
turbine which utilises the steam from the
two existing chemical recovery boilers as
well as from the new boiler. It can supply
up to 170 tonne/hour of steam at 450
kPag and 309 tonne / hour of steam at
1250 kPag for mill processes, and provide
up to 40 MW of electricity from the
attached generator.

• A steam bypass system to ensure that the
mill is supplied with steam when the
turbine is shut down for any reason.

• An electrostatic precipitator to ensure
discharge of emissions to the atmosphere
meet resource consent conditions.

The Kinleith is a particularly interesting case
study, because the plant has to pay the full
connection fee to the line companies being a
plant over 5 MW, although it is a virtual
embedded production and does not contrib-
ute additional supply to the grid. The electric-
ity market rules do not differentiate on energy
plants, whether they are embedded produc-
tion, or they are delivering electricity to the
grid.

The driver behind the scheme was mainly
problems in meeting the air emission consent
with the old wood boilers. The upgrade into a
cogeneration facility was driven by a wish to
avoid disposal costs of wood waste, and at
the same time produce steam to the paper
mill.
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Environmental Issues and Impacts

The air emission consent for the two old
wood boilers lapsed in 1992/1993 and they
should have been shut down. The wood
boilers used the wood waste production at
site and, if it was not possible to get a new
wood boiler solution, this wood waste would
have had to be dumped. A new co-fired plant
with natural gas and wood waste was finally
installed in 1998.

When an expected future expansion of the
production at Kinleith occurs wood waste will
go from providing the present 30% of the fuel
to 100%. In this period natural gas prices are
also expected to rise and a carbon tax to be
introduced which, potentially, will make more
wood waste sources economically attractive.

A number of environmental burdens are
potentially possible in the Kinleith case. Table
7.3 attempts to outline the various pathways
and burdens which potentially could create
an environmental or human health problem.

Emissions to air

The emission of NO
x
 occurs in any combus-

tion process. The main source is the burning
of wood waste which results in the oxidation
of the nitrogen present in the fuel. In the
case of natural gas the NO

x
 generated is

typically at a lower level because it only
arises from oxidation of nitrogen from the air
during the combustion process as natural gas
does not contain nitrogen.

The flue gas leaves the boiler in a high stack
and hence the impact on NO

x
 emission

typically has a regional impact because it can
be transported with the wind for long dis-
tances. NO

x
 emission thus tends not to have

high local impacts. The required height of the

stack is for reducing the potential local
impacts.

The emission of dust is regulated and
emissions will have an impact on the local
environment. The same applies to
uncombusted fuel particles, but the smaller
the particles the longer the potential travel
distance. Many different cleaning technologies
are available to bring emissions down to low
levels.

Production and handling of ash

The ash content in pure wood is very low and
will mostly contain nutrients, which have
been taken up by the trees during growth.
The content of ash will increase with the
contamination of the wood with soil and
dust. Burning wood waste, which is contami-
nated with soil therefore contains the soil
components. However due to high tempera-
ture in the combustion zone, the chemical
content of the ash can change considerably.

If the combustion process is not at a high
combustion efficiency the ash can contain
unburned carbon. This means that if the ash
contains high contents of unburned carbon,
the efficiency of the plant could be improved.
If this is supervised and managed it can have
a positive economic impact on increasing the
combustion efficiency.

The ash is produced at various parts of the
plant. Fly ash is from the flue gas and bottom
ash from the grate. Depending on technology
there can be a number of different ashes in
between. How much of the ash come out as
fly ash and how much come out as bottom
ash vary between combustion technologies.
Typically less than one-third will come from
the fly ash and more than two-third will come

Fuel source Pathway Burden

Wood waste Emission to air Nox

Particles

Dust

Ash Heavy metals

PAH

Waste water

Natural gas Emission to air CO2

Nox

Unburned CH4

Table 7.3: Pathways to potential environmental or health problems
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from the bottom ash.

The chemical character of the two ash
products is very different. Basically the fly ash
is soluble in water whereas the bottom ash is
not. This has a big impact on ash handling,
as the heavy metals in the ash tend to be in
fly ash. The fly ash is therefore potentially the
biggest environmentally problem, but at the
same time it is the ash with the highest
nutrient value. If the fly ash is used as
fertiliser, the amount spread per ha should be
monitored so as not to apply more heavy
metals than occur in the traditional environ-
ment. It does however mean that the fly ash
is not very suitable to dispose of at landfills,
especially landfills which are not profession-
ally controlled. The bottom ash is the largest
portion and contains the least heavy metals,
but is normally not soluble in water and
hence the nutrients not directly available as
fertiliser.

Waste water

There are a number of sources for waste
water arising from the many different indus-
tries at site, each of them producing its own
waste water stream.

Avoided disposal of wood waste

There is a direct economic benefit of avoiding
the disposal costs of wood waste. In dumps
of wood waste, decaying happens over a long
period of time. The decay may be aerobic as
well as anaerobic. In cases of landfills where
municipal solid waste and industrial waste is
disposed, the decaying is very likely to be
anaerobic. In a landfill or cleanfill where the
largest part is wood waste it may be pre-
dominantly aerobic.

If the decaying happens anaerobicly the
carbon will eventually be turned into methane
by methanobacterias. This may happen over
10-20 years or even longer. The fact that the
landfills produce methane says that this is
the case, although the methane is produced
from all carbon sources and not only the
wood waste. The environmental impact of
disposing of wood waste therefore depends
on whether landfill gas is collected and
burned either without or with energy recovery.

In a landfill where the waste is predominantly
wood the decaying will mostly be aerobic and
the decay turns the carbon into CO

2
 directly.

Therefore this is in an environmental sense

the preferred option if landfill gas is not to be
collected. Over a long time and with applica-
tion of water into the landfill the landfill may
turn into anaerobic conditions.

Alternative uses of the wood waste

The wood waste going into the cogeneration
plant at Kinleith has a range of very different
qualities due to the range of sources. It may
consist of dry sawdust, sander dust, bark and
wet sawdust. With an increasing interest in
society in general to utilise some of these
wood waste fractions may have much higher
value either outside the energy fuel sector or
for instance as raw material for wood pellets.
Internationally it is more and more often seen
that a sawmill is producing wood pellets as a
by-product of the sawmill operation. The
wood pellets can obtain a much higher price
in the energy market such as residential or
other sectors, where the competing price for
the waste is much higher than the competing
price from the sawmill. There will be an
increased focus on separating wood waste in
different qualities in the future.

Avoided production of other energy produc-
tion

The use of wood waste for energy also has
the benefit of substituting energy production,
which may otherwise be from fossil fuels. It
could therefore be argued that the use of the
wood waste for energy production avoids
emission of CO2 from a fossil fuel power
plant. The downside is however, that Kinleith
has a large amount of wood waste available
in the forest, which is not used for energy
because it is currently not economic to
recover.

So the use of wood waste as a fuel is
generally purely for economic reasons and
not for environmental reasons and therefore
it could be argued that it is not fair to include
the avoided CO2 emissions, unless the
emission from the decaying wood waste in
the forest is included.

Social Impacts

The wood waste solution is overall a cheaper
energy solution than a fossil fuel solution
would have been. The social benefit of this is
that it helps in the overall economy of the
plant and keeps the plant competitive. The
Kinleith site is very important for the whole
sustainability of the nearby town of Tokoroa.
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Policy, Institutional and Regulatory Frame-
work

The cogeneration facility is treated within the
electricity market rules as a power station
because of the size of the generator. This is
despite the fact that under usual operation
the export from the site is under the 5 MW
threshold required for generators to be
covered by the market rules. The facility is a
good example in which to study the aspects
of the electricity market rules that can be a
large barrier to embedded generation.

The disadvantages in this situation are that
the facility operator is having to bid supply or
demand 3 hours ahead when for an industrial
plant with possibly large energy load swings
this is extremely difficult.

Strengths

The strengths of the project are that the
solution can meet numerous aims. It solves a
wood waste problem and creates both a heat
and electricity service for the Kinleith site.
Furthermore on the resource site it operates
as a co-firing unit co-firing wood waste and
natural gas and thus having flexible fuel
capability with the gas being used as the
trimming fuel.

Weaknesses

Although the project is a co-firing unit, there
may still be some constraints to the fuel
resource side. It is dependent on the avail-
ability of wood waste resources and expand-
ing the proportion to 100% wood waste in
the future a very significant amount of wood
waste will have to be delivered. The weak-
nesses of the natural gas fuel is that it is
expected to increase in price during the next
decade and fuel availability may be con-
strained.

Critical Issues

A combination of strengths and weaknesses
shows that fuel delivery and fuel prices are
the critical factors for sustained success. Both
the biomass and the natural gas markets will
be changing in the next decade, so will the
natural gas markets. What will happen is not
very sure, but it is very probably that the
price of fuel will increase in any case.

BP SolarBP SolarBP SolarBP SolarBP Solar

Background

The BP Solar project is a DG technology

development project based on solar energy
powered photovoltaic systems.

BP worldwide has established its solar energy
programme with the aim to:

• Provide a market for BP’s solar business

• Demonstrate PV technology

• Gain practical experience in the use of
photovoltaic systems in different countries
and environments

• Demonstrate BP’s long-term commitment
to a cleaner environment by developing
renewable energy technologies.

BP is the third largest manufacturer of
photovoltaic systems globally and the largest
outside Japan. BP is the world’s largest
commercial user of photovoltaic energy. It has
nine manufacturing facilities globally and
output is growing at over 30% per year.

BP launched its solar canopy programme in
1999 and now has almost 400 sites world-
wide with solar canopies. The solar canopies
are on BP service stations.

Within New Zealand BP has installed photo-
voltaic systems on 13 of its petrol service
stations throughout the country, with others
planned.

Technical and Financial Considerations

The photovoltaic technology is still in its mid
evolutionary phase. The technology is devel-
oped to the stage where it is commercially
available and in many specific situations is a
cost effective form of providing electricity. The
situations currently most commercially
attractive tend to be for isolated low energy
electricity requirements such as for remote
rural metering, isolated lighting or remote
telephones. There are thousands of potential
applications where generation of electricity
from photovoltaic cells is more cost effective
than running a long transmission line to
supply electricity.

As the number of applications increases
economies of scale will be gained and
production costs will continue to drop.
Increased use of photovoltaic systems will
also encourage further research and develop-
ment.

The cost of producing electricity from photo-
voltaic systems is not cost effective if electric-
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ity can be supplied by connection from the
electricity distribution network.

Electricity from photovoltaic systems is also
only available when the sun shines. Systems
therefore require inclusion of energy storage
batteries if continuous electricity supply is
required.

As a DG technology photovoltaic systems
have severe limitations in size, requirements
for storage and flexibility. Operating costs are
however low and as experience of systems
increases cost effective designs will evolve.

The BP solar canopy programme is based
around installing arrays of PV cells in series.
The arrays of cells make up the weather
covering of the canopy. They replace the
conventional canopy roof. A canopy can
produce in good sunlight around 200 volts
DC. This is converted to an AC current by
means of an inverter. Each inverter
synchronises automatically with the mains
voltage and frequency.

The solar powered canopy systems are grid-
connected but because the onsite electricity
demand is far greater than the quantity of
electricity supplied by the photovoltaic
systems, no electricity is exported from the
site. The BP systems are not set up for net
metering.

Safety aspects result in disconnection of the
PV system if there is no mains electricity
supply. This means that if maintenance is
being done on the local network the PV
system cannot inject supply and endanger
maintenance staff.

The solar systems operate automatically and
require no attention from service station staff.

Environmental Issues and Impacts

The solar systems have no local environmen-
tal impact. In fact because they cannot be
easily seen from the ground, they are gener-
ally unobserved.

The significant environmental benefit is that
solar energy is utilised with a subsequent
avoidance of electricity generation from fossil
fuels.

Social Impacts

There are no social impacts as people would
not know that the photovoltaic systems are

located on the service station site, unless
told.

Economic Impacts

At present it is uneconomic to install photo-
voltaic systems into a situation such as the
BP petrol service stations. This will occur
anywhere where electricity can be supplied
easily from the electricity distribution net-
work.

Photovoltaic generated electricity is a good
supply of cost effective electricity in isolated
or remote situations but fails to be competi-
tive with mains connected power supply.

Policy, Institutional and Regulatory Frame-
work

There are currently significant regulatory
issues affecting the increased uptake of
photovoltaic systems. Principal amongst
these are the net metering rules for export of
electricity from a site, and the price offered
for purchase of exported electricity if net
metering is not permitted.

While photovoltaic systems are generally not
large enough to encounter the regulatory
problems that larger DG systems face, these
would occur if very large systems were
installed.

Strengths

Photovoltaic generated electricity is likely
within a short number of years to be quite
common. The principal barrier currently is
cost and this is likely to reduce once econom-
ics of scale occur.

Photovoltaic systems are extremely low
impact particularly when they are integrated
into building design as occurs with the BP
solar service stations.

Weaknesses

The current weaknesses of photovoltaic
systems is primary cost.

Critical Issues

The critical issues revolve around the need
for further research and development so that
the capital cost of cells is reduced. This is a
function of the scale of production and
integration into standard building compo-
nents, e.g. roofing materials.
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The Greenhouse Gas Implications ofThe Greenhouse Gas Implications ofThe Greenhouse Gas Implications ofThe Greenhouse Gas Implications ofThe Greenhouse Gas Implications of
DGDGDGDGDG

IntroductionIntroductionIntroductionIntroductionIntroduction
In view of the intention of the New Zealand
Government to ratify the Kyoto Protocol (KP)
and to put in place a package of policy
measures to enable New Zealand to meet its
KP obligations, the contribution of power
generation to the national greenhouse gas
(GHG) inventory is an important consideration
in planning future electricity supply systems.

Methodology for Greenhouse Assess-Methodology for Greenhouse Assess-Methodology for Greenhouse Assess-Methodology for Greenhouse Assess-Methodology for Greenhouse Assess-
ments of DGments of DGments of DGments of DGments of DG
The following general methodology is
adopted in this study to estimate the impact
of DG on New Zealand’s national GHG inven-
tory

• Determine the CO
2
 emission intensity (kg

CO
2
/ MWh) of power generated at each of

the DG facilities studied.

• Estimate the CO
2 
emission intensity of the

marginal supply via the grid, including
transmission losses, which would be
displaced by the uptake of DG.

• Consider any additional full fuel cycle and
life cycle implications of the CO

2
 emissions

of the DG system.

• Calculate the net change to the annual
CO

2
 emissions for New Zealand that would

result from the installation of the DG
systems studied.

The common unit used to assess the GHG
implications of DG projects in “kg CO

2 
per

MWh of electrical energy supplied”.  This unit
is identical to “tonnes of CO

2
 per GWh”.  As

discussed in Section 3, this study is limited
primarily to consideration of CO

2
 emissions,

whilst recognising issues concerning non-CO
2

GHGs that are accountable under the Kyoto
Protocol.  The use of this unit allows the
financial implications of GHG emissions to be
factored directly into economic assessments
on the basis of the intended introduction of a
carbon charge.

The Government’s preferred policy package
was announced via a discussion document in
April 2002.  It includes, as a primary eco-
nomic driver, the introduction of a carbon
charge from 2007, prior to the First Kyoto
Accounting Period (2008-2012 inclusive).  The

preferred policy package states that the level
of this carbon charge will depend on the
price of internationally traded carbon emis-
sion units, but it will be capped at NZ$25 per
tonne of CO

2
 equivalent.1

There are many opinions by observers as to
how the internationally traded price of carbon
will evolve and how stable that price will be.
The intent is to allow the international market
to discover the minimum price.  Indications
from the Government indicate that there is an
expectation that the carbon charge may
actually be pitched at about half of the
capped limit at its commencement in 2007.

Early speculative international trades in
carbon futures have indicated low prices,
such as can be achieved with forestry
schemes.  However, on the international
scale, the availability of fallow land for
permanent conversion to forest is limited.
Subsequent supplies of carbon emission units
will need to be generated by real reductions
in GHG emissions due to efficiency improve-
ments and process change and innovation.
Opinions vary on the extent to which certifi-
able reductions in GHG emissions can be
achieved.  There are many low cost opportu-
nities for process improvements, but as this
“low hanging fruit” is used up, the cost of
other more costly GHG mitigation measures
will control the market price.  Inevitably the
internationally traded price of carbon will rise
with time, as further GHG mitigation measures
become a scarce and costly commodity.  The
rate of rise of the international carbon price
is unknown.  The Government’s cap on
carbon price of NZ$25 per tonne is intended
to protect the New Zealand domestic market
from that uncertainty.

For the purpose of this review of the GHG
implications of DG, the worst-case assump-
tion is made that a carbon charge of $25/

1 Although the potential fiscal measure is typically referred to as
a “carbon charge” and the market analysts may discuss
“carbon price”, the correct units for carbon accounting are $/
tonne of carbon dioxide equivalent (CO

2
-eq.).  Care should be

taken to ensure that any figures quoted simply as $/tonne
have not been erroneously calculated on the basis of the
actual carbon component of carbon dioxide.  There are 12
tonnes of carbon in 44 tonnes of CO

2
 The term “CO

2
-

equivalent” refers to the accounting practice of converting
emissions of non-CO

2 
greenhouse gases to equivalent

emissions of CO
2
 using IPCC standard Global Warming

Potentials (GWP).  The most important GWP values are 21 for
methane and 310 for nitrous oxide (IPCC 1996).  The IPCC third
assessment report (2001) has proposed revisions to the GWP
values, but the IPCC has ruled that, for accounting consistency,
the standard 1996 values are to be retained for the purposes
of the First Kyoto Accounting Period.
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tonne of CO
2
 will be the level of economic

incentive likely to be in place for the duration
of the First Kyoto Accounting Period (2008-
2012).

Case StudiesCase StudiesCase StudiesCase StudiesCase Studies

Orion NetworkOrion NetworkOrion NetworkOrion NetworkOrion Network
The Orion network in Christchurch operates a
scheme whereby standby diesel generators,
mostly owned by other parties, can be
requested to generate at times of peak load
in order to reduce peak demands and thereby
to avoid the need for distribution line up-
grades.  There is nearly 20 MW of diesel
generation capacity in Christchurch, compris-
ing about 40 small diesel generators, in-
volved in the Orion scheme.  There is also
additional local electricity generation from
waste heat at Ravensdown and from biogas
at the CCC waste treatment plant.  However,
those energy sources are not amenable to
generation on demand.

The Orion Case Study indicates that the small
diesel generators typically have an operating
efficiency of 35% (on the lower heating value
(lhv) basis) and that the energy content of
diesel is 35.9 MJ/litre (on an lhv basis).
Diesel fuel has a density of 0.84 and a
carbon content of 86.5%.  Therefore a litre of
diesel generates 3.5 kWh and produces 2.66
kg of CO

2
.  So the typical direct CO

2 
emission

factor for electricity supplied by the diesel
generators is 763 kg CO

2
/MWh.

The Orion Case Study indicates that the scale
of DG via distributed diesel generators in the
Christchurch area is about 20 MW, and that
the application of the same scheme through-
out New Zealand has the potential to result in
a total of about 200 MW of generation
capacity across the country.

The Orion Case Study also indicates that the
use of distributed diesel generator for
emergency back-up purposes is typically less
than 100 hours per year (i.e. <1.1% utilisation).
However, the use of diesel generation on
demand to accommodate peak demands is
expected to result in up to 1000 hours per
year of operation (i.e. <11% utilisation).  The
actual extent of utilisation of back-up genera-
tors owned by third parties, would depend on
the individual Resource Consent conditions
for each of the sites where the diesel genera-
tors are located.

From these estimates, the maximum of
contribution of DG via back-up diesel genera-
tors in Canterbury would be about 20 GWh
per year.  This corresponds to about 0.05% of
the total electricity demand in New Zealand.

Kinleith Cogeneration FacilityKinleith Cogeneration FacilityKinleith Cogeneration FacilityKinleith Cogeneration FacilityKinleith Cogeneration Facility
The Kinleith Cogeneration Facility is struc-
tured around a steam cycle in which 45 bar
steam is raised by two recovery boilers and a
new wood/gas boiler.  The 45 bar steam is
passed through steam turbogenerator, with
outputs of process steam at 12.5 bar and 4.5
bar.  Control, response and flexibility of the
steam cycle are managed via the natural gas
component of the supply to the wood/gas
boiler.  Natural gas typically provides about
half of the energy input to that boiler.

The inclusion of the steam turbogenerator
delivering up to 40 MW, provides an outlet
for surplus energy from the waste wood fuel
that is fed to the new wood/gas boiler.
Without the energy demand for electricity
generation it would not be possible to
consume as much wood waste in the energy
plant.  It is noted that the use of natural gas
in the boiler cannot be reduced because of
the need to maintain control, response and
flexibility of the steam supply to the process.

For the purpose of assessing the greenhouse
gas implications of the Kinleith Cogeneration
Facility, a typical actual operating configura-
tion is compared with an alternative concep-
tual configuration without electricity genera-
tion and with reduced combustion of waste
wood.  This comparison is made on the basis
of the assumed typical process data for the
Kinleith Cogeneration Facility that are pre-
sented in the Kinleith Case Study.  It is
assumed that the duty of the recovery
boilers, the process steam demands and the
amount of natural gas input required for
process operability would be unchanged.
Table 7.4 shows the energy balance compari-
son.

The comparison shown in Table 7.4 shows
that the Kinleith Cogeneration Facility effec-
tively facilitates the conversion of 35 MWth of
energy extracted from biomass into energy
extracted via the steam turbogenerator.
Assuming a mechanical efficiency of 94% for
the power generation train, this results in the
typical electricity output of the Kinleith plant
of 33 MWe.
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Although CO
2
 is actually discharged to air

when biomass is burned, the associated
carbon is not derived from fossil sources and
so is not accounted for in the national GHG
inventory.  The CO

2
 actually emitted from the

combustion of biomass is equivalent to the
CO

2
 that would be emitted if the biomass

were to decompose naturally on the forest
floor instead.  Hence the CO

2 
emission factor

for the electricity generated at Kinleith is 0 kg
CO

2
/MWh.

In fact, in the case of Kinleith, the surplus
waste wood would probably have to be
disposed of to a landfill where it would partly
decompose anaerobically to landfill gas.  The
release of 35 MW

th
 of energy at 67% effi-

ciency from wood waste corresponds to
about 5 tonnes per hour of carbon in biom-
ass going to landfill.  About 50% of decom-
posable carbon in a landfill typically decom-
poses over time and half of the decomposed
carbon reports as methane and half as CO

2
.

Landfill gas capture typically achieves about
70% capture.  10 % of the uncaptured
methane is typically oxidised in the soil.
Therefore about 0.45 tonnes per hour of
methane would eventually be evolved from
the landfilled biomass, which is equivalent to
9.5 tonnes per hour of CO

2
-equivalent.

Avoidance of that GHG emission could
therefore be interpreted as a CO

2
 emission

factor of –290 kg CO
2
/MWh generated at

Kinleith.  However, since quantified full life
cycle implications are beyond the scope of
this study, this aspect of the Kinleith opera-
tion will not be considered further.

The Kinleith plant operates for about 350
days per year, 24 hours per day.  Therefore
the total electricity contribution is about 275
GWh, corresponding to 0.7% of New
Zealand’s electricity supply.  As illustrated by
the Kinleith example, cogeneration opportuni-
ties are highly case-specific.  Although
biomass supplies are plentiful in New
Zealand, the number of other economically
viable large-scale biomass cogeneration
schemes will be limited.

Opuha HydroOpuha HydroOpuha HydroOpuha HydroOpuha Hydro
The existing Opuha hydro dam project has an
average maximum output of 6.8 MW.  There
are no CO

2
 emissions associated with hydro

generation, therefore the CO
2
 emission factor

for this small hydro project is 0 kg CO
2
/MWh.

To the extent that the project provides
additional general hydropower generation in
South Island that can be exported to North
Island, there is the potential for offsetting
thermal power generation and producing CO

2

emission reductions.   The annual average
output from Opuha is reported to be about 31
GWh.

There has been some discussion in the
literature about the potential for hydro
projects to cause methane emissions to occur
when land is flooded.  In extreme case, where
a large shallow valley is flooded for a hydro
scheme, the methane emissions can be
considerable.  This concern only applies to
the initial flood after construction of the dam
and only applies where land is not cleared of
vegetation before flooding.  Accordingly

Kinleith Cogen Facility
Typical Energy Flows

Conceptual Alternative
Configuration with no Cogen

Steam raised from
recovery boiler

222 222

Steam raised from
natural gas

59 59

Steam raised from

wood

52 17

Total energy transfer

in steam cycle

333 298

Energy extracted via

turbogenerator

35 0

Steam to process 298 298

Table 7.4: Energy balance comparison – MW
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methane emissions from land flooding by
established hydro scheme, such as Opuha, in
New Zealand is not a significant issue.

Eastland Spur LineEastland Spur LineEastland Spur LineEastland Spur LineEastland Spur Line
A set of options for DG in Eastland has been
studied with a view to avoiding a major
upgrade of the regional spur of the
Transpower grid.  Although the economics of
the options have been assessed in a com-
parative way, it is likely that, in-time, a
combination of options would need to be
installed to continue avoidance of the
transmission upgrade.

Table 7.4 lists the DG options that are under
consideration in order of economic attractive-
ness.

If all the DG options were to be installed, in
due course, then the total generation would
be 102 GWh per year.  The corresponding
total annual GHG emissions would be 1,055
tonnes of CO

2
 per year.  Since this portfolio of

DG options is dominated by renewable
energy options, the composite CO

2
 emission

factor would be 10 kg CO
2
/MWh.

BP Solar Service StationsBP Solar Service StationsBP Solar Service StationsBP Solar Service StationsBP Solar Service Stations
BP installs solar PV panels on canopies at
new service stations.  These canopies provide
a small part of the electricity supply for the
site, which otherwise would be purchased

from an electricity retailer.  The principal
drivers behind this use of PV power are
technology demonstration and market
positioning.  This application of PV power is
not self-financing.

The generation of electricity from PV panels
produces no direct CO

2
 emissions.  The life

cycle question of emissions associated with
the manufacture of the equipment is poten-
tially significant in the case of PV panels.
That issue is discussed later.

The BP service stations that use solar electric-
ity are at various locations around New
Zealand.  All potential applications in this
case study are grid-connected sites.  The
extent to which the power drawn from the
grid is reduced will result in a reduction in
the marginal generation of electricity in New
Zealand.  However, the purchased grid-
connected power is substantially greater than
the amount of power generated from the PV
panels.  Therefore this type of PV application
will not significantly influence the demands
on transmission systems.

The BP Solar Case Study notes that BP intend
to install solar panels on 200 service station
worldwide and thereby to save 3,500 tonnes
of CO

2
.  If the typical installation yields 20

kWh per year then the GHG emission avoid-
ance would be 875 kg CO

2
/MWh, indicating

that most installations are expected to

* Diesel emissions are based on the CO2 emission factor developed for the Orion Case Study.  Natural gas emissions
are based on 52 kg CO2/GJ hhv for natural gas and 30% hhv efficiency for a gas engine.

DG Options Max. Capacity
MW

Annual Output
GWh

Annual CO2

tonnes*

East Cape standby diesel
1 day/year

3.0 0.1 75

Gisborne diesel
1 hr/winter day

5.0 0.3 230

Gisborne gas engine
4 hrs/winter day

5.0 1.2 750

Mata river hydro
scheme

7.5 29.6 0

Biomass power plant
with extra JNL fuel

6.5 48.0 0

Wind farm
with 12 turbines

7.8 23.2 0

Total 34.8 102 1,055

Table 7.5: DG options for Eastland
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displace coal fired power generation.

The capacity for PV to be adopted as a
widespread DG technology in New Zealand
will depend on a breakthrough in capital cost
being achieved.  If 10 applications of the
scale of a service station were to be achieved
in New Zealand, then the total annual genera-
tion would on the order of 0.2 GWh.

Stoneyhurst StationStoneyhurst StationStoneyhurst StationStoneyhurst StationStoneyhurst Station
Stonyhurst farm is not connected to the grid.
It has an integrated wind/diesel system with
battery storage to provide electric power.  The
output from the wind turbine feeds to a
controller, where is it converted to 120 V DC,
which is connected to the bank of batteries.
The house demand is fed by an inverter,
which is supplied by the 120 V supply.  When
there is insufficient demand from battery
charging and the house load to accommodate
the output from the wind turbine, surplus
energy is dumped as 120 V DC heating of the
house hot water supply. As required, the
energy supply is supplemented by operation
of the diesel generator to supply the house
load and to charge the battery bank using the
inverter as a battery charger.

The Case Study for Stonyhurst summarises
data from two studies of the system under-
taken in 1997 and in 2001.  Key monitoring
data over the summer of 1998/1999 indicates
an estimated annual house load of 11,896
kWh and an annual diesel generator output
of 4,512 kWh.  Hence it is estimated that
7,384 kWh of the house load is sourced from
the wind turbine.  The reported gross annual
output from the wind turbine is 12,355 kWh.
These figures indicate that energy conversion
losses and dumping of surplus wind energy
to the water heater account for about 40% of
the wind energy resource.  This single set of
energy balance data collected over summer
months and presented in the Case Study may
not be truly representative of annual average
performance.  However, they are adopted for
assessment of the GHG implications of this
DG system.

The Case Study quotes a diesel consumption
rate of 4 litres per hour for the 12 kW diesel
generator.  This corresponds to 28% power
generation efficiency of the small unit, with a
CO

2
 emission factor of 895 kg CO

2
/MWh.

However, the diesel generator only provides
38% of the house load, with the remainder

sourced from wind with no CO
2
 emissions.

Therefore the overall CO
2
 emission factor for

the integrated installation is 340 kg CO
2
 per

MWh of domestic electricity supply.  The
corresponding annual CO

2
 emission rate is 4

tonnes of CO
2
 per year.

Two alternative power supply systems are
considered in the Case Study.  Either a stand-
alone diesel generator or connection to the
grid are technically viable options for the
farm.  The full time use of the diesel genera-
tor would have a CO

2
 emission factor of at

least 895 kg CO
2
/MWh.  However, needing to

accommodate the entire load following duties
might further compromise the efficiency of the
diesel system and increase the CO

2
 emission

factor.  Connection to the grid would result in
a tiny increase in the national electricity
demand.  As discussed in Section 3, the
future marginal electricity supply in New
Zealand is likely to have a CO

2
 emission

factor of 480 kg CO
2
/MWh.  Therefore the

wind/diesel system at Stonyhurst has lower
greenhouse gas emissions than would be the
case if the farm were to be connected to the
grid.

Wind FarmWind FarmWind FarmWind FarmWind Farm
The subject of the Wind Farm Case Study is
the 500 kW unit being developed by
Windflow Technology.  This unit is predomi-
nantly aimed at the large-scale generation
market for feeding power to the grid, in
which sites are selected for wind potential
and the grid is used to transmit the power to
the user.  There is limited scope for the
location of the 500 kW units to be dictated
by demand for local power rather than by
optimum wind resource.  However, as identi-
fied in the Eastland Case Study, the 500 kW
unit can be considered as a component of an
integrated DG scheme.

Wind power has a CO
2
 emission factor or 0 kg

CO
2
/MWh.  Therefore any inclusion of wind

turbines in a DG portfolio of power genera-
tors will result in the corresponding GHG
benefit.

Farming Community Scale DGFarming Community Scale DGFarming Community Scale DGFarming Community Scale DGFarming Community Scale DG
The Small Community Case Study investigates
the electro-technical, institutional and eco-
nomic issues associated with the introduction
of DG to supplement or replace grid connec-
tion for a remote community at the end of a
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long transmission line.  The study concludes
that a portfolio of renewable energy technolo-
gies is likely to provide the most effective DG
system, with fossil fuelled generation only
making a minor contribution.  Hence the GHG
impact of the DG schemes considered would
be to mostly eliminate the corresponding
amount of marginal generation into the grid.

Displaced ElectricityDisplaced ElectricityDisplaced ElectricityDisplaced ElectricityDisplaced Electricity

Marginal generationMarginal generationMarginal generationMarginal generationMarginal generation
The actual generator at the margin in New
Zealand depends on the electricity market
conditions at the time.  A review of the
historical generation data carried out by
Stratford Power Ltd, which provides data for
their annual compliance report for the
Taranaki Combined Cycle power station, has
identified that every year from 1997 to 2001
Huntly power station has operated at the
margin.  Over those five years, the CO

2

emission factor for Huntly power station has
varied, according the ratio of gas and coal
used.  The average of the five historical
emission factors used by Stratford Power as
the marginal emission factor for New Zealand
is 700 kg CO

2
/MWh.2

The NZ Business Council for Sustainable
Development has adapted the World Business
Council GHG Protocol to New Zealand condi-
tions.  In this adaptation a marginal emission
factor of 450 kg CO

2
/MWh has been adopted.

This factor is based on a projection of future
electricity supply by MED.  Gas-fired com-
bined cycle (CCGT) plants currently meet most
of the marginal thermal power generation in
New Zealand, which is required to bridge the
gap between the non-fossil generation and
the electricity demand.  The MED factor is
based on a future projected mix of thermal
power generation in New Zealand, dominated
by CCGT plants.  That estimate does not
allow for transmission losses.

Transmission lossesTransmission lossesTransmission lossesTransmission lossesTransmission losses
The individual case studies do not quantify
the transmission losses associated with the
grid-supplied alternative to DG on a case-by-
case basis.  Determination of transmission
loss within a networked grid is highly com-
plex and depends on load, distance, conduc-
tor size and type and many other factors.  At

its simplest level, the energy converted to
heat when an electric current passes through
a resistor is proportional to the square of the
current.  Hence transmission losses are not
directly proportional to power transmitted.
Minimisation of transmissions losses is a key
part of the economic optimisation in trans-
mission system design.

On a whole-of-grid basis, transmission losses
are identified as the difference between
electricity inputs and electricity delivered.
This loss of energy is distributed equally
across all power users of a system, or part of
a system.  Whilst long transmission lines will
involve greater losses than short lines, there
is no data available to quantify these losses.
For the purpose of this study of the green-
house gas implication of DG, it is assumed
that transmission losses in the New Zealand
system average about 6%-7% of electricity
generated.

On the basis of this transmission loss the
historical CO

2
 emission factor would be

increased from 700 to 750 kg CO
2
/MWh.  The

MED’s estimate of future marginal CO
2

emission factor would increase from 450 to
480 kg CO

2
/MWh. That value is adopted for

this study.

Life Cycle ImplicationsLife Cycle ImplicationsLife Cycle ImplicationsLife Cycle ImplicationsLife Cycle Implications
The accounting of GHG emissions from power
generation in New Zealand is typically carried
out on the basis of actual emissions of CO

2

from the combustion of fossil fuel in power
plants.  Where electricity is transmitted from
the generator to the user, the actual CO

2

emissions per kWh delivered will be greater
than the CO

2
 emissions per kWh generated,

because of transmission losses.  Hence
transmission losses should be taken into
account for indirect electricity supplies.  In
this study quantified GHG implications of DG
are compared on the basis of direct and
indirect CO

2
 emissions, including transmission

loss estimates as appropriate.

Other CHG emissionsOther CHG emissionsOther CHG emissionsOther CHG emissionsOther CHG emissions
Additional minor emissions of the GHGs
methane and nitrous oxide occur when fossil
fuels are used in power generation plants.
Methane is one minor component of un-
burned hydrocarbons from combustion
systems.  Nitrous oxide is one minor compo-
nent of the oxides of nitrogen emitted by2 Source:- Annual compliance reports from Stratford Power

Limited to Taranaki Regional Council
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high temperature combustion systems.  These
minor emissions are accountable in GHG
inventories because a gram of methane has
the same Global Warming Potential (GWP) as
21 grams of CO

2
 and a gram of nitrous oxide

has the same GWP as 310 grams of CO
2
.

Nevertheless, assessments of the additional
GHG emissions due to methane and nitrous
oxide from well-engineered power generation
plant are typically less than the margin of
error in the assessment of CO

2
 emissions.

Therefore these minor contributions to the
GHG inventory are ignored for the purposes
of this study.

Full fuel cycle analysisFull fuel cycle analysisFull fuel cycle analysisFull fuel cycle analysisFull fuel cycle analysis
The preparation of fuels from primary fossil
fuel energy resources involves GHG emissions
from activities such as coal mining, oil and
gas production, oil refining and transport of
fuels.  These emissions are a consequence of
the demand for the fuel and are termed
precombustion emissions attributable to the
use of the fuel.  The inclusion of precombus-
tion emissions with combustion emissions for
the assessment of GHG emissions from fuels
is termed Full Fuel Cycle Analysis (FFCA),
which is a sub-set of Life Cycle Analysis (LCA).

Precombustion emissions for fuels used in
New Zealand will depend strongly on the
various processing routes used and on the
definition of assessment boundaries and
allocation of emissions between co-products
of processes.  No published factors for fossil
fuel precombustion emissions are available in
New Zealand.

The Australian Greenhouse Office Greenhouse
Challenge workbook3 presents CO

2
 emission

factors with and without the inclusion of
precombustion emission estimates.  These
factors indicate that precombustion emissions
compared with combustion emissions are
typically 7% for coal, 13% for diesel and 26%
for natural gas in Australia.  It is likely that
the magnitude of precombustion emissions is
similar in New Zealand.

On this basis of these precombustion emis-
sion factors, the CO

2
 emission factor for

distributed diesel generation in Canterbury
would increase from 763 to 816 kg CO

2
/MWh,

and the marginal CO
2 
emission factor for NZ

would increase from 480 to 600 kg CO
2
/MWh.

Therefore there would be a net reduction
from 283 to 216 kg CO

2
/MWh in the GHG

disbenefit of using diesel generators in DG
applications if the emissions were to be
accounted for on the FFCA basis.

Life cycle analysisLife cycle analysisLife cycle analysisLife cycle analysisLife cycle analysis
In addition to GHG emissions from the
preparation of fuel for power generation,
there are GHG emissions associated with the
manufacture of equipment for the purpose of
power generation.  Since the total installed
power plant capacity depends on the demand
for electricity, it is logical to consider the
emissions associated with the manufacture of
electricity generation equipment as attribut-
able to the production of electricity over the
lifetime of the equipment.  The assessment of
such associated GHG emissions would involve
the technique of LCA.  The outcomes of LCA
depend strongly on the definition of bound-
aries for the study and the allocation of
emissions between co-products of processes.
LCA studies are typically not definitive, but
can provide some useful comparative indica-
tions.

An example of an LCA study of power genera-
tion was published in Power Engineering
Journal4.  In this UK study ranges were
determined for LCA GHG emissions for
renewable energy sources in terms of g CO

2
/

kWh (= kg CO
2
/MWh).  Indicative comparable

LCA emissions are reproduced in Table 7.6.

These indicative LCA assessments show that
for the large-scale generation systems (fossil
fuel, nuclear, hydro and wind) the non-fuel
LCA emissions are small in comparison with
the fuel CO

2
 emissions from fossil fuel power

generation.  However, this study reports
significant LCA emissions for PV technology.

Another study, which examined the LCA
emissions from PV manufacture in greater
depth5 reports current LCA emission factors of
60 and 50 kg CO

2
/MWh for multi-crystalline

silicon and thin film amorphous silicon
technologies respectively.  This study also
reports estimates of a reduction in the
Greenhouse footprint of these technologies
down to 30 and 20 kg CO

2
/MWh by 2010 and

down to 20 and 10 kg CO
2
/MWh by year

2020.

3 AGO Greenhouse Challenge Factors and Methods Workbook –
Version 3 – December 2001

4 Renewable electricity – what is the true cost?  Brian Norton.
Power Engineering Journal, February 1999.

5 Energy viability of Photovoltaic systems.  E A Alsema, E.
Nieuwlaar.  Utrecht University.  Energy Policy 28 (2000)
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These indicative studies indicate that for PV
technologies, a review of LCA assessments of
the associated GHG emissions may be useful
in the context of the GHG emission savings
associated with application of PV technology.
For the other renewable technologies in this
study, the wider considerations of an LCA are
less significant.

As discussed earlier, the avoidance of
landfilling of waste wood residues from the
forestry industry would result in avoidance of
significant GHG emissions from landfilling.
This would improve the overall GHG benefit
of the use of biomass combustion in DG
schemes.

Implication of DG on the National CHGImplication of DG on the National CHGImplication of DG on the National CHGImplication of DG on the National CHGImplication of DG on the National CHG
InventoryInventoryInventoryInventoryInventory
Table 7.4 shows a summary of the GHG
emission impacts of six of the DG schemes
studied.  The Windflow Case Study and the
Farming Community Case Study are essen-
tially generic and are effectively represented
within the other site-specific case studies.

The data in Table 7.7 shows that there are
substantial CO

2
 emission benefits to be

gained by the use of renewable energy
resources in DG schemes, particularly the use
of biomass at Kinleith and in Eastland.
Where diesel generators are used, notably in
the Orion scheme, there is a disbenefit in
terms of GHG emissions.  However, when the
operability contribution of diesel generation

is integrated with renewable generation
resources, as in Eastland and Stonyhurst,
there is likely to be a net GHG benefit.  The
beneficial GHG effect of BP Solar PV applica-
tions is shown to be minor in comparison
with other DG opportunities.

The discussion of full life cycle implications of
DG on GHG emissions indicates that on a full
fuel cycle basis the GHG disbenefit of distrib-
uted diesel generation would be reduced.
Also the GHG benefit of biomass combustion
would be enhanced if avoidance of landfilling
of wood waste were to be included.

Relevance of Environmental & SocialRelevance of Environmental & SocialRelevance of Environmental & SocialRelevance of Environmental & SocialRelevance of Environmental & Social
issues on the National Uptake of DGissues on the National Uptake of DGissues on the National Uptake of DGissues on the National Uptake of DGissues on the National Uptake of DG

Environmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental IssuesEnvironmental Issues

100% pure New Zealand

New Zealand society is striving to maintain its
international pure green image. This is largely
successful in selling the tourism industry in
New Zealand. New Zealand has a low popula-
tion density, “abundant” natural resources
and has maintained more than 25% of the
total land area as natural forests.

One thing, which is hard to change, is that
large cities are large cities. Large cities lead
to increased emissions from transportation,
increased energy consumption density (kWh/
km2), and increased air emissions. Inevitably
this will have increasing environmental
impacts if new environmental standards are

Power Generation Technology

Coal with FDG and low NOx

Heavy Oil — best practice

Natural gas CCGT

Diesel embedded

Nuclear

Energy crops — current practice

Hydroelectric

Photo Voltaic

Solar thermal power (solar collector)

Wind generation

kg CO2 /MWh generated

986

818

430

772

6

30 - 40

7 - 9

98 - 167

20 - 30

6 - 9

Table 7.6: LCA power generation emissions (after Norton)
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not introduced to assist the development of
the cities. The ideal may be to move the
emissions out of town, or change existing
energy production into cleaner technologies.

One of the cities, which has an air emission
problem, is Christchurch. The Orion case in
Christchurch is the only case study based in a
large city. The driving force for implementing
standby generators is however, not the
environmental concerns of Christchurch but
the focus on meeting electricity constraints of
the grid.

DG is mostly seen as a “local” solution; an
electricity power supply in areas which is too
expensive to connect to the grid; places
where the grid may not be possible to
maintain after 2013, or places where it is hard
to maintain the necessary electricity supply
quality. In local areas, emission to air from
various energy technologies is often not
regarded as a problem (a smoke plume may
be regarded as part of the environment). If
the DG system addresses the electricity
production alone a combustion technology
will increase the local environmental impact,
because these emissions would otherwise
have been produced at a far-distant power
station, or a hydro power station with no
emissions to air. However if the combustion
technology addresses both the heating and
the electricity demand, the increase in
emissions may be insignificant (not taking
into account that new combustion technolo-
gies will have lower emissions than old
technologies, in general).

As soon as the energy technology is a non-

combustion technology, like solar PV, solar
heating, wind turbines, wave power or fuel
cells, the environmental impacts are of a
different nature. They will not have any
harmful emissions to air, including emission
of CO

2
. However, other issues become

relevant for most of these technologies. The
most important are visual intrusion, noise for
wind turbines, and, perhaps, some distur-
bance on shipping with large wave-power
projects. For technologies like solar PV, solar
heating, and fuel cells there are no obvious
environmental externalities and if it is a
smartly designed into the building or sur-
roundings nobody may even know of its
existence.

Environmental standards

Environmental standards are changing our
times, both from an increased environmental
awareness, and from increased energy
consumption density and population density.
Fortunately technologies have been develop-
ing at the same time. For combustion tech-
nologies, higher energy efficiencies, better
cleaning technologies, better combustion
technologies and better fuels can be used.
For non-combustion technologies the overall
efficiencies have increased and production
costs has been reduced. This means that they
are poised to take over a larger part of
energy production from traditional fossil fuel
technologies.

In the Kinleith case this pattern is seen as
one of the main drivers for the cogeneration
plant. The old wood boilers were due for
closure because they could not meet new air
emission targets in the air emission consent.
The new installed technology has no problem
in meeting the new air emission standards.
One of the interesting points with the Kinleith

Case Studies Annual Output of
Electricity

GWh

Annual emission
from DG operation
ktonnes CO2/year

Net reduction6 in
NZ CO2 inventory
ktonnes CO2/year

CO2 charge benefit
(at $25/tonne CO2)

$thousand/year

Orion Network 763 20 15.26c -5.7 -141

Kinleith Cogen. 0 275 0 132 3,300

Opuha Hydro 0 31 0 15 372

Eastland Spur
(all)

10 102 1.02 48 979

BP Solar 0 0.2 0 0.1 2.4

Stonyhurst
Station

340 0.12 0.04 0.02 0.4

DG Scheme CO2
Emission Factors

kg CO2/MWh

Table 7.7: Summary of GHG Implication of DG

6 The net impact on the NZ national GHG inventory is based on
the assumption that the marginal CO2 emission factor for
power generation in New Zealand will be 480 kg CO

2
/MWh

during the period 2008-2012. Elsevier.
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case is that, at the same time as fixing the air
emissions problem it was decided to upgrade
their energy system to a cogeneration system,
and thus reducing marginal electricity genera-
tion from a fossil fuel power station. The
Kinleith case is, however, unusual because of
its size. However, it does not supply the total
electricity demand on site. The new cogenera-
tion unit produces 40 MW and if a plant was
to meet the total electricity demand on site it
would need a capacity of over 100 MW.

In the case where diesel generators have
been evaluated as peak lopping or standby
systems, emission standards are normally not
an issue. Emissions are in general low and
they are only to be operated in few hours a
day or year.

Whether there is a shift towards assessing
noise and visual intrusion is difficult to
conclude. In general the noise issue seems to
attract more concern today. Having a power
station producing electricity 500 km away
from where one lives or works does not give
any noise or visual impact to daily life. But as
soon as the DG technology impacts on daily
life, concerns can increase. “Not in my
backyard” is a popular expression used
against many projects and may very well be
used to oppose many potential DG sites.

In this case there is a link between the
environmental and social aspects of imple-
menting new technologies and it is about
“being involved”. There is a very big differ-
ence between somebody placing a wind
turbine close to you and you personally
owning the wind turbine yourself. This point
appears obvious, but one is faced with these
problems when implementing DG technolo-
gies, and implementing new infrastructure in
general.

The same applies to large power plant. Few
would want to live close to larger power
plants. Sites for establishing large power
plants therefore get more and more difficult
to obtain, as it is similarly getting more and
more difficult to find sites for placing new
landfills. Whether a DG solution or not, the
Opuha dam is to some extent a “nightmare
case” because it has taken 23 years to
developed the scheme, by getting people,
stakeholders and regulators etc. involved and
committed.

The burden – pathway – impact problem

Evaluating environmental impacts is a long
process, which in many cases is very hard to
complete. A problem may be identified, like a
point source emission to air, but any impact
related to the given identified pollution may
be very far away in time and distance. Health
impacts may happen 500 km away and may
only happen in 10 years time. The first step is
thus to identify the pollution and identify an
impact, but then the level of impact has to be
identified and “proven”. A pollutant is in
general easy to identify if similar impacts
occur in the community at the same time, and
a source is relatively easy identified. If only a
few cases occur and if the cases are not
“severe” it is much more difficult to identify
the cause – and get the level of impact
accepted.

Having clarified the burden, there are a
number of techniques to valuate environmen-
tal impacts. These differ with the nature of
the environmental impact and who or what is
affected. When the damage has a market
price, the evaluation may be simple, but if
not it gets more complicated and a number of
different techniques can be applied. The
accuracy, however depends on the quality of
the data obtained, both on the environmental
burden side and the environmental impacts
side. It might be easy to determine how much
NOx is emitted from a power plant, but how
many will actually be affected, what impact
will it cause, and who will pay? There are a
high number of asthmatics, so how many of
them are affected or provoked by air pollu-
tion, and where does it come from? In some
cases the cleanup costs are cheaper that the
environmental costs. In most countries it is
obvious that if the environmental costs are
easily valued and the cleanup costs are
lowest, then cleanup technology should be
enforced (in this context not taking the social
costs into account).

The above has been included to illustrate the
very difficult task to value environmental
costs. It has not been possible to value the
environmental cost in the present study, but
to merely to identify and discuss the identi-
fied issues. In many situations it will fortu-
nately be possible to address the various
environmental impacts — without having to
value them in pure economic terms.

Solving numerous problems at the same time

As environmental awareness matures,
utilising natural resources is more and more
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seen as the way to go. Obviously the
utilisation of hydropower is a classic example
of utilising natural resources. The Opuha dam
case is more advanced because it solves
different problems at the same time and
created numerous environmental benefits.
Utilising the wind for generation of electricity,
and the sun for generating heat or electricity
has the same benefit as hydropower, and it
can be seen by the community at large to
make sense. It creates heat or electricity,
substitutes for production of electricity from
fossil fuels, and creates a solution which
people can identify with.

The use of bioenergy from the Kinleith case is
another good example, because the
bioenergy technologies use a waste product
which normally would be dumped. A waste
product is utilised which it does not make
sense to dump. It makes sense to utilise the
energy potential in biomass and turn it into
useful heat and power.

Present or new legislation and Government
policy is supporting moves towards substitut-
ing fossil fuel energy production and reducing
the production of waste. Under the new
renewable energy target policy, renewable
energy technologies will be supported.
Furthermore it is a benefit of DG systems to
make energy and electricity consumption
more efficient while reducing investment
costs. Also the New Zealand waste strategy
supports the utilisation of organic wastes,
which should not simply be dumped.

Diesel, natural gas and liquid biofuel are still
the only ones that can be used for small
scale electricity generation. Use of low
sulphur diesel would enable catalytic clean
up of exhaust emissions. In principle, there is
no technical reason why the diesel standby
engines in Christchurch and in the East Cape
studies could not run on a liquid biofuel.
Wood pellets are still a solid fuel, but may
well be the biofuel which can compete at
small scale microturbines or fuel cells level in
the future. Wood pellet technologies are
becoming competitive with natural gas and
diesel in price and convenience for applica-
tions of under 1 MW heat.

The environmental consent process

Despite political goodwill, environmental
policies are by default being implemented
through the Resource Management Act. The
Kinleith case shows that the decision was

taken due to a lapsed air emission consent.
With new technologies it was not difficult to
meet the new air emission consent targets.
But would it be more difficult to get a
“Kinleith-site” going to day with new environ-
mental standards and the process require-
ments of the Resource Management Act?
There is no doubt that it would still be
possible and the fact that new sites are being
developed emphasises this.

In the Opuha case a new environmental
consent had to be developed, because it was
the first hydro project considered under the
Act. The next one may be easier, with refer-
ence to the Opuha Dam case and the experi-
ence of the farmers.

Environmental decisions in New Zealand
emphasise the necessity of strong support
from the local community. The first wind farm
has been established in New Zealand, but
one other has been declined and another is
having difficulties. The Gebbies Pass wind
turbine is small and should get environmental
consent approved. While wind farms will be
individually different it will be as difficult to
obtain an environmental consent for the tenth
as it was for the first. One of the outcomes of
the Opuha dam case, has been that it has
been successful.   Benefits, which were not
been expected, have been gained, which in
the end will support an easier environmental
consent process next time. The wind farm
projects are different in that sense. Because
their successes are very predictable no
surprising successes will occur. It stresses the
point that the environmental consent process
is a “grey area” between environmental
issues and social issues when new energy
technologies, including DG systems are going
to be implemented.

Social IssuesSocial IssuesSocial IssuesSocial IssuesSocial Issues
In the following section, some generalisations
will be made about the social impacts of the
cases studied. Conclusions about potential
future social costs and benefits will be drawn
together to enable an assessment of their
impacts upon future uptake of DG. Observa-
tions will also be made about the role of the
institutional and regulatory framework on the
opportunities for DG.

Social Issues

Because in its nature distributed generation
occurs close to its users and consumers,
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social issues are often more influential than
for larger scale more distant generation.
Neighbours may be benefited as consumers,
or impacted by any negative aspects to the
installation or its operation. This fact renders
a participatory approach to DG planning
highly desirable, in the interests of efficiency
as well as good socio-economic development
practice. DG gives the opportunity to rethink
the approach to electricity service in an
integrated fashion.

This approach starts with people in environ-
ment and asks:

• What are the general aspirations of this
cluster of consumers?

• What bases for livelihoods exist in this
environment?

• What are the total energy needs of these
consumers, now, and in the foreseeable
future?

• How much, where and when do they need
energy in the daily and seasonal cycles?

• How critical is energy supply to their
needs and aspirations?

• What are all the energy resources avail-
able to them?

• What is the optimal way to supply those
needs?

• What are they able and willing to pay to
meet their energy needs?

• Is there an opportunity for these needs to
be satisfied through DG?

To take this directly consumer-driven ap-
proach is not only socially beneficial, it is
also better business, since it ensures that the
decision making to invest in generation
capacity has encapsulated an assessment of
competition and risk, carries social accept-
ability from the outset, and internalises
environmental considerations. The “externali-
ties” are internalised. The move in New
Zealand towards bundling of different kinds
of energy supply illustrates that retailers are
already beginning to think in terms of energy,
rather than electricity needs. While this
hedges some of the commercial risk, its
consumer focus lays the foundations for
serious consideration of DG in a mix of
technologies, fuels and solutions. In the
cases under study, an integrated development

approach was not consciously followed,
though in fact some of the drivers incorpo-
rated elements of classic development project
procedures.

Motivation

Investment in DG in the case studies has
been driven by a variety of imperatives. While
decisions were not monocausal, an overriding
concern in each case tipped the balance in
favour of DG:

• To ensure critical electricity supply, for
both social and financial reasons (Orion)

• To assure livelihoods and reduce risk from
adverse weather events (Opuha)

• To ensure cost-effective reliable electricity
supply (Stonyhurst and Kumeroa)

• To introduce environmentally beneficial
technology that meets a need at least as
well as conventional means of electricity
supply (Windflow and Kumeroa)

• To reduce both costs and waste (Kinleith)

• To future-proof electricity supply to an
isolated area (East Coast)

• To promote a new technology and product
(BP Solar).

Industry actors were motivated in the main to
avoid or defer investment, to minimise
outages that imposed a cost on their busi-
nesses in terms of remedial action required
and revenue foregone, and to maximise
resource utilisation.

Non-industry actors were motivated by
considerations of cost, quality and reliability
of supply, and by a desire to avoid use of
non-renewable energy forms.

However, neither category was insensible to
the agenda of the other. It is a characteristic
of DG in other parts of the world, as emerges
in New Zealand, that there is greater identity
in the interests of producer and consumer
than is normally the case where the source of
generation is large, distant and indifferent. In
the East Coast case, where the producer is a
consumer co-operative, the identity is largely
complete; the community has ownership of
the asset and its benefits.

Benefits

The proponents of the cases studied all felt
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that on balance their ventures in to DG have
been beneficial; if faced with the same
circumstances, they would generally take the
same decision, though they might have
followed different procedures. So what have
been the social benefits of distributed
generation?

To assess benefits in a rigorous manner
requires drawing a distinction between direct
and indirect benefits. Direct benefits are
those that are an intended outcome of the
project itself. At Opuha, direct benefits were
improvements in the reliability of electricity
supply, and availability of water for irrigation.
Indirect benefits are the knock-on positive
effects of the project extrinsic to its main
aims. In the case of Opuha some indirect
benefits were the attraction of additional
families to the area, and the welcome effects
this had on employment and social infrastruc-
ture for the whole community.

To establish social benefits of a project, it is
necessary to have access to targeted baseline
information about the ex ante conditions, and
through systematic monitoring, to make
comparisons with the situation post facto.
Depending upon the level of academic rigour
required, this comparative information has to
be carefully filtered to establish which
linkages between the changes observed are
causal, and which are incidental or multifac-
eted. This process permits quantification as
far as possible of social impacts – numbers of
jobs created, increases in production, im-
provements in income, measurable response
of health and education indicators to directly
related impacts of the project. Where attribu-
tion of an effect is not unequivocal, and
quantification is not possible, qualitative
judgements can be made on the basis of
informed comment from a variety of stake-
holders in all aspects of the project.

Such baseline information is not available in
any systematic format for all the case studies,
and a balanced range of informants was not
always able to be consulted. The conclusions
drawn are based on comment in the main
from proponents. Generalised assessment of
the benefits of DG they identified is discussed
below.

Incomes and Employment

DG has shown that it has a role to play in
increasing the profitability of industry, either
directly or indirectly. Direct benefit has

accrued to the owners of embedded genera-
tion in maintaining productivity and employ-
ment levels, reducing costs, and diversifying
risk. At Kinleith, an additional benefit has
been extraction of value from waste, and
adding that value to the business.

Both direct and indirect employment benefits
flowed from the Opuha scheme, which
sustained livelihoods frequently threatened
by adverse weather effects. The recreational
facilities created have in turn created both
internal and external tourism opportunities.
Downstream, this has created stability of
employment for service industry providers in
a rural town of otherwise marginal social
viability, and created new opportunities for
rural employment.

Creating and Maintaining Livelihoods

Albeit twinned with an irrigation component,
the Opuha scheme illustrated that DG has
provided the conditions for maintenance of
economic activities, in this case mainly
farming and associated services, that arrested
the trend to rural depopulation. While this
scheme is grid connected, there is also
potential for remote farming families or
communities to capitalise on the Stonyhurst
model of elegantly planned energy efficiency,
and supply their needs by off grid DG.

In New Zealand, there is considerable addi-
tional scope for integrated development of
energy and income generation opportunities,
especially in cultural and eco-tourism. This is
a policy that has been successfully imple-
mented in developing countries. An example
in which New Zealand has had long term
involvement is Nepal, where energy and
income generating projects have been
successfully introduced in both the
Sagarmatha (Everest) and the Annapurna
trekking areas that now generate around a
quarter of the country’s export income.

Many areas of great scenic and cultural
potential in the country also rejoice in ample
water and other renewable resources that
could be utilised as the basis for high quality
micro-hydro or other renewable energy
powered eco-lodges, providing employment
opportunities in remote areas with high
unemployment, and capitalising on the
country’s positive image as a beautiful,
politically stable, safe tourist destination. Iwi
in remote areas could be major players in
cultural and eco tourism developments.
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Such schemes can often only be developed
off the grid. However, the technology now
available brings day to day operating require-
ments well within the reach of a trained non-
professional. Remote controls are also very
advanced, and can offer the potential for
unmanned operation. There is a further
opportunity for electricity industry players to
offer periodic service and support packages
for the operational requirements of islanded
systems that are beyond the capacity of the
day-to-day operator, adding skills and
diversity of employment to their normal
operations, and removing any perceived
threat from off-grid supply by giving them a
stake in their viability.

Maintaining Social Viability

As the Sunset Clause in the Electricity Act
draws closer, New Zealand as a nation needs
to confront the issue of viability not only of
individual livelihoods, but of rural communi-
ties as a whole. In the developing world
electricity is essential not only to running
modern health and educational facilities, but
indeed to recruitment and retention of
professional personnel. New Zealand experi-
ences the same difficulties at one remove.
Very small communities do not qualify for
health, education, commercial, transport and
communications services they desire, and
also struggle to attract and retain profes-
sional services. Critical mass is required to
maintain vibrant communities, and electricity
service is a critical input, not only for essen-
tial social infrastructure such as health and
education, but also for community cultural
and recreational facilities.

Amongst the cases studied, indirect commu-
nity benefits also resulted from a DG installa-
tion, in creation of recreational areas and
improving environmental conditions, which in
turn created the basis for local community
activities as well as international tourism.

DG will be a serious contender to support
faltering service rural communities, and in
assisting them to maintain social viability if
they drop off the end of the grid. To set up
and run a community owned and managed
installation is one possibility that communi-
ties may themselves examine, with technical
and/or management support contracted as
required from the nearest electricity supplier.

Security and Wellbeing

Security applications of DG are usually on a

micro scale, but make an important social
contribution. In areas that require electricity
service, but where the lifestyle is socially non-
viable, DG already plays a vital part. Ex-
amples are light houses and communications
stations. Further and more applications using
improved technology will occur in powering
remote meteorological and geophysical
stations. These are high cost, high tech
applications, but deliver more than commen-
surate social dividends. Solar and wind
powered street lighting has also been demon-
strated, though grid supply is usually readily
available, and generally a preferred option in
areas where street lighting is a security issue.
Exceptions may be “black spots” on highways
or rural roads where there is no low voltage
distribution line or no transformer from which
electric lighting may be provided.

In some areas, crop and produce security may
be improved by installation of DG lighting, for
example, where pilferage of high value crops
such as avocado pears or kiwifruit is a
problem. Experience with such security
lighting for dragon fruit in Vietnam has
delivered the ancillary benefit that the light
attracts insects, improves pollination rates,
and grows and ripens fruit faster because of
the increased photosynthesis. In some areas
these combined effects have doubled orchard
incomes.

The Feel Good Factor

Though not all DG is based on renewable
energy, there is a clearly articulated sense of
pride and civic virtue where this is the case.
The feel good factor generally falters fast in
the face of financial reality, but some consum-
ers are prepared to place a financial value on
this, and on the sense of independence they
derive from DG.

Who Owns the Benefits?

Electrification is generally held to be a
precondition of economic and social develop-
ment, but it is notoriously difficult to estab-
lish a direct causal link between electricity
service and social and economic advance-
ment. Except in those cases where DG is
established to supply the needs of a new
venture, the effects on generation of employ-
ment and incomes are rarely monocausal and
direct, and accrue to the electricity service
provider only if that entity also owns the
downstream beneficiary enterprise.



Opportunities for Distributed Generation in NZ

298

All members of a society benefit from im-
proved viability of social groups and the
social infrastructure that serves them, from
the added security electrification can bring.
Society as a whole experiences a sense of
well being from electrification that can be
expressed in terms of general economic
benefit, but is difficult to quantify in terms of
jobs created or retained, improvements in
health or education, culture and recreation.

Who bears the costs of DG?

DG has not incurred any overt social costs in
the cases under study, and because of the
usually close identity of interest between
consumers and suppliers of DG, it is not
probable that social costs would be incurred
in future DG investments.

Possible social costs could occur if DG were
permitted to proceed on a basis that im-
pacted adversely on the physical or cultural
environment of a population, but this risk is
generally avoided by the small scale of most
DG installations, and otherwise mitigated by
legislation and regulation.

The financial costs that generate the benefits
consumers have experienced from DG are
carried by the investors, and passed on to
consumers. The overall question of absolute
affordability remains – whether a consumer or
cluster of consumers can afford the costs of
DG on a user pays basis, and are willing to
pay for service. DG technologies are usually
more capital intensive than conventional large
scale generation sources, but sometimes fill a
gap where the options are between expensive
service or no service.

Future plans for DG need to take cognisance
of willingness to pay, especially where the
generation facility is not embedded, and the
benefits may accrue to an entity that does
not bear the costs. For example, there is an
economic benefit in sustaining rural popula-
tions and livelihoods, or trading carbon
credits, but these benefits accrue to the
economy as a whole, and not to the finan-
ciers and providers of services that enable
them.

Roadblocks

Prima facie, many forms of distributed
generation, especially those based on
renewable resources, are beneficial in a
variety of ways. The case studies revealed in

several cases a tension between provision of
a social benefit and protection of an environ-
mental value. While the RMA is designed to
regard both values, the compliance costs of
establishment of their relativity has been an
inhibition to DG. It is recognised that in case-
based law, first in is not always best dressed,
but to the contrary stands to lose his or her
shirt. There may be a case for policy review in
the area of distributed generation to establish
ground rules for permission on the basis of
non-coverage for initiatives that should not
require test. Conditions could be based on
the output of the generation facility planned,
its area coverage, effects on land use and
vegetative cover, discharge, noise and visual
impacts or other criteria felt to be critical.

A further potential roadblock resides in the
limitation on generation capacity placed upon
lines companies. Enterprises which could
avoid costs through installation of DG
facilities are those most able to bear the
investment required. For practical purposes,
these are the lines companies.

Some review of the limit may be desirable, in
view of the fact that there is generally
downstream consumer benefit from cost
avoidance. Moreover, other potential negative
impacts of DG are subject to scrutiny under
the RMA or otherwise subject to legislative
and regulatory control, so should not be a
contributory justification of a capacity limit.

Addressing these difficulties in the way of DG
would go some way to resolving the problem
of dislocation between costs and benefits
associated with DG. As noted above, the
financial cost accrues to the investor, while
the social and economic benefits accrue to
government and society as a whole. In many
countries, fiscal or other incentives to encour-
age investment in DG in recognition of the
ancillary benefits it can bring. While such
instruments run counter to this country’s
current economic orthodoxy, large sums are
spent in attempts to stimulate economic
development in depressed areas. An inte-
grated planning model would help to ensure
that the benefits that DG could bring are not
inhibited by narrowly focussed policy.

ConclusionsConclusionsConclusionsConclusionsConclusions
Evaluation of the case studies indicate that
environmental and social aspects have in
these situations not been strong drivers for
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DG in New Zealand. They are however strong
beneficiaries of DG.

DG provides local solutions to local energy
needs and the benefits - economic, social and
environmental, are discretely transferable to
local communities. Where DG is developed
and implemented in conjunction with the
local communities the benefits are maximised
to both the community and the DG owner.
Early and good consultation to the local
community can identify mutual benefits early
and result in both parties working together to
identify issues and the optimal solution.

Each case study has shown that the benefits
of DG are often not recognised early (if at all)
with the result that the obtaining of resource
consents in particular can be unnecessarily
delayed or even stopped. This has a serious
impact on the potential DG owner and adds
costs (or reduces reductions in costs) faced
by the community.

DG allows the paradigm shift in thinking
towards adoption of total energy solutions
rather than the conventional approach of
looking towards wholesale electricity to meet
energy needs. For most of the last 100 years
energy has been synonymous with large-scale
electricity as the energy industry has been
dominated by engineers trained under the
state electricity system. Combined with a
relatively cheap gas available from the Maui
gas field there has been little incentive to
look for anything other than an electricity
solution.

The case studies have shown that the
benefits to local communities can be wide
and varied. In the case of Opuha the recre-
ational benefits are very significant while on
the other hand in the Eastland networks area
the benefits relate to employment and the
overall cost of electricity. Technology develop-
ment benefits arise from the Windflow and BP
Solar case studies.

The interaction with the community such as
with the Orion, Kinleith and Kumeroa case
studies related indirectly to keeping costs
low.

The Stonyhurst case study provides very
discrete and specific benefits that accrue
directly to the investor. Indirect benefits,
albeit minute, accrue to society at large in the
avoided visual pollution of distribution lines
to the property, and in avoided public

investment in generation.

The use of DG allows the paradigm shift in
thinking by energy users and can get them
involved with a key and increasingly costly
component of their industrial production
rather than continuing to see energy as a
commodity input to production.

DG is widely supposed to constitute a threat
to the conventional participants in the
electricity industry. In reality, it presents an
opportunity to extend in to additional areas
of professional expertise both in embedded
and grid-connected DG, and in offering
service to off-grid investors in DG. However,
this requires integrated policy as well as
integrated planning. If the electricity policy
and regulatory framework is appropriately
aligned with policies that promote reduction
in greenhouse gas emissions and harnessing
renewable energy, DG can make a real and
viable social, economic and environmental
contribution in New Zealand.

ReferencesReferencesReferencesReferencesReferences
Markandya, A, 1997: Appendix VI: Valuation
issues. In: External costs related to power
production technologies, ExternE national
implementation for Denmark. Ed. by
Schleinser, L., and Nielsen, P.S., Risoe Na-
tional Laboratory, Roskilde, Denmark.

Eyre, N., 1997: Appendix V: Assessment of
global warming damages. In: External costs
related to power production technologies,
ExternE national implementation for Denmark.
Ed. by Schleinser, L., and Nielsen, P.S., Risoe
National Laboratory, Roskilde, Denmark.

Bruce, J.P., Lee, H., and Haites, E.F., 1996:
Climate changes 1995: Economic and Social
Dimension of Climate Change. Cambridge
University Press.

European Commission 1995: Science, Re-
search and Development, JOULE. Externalities
of fuel cycles “ExternE” project. Report on
Climate Change Damage Assessment. Euro-
pean Commission DG XII.

European Commission 1998: Science, Re-
search and Development, JOULE. ExternE
project. Report on Climate Change Damage
Assessment. European Commission DG XII.

Hohmweyer, O, and Gartner, M., 1992: The
cost of climate change. Faunhofer Institut fur
Systemtechnik und Innovationsforschung.



Opportunities for Distributed Generation in NZ

300



Technologies for DG

301

Technologies
for DG8

Historical PerspectivesHistorical PerspectivesHistorical PerspectivesHistorical PerspectivesHistorical Perspectives
DG was the initial form of electricity supply in
New Zealand.  The first introduction of
electricity at Reefton in 1888 was from local
dedicated hydro electricity generating plant.
Electricity was generated and supplied for
local consumption.  The technologies were
either hydro or steam turbine.  Their scale
allowed some flexibility for relocation, e.g. in
the gold fields.

The first large hydro on the Waikato river was
the Horahora power station (later submerged
under Lake Kaiapiro) built by the Waihi
Goldmining Company in 1913 to provide
electricity to its huge stamping mills 50 miles
away at Waihi.

As more users of electricity connected to local
electricity systems the economies of scale of
constructing large hydro stations prevailed
and DG became more relegated to niche
utilisation.  This culminated in the govern-
ment entering into the electricity supply
business with the construction of Coleridge
power station which supplied Christchurch in
1914.

However, even with the expansion of the
government owned electricity supply system
DG in the form of small hydro remains in
isolated areas, such as the West Coast of the
South Island.  From the beginning of the first
decade of the century local authorities had
been building small hydro or steam generat-
ing schemes.  In these areas the small local
installed plant allowed electricity supply until
eventually each community was connected to
the local distribution network.

The local steam turbine has given way to the
diesel generator and even today there are
communities throughout New Zealand such as
Milford Sound that are still dependant on
local diesel electricity generation.  Milford
Sound also has its small hydro and is a good
example where the hydro and diesels to-
gether provide an integrated supply solution
that can meet a fluctuating electricity demand

with reasonably reliable energy.

The second wave of DG in New Zealand came
with industrial cogeneration plant and the
government support for the construction of
small (around 30 MW

e
) hydro schemes that

some Power Boards and Municipal Electricity
Departments were encouraged to build during
the 1950s and later.

CogenerationCogenerationCogenerationCogenerationCogeneration
Cogeneration, also known as combined heat
and power (CHP), is the simultaneous produc-
tion of electricity, heat and/or cooling at or
near to the point of consumption.  CHP
applications are chiefly confined to industrial
customers, where the primary need is to
supply a heat load.  The economics of such
CHP projects is largely predicated on the
customer having a waste by-product to use
as fuel, thus avoiding a need for disposal at
an added cost, or being closely located to
such a source of material.  The industrial CHP
market in New Zealand is well served and is
now basically confined to new site opera-
tions.  There is still potential to develop more
CHP in the commercial sector, and there has
been no penetration yet in the domestic
sector.

Gas TurbinesGas TurbinesGas TurbinesGas TurbinesGas Turbines
Gas turbines have been in use for over 40
years in the electricity generation market.
Liquid or gaseous fuels are combusted within
the turbine creating an expansion of gases.
As these gases expand and leave the turbine,
they exit through a system of blades that
absorb some of the energy and convert it into
mechanical energy to rotate the generator.

Gas turbines typically convert 20-45% of the
input energy into electrical energy.  The gas
turbine exhaust can be used to produce
steam that drives a condensing steam turbine
and this will achieve up to 58% fuel to
electric efficiency.

By siting the plant near thermal users and
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switching to a backpressure steam turbine,
combined cycle gas turbine CHP plants
achieve efficiencies of 85% to 97%.

Gas turbines were used for electricity genera-
tion from after the second world war. Their
appeal was that they were cheap to build and
were ideal for emergency and peak-load
standby use because of their rapid starting
and loading capabilities They can make a
significant contribution even if used infre-
quently in a DG application.  Despite these
advantages gas turbines have been rarely
used in DG situations in New Zealand.

Steam TurbinesSteam TurbinesSteam TurbinesSteam TurbinesSteam Turbines
Steam turbines are a more long-standing
technology, and anchor both ends of electric
generation efficiency.  When fuel is com-
busted or hot exhaust gas is used in a boiler
to produce steam at high pressures, that
steam pressure can drive a turbine that in
turn drives a generator.  Almost any fuel can
be used.

When the steam is simply condensed at the
exit of the steam turbine, between 15% and
38% of the energy in the fuel or exhaust is
converted to electricity.  Condensing steam
turbines are at the bottom of the efficiency
scale among today’s technologies.

By contrast, a backpressure steam turbine
produces two products, heat and power.  The
turbine extracts some electricity from the
steam, lowering both the pressure and
temperature of the steam.  The steam is then
used to supply thermal energy to a process,
or to heat and cool buildings, replacing boiler
fuel.  The efficiency is measured by the power
produced divided by the net change in fuel to
meet the thermal load, and often exceeds
85% efficiency.

Until the introduction of diesel engines steam
turbines were the dominant technology for
DG applications,

Reciprocating EnginesReciprocating EnginesReciprocating EnginesReciprocating EnginesReciprocating Engines
Also known as internal combustion engines
(either spark ignition or compression ignition
diesel types), reciprocating engines are
available in sizes that range from 1 kWe – 15
MWe.  Cogeneration capability also exists
since most of the input energy leaves as heat
in the exhaust gas and the cooling water,
which can be recovered.

Reciprocating engines are also widely used
for back-up supply and mobile generation,
typically generating electricity, and not
recovering the waste heat thereby necessitat-
ing fan blown radiators.  Units are generally
easy to transport and therefore relocate if
necessary.  The technology is fully mature and
is the usual technology of choice for standby
power and, until the advent of microturbines,
had no competition.

HydroHydroHydroHydroHydro
Run of the river, and impounded water
behind storage dams or coastal barrages, are
the usual type of hydro-electric works.
Impounding water demands land areas to be
sacrificed, and this aspect alone now greatly
constrains the number of proposals unless
strong support comes from the community
affected, usually only where there is an over-
riding interest in dual use of the water
reservoir.  This was the initial technology of
choice for electricity production and was
installed for DG applications.  Because of its
high capital cost and the high cost associated
with resource consenting, it has become less
popular.

Fuel PerspectivesFuel PerspectivesFuel PerspectivesFuel PerspectivesFuel Perspectives
Analysis of the case studies from a fuel
perspective is summarised in Table 8.1.

BioenergyBioenergyBioenergyBioenergyBioenergy
Biomass is regarded as a renewable fuel and
has considerable potential for use in DG
cogeneration systems.  For electricity genera-
tion, the potential energy stored in biomass
is typically extracted in one of the following
ways:

• Direct combustion of the biomass within a
boiler can produce steam to drive a steam
turbine.

• Processing the biomass through a gasifier
or pyrolyser, which converts any liquids
and solids into a combustible gas.  This
gas can then be used as a fuel, e.g. for a
gas turbine or CCGT.

• Liquid biofuel, e.g. biodiesel, replacing the
equivalent fossil fuel type often with
dramatic improvement in the technology’s
emissions standards.

Currently the generation of electricity from
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can own unlimited

Large coal reserves

Buy-back and exit fee

Buy-back and exit fee

Buildings generally
not centrally heated

Dependent on
chosen
technology

Decline in rural
economies

Fossil Fuels Fuel cost ability to
respond to peak
demand signal
Ability to parallel with
the network
Comparatively
secure fuels

Noise and air
emissions
Co-firing with biofuel
introduces
renewable element

Existing use
provisions enable
some type of
generation
Local air quality plans
are a potential spoiler
Gensets may be
portable assets
DG is an easy target

Uncertain gas market
dynamics

Substantial increase
in gas price likely
Kyoto ratification

Photovoltaics High capital cost
Zero maintenance
Solid state

Life cycle costs in
terms of emissions
not quantified

No regulatory barriers
(no emissions)

Winter peak
demand
Cloudy summers

New
Technologies

Fuel cells,
microturbines,
Stirling engines

Inherently high
capital costs
Heat load required
Limited fuel flexibility
High capacity factor

Significant uptake
may raise issues
depending on fuel
type

Emissions depending
on fuel type

In domestic situation
CO2 emissions not
counted

Cost of connection
to the network
Rural supply
reliability

2013 obligation to
supply time horizon

Irrigation needs

Cultural sensitivity to
mixing waters

Water supply
schemes match daily
demand but not
seasonal

Case Study Commercial
Issues

Externality
Issues

Regulatory
Issues

NZ Special
Factors

Bioenergy Availability/cost of
fuel
Need for waste
disposal
Use for heat on or off
site
Principally a heat
source

Air and noise
emissions

Solution for
environmental
problems
40 MWth installed
annually (for timber
drying)
Scale issue - too
small for viable
electricity generation

Growing source of
wood, log exports
produce waste
Competition for fuel
from garden centres
Unlikely to be
investment in NZ in
large integrated
wood processing
facilities

Wind Proximity to the
network
Hydro system
backup
Cumulative capacity
constrained (20% of
network load)
Does not solve
capacity constraint

Area of outstanding
natural beauty?
Noise and visual
impact
Site accesibility

Shared benefits
Network distributors

capacity
Can you connect into
the network at no
greater cost than the
national grid?

NZ is a small, long,
narrow island in
roaring '40s, long
coastline
Hydro system
backup opportunity
favours wind

Hydro Water priority for
generation is
secondary to its use
for irrigation

Opuha irrigation was
not bankable without
generation

District water supply
scheme is an area of
potential - dam outlet
& pipeline turbines,
retrofit options

Minimum flow in
natural water courses
Wild river
preservation
Paternalism -
regional strategic
growth - parochialism

Water allocation -  no
value placed on
water
Long & difficult
consenting process -
expected that only
10% of potential
could be realised for
this reason
Excluded under
current renewable
definition
Conservation orders
put resource
off-limits

Climate impacts
generally
countrywide

Rural region/
Community/
Dwelling

Table 8.1: Factors arising from Generic Case Study Analysis
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biomass is generally not financially viable
unless the source of wood waste for fuel has
a negative value.  In other words, if there is a
cost of disposal that would otherwise be
incurred if it could not be used as fuel.  Only
one bioenergy co-generation facility (Blue
Mountain Lumber) has been built since
Kinleith was commissioned in 19983, and
even then that co-generation plant was only
installed because there would otherwise have
been a substantial cost for disposal of wood
processing waste.

With the expected increase in the cost of gas
once the Maui gas field declines in about
2005, and with the imposition of a carbon
charge by the government from 2007, the
value of bioenergy relative to fossil fuels will
increase.  It is expected that around 2005-07
that combined heat and electricity generation
plant will become very cost effective for the
wood processing industry to install.

Using biomass from forest residues or
agricultural crops is also not financially viable
at present.

Bioenergy plant installed for heat production
are very common throughout NZ in the wood
processing industry, and of the estimated 40
MWth of heat plant installed each year the
majority of this uses woody biomass as a
fuel.  It is expected therefore that any
bioenergy DG plant installed will build on the
heat plant investments and will be cogenera-
tion.

Generating plant installed at wood processing
sites will generally be embedded into the
site.  It is not expected that plant will be built
within the next ten years for the export of
wholesale electricity.

It is estimated that 50 MWe of embedded
generation from bioenergy sources could be
built within the next ten years.  This is
compared to an estimated 400 MWth of heat
plant fuelled from woody biomass.

WindWindWindWindWind
Electricity generation from wind and wave
machines are well understood, where the
mass of air or water flow is converted into
rotational mechanical energy by aerofoil
blades or other devices e.g. Wells turbine
operating from an oscillating air column.

Wind turbines for grid connection are on the
point of being financially viable and it is

expected that 160 MWe could be built before
2015 but little of this will be DG.  The main
draw-back will be finding the better wind
sites that are not too remote from a grid
point to economically connect.  Also the
remote sites may well be contentious from an
aesthetic perspective.  The same consider-
ations make harnessing wave power in New
Zealand an unlikely prospect for some time
yet.

Wind generated electricity will become more
attractive relative to generation from fossil
fuel over the next five years, although there
are practical issues to take into account with
siting and the proximity to the network (and
how robust the network is at the connection
point).  New Zealand has one of the best
wind resources of any country, the technology
is now mature and the installed cost of
capital is decreasing, yet there are some
practical issues of adding large windfarms to
the generally weak electrical network in rural
areas.

Wind as an intermittent renewable energy
resource will fit best in a support portfolio
since it requires system backup.  The DG
opportunity is therefore limited to meeting
the local demand of a defined network area
not requiring 100% backup and improving the
economics of grid support charges.  Beyond
10% of local system capacity those benefits
are expected to diminish.  However, large-
scale wind farms can compete at a higher
level of penetration along with other forms of
grid connected generation, principally for
supply to the wholesale electricity market,
but still at the cost of requiring system
backup.

Most of the windfarms being contemplated in
New Zealand are not predicated upon DG
opportunities.  Therefore, from the perspec-
tive of DG, windfarms offer the opportunity,
but the opportunity is not there now.  It will
only exist if other DG opportunities are taken
up as part of a portfolio.  Similar remarks can
be made about hydro schemes, although
hydro fares slightly better as there is usually
some storage compared to none with wind.

HydroHydroHydroHydroHydro
It is expected that hydro-electric opportunities
will generally be constrained because of the
high costs of investigation, and any hydro
developments investigated during the period
to 2015 will all be related to DG or will be
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part of a multi-use scheme e.g. irrigation or a
community water supply.

Hydro can be expected to gain a higher and
more positive profile under DG as the local
benefits can be associated with the local
effects through transformation of the use of
the land.  Smaller hydro schemes associated
with DG will gain recognition that storage of
water on land is a valid land use alongside
stock farming.

While the logic and concept for use of hydro
in DG applications occurred during the early
part of last century, it will become more
common, although the extremely high capital
costs of this technology will be the principal
barrier.  Economies of scale for construction
drove the industry in the past towards
wholesale market generation and that will
remain for some time into the future until
energy costs increase significantly.

GeothermalGeothermalGeothermalGeothermalGeothermal
Although no case study was undertaken of a
DG project using geothermal power, some
areas of the North Island do lend themselves
to this source of energy for CHP projects.
The use of geothermal for DG will however
require a change in attitude towards use by
engineers, developers and regulatory authori-
ties alike.

BioGasBioGasBioGasBioGasBioGas
No case study was undertaken of a DG
project using land fill gas.  As with geother-
mal this resource is geographically restricted.
A number of examples exist of landfill sites
used for generation, but the opportunities are
quite limited and are likely to be more so in
the future as more advanced solutions to
waste disposal are introduced, and greater
levels of recycling are employed.

The disposal of waste from industry and
farming will however be a major driver
towards increased waste processing to
produce biogas. This will have potential for
DG applications and could start to become
quite large by 2015.

SolarSolarSolarSolarSolar
Direct conversion of sunlight into electricity
has been commercially available at a price for
decades.  The principal technology is the
incident solar radiation on a silicon cell semi-
conductor, which produces a flow of direct

current.  Like the fuel cell, photovoltaic (PV)
panels require an inverter for DG applications
connected to the grid.

Other forms of PV technology are emerging
from the laboratory, but the high capital cost
has largely confined their application to
specialist needs like low power requirements
in locations remote form the grid.  Of all the
new technologies it is the one that least
requires any ongoing maintenance.  Using PV
panels as a roofing surface on all types of
building, once sufficient cost reduction had
been achieved, would open up the market
dramatically for DG systems.

Although the Maori name for the country,
Aotearoa, means land of the long white cloud
New Zealand’s solar insolation levels are
relatively high for the country’s latitude.
Photovoltaics therefore perform well, al-
though from the viewpoint of large-scale use
on networks the capital cost will have to
dramatically reduce.  In its favour PV can be
largely made unobtrusive and it is practically
maintenance free.  However, New Zealand has
a winter peak and energy prices summer to
winter are 1:2 or greater, so the prognosis is
for PV not to contribute to network con-
nected DG but to remain in a niche market for
holiday homes and other remote power
applications where the cost benefits are
justifiable. While in energy terms this may not
be a large contributor to DG it is likely to be
large in the number of applications.

Solar water heating is a distributed energy
form that can have some of the characteris-
tics of DG. It is local in application and can
provide benefits to the electricity network
similar to other DG forms.  In many isolated
areas of New Zealand the distribution net-
work is reaching capacity or requires strength-
ening. Installation of solar water heating
systems along with ripple control can reduce
peak electricity demand and assist with load
spreading.

Fossil fuelsFossil fuelsFossil fuelsFossil fuelsFossil fuels
The use of present diesel standby sets of
customers, as exemplified in the Orion case
example, is the next wave of DG about to
occur because of the use of enabling tech-
nologies.  There is a substantial amount of
standby plant already installed.  The capital
cost is sunk and furthermore there is a need
for these installations to be tested at inter-
vals to ensure reliable operation.  With a
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change in the way it is controlled and
integrated with the electricity market greater
value can be obtained from existing assets.

Although diesel plant has a high fuel cost
component this can be justified if operation
is only at peak demand periods.  The high
cost can be off-set by the payments that
network companies can pay if controllability
is guaranteed.

Diesel is perceived to be more environmen-
tally friendly than coal (efficiency of diesel
engines at 35%-40% compared to coal fired
steam plant at 25%-30%).  The air emission
quality issue will only improve over time as
New Zealand’s diesel production turns to low
sulphur levels, which in turn will allow the
use of catalytic converters to further improve
air quality standards.  The opportunity also
exists to use biodiesel or biofuel blends in
the future.

SummarySummarySummarySummarySummary
The variability of all renewable sources of DG,
apart from biomass and geothermal, will

mean that for some time yet New Zealand will
most likely be reliant on fossil fuels to meet
peak demand.  This is because even if the
wind farms are built a contribution at peak
times cannot be certain, or because co-firing
coal with wood has not been justified.  Fossil
fuel plant allows the market to be less risk
averse with regard to water storage thus
gaining more value from the hydro plant.

Table 8.2 shows the electrical efficiency
range, co-generation efficiency range, size
range and predominant fuel types for various
DG technologies.

Today’s Market CharacteristicsToday’s Market CharacteristicsToday’s Market CharacteristicsToday’s Market CharacteristicsToday’s Market Characteristics
The results of the case studies emphasised
the technology characteristics that are most
necessary for DG can be quite different from
those necessary for wholesale market electric-
ity.   The study identified a major misconcep-
tion of many practitioners in the energy
market who assume that all renewable
electricity generation is DG, and that DG will
be the panacea to fix current market prob-

Electrical
Efficiency

(%)

Cogeneration
efficiency

(%)

Size Range Fuel

Gas turbine

Steam turbine

Reciprocating
engines

Microturbine

Stirling engine

Fuel cell

Biomass
systems

Photovoltaics

Small hydro

On-site wind

28 - 40

25 - 35

25 - 40

25 - 30

12 - 20

30 - 55

17

6 - 19 N/A

60 - 80

70 - 96

50 - 70

50 - 80

50 - 70

80 - 90

80 - 97 500 kWe -
300 MWe

Extensive

1 kWe -
15 MWe+

25 - 500 kWe

1 - 25 kWe

1 kWe -
10 MWe

Extensive

1 - 100 kWe

<10 MWe

5 kWe -
5 MWe

Natural gas, liquid
fuels

Natural gas, liquid
and solid fuels

Combustible gas,
gasoline, diesel

Natural gas,
diesel, propane

Natural gas and some
liquid fuels

Natural gas, fuel
oil, hydrogen

Biomass - gases,
liquids and solids

Sunlight

Water head

Wind

N/A

N/A

N/A

N/A

Table 8.2: Types and fuels for DG
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lems.  This is not the case. This is noticeable
in the United Kingdom where the DG policies
being developed by the government are really
only a policy to increase renewables.

DG plant is often installed to provide standby
or backup electricity supply when reliability is
important to say industry.  The importance of
quick start and reliability of start up may be
the most important characteristics.

DG can provide energy to users or network
strengthening both of which may be local
requirements despite having the local area
connected to the national grid.  The impor-
tance of local generation can often arise,
however, because of national network con-
straints. DG is very specific and it is the
relationships between the parties that are
more likely to determine whether an electric-
ity generation facility is DG, rather than the
technology type or size of the facility.

A particular case in point is that of wind
generation of electricity.  Current wind farms
are not true DG as they principally supply
electricity into the national grid.  To be DG
they need to be for local benefits most of
which wind energy can not provide because
of its variable output.  However, if wind
energy is linked with hydro or a diesel
engine, for example, so that it can provide
reliable system voltage security, or local
embedding so as to defer network strength-
ening, then wind energy starts becoming DG.
Linking wind and hydro together so that the
hydro runs when the wind is not blowing
means that a contract for guaranteed supply
can be entered into.  This increases the value
of both the hydro and wind energy.

The wholesale electricity market is about
quantity and is managed to meet quality
standards.  When the energy flow is con-
strained in any way then DG can fill the
supply need quickly and effectively.  The
choice of technology to meet this need will
depend on many fuel, cost and other aspects.

Currently predicted constrained areas are
shown in Figure 8.1.

Enabling TechnologiesEnabling TechnologiesEnabling TechnologiesEnabling TechnologiesEnabling Technologies
There is little disagreement that the changes
that have occurred in the New Zealand
electricity industry over the last decade have
gone beyond normal evolution.  The question
is whether this change has had a desirable

outcome and has placed the industry on a
secure new footing for the future, particularly
for delivering new generation capacity.

In an economic sense, DG engages “mass
production” and “just-in-time” techniques.
However, in order for DG and DSM to be
totally effective it will be necessary to also
employ the technologies of the information
age.  The true focus, therefore, is not about
the technologies of conversion: fuel cells,
wind turbines, and microturbines, etc., as
these are more evolutionary changes; it is
about the enabling technologies of two-way
communication to every customer and plant
item on the network, real-time pricing and
smart metering, and high level modeling of
the system.

The Europeans have a Dispower project
(www.dispower.org)1, one element of which is
the development of power quality manage-
ment systems, which will sit at an Low
Voltage (LV) substation monitoring what is
happening and directing willing resources
(generators and DSM) to ensure supply of
appropriate quality is maintained.  Trials of
Dispower will be taking place in Germany
soon.

In the UK there is work in progress on the
short and long term issues of integrating DG
into distribution networks (i.e. => 132-kV) and
looking at a “plug and play” approach.
Short-term ideas revolve around the technical
and commercial “what is possible now?” and
longer term “what do we need to change?”
The longer-term issues will naturally encom-
pass technical, commercial and regulatory
changes.

A “plug and play” approach appears to have
the greatest potential in the domestic DG
market, where product standardisation and
mass production can deliver economic
solutions.  This will happen whilst the LV
distribution networks remain in their present

1 The increasing penetration of RE Sources (RES) and other
distributed generation (DG) in the European energy supply will
lead to numerous technical challenges.  For maintaining a
reliable and even cost effective energy supply, new efforts
have to be undertaken for the management of energy
networks, integration of RES and other decentralised units in
the distribution networks, for load management and shaping,
as well as technical and socio-economic aspects of
decentralised energy markets.  The project is intended to
support the transition of nowadays energy supply towards a
more decentralised and market oriented supply structure.  New
concepts, strategies and tools will be developed and
implemented in order to improve the production and
distribution of electricity and heat and supporting the opening
of new market opportunities in a growing e-electricity market.
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Figure 8.1: Regional transmission constraints
(Source: Transpower NZ Ltd)

state i.e. no technical changes to accommo-
date DG systems.

As most distribution wires businesses have
the majority of their asset base (and revenue)
tied up in these lower voltage networks, there
will be a resistance to change from network
companies without a corresponding revenue

compensation.  Whilst the numbers of
domestic generators remain small in relation
to load customers these issues are seen as
very long term and most are just tracking the
market to see what will happen.  However, for
this market to expand it seems inevitable that
additional control systems will need to be
introduced to ensure that the existing infra-
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structure can cope as the numbers of domes-
tic DG installations increases.

A case for a more comprehensive communica-
tions and control infrastructure alongside the
electrical network infrastructure was one
major issue raised at the Distributed Genera-
tion Symposium held in Stockholm in late
2002.

The telecommunications industry and the
expansion of the Internet can serve to give
strong leads and opportunities here, although
the actual means of communication should
be separate to the protocols used.  A stan-
dard protocol should be flexible enough to
use whatever resource is available, be it
power line carrier, PSTN, cable TV, mobile
phone text messages, etc.  Of course the
communications system does not need to be
dedicated to DG, or even to just energy.

Communications and smart meteringCommunications and smart meteringCommunications and smart meteringCommunications and smart meteringCommunications and smart metering
There have been many structural changes
made to the electricity supply and delivery
system in the last decade and perhaps now is
time to give attention to the modernisation of
both physical components to capture the
potential of the deregulation process and to
bring security to the fore.  The advent of
mass-produced DG technology makes
modernisation of metering, load management
and communications a vital issue.

For DG and DSM deployment to be readily
supported and encouraged an information
system would be desirable having many of
the following capabilities:

• Management of DG and DSM according to
system requirements

• Remote meter reading (including TOU and
debit and credit metering)

• Remote disconnection for credit control,
customer switching, pre-payment etc.

• ICP switching and registry

• Losses measurement and reconciliation

• Outage mapping under storm conditions

• Load surveying of networks and customers

• Distribution network automation services

• Complex billing managing multiple ser-
vices, real-time pricing and providing XML

based files and customer relationship
management.

Without these facilities both DG and auto-
mated management of load on a wide scale
will never be fully achievable.

The required combination of technologies,
primarily dedicated to electricity, will have the
ability to offer auxiliary service features to
increase revenue, such as load cycling,
demand-side reserves margin, gas and water
billing, loss measurement, network demand
and energy TOU for individual customers or
groups, security monitoring, etc.

Energy system modellingEnergy system modellingEnergy system modellingEnergy system modellingEnergy system modelling
An area of particular interest in ensuring
better use of existing assets and future
decision-making is in the field of energy
system modelling. “First principle” arguments
are no longer an appropriate way of driving
system decisions — be they decisions related
to public policy development or private
facilities planning.  The system interactions
are simply too complex to yield to intuition,
particularly when the dynamics of storage
use, demand shift, and variable supply are
thrown in.  Instead, one must go to high-
resolution modeling.

Moreover, unit efficiency should not be a goal
of itself — rather aggregate greenhouse gas
reduction and/or decreased resource deple-
tion should be the primary drivers.  High-
resolution modeling can factor in these and
related goals as part of the primary problem
definition.

One example is dynamic energy, emissions,
and cost optimization model (deeco), cur-
rently being developed at Berlin University.
This is a generic energy system-modelling
environment, which can be used to evaluate
proposed changes in operational policy and/
or system structure.  The resultant monetary
costs can be interpreted directly or traded-off
against non-monetary criteria, such as
reduced CO

2
.

Users first create a base model by specifying
system components via a dedicated technol-
ogy library and then adding connectivity
details, demand time-series, and system
context information (for example, wind
strength data).  New models can then be
constructed by difference.  One model
(normally the existing system) is selected to
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act as the reference case, against which all
other variants are compared.

This model is particularly suited to problems
that involve capacity-limited networks and/or
the intertemporal mismatch of demand and
supply.  Such traits collectively give rise to a
phenomenon known as generalised network
effects.  The ability to capture such effects is
important because experience shows groups
of individually useful measures can under-
mine each other.

In terms of intertemporal transfer, deeco
currently supports thermal storage (with
stratification and ambient temperature-related
heat loss) and can also be used to evaluate
the effects of locational and temporal de-
mand shift. The methodology employed
allows factors such as plant performance and
supply system obligations to be also consid-
ered.

A market module, which mirrors the current
Transpower SPD algorithm, has been pro-
posed so as to capture wholesale market
dependencies (using the built-in LP solver).
Aside from this, price setting remains exog-
enous (by contrast, quantity setting is always
endogenous).

To date, the model has been utilized on three
major studies using the following technolo-
gies: steam boilers, condensing-extraction
steam turbines, combined cycle gas turbines
(CCGT), heat recovery steam generators
(HRSG), reciprocating engine cogeneration,
district heating grids, wind turbines, station-
ary fuel cells, waste heat recovery, solar
collectors, heat pumps (several types),
thermal storage (short and long duration),
upgraded domestic insulation, and STI (an
experimental controllable passive solar
technology).

Evolving TechnologiesEvolving TechnologiesEvolving TechnologiesEvolving TechnologiesEvolving Technologies
There are a number of technologies that are
currently in the research phase and not yet
realistic for commercial DG applications.
Some of these are expected to have a greater
significance for DG applications after 2015.

The “new” technologies for DG are in fact
steeped in history.  The English scientist
William Grove demonstrated in 1839 that
hydrogen and oxygen could be combined to
produce an electric current, which is the basis
of the fuel cell, and even earlier the Scottish

inventor, the Rev. Stirling also in the early
1800s demonstrated the Carnot cycle heat
engine, which bears his name.  These tech-
nologies are only entering commercialisation
today because of advances in metallurgy,
synthetic materials, electronics and other key
contributory fields.  The other candidates for
DG are well understood: wind turbines,
photovoltaics, microturbines (fuel and hydro
powered) as well as using internal combus-
tion engines.  In fact generating electricity
relies on some form of chemical, electro-
chemical, photoelectric, hydrological, geologi-
cal or biological process.

In a review of DG opportunities undertaken
by the Worldwatch Institute (Paper 151,
Micropower – The Next Electrical Era, S. Dunn,
2000) it lists as developers and vendors 12
reciprocating engine companies, 9
microturbine, 9 Stirling engine, 16 fuel cell, 15
photovoltaic and 14 wind turbine companies.

The list is by no means exhaustive yet it
shows that in recent times there has been a
surge in commercial interest to provide small-
scale electric generating plant of one form or
another.  The markets for these technologies
lie not only as DG in present developed
networks but also in economies where
electrical services are not yet widely avail-
able, if at all.  Fuel cells also have prospec-
tive use in the mass vehicle market renewed
by a heightened environmental concern for
increasing air pollution levels in cities, a
market which had never been accomplished
by battery technology in the past.  In fact it is
suggested (A Lovins et al ) that such a vehicle
could operate as a power source both at
home and at the vehicle owner’s workplace.

Stirling EnginesStirling EnginesStirling EnginesStirling EnginesStirling Engines
Stirling engines are external combustion
systems since the fuel does not enter the
working cylinders.  Instead, it is combusted
outside of a cylinder to warm an inert gas,
which is sealed within the cylinders.  It is this
inert gas, typically nitrogen or helium, which
does the actual work on the pistons.

Stirling engines operate on temperature
differences of many hundreds of degrees and
so require a high temperature source, either
from fuel combustion or from a heat source
such as concentrated direct sunlight, and a
cold sink usually provided by water-cooling.
Again, as with the case of internal combus-
tion engines, this heated water can be put to
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use to provide CHP.  Stirling engines, like
microturbines, are inherently quieter operat-
ing than internal combustion engines but are
technologically less mature.  Also, Stirling
engines are being developed at a scale
smaller than microturbines, and are focussed
more on the domestic CHP market (a.c
generation) and remote area power supplies
(d.c. generation).

Currently, Stirling engines are capable of
electrical efficiencies of 12-25% in the 1-25
kWe range and commercial availability is now
becoming available.

Fuel CellsFuel CellsFuel CellsFuel CellsFuel Cells
Fuel cells, ranging in size from 1 kW

e
 to 10

MW
e
, are electrochemical energy conversion

devices that use hydrogen and oxygen to
produce electricity, heat, and water.  The
range of fuel cell types in shown in Table 8.3.

The electrical production is relatively efficient
when hydrogen fuel is used (40%-60%) since
there is no combustion or large moving parts
involved and therefore less energy conversion
to heat losses.  Where a supply of hydrogen
is not directly supplied it is necessary to
have, in addition, a hydrocarbon fuel re-
former.  Also, fuel cells produce direct current
and therefore require inverters to enable the
output to be synchronised with the grid.

It is a relatively new technology and capital
costs remain high — in the $6,000-$10,000+/
kW

e
 range.

The future potential for fuel cells as on-site

DG power plants is dependent on significant
cost reductions, which the leading vendors
believe will occur with volume.  The molten
carbonate technology and the solid oxide
technology both achieve close to 50% fuel to
electricity efficiency and both have exhaust
heat suitable for combined cycle plants and
CHP.  The current technology has nearly zero
emissions of NOx and can achieve compa-
rable efficiency to the largest combined cycle
gas turbine (CCGT) central plant.

The current capital costs per kilowatt of
capacity and uncertainties about the compo-
nent lives have limited fuel cell penetration of
the DG market.  At the end of 2001, there was
a worldwide total of only 45 MW

e
 of fuel cell

capacity with 1 GW
e
 projected for 2006.

MicroturbinesMicroturbinesMicroturbinesMicroturbinesMicroturbines
Microturbines are smaller versions of gas
turbines.  Typically in the 25-500 kW

e
 range,

they are capable of electrical efficiencies of
20-30% with the clear possibility for use in
cogeneration mode.  These systems are now
becoming commercially available although
there remains ongoing scope for cost reduc-
tion and efficiency improvement.  In a DG
situation, the microturbine is an ideal candi-
date for use in a standard package with
identical units installed in parallel if the size
of the load dictates it.  Microturbines are
quieter in operation than equivalent sized
combustion engines.  Manufacturers now offer
package units able to be paralleled for
greater capacity requirements, with or without
heat recuperation, with load following or
export control of the generator.

Fuel Cell
Technology

Electrolyte Operating
Temperature

PEM
(proton-exchange
membrane)

PA
(phosphoric acid)

MC
(molton carbonate)

SO
(solid oxide)

Polymer

Phosphoric acid

Molten
carbonate salt

Ceramic

75˚C (180˚F)

210˚C (400˚F)

650˚C (1200˚F)

800-1000˚C
(1500-1800˚F)

Efficiency

35-60%

35-50%

40-55%

45-60%

Fuel
Requirement

Pure hydrogen or
methanol (natural
gas requires a fuel
refomer

Hydrogen, but not as
pure as PEM(natural
gas requires a fuel
refomer

Hydrogen, natural gas
(integrated reformer)

Hydrogen,
hydrocarbons (no
seperate reformer)

Table 8.3: Fuel cell types
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Solar thermalSolar thermalSolar thermalSolar thermalSolar thermal
Direct solar energy can be used to heat a
fluid that in turn is used to produce steam for
a steam turbine, but few commercial applica-
tions have been designed and built in the
world, and none are currently in operation.

GeothermalGeothermalGeothermalGeothermalGeothermal
New Zealand has extensive expert knowledge
of the extraction of underground geothermal
heat and the transmission of steam for
electricity generation.  Historically this has
been confined to large scale electricity
production.  With declining ability to extract
the geothermal energy because of perceived
environmental issues there opens up an
extensive range of DG opportunities. A
paradigm shift in thinking on the use of
geothermal energy can have appropriate
technologies (eg Binary plant) linked to

cogeneration applications. The cost of well
drilling can be a barrier to extraction for
electricity production alone, but in a multi-use
situation the cost per unit of available energy
can be significantly addressed.  This is
accentuated if new industrial plant is located
at the site of the geothermal energy rather
than currently happens where the energy has
to be taken to the industrial site.

Storage of Renewable EnergyStorage of Renewable EnergyStorage of Renewable EnergyStorage of Renewable EnergyStorage of Renewable Energy
A major barrier for renewable energy in taking
a greater role in DG applications, is the
problem of predictability of output, i.e. it has
to be used when the fuel (sunshine or wind)
is available.  Research into storage technolo-
gies, such as with phase-change materials,
will eventually allow a greater penetration of
renewable energy as DG.
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Drivers and Opportunities
for DG9

The DriversThe DriversThe DriversThe DriversThe Drivers
At the core of this study is the case study
analyses.  The case studies examined six
actual and two potential DG applications
representing a broad range of business and
investment opportunities.  This was deliber-
ate as it gave the research a practical base
from which it would be possible to examine
the drivers for decision making and provide a
base to test various hypotheses on likely
uptake.  This chapter describes this analysis
and reaches a conclusion on the likely
barriers and opportunities for DG.

The case studies also enabled a representa-
tive range of DG types to be put under the
microscope.  This examined what had been
the drivers (in their time) for these projects ,
what had been the economic and technical
factors that had resulted in a “go” decision,
and what had been the externality issues
(social and environmental quality matters)
that had been of importance.

In a free market the DG business opportunity
is evidently based around three core issues:
of having an energy need; of having an
energy source; and, of having a network
connection (mains supply) or, alternatively,
isolation from the grid.

While the viability of any investment in a
project has to do with asset values, internal
rate of return (IRR) on capital invested, and
the potential revenue streams; beyond the
business opportunity the project drivers for
DG are one or a combination of some of the
following factors:

• Electricity availability & reliability

• Quality of electricity supply

• Need for grid reinforcement

• Deferred network investment

• Environmental benefits

• Revenue earning

• Asset utilisation

• Carbon dioxide emissions

• Social & environmental externalities

• Local or regional economic benefits

• Waste disposal

Governance and RegulatoryGovernance and RegulatoryGovernance and RegulatoryGovernance and RegulatoryGovernance and Regulatory
FrameworkFrameworkFrameworkFrameworkFramework
The business environment for the uptake of
DG is strongly influenced by the present
regulatory framework in New Zealand.

Deregulation of the electricity generation
sector has already prompted investment and
development of smaller generating plants
embedded in distribution networks.  Ex-
amples include geothermal as well as CHP
and co-generation in some of the country’s
larger industries.  However, as our analysis
showed, there are commercial and regulatory
issues to address in relation to having a large
number of very small capacity embedded
generators.  For instance, a grid-connected
generator (i.e. one connected to the
Transpower grid) may make only relatively
small payments to use the national grid
whereas connection into a local distribution
network may attract a larger capacity charge
depending on location and network
utilisation.  The study showed that some
network companies, however, do pass on to
DG operators some of the network savings
from the installation of DG. An issue is the
inconsistency between network companies
and the difficulty DG investors have in being
able to assess costs at the preliminary stage
(see page 314).

Equally important, under current regulations,
if a network operator invests in DG the value
of that asset to network security and reliabil-
ity does not become part of the company’s
ODV; the optimised deprival valuation on
which its rate of return is based.  Such
matters have an important bearing on the
penetration potential of DG and who the
players will be as it produces a disincentive
for network companies to invest in DG.
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Deep vs. shallow connection costDeep vs. shallow connection costDeep vs. shallow connection costDeep vs. shallow connection costDeep vs. shallow connection cost

Transpower Connection ChargesTranspower Connection ChargesTranspower Connection ChargesTranspower Connection ChargesTranspower Connection Charges
Transpower charging methodology clearly states that both “injector” and “off-take” customers will
pay a connection charge to cover the cost of Transpower assets provided for them between their
own assets and ‘core grid’ assets.  The exact assets covered by these charges will relate to the
‘distance’ between the end of the individual customers assets and the start of the core grid assets.

The charge is in two parts, the first covers the capital costs of providing the assets, the second
covers the related maintenance costs. For an off-take customer their assets may stop at the 33 kV
outgoing terminals of a Transpower circuit breaker with the core grid assets starting at the 110 KV
incoming bus-work.  Thus the connection charges will cover the 33 kV breaker, the 110/33kV
transformer, its breaker(s) and all associated items including shares of control rooms etc.

Traditionally Line Companies have paid the connection charge as part of their monthly bill and
simply passed it through to the retailers.  (Note: this charge was introduced as part of the “unbun-
dling” of the Grid Charges as it was previously ‘hidden’ in the total transmission part of the
delivered wholesale energy price, thus is was ‘natural’ for it to be paid monthly).  However, for a
few more recently established supply points network operators have decided to provide their own
“connection” assets (which are then included in their asset valuation and thus line charges).  This
may be achieved by them choosing to physically build the assets, or by agreeing to pay the cost as
a (single) capital up-front payment.  This decision is made by the network operators based on their
overall view of what suits them best from a commercial viewpoint.

For injectors the same theoretical position applies, however the outworking is somewhat different.
The distance between the end of the customer’s assets and the core grid is usually much less.
Typically the power station will have its own step-up transformers so that the connection asset may
be only a single circuit breaker. Further, the cost of this breaker is small in relation to the overall
plant and it appears common for it to be purchased by the injector.  If a plant has changed
ownership at some stage then the nominal asset value could well approach zero. The injector pays
the connection charges, but where they own the connection assets the capital charge becomes zero
leaving only the maintenance charge to be paid.  Capital charges are typically 5 to 10 times larger
than the maintenance charges.

To put this in context the capital cost of connection for a 300 MVA generator could be around
$1.0M, which is minimal in relation to the total plant capital cost.  When the output costs per unit
generated are calculated, including fuel costs the connection cost is minute, if separately
calculateable.  In any case the revenue received is set by the market price, not by the input costs.
Conversely for a network company, the capital cost of even a small point of supply will be several
million dollars, even for a few tens of MVA capacity, and thus results in significant charges.

Thus, whilst the connection charge policy is equal, the effects of the policy can be significantly
different.

Network Connection ChargesNetwork Connection ChargesNetwork Connection ChargesNetwork Connection ChargesNetwork Connection Charges
The underlying issue for DG in relation to a network operator is identifying what the true costs and
benefits are of the connection. At one extreme a DG may be able to be connected to an existing
feeder at minimal capital cost, and result in being able to delay of building a new zone substation
or even the enlarging an existing grid exit point.  The benefit can be calculated in terms of the
value of the delayed expenditure and the length of the delay. It is suspected that the key matter
here is the issue of security  — for a single generator the risk of it not operating when the load is
at a peak is high, but this is mitigated as the number of generators increases.  Conversely for a
main generator, the issue of security is specifically managed Transpower on an ongoing basis.

At the other extreme it may be necessary to build many kms of new line to even connect to the
network, which the network company would see as being solely for the benefit of the generator.
Whilst it may be possible to have a set of standard charges for the connection of DG dictated to
line companies, the effect will be to raise the level of risk they face and this will be built into all
DG charges.  This would be non-effective from an economic viewpoint.

Thus for the network connected DG it is essential that there is transparency of information in
relation to both the network effects and the generator’s abilities so that an accurate set of costs/
benefits can be developed.
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Mixed in with such primary issues, there
emerged from the case study analysis evi-
dence of disparities in commercial behaviour
between the network companies.  In particu-
lar, the economic conditions set by network
companies (electricity lines businesses, or
ELBs) vary considerably.  One or two network
companies in recent times have shown a
strong incentive towards DG and DSM
measures, while others had a less favourable
position.

Those that do take a more active encourage-
ment towards DG and DSM measures reflect a
socially responsible attitude that can be
traced to their shareholders’ attitude and
governance structure.  Also, an important
contributing factor sometimes overlooked is
the nature of the asset base and its current
utilisation factor.  The more static population
centres contrast with those centres with
increasing geographic or population infra-
structure demands.  When network company
shareholder focus is on developing the
network and hence increasing the asset base,
the methodologies used to determine connec-
tion charges can be less favourable for DG.
This clearly is a market driver away from
optimum economic decision making.

Transpower’s charges are passed through to
end customers by way of the network opera-
tors, who add on their costs and levy a
connection charge.  The connection charge is
then paid by energy customers and DG
operators alike, collected by the customer’s
Energy Retailer, who then remits it to the
Network Company.

This can be a disparity, and we would argue
that provision should always be made by a
network company to remit the savings on the
Transpower element of the connection charge
(adjusted for any difference in risk levels) to a
DG operator, since it may not use all the
services of the main transmission grid and in
effect may provide a “free good” to the
network.

In cases where the DG has significant site
export capacity, say over 5 MW, then the
issue of whether the DG operator wishes to
take part in the electricity market arises.  This
adds another layer of complication for a DG
operator and one where the option of selling
into the wholesale market may not be
chosen.  The case example of Kinleith demon-
strates this complexity for large capacity
projects, where the owner sees the site

benefits of being an on-site generator, but
does not want the added complications of
operating in the wholesale market (NZEM) as
if a wholesale market generator.  Again, the
analysis shows in the case of Kinleith it is
more a case of maintaining compliance with
NZEM rules than an activity which would be
encouraged under the current regulatory
framework.

Another important aspect is that electricity
generation is not always the primary focus of
a DG facility.  The Opuha study is a case in
point.  Opuha irrigation scheme cannot
benefit from wholesale bidding and thus
potentially it has lost some economic value
as a result.

With more experience in New Zealand of
investment in DG we might expect to see
more flexible arrangements in future, based
on precedence.  The Ophua case perhaps
reflects the fact that DG is not yet fully valued
in the energy market and that non-industry
participants have yet to fully quantify alterna-
tive allocation strategies.

Also it must be recognised that in reporting
on case studies based on past experience,
shifts in policy and market forces can make
an enormous difference.  At the present time,
for example, Transpower as the de-facto
regulating body on transmission matters, is in
the process of reviewing its transport agree-
ments.  Of paramount importance, therefore,
is how the proposed Electricity Governance
Board (EGB), as the electricity industry’s
regulator, takes an active interest in these
issues.

Specifically, the determination under the EGB
of how best to reconcile the distorting effect
on allocating interconnection charges based
on either peak or average regimes, will have
a major impact on DG uptake.  Transpower’s
policy to promote any form of investment
through efficient pricing for sunk, fixed and
variable costs, whilst sound in theory, is
littered with practical repercussions.  An
effective framework for new investment in DG
goes beyond just the transmission network
through to reticulation networks and retailer
connections1.

Network companies risk the consequence of
price controls being imposed under Com-

1  Some Network Companies are now in the process of drafting
guidelines for potential DG operators, including technical
specifications for complying with network connection rules.
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merce Commission scrutiny if they breach
certain specified thresholds relating to
financial and other performance measures.
Thus regulation can act to constrain optimal
decision-making and create a barrier to
rational DG investment.

From a national perspective, it is essential the
network companies have a good knowledge
and understanding of the motivations that
need to be put in place for DG investment, so
that the wider industry can make the para-
digm shift towards a far greater adoption of
DG and DSM measures.  If cognisance of this
is ignored, or if other special means of
encouragement are not made (government
strategy on energy efficiency and renewable
energy), the business climate will be
unfavourable and the penetration of DG and
DSM to any large extent will be constrained.

Previous mention has already been made of
the role that distribution companies can play
in encouraging the up-take of DG and DSM.
Too few, it seems, undertake this positively at
present.  It is evident that a distribution
company has incentives to act in a positive
way to DG and DSM when it can lessen
Transpower peak demand charges and avoid
network reinforcements required to satisfy
increasing load demand (e.g. the Eastland
Networks case study.)  The energy retailers
and Transpower could also take a more
positive view towards supporting opportuni-
ties for DG.  Unfortunately, the corporate
separation that now exists between industry
participants makes co-operative participation
complex and serves to increase transaction
costs.

The point made before that all distribution
companies are both regulated monopolies
and shareholder value driven almost guaran-
tees narrow interest decision making and
does not ensure that the least cost options
are necessarily considered.

The traditional approach has been that a
generator owner has been required to pay the
full cost of network augmentation (including
any augmentation required of the shared
network) before being allowed to connect.
On the other hand, offtake customers are
only required to pay a “shallow” connection
charge based on the direct cost of connection
with any shared network augmentation costs
being recovered through ongoing use-of-
system charges.  A pricing strategy that
treated generator and offtake connection

customers in the same way would be appro-
priate, as it will reduce a generator’s up-front
costs.

At present, Transpower includes DG in a
limited way in its network planning as it is
difficult to include projects that may or may
not proceed and over which it has no control.
Forecasting is done using econometric models
based on a supply/ price relationship for
different market segments.  The need,
however, is to look to mechanisms that would
encourage solutions other than network
augmentation, and which could enhance
system security and reliability.  This would
address the situations where DG is treated as
a cost to the network operator and pricing
arrangements do not provide appropriate
financial signals to the embedded generator.
This remains a significant area still requiring
further analysis and thinking.

We would argue that there needs to be a
pragmatic nationally consistent perspective
that enables the sharing of the network
benefits of DG, rather than a reliance on
protracted negotiated agreements between a
number of parties — in which there are
winners and losers, but which invariably
become too difficult to bring about. Such an
approach would provide potential DG inves-
tors the ex ante network cost information
that they need in order to fully evaluate
projects.

Nodal PricingNodal PricingNodal PricingNodal PricingNodal Pricing
The absence of any capacity for Transpower
to invest in other options, as an alternative
to grid investment, also effectively acts to
discourage investment in DG by third parties.
An example would be in Northland where
significant investment in DG would potentially
result in reduced nodal pricing that conse-
quently would make the investment sub-
economic (in the absence of long-term
contracts with retailers or consumers) when in
reality the DG investment would more
significantly be a strategic investment that
would provide regional supply security
benefits.  In other words a transmission
constraint problem is solved only to have the
economics for the project by DG extinguished
by an inappropriate commercial regime, while
the benefits would flow to third parties.

This paradox is reflected in Table 9.1, where
the issues are compared. A key factor is seen
to be the scaling of generation capacity to
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exactly match constraints.

Transpower’s $50/kW/a interconnection charge
currently based on 12 peaks per year is
intended to reflect asset utilisation at the
connection point.  This charge does not
however reflect whether or not there is a
need to invest in grid capacity in that region,
and secondly any reduced cost as previously
stated is not passed on to the DG operator or
DSM investor.

New approaches such as providing incentives
on a regional basis should be considered
within the transport pricing regimes.  Also at
issue is pricing for diversity between grid exit
points (GXPs).  Section F of the new
Transpower pricing agreement document is
designed to cover these issues.  The industry
view from the various workshops held as part
of this study is that this work currently does
not properly reflect the issues brought about
by DG and DSM.  Transpower takes the stand
that it can only operate on the basis of its
statement of corporate intent, set by its
government shareholders the Minister of
Finance and the Minister of Energy to encour-
age economically efficient pricing.

Here we have a one-off opportunity for the
EGB to consider DG and DSM as a viable
option for enhancing the overall value of the
industry.  It is our view that this can be done
through:

• Creating new value streams through
incentivising least cost solutions; and

• Getting the right economic incentives for
efficient investment in grid or grid alterna-
tives.

Security of SupplySecurity of SupplySecurity of SupplySecurity of SupplySecurity of Supply
There has also been a long-term trend by
network companies of levelling demand
peaks at the grid exit points (GXPs).  For
example, demand growth (GW) has signifi-
cantly lagged energy growth (GWh) each year
on the Orion network as recorded by the
steady increase in its annual load factor.
Increased investment in DG will act to
reinforce this trend and will enable lines
companies, whether the DG operator or not,
to realise a greater utilisation factor for their
assets.

Where there is an old, inadequate or no
longer appropriate part of the system, DG
provides an opportunity to strengthen
security as an alternative to new transmission
or distribution lines.  The reliability factor of
this security is enhanced when the DG is
dispersed in a number of small units of
capacity, than from having the total capacity
provided by only one or two large DG instal-
lations.  Ultimately, DG down at the individual
domestic customer level, such as can be
achieved by micro-CHP, potentially offers the
highest level of security, both from a network
and from an end-user perspective.

Perhaps one of the more surprising findings
from the case studies was the contribution
that can be made by small-scale thermal
generating plants (assessed at 250 MW, see
Orion case study) particularly from emergency
stand-by plants. These are highly
underutilised plant items that, unless tested
on a regular basis, can be prone to malfunc-
tion.  More regular use of such plant confers
a higher confidence level through better

Key Direct vs Embedded Issues

Physical

• Technical
requirements of
connection

• Poor scaling for
nodal market

Financial

• Connection Costs
• HVdc charge in SI

Physical

• Auto re-close may
require
synchronising
capability

• Better scaling for
nodal market

Financial

• Possibly avoided
interconnection
charge - which is
inefficient

• No credit for
maintaining security
of supply

Grid connections Embedded connections

Table 9.1 : Comparison of grid vs embedded (DG) connection
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maintenance practice.  Furthermore, using
diesel or gas fuelled generating sets to
provide under frequency backup (spinning
reserve margin2), if contracted by the major
generators or energy retailers, could be used
to radically alter New Zealand’s hydro-storage
regime.  By contracting DG generation, the
major generators can lower lake storage more
in winter and increase revenues yet provide
the same level of security by the fact of
having this reserve DG capacity.  If hydro
operators take up the DG opportunity it is
possible for them to increase hydro
utilisation, capturing an estimated five-fold
increase in value from the hydro energy
(which displaces fossil-fired generation)
compared with the quantity of assumed
diesel that would be used for the DG.

DG solutions can overcome traditional
transmission and distribution lines type
problems.  In many rural areas seasonal
electricity demand diversity is a significant
management issue which is compounded by
increasing service levels demanded by
customers as rural operations become more
technically sophisticated.

In the industrial sector the fact that con-
tracted interruptible load has increased over
the last seven years from 150 MW to 550 MW
indicates a shift in patterns of electricity use
from the historical trends.  The flexibility may
be there, i.e. customers willing to comply
with load interruption at times of a system
contingency, but the means of harnessing it is
not.

These trends together, therefore, show how
much the patterns of energy use are shifting
and the inability of conventional supply
paradigms to cope with significant changes.
The case studies show that at the cutting
edge DG and DSM can make an important
contribution.

From a systems perspective it is also appar-
ent that the New Zealand energy sector does
not have the degree of co-ordination or co-

operation between energy retailers and
network companies to most effectively
respond to these challenges.  We need to
integrate solutions recognising that viability
does not depend on energy value alone and
that one action can often create another
opportunity.  The case study on the Eastland
Networks region simply reinforces this.

One thing is clear however, that this and
many of other potential business opportuni-
ties are only vaguely given consideration
amongst potential owners/investors, if at all.
Thus, within the 15-year timeframe set for this
study, one needs to consider the require-
ments for establishing these opportunities
and demonstrating them to the requisite
investor interests.

Case Study ResultsCase Study ResultsCase Study ResultsCase Study ResultsCase Study Results
The outcomes of the eight case studies are
summarised in Table 9.2 from three major
standpoints; commercial imperatives, exter-
nality issues (i.e. factors other than economic
electricity supply), and present industry
structures and regulations.  This analysis
begins to describe the critical factors likely to
influence the penetration of DG into the
national electricity market arena.

However, before we draw conclusions on the
national opportunities for DG based on the
viewpoints presented in the table, it is
essential to give some thought as to what
constitutes the potential for the New Zealand
DG market.

Market characteristics relevant to the national
uptake of DG

Dr Malcolm Kennedy, a UK expert on embed-
ded generation in a presentation to the 2002
EEA/CAE Workshop on the subject, reinforced
the study team’s view of how little is known
about DG, especially how much it costs and,
in particular, the technical issues that drive
these costs.  A summary list of these impor-
tant factors taken from his presentation are:

• inadequate thermal rating of equipment;

• excess fault levels;

• generator instability;

• inadequate reverse power capability of
transformer tapchangers;

• interference with line drop compensation

2 The interruptible load market is divided into two sections: the
sustained (1 minute) and the fast (under 5 seconds)
interruptible response. A summary of the maximum quantity of
interruptible load currently procured by the system Operator is
approximately:

Island Fast (FIR) Sustained (SIR)

North 344 MW 804 MW

South 45 MW 90 MW

Note that it is up to each Service Provider to determine
whether or not they wish to offer their maximum quantity of
interruptible load when trading on the spot market.



Drivers and Opportunities for DG

319

voltage control;

• customer exposure to steady-state voltage
rise;

• increased network losses;

• interference with power quality;

• invalidation of fault protection settings.

Thus, it is not surprising that in many situa-
tions, once penetration reaches significant
levels (say, above 20% of load on a feeder),
DG is unwelcome to network companies
because of the increased technical problems
faced.  Allied to this constraint is the need for
a diversity of DG types, particularly in the

case of wind and solar renewables due to
their intermittent nature, in order to supply
local network loads with sufficient security. In
particular, wind is favourable when it compli-
ments hydro storage to some extent (when
wind is contributing then less water is
required to be released from storage and is
held in reserve for when wind is not contrib-
uting). Finally, added to the penetration level
and diversity constraints there is the shear
size (watts or kilowatts or megawatts capac-
ity) of each DG technology employed and
how the outputs of these integrate.  In
examining likely DG penetration scenarios,
therefore, the focus needs to be on what will
drive generation investment of the future and

Consents required to
move plant to new area
of need difficult to obtain

NZEM rules compliance.
Integration with local load
shedding.

Recognition of DG in
ODV and Transpower
security calculations.

none

> 5 MW rule for
generation ownership for
non “new” renewables

Research projectTotara
Valley

low As Stonyhurst

BP low Technology company
demonstrating
photovoltaics
Not an energy company.
Net metering.

Opuha medium Irrigation scheme to
improve river flows
and better the regional
farming economy long
term

Windflow low RMA application Technology company
demonstrating a
prototype windmill
Not an energy company

Stonyhurst medium Rural supply reliability I ncreasing energy costs
in the future
High capital cost of
connection
Trend among rural
people to buy diesel
generator sets
Removal of cross
subsidisation, especially
rural
2013 obligation to supply
time horizon

Orion medium/high Air quality issues

Case Study Commercial rating Externality Issues Regulatory Issues

Kinleith high Need for waste disposal.
Other factors were plant
steam balance
Environmental consents
required for plant to
operate.

Eastland medium/high Keeps the electricity price
lower in Gisborne.
Regional benefits

Table 9.2: Drivers for DG based on specific case study analysis



Opportunities for Distributed Generation in NZ

320

what will influence changes in thinking to
bring together the new generation technolo-
gies with the older and proven technologies.
The current delivery model has served New
Zealand well, achieving continuous improve-
ments in reliability, reduction in costs through
economics of scale and competitive market
efficiencies. As a consequence, however, there
are entry barriers for new DG technologies,
from existing low marginal, sunk cost, long-
life infrastructures, right through to current
consumers’ expectations of price and service
(see Table 9.3).

Investment in industrial co-generation facili-
ties was the third wave of DG in New
Zealand3.  These projects typically involved
large-scale investments, mostly gas-fired, and
which still contribute to a significant share of
the potential DG market.  The case studies
demonstrate that the current DG market is
under exploited and that within niche oppor-
tunities smaller scale generation can be quite
attractive.  Co-generation has been largely
based on diesel as a fuel, landfill gas and
some natural gas.  This is now giving way to
the next wave of DG that is likely to be lead
by renewables through supportive govern-
ment policies.

The future DG market can thus best be
described as an engineered outcome driven
around needs.  It is not a market which can
be regulated for or prescribed for.  The
regulatory regime needs to provide a level
playing field so that grid-based generators

are not favoured over DG opportunities.  To
do so will only lead to inefficient investment
and higher cost energy.  The critical character-
istics of the DG market can be summarised
thus as:

• Matching changes in demand and supply
capacity of networks in a more efficient
and more “distributed” way

• Providing specialised energy products and
services direct to customers

• The supply (generation) market using
smaller, more overall fuel efficient and
lower capital investment plant

• Providing higher quality environmental
benefits from fuel to energy conversion

• Taking-up the opportunity of fuels that are
essentially free (e.g. woodwaste and
landfill gas)

• Serving a “non-generation” need (e.g.
technology demonstration, asset invest-
ment deferral or multipurpose project)

Summary of the issuesSummary of the issuesSummary of the issuesSummary of the issuesSummary of the issues
• DG is not yet fully valued in the energy

markets:

— technology is immature and high cost -
risk discount

— markets don’t yet value distributed
base load energy

— distributed peak load energy costs as
much, or more than the wholesale
market can deliver to date.

• Some niche markets are emerging for DG :

— Renewable energy projects to be

Generation

• $10 bn+ of sunk
assets

• Low marginal
costs

• Revenue risks &
competition

Transmission

• $2 bn+ of sunk
assets

• Low marginal
costs

• ODV at risk and
regulation

• $10 bn+ of sunk
assets

• Low marginal
costs

• ODV at risk and
regulation

Networks

• $1 bn+ of sunk
assets

• High marginal
costs

• Profitability and
competition

Retailers

Cashflow security
on investments

Security & asset
optimisation

Reliability & asset
utilisation

Minimising costs &
market risks

Table 9.3: The current markets

3  The first DG projects in New Zealand were the community
electricity generating schemes, starting with Reefton in 1888,
which were built to provide local electricity supply.  As these
were aggregated into the State Hydro-electric Department they
became integrated and no longer “distributed”.  The second
wave of DG was the small hydro schemes that some Power
Boards and Municipal Electricity Departments were encouraged
to build during the 1950s and later.
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supported by government policy

— Power quality markets if generation
market investments “freeze”

— Transmission & network investment
policy and price constraints are threat-
ening Retailer delivery and customer
expectations.

• Shifts in thinking and industry agreements
are still a pre-requisite to moving forward
as shown in Figure 9.1.

Another fundamental question is how does
one build a major power station or invest in
generation projects when it is necessary to
manage risk?  DG can provide a step-wise
approach to such an investment conundrum.
However, it must be stated that current
regulatory frameworks act as a disincentive to
some forms of investment.  Separation of
generation and retail businesses can poten-
tially impede DG investment when modern
procurement practice is towards partnership
arrangements to minimise risk, such as BOOT
(build, own, operate and transfer) and other
forms of financial risk management.  Project
financing is the most risky form and ulti-
mately a market structure that disallows a
risk sharing between the generator and the
retailer can only drive up energy costs.

Efficient investment is not enough.  Added
value should be created for all parties.  This
requires a significant change in thinking from
current paradigms towards more innovative
engineering solutions.  Driving these changes
are:

• policy implications relating to climate
change and National Energy Efficiency &
Conservation Strategy

— incentives for new renewables

— penalties for lower efficiency power
stations

— demand-side management and
negotiated greenhouse agreements
(NGAs) with customers

• failure of the existing market delivery
systems

— ‘frozen’ investment market - too much
risk for the return

— customer dissatisfaction with market
outcomes

— perceived high energy prices - lack of
price certainty

— retailing solutions to pricing risks

Current Markets Future Markets?

Generators

Transmission

Networks

DG Provider

Retailers

Customers

• Systems Integrator
(Trading & Services)

• Distributed Security
(Capacity Contracts)

• Open Access Provider
(Facilitator/Contractor)

• Asset Owner/Operator

• Contracts & Customer
Manager

• Security and Reliability
Costs

• Price Certainty &
Reliability

• Cost and Pricing Risk
Manager

• No current markets

• Reliability (Firm Power) &
Asset Utilisation

• Systems Security & Asset
Optimisation

• Profitable Asset/Supply
Option

Figure 9.1: Changes in thinking
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• regulatory intervention e.g.

— new transmission and/or network
investment rules/pricing and contract
structures

— separation of generation and retail
businesses

• venture capital investments and entrepre-
neurs entering markets.

It is anticipated that the investment environ-
ment of the future will involve the impact of a
carbon charge post-2007 or NGAs for certain
major industries, and other regulatory
measures aimed at greenhouse gas (GHG)
reduction, e.g. 2% capacity per year.  This will
be a major influencing factor on the uptake of
the various types and forms of DG.

BarriersBarriersBarriersBarriersBarriers
Undoubtedly from an economic perspective
use of DG prime facia has definite attractions.
However, certain barriers do exist to impede
or constrain the use of DG and DSM solu-
tions.  At the forefront both have to do with
technical issues.  Standing alongside this are
the regulatory and commercial issues.

While it is not the place in this report to
examine the technical limits to greater
adoption of DSM, it is self evident in the case
of DG that it presents a paradigm shift, which
will require investment in technology to
enable safe control and despatch.  By its very
nature distributed generation poses a real
challenge to communication systems and for
matters such as real time pricing signals to
DG operators and consumers.

Mention has already been made of the
technical issues that drive costs of implemen-
tation.  With the present design of networks
and infrastructure components it is necessary
for realistic technical standards to be im-
posed by the network operators.  Non –
industry market players may cite these
connection standards as being too restrictive.
Undoubtedly if standards are set which are
too tough this will stifle the market.  The few
examples of DG at the moment in New
Zealand is really not something to base
conclusions upon in the context of today’s
electrical systems where the emphasis rightly
remains on a safe, reliable, high quality
service.

To take examples, first in the USA the photo-

voltaic and small wind interconnection
standards (UL 1741/IEEE 929) are seen by
many to be gold-plated, to be not equitably
applied to both DG operators and the indus-
try itself, and to raise the costs of equipment
beyond what is necessary.  The argument is
that there were thousands of systems inter-
connected before standards emerged and
there had not been one recorded dangerous
occurrence.  These systems work today, and
aren’t causing problems even though they
could not meet today’s standards.  The
argument here is that the standards didn’t
emerge from a need to remedy a safety
problem seen in the field; they emerged as
the DG industry sought ways to reduce the
high costs of getting interconnection approv-
als from each individual utility.

In the UK a new Engineering Recommenda-
tion for the connection of all ‘Small Scale
Embedded Generators’ (SSEGs) will be
published this year (UK Electricity Association
G83, 2002).  Work is also in progress spon-
sored by the UK Government via its agent
‘Future Energy Solutions’ (formerly Energy
Technology Support Unit) on the effects of
SSEGs on network voltage, and other im-
pacts.  The research will attempt to find
‘typical limits’ to the levels of SSEGs that can
be connected without either the network
operator reinforcing their network, or by
imposing forms of technical constraint on the
generator.  It is expected that this work will
clarify what risks/ costs there are to both
Generator and Network Operator as the
numbers of SSEGs increase in the UK4.

Technical risks have a knock-on effect to
cause other barriers.  For instance, insurance
companies in the USA are unwilling to now to
write cover for residential DG (PV, wind, etc).
Low interest rate loans for renewable energy
systems at existing homes are available
through the Federal lending agency Fannie
Mae, but not for home sized wind turbines.
Insurance companies are unclear about net
metering, thinking it makes a homeowner
into a business and requires a commercial
insurance policy.

Most network companies will have to rebuild

4 National Renewable Energy Laboratory report “Making
Connections - Case Studies of Interconnection Barriers and
their Impact on Distributed Power Projects”, 2000
www.distributed-generation.org.uk/ .  Note that this website is
in the process of development at the time of writing and is
due to be replaced later by www.distributed-generation.gov.uk/
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the majority of their systems over the next
20-30 years, assuming that the major capital
investment was 1950-1970 and will then be
life expired.  With this prospect is it time to
turn the distribution system into something
which has ‘plug and play’ attributes?  What
commercial and regulatory changes would be
needed to do this?  Rebuilding networks to
accept DG/ DSM solutions must be seen to be
prudent expenditure so that it is recognized in
company asset bases and so gets a reason-
able rate of return on it.  That way network
companies would be in a position to accept
applications from private generators and not
be seen to be standing in the way of DG.

There has to be a better understanding, by all
participants, of large scale electrical system
design, operational, and existing industry
cost recovery mechanisms.  Communication
and knowledge is the key to understanding
and reaching consensus on all these perplex-
ing issues.  Certainly on technical issues DG
gives the industry a fresh challenge to revise
itself and embrace the full benefits that DG
and DSM can bring to servicing consumer
energy needs.  Perhaps a “plug and play” way
can be conceived which invites DG partici-
pants and makes it easy for regulators to
understand the new paradigm.

DiscussionDiscussionDiscussionDiscussionDiscussion
The wholesale electricity market has replaced
the central planning of merit-order despatch
of generation and an inherent conservation
strategy of hydro storage.  Commercial
returns are now paramount for energy
companies and market behaviour has re-
vealed a different attitude to water value,

which at times may have contributed to
energy shortages.

In New Zealand, bioenergy and wind energy
will be most useful in providing a more
diverse energy base for generation and also it
will indirectly provide an opportunity to
conserve present hydro storage for later use
at peak periods. Under present market
conditions, however, it is only if the hydro
generators or the retailers can transfer the
price risk to customers will it be possible to
capture more water, which then has the
ability to displace more thermal fuel.

DG is essentially opportunistic.  Externalities
are a key part of the equation.  This is
reinforced from the analysis that shows
changes to industry structure are not signifi-
cantly influencing (except current anomaly of
line charge recoveries).  Also an imposition of
a carbon tax is likely to benefit all DG
opportunities, including the use of diesels,
because all DG opportunities examined have
a CO

2
 emissions benefit relative to new fossil

generation, i.e. CO
2 
emission benefits relative

to new large conventional coal plant.

Climate change issues simply make the
opportunity more valuable and do not change
the raft of opportunities because they already
have a neutral or positive greenhouse gas
footprint (refer Chapter 7.3).

In a study of this type it is perhaps too easy
to discover what is not happening.  The
difficulty is in defining what are the impedi-
ments towards better economic decision
making for supply in the ever growing
electricity sector.
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The National Opportunities
for DG10

New Zealand CharacteristicsNew Zealand CharacteristicsNew Zealand CharacteristicsNew Zealand CharacteristicsNew Zealand Characteristics
for DGfor DGfor DGfor DGfor DG
This study has sought to develop a better
understanding of the potential for Distributed
Generation in New Zealand and in particular
the circumstances under which DG is most
likely to be deployed.  The timeframe for the
study is out to the year 2015: a period of
significant risk to the New Zealand economy
and international competitiveness as Maui
gas is depleted and new forms of primary
energy are utilised to replace the current very
significant contribution to base energy supply
from natural gas, whilst also meeting future
anticipated energy demand growth.  The
penetration and uptake of DG within this
context is thus a very important question.

New Zealand is not alone in its interest in DG.
There is a strong international effort through
research and investment into DG applications
that involve not only technology develop-
ment, but also energy network/distribution
responses to the many issues that are
influencing the uptake of DG.  The lesson that
can be taken from the NZ and international
experience is that DG implementation is by
no means straightforward.  The economic
feasibility of many DG applications has yet to
be demonstrated to be at a level to lead to
wide-scale uptake.  Regulatory requirements
have yet to be developed in line with the
technology, and distribution networks are still
far from sufficiently developed to allow DG to
participate in the market place to maximum
benefit.

Indeed, international experience suggests that
if DG is to become a serious source of energy
supply in the near future, a great deal more
work needs to be done for this to be
achieved.

But, in addition to this, and a key finding of
this study, is the overriding issue that DG is
not yet fully valued in the energy market.
Whilst some niche markets are emerging for
DG in New Zealand, it is clear that in order for

the technology to begin to make the contri-
bution it potentially could towards enhancing
the reliability and quality of this country’s
electricity supply, there needs to be a signifi-
cantly greater focus placed on educating
stakeholders at all levels in the commercial
and regulatory imperatives for successful DG
uptake.

This study is a first step down this pathway.
The study team has bought together analysis
and expert opinion from throughout the
sector.  The project sponsor group itself
represents a wide cross-section of partici-
pants in the electricity market, all with a
common interest in understanding better the
critical characteristics of the DG market.  Case
studies offered by industry of real-situation
commercial DG applications allowed the
drivers and impediments to successful
projects to be examined in depth and, from
this analysis, major variables identified so
that we might learn more about the factors
likely to shape New Zealand’s future energy
supply.

The study has also produced some surprises.
New Zealand has some special characteristics
that result in our patterns of energy use and
market operation being quite different from
other economies.  In particular, the predomi-
nance of hydro and natural gas firming
capacity in our generation mix, winter energy
shortages, no lack of summer energy, long
and expensive transmission lines, lack of
diversity in demand, and minimal penetration
of market pricing at an individual customer
level has led to a number of unexpected
outcomes.

These characteristics also include; an active
yet unregulated spinning reserves and peak
shifting market into which DG has made some
penetration; significant current investment in
diesel- or gas-fired generating sets for
network reinforcement, peak lopping or back-
up generation; a concentrated energy market
(with 1% of customers accounting for 70% of
the total industrial and commercial load, and
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fewer than 150 users having loads within the
1-5 MW

e
 scale typical of commercial DG

modes).  In the New Zealand context, there-
fore, any DG industry is likely to have to
embrace systems of less then 1 MW

e
 capacity

– and at this scale there remain significant
technical and institutional impediments to DG
uptake in the near term.

The study also shows that, to date, the
obvious environmental and social aspects of
DG involvement have not been strong drivers
for DG in New Zealand – unlike other coun-
tries where DG is synonymous with
renewables or community owned facilities.
Environmental and social aspects are however
strong beneficiaries.  Analysis of the case
studies indicates that in New Zealand envi-
ronmental and social benefits are essentially
regarded as local in effect and not scaleable
to a wider national advantage.  As a conse-
quence these benefits are often not recogn-
ised early enough, and in the absence of any
specific environmental and social incentives,
some DG opportunities are consequently
foregone.

Thus it is critical to a full understanding of
DG that we bring the New Zealand future
supply situation into perspective and begin to
describe DG opportunities within the context
of New Zealand’s institutional, regulatory and
market environments that govern this
country’s energy industry.

In all the case studies examined through the
study the success of DG occurred when there
was “a paradigm shift in thinking towards
adoption of total energy solutions to meet
needs rather than relying upon a continuation
of current conventional approaches that look
to least-cost wholesale electricity supply”.
The discussion that follows draws on this
point as its central theme.  It is the message
of the study and a goal that the New Zealand
energy market must now look towards and
adopt as it begins to develop strategies for
action.

A Definition of DGA Definition of DGA Definition of DGA Definition of DGA Definition of DG
DG in terms of this study, we define as “niche
supply for local needs: small-scale, local to
the point of use, either embedded in the
distribution network or a stand-alone supply
(the supply-side option), and assisted by the
advancement of energy management mea-
sures (the demand-side option)”.

There are many possible configurations for
the application of DG:

• cogeneration plant at industrial or com-
mercial sites

• stand-by generation using diesel, gas,
coal, geothermal and other fuel sources

• generation plant supplying directly into
local distribution networks, such as wind
farms

• micro-grid (islanded) operation

• electricity storage devices to meet demand
peaks

• fuel switching at times of system peaks

• demand side management systems.

Proven DG technologies span a wide range of
technologies, capacity, and energy sources
and have been utilised for a number of years
(see Chapter 8).  The picture is often clouded
however by the pleadings of special interest
groups (such as protagonists for particular
renewable energy forms, PV, wind, biomass
etc) without detailed consideration at the
national level of the technical uncertainty
associated with immature or emerging
technologies.  In fact the study shows that
DG in the New Zealand context is not about
the introduction of new technology, but
instead a definition of opportunity - thereby
bringing us back to the paradigm shift in
thinking necessary for increased DG uptake.

The study also shows that there are as many
barriers on the regulatory and policy side as
there are on the technology side.  These
barriers can become opportunities when they
include;

• allowing grid access on fair and equitable
terms for all DG systems

• policy instruments that encourage coop-
eration to increase system benefits

• providing market opportunities to enable
full price recognition for the locational
value of DG investment

• offering new mechanisms for realising the
environmental benefits that arise from
many DG investments.

The study has thus focused on institutional
issues influencing the opportunities identified
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and these investment barriers.  Our experi-
ence from the different case studies suggests,
however, that New Zealand is further down
the DG pathway than is generally recognised.
This transition phase is characterised by the
Orion and Eastland Networks case studies
where each company’s investment and
connection of diesel generating sets reflect
current market opportunities.

We would argue that with added experience
and encouragement of these types of ar-
rangements, the technical and regulatory
issues that currently are acting to impede
uptake will be better understood and thus
lead the way for increasing investment.  With
increased experience, it is also realistic to
envisage a heightened awareness and
migration towards the future enabling tech-
nologies, such as net metering and power-
quality management systems, that will herald
significant changes in supply structures.

In this transition, we thus need to distinguish
between, firstly the technology pathways that
offer the most opportunity for increased
penetration of renewable energy sources,
whilst also enhancing the reliability of
electricity supplies in the near term, and,
secondly, new concepts, strategies and
techniques that need to be developed and
implemented in order to improve the produc-
tion and distribution of electricity and other
energy forms.

The New Zealand Supply SituationThe New Zealand Supply SituationThe New Zealand Supply SituationThe New Zealand Supply SituationThe New Zealand Supply Situation
and the Opportunity for DGand the Opportunity for DGand the Opportunity for DGand the Opportunity for DGand the Opportunity for DG
The fuels supply analysis contained in the
main body of the report (Chapter 4) is an
important aspect of this study as fuel supply
issues are likely to dominate the economics
of distributed electricity generation as they
do for large centralised power stations.  The
findings of this study reinforce the conclu-
sions of other CAE studies in that New
Zealand is an energy rich country, but that the
structural barriers associated with primary
fuels production means that the time of
cheap energy is past.  Furthermore, if we in
society are to acknowledge and recognise the
life cycle implications of greenhouse gas
emissions from conventional electricity
generation, the challenge of future fuel
selection will become more complex involving
tradeoffs between commercial and technical
characteristics.

For most people in New Zealand access to
energy (and cheap electricity) is taken for
granted.  There has been an historical close
coupling between economic growth and
energy demand growth and people’s expecta-
tions are that energy suppliers will continue
to meet their future personnel and business
needs. The reality of course is different. This
is reinforced by the pending depletion of the
Maui gas field and increasing risk of energy
shortfalls in the near term during the transi-
tion to alternative fuel sources.

New Zealand is thus at a crossroads where
major decisions will need to be made involv-
ing significant new investment in our energy
supply systems.  The role of DG in this future
is thus a critical issue.  This study suggests
three possible routes in the near term:

1 A continuation of current trends based on
embedded generation using conventional
technologies and supplemented by limited
additional investment in cogeneration

2 A second investment stream of small scale
renewable energy generation facilitated by
supportive government policy and market
mechanisms

3 A future “engineered” market driven by
capacity and access arrangements, and
characterised by information technology
and key electronic technologies required
for sophisticated power management and
electrical control to every customer.

These routes overlap and can merge together
or they can remain separate.  The invest-
ments in DG now being made thus provide a
pathway to full integration of all three
streams.  The next wave of investment
anticipated is by way of assisted renewables
based very much on conventional technology
growth paths. The third stream of investment
from an engineered market is emerging but
full uptake will be dependent on regulatory
and industry behaviours.  Importantly, the
study draws the conclusion that the establish-
ment of an active  “engineered” market will
be an essential condition if the full potential
for DG opportunities is to be realised.

Each of these routes are characterised in
terms of how they might contribute to New
Zealand’s electricity market in the matrix
described by Table 10.1.

It can be seen from this matrix that the so-
called “emerging technologies” such as micro
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turbines, Stirling engines, photovoltaics, fuel
cells, wave technology etc have not been
included as important contributors in the
period to 2015.  Whilst there may well be
niche opportunities for such technologies,
their penetration and contribution towards
meeting New Zealand’s energy needs within
the time frame of the study will be limited at
best.  Simply put, the technological risk,
scalability, and the technical barriers to
network connection make these technologies
unrealistic large-scale options in the near term.

The Strength of ConventionalThe Strength of ConventionalThe Strength of ConventionalThe Strength of ConventionalThe Strength of Conventional
TechnologiesTechnologiesTechnologiesTechnologiesTechnologies
The conventional technologies currently being
deployed within local networks are and will
remain the technologies of choice for DG for
the forseeable future. They have inherent
flexibility and reliability that are essential to
DG applications. These stand-alone facilities
also are able to be easily relocated - so
providing good interim solutions as new
technologies or longer-term solutions are
implemented.  However, it needs to be
recognised that plant utilisation factors are
generally low compared to main wholesale
market generating capacity plant.

The Opportunities Provided byThe Opportunities Provided byThe Opportunities Provided byThe Opportunities Provided byThe Opportunities Provided by
Renewable EnergyRenewable EnergyRenewable EnergyRenewable EnergyRenewable Energy
The renewable technologies are principally
driven by climate change mitigation, and
community moves to adoption of sustainable

energy sources.  The renewable energy
sources bring with them a number of issues
such as lack of controllability in the case of
wind and solar, and reliability of river inflows
in the case of hydro.

To obtain the characteristics necessary for DG,
such as is provided by the conventional
technologies, requires adaptation of existing
supply arrangements, the involvement of new
players, and further technical complexity.  An
example is the evolution of pellitised biomass
that has many of the characteristics of coal
and the controllability of gas in domestic and
industrial appliances.  Solar hot water heating
also has a unique place in the renewables
mix, and can reduce total electricity demand,
but in the NZ context its effectiveness as a
DG option is reduced by the fact that NZ does
not have a summer energy problem.

The Issues Driving an Engineered MarketThe Issues Driving an Engineered MarketThe Issues Driving an Engineered MarketThe Issues Driving an Engineered MarketThe Issues Driving an Engineered Market
The issues driving towards an engineered
electricity market are an extension of the
drivers influencing the above markets and
arise because of strong and wide-held
consumer dissatisfaction with current whole-
sale market solutions.  This dissatisfaction is
driving customers to look for improved access
to the marketplace and involvement of third
parties to manage the complex contractual
arrangements that characterise the electricity
market environment.

The issues that will influence uptake centre

The Opportunity The Technology Current Market Future Market

Current trends reciprocating engines

gas turbines

combustion/steam
turbine

geothermal

asset utilisation

system security

asset utilisation

system security

price hedge

Assisted renewables small-scale hydro

biomass systems

wind

solar water heating

embedded
systems (local)

capacity contracts

system security
(national)

Engineered market smart metering

real time pricing

ICP switching

remote control

integrated energy
management systems

emerging market open access
provider

contracts and
customer manager
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Table 10.1: The DG Marketplace in the period 2003 - 2015
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on how we deal with the complexity of the
number and type of energy sources, the
changes in electricity transmission flows,
maintaining local reliability and security, and
market integration. The issues are not
insubstantial, but it is the solution to these
issues that will reshape the industry and the
way in which the sector is now organised.
We observe, that the fragmentation of the
electricity supply industry as it now stands
and the complexity of current relationships
and market mechanisms will require a
paradigm shift in thinking if the sector is to
evolve to meet this challenge.

The Likely Penetration for DGThe Likely Penetration for DGThe Likely Penetration for DGThe Likely Penetration for DGThe Likely Penetration for DG
As previously described the emphasis of this
study has been to examine the potential
market penetration of DG up to 2015 given
the dynamics and shape of the existing NZ
energy market.  The framework for this
analysis has been the definition of opportu-
nity and characterisation of the various risk
factions likely to influence DG uptake.

A critical component of this is the governance
and regulatory framework within which the
sector operates.  Deregulation of the sector
has already accelerated investment and
development of smaller electricity generating
plants embedded in distribution networks,
however as our case studies show these
opportunities are under exploited and
constrained by current industry thinking.  The
study defines the specific drivers influencing
the DG market as:

• niche opportunities for supply based on
available waste fuels or renewable sources

• meeting business on-site energy require-
ments

• more efficient responses to meeting the
demand and supply capacity requirements
of networks

• incremental investments to meet power
quality and standby capacity markets

• renewable energy/carbon trading opportu-
nities, and

• in the longer-term, customer dissatisfac-
tion with existing market access arrange-
ments.

Within this framework a number of key issues
and specific factors have been identified that

will influence DG penetration into the New
Zealand market.  These matters are sum-
marised in Table 10.2.

It has not been possible within the bounds of
the study analysis and time frames to de-
velop these market segments in more detail
so as to provide projections of future growth
with any certainty.  However through the
study process, workshops and consultation
with key stakeholders a coherent view is
emerging on the likely trends that might
result assuming the current direction of the
reforms and restructuring of the energy
markets remains.  These scenarios recognise
the new thinking and systems approaches
necessary to migrate from current conven-
tional DG forms into a fully engineered
market with outcomes driven around needs.

DG is not a market that can be regulated for
or prescribed.  The regulatory regime required
is one that does not skew investment effi-
ciency but instead seeks to create a level
playing field so that grid-based generators
are not favoured over DG opportunities.  To
do otherwise will only lead to inefficient
investment and higher than necessary energy
costs.  The potential market will be strongly
influenced by such factors.  Thus we need to
understand better the degree to which
pricing, market rules and technology perfor-
mance will act to constrain the uptake of DG
and so determine the future economic
viability for DG in this country.  These are
important questions and require addressing.

Penetration scenarios describing the possible
generation of electricity from DG are set out
in Table 10.3.  These have been developed in
consultation with the industry sponsors of the
study and reflect the findings and current
thinking on the subject.

The scenarios presented do not include the
potential contribution to New Zealand from
investment in heat plant or other demand
side management responses (for example we
only include the electricity component of a
cogeneration facility).  Significant more study
is required to get to this level of detail.  The
current and assisted routes are combined to
offer a perspective of the likely indicated and
proven contribution from DG.   The engi-
neered market route extends these estimates
significantly with the quantities presented
inferred on the basis of the descriptions
provided below.
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DG Opportunity Commercial Factors Regulatory Factors Auxiliary Factors

Current
trends

proven and well-known
technology

plant flexibility and
relocatability

fuel flexibility

price recognition for
location value and
diversity

asset utilisation

regulatory
arrangements for
non-utility
generators

interconnection rules

nodal pricing

environmental
performance

uncertain gas
market dynamics

scale too small for
significant impact on
capacity building

community
acceptability

Assisted
renewables

non firm capacity

high capital investment
/operating costs

plant reliability

delivery costs to load
centres

reliability of fuel supply

Carbon tax /GHG
incentives

RMA

grid access
arrangements

ODV at risk for
network companies

network pricing
regimes

technical risk, and
safety

increased network
losses

Engineered
market

cashflow security

negotiated agreements

technological risk

collaborative business
models

industry regulatory
structure to enable
risk sharing

system dispatch and
integration

integrated energy
solutions

changing customer
end-use patterns

customer
dissatisfaction with
market outcomes
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Table 10.2: Influencing factors for DG penetration

The Technology Current and assisted routes Engineered market route

reciprocating
engines

20 - 40 MW 250 MW

gas turbines 0 – 20 MW 50 MW

combustion/steam
turbine

40  - 80 MW 100 MW

geothermal 20 - 80 MW 100 MW

small scale hydro 10 – 30 MW 80 MW1

biomass systems 0 - 5 MW 10 MW

wind 5 - 20 MW2 160 MW2

Maximum projected
installed capacity

95 – 275 MW 750 MW

1 Not fully constructed by 2015.
2 Annual capacity factor output,  i.e. up to 3x these figures in terms of maximum rated output.

Table 10.3: Projected DG penetration (2003 - 2015) - electricity generation only
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Reciprocating EnginesReciprocating EnginesReciprocating EnginesReciprocating EnginesReciprocating Engines
The Orion case study identified significant
existing installed capacity of DG types,
predominately using standby reciprocating
engines, which can be encouraged to partici-
pate in the energy market at times of system
peak. This in-built capacity will be similar in
other major urban areas and it is estimated
that the total acknowledged capacity may be
as high as 300 MW, of which approximately
10 percent is assumed available as a DG
source under current trends.  Fuel type is
diesel or gas.  In an engineered market
scenario it is anticipated that much of this
capacity could be encouraged on-line with
some new plant installed (see case study 6.5)
to be upwards of 250 MW (i.e. about 3% of
New Zealand’s total installed generating
capacity). An engineered electricity market
would provide greater financial incentives for
plant owners and provide communication
tools that would expedite operation as DG
plant.

Gas TurbinesGas TurbinesGas TurbinesGas TurbinesGas Turbines
Existing installed capacity of this technology
is dominated by North Island cogeneration,
particularly in the dairy industry based on
natural gas feed.  Current total installed
capacity is of the order of 250 MW.  Current
and projected future constraints in Nth Island
gas market will limit further expansion of this
technology unless a major new gas field is
discovered and brought into production.
Presently identified gas fields, when brought
into production, will open the way to using
gas turbines, but still the possible penetra-
tion will be small during the period.  Future
deployment of turbine technology may well
be distillate-based at capacities of between 1-
5 MW.  As the number of industrial players in
this market is small introduction of an
engineered market is unlikely to greatly
influence uptake.  Packaged micro-turbines
now entering commercialisation will challenge
the supremacy of reciprocating engines,
especially in applications where heat recovery
is possible, but their scale (100 – 200 kW)
will require large numbers to be installed in
order to make a significant impact nationally.

Combustion/Steam TurbineCombustion/Steam TurbineCombustion/Steam TurbineCombustion/Steam TurbineCombustion/Steam Turbine
In the industrial (and to a very limited degree
the commercial) sector any increased uptake
of electricity production from DG will be very
integrated with investment in new heat plant.

Currently there is about 40 MWth of heat
plant capacity being installed annually in the
forestry and dairy industries, but since the
late 90s there has been no provision for
electricity generation included with these
investments.  We anticipate a continuation of
the requirement for additional heat capacity,
particularly in the wood processing industries.
Increased gas prices and government assis-
tance to renewable energy are expected to
improve the economics of cogeneration,
particularly from woody biomass.  However,
total installed capacity will be limited by
manufacturing scale and total heat demand.
In the NZ context this will limit generation
levels at individual sites to an average of
around 5 MWe.  An engineered market might
encourage some existing industry sites
generating steam to turn to self-generation,
but the opportunities remain limited.

GeothermalGeothermalGeothermalGeothermalGeothermal
The inherent reliability and flexibility of
geothermal power makes it a valuable
component of electricity and heat supply
systems and currently existing installed
capacity is approximately 400 MW.  However,
overall efficiencies of geothermal electricity
generating plant are only of the order of 10
percent and for DG applications direct heat
use is the preferred option - being much
more efficient than electricity generation.
Limitations on transport distance also means
that accessible geothermal energy is very
localised.  Thus geothermal development is
most likely to be directed to large centralised
electricity generation.  The opportunities on a
DG scale will be quite low and limited to
situations where a user exists close to one of
the identified geothermal resources and with
the technical capacity to utilise binary heat
plants.  The engineered market scenario will
have very little effect on encouraging greater
utilisation under current trends.

Small-scale HydroSmall-scale HydroSmall-scale HydroSmall-scale HydroSmall-scale Hydro
This is an area of strong interest and activity
at the DG level.  We estimate existing in-
stalled capacity at about 80 MW (excluding
dominant generators).  Taking into account
the influence of drought prone areas the
study estimates total further potential at
around 350 MW.  However, difficulties and the
time needed for investigation and consenting
of these opportunities are likely to constrain
the degree of uptake able to occur within the
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time frame of the study.  But, as demon-
strated by the Windflow and Opuha case
studies significant economic benefit can be
realised where small-scale hydro is developed
in unison with wind power generation.  The
ability to increase “storage” potential and
decouple wind generation from wind speed
factors creates a premium value.  This
potential is most likely to be picked up in an
engineered market, thereby more than
doubling the otherwise limited expected
contribution from this source.

Biomass SystemsBiomass SystemsBiomass SystemsBiomass SystemsBiomass Systems
The utilisation of woody biomass residues
from the forest industry is included within the
combustion energy stream described above.
Outside this source, other biomass opportuni-
ties include landfill gas and digestion of
organic residues to methane.  Current genera-
tion capacity from these sources is of the
order of 25 MW  These are niche opportuni-
ties limited predominantly to sewage works,
landfill operations and the food processing
industries.  Some limited contribution is
provided for as NZ moves to develop better-
engineered landfills and with encouragement
from government assistance to renewables.

WindWindWindWindWind
Wind development both for DG and grid-
connected wind farms is at the point of
economic development.  The wind resource at
selected sites is high by world standards and
a high capacity factor are generally assumed
although there will be some reduction to
current levels being achieved as lower
potential sites are developed (especially in
the South Island).  Existing installed capacity
is approximately 40 MW with a further 70 MW
either announced or known to be in the
planning stages.  This investment can be
anticipated, but is linked to centralised
electricity production modes and is not truly
DG.  In the engineered market, however, we
anticipate that DG opportunities will emerge
as experience develops and the value of wind
is recognised as part of a total energy
solution.  Whilst a rapid increase in demand
may result in long delivery delays for the
larger machines and investigation and
consenting process is likely to slow uptake,
we anticipate significant investment levels by
the end of the study period, subject to access
arrangements and third party contracts being
accepted in the market place.

ConclusionsConclusionsConclusionsConclusionsConclusions
This study reinforces wide-held industry views
that in today’s regulatory and industry
environment the benefits of DG are difficult to
realise, and that, in many instances, DG
values are not recognised and investment, at
times, is actively discriminated against.

However, despite this impediment DG is more
widespread and entrenched than generally
recognised and within the current industry
structure there exists both financial and
technical risk management drivers for invest-
ment.  The key to DG’s future will be migrat-
ing from this platform to a new energy
market focused on customer solutions rather
than utility responses.

It will be critical to the future of DG that this
paradigm shift be recognised and supported
by government policy and market interven-
tion.  If all opportunities were taken up
within an engineered market, DG opportuni-
ties could contribute as much as 40-50
percent of the anticipated annual future
national electricity demand increase out to
the year 2015.  Without active encouragement
of the opportunities, however, the contribu-
tion of DG to the national supply network will
be much less than this potential.

This future, however, will involve greater
market complexity not simplicity.  Individual
customers will be served via new businesses
offering standard protocols and technologies
for energy management at the customer
location.  This will happen within the con-
straints of the existing physical network and
systems infrastructure.  Redundancy of the
existing systems is unlikely and continued
reliance will be placed on large-scale whole-
sale electricity generation and supply for firm
capacity and price moderation.

The uncertainties influencing this migration to
an engineered DG future are many-fold and
considerable further thinking and analysis will
be needed before New Zealand is truly ready
to bring together coherent strategies for
action.  Vital issues identified by the study
cover:

• overcoming the market rule barriers to DG

• optimisation of DG within the New Zealand
transmission network

• matching DG investment with dynamic
pricing regimes
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• establishing methodologies for access of
DG projects at a systems level

• establishing methodologies for including
DG and demand side management in
asset valuations

• quantifying the costs of connecting DG
from remote sites

• managing and regulating safety issues.

We believe the hypothesis that “distributed
generation now permits a paradigm shift in

thinking about solutions for meeting con-
sumer capacity and reliability requirements” is
proven.  The task is now to reveal DG oppor-
tunities and encourage projects to be devel-
oped jointly by suppliers and consumers that
will offer mutual benefit and opportunity. This
will set the scene post-2015 for emerging
energy technologies to build on the strength
of the proven current ones.

These areas will form the basis for future CAE
programmes.
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1) Distributed resources’ generally shorter
construction period leaves less time for
reality to diverge from expectations,
thus reducing the probability and hence
financial risk of under or overbuilding.

2) Distributed resources’ smaller unit size
also reduces the consequences of such
divergence and hence reduces its
financial risk.

3) The frequent correlation between
distributed resources’ shorter lead-time
and smaller unit size can create a
multiplicative, not merely an additive,
risk reduction.

4) Shorter lead times further reduces
forecasting errors and associated
financial risks by reducing errors
amplification with the passage of time.

5) Even if short lead time units have lower
thermal efficiency, their lower capital
and interest costs can often offset the
excess carrying charges on idle
centralised capacity whose better
thermal efficiency is more than offset
by high capital cost.

6) Smaller, faster modules can be built on
a “pay-as-you-go” basis with less
financial strain, reducing the builder’s
financial risk and hence cost of capital.

7) Centralised capacity additions over-
shoot demand (absent gross
underforecasting or exactly predictable
step-function increments of demand)
because their inherent ‘lumpiness”
leaves substantial increments of
capacity idle until demand can “grow
into it”.  In contrast, smaller units can
more exactly match gradual changes in
demand without building unnecessary
slack capacity (“build as you need”), so
their capacity additions are employed
incrementally and immediately.

8) Smaller, more modular capacity not
only ties up less idle capital (#7), but
also does so for a shorter time (be-
cause the demand can “grow into” the

added capacity sooner), thus reducing
the cost of capital per unit of revenue.

9) If distributed resources are becoming
cheaper with time, as most are, their
small units and short lead times permit
those cost reductions to be almost fully
captured.  This is the inverse of #8:
revenue increase there, and cost
reductions here, are captured incremen-
tally and immediately by following the
demand or cost curves nearly exactly.

10) Using short-lead-time plants reduces
the risk of a “death spiral” of rising
tariffs and stagnating demand.

11) Shorter lead time and smaller unit size
both reduce the accumulation of
interest during construction – an
important benefit in both an accounting
and cash-flow terms.

12) Where the multiplicative effect of faster-
and-smaller units reduces financial risk
(#3) and hence the cost of project
capital, the correlated effects – of that
cheaper capital, less of it (#11), and
needing it over a shorter construction
period (#11) – can be triply multiplica-
tive.  This can in turn improve the
enterprise’s financial performance,
gaining it access to still cheaper
capital.  This is the opposite of the
effect often observed with large-scale,
long-lead-time projects, whose en-
hanced financial risk not only raise the
cost of project capital but may cause
general deterioration of the developer’s
financial indicators, raising its cost of
capital and making it even less com-
petitive.

13) For utilities using such accrual account-
ing mechanisms as AFUDC (Allowance
for Funds Used During Construction),
shorter lead time’s reduced absolute
and fractional interest burden can
improve the quality of earnings, hence
investors’ perceptions and willingness
to invest.

14) Distributed resources’ modularity

Appendix: The Rocky Mountain Institute’s
207 Benefits of Distributed Resources



Opportunities for Distributed Generation in NZ

336

increases the developer’s financial
freedom by tying up only enough
working capital to complete one
segment at a time.

15) Shorter lead time and smaller unit size
both decrease construction’s burden on
the developer’s cashflow, improving
financial indicators and hence reducing
the cost of capital.

16) Shorter-lead-time plants can also
improve cashflow by starting to earn
revenue sooner – through operational
revenue-earning or regulatory rate-
basing as soon as each module is built
– rather than waiting for the entire total
capacity to be completed.

17) The high velocity of capital (#16) may
permit self-financing of subsequent
units from early operating revenues.

18) Where external finance is required,
early operation of an initial unit gives
investors an early demonstration of the
developer’s capability, reducing the
perceived risk of subsequent units and
hence the cost of capital to build them.

19) Short lead times allows companies a
longer “breathing spell” after the start-
up of each generating unit, so that they
can better recover from the financial
strain of construction.

20) Shorter lead time and smaller unit size
may decrease the incentive, and the
bargaining power, of some workers or
unions whose critical skills may other-
wise give them leverage to demand
extremely high wages or to stretch out
construction still further on large,
lumpy, long-lead-time projects that can
yield no revenue until completed.

21) Smaller plants’ lower local impacts may
qualify them for regulatory exemptions
or streamlined approval processes,
further reducing construction time and
hence financing costs.

22) Where smaller pants’ lower impacts
qualify them for regulatory exemptions
or streamlined approvals processes, the
risk of project failure and lost invest-
ment due to regulatory rejection or
onerous condition decreases, so
investors may demand a smaller risk

premium.

23) Smaller plants have less obtrusive
siting impacts, avoiding the risk of a
vicious circle of public response that
makes siting ever more difficult.

24) Small units with short lead times
reduce the risk of buying a technology
that is or becomes obsolete even
before it’s installed, or soon thereafter.

25) Smaller units with short development
and production times and quick
installation can better exploit rapid
learning: many generations of product
development can be compressed into
the time it would take simply to build a
single giant unit, let alone operate it
and gain experience with it.

26) Lessons learned during that rapid
evolution can be applied incrementally
and immediately in current production,
not filed away for the next huge plant a
decade or two later.

27) Distributed resources move labour from
field worksites, where productivity
gains are sparse, to the factory, where
they’re huge.

28) Distributed resources’ construction
tends to be far simpler, not requiring
an expensively scarce level of construc-
tion management talent.

29) Faster construction means less
workforce turnover, less retraining, and
more craft and management continuity
than would be possible on a decade-
long project.

30) Distributed resources exploit modern
and agile manufacturing techniques,
highly competitive innovation,
standardised parts, and commonly
available production equipment shared
with many other industries.  All of
these tend to reduce costs and delays.

31) Shorter lead time reduces exposure to
changes in regulatory rules during
construction.

32) Technologies that can be built quickly
before the rules change and are
modular so they can “learn faster” and
embody continuous improvement are
less exposed to regulatory risks.
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33) Distributed technologies that are
inherently benign (renewables) are less
likely to suffer from regulatory restric-
tions.

34) Distributed resources may be small
enough per unit to be considered de
minimis and avoid certain kinds of
regulation.

35) Smaller, faster modules offer some risk-
reducing degree of protection from
interest-rate fluctuations, which could
be considered a regulatory risk if
attributed to the Federal Reserve or
similar national monetary authorities.

36) The flexibility of distributed resources
allows managers to adjust capital
investments continuously and incre-
mentally, more exactly tracking the
unfolding future, with continuously
available options for modification or
exit to avoid trapped equity.

37) Small, short-lead-times resources incur
less carrying-charge penalty if sus-
pended to await better information, or
even if abandoned.

38) Distributed resources typically offer
greater flexibility in accelerating
completion if this becomes a valuable
outcome.

39) Distributed resources allow capacity
expansion decisions to become more
routine and hence lower in transaction
costs and overheads.

40) Distributed generation allows more
learning before deciding, and makes
learning a continuous process as
experience expands rather than epi-
sodic with each lumpy, all-or-nothing
decision.

41) Smaller, shorter-lead-time, more
modular units tend to offer cheaper
and more flexible options to planners
seeking to minimise regret, because
such resources can better adapt to and
more cheaply guard against uncertainty
about how the future will unfold.

42) Modular plants have off-ramps so that
stopping the project is not a total loss:
value can still be recovered from
whatever modules were completed
before the stop.

43) Distributed resources’ physical portabil-
ity will typically achieve a higher
expected value than an otherwise
comparable non-portable resource,
because if circumstance change, a
portable resource can be physically
redeployed to a more advantageous
location.

44) Portability also merits a more
favourable discount rate because it is
less likely that the anticipated value
will not be realised – even though it
may be realised in a different location
than originally expected.

45) A service provider or third-party
contractor whose market reflects a
diverse range of temporary or uncer-
tain-duration service needs can main-
tain a “lending library” of portable
distributed resources that can achieve
high collective utilisation, yet at each
deployment avoid inflexible fixed
investments that lack assurance of
long-term revenue.

46) Modular, standardised, distributed,
portable units can more readily be
resold as commodities in a secondary
market, so they have a higher residual
or salvage value than corresponding
monolithic, specialised, centralised,
non-portable units that have mainly a
demolition cost at the end of their
useful lives.

47) The value of the resale option for
distributed resources id further en-
hanced by their divisibility into mod-
ules, of which as many as desired may
be resold and the rest retained to a
degree closely matched to new needs.

48) Distributed resources typically do little
or no damage to their sites, and hence
minimise or avoid site remediation
costs if redeployed, salvaged, or
decommissioned.

49) Volatile fuel prices set by fluctuating
market conditions represent a financial
risk.  Many distributed resources do
not use fuels and thus avoid that costly
risk.

50) Even distributed resources that do use
fuels, but use them more efficiently or
dilute their cost impact by a higher
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ratio of fixed to variable costs, can
reduce the financial risk of volatile fuel
prices.

51) Resources with a low ratio of variable
to fixed costs, such as renewables and
end-use efficiency, incur less cost
volatility and hence merit more
favourable discount rates.

52) Fewer staff may be needed to manage
and maintain distributed generation
plants: contrary to the widespread
assumption of higher per-capita
overheads, the small organizations
required can actually be leaner than the
large ones.

53) Meter reading and other operational
overheads may be quite different for
renewable and distributed resources
than for classical power plants.

54) Distributed resources tend to have
lower administrative overheads than
centralised ones because they do not
require the same large organizations
with broad capabilities nor, perhaps,
more complex legally mandated
administrative and reporting require-
ments.

55) Compared with central power stations,
mass-produced modular resources
should have lower maintenance
equipment and training costs, lower
carrying charges on spare-parts inven-
tories, and much lower unit costs for
spare parts made in higher production
runs.

56) Unlike different fossil fuels, whose
prices are highly correlated with each
other, non-fuelled resources (efficiency
and renewables) have constant,
uncorrelated prices that reduce the
financial risk of an energy supply
portfolio.

57) Efficiency and cogeneration can provide
insurance against uncertainties in load
growth because their output increases
with electricity demand, providing extra
capacity in exactly the conditions in
which it is most valuable, both to the
customer and to the electric service
provider.

58) Distributed resources are typically sited

at the downstream (customer) end of
the traditional distribution system,
where they can most directly improve
the system’s lowest load factors, worst
losses, and highest marginal grid
capital costs – thus creating the
greatest value.

59) The more fine-grained the distributed
resource – the closer it is in location
and scale to customer load – the more
exactly it can match the temporal and
spatial pattern of the load, thus
maximising the avoidance costs, losses,
and idle capacity.

60) Distributed resources matched to
customer loads can displace the least
utilised grid assets.

61) Distributed resource matched to
customer loads can displace the part of
the grid that has the highest losses.

62) Distributed resource matched to
customer loads can displace the part of
the grid that typically has the biggest
and costliest requirements for reactive
power control.

63) Distributed resource matched to
customer loads can displace the part of
the grid that has the highest capital
costs.

64) Many renewable resources closely fit
traditional utility seasonal and daily
load shapes, maximising their “capacity
credit” – the extent to which each kW
of renewable resource can reliably
displace dispatchable generating
resources and their associated grid
capacity.

65) The same load shape-matching enables
certain renewable sources (such as
photovoltaics in hot, sunny climates) to
produce the most energy at the times
when it is most valuable – an attribute
that can be enhanced by design.

66) Reversible fuel cell storage of photovol-
taic electricity can not only make the
PVs a dispatchable electrical resource,
but can also yield useful fuel cell by-
product heat at night when it is most
useful and when solar heat is least
available.

67) Combinations of various renewable
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resources can complement each other
under various weather conditions,
increasing their collective reliability.

68) Distributed resources such as photovol-
taics that are well matched to substa-
tion peak load can pre-cool the trans-
former – even if peak load lasts longer
than peak PV output – thus boosting
substation capacity, reducing losses,
and extending equipment life.

69) In general, interruptions of renewable
energy flows due to weather can be
predicted earlier and with higher
confidence than interruptions of fossil
fuelled or nuclear energy flows due to
malfunction or other mishap.

70) Such weather-related interruptions of
renewable sources also generally last
for a much shorter time than major
failures of central thermal stations.

71) Some distributed resources are the
most reliable known sources of electric-
ity, and in general, their technical
availability is improving more and
faster than that of centralised re-
sources.  (End use efficiency resources
are by definition 100% available –
effectively, even more.)

72) Certain distributed generator’s high
technical availability is an inherent per
unit attribute – not achieved through
the extra system costs of reserve
margin, interconnection, dispersion,
and unit and technological diversity
required for less reliable central units
to achieve the equivalent supply
reliability.

73) In general, given reasonable reliable
units, a large number of small units will
have a greater collective reliability than
a small number of large units, thus
favouring distributed resources.

74) Modular distributed generators have
not only a higher collective availability
but also a narrower potential range of
availability than large, non-modular
units, so there is less uncertainty in
relying on their availability for planning
purposes.

75) Most distributed resources, especially
renewables, tend not only to fail less

than centralised plants, but also to be
easier and faster to fix when they do
fail.

76) Repairs of distributed resources tend to
require less exotic skills, unique parts,
special equipment, difficult access, and
awkward delivery logistics than repairs
to centralised resources.

77) Repairs of distributed resources do not
require costly, hard-to-find large blocks
of power, nor require them for long
periods.

78) When a failed individual module,
tracker, inverter, or turbine is being
fixed, all the rest in the array continue
to operate.

79) Distributed generation resources are
quick and safe to work with: no post-
shutdown thermal cooling of a huge
thermal mass, let alone radioactive
decay, need be waited out before
repairs can begin.

80) Many distributed resources operate at
low or ambient temperatures, funda-
mentally increasing safety and simplic-
ity of repair.

81) A small amount of energy storage, or
simple changes in design, can dispro-
portionately increase the capacity credit
due to intermittent renewable re-
sources.

82) Distributed resources have an excep-
tionally high grid reliability value if they
can be sited at or near the customer’s
premises, thus risking less “electron
haul length” where supply could be
interrupted.

83) Distributed resources tend to avoid the
high voltages and currents and the
complex delivery systems that are
conducive to grid failures.

84) Deliberate disruptions of supply can be
made local, brief, and unlikely if electric
systems are carefully designed to be
more efficient, diverse, dispersed, and
renewable.

85) By blunting the effect of deliberate
disruption, distributed resources reduce
the motivation to cause such disrup-
tions in the first place.
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86) Distributed generation in a large, far-
flung grid may change its fundamental
transient response dynamics from
unstable to stable – especially as the
distributed resources become smaller,
more widespread, faster responding,
and more intelligently controlled.

87) Modular, short lead time technologies
valuably temporise: they buy time, in a
self-reinforcing fashion, to develop and
deploy better technologies, learn more,
avoid more decisions, and make better
decisions.  The faster the technological
and institutional change, and the
greater the turbulence, the more
valuable this time-buying ability
becomes.  The more the bought time is
used to do things that buy still more
time, the greater the leverage in
avoided regret.

88) Smaller units, which are often distrib-
uted, tend to have a lower forced
outage rate and an equivalent higher
availability factor than larger units, thus
decreasing reserve margin and spinning
reserve requirements.

89) Multiple small units are far less likely
to fail simultaneously than a single
large unit.

90) The consequences of failure are far
smaller for a small than for a large unit.

91) Smaller generating units have fewer
and generally briefer scheduled or
forced maintenance intervals, further
reducing reserve requirements.

92) Distributed generators tend to have
less extreme technical conditions
(temperature, pressure, chemistry, etc.)
than giant plants, so they tend not to
incur the inherent reliability problems
of more exotic materials pushed closer
to their limits – thus increasing avail-
ability.

93) Smaller units tend to require less
stringent technical reliability perfor-
mance (e.g. failures per metre of boiler
tubing per year) than very large units in
order to achieve the same reliability (in
this instance, because each small unit
has fewer metres of boiler tubing) –
thus again increasing unit availability
and reducing reserves.

94) “Virtual spinning reserve” provided by
distributed resources can replace
traditional central station spinning
reserve at far lower cost.

95) Distributed substitutes for traditional
spinning reserve capacity can reduce its
operating hours – hence the mechanical
wear, thermal stress, corrosion, and
other gradual processes that shorten
the life of expensive, slow to build, and
hard to repair central generating plant.

96) When distributed resources provide
“virtual spinning reserve”, they can
reduce cycling, turn-on/ shutdown, and
low-load “idling” operation of central
generating units, thereby increasing
their lifetime.

97) Such life extension generally incurs a
lower risk than supply expansion, and
hence a more favourable risk-adjusted
discount rate, further increasing
increasing its economic advantage.

98) Distributed resources can help reduce
the reliability and capacity problems to
which an aging overstressed grid is
liable.

99) Distributed resources offer greater
business opportunities for profiting
from hot spots and price spikes,
because time and location specific
costs are typically more variable within
the distribution system than in bulk
generation.

100) Strategically, distributed resources
make it possible to position and
dispatch generating and demand-side
resources optimally so as to maximise
the entire range of distributed benefits.

101) Distributed resources (always on the
demand side and often on the supply
side) can largely or wholly avoid every
category of grid costs on the margin by
being already near the customer and
hence requiring no further delivery.

102) Distributed resources have a shorter
haul length from the more localised
(less remote) source to the load, hence
less electrical resistance in the grid.

103) Distributed resources reduce required
net inflow from the grid, reducing grid
current and hence grid losses.
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104) Distributed resources cause effective
increases in conductor cross-section per
unit of current (thereby decreasing
resistance) if an unchanged conductor
is carrying less current.

105) Distributed resources result in less
conductor and transformer heating,
hence less resistance.

106) Distributed resources’ ability to de-
crease grid losses is increased because
they are close to customers,
maximising the sequential compound-
ing of the different losses that they
avoid.

107) Distributed photovoltaics particularly
reduce grid loss load because their
output is greatest at peak hours (in a
summer peaking system), dispropor-
tionately reducing the heating of grid
equipment.

108) Such on-peak generation also reduces
losses precisely when the reductions
are most valuable.

109) Since grid losses avoided by distrib-
uted resources are worth the product of
the number of times the value of each
avoided kWh of losses, their value can
multiply rapidly when using area- and
time-specific costs.

110) Distributed resources can reduce
reactive power consumption by short-
ening the electron haul length through
lines and by not going through as
many transformers – both major
sources of inductive reactance.

111) Distributed resources can reduce
current flows through inductive grid
elements by meeting nearby loads
rather than by bringing current through
lines and transformers.

112) Some end-use efficiency resources can
provide reactive power as a free by-
product of their more efficient design.

113) Distributed generators that feed the
grid through appropriately designed
DC-to-AC inverters can provide the
desired real-time mixture of real and
reactive power to maximise value.

114) Reduced reactive current improves
distribution voltage stability, thus

improving end-use device reliability and
lifetime, and enhancing customer
satisfaction, at lower cost than for
voltage-regulating equipment and its
operation.

115) Reduced reactive current reduces
conductor and transformer heating,
improving grid components’ lifetime.

116) Reduced reactive current, by cooling
grid components, also makes them less
likely to fail, improving the quality of
customer service.

117) Reduced reactive current, by cooling
grid components, also reduces conduc-
tor and transformer resistivity, thereby
reducing real power losses, hence
reducing heating, hence further improv-
ing component lifetime and reliability.

118) Reduced reactive current increases
available grid and generating capacity,
adding to the capacity displacement
achieved by distributed resources’
supply of real current.

119) Distributed resources, by reducing line
current, can help avoid voltage drop
and associated costs by reducing the
need for installing equipment to
provide equivalent voltage support or
step-up.

120) Distributed resources that operate in
the daytime, when sunlight heats
conductors or transformers, help to
avoid costly increases in circuit voltage,
reconductoring (replacing a conductor
with one of higher current capacity),
adding extra circuits, or, if available,
transferring load to other circuits with
spare capacity.

121) Substation-sited PV arrays can shade
transformers, thereby improving their
efficiency, capacity, lifetime, and
reliability.

122) Distributed resources most readily
replace distribution transformers at the
smaller transformer sizes that have
higher unit costs.

123) Distributed resources defer or avoid
adding grid capacity.

124) Distributed resources, by reducing the
current on transmission and distribu-
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tion lines, free up grid capacity to
provide service to other customers.

125) Distributed resources help “decongest”
the grid so that existing but encum-
bered capacity can be freed up for
other economic transactions.

126) Distributed resources avoid the siting
problems that can occur when building
new transmission lines.

127) These siting problems tend to be
correlated with the presence of people,
but people tend to correlate with both
loads and opportunities for distributed
resources.

128) Distributed resources’ unloading, hence
cooling, of grid components can
disproportionately increase their
operating life because most of the life-
shortening effects are caused by the
highest temperatures, which occur only
during a small number of hours.

129) More reliable operation of distribution
equipment can also decrease periodic
maintenance costs and outage costs.

130) Distributed resources’ reactive current,
by improving voltage stability, can
reduce tapchanger operation on
transformers, increasing their lifetime.

131) Since distributed resources are nearer
to the load, they increase reliability by
reducing the length the power must
travel and the number of components it
must traverse.

132) Carefully sited distributed resources can
substantially increase the distribution
system operator’s flexibility in rerouting
power to isolate and bypass distribu-
tion faults and to maintain service to
more customers during repairs.

133) That increased delivery flexibility
reduces both the number of interrupted
customers and the duration of their
outage.

134) Distributed generators can be designed
to operate properly when islanded,
giving local distribution systems the
ability to ride out major or widespread
outages.

135) Distributed resources require less

equipment and fewer procedures to
repair and maintain the generators.

136) Stand-alone distributed resources not
connected to the grid avoid the cost
(and potential ugliness) of extending
and connecting a line to a customer’s
site.

137) Distributed resources can improve
utility system stability by powering vital
protective functions of the grid even if
its own power supply fails.

138) The modularity of many distributed
resources enables them to scale down
advantageously to small loads that
would be uneconomic to serve with
grid power because its fixed connection
costs could not be amortised from
electricity revenues.

139) Many distributed resources, notably
photovoltaics, have costs that scale far
more closely to their loads than do the
costs of distribution systems.

140) Distributed generators provide electric
energy that would otherwise have to be
generated by a centralised plant,
backed up by its spinning reserve, and
delivered through grid losses to the
same location.

141) Distributed resources available on peak
can reduce the need for the costlier to
keep warm centralised plants.

142) Distributed resources very slightly
reduce spinning reserves’ operational
cost.

143) Distributed resources can reduce power
stations’ start-up cycles, thus improving
their efficiency, lifetime, and reliability.

144) Inverter driven distributed resources
can provide extremely fast ramping to
follow sudden increases or decreases in
load, improving system stability and
component lifetimes.

145) By combining fast ramping with flexible
location, often in the distribution
system, distributed resources may
provide special benefits in correcting
transients locally before they propagate
upstream to affect more widespread
transmission and generating resources.
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146) Distributed resources allow for net
metering, which in general is economi-
cally beneficial to the distribution utility
(albeit at the expense of the incumbent
generator).

147) Distributed resources may reduce
utilities’ avoided marginal cost and
hence enable them to pay lower
buyback prices to Qualifying Facilities.

148) Distributed resources’ ability to provide
power of the desired level of quality
and reliability to particular customers –
rather than just a homogenous com-
modity via the grid – permits providers
to match their offers with customers’
diverse needs and to be paid for that
close fit.

149) Distributed resources can avoid har-
monic distortion in the locations where
it is both more prevalent (e.g. at the
end of long rural feeders) and more
costly to correct.

150) Certain distributed resources can
actively cancel harmonic distortion in
real time, at or near the customer level.

151) Whether provided passively or actively,
reduced harmonics means lower grid
losses, equipment heating (which
reduces life and reliability), interference
with end-user and grid-control equip-
ment, and cost of special harmonic
control equipment.

152) Appropriately designed distributed
inverters can actively cancel or mitigate
transients in real time at or near the
customer level, improving grid stability.

153) Many distributed resources are renew-
able, and many customers are willing
to pay a premium for electricity pro-
duced from a non-polluting generator.

154) Distributed resources allow for local
control of generation, providing both
economic development and political
benefits.

155) Certain distributed non-electric supply
side resources such as day lighting and
passive ventilation can valuably
improve non-energy attributes (such as
thermal, visual, and acoustic comfort),
hence human and market performance.

156) Bundling distributed supply with
demand side resources increases many
of distributed generation’s distributed
benefits per kW, e.g. by improving
match to load shape, contribution to
system reliability, or flexibility of
dispatching real and reactive power.

157) Bundling distributed supply with
demand side resources means less
supply, improving the marketability of
both by providing more benefits (such
as security of supply) per unit of cost.

158) Bundling distributed supply with
demand side resources increases the
provider’s profit or price flexibility by
melding lower supply side with higher
demand side margins.

159) Certain distributed resources can
valuably burn local fuels that would
otherwise be discarded, often at a
financial and environmental cost.

160) Distributed resources provide a useful
amount and temperature of waste heat
conveniently close to the end use.

161) Photovoltaic (or solar thermal) panels
on a building’s roof can reduce the air
conditioning load by shading the roof –
thus avoiding air conditioning and air
handling capacity, electricity, and the
capacity to generate and deliver it,
while extending roof life.

162) Some distributed resources like micro
turbines produce carbon dioxide, which
can be used as an input for green-
houses or aquaculture farms.

163) Some types of distributed resources
like photovoltaics tiles integrated into a
roof can displace elements of the
building’s structure and hence its
construction cost.

164) Distributed resources make possible
homes and other buildings with no
infrastructure in the ground – no pipes
or wires coming out – thus saving costs
for society and possibly for the devel-
oper.

165) Because it lacks electricity, undevel-
oped land may be discounted in
market value by more than the cost of
installing distributed renewable genera-
tion – making that power source better
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than free.

166) Since certain distributed resources
don’t pollute and are often silent and
inconspicuous, they usually don’t
reduce, and may enhance, the value of
surrounding land – contrary to the
effects of central power plants.

167) Some distributed resources can be
installed on parcels of land that are too
small, steep, rocky, odd-shaped, or
constrained to be valuable for real
estate development.

168) Some distributed resources can be
double-decked over other uses, reduc-
ing or eliminating net land costs.
(Double-decking over utility substa-
tions, etc., can also yield valuable
shading benefits that reduce losses and
extend equipment life.)

169) The shading achieved by double-
decking PVs above parked cars or
livestock can yield numerous private
and public side benefits.

170) Distributed resources may reduce
society’s subsidy payments compared
with centralised resources.

171) Distributed resources can significantly –
and when deployed on a large scale
can comprehensively and profoundly –
improve the resilience of electricity
supply, thus reducing many kinds of
social costs, risks, and anxieties,
including military costs and vulnerabili-
ties.

172) Technologies perceived as benign in
their local impacts make siting approv-
als more likely, reducing the risk of
project failure and lost investment and
hence reducing the risk premium
demanded by investors.

173) Technologies perceived as benign or de
minimis in their local impacts can also
receive siting approvals faster, or can
even be exempted from approvals
processes, further shortening construc-
tion time and hence reducing financial
cost and risk.

174) Technologies perceived as benign in
their local impact have wide flexibility
in siting, making it possible to shop for
lower cost sites.

175) Technologies perceived as benign in
their local impact have wide flexibility
in siting, making it easier to locate
them in positions that will maximise
system benefits.

176) Siting flexibility is further increased
where the technology, due to its small
scale, cogeneration potential, and
perhaps non-thermal nature, requires
little or no heat sink.

177) Distributed resources’ local siting and
implementation tend to increase their
local economic multiplier and thereby
further enhance local acceptance.

178) Distributed resources can often be
locally made, creating a concentration
of new skills, industrial capabilities,
and potential to exploit markets
elsewhere.

179) Most well designed distributed re-
sources reduce acoustic and aesthetic
impacts.

180) Distributed resources can reduce
irreversible resource commitments and
their inflexibility.

181) Distributed resources facilitate local
stakeholder engagements and increase
the community’s sense of accountabil-
ity, reducing potential conflict.

182) Distributed resources generally reduce
and simplify public health and safety
impacts, especially of the more opaque
and lasting kinds.

183) Distributed resources are less liable to
the regulatory “ratcheting” feedback
that tends to raise unit costs as more
plants are built and as they stimulate
more public unease.

184) Distributed resources are fairer, and
seen to be fairer, than centralised
resources because their costs and
benefits tend to go to the same people
at the same time.

185) Distributed resources have less de-
manding institutional requirements, and
tend to offer the potential transparency
and attractiveness of the vernacular.

186) Distributed resources lend themselves
to local decisions, enhancing public
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comprehension and legitimacy.

187) Distributed resources are more likely
than centralised ones to respect and fit
community and jurisdictional bound-
aries, simplifying communications and
decision making.

188) Distributed resources better fit the
scale of communities’ needs and ability
to address them.

189) Distributed resources foster institu-
tional structure that is more weblike,
learns faster, and is more adaptive,
making the inevitable mistakes less
likely, consequential, and lasting.

190) Distributed resources’ smaller, more
agile, less bureaucratised institutional
framework is more permeable and
friendly to information flows inward
and outward, further speeding learning.

191) Distributed resources’ low cost and
short lead-time for experimental
improvement encourages and rewards
more of it and hence accelerates it.

192) Distributed resources’ size and technol-
ogy (frequently well correlated) gener-
ally merit and enjoy a favourable public
image that developers, in turn, are
generally both eager and able to
uphold and enhance, aligning their
goals with the public’s.

193) With some notable exceptions such as
dirty engine generators, distributed
resources tend to reduce total air
emissions per unit of energy services
delivered.

194) Since distributed resources’ air emis-
sions are directly experienced by the
neighbours with the greatest influence
on local acceptance and siting, political
feedback is short and quick, yielding
strong pressure for clean operations
and continuous improvement.

195) Due to scale, technology, and local
accountability informed by direct
perception, the rules governing distrib-
uted resources are less likely to be
distorted by special interest lobbying
than those governing centralised
resources.

196) Distributed utilities tend to require less,

and ofxten require no, land for fuel
extraction, processing, and transporta-
tion.

197) Distributed resources’ land use tends to
be temporary rather than permanent.

198) Distributed resources tend to reduce
harm to fish and wildlife by inherently
lower impacts and more confined range
of effects (so that organisms can more
easily avoid or escape them).

199) Some distributed resources reduce and
others altogether avoid harmful dis-
charges of heat to the environment.

200) More hydroelectric resources may be
less harmful to fish at small than at
large scale.

201) The greater operational flexibility of
some distributed resources, and their
ability to serve multiple roles or users,
may create new opportunities for power
exchange benefiting anadromous fish.

202) Well designed distributed resources are
often less materials and energy inten-
sive than their centralised counterparts,
comparing whole systems for equal
delivered production.

203) Distributed resources’ often lower
materials and energy intensity reduces
their indirect or embodied pollution
from materials production and manu-
facturing.

204) Many distributed resources’ reduced
materials intensity reduces their
indirect consumption of depletable
mineral resources.

205) The small scale, standardisation, and
simplicity of most distributed resources
simplifies their repair and may improve
the likelihood of their re-manufacture
or recycling, further conserving materi-
als.

206) Many distributed resources withdraw
and consume little or no water.

207) Many distributed resources offer
psychological or social benefits of
almost infinite variety to users whose
unique prerogative it is to value them
however they choose.
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