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Abstract 
This report and the associated deliverables have been completed in partial fulfilment of the Master of 
Engineering Management degree at the University of Canterbury. The primary objective of this project was to 
produce a white paper for Deta Consulting Ltd. detailing the demand and availability of renewable fuels and 
process heat technologies in the South Island to replace fossil fuels. There are sufficient alternatives to do just 
that in all regions except Canterbury. Canterbury is faced with the unfortunate fact that, as a region, it consumes 
the most amount of fossil fuels in process heat yet has one of the lowest availabilities of biomass. This will result 
in an unsustainably large electricity demand. Not all possible renewable alternatives or strategies have been 
considered, so further research should be conducted to understand Canterbury’s realistic capability to use 
electrical boilers as well as other process heat and power generation option. 
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1 Executive Summary 
This report and associated deliverables have been completed in partial fulfilment of the 
Master of Engineering Management degree at the University of Canterbury. The primary 
objective of this project was to produce a white paper for Deta Consulting Ltd. detailing the 
demand and availability of renewable fuels and technologies in the South Island to replace 
fossil fuels used in generating process heat. This project relied on information gathered by 
Deta and public information taken from sources assumed to be reliable.  

Process heat that can be abated at this stage are boilers used for low (under 100°C) to 
medium (100-300°C) temperatures. Most heat produced in these boilers are for hot water 
and steam and is produced from coal. Industries are primarily considering three alternative 
technologies. Biomass, because it operates similarly to coal, and coal boilers can be 
retrofitted for use with biomass. Heat pumps because their fuel cost is the cheapest, 
however they are limited by the temperatures they can produce. And electrical boilers, 
which are cheap to install, and their capacities range from 30 kW to 34 MW. 

Deta’s work with Transpower has led to a master database on process heat, which has 
enabled them to determine that fossil fuels make up 1458 MW of the total boiler capacity in 
the South Island. The database categorises users by region, fuel type, and industry. Deta’s 
aim was to compare this information with the total capacity of renewables.  

The first deliverable of this project was to gather data on electricity forecast loads and 
capacities and begin developing a decarbonisation model, starting with the capability to 
convert fossil fuel boilers to electrical boilers. In the process of researching and gathering 
data for the deliverable, it became evident that the constraints Deta were seeking to apply 
to electrical boilers were not feasible within the timeframe. 

The second deliverable, after determining the constraint on electrical boilers that could be 
applied to the decarbonisation model, was to determine the limitations of heat pumps and 
biomass for abating fossil fuels. These three renewable technologies were then compared 
with the current consumption of fossil fuels and presented in a technical report that details 
the methods used to develop the decarbonisation model, their results, and implications. 

The final deliverable, and primary goal of the thesis, was the white paper. The results 
presented in the white paper show that sufficient biomass exists across South Island to 
replace fossil fuels if heat pumps replace boilers under 85°C. However, considering the cost 
of transport, biomass becomes constrained by the region in which it’s harvested. The results 
show that two regions, the West Coast and Canterbury, will need to consider alternative 
energy sources. By 2031 the Canterbury region will need 7.6 PJ or 55% of its heat energy 
from electrical boilers or other technologies. That is equivalent to 35% of Canterbury’s 
current yearly electricity consumption. Marlborough, Tasman, Otago, and Southland regions 
all have sufficient biomass to completely abate fossil fuels.  

Detailed research is needed to fully understand the South Island’s capability to convert fossil 
fuel boilers to renewables. Other considerations include determining the practicable 
electricity capacity for process heat users and the realistic cost of transporting biomass from 
neighbouring regions. Other technologies that could be considered include producing 
biofuels in regions with excess wood fibres and producing biogas from food waste. 

This project could not have been completed without Deta’s sponsorship. Their proprietary 
knowledge and industry connections were invaluable in facilitating the research.  
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3 Glossary of Terms 

Terms Units 
AG Anaerobic Digestion W Watt 
CIP Cleaning in Place J Joule 
CCC Climate Change Commission V Volts 
CCRA Climate Change Response Act m Meter 
COP Coefficient of Performance kg kilogram 
EDB Electricity Distribution Business t 1000 kilograms 
ETS Emissions Trading Scheme 

  

EECA Energy Efficiency and Conservation 
Authority 

Prefix 

GIDI Government Investment in 
Decarbonising Industry 

M Mega - 10x6 (1,000,000) 

GHG Greenhouse gas G Giga - 10x9 (1,000,000,000)  
GXP Grid Exit Point P Peta - 10x15 

(1,000,000,000,000,000)  
GDP Gross Domestic Product 

  

HP Heat Pump Compounds 
HTHP High-Temperature Heat Pumps CO2 Carbon Dioxide 
IPPU Industrial Process and Product Use CO2

e  
Carbon Dioxide Equivalent 

IPCC Intergovernmental Panel on Climate 
Change 

  

LULUCF Land Use, Land-Use Change and 
Forestry 

  

LPG Liquid Petroleum Gas 
  

MBIE Ministry for Business, Innovation & 
Employment 

  

MfE Ministry for the Environment 
  

NBA Natural and Built Environments Acts 
  

NZU New Zealand Unit 
  

OECD Organisation for Economic 
Cooperation and Development 

  

PPM Parts per million 
  

PV Photovoltaic  
  

RMA Resource Management Act 
  

Governmen
t 

The New Zealand Government 
  

UHT Ultra-High Temperature (Milk) 
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4 Introduction 
Deta Consulting Ltd. (herein termed as Deta) are a market leader in process optimisation, 
energy management, and decarbonisation. In order to remain market leaders, they aim to 
provide a pathway for stakeholders to help convert process heat from non-renewable 
energy sources and inform its stakeholders and the New Zealand Government (herein 
termed the Government) of the availability of renewables in the South Island. This 
information will be presented in the form of a white paper and could assist in driving the 
optimal allocation of future resources. 

Deta has been working with Transpower to analyse the on and off-grid energy demands in 
the South Island. They have identified all boilers greater than 500 kW and determined the 
cumulative capacity of heat production from fossil fuels to be 1458 MW. Deta, the 
industries they work with, and the Government understand that these fossil fuels will need 
to be replaced with renewables.   

This thesis is presented in four sections: a literature review and three deliverables written as 
reports titled Summary of Electricity Distribution Businesses and Renewables Availability, 
and a white paper titled Renewable Alternatives for Fossil Fuels in Process Heat.  

The literature review outlines the Government’s intentions and reasons for a carbon neutral 
future, and it identifies the availability of renewables and research on existing and proposed 
renewable energy resources available in the South Island. It also provides insight into the 
types of boilers used, purpose of those boilers, and different renewable alternatives 
currently in New Zealand and other technologies used overseas.   

One of the key pieces of technology considered in New Zealand is electrical boilers. 
However, they are limited by the capacity of their nearest substation or grid exit point 
(GXP).  

The first deliverable, the report titled Summary of Electricity Distribution Businesses 
summaries the substation capacities and forecast loads from every electricity distribution 
business (EDB) in the South Island. It also summaries the expectations the EDBs have for 
uptake in renewable technologies. This information was intended to be used in the 
development of a decarbonisation model for process heat in the South Island.  

The second deliverable, the report titled Renewables Availability, details the work 
completed to develop the decarbonisation model in consideration of the three primary 
process heat technologies the Government and industry are considering to abate fossil 
fuels. Broad statements were made based on the results garnered from the model. 
Additional research was needed on the model before it could be used for the white paper. 

The third and final deliverable, a white paper titled Renewable Alternatives for Fossil Fuels in 
Process Heat, is the culmination of the research. It outlines the work needed to develop the 
decarbonisation model and presents the data in the form of McKinsey curves and regional 
heat maps. This white paper is intended for the Government and industry, so it has been 
written and packaged to make the information more accessible to a wider audience. It 
clearly defines the capabilities or requirements of heat pumps, biomass, and electrical 
boilers to completely abate fossil fuels in process heat. It includes the limitations of these 
technologies and why those limitations exist. Further, it describes what future work could 
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be completed in order to develop a more accurate model and other process heat 
technologies that should be considered by industries. 

The intellectual property developed to determine the availability of renewables in the South 
Island included in this thesis will help to keep Deta’s competitive advantage as they grow. 
The white paper, Renewable Alternatives for Fossil Fuels in Process Heat should enhance 
Deta’s market exposure, enabling them to connect with new companies to offer their 
consulting services.  
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5 Literature Review 

5.1 Introduction 
Deta are a market leader in the optimisation of varying industrial processes. For Deta to 
remain a market leader and with the understanding that New Zealand needs to go carbon 
neutral by 2050, they are seeking a pathway for industries to help reduce their fossil fuel 
emissions with realistic solutions. 

This literature review explains why the Government aims to make New Zealand carbon-
neutral, why they seek to reduce emissions from coal boilers, and how. It also provides 
insight into what types of coal boilers the Government are aiming to phase out and how 
different industries use those boilers. Some information will be provided on future 
renewables or minimal emissions products to replace coal, why those alternatives might be 
better than coal, and possible challenges that industries may face in implementation.  

5.2 Climate Change and Greenhouse Gas Emissions 
Globally, carbon dioxide levels in the atmosphere increased from 260ppm1 during the pre-
Industrial era to 417ppm today, an excess of approximately 2400 GtCO2 between 1850-
2019. This is due to human-related activities, primarily energy and agriculture. A near-linear 
correlation has been proven between an increase in atmospheric CO2e (the difference 
between CO2 and CO2e is provided in Literature Appendix A) and a 0.9-1.2°C increase in 
global temperature since the pre-Industrial era. Figure 1 shows the effect human-related 
emissions have had on global surface temperatures. To date, human-induced climate 
change has caused an increase in the frequency and intensity of heatwaves, precipitation, 
droughts, tropical cyclones, fire weather, and rising sea levels (IPCC, 2021).  

The Intergovernmental Panel on Climate Change (IPCC) has agreed that to prevent 
catastrophic global ecosystem failure, global surface temperatures must remain under 2°C 
and that limiting warming to under 1.5°C would avoid the most devastating outcomes. 
Because global temperature rise is directly related to human emissions, and the relationship 
between the quantity of CO2e in the atmosphere and temperature is known, the additional 
CO2e emitted before reaching certain temperatures can be estimated. This calculation is 
known as the carbon budget.  

 
1 Ppm refers to parts per million and it the unit term used to define the quantity of a molecule in the atmosphere. 
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Figure 1: Annual change in global surface temperature, as observed, with simulated human and natural influences and with 

only natural influences (IPCC, 2021) 

Table 1 shows that a carbon budget of 300 GtCO2 presents an 83% likelihood of limiting 
warming to 1.5°C (IPCC, 2021). Yet, in 2020, the global output of energy alone emitted 31.5 
GtCO2—more than 10% of this budget (IEA, 2021). To maximise the likelihood of preventing 
catastrophic global ecosystem failure, the world must rapidly reduce all emissions to 
become carbon neutral by 2050; that is, all emissions must be offset by carbon 
sequestration. This is known as ‘net zero’. Further, from 2050, the world must become 
carbon negative, that is, drawdown and sequester more emissions than it produces from all 
sources (IPCC, 2021).  

Table 1: Estimates of remaining carbon budgets based on expected temperature increases (IPCC, 2021) 
Global temperature increases 

relative to 1850-1900 

Estimated remaining carbon budgets beginning of 2020 

(GtCO2)  

Likelihood of limiting global warming to those temperature 
increases 

17% 83% 

1.5°C 900 300 

1.7°C 1450 550 

2.0°C 2300 900 

5.3 The New Zealand Government’s Response 

5.3.1 National Emissions and Targets 
New Zealand produced roughly 82.3 MtCO2e in 2019, about 0.17% of the annual global 
greenhouse gas (GHG) emissions. While this is small from a global perspective, from a per 
capita perspective, it’s relatively high, at 16.9 tCO2e per person. The average emissions from 
Annex 1 countries are 12.9 tCO2e. Annex 1 countries include countries in the Organisation 
for Economic Co-operation and Development (OECD) and other industrialised countries not 
part of the OECD (Ministry for the Environment, 2021c). Aotearoa still needs to do its part to 
combat climate change or miss out on opportunities for continued international trade while 



Decarbonisation of Process heat in the South Island 5 

grappling with significant exposure to climate change hazards (Ministry for the 
Environment, 2020b). 

To contribute to reducing global emissions, New Zealand has set a target under the Paris 
Agreement to achieve a net-zero carbon economy2 by 2050, to limit emissions to around 
600 MtCO2e between 2021-2030, and to have 100% renewable electricity by 2035 (MBIE, 
2019b). Although, the CCC argues that this should be 98%, as the final 2% would cost $1280 
per tonne of CO2 abated (Climate Change Commission, 2021). 

5.3.2 Acts and Legislation 
For Aotearoa to accomplish future emissions targets, the Government introduced the 
Climate Change Response Act (CCRA) in 2002 and amended it in 2019 to better address the 
current issues. This introduced five mechanisms: 

1. A 2050 GHG emissions reduction target. 
2. A framework providing emissions budgets. 
3. A requirement on the Government to develop and implement emissions reduction 

policies. 
4. Adaption and resilience measures to determine critical risks and develop plans to 

address them. 
5. A new and independent Climate Change Commission (CCC) to advise future 

governments and monitor progress towards carbon neutrality. 

The Government have also begun amending the laws within the Resource Management Act 
(RMA). The RMA is a legislative framework that requires industries to consider the 
environment in which they operate. This ensures that their work does not cause irreversible 
damage to the environment (Environment Foundation, 2018). Before June 2020, regulations 
in the RMA allowed councils to authorise the discharge of GHG emissions but were not 
allowed to consider the effects of GHG emissions on the environment. Furthermore, the 
RMA regulates the use of biomass in an industrial setting as it considered the particulate 
matter released from the inability to burn biomass at 100% and considered the burning of 
coal as ‘burning pure’. These regulations limited coal to 4-50 MW and wood to 1-2 MW 
(Ministry for the Environment, 2021e).  

The amendment, passed in 2020 and was due to come into effect in December 2021, no 
longer prevents councils from considering the impact of GHG emissions on the environment. 
Further, it will require local authorises to ‘have regard to’ emissions reduction and adaption 
plans under the CCRA. Further changes to the RMA include repealing and replacing it with 
three new pieces of legislature, including the Natural and Built Environments Act (NBA). This 
act aims to pivot the national direction towards treating the environment as something to 
be protected and away from treating it as a resource to be managed (Ministry for the 
Environment, 2021e).  

The first emissions reduction plan, due to be released at the end of May 2022, will, among 
other things, include targeting critical industries that have opportunities to move away from 
emissions-intensive resources to renewable resources with sector-specific interventions. 

 
2 New Zealand’s Net zero carbon economy target does not include biogenic methane. 



Decarbonisation of Process heat in the South Island 6 

This will directly involve phasing out fossil fuels in process heat (Ministry for the 
Environment, 2021e). 

5.3.3 Emissions Trading Scheme 

Through the Zero Carbon amendment to the CCRA and with the international target under 
the Paris Agreement, the Government has set 3 emissions budgets separated into periods. 
Table 2 shows the CCC’s recommendation for the emissions’ budgets and yearly average 
outputs. These outputs are split into emissions inside and outside the Emissions Trading 
Scheme (ETS) (Ministry for the Environment, 2021a). 

The ETS is a tool used within the New Zealand economy to help drive the transition to a 
renewable future. It establishes that each tonne of CO2e is considered one New Zealand 
Unit (NZU). The overall limit includes the number of units sold at auction, reserves to control 
auction price, overseas units3, and to prevent market failure, free units given to industries 
that would otherwise be at a competitive disadvantage (Ministry for the Environment, 
2021a). The limited supply allows market forces to dictate the direction industries must go 
to stay competitive and reduce New Zealand’s emissions to meet their targets. Additional 
NZUs are added to the economy for each tonne of CO2 sequestered and are not considered 
part of this limit; for example, forested carbon removals absorbed 7.4 MtCO2e in 2019 
(Climate Change Commission, 2021). 

Table 2: New Zealand’s net emissions budgets. after deduction from carbon sequestration based on the IPCC’s fifth 
assessment annual report (Climate Change Commission, 2021) 

 2019 Emissions Budget 
1 (2022-25) 

Emissions Budget 
2 (2026-30) 

Emissions Budget 
3 (2031-35) 

Net Emissions   290MtCO2e 312 MtCO2e 253 MtCO2e 

Annual 
Average 

78 
MtCO2e 

72.4 MtCO2e 62.4 MtCO2e 50.6 MtCO2e 

 

5.3.4 Carbon Neutral Future 
Of the gross 82.3 MtCO2e New Zealand emitted in 2019, 42% was energy-related, as shown 
in Figure 2. Roughly 70% of the energy produced within New Zealand's energy sector are 
from non-renewable resources such as oil, fossil gas, and coal. This resulted in 34 MtCO2e of 
emissions in 2019. A carbon-neutral future suggested by the CCC recommends a target of 
50% of all energy consumed to come from renewable resources by 2035. The aim is to have 
98% renewable electricity by 2030, including the electrification of transport and some 
process heat (Climate Change Commission, 2021).  

 
3 Overseas units are currently set to zero, with no overseas units presently eligible in the NZ ETS. 
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Figure 2: Breakdown of New Zealand’s GHG emissions, LULUCF stands for Land Use, Land-Use Change and Forestry, IPPU 

stands for Industrial process and product use (Ministry for the Environment, 2021d). 

Process heat from boilers is the main focus within the industry, as there are renewable 
energy alternatives to coal for low to medium temperature heat, like biomass and 
electricity. Currently, there is little technology available for high-temperature heat 
processing, and as such, this is not likely to be considered until after 2035. The differences 
between each of the temperature ranges are shown in Table 3. Boilers in the low to medium 
heat range are used primarily in food processing and wood, pulp and paper production, 
equating to roughly 4 MtCO2e per year. The food processing industry consumed 30% of New 
Zealand’s coal demand in 2019, resulting in 20 PJ of energy produced from coal boilers. To 
meet the current targets, roughly 1.4 PJ of energy produced from these coal boilers would 
need to be converted to renewable resources each year until 2030. This roughly equates to 
converting one or two large dairy processing facilities per year (Climate Change Commission, 
2021). For Industries requiring process heat, the most financially beneficial first step is 
improving energy efficiencies. The CCC assumes energy efficiency improvements could 
contribute to 1.1% of energy reductions per year. Figure 3 shows the projected path of 
energy use and the fuels used for food processing up to 2035 (Climate Change Commission, 
2021). 

Table 3: Temperature requirements of process heat and percentage of GHG emissions (Ministry for the Environment, 2021e) 
Category Temperature requirements Uses Examples Energy 

Proportion 
Low Less than 100°C Water heating 

Space heating 
Sanitisation of equipment in the 
food processing sector 

12% 

Medium Between 100 and 300°C Industrial 
processes 

Drying wood products 
Drying food products such as milk 
powder 

48% 

High  Greater than 300°C Industrial 
processes 

Oil refining 
Melting metals 
Chemical manufacturing 

39% 
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Figure 3: Forecast food processing energy use, based on CCC’s advice (Climate Change Commission, 2021) 

The targets set out by the CCC, and their yearly expectations take into consideration the 
time required to move these industries to renewable resources (Climate Change 
Commission, 2021).  

A target that is too ambitious has several challenges such as: 

• It would not give enough time for communities to work together and plan for 
changes or determine solutions for supporting industries that are affected the most. 

• Acting too quickly could lead to unintended consequences, e.g., converting too many 
coal boilers to electricity too fast would cause a spike in electricity prices and reduce 
electricity reliability. 

• It could cause some industries not yet able to convert to renewable resources to 
close in New Zealand, such as steel and cement production.  

• Reducing production and closing industries would have flow-on effects on the 
broader society and economy, such as job losses and reducing GDP. This would lose 
public support of the transition. 

An unambitious target also has several problems such as: 

• Continue to produce cumulative emissions and place the burden on the next 
generation.  

• Risk other countries following suit. 
• Reduce the ability of New Zealand’s society and ecosystem to adapt to the physical 

impacts of climate change and expose more people to climate risks.  
• Businesses would miss opportunities to develop new low-emissions technology and 

could lose market share as companies internationally move away from emissions-
intensive technology. 

• Businesses would be left with stranded assets from a delayed and more disruptive 
transition later.  

5.3.4.1 Process Heat 

Emissions from process heat directly contribute to 8% of New Zealand’s GHG emissions 
(Ministry for the Environment, 2021d). However, the ETS has not sufficiently incentivised 
these industries to move rapidly away from coal and towards carbon-neutral alternatives. 
There are several reasons for this: 
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• It will not be economically beneficial for industries to switch away from: 
o coal until NZUs are greater than $60 per unit. 
o gas until NZUs are greater than $120 per unit. 

• Most of these emitters are trade-exposed4, allowing them access to free NZUs. 
• High transition costs, with industries, often favouring short-term investments such as 

extending the life of their current coal boilers over sustainability. Coal boilers have 
an economical life span of up to 25 years and are often reconsented for up to 40 
years. 

• Air discharge permits for coal boilers have been previously granted for up to 20-35 
years. 

o 27 expire between 2030-40 
o 12 expire between 2040-50 
o Four expire after 2050 

Because of the limitations of the ETS to mitigate these emissions, the Government are 
introducing policies to support regulation and ensure businesses transition away from fossil 
fuels. This includes a ban on all new low to medium coal boilers starting in 2022 and plans to 
phase out all existing low and medium coal boilers by 2037. Coal boilers which do not have 
economically viable alternatives will likely be exempt from this phase-out (Ministry for the 
Environment, 2021e). 

Ministry for the Environment’s (MfE) discussion document Phasing Out Fossil Fuels in 
Process Heat also provide objectives for potential new policies (2021e): 

• Clear and consistent directives, not complex rules that would allow groups to argue 
their way out of it. 

• To target areas where emissions’ pricing is not as effective, but to ensure the policies 
complement the ETS. 

• Excluding low GHG emitting heat sites, for example, industries that wish to keep a 
coal boiler for redundancy. 

• This currently excludes emissions from electricity generation but must consider that 
coal used for electricity generation cannot substitute coal used in boilers, as this only 
reduces efficiency in energy production. 

o Electricity production must move to 98% renewable energy before 
completely phasing out coal boilers. 

This discussion document outlines three non-exclusive policies, each with multiple options 
that may be established: 

1. Avoiding new fossil fuel discharges in process heat. 
2. Phasing out fossil fuels and reducing emissions from existing process heat sites. 
3. Supporting best practices and transitioning to low emissions through GHG emissions 

plans. 

Because of the capital-intensive requirements of converting to renewable energies, the 
Government is further incentivising industries to transition away from fossil fuel use in 
process heat through the Government Investment in Decarbonising Industry (GIDI) fund. 
Groups may apply for funding to generate capital that would be used directly for 

 
4 The dairy industry, which is one of New Zealand’s largest exporters consumes 30% of New Zealand’s coal. 
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implementing systems that switch fuels from coal or gas to biomass or electricity, develop 
new sustainable technology, or increase energy efficiency. In the first round of investing, 11 
groups in the South Island received $21.4 million in funding. These projects would displace 
approximately 144 ktCO2e each year, adding up to approximately 9.5% of the emissions 
required for New Zealand to meet its 2025 target5 (M. Woods, 2021; EECA, 2021a). The 
companies throughout the South Island and their lifetime abatement are shown in Figure 4. 

 
Figure 4: GIDI’s first round of funding in the South Island. These fund are also represented in a table in Literature Appendix B 

(M. Woods, 2021). 

5.4 Industry 

5.4.1 South Island Boiler Energy Demand 
Deta has identified 437 boilers in the South Island with capacities greater than 500 kW. 
After discussions with power lines companies, this capacity was chosen because the carbon 
output from boilers below 500 kW would be negligible compared to the number of mega-
watt boilers currently in use (Pooch, 2021). While Deta chose 500 kW as their minimum, 
MfE’s Phasing Out Fossil Fuels in Process Heat (2021e) propose multiple policy options that 
exclude low GHG emitting sites and provide multiple undecided factors which may be used 
to define a low GHG emitting boiler: 

• Operating fewer than 400 hours per year. 
• Operating below a specific yearly threshold, which may be: 

o 50 kW 
o 2 MW 
o 100 tCO2e 

 
5 Total of 14 groups in New Zealand, with $22.8 million in funding, cover 10% of NZ’s 2025 emissions targets, as shown in 
Error! Reference source not found.. 



Decarbonisation of Process heat in the South Island 11 

Low GHG emitting boilers are likely used as backup energy sites and are not the main 
priority for reduction. Deta also states that their threshold removes primary and some 
secondary schools from their study. The total installed capacity of the boilers Deta have 
identified in the South Island is approximately 1.8 GW from 304 discrete sites or 226 
discrete organisations. Of these sites, 69 use renewable systems with at least 320 MW, and 
the remaining 1.48 GW use non-renewable methods, as shown in Figure 5. Renewable 
systems currently in use are predominantly wood processing facilities, as they can burn their 
waste wood for heat (Deta, 2021a).  

 
Figure 5: Energy use in the South Island from Boilers broken into fuel types (MW) (Pooch, 2021):  

The Ministry for Business, Innovation and Employment also provide a heat map of the non-
renewable process heat demands across the South Island, as shown in Figure 6. This 
breakdown indicates that coal is the primary fuel source, with Canterbury and Southland 
being the highest consumers. However, the data used in this figure was collected in 2016, 
thus will likely be out of date (MBIE, 2019b).  

EECA is currently working on a nationwide database that provides interactive data on the 
energy use in each region and the type of fuel consumed. EECA aims to provide more 
information, such as the availability of biomass and electricity for those regions, that would 
allow a growth in the renewable boiler sector, which will use information developed from 
this thesis.  

 
Figure 6: Demand for coal and liquid fuels for industrial process heat (MBIE, 2019b) 
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5.4.2 Industry Considerations 

Current technologies available allow for alternative fuel sources over coal. National policies 
show that New Zealand aims towards electricity and biomass as a substitute for coal and 
gas. The choices between these substitutions are highly dependent on the industry 
circumstances. Low to medium boilers are predominantly used to produce hot water and 
steam. A breakdown of the different industry sectors’ energy use of non-renewable boilers 
in Mega-Watts is shown in Figure 7.  The energy capacity is shown in Watts as it provides 
insight into the volume of energy required during operation. (Pooch, 2021). 

 
Figure 7: Non-renewable energy use in the South Island from boilers broken down into industry sectors and shown in mega-

watts (Pooch, 2021; Deta, 2021a) 
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5.4.2.2  Meat Manufacturing 

Most heat in meat product processing and manufacturing requires relatively small to 
medium temperature boilers. This water is then used to sterilise equipment, produce tallow, 
lard, and protein, and make specialty products such as canned goods and cured meats. 
Some of the hot water is also used for space heating. The majority of meat processing 
energy comes from: 

• 85% to produce animal products from cattle, sheep goats, and pigs. 
o These products include meat, oils, fats, and protein meals. 

• 10% to produce poultry. 
• Seafood preparation, specifically in canning. 
• Cured meat production, such as bacon and ham. 

In 2016, meat processing required 5.2 PJ of energy. Of that, 31% was produced from coal, 
and 80% was consumed in the South Island (MBIE, 2019c). 

5.4.2.3  Food Processing 

As well as producing steam and hot water, boilers are used for producing other hot gases. 
Total boiler production accounted for 71% of the industry’s energy requirement; 22% were 
used for industrial ovens, and 6% for refrigeration systems. The food processing sector 
excludes meat and dairy, encompassing all other food products manufactured in New 
Zealand. In 2016, this sector used 6.1 PJ of energy; 10.7% was coal, while 77.7% was natural 
gas and diesel. The high proportion of natural gas consumption is because this sector is 
predominately in the North Island, where there is better access to natural gas (MBIE, 
2019d).  

5.4.2.4  Wood Processing 

Boilers are used to produce hot oil as well as steam and hot water. This is also produced 
using furnaces and thermal oil heaters. Wood processing covers two main products: 

• Wood product manufacturing, such as sawmilling, timber dressing, and plywood 
manufacturing. 

• Pulp, paper and paperboard manufacturing. 

Medium temperature boilers accounted for 80% of the sector’s energy demands, requiring 
temperatures between 100-300°C. Industries require different temperatures, depending on 
the process: 

• Timber drying in kilns uses hot water at temperatures between 120-180°C to heat 
air. 

• Particleboard manufacturing using wood sawdust, particles, or flakes are 
compressed with resin at 180°C. 

• Medium-density fibreboard, produced from the wood residue, is broken into fibres 
and then combined with resin in sheets and compressed at temperatures around 
230°C. 

In 2016 wood processing needed 57 PJ of process heat, equivalent to 90% of New Zealand’s 
households. However, 87% of this energy was produced from renewable resources, leaving 
only 7.1 PJ of non-renewable energy consumption. Coal is only used for 1% of energy 
consumption (MBIE, 2019). 
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5.4.2.5  Hospitals 

Steam is used in various sites around hospitals for producing low and high-temperature hot 
water. It is used for: 

• Laundry. 
• Heating water for consumption and non-consumption purposes through a calorifier. 
• Kitchens for boiling pans and washing. 
• Sterilising and drying equipment. 
• Pool heating for hydrotherapy through a calorifier. 

Hospitals in the South Island used 2.2 PJ in process heat from boilers, with 39% from coal in 
2020 (Deta, 2021a; Deta, 2019b).  

5.4.2.6  Other Boilers 

Manufacturing outside of food is very diverse, including fabrication, production of flowers, 
clothing, tires, bitumen, etc., and all use boilers for different reasons. Other sectors, such as 
the private sector, defence force, correctional facilities, accommodation, councils, and 
educational facilities primarily use boilers for space heating and producing hot water for 
domestic use. These facilities do not generally require temperatures above 100°C. 
Combined, these other sectors required 1.7 PJ of energy from boiler use in 2020, 87% below 
2MW. The largest boiler is the University of Canterbury, at 12MW (Deta, 2021a). 

Unlike other sectors that use boilers to create heat, commercial heating centres use boilers 
to generate electricity and can transition away from non-renewable electricity production 
by moving to renewables. Deta’s boiler data show this sector’s energy production comes 
from Pioneer Generation Ltd., which has invested heavily in wind and hydroelectricity 
production. As such, it will likely be out of scope for this project (Pioneer Energy Ltd., 2021; 
Deta, 2021a).  

5.4.3 Renewable Energy considerations 
Several potential technologies are practicable alternatives to fossil fuels and industries are 
currently looking at these as their primary alternatives. Coal boilers have been beneficial in 
the past because they have a diverse range of applications with very low energy costs 
ranging from $2-$8 per GJ (COVEC, 2009). However, as industries need to transition away 
from coal and other fossil fuels while maintaining high temperatures, there are several 
alternative methods for fuelling boilers or generating heat. Electricity and biomass are 
proposed by the Government, EECA, and CCC (Climate Change Commission, 2021; EECA, 
2021a; Ministry for the Environment, 2021e). 

5.4.3.1  High-Temperature Heat Pumps 

Heat pumps are the best alternative to coal boilers for temperatures under 100°C because 
their energy efficiencies are often far greater than coal. Conventional heat pumps, however, 
do not exceed 60°C. Above this, high-temperature heat pumps (HTHP), a new type of heat 
pump, can be used. For example, ideal coal boilers can have efficiencies up to 92% 
(Vakkilainen, 2017), while heat pumps can have a coefficient of performance between 3 to 
5. The coefficient of performance is an expression of the efficiency of a heat pump, e.g., if 
1kWh of energy produces 3kWh of heat, the efficiency is 300%, and the COP is 3. This 
variable range greatly depends on the heat pump type and the required temperature 
change. Heat pump types that can utilise multiple stages between the initial and final 
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temperatures are generally more efficient. Decreasing the temperature change from the 
input to the output temperature would also significantly increase the efficiency. Heat pumps 
that use waste heat from other aspects of a facility, e.g., refrigerant systems, can further 
increase the heat pump's efficiency. EECA, for example, present a case study where a 
combined heating and cooling facility for chocolate manufacturing can produce a combined 
coefficient of performance (COP) of 11.57 (EECA, 2019c).  

HTHPs work similarly to regular heat pumps but use different refrigerants and can supply 
temperatures greater than 60°C, up to 150°C. Depending on the industry circumstance, 
there is a range of different heat pump types and chemicals. Ammonia, while toxic, is the 
primary chemical used to increase temperatures to around 80°C. Ammonia is used because 
it is not a greenhouse gas, compared to its primary alternative, butane or iso-butane. For 
temperatures around 100°C, CO2 in trans-critical heat pumps6 provide the greatest 
efficiency, with higher COPs than other HTHPs. In colder regions (outside temperature 
averaging under 15°C), these heat pumps can efficiently deliver heat up to 150°C (Talaba, et 
al., 2020). Water can also be used as a refrigerant, although it is often used with ammonia 
(EECA, 2019c).  

HTHPs can be used for multiple applications, such as: 

• Farming, where hot water is required for washing down or sanitising vats, plants, or 
equipment. 

• Food Processing, as well as producing steam for pasteurisation, and combined COP 
can increase when needing to cool products simultaneously. 

• Process plants cleaning and hygiene, with hot water between 65-90°C HTHP can 
meet cleaning in place (CIP) systems and use waste heat from refrigeration systems 
to produce COPs of 4 or higher.  

When comparing coal boilers to HTHPs, there are several benefits. HTHPs have high 
operating efficiencies, with COPs between 3 and 5. Their high responsiveness means there is 
a reduction in waste heat from unnecessary burning. In comparison, coal boilers take up to 
6 hours to boil water and are often left burning when not in use to reduce the downtime 
required to re-boil water. HTHPs are also safer than coal boilers, as they contain built-in 
controls that self-regulate their operation and never produce temperatures that are 
significantly higher than the output temperature.  

There are some problems associated with HTHPs. HTHPs in New Zealand are limited to 
maximum output temperatures of 85°C due to the technology available. The crucial issue is 
the limited capability to install them in New Zealand. High-temperature heat pumps are a 
relatively new technology, with a minimal skilled labour force in New Zealand compared to 
Europe and North America. They are technically complex and are expensive to design and 
build. Efficiencies can be significantly reduced when the heat source differs greatly from the 
output temperature. As such, efficient heat pumps need consistent heat sources. The 
electricity demand means they can incur high electricity costs during peak hours, often 
needing thermal storage systems to reduce electricity requirements during these periods. 
Because of the high electricity demands, they can sometimes require an increase in the 
site’s electricity supply, which can incur large capital costs (EECA, 2019c; Vakkilainen, 2017; 

 
6 Heat pumps operating with fluid between the critical state, where liquid and gas are distinguishable, and supercritical 
state, where they are not distinguishable. 
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Moran, Shapiro, Munson, & DeWitt, 2003). Information gathered by Deta shows that of the 
1.46 GW of energy produced by non-renewable systems, 350MW is to generate 
temperatures lower than 85°C and could be converted to HTHPs (Deta, 2021a; Pooch, 
2021).  

5.4.3.2  Electric and Electrode Boilers  

Electric boilers heat water using heating elements inside a reservoir of water, usually a 
cylinder. Common examples of electrical boilers are electric jugs, or household water 
boilers. Electrode boilers generate heat by passing electrical current between high voltage 
electrodes, using salty water as the medium. Water’s electric resistance and high current 
density mean that when the electrical current passes between the electrodes, it generates 
heat in the water and causes some of it to vaporise (EECA, 2019b). Electrode boilers can 
range from 30 kW to 34 MW. However, the largest boiler in the southern hemisphere is 
Open Country’s 13 MW boiler in Awarua (Gen Less, 2021).  

Typical applications for electrode boilers in New Zealand include food processing. High 
turndown capability and precise temperature control are essential because of the varying 
temperature requirements of different food processes and processing methods. It is also 
applicable to healthcare facilities for sterilisation (EECA, 2019b). 

Electrode boilers tend to be 80% smaller than coal boilers of similar energy outputs and 
have very high ramp-up rates, allowing them to generate steam at a much faster rate. 
Because of their size, they can also be installed closer to heat loads, reducing energy 
transfer losses. Due to the speed at which they can heat water, they are highly controllable, 
allowing for rapid load increase and turndown. Combined with heat storage systems, they 
can heat water during low electricity demand periods and maintain that heat during high 
electricity demand times. This also means that they do not need to continuously run to 
maintain high temperatures, unlike coal boilers which often take hours to heat and are 
constantly fuelled to keep running during the day. Because of their compact nature, 
electrode boilers require fewer components, making them easier to inspect and require less 
maintenance (EECA, 2019b). Electrode boilers are also more efficient than coal, typically 
operating above 99.5% efficiency. Open Country’s boiler operates at 99.8% efficiency 
compared to their previous coal boiler, which ran at 77% efficiency (Gen Less, 2021). When 
comparing the 13 MW boiler to an equivalent coal boiler, the electrode boiler saves 9.7 
ktCO2 and annually reduces coal transport by 300,000 kilometres.  

Some challenges have stifled the growth of electrode boilers, such as the extremely high 
energy cost, as electricity is far more expensive at approximately $80.5 per GJ (ENA, 2020) 
compared to coal, which Fonterra paid $2-6 per GJ (COVEC, 2009). While coal may be 
cheaper energy, its lower efficiency and requirement for the continuous operation would 
significantly reduce its cost-effectiveness. However, the exact extent of this is dependent on 
the facility. Electrodes often need a high-capacity electricity supply. For example, Open 
Country’s boiler relies on an 11 kV supply, whereas typical industrial sites have a 400V 
supply. The upgrade to 11 kV typically incurs very high capital costs (EECA, 2019b).   

For the purpose of this thesis, the term “electrical boilers” refers to both electric and 
electrode boilers. 
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5.4.3.3  Biomass Boiler 

Biomass boilers consume biomass such as wood chips, wood pellets, or hog fuel. Hog fuel is 
slash and waste products from forest landings or timber mills, often consisting of bark, 
wood chippings, and sawdust. They work similarly to conventional fossil fuel boilers, like 
coal, combusting to produce heat used for heating or steaming water. Coal is fossilised 
biomass that has taken millions of years to produce (A. Turgeon, 2012), so it is not 
considered renewable. Biomass is made from trees grown and harvested in a 30-year cycle, 
where the trees absorb the CO2 during their growth phase, then burned (BioPacific Partners, 
2019). The fuel comes from two primary sources, forest and wood processing biomass 
residues. The fuel characteristics are determined by moisture content, particle size and 
variation, ash, and fuel energy density. These characteristics can change the efficiency of 
biomass from as low as 75% to as high as 95% (Standards New Zealand, 2021). 

• Moisture content – The higher the moisture content, the less energy can be derived 
from the fuel. The wood chip used in small boilers tend to have 25-40% moisture 
content. Wood pellets tend to have moisture contents between 8-10%. Moisture 
contents above 55% are considered greenwood and should not be used. 

• Particle size and variation – Biomass boilers are typically designed to take a specific 
size or type of fuel and produce reduced efficiencies if out-of-specification fuel is 
used. Too many fine particles may not burn well enough and escape with emissions, 
causing clogging in the system. Oversized particles can cause input problems and 
clog.  

• Ash – The amount of ash in the fuel directly affects the energy content. It can also 
affect other aspects of the boiler, such as efficiency and the frequency of ash 
removal. 

• Fuel Energy Density – The lower the volumetric density of biomass, the greater the 
storage requirements. The lower the energy density, the greater the energy cost of 
transport. Biomass fuels are less energy-dense than fossil fuels, such as coal and gas, 
as shown in Table 4.  

Table 4: Comparing energy density of biomass to fossil fuels (Moran, Shapiro, Munson, & DeWitt, 2003; Forest Research, 
n.d.; BioEnergy Association, 2015; Azwood Energy, 2020) 

Fuel Energy density by mass (GJ/t) Volumetric density by volume (GJ/m3) 

Wood Chip 12.5 - 15 3.1 
Wood Pellet 19 7.6-11.4 
Green wood 9.5 - 
Hog Fuel 7.4 - 
Coal (Anthracite) 27-31 36.3 
Natural Gas 38.1 - 
LPG 46.3 23.6 

Because of the energy density of biomass, it is primarily an economically viable alternative 
to coal at process heat facilities that are close to large biomass supply regions. Currently, in 
New Zealand, there are mismatches between abundant biomass supplies and demands. For 
example, the residual biomass supply in the Bay of Plenty could be used to generate 6.5 PJ 
of energy yearly, while the demand for coal and gas in that region is estimated to be 2.6 PJ, 
as shown in Figure 8. Biomass would be more cost-effective for transport in pellet format. 
However, there are few pellet production facilities in New Zealand. The available residual 
biomass is also being used for other purposes, such as nutrient recycling in plantation 
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forests or wood chips for cattle beds. This leads to industries being hesitant to convert from 
coal, which is currently a steady resource, to biomass, which may be subject to increased 
prices as demand increases (MBIE, 2019b).  

 
Figure 8: Biomass fuel switching map, showing large reserves of biomass in Bay of Plenty, with minimal coal requirements, 

while there are large coal requirements in the South Island, with reduced biomass availability (MBIE, 2019b). 

5.4.3.4  Alternative Technologies 

5.4.3.4.1 Decentralised Electricity supply 

European legislation shows best practice standards using biogas boilers, installing electrical 
boilers or heat pumps, powered by decentralised photovoltaic (PV) solar, solar water 
heating, and wind turbines. These are installed onsite, reducing electricity generation 
efficiency losses from line loss (EDA, 2019). PV solar and wind require significant capital to 
develop sufficient electricity to power the energy-intensive process heat industries, often 
constrained by their available space.  Solar water heating is also viable for small scale water 
heating but is not yet commercially feasible for larger, more intensive industries (Farjana, 
Huda, Mahmud, & Saidur, 2018). 

5.4.3.4.2 Electrocoalescence 

Some dairy industries are researching ways to reduce waste by using it as a fuel source. For 
example, some waste effluent can be treated with electrocoalescence to destabilise 
emulsion so fats and oils can be removed. It is then further treated with electrochemical 
coagulation and oxidation processes, removing organic compounds from the water. During 
this process, hydrogen is produced as a by-product, which can be used in fuel cells (Gillman, 
2016). 
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5.4.3.4.3 Biogas from Meat Waste 

Some meat production facilities overseas are using biogas produced from waste meat. This 
is commonly done by treating animal waste with anaerobic digestion (AG). However, this 
treatment is not often able to treat meat products rich in lipids and proteins, which can 
have up to 20% more biomethane potential than other meat waste. The European Union 
funded the successful ADAW (Saponification pre-treatment and biosensors-based control 
system for slaughterhouse waste anaerobic digestion improvement) project in 2015, which 
improved the process of converting slaughterhouse meat into biogas through:  

• Thermo-chemical pre-treatment, which improved biogas yields from the AG step. 
• Ultrasonic dispersion, which broke down complex molecules, reducing the energy 

required during the AG step. 
• Sensors that improved efficiency within the AG step. 

This is not only cost-efficient energy production for slaughterhouse facilities; it is also a cost-
efficient method of removing organic waste that would have otherwise needed other 
treatment processes leading to further negative environmental impacts (Martin, 2015).  

5.5 Conclusions 
This literature review was intended to develop an understanding of the project to provide a 
strategic pathway to address the predicted future energy supply and demand requirements 
of Te Waipounamu South Island. The literature review provided insight into the need to go 
carbon neutral and how New Zealand can contribute to this global goal. More specifically, 
this review includes information on current coal demands for low and medium temperature 
boilers in the South Island and possible future technologies that may be implemented to 
replace coal.  

The next stage of this project is to gather exact information regarding the energy forecast 
demands of the different EDBs across the South Island, biomass supply, its limitations and 
prices, and the capability industries have at using heat pumps. This will help develop an 
understanding of the capabilities and limitations of the different technologies. Once this has 
culminated in a white paper, it will be able to assist industries in determining their most 
economical technological approach to decarbonising process heat. 

5.5.1 Other Considerations 

• No literature review was conducted on nuclear power. While these may be viable 
energy sources overseas, it is implausible that New Zealand will have this as an 
option.  

• Some companies have developed hydrogen boilers for domestic use to replace 
natural gas (Boulahlib, Medaerts, & Boukhalfa, 2020; Central Heating NZ, 2019). 
Hydrogen was briefly researched. However, research conducted showed no future 
considerations, publicly available, as a fuel source for industrial boilers.  

• Possible alternatives for electricity production were not researched because it is 
outside this project's scope.  
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5.6 Literature Appendix A: Difference Between Greenhouse Gas, CO2 and 
CO2e 

Greenhouse gasses (GHG) are any gasses in the atmosphere that absorb radiative heat 
generated by the earth or reflected off the earth by the sun, then re-emit the heat back to 
earth, keeping the planet warmer than it otherwise would be. The main greenhouse gasses 
in the atmosphere are water vapour (H2O), carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O) and ozone (O3).  

CO2 is the leading cause of human-made climate change and is produced primarily from 
organic molecules such as fossil fuels. CO2e stands for carbon dioxide equivalent and is used 
as a common unit to relate the equivalent effect of other GHG emissions on the atmosphere 
to 1 CO2 emission. This also allows groups of GHGs to be expressed in a single number and 
allows different groups to be compared. The CO2e of other GHG emissions are provided in 
Literature Appendix Table 1 (Brander, 2012). 
Literature Appendix Table 1: global warming potential of different greenhouse gasses (IPCC, 2021). 

Greenhouse gas Global warming potential (GWP) of CO2e 

Carbon dioxide (CO2) 1 

Methane (CH4)  25 

Nitrous oxide (N2O) 298 

Hydrofluorocarbons (HFCs) 124- 14,800 

Perfluorocarbons (PFCs) 7,390 – 12,200 

Sulphur Hexafluoride (SF6) 22,800 

Nitrogen trifluoride (NF3) 17,200 
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5.7 Literature Appendix B: Phase 1 GIDI Funding 
This table shows the funds allocated to each company in the first round of investments 
through the GIDI fund, and the quantity of carbon it would abate, annually and in the 
lifetime of the change (M. Woods, 2021).  
Literature Appendix Table 2: Round 1 successful GIDI fund applicants and their allocated funds (M. Woods, 2021). 

Company Funds Lifetime tCO2e Annual tCO2e 
South Island 

J S Ewers $4,078,000 673,050 26,922 
Westland Milk $1,768,000 168,800 8,440 
Silver Ferns Farm (Belfast) $795,300 59,480 2,974 
Synlait Milk $611,500 199,500 28,500 
Alliance Lorneville $1,591,300 134,920 6,746 
AFFCO Malvern $950,000 69,080 3,454 
McCain Timaru $2,876,500 845,365 33,815 
Wool Works NZ $3,650,000 267,340 11,802 
Alliance Pukeuri $1,683,400 180,600 9,030 
Silver Ferns Farm $3,027,075 210,060 10,503 
AFCO Awarua $406,083 34,600 1,730 
Total $21,437,158 2,842,795 143,916 

North Island 
New Zealand Starch Ltd $150,000 643 16,075 
Napier Pine $995,000 4,165 104,125 
Goodman Fielder Ltd $210,000 1,200 24,000 
Total $1,355,000 6,008 144,200 
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6 Summary of Electricity Distribution Businesses 

6.1 Introduction 
Electrical boilers are an essential fossil fuel alternative because, not being limited by heating 
capability or availability of fuel, they can be used in almost all industrial processes that 
require process heat. Moreover, they operate at 99% efficiency. Electrical boilers are also a 
practical alternative for industries that have smaller operating areas, as they take up less 
space than other types of boilers (EECA, 2019b).  

Additionally, when existing boilers need to be replaced, electrical boilers are the cheapest to 
install. However, this is only true if the electricity demands from the replacement electrical 
boilers are no larger than the available capacity of the transformers at the nearest 
substation. If the electricity demand is greater than the nearest transformer capacity, then 
that EDB will charge the site for the transformer upgrade and, where needed, lines’ 
upgrades. The cost of upgrading transformers and powerlines, that is, the delivery price of 
electricity as an alternative fuel, are often several orders of magnitude greater than the 
capital cost of any other renewable alternative. This disincentivises industries from choosing 
electrical boilers (Low, 2021).  

Individual boiler capacities listed in Deta’s South Island master boiler database range from 
500 kW up to 75 MW. To replace these with electrical boilers would require transformers at 
EDBs to have the available capacity. To determine whether a substation is capable of taking 
up the potential load of the boilers within its network, that substation’s available capacity 
needs to be determined, along with its forecast demands, planned upgrades, and expected 
availabilities. 

This report was intended to be an internal document to assist in developing a model of the 
electrical capacities of each region, in order to meet the potential demand from process 
heat. The model was intended to be added to a decarbonisation model that would outline 
the capabilities of industries to transition from fossil fuels to alternative technologies. 

As an additional deliverable for Deta, this report summarises every South Island EDBs’ 
intentions or expectations for renewable technologies that may affect their network, such 
as electric vehicle uptake, distributed generation, and energy storage. 
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Introduction 
The South Island electrical grid is broken into fourteen separate electricity distributions 

businesses (EDBs), as shown in Figure 1. Each network powers its towns and cities using grid 

exit points (GXPs), allowing the EDBs to draw power from Transpower’s main power line. 

GXPs run at varying kilovolts (kV) and maximum MVAs depending on the region's power 

requirements and the substations they power. Multiple GXPs power some substations to 

ensure redundancy.  

This report summarises the rated capacity and firm capacities as well as the load increases 

different electricity distributors expect to see in their grid over the next ten years. The rated 

capacity is the maximum capacity of the transformer, and the firm capacity is the maximum 

redundant capacity. It will provide insights into each company’s assumptions used in their 

modelling and planned increases in capacities at different substations throughout the South 

Island.  

This report will specifically focus on all the EDBs’ forecast in electrical load increases due to 

environmentally sustainable changes to energy consumption in those regions. For example, 

most regions predict some form of electric vehicle (EV) uptake but predict this will have a 

minor impact on the maximum load requirements by implementing off-peak charging 

incentives and other electricity control systems that planned or projected to be in place.   

 

Figure 1: Map of New Zealand showing the regions each EDB is responsible for (Commerce Commission NZ, 2019) 
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PowerNet Ltd 
PowerNet Ltd. is owned by network owners Electricity Invercargill Ltd. (EIL) and The Power 

Company (TPC), and was founded to develop, maintain, and manage their network assets 

and Otagonet. Each network company still produces their individual asset management 

plans and provide insights into their forecast load demands.  

Electricity Invercargill Ltd. (EIL) 
EIL manage the network around central Invercargill, including its primary business area, 

some irrigation, and the majority of the immediately surrounding residential area, as shown 

in Figure 2A. All information regarding EIL is derived from their 2021 Asset Management 

Plan (AMP) (EIL, 2020). 

GXP and Substation Setup 
EIL uses five substations; four are for power distribution to areas that EIL oversees and are 

connected to the Invercargill GXP with 33 kV lines and cables, while the 5th (Bluff) is shared 

with The Power Company. These substations have redundant connections, some to the 

Invercargill GXP and some to GXPs that TPC manages, as shown in Figure 2B.  

 

Figure 2:  
A (Left) Electricity Invercargill’s network boundary overlaid onto a map 

   B (Right) Map of Electricity Invercargill’s substation and GXP connections 

Future Substation Demands 

EIL does not expect future substation demands to exceed their current firm capacities 

across the substations they use; however, some contingencies are set in place for some of 

their substations. Table 1 shows the substations, and GXPs rated and firm capacity, as well 

as their current and future demand forecasts. 
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Table 1: EIL Substation and GXP Capacity and forecast demand in MVA 

Substations Rated Capacity Firm Capacity 2019 2030 
Invercargill GXP 240 143 96.50 107.41 
Spey Street 72 36 23.9 27.1 

Leven Street 46 23 14.3 18.7 

Racecourse Rd 23 12 10 11.4 

Southern 23 12 14.6 16.9 

Bluff 
 

13 5.1 4.7 

Leven Street 

Leven Street is estimated to have a maximum demand in 2030 of 18.7 MVA. With their firm 

capacity at 23 MVA (max. at 46 MVA), they do not expect to exceed their firm capacity. 

However, they can leverage their load requirements with the Spey St. substation if the 

situation arises. 

Southern 

Southern currently exceeds its firm capacity of 12 MVA. However, the Southern Substation 

Project provides redundancy, increasing the firm capacity to 23 MVA, allowing for its 

projected demand of 16.9 MVA by 2030. Currently, it mitigates risks of going above their 

firm capacity by load transferring to other substations. 

Racecourse Road 

Racecourse Road has a single transformer like Southern and exceeds its firm capacity of 

12MVA. However, when the Southern Substation project is completed, the loads from 

Racecourse Road are expected to reduce to below their firm capacity (11.4 MVA by 2030). 

Drivers for Future Demands 

EIL provides multiple considerations used to predict potential demand growth. 

Coal Boilers and Burners 

The EIL network currently consists of 33 MW of boiler capacity, 26 MW of this from fossil 

fuels. Prohibition on non-approved burners is considered, continuing existing trends 

towards electrical space heating. Table 2 shows the date-specific non-approved boilers will 

become prohibited. 

Table 2: Boiler prohibition dates 

Burner installation date Prohibition date 
Before 1 January 1997  1 January 2019 (wood) 

1 January 2017 (other fuels)  
1 January 1997 – 1 January 2001 1 January 2022  
1 January 2001 – 1 September 2005   1 January 2025 
1 September 2005 – 1 January 2010 1 January 2030 
1 January 2010 – 6 September 2014 1 January 2034 

 

1 107.4 was determined as increase in demand from all the substations applied directly to the GXP. 
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Electric Vehicles 

It is not considered likely that electric vehicles will have significant market penetration in the 

next five years. It is forecast that by 2030, 10% of the light passenger vehicle fleet will be 

electric. EIL intends to use strategies to encourage EV owners to charge their vehicles during 

off-peak hours. However, they expect their current voltage networks to cope with peak hour 

charging.  

Distributed Generation 

Solar charging is not expected to be widespread during the planning period due to 

alternative cost-effective means for reducing environmental footprint, (e.g. buying electric 

cars or improving household insulation). Solar photovoltaic (PV) input into the grid can also 

cause significant load fluctuations with power input during the day and not reduce demand 

during peak demand times. 

Energy Storage 

Energy Storage may have a significant impact on reducing peak loads. However, there is 

uncertainty due to the ability to promote/utilise/market storage services.  

The Power Company (TPC) 
The Power Company  supplies electricity to the broader Southland area, as shown in Figure 

3A. Key industries within the network include sheep, beef, and dairy farming, meat 

processing, coal mining, forestry and timber processing, with irrigation for farming causing 

peak demands in summer. All information regarding TPC comes from their 2021 asset 

management plan (TPC, 2021). 

GXP and Substation Setup 
TPC uses four GXPs, thirty-seven substations, a hydro station and two wind farms. The Gore, 

Edendale, and Invercargill GXPs provide power through 33 kV lines, while the North 

Makarewa GXP provides power through 66 kV and 33 kV lines or cables, as shown in Figure 

3B. 

 

Figure 3:  
A (Left) The Power Company’s network boundary overlaid onto a map 

   B (Right) Map of The Power Company’s substation and GXP connections 
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Future Substation and GXP Demands and Upgrades 

Several substations are close to or exceeding their current firm capacity: Glanham, Kelso, 

North Gore, Tokanui, Riversdale, South Gore, and Winton. There are planned substation 

upgrades for Riversdale and transformer upgrades for Kelso and Glenham. There are also 

planned upgrades to Gore and Edendale GXPs as their peak demands exceed their firm 

capacities. Table 3 shows the rated and firm capacity and the current and future demands 

for the GXPs used by TPC. 

Table 3: TPC GXP Capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2019 2030 
Invercargill 240 141 99.6 111.1 

North Makarewa 120 67 51.8 57.8 

Gore 60 37 31.6 33.5 

Edendale 60 34 28.8 29.6 

Drivers for Future Demands 
TPC provides multiple considerations used to predict potential demand growth. While this 

summary provides information on electricity changes from renewables, a significant factor 

in TPC’s forecast demands arises from irrigation loads in summer due to an increase in dairy 

production.  

Coal Boilers and Burners 

Following the same guidelines as EIL (Table 2), there is an expectation that coal boilers 

installed before 2005, which do not meet the environmental standards for emissions, will be 

phased out, with the expectation that industries currently using those boilers will transition 

to heat pumps or electrode boilers.  

Heat Pumps 

Currently, roughly 8% of energy consumption is from gas or solid fuel-based space heating. 

There is the expectation that most fuel-based space heating will be converted to heat 

pumps over time due to their higher efficiencies. However, complete conversion is unlikely 

due to capital costs.  

Electric Vehicles 

There is an expectation that EVs will penetrate the transport sector. However, it is unlikely 

there will be a significant demand increase over the next five years. There is an expectation 

that EVs will cover 2-4% of the light passenger vehicle fleet by 2031. It is expected that the 

majority of the load would be during off-peak charging, with the potential for some increase 

in peak demand (0.2-0.3% per annum from 2025 onwards), but it is expected that the 

network will be able to support this increase.  

Distributed Generation 

Due to the high cost of electricity transport within the TPC region, alternative technologies 

such as solar PV may become more attractive to customers as an alternative solution when 

prices become competitive.  
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Energy Storage 

Energy storage may have a significant impact on reducing peak loads. No insights have been 

reported for the last five years due to uncertainty. Under the status quo, this technology is 

not economical, and there is no expectation of significant developments over the next five 

years.  

OtagoNet 
OtagoNet Joint Venture (OJV) supplies electricity to the rural Otago region, including some 

areas of Frankton and part of Wanaka, as shown in Figure 4A. Key industries within the 

network include sheep, beef, and dairy farming, meat processing, forestry, timber 

processing, and gold mining. Ongoing demand for irrigation connections indicates the 

farming sector’s growth. All information regarding OtagoNet comes from their 2021 asset 

management plan (OtagoNet, 2021). 

GXP and Substation Setup 

OJV uses four GXPs, thirty-five substations, two hydro stations and a wind farm. The four 

GXPs provide power predominantly through 33 kV lines. However, one 66 kV line from the 

Paerau Hydro station to the Macraes gold mine and one 110 kV line from Halfway Bush to 

Palmerston, as shown in Figure 4A. 

  

Figure 4:  
A (Left) OtagoNet network boundary overlaid onto a map 

   B (Right) Map of OtagoNet’s substation and GXP connections 

Future Substation and GXP Demands 

Some capacity upgrades are planned for substations across the OJV network to meet 

expected demand increases. These upgrades include considerations for a new zone 

substation in the Wakitipu Basin area and upgrades to the Patearoa substation with 66 or 33 
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kV lines. Table 4 shows the GXPs rated and firm capacity and their current and future 

demand forecasts. 

Table 4: OJV GXP Capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2020 2030 
Balclutha 60 37 27.4 28.2 
Frankton 151 79 7.4 19.2 
Naseby 80 53 28.1 31.0 
Halfway Bush 220 0 6.5 6.5 

Milton Area and Balclutha GXP 

An industrial customer near the Milton area has indicated a requirement for additional 

capacity, higher than the Balclutha GXP and the 33 kV lines to Milton could provide. Future 

options include upgrading Balclutha’s capacity, accepting the capacity constraints and lack 

of redundancies, or developing a new GXP in Milton, connected to a nearby 220 kV 

Transpower line, significantly increasing capacity in the Milton area. 

Drivers for Future Demands 

OJV provide multiple considerations used to predict potential demand growth. While this 

summary provides information on electricity changes from renewables, a significant factor 

in OVJ’s forecast demand arises from irrigation loads in summer as dairy production 

increases, particularly in Maniototo and Clydevale regions.   

Coal Boilers and Burners 

The expectation of coal reductions arises from the conversions of households to alternative 

sources, such as heat pumps. More efficient heating technologies offset this rise in electrical 

demand as households move away from inefficient electrical systems. 

Electric Vehicles 

There is an understanding that EVs may significantly impact network demand. However, this 

is not considered likely in the next five years. It is forecast that by 2028, 10% of more of the 

light passenger vehicle fleet will be electric. It is expected that most of the load would be 

during off-peak charging. There is potential for this to affect the peak loads. However, a 

medium voltage network should cope with this demand, provided some minor adjustments 

to the configuration are made. Planned upgrades of maximum demand indicators will 

develop a more accurate forecast of the effect of EVs on the network. 

Distributed Generation 

Similar to other EDBs covered by PowerNet, the increase in solar PV is likely to be relatively 

low; however, decrease in power requirements during the day causing significant voltage 

shifts between peak and off-peak demands may have a negative effect on the network. 

Energy Storage 

Energy Storage is identical to previous EDBs covered by PowerNet. 
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Aurora Energy 
Aurora Energy supplies electricity to Dunedin, Central Otago, and Queenstown Lakes, as 

shown in Figure 5A. The primary power consumers within the area include healthcare, dairy, 

food processing, transport, manufacturing, tourism, and university sectors. All information 

from Aurora Energy comes from their 2021 asset management plan (Aurora Energy, 2021)  

 

GXP and Substation Setup 

Aurora Energy uses five GXPs, thirty-seven to thirty-eight substations. The Halfway Bush GXP 

in Dunedin and the Frankton GXP in Queenstown are shared with OtagoNet. Aurora Energy 

encompasses multiple generation facilities, including eight hydro stations (88 MW), two 

wind farms (38 MW), one process steam plant (3 MW), one liquid fuel plant (2 MW), and 

one biomass plant (1 MW). All GXPs are connected to each other or directly to the 

hydropower station through Transpower’s 110 and 220 kV lines (Figure 5B) and to 

subsequent substations through 66 and 33 kV lines. 

  

Figure 5: 
A (Left) Aurora energy’s network boundary overlaid onto a map 

   B (Right) Map of Aurora Energy’s substation and GXP connections 

Future Substation & GXP Demands 

Some capacity upgrade projects are planned for future substations and GXPs. However, 

most of Aurora Energy’s funds will replace aging equipment that is reaching the end of its 

life this decade.  

• Cromwell GXP is receiving a switchboard upgrade to increase firm capacity from 41 

MVA to 68 MVA. 

• Frankton GXP is having two 120 MVA transformers installed during the AMP, 

increasing the firm capacity from 80 MVA. 

Table 5 shows the GXPs rated and firm capacity and their current and future demand 

forecasts. 
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Table 5: Aurora Energy GXP Capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2020 20302 
Halfway Bush 370 100 116 133 
South Dunedin 266 100 80 104 
Frankton 164 80-1203 70 98 
Cromwell 88.5 41-68 57 74 
Clyde 50 27 23 33 

Drivers for future demands 

The Aurora Energy load forecast model states that assumptions and parameters are applied 

but do not state what they are; for example, they assume an increase in solar panels and 

apply solar uptake parameters but do not specify what those parameters are. They also 

expect an increase in EV uptake and an increase in irrigation load.  

  

 

2 Peak load is determined as a sum of the substation peak loads. 

3 Projects due to be completed within this planning period increase the firm capacity to 120 for Frankton, and 
68 for Cromwell. Upgraded rated capacity is unknown. 
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Network Waitaki (NW) 
Network Waitaki manage the network between Oamaru and Glenavy, and everything south 

of them within the Canterbury region, as shown in Figure 6A. Critical electricity consumers 

in the region include irrigation for dairy and cropping in rural regions, commercial and 

industrial load from meat processing, council utilities, infrastructure, supermarkets, and 

food manufacturing. All information regarding NW is derived from their 2021 AMP (Network 

Waitaki, 2021). 

GXP and Substation Setup 

NW utilises four GXPs, which supply electricity to eighteen substations with 33 kV lines, as 

shown in Figure 6B. A single GXP powers most substations with non-redundant, or N 

security. Irrigation loads on rural substations establish summer for peak demands. As such, 

peak demand is determined based on water availability and frequency and intensity of 

droughts.  

  

Figure 6:  
A (Left) NW’s network boundary overlaid onto a map 

   B (Right) Map of NW’s substation and GXP connections 

Future GXP Demands 

Of the four GXPs currently in the Waitaki network, the Oamaru and Waitaki GXPs are 

currently or will be exceeding their redundant, or N-1capacities during the planning period, 

and as such, will be requiring network upgrades. The Twizel and Black Point GXPs do not 

show projections going over their N-1 capacity and will not be requiring upgrades.  

Table 6 shows the substations rated and firm capacity and their current and future demand 

forecasts. 

Table 6: NW GXP Capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2020 2030 
Oamaru 54 47.5 40 49.3-60.54 

 

4 There is expectation of decarbonisation of coal boilers to electrode boilers, while the amount and timing is 
known, and it has not yet been confirmed. 
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Waitaki 24 5.5 11.3 15.1 

Twizel 20 20 3 2.1 

Black Point 25 25 16 20 

Oamaru GXP 

Oamaru GXP is expected to reach its firm capacity by 2028 on their averaged forecast or by 

2025 on the process heat decarbonisation forecast. Current plants involve implementing 

unique protection systems that would allow an additional 5.5 MVA of additional load for 

100 hours of the year. If the decarbonisation of industrial heat goes ahead, then significant 

upgrades to the upstream transmission grid will be implemented, taking roughly five years 

to complete. 

Waitaki GXPs 

Waitaki GXP requires electrical load outputs over twice that of their N-1 rating. There are 

plans to develop a plan to install another transformer at the GXP in 2022. This would 

increase the network’s N-1 capacity to 24 MVA. 

Drivers for Future Demands 

NW provides estimated load growths based on historical demands for domestic, 

commercial, farm load, irrigation. Based on community engagement and feedback, the 

growth rate of dairy sheds is expected to reduce in intensity, while there is expected to be a 

significant load increase from irrigation.  

Coal Boilers and Burners 

Two industrial customers have indicated plans to move away from coal-based process heat. 

Electrical requirements after conversion would be 3.75 MW in the short term and up to 10 

MW by the end of the planning period. The substations that this demand increase will 

impact are Pukeuri (0.75 MW in 2023, then an additional 5 MW load in 2026), Redcastle (3 

MW load in 2023), and the Oamaru GXP. 

Electric Vehicles 

There are twenty-eight EVs and nine hybrid EVs within the region. They expect a 24% 

penetration of EVs by 2030 and a 42% penetration by 2040. This would result in 4,320 EVs 

by 2030 and 7,200 by 2040. NW model a worst-case scenario that 80% of EV owners 

charging with 3 kW chargers in 2030 at 5 pm would add 11 MVA (18 MVA in 2040) to the 

network maximum demand. The modelling used in their forecasting assumes 10% of EVs 

charge with a 3 KW charger during peak demand.  

Distributed Generation 

There are one hundred and twelve distributed generation connects approved for the 

network, predominantly from solar PV, and comprises 0.85% of the network. The average 

PV connection is 5 KW. Due to the period in which PVs can generate electricity, only 40% of 

their maximum output can reduce the peak demand.  
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Energy Storage 

There are ten approved domestic batteries installed on the network. The rate of increase in 

battery installation is unknown, but it is understood that batteries could help reduce peak 

demand load.  
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Alpine Energy (AE)  
Alpine Energy manage the network within the Waimate, Mackenzie Country, and Timaru 

Districts of South Canterbury, as shown in Figure 7A. The critical electricity consumers in this 

region are dairy, irrigation, meatworks, and industrial. Presently, most industries that 

require large loads have contracts at N-security, which allow GXPs to maintain redundant 

power for non-industrial purposes at N-1 security, and limit power to industrial sites in the 

event of a shut down from the transformers at the substations. All information regarding AE 

is taken from their 2021 AMP (Alpine Energy, 2021). 

GXP and Substation Setup 

AE utilises seven GXPs, which supply electricity to twenty-two substations. Each GXPs is 

interconnected with 110 kV, and 33 kV power lines, which are then distributed to the 

substations via 22 kV and 11 kV lines, as shown in Figure 7B.  

  

Figure 7:  
A (Left) AE’s network boundary overlaid onto a map 

   B (Right) Map of AE’s substation and GXP connections 

Future GXP Demands 

All GXPs except Timaru either have current demands above their N-1 security or do not have 

N-1 security. Bell Pond GXP is due to exceed its N-1 security by 2030. If this does occur, an 

investigation will determine possibilities to upgrade existing transformers or apply new 

technologies. The Studholme GXP is currently running above its N-1 capacity and is due to 

be upgraded between 2025-28, when it is expected to reach its N capacity. Tekapo GXP and 

substation are due to reach their limits in the 2021/22 period, and there are plans to 

increase the capacity of the primary substation to 9/15 MVA and request an upgrade of the 

GXP from Transpower. The Temuka GXP has surpassed its N-1 capacity, and Transpower has 

been commissioned for a concept design to upgrade it. Currently, the Fonterra plant at 

Clandeboye requires 30 MW of instantaneous capacity and plans to increase capacity 

requirements, which will in turn heavily influence the requirement to increase capacity. 

Table 7 shows the GXPs rated and firm capacity and their current and future demand 

forecasts. 
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Table 7: AE GXP Capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2020 2030 
Albury 20 - 4.66 6.69 

Bell Pond 60 20 14.78 31.97 

Studholme 20 10 13.5 19.5 

Tekapo 10 - 6.6 13.87 

Temuka 108 54 65.51 98.67 

Timaru 141 94 73.39 82.29 

Twizel 20 - 3.53 4.45 

Drivers for Future Demands 

Coal Boilers and Burners 

AE’s network encompasses several processing facilities, such as meat and dairy. Fonterra 

has stated that they are likely to require an increase in electricity but do not state why. No 

consideration of conversion from coal boilers has been considered throughout the report.  

Electric Vehicles 

As of 2021 there are over 40 EVs in southern Canterbury regions. AE is following 

Transpower’s energy futures report, estimating 40% increase in the light vehicle fleet by 

2030 and 85% by 2050, primarily in highly populated areas like Timaru. Based on current 

technologies and EV availabilities, AE does not expect a significant increase in EVs until the 

mid to late 2020s. The planned management solution for EV uptake is to implement 

charging management solutions. An example of the effect of the charging management 

solution on reducing peak loading, is provided in Figure 8. 

Distributed Generation 

No forecast increases in distributed generation have been supplied. However, historical 

increases show an average of 300 to 400 kW of capacity added per year, from 40 to 80 

installations.  

Energy Storage 

AE briefly mentioned energy storage in some capacity, either in hot water storage or battery 

storage, but no considerations or plans are in place.  
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Figure 8: Pre and post EV charging with and without smart charging 

Electricity Ashburton 
Electricity Ashburton (EA) manages the network within the Ashburton District, South 

Canterbury, as shown in Figure 9. Primary services in the network are cropping and dairy 

farming, with irrigation representing the largest single group of loads. Other loads include 

vegetable and meat processing facilities and a ski field. All information regarding EA is 

derived from their 2021 AMP (Electricity Ashburton, 2021). 

GXP and Substation Setup 

EA has only one GXP, which supplies electricity to eighteen substations, primarily with 66 kV 

lines, as shown in Figure 9. Peak demand from the substations that feed towns is in winter 

from heating homes or the Mount Hutt ski field, which operates in winter. Rural substations 

that are primarily for irrigation cause peak demands in summer. Because irrigation is the 

primary load on the Ashburton GXP, the peak demand for the GXP is in summer. 

  
Figure 9: Electricity Ashburton’s network boundary overlaid onto a map along with their substation connections 
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Future GXP and Substation Demands 

Most of the substations currently do or will reach their firm capacities within the planning 

period. However, these are primarily due to irrigation loads in summer, which only have N 

security contracts. Several upgrades planned across the grid over this planning period will 

allow the distribution of loads between substations, increasing their firm capacity without 

needing to increase their total capacity. The Hackthorne and Lauriston substations have 

both reached their maximum power capacities. The Hackthorne substation has additional 

power supplied via 22 kV power lines from a second transformer at Carew during peak 

demand times. The Lauriston substation has additional power supplied via Overdale, 

Methven and Fairton on 22 kV lines during peak demand times to mitigate capacity limits.  

Ashburton’s GXP has a maximum capacity of 220 MVA, with a firm capacity of 181 MVA. The 

current peak load on the GXP is 180.5 MVA, and their forecast peak load in 2030 is 204.1 

MVA. Because the GXP is expected to exceed its N-1 capacity, a new GXP is being considered 

to mitigate the increasing electricity demands. The new GXP could supply an additional 60 

to 220 MVA to the network.  

Drivers for Future Demands 

Currently, peak loads from irrigation exceed 148 MW and are expected to grow. EA is 

working closely with large industries to determine future potential demands. They state that 

industries with loads greater than 1 MW are: 

• RX Plastics 

• ANZCO Seafield (meat processing) – served via a dedicated substation 

• Talleys Ashburton (vegetable processing) 

• Talleys Fairfield (refrigerated storage) – intended to develop significant vegetable 

processing using electrical process heat 

• Mt Hutt Ski field 

• Trustpower pumps 

Coal Boilers and Burners 

Meat and vegetable processing companies have indicated that new heat sources will not be 

coal, and existing coal-burning boilers will be converted to electrical or biomass. Two sites 

are planning for 12 MW and 4 MW loads from electrode boilers. Ashburton hospital is 

converting its coal boiler to groundwater heat pumps, with an allocation of 700 kW.  

Electric Vehicles 

No information is provided regarding current and expected EV uptake in the area. There is 

an understanding that electric vehicles will impact the load demands from residential 

substations and could cause problems to their current network once 10+ kW fast charging is 

implemented in the region. However, because there is no plan for future demands, no 

additional peak demand has been considered. EA can, however, develop a path for urban 

network reinforcement if it becomes necessary. EA will be monitoring the uptake in EVs in 

the area to determine its effect on the network, when people are most likely to charge, and 

how they people may be affected by off-peak incentives. EA does point out that EVs could 

be used as a house battery to reduce peak demand, sourcing power from the car and 
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reducing the households demand on the network could delay the need for network 

upgrades. 

Distributed Generation 

While distributed generation may help reduce peak demands and are encouraged in the 

network, they require specific weather conditions to operate. Their effect on substation 

loads will not be considered during this planning period. Some large-scale distributed 

generation projects are being considered or currently underway, which will add additional 

capacity to the network. None of these projects has a likelihood of commencement greater 

than 30%. However, further detail can be found on page 173 of their AMP. There are also 

some considerations around peer to peer electricity distribution with rooftop solar in urban 

areas.  

Energy Storage 

Battery storage could decrease peak demand by purchasing excess electricity production 

during low demand periods, then discharging them directly to the network during high 

demand periods. However, it is not economically viable on a large scale for consumers at 

this stage. As such, it is not considered during this planning period.  

Orion 
Orion is the largest electricity distributor in the South Island, supplying electricity to the 

Selwyn District and Christchurch, as shown in Figure 10. Orion has 397 major customers 

requiring more than 150 kVA, from intensive power-dependent businesses, schools, 

supermarkets and malls to dairy processing plants and printing machines. Because of the 

range of industries serviced, Orion’s coverage is separated into two regions. Region A is 

Christchurch city, and region B is everything else in their network. All information regarding 

Orion comes from their 2021 asset management plan (Orion, 2021). 

GXP and Substation Setup 
Seven GXPs and fifty substations supply the electricity in the Orion network. The different 

GXPs provide significantly varying electricity loads, with Isling providing 70%, Bromley with 

27%, Hororata with 2% and the three rural GXPs providing a combined 1% of the total 

power requirements. Islington and Bromley are connected to the grid by 220 kV lines and 

distribute power on 33 kV lines. Both Hororata and Kimberly are connected with 33 kV lines, 

and the latter with an additional 66 kV line; 11 kV lines connect the three remaining GXPs.   
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Figure 10: Map of Orion’s GXP connections 

Future Substation and GXP Demands 
Orion does not provide the rated capacities of their grid exit points; Table 4 shows the GXPs 

firm capacity as well as their current and future demand forecasts. No GXPs are expected to 

exceed their firm capacities in the planning period. Six substations are likely to exceed their 

firm capacities, and Lincoln is expected to surpass its firm capacity within the next five 

years. A new substation is planned for Greenpark to offset this demand. Rolleston will also 

be exceeding its firm capacity in the next five years, and a new GXP will be installed in 

Norwood to offset this load. This new GXP will also offset the loads required by Springston 

in 2024 and Highfield in 2025. 

Table 8: OJV GXP Capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2020 2030 
Bromley 66 kV - 220 129 138 
Islington 33 kV - 107 70 86 
Islington 66 kV - 494 392 463 
Hororata 33 kV - 23 23 21 
Kimberley 66 kV - 70 49 48 
Arthurs Pass - 3 0.3 0.4 
Castle Hill - 3.75 0.6 1 
Coleridge - 2.5 0.3 0.4 

 

Drivers for Future Demands 

Orion foresees significant growth in electric vehicles, solar PVs, and battery storage, and 

have identified the potential effects these technologies may have on their low voltage 

networks.  
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Electric Vehicles 

As of 2021, 2% or slightly under 4000 vehicles of the light vehicles within Orion’s network 

are EVs. Uptake of EVs had been following the New Zealand target, with an estimated 40% 

penetration by 2030. However, in 2020 the impact of Covid-19 resulted in a reduced uptake. 

Orion’s worst-case scenarios show that a 100% EV penetration is likely to put up to a 35% 

constraint on distribution transformers and over 20% constraint on low voltage 

transformers. 

Distributed Generation 

Solar uptake from households is about 1% penetrated, providing less than 1% of energy 

delivered. All of Orion’s maximum demand plans assume power input from solar PVs does 

not affect the peak demand, as the peak demand is in winter evenings when solar PVs 

cannot provide electricity.  

Energy Storage 

Total private battery storage is currently less than 4 MWh and has been increasing in the 

network by 1 MW per year since 2019, with an average battery installation of 8 kWh. 

Battery adoption rates and how they are used are currently uncertain. 

Coal Boilers and Burners 

Orion recognises an increase in electricity demand within the region as the Convention 

Centre, Canterbury Multi-Use Arena, and Lincoln University are moving from coal to 

electricity for heating. Orion’s forecast system demands a high scenario that considers other 

replacements of coal boilers with electrode boilers. However, the effect on individual GXPs 

is not provided.  
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Mainpower 
Mainpower distributes electricity to the Waimakariri, Hurunui, and Kaikoura districts of the 

North Canterbury region, as shown in Figure 11. The electricity consumers are broken down 

into residential (44% of the electricity demand), commercial (20%), large industrial (9%), 

irrigation (15%), council pumps (2%), and individually managed consumers (10%). 

Mainpower’s largest consumers are Daiken NZ MDF mill in Ashley, Heller’s meat processing 

in Kaiapoi, Sutton Tools NZ manufacturing plant in Kaiapoi, McAlpine’s sawmill in 

Southbrook, Mitre 10 in Southbrook, and Belfast Timber Kilns at Coutts Island. All 

information regarding Mainpower comes from their 2021 AMP (Mainpower, 2021). 

GXP and Substation Setup 

Mainpower is supplied by five GXPs, connected via 220 and 66 kV lines, and uses 18 

substations connected by 33 and 66 kV lines, as shown in Figure 11. Some GXPs, like 

Culverden, feed isolated substations, while others are interconnected in Mainpower’s 

network, providing contingencies. Urban substations, such as those in Amberley, Kaiapoi, 

and Rangiora, show peak power output during winter, while rural substations show peak 

power output during summer.  

 

Figure 11: Map of Mainpower’s GXP and substation connections 

Future Substation & GXP Demands 

There are some GXPs and substations Mainpower manages, which will reach their firm 

capacities within the planning period. The changes described in this section only relate to 

possible increases or decreases in GXP or substation capacity. 
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Waimakariri 

While the Ashley substation has no firm capacity, it exists for one customer, and as per 

agreement with that customer, no redundancy has been implemented. When the upgrade 

to the Southbrook station (which will increase its N-1/N capacity from 22/44 MW to 29/45 

MW) is completed, the Rangiora North substation has a rated capacity of 7 MW will be 

decommissioned. Once decommissioned, a new substation in Tuahiwi will be installed.  

Hurunui 

There are several substations in Hurunui which have or are reaching the firm capacities. The 

Amberley substation is due to be upgraded to a similar capacity as Swannanoa and Burnt 

Hill (23/46 MW). Hanmer Springs will be upgraded to allow larger capacity at the substation. 

Most other upgrade projects involve switching relays to allow power supply from 

neighbouring substations. This would not require capacity upgrades for those substations 

and allow a more even distribution of electricity throughout the network.  

 

Mainpower’s AMP show inconsistencies between their substation and GXP peak outputs. 

For example, the combined output from all the GXPs is 115 MW, while the combined peak 

output from their substations is 152 MW. This is because the peak output from substations 

occurs in different seasons, and the setup of the substations allow switching stations to 

supply power from other substations, effectively increasing the output from one station 

without increasing the peak demand from the GXP. Mainpower provide GXP forecast peak 

demands up to 2026 and substation peak demands up to 2031. Table 9 shows the GXP and 

regional peak demands provided.  

Table 9: Mainpower GXP and regional capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2021 2026 2031 
GXP 456 228 115 138 - 

Waimakariri - 148 107.5 110.8 117.3 

Hurunui 58.4 39.8 38.3 40.7 43.9 

Kaikoura 12.5 6.5 5.6 6 6.3 

Drivers for future demands 
Mainpower conducted surveys to determine consumer demand for future technologies. The 

survey looked at the proportion of people who currently or will own, within the planning 

period, some form of solar PV (53%), energy management system (41%), battery storage 

(50%), or electric vehicle (39%). After this survey, Mainpower determined that the future 

potential loads from EV charging will not affect their electricity distribution network.  

Distributed Generation 

Within the Mainpower network, distributed generation uptake is minimal, increasing by 

about 1 MW of installed capacity each year since 2017, with slightly more than 40% of 

generated capacity being exported. There are 784 providers in Waimakariri, 166 in Hurunui, 

and sixteen in Kaikoura. 
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Coal Boilers and burners 

While Mainpower supply major industrial consumers, which do use coal boilers, they do not 

consider boilers or any fossil fuel burners in the region or the impact on demand, from the 

possible conversions from those boilers to electricity.   
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Marlborough Lines Ltd. (MLL) 
Marlborough Lines Ltd. manage the network within the East Coast, Blenheim, Wairau, 

Picton, and the Marlborough Sounds, as shown in Error! Reference source not found.. 
Primary customers are typically outside of Blenheim and include food processing, wineries, 

timber processing, and manufacturing. All information regarding MLL is derived from their 

2021 AMP (Marlborough Lines Ltd. , 2021). 

GXP and Substation Setup 

MLL utilises 1 GXP in Blenheim, which supplies electricity to 16 substations using 33 kV lines. 

Most of the peak load occurs in residential areas in winter. However, peak demands in rural 

areas typically occur over April in the winery irrigation. 

 

  

Figure 12: Map of MLL’s substation connections 

Future GXP Demands 
The Springloads GXP in Blenheim has three transformers providing N-1 capacity of 100 MW, 

which is enough to meet electricity demands within the planning period (2020 peak demand 

was 74.2, and 2030 is expected to be 84.8). Only the Nelson St. substation in Blenheim will 

likely exceed its firm capacity within the planning period. However, this demand may be 

offloaded, or transformer cooling fans may be upgraded.  

Drivers for Future Demands 
Primary drivers for demands include expansion of industrial sectors and winery and vineyard 

expansions, causing peak summer loads to increase. A 10 MVA power requirement for the 

new electric Picton ferries will necessitate a new substation in Picton.  
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Coal Boilers and Burners 

MLL sees an uptake in electrical usage as they expect coal and wood to be phased out of 

process heat. With a capacity buffer of 15 MW before reaching N-1 capacity, MLL plans to 

monitor uptake over time to determine where potential substation upgrades are best 

suited. No other information is provided regarding the expectation of specific boilers in the 

region.  

Electric Vehicles 

As EVs become prevalent, their ripple control system should manage the constraint EVs are 

likely to have on the system. MLL will continue to monitor the uptake of EVs within the 

network but has no plans to modify the network within this planning period.  

Distributed Generation 

The total installed capacity of distributed generation at the end of 2020 was 6.4 MW; 4 MW 

were from solar PV, with 750 kW of capacity installed in 2019 and 2020. A further 1.85 MW 

was expected to be installed in 2021. Wind generation constitutes a total of 2.4 MW of 

capacity. Generation from solar or wind is not considered enough to impact peak demands 

because of the variability in generation. 

Energy Storage 

MLL is considering energy storage more from off-grid power supply through Remote Area 

Power Supply (RAPS) systems. These systems would incorporate battery technology with 

solar PV and diesel generators for backup supply. Even considering RAPS, MLL has no 

current investment plans for the next five years.  
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Nelson Electricity Ltd. (NEL) 
Nelson Electricity Ltd.  manage the network within the Nelson town site, as shown in Error! 
Reference source not found.. The primary electricity consumers within this network are 

residential and commercial. The primary customers include: 

• Sealord’s fish processing factory  

• Port Nelson Ltd.’s port facilities 

• Nelson Marlborough District Health Board (NMDHB) 

• Nelson City Council 

All information regarding NEL is derived from their 2021 AMP (Nelson Electricity Limited, 

2021). 

GXP and Substation setup 
NEL utilises 1 GXP in Stoke, which powers their Haven Road substation. Because NEL is an 

urban and commercial area network, their peak demand is in winter from heating. NEL also 

have emergency generators that power different parts of the network: 

• 80 kVA generator, which feeds into the substation.  

• 1.2 MW diesel generator, owned and used by the NMDHB. 

• 400 kVA generator for the Nelson City Council at Trafalgar Street. 

• 1000 kVA generator for the Nelson City Council at the Neale Park site.  
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Figure 13: Map of NEL’s substation connections 

Future GXP Demands 
Nelson's electricity demands are expected to remain constant or even decrease over the 

next five years, then increase at 1% per year onwards to mitigate uncertainty risks. Because 

of the installation and upgrade of the Haven Road substation in 2014, they will have 

sufficient firm capacity to meet demand. Table 10 shows the information on the GXP, 

substation capacitates, and forecast demands.  

Table 10: NEL GXP and substation capacity and forecast demand in MVA 

GXP or Sub. Rated Capacity Firm Capacity 2021 2026 2031 
Stoke GXP 52.55 48    

Haven Road Sub. 72 48 33.5 34.4 35.8 

Drivers for Future Demands 
The electricity demand is likely to decrease because the region NEL covers are reaching its 

development capacity and using inefficient technology. As consumers adopt more efficient 

 

5 This is not the rated capacity of the GXP itself, but the lines which connect the GXP to the substation. 
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technology, such as energy-efficient appliances or retrofitting improved insulation, the 

electricity demand will decrease. Other factors which may decrease the demand include 

distributed generation and energy storage systems.  

Coal Boilers and Burners 

There is an understanding from the government level that New Zealand needs to move to a 

low emissions economy, generating and using lower emissions for process heat. 

Electric Vehicles 

Currently, the number of electric vehicles in the network is low but unknown, and the 

number of EV sales in the region is growing. There is an expectation that an increase in EVs 

will place pressure on the low voltage network, resulting in a need to increase load control. 

To manage this, their first step will be to implement a pricing strategy to incentivise off-peak 

charging. An allocation of $500k over the years 5 to 10 of the planning period have been set 

aside for managing this anticipated problem. 

Distributed Generation 

Currently, there are 190 solar PV connections in the NEL network, contributing 759 kW. Five 

percent of residents also have solar water heating of some kind. While there may be a 

continuous uptake of solar PV, no consideration has been made of the effect of solar PV on 

the network as it will not affect the peak loads, which will occur during ‘miserable, cold, wet 

evenings’. It does expect an increase in PV installations of less than 10 kW.  

Energy Storage 

No information is provided about current and future uptake in battery storage in the area. 
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Network Tasman Ltd. (NTL) 
Network Tasman Ltd. supplies electricity to the Nelson and Tasman districts, not including 

the Nelson town site, as shown in Error! Reference source not found.. A consultation was 

conducted with the most significant thirty consumers, the largest being Federated Farmers. 

All information regarding NT is derived from their 2021 AMP (Network Tasman, 2021). 

GXP and Substation Setup 

NTL utilises four of Transpower’s GXPs, which supply electricity to their five substations. 

Peak loading varies across substations, with rural substations peaking in late summer and 

urban substations peaking in winter, even though winter temperatures in this region tend to 

be very mild. 

Stoke GXP and Substations 

This GXP supplies power to NEL at 35 MW, Nelson Pine Industries at 20 MW, and three 

substations. Stoke substation covers suburban areas outside of NEL’s network region, such 

as Stoke, Richmond, and semi-rural areas such as Atawhai, Brightwater, Wakefield, and 

Mapua. Peak loading from this substation is driven by winter domestic space heating, 

peaking in June and July. The Motueka substation feeds the town site and the rural 

hinterland, consisting primarily of horticultural farming. The combination of the town site 

and rural areas results in peak loading occurring from February until September. The Golden 

Bay substation’s primary consumers are the Fonterra Takaka dairy factory and Takaka town. 

However, the dairy factory leads the peak demand for the substation in late summer, early 

autumn. 

Kikiwa GXP 

Along with the town, this substation feeds the local timber processing factory. The primary 

cause for peak demand is significant irrigation during dry summers, with peak demand 

typically occurring from February to April. 

Matiri GXP 

There are very few consumers supplied from this GXP. Consequently, there is only one 

transformer, and a backup diesel generator until a mobile substation can be deployed. The 

primary load from this GXP are due to dairy farming, causing peak demand to occur during 

late summer, early autumn.  
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Figure 14: Map of NT’s substation connections 

Future GXP Demands 

The Stoke GXP and subsequent substations are due to reach or exceed their firm capacities 

within the planning period, and as such, development projects are set in place to ensure N-1 

capacities going forward. This will involve a new GXP in Brightwater, which will become 

operational around 2028. Table 11 shows the information on the GXP capacity and forecast 

demands up to 2031.   

Table 11: NTL GXP capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2021 2026 2031 
Stoke GXP 2406 138 127 133 137 

Brightwater GXP - - 0 0 32 

Kikiwa GXP  5 3.3 3.6 3.8 
Murchison 
Substation 10 10 3 3.1 3.3 

Drivers for Future Demands 
Energy growth in the area causing increased demand include ongoing residential growth 

and increased industrial load, typically from manufacturing, seafood processing, fruit 

packing, cold storage, and timber processing. There is also an increase in irrigation demands 

for dairy farming in the Golden Bay region. Hop farming has also increased rural irrigation 

demands. Due to limitations in asset utilisation and expensive lines’ upgrades, NTL 

encourages hops processing operators to look to alternative fuels for heating. 

 

6 This is the transformer capacities as presented in Transpower’s Transmission Planning report 
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NTL provided survey data on these emerging technologies, where their customers were 

asked, “In the next two years, how likely is it that you will invest in XXX?” and were 

separated into Rural, Urban, Residential, and Business.  

Electric Vehicles 

There are currently 150 plug-in electric vehicles within the network region, with 70% purely 

electric. Electricity management plans are being considered to encourage off-peak charging.  

Survey data averaged over all the customers show: 

• 16% were likely to invest in electric vehicles, with 29% of businesses likely to invest. 

• 2% already have an electric vehicle. 

• 6% already own or would consider a hybrid vehicle. 

• The main reason for hesitation in purchasing an EV was the perceived cost or value 

for money. 

Distributed Generation 

Survey data averaged over all the customers show: 

• 17% were likely to invest in solar panels. 

• 12% already have solar panels. 

• 64% were unlikely to purchase solar panels in this period. 

• The main reason for hesitation in investing was the return on investment compared 

to current electricity prices.  

Energy Storage 

Energy storage can significantly affect the network peak demand, as there is significant 

uncertainty amongst consumers and a limited but growing customer base. However, it is too 

early to predict. Current battery storage systems are designed to store individual solar 

generation used within the household during peak hours and not sell back to the grid. 

Survey data averaged over all the customers show: 

• 13% willing to invest in house batteries in the period. 

• 46% were unlikely to invest, with 30% unsure. 

• House batteries were associated as the next stage after purchasing solar panels, so 

the biggest reason for unwillingness was their current lack of solar panels.  

Coal Boilers and Burners 

Electrification of industrial process heating is likely to create new large spot loads in urban 

and rural areas. Preliminary consultation with owners of industrial boilers to determine 

potential network impacts have been conducted. Some industries have considered some 

early scenario planning. 
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Westpower 
Westpower supplies electricity to the Westland and Grey districts of the West Coast, as 

shown in Figure 15A. Westpower identified twenty-one large consumers in their region. 

Westland Milk Products are their largest consumer, requiring over 9.5 MW of capacity. The 

next largest is OceanaGold, Stillwater Lumber Ltd., ANZCO meat processing, IPL Plywood, 

and Pike River Recovery Agency, requiring a combined 5.9 MW. The remaining fourteen 

companies require a combined bulk load of 5.8 MW. All information regarding Westpower is 

derived from their 2021 AMP (Westpower, 2021). 

GXP and Substation Setup 

Westpower utilises seven of Transpower’s GXPs to feed supply to their eighteen 

substations, as shown in Figure 15B. With increased tourism during the summer seasons 

and increased heater usage in the winter seasons, the peak demand across Westpower’s 

network is relatively even. Hokitika has greater demand in summer, while Greymouth shows 

greater demand in winter, and the other GXPs show highly fluctuating or consistent 

demands throughout the year. Across all the GXPs, the combined peak demand in 2020 was 

in September. 

  
Figure 15: 

           A (Left) Westpower’s network boundary overlaid onto a map 
B (Right) Westpower’s substation and GXP connections 

Future GXP Demands 
Among all the substations and GXPs, the Hokitika GXP is likely to exceed its firm capacity 

before 2022. However, a 14 MVA relay switch was installed to provide capacity to meet 

future demands. A proposed Waitara hydro scheme is likely to cause upgrade requirements 

to transmission lines for multiple substations and GXPs; however, it will help offset the 

increase in electricity demand for Harihari. However, should this fall through, a contingency 

budget has been allowed to replace the Harihari substation transformer. There are also 

possible constraints to the Greymouth substation towards the end of the planning period. 

Current solutions for this involve peak demand management, and other solutions will be 

considered closer to the time. Table 12 shows the GXP capacities and future demands.  
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Table 12: Westpower’s GXP capacity and forecast demand in MVA 

GXP Rated Capacity Firm Capacity 2021 2026 2031 
Reefton  20 3.79 3.96 4.09 

Atarau  20 1.09 0 0 

Dobson  17 6.91 7.51 7.79 

Greymouth  15 7.93 8.71 9.33 

Kumara  10 1.09 1.09 1.09 

Hokitika  20 19.38 23.59 25.79 

Otira  2.5 0.048 0.051 0.141 

Drivers for Future Demands 
Demands in the near future include Westland Milk Products, which plans to increase its site 

electricity requirements, with a load growth of 2%. Westpower plans to decommission the 

Pike River Mine substation as the recovery operation comes to a close. OceaniaGold mining 

is also expected to close, requiring the decommission of the Globe substation.  

Electric Vehicles 

Westpower does expect an increase in the purchase and use of EVs as they become more 

affordable, have increased range, and more superchargers are installed within their 

network. There are currently five public charging stations in their network, with thirty  light 

EVs in use. Westpower expects an uptake of 1067 to 2150 light EVs by 2030, increasing the 

potential peak demand by 5 to 10 MW. 

Distributed Generation 

Westpower states that most distributed generation over 10 kW comes from diesel 

generators, wind, or hydro, and smaller capacities come from large solar arrays. They 

encourage the installation and use of distributed generation but do not have information on 

current users in their network, nor do they provide information on projected future uptake.  

Energy Storage 

No energy storage information has been considered in their report. 

Coal Boilers and Burners 

There is no information regarding the conversion of fossil boilers in their network, even 

though Westland Milk Products have accepted GIDI funding of $1.4 million to abate 168 

thousand tonnes of carbon dioxide. They consider the possible fluctuations in demand for 

coal, as a global decrease in coal demand would reduce their electricity consumption from 

coal mines.  
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Buller Electricity Ltd.(BEL) 
Buller Electricity Ltd. supplies electricity to the Buller district of the West Coast, as shown in 

Figure 16A. BEL’s largest consumers are the coal, dairy and fish processing industries. All 

information regarding BEL is derived from their 2021 AMP (Buller Electricity Ltd., 2021). 

GXP and Substation Setup 

BEL utilises one of Transpower’s GXPs at Robertson to feed their two substations at 

Ngakawau and Kongahu. Major industries within the Buller region operate year-round. As a 

result, peak loading occurs from heating during the colder winter seasons. 

   
 

Figure 16: 
           A (Left) BEL’s network boundary          hello 

                  B (Right) BEL’s substation and GXP connections 

Future GXP Demands 
Demand growth from residential and commercial consumers are expected to be low and 

well within the network’s capacity during the planning period. One zone substation 

transformer is expected to be retired and replaced in 2026, and this timeline may change 

depending on the capability of that substation. Table 13 shows BEL’s GXP and substation 

capacities, and shows that their forecast demands are not expected to increase.  

Table 13: BEL’s GXP capacity and forecast demand in MVA 

GXP & Sub. Rated Capacity Firm Capacity 2021 2026 2031 
Robertson GXP 40 20 11 11 11 

Nagakawau 4 2 1 1.1 1.1 
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Kongahu 2.757 2 1.2 1.2 1.2 

Drivers for Future Demands 
Significant potential demand within the planning period is expected to come from the 

Westport Wharf development, electrification of coal-fired boilers, specifically that of the 

school, but other possible boilers are also considered, and Westport Whitebait farming. 

These potential demands have not been considered for this report.  

Electric Vehicles 

Electric vehicles have been considered in this report. Due to the limited range of EVs and the 

considerable capital cost, BEL expects consumers within the region will be lagging behind 

the national average. 

Distributed Generation 

Rooftop solar has been considered in this report. BEL does not expect a significant uptake 

during the planning period. This is because of the cost, low feed-in tariffs, and payback 

period. 

Energy Storage 

Batteries have been considered in this report. BEL does not expect an uptake during their 

planning period due to the cost and potential payback.  

Coal Boilers and Burners 

There is an expectation that process heat from coal boilers in the region, such as the school 

coal boiler, will convert to renewable energies. However with no direct plans to convert to 

electricity, BEL has not considered the potential impact on their network during this 

planning period. 

  

 

7 This substation’s rated capacity include two generators of 700 kVA and 550 kVA. 
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6.3 Conclusion 
This deliverable was initially intended to provide information that would assist in developing 
a model for the electrical capacities in each region to meet the potential demand for 
process heat. The report showed that there are several substations and GXPs in each region, 
each with vastly different available capacities. To compare this to the energy demands from 
industries, the location of every boiler site would need to be known and compared with the 
capacity of their nearest substation or GXP. Because there are approximately 500 discrete 
boiler locations across the South Island, it was determined that this would not be possible 
within the allowable timeframe of the project. 

As this data could not be incorporated into the decarbonisation model, an alternative 
constraint for electrical boilers was considered: their fuel cost. Electrical boilers operate at 
99% efficiency, so their effective fuel cost is the electrical cost. Deta identified that given the 
standard charges across industries in the South Island is $36 per GJ, the approximate fuel 
costs for heat pumps and biomass to be $6.40 and $25 per GJ respectively (Pooch, 2021). 
Due to the high cost of electricity, it is possible that electrical boilers may be considered as 
the last abatement opportunity, and priority could be given to conversions to heat pumps 
and biomass, subject to the variable costs of wood fibre, which should first be determined.  

The deliverable was then intended as a reference guide for Deta to understand the 
capability that individual sites may have if they wish to convert to electrical boilers. 
Unfortunately, after completing this report, Transpower superseded it with their Envision 
interactive website7, which provides the same information for the South Island plus the 
North Island, overlaid on a map of New Zealand. Transpower’s site also has an 
“opportunities” section that details the potential upgrade each power line and substation 
has in order to take up potential future demand. 

While the map is more useful for Deta, this report was beneficial in terms of understanding 
the nuances and redirecting the focus of the white paper to biomass capacities.   

 
7 Transpower’s Envision site can be found here: 
https://experience.arcgis.com/experience/2301b2af092841fd81689963efe14c97/page/TPR-Envision/?views=view_2 



Decarbonisation of Process heat in the South Island 61 

7 Renewables Availability Report 

7.1 Introduction 
Industries in the South Island that need to produce heat are primarily considering three 
technologies to replace fossil fuels: heat pumps, biomass, and electrical boilers. Heat pumps 
are limited as a choice because of their maximum output temperatures, which, in New 
Zealand is currently 85-95°C (EECA, 2019c). Electrical boilers are limited because of their fuel 
price (Pooch, 2021). Biomass is limited by the quantity available in each region (BioPacific 
Partners, 2019). While data on the yearly harvestable quantity of logs is available, the 
capability for industries in the South Island to use it as biomass was unknown. 

This deliverable is a report that details the methods used to create the decarbonisation 
model and describes the results derived from it. These include: 

• Volume of wood fibres available on a regional bases across the South Island. 
• Estimation of wood fibres available for use as biomass. 
• Accurate conversion of volume to production of heat in boilers. 
• Analysis of Deta’s South Island master boiler database in order to generate yearly 

heat output, separated by region and industry.  
• Varying price points of different wood fibres converted to cost of heat production. 
• Total abatement potential from heat pumps based on current industries and their 

fossil fuel requirements. 
• McKinsey curves that display the abatement opportunities of fossil fuels in the 

South Island with the three renewable alternatives and their varying fuel prices. 

This information is packaged in a technical report, which is useful as a preliminary report. 
The report and model were used as a key point of reference for the white paper. This 
information was re-packaged in a more comprehensible format for the white paper. 
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Biomass Availability 1 

Executive Summary 
It is understood that fossil fuel boilers need to be converted to renewable alternatives to 
reduce carbon emissions and their impact on climate change. One primary consideration is 
biomass, from wood fibres, due to the number of plantation forests available in New 
Zealand. While there may be enough wood fibres across the nation to completely replace 
fossil fuels, it is uneconomical to deliver wood fibres outside the regions where it's 
harvested. This report is intended to present information on the cost and availability of 
biomass to replace fossil fuel boilers in the South Island on a region by region basis. This 
report also considers how heat pumps may replace some low-temperature boilers, and 
where higher-cost alternatives, such as electrode boilers, may be needed due to a regional 
lack of biomass. 

Assumptions Made 

Wood fibre data taken from the Ministry for Primary Industries (MPI) was provided as a 
volume in m3. To accurately compare this to the boiler energy data gathered by Deta 
Consulting, the wood fibre needed to be converted from volume to energy. To do this, the 
energy density, or Net Calorific Value (NCV), in GJ/t and the density, t/m3, needed to be 
determined. The NCV changes primarily due to the gross calorific value (GCV), which varies 
based on tree species, and the moisture content of the wood. The moisture content and the 
density of the trees can vary greatly depending on the region the trees are grown, what age 
they're harvested, how long they're left between harvesting and shipping, and if the 
information provided by the MPI is taken from the landing sites or the mill. It was assumed 
that the GCV for radiata pine and Douglas fir were 20.2 GJ/t and 19.2 GJ/t respectively, the 
moisture contents were 58%, and the densities were 1.015 t/m3 for logs and 0.34 t/m3 for 
wood residues. 

Results and Conclusions from Data 

McKinsey curves were used to present the data; they were modified to represent energy 
cost in $/GJ on the vertical axis and quantity of energy in 000 GJ (Or TJ) on the horizontal 
axis. Because the availability of wood fibres will decline over the next decade, two graphs, 
for 2021 and 2031, were produced for all regions except the Tasman region. The Tasman 
was not graphed for 2031 because its harvestable wood fibres will increase over this period.  

The assumptions made can vary the data significantly. Consequently, only broad conclusions 
can be made from the results. However, as all data presented was written in Microsoft Excel 
to be easily modified if new information or variables are applied. 

In all regions, heat pumps, which cost roughly $6 per GJ, can and should replace a large 
amount of energy requirements currently generated by fossil fuel boilers. The energy cost of 
biomass can range significantly between hog and chip, which is under $10 per GJ, to pruned 
logs, over $35 per GJ. The Tasman region has sufficient biomass to completely replace fossil 
fuels with wood residues. Marlborough would need to use pulp logs in addition to wood 
residues. Otago-Southland would need unpruned logs as well as pulp and residues. 
Canterbury lacks sufficient wood fibres to replace fossil fuels, and would be unable to 
convert all coal boilers, and so it will need to rely on other sources such as electrification. 
The West Coast is in a similar position to Canterbury, subject to how much wood they 
export, which is currently unknown. If exports exceed 63%, they will not need electrode 
boilers in addition to their available biomass. 
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Introduction 
To transition New Zealand towards a carbon-neutral future, coal and other fossil fuel-based 
boilers must be converted to sustainable alternatives (Ministry for the Environment, 2021). 
Low-temperature boilers, up to 85°C, used for space heating and some food processing, can 
be converted to heat pumps (EECA, 2019b). For higher temperature boilers, the current 
most cost-effective alternative to fossil fuels is biomass. While there are large quantities of 
wood fibres across New Zealand (BioPacific Partners, 2019), possibly enough to replace all 
fossil fuel boilers with biomass boilers, there are economic limitations regarding the 
transport costs of wood fibres (MBIE, 2019). These costs make wood fibres uneconomical to 
serve as biomass for boilers greater than 100-200km from the harvesting site. For the 
purposes of the model this limitation will be considered the region the wood fibres are 
harvested. If the required energy from fossil fuels exceeds the supply of wood fibres, 
alternative technologies should be considered, such as electrode boilers (EECA, 2019a). 

This report aims to outline the varying energy costs of wood fibres and the quantity 
available in each region of the South Island as a source of fuel for biomass boilers. 
Alternative technologies will also be presented, including the potential for heat pumps to 
replace specific, low-temperature boilers, or the use of electrode boilers if biomass 
resources are limited.  

Biomass Data 
Wood Fibres Secondary Data 

Secondary data was collected from the Ministry of Primary Industries (MPI), which details 
the wood availability across New Zealand from 2021 to 2060 (Ministry for Primary 
Industries, 2020). The forecast data provided presents three to four different scenarios for 
harvesting radiata pine over this period. The scenario chosen for this report was scenario 
three, as it differentiated the quantities of the different wood fibres which were expected to 
be harvested. In contrast, the other scenarios only presented the total wood fibres 
available. Scenario three assumes that large scale owners would harvest when they've 
stated they intend to harvest, and the wood availability from radiata pine may increase or 
decrease by 20% with a non-declining yield (where possible) up to 2025. This scenario 
avoids significant year on year fluctuations but adds constraints designed to keep the 
average rotation ages close to the target rotation age of 27 years. Data was also collected 
for Douglas fir. However, only one scenario was presented for this, whereby the woody 
fibres are harvested when large scale owners state they intend to harvest until 2031. 

The data provided by MPI did not show the possible availability of forest residues. However, 
the Wood Fibres Futures Stage One report presented to the MPI by BioPacific Partners does, 
and this has been incorporated into the biomass availability model (2019). They have 
assumed that the potentially recoverable forest residues in the forest will be approximately 
15% of the total recoverable merchantable log volume. This assumption was based on 
EECA's Good Practice Guide: Wood fuel production from forest landings, which states that 
wood residues created during logging range from 1-17% (2010). BioPacific Partners further 
defines this into the following five categories: 

x Chip Quality Roadside (5% - easiest to collect) – cut-over, rejects, treetop, bin-wood 
at roadside or landings 
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x Chip Quality Cut-Over (1% - more challenging to collect) – cut-over, treetop in 
forests. 

x Hog Quality Roadside (1% - easy to collect) – bark, branches, and dirt at roadside or 
landings. 

x Hog Quality Cut-Over (5% - more challenging to collect) – bark, branches, stumps, 
and dirt in the forests. 

x Waste (3% - non-recoverable) – not currently commercial waste. 

Douglas fir data was only provided as a total volume and did not specify quantities of 
pruned, unpruned, pulp, and hog and chip. To separate the total volume of Douglas fir into 
those categories, a percentage of the total for each category was determined from radiata 
pine and applied to Douglas fir. This percentage changed based on region and year and was 
applied as such. 

Energy Content of Wood Fibres 

MPI provides the availability of wood fibres in the volumetric form, metres cubed (m3). In 
this form, the data is not comparable to the quantity of coal and other fossil fuels that are 
currently being consumed by process heat users and consequently must be converted to the 
energy equivalent in the form of gigajoules (GJ). The energy content of trees can vary 
greatly depending on tree species, the region it's grown, age of the tree when harvested, 
time taken between harvesting and shipping, and whether or not the data provided by the 
MPI was taken at the landing sites or the mill. 

Net Calorific Value 

The Ministry of Business, Innovation and Employment provide an equation that can be used 
to determine the energy in trees, in the form of gigajoules per tonne (GJ/t) (MBIE, 2016): 

𝑁𝐶𝑉 = 𝐺𝐶𝑉 1 −
𝑤

100
− 2.447

𝑤
100

− 2.447
ℎ

100
9.01 1 −

𝑤
100

 

NCV: net calorific value in MJ/kg fuel (wet basis) 
GCV: gross calorific value in MJ/kg fuel (dry basis) 
w: water content of the fuel as a percentage of weight 
h: concentration of hydrogen as a percentage of weight, h=6% 

 

The average water content of green, fresh radiata pine leaves the landing site averaged at 
58% (56% when it reaches the timber mill). It is unclear when MPI's data was recorded, so it 
is assumed the data was recorded when it left the landing sites. The first term of the 
equation converts the gross calorific value to the wet basis. The second term reduced the 
net calorific value due to the latent heat of vaporisation of water, which in wood is 2447 
MJ/kg at 25°C. The final term is due to the vaporisation of water produced when the 
hydrogen in the wood is combusted. The average GCV of radiata pine on a dry basis (0% 
moisture content) is assumed to be 20.2 GJ/t. From this information, the NCV for radiata 
pine was calculated to be 6.94 GJ/t.  

Density 

The final requirement to convert from m3 to GJ is the density of radiata pine with a moisture 
content of 58%. There are four broadly different wood fibre products: wood residues, pulp 
logs, pruned, and unpruned logs.  
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The density of wood residue produced at the landing site will be much lower. If the data 
provided is taken from the timber mill, the density of wood residue is based on how much 
it's compacted when transported from the landing site, which depends on the size and 
weight availability of the truck used. Because the moisture content used assumes the survey 
was conducted at the landing site, the quantity and density of the residue will also be 
deemed to be taken at the landing site as a loose density. EECA presents information for this 
in their Transport Guidelines for Wood Residue and Bio-Fuels report (EECA, 2009). This 
report states that the loose density percentage of the solid density is 30-35% for chip and 
30-40% for hog. With the quantity of hog and chip available from woody residue being 
roughly equal parts, an average percentage of solid density is assumed to be 33.75%.  

The solid density of logs was not assumed to change significantly between the varying log 
types. The New Zealand Energy Information Handbook provides the density for radiata pine 
at 1.015 t/m3 (Eng, Bywater, & Hendtlass, 2008). From this information, the density of hog 
and chip was determined to be 0.34 t/m3, the energy volume was 2.2 GJ/m3, and the energy 
volume for the different log types was determined to be 6.61 GJ/m3. Using these energy 
volumes, the quantity of energy available could be determined. 

Export Only 

Only export products were considered for the log types to ensure the available wood fibres 
do not compete with current domestic consumers. All wood residues were considered as 
scrap products that predominantly remain at landings. Unfortunately, no exact figure or 
percentage represents regional exports of wood fibres. There is, however, data on the total 
quantity of logs exported by port for 2020, provided in the Forest Owners Association: Facts 
& Figures Report (2020). A percentage of total exported logs can be determined based on 
the ports' locations and the number harvested in those regions. No information is given 
regarding the number of products exported from the West Coast as their logs are shipped to 
the Nelson and Canterbury ports. However, BioPacific partners indicated that 50% of pulp 
logs harvested are exported nationally, which will be assumed for all logs harvested in the 
West Coast. The logs exported from the West Coast are deducted evenly from the number 
exported from Nelson and Canterbury Ports before those export percentages are 
determined (BioPacific Partners, 2019).    

Douglas Fir 

MPI provides the total volume of Douglas fir, which will be harvested up to 2060. The 
proportion of pruned, unpruned, and pulp was extrapolated based on radiata pine 
proportions. No consistent information could be found on the material properties of 
Douglas fir. As such, the percentage of woody residue left at the landing, moisture content 
of green wood, density, log prices, and transport prices were all assumed to be equivalent 
to that of radiata pine. The GCV of Douglas fir was found to be 19.2 GJ/t, based on the 
average GCV of conifer trees. These figures can easily be changed in the model once or if the 
material properties are determined.  

Pricing 

Export pricing for logs is taken from the ports, including the transport price for long 
distances within a region. Export prices are provided in the Japanese Agricultural Standard 
(JAS m3). This volume is determined based on the diameter and length of each log's small 
and long ends, so it is impossible to convert the volumes of logs provided by the MPI into 
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JAS m3. The MPI offers domestic prices for logs with a weighted average comprised of data 
from June 2017 to September 2021 and based on the price paid at the mill per tonne (MPI, 
2021).  

A discussion with Brett Eades, a Project Engineer within Deta, resulted in a rough estimation 
for the transport costs of logs, which was $4.6 per tonne for the first 50km, then $0.23 per 
tonne per kilometre thereafter. The distance between timber mills and process heat 
facilities are varied and unknown, so it was assumed to be 100km, resulting in a transport 
cost of $30.6 per tonne.  

Fossil Fuel Data 
Deta has provided information for individual coal boilers over 500kW across the South 
Island. It is assumed that this data encompasses all boilers that meet those specifications. 
The data provided in each entry, among other things, includes commercial sector, region 
and city location, primary fuel source, boiler size, and annual output. The yearly heat energy 
output of coal, LPG, and diesel were collated for each region and converted from GWh to GJ, 
to be compared to the biomass availability for those regions. Pricing for fossil fuels was 
determined based on information provided by Deta.  

Heat Pumps and Electrical Boilers 
Many small boilers across the South Island currently used for space heating can be replaced 
by heat pumps. Other industries can utilise high-temperature heat pumps to some extent. 
Estimations on the proportion of each industry that can convert to heat pumps are used to 
determine the quantity of fossil fuels that can be abated, to reduce the need for biomass. 
Heat pump abatement is further separated down to each region and each fossil fuel abated. 
Pricing for heat pumps was determined based on information provided by Deta. Electric and 
electrode boilers (herein termed electrical boilers) can also be alternatives to fossil fuels. 
Their efficiencies, around 99%, meaning that their heat energy production cost is similar to 
electricity. Average pricing across the South Island was given to Deta by electricity 
distribution businesses.  

McKinsey Curves 
The data collected was presented in the form of McKinsey curves, whereby the cost per GJ 
of energy of each fuel source was shown on the vertical axis. The quantity in GJ, in which 
biomass and heat pumps can replace fossil fuels, is represented on the horizontal axis. The 
total amount and cost per GJ of coal, diesel, and LPG are represented as individual lines on 
the graphs. The following graphs represent this information for each region in the South 
Island. Some regions do not use any LPG or diesel and thus are not presented in those 
graphs. All graphs provided in this report represent only the quantity of energy needed to 
replace fossil fuels. It provides only three broad alternative options: heat pumps, biomass, 
and electrical boilers. 
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Figure 1: Biomass Quantity Cost Curve for Canterbury region in 2021 

 

 
Figure 2 Quantity Cost Curve for West Coast region in 2021 
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Figure 3 Quantity Cost Curve for Otago & Southland regions in 2021 

 
Figure 4 Quantity Cost Curve for Marlborough region in 2021 
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Figure 5 Quantity Cost Curve for Tasman region in 2021   

Projections for 2031 

Wood fibre data show a gradual decline in availability after 2025 as there was an increase in 
deforestation of exotic forests in the early 2000s, in favour of agricultural expansion. As 
such, graphs for the South Island have also been presented for 2031 to show the significant 
decrease in available biomass. The number of fossil fuels required to abate and the quantity 
offset by heat pumps have not changed. However, the price per GJ has been adjusted to 
represent the future value, with an assumed discount rate of 5%. The Tasman region wood 
residue and pulp log availability increased over the ten years. As such, no graph is needed to 
represent the change for that region.  
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Figure 6 Quantity Cost Curve for Canterbury region in 2031 

 
Figure 7 Quantity Cost Curve for West Coast region in 2031 
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Figure 8 Quantity Cost Curve for Otago Southland region 2031 

 
Figure 9 Quantity Cost Curve for Marlborough region 2031 
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Results 
The incorporation of heat pumps into the projections for all regions provides a significant 
reduction in the average price per GJ. It eliminates the requirements for pulp logs in Tasman 
and reduces the need for unpruned logs in Otago and Southland regions and electrode 
boilers for Canterbury and West Coast regions.  

The Marlborough and Tasman regions have enough wood residues to replace fossil fuels 
(Figure 4, Figure 5, & Figure 9). The Otago and Southland regions have enough wood 
residues, pulp, and unpruned logs to replace fossil fuels (Figure 3 & Figure 8). The 
Canterbury region does not have enough wood fibres to replace fossil fuels, and also 
requires electrode boilers (Figure 1 & Figure 6) 

Discussion 
Marlborough and Tasman 

The quantity of wood fibres exported from the Marlborough region is so exorbitant that 
even if no conversion to heat pumps were used, they would still need only woody residues 
to replace fossil fuel usage. This is because of the large quantity of wood harvested and the 
assumption that an additional 15% of wood fibres gathered currently remain at landings and 
can be used for hog and chip. As such, the implementation of heat pumps only reduces the 
region's average dollar per GJ of energy. A similar quantity of wood fibres are harvested 
from the Tasman region; however, more fossil fuels are used. The addition of heat pumps 
does eliminate the need for Douglas fir and pulp logs.  

Otago and Southland Regions 

The available data on wood fibres treats these two regions as one and is based on the total 
quantity of wood harvested. Hence, these two regions can only be regarded as one region 
for this report. Unlike Marlborough and Tasman, to meet energy demands, the Otago and 
Southland regions would consume all exported pulp logs and some unpruned logs. There is 
a marginal difference between the quantity of available wood fibres from 2021 to 2031. The 
reduction of radiata pine is slightly offset by an increase in Douglas fir; the 2031 period 
does, however, still require more unpruned logs. Heat pumps in both 2021 and 2031 models 
can offset the requirement for unpruned logs. Because of the land area covered by 
combining these two regions, it is likely that the cost of biomass would be more expensive 
than the average cost used in this report.  

West Coast 

The West Coast is the only region where no direct information for the number of exported 
wood fibres was determined. This is because wood fibres from the West Coast are shipped 
to Canterbury and Tasman ports for export. Biopacific Partners assumed 50% of all pulp logs 
were exported, and this was the only information provided that could be applied to the 
West Coast region (BioPacific Partners, 2019). Therefore, 50% of all logs were assumed to be 
exported. Because of this assumption, the West Coast would require all exported logs to be 
used as biomass and would still require electrode boilers. It is possible that more than 50% 
of West Coast logs are exported. Because only export logs are considered in this report, if 
more than 63% of West Coast logs are exported, no electrode boilers are required, even 
with the roughly 12% decrease in wood fibres available between 2021 and 2031. The exact 
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number is likely to be presented in the Wood Fibre Futures second report when it is 
released. The West Coast region is the longest in terms of physical distances and will likely 
incur greater transport costs. However, this will depend on the actual distance between the 
forest landing and the boiler site.  

Canterbury 

Canterbury region is home to the top three largest coal plants and consumes more coal than 
the rest of the South Island combined. The number of wood fibres Canterbury can produce, 
and export is about 20% of the total exported across the South Island, reducing to 9% by 
2031. Therefore, Canterbury has the most amount of coal to abate and the least amount of 
wood residue available to do so.  

The majority of the wood fibres consumed will be more expensive than coal. Coal alone can 
be abated using heat pumps and biomass; however, there would be a requirement for the 
use of electrode boilers to replace all fossil fuels in 2021 (Figure 1). By 2031, over 50% of 
fossil fuels (over 30% of just coal boilers) would need to be replaced by electrode boilers or 
alternative technologies other than biomass and heat pumps. It may be the case that more 
wood fibres produced in Canterbury are exported. However, even if 100% of wood fibres in 
Canterbury were exported, biomass and heat pumps would still only replace 62% of the 
fossil fuels used in 2031. 

Modelling 

Other things not considered in this model include the efficiencies of the different 
technologies and how this might impact the abatement of fossil fuels. For example, coal 
boilers typically have efficiencies around 75% but can have efficiencies up to 92%, so 
increasing efficiencies of the sites would reduce their coal demand. Electrode boilers usually 
have 99% efficiencies. As such, the energy required by electrode boilers to abate fossil fuels 
will be less than the energy consumed by fossil fuel boilers. For the Canterbury region, if 
efficiencies of boilers could be considered, the energy demand will be lower than the 
current energy consumed by fossil fuels. The efficiencies of the boilers across the South 
Island are unknown, which makes this comparison challenging to apply. The difference in 
efficiencies may be negligible compared to the other assumptions made.  

Conclusion 
This report uses multiple assumptions; some of them, like the assumption that Douglas fir 
and radiata pine have the same density, do not have a reliable basis for the assumption but 
cause only minor changes in the modelling. Other assumptions, such as moisture content, 
wood density, and percentage exported, can significantly affect the models, but the 
assumptions are based on reliable sources.  

Assumptions made to determine the model for heat pump convertibility are well reasoned 
for insignificant loads, such as the ability to convert 100% of boilers used for space heating 
to heat pumps. But these assumptions for significant loads, like assuming 10% of a dairy 
plant's boiler energy can be converted to heat pumps, are based on industry experience 
from Deta's consultants rather than surveyed or researched information. Because of the 
number of assumptions, the conclusions made from the data must be very broad. These 
conclusions are: 
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x Marlborough regions produce excessive amounts of wood residues compared to the 
number of boilers they use and can completely replace fossil fuels with wood 
residues.  

x Tasman is similar to Marlborough but consumes more fossil fuels for boilers, as such, 
the use of heat pumps eliminates the need for pulp logs. 

x Otago-Southland produces and consumes the most amount of wood fibres. As such, 
there is enough wood fibre available to convert all fossil fuel boilers to biomass but 
will require using unpruned logs, pulp, and residues. 

x Canterbury region does not have enough wood fibres to replace the need for fossil 
fuels or coal boilers, even with the conversion of some boilers to heat pumps. 

x The data shows that the West Coast is not likely to have enough wood fibres to 
replace all fossil fuels boilers, even with heat pumps in some instances, but this is 
highly dependent on the number of wood fibres they export. There is no reliable 
data on the exact percentage exported. 

x Heat pumps are more cost-efficient than any other energy sources that could 
otherwise be used and should therefore be the primary choice.  

All data presented was written in Excel and can be easily modified if new information or 
variables are applied. This allows it to be used when more accurate data become available, 
such as material properties of Douglas fir, exact export percentage of the West Coast, or the 
average percentage with which different industries can convert to heat pumps.  
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7.3 Conclusion 
This report is the first document available that details the realistic availability of wood fibres 
and accurately compares this with the current consumption of fossil fuels in the South 
Island. The decarbonisation model developed is an interactive model created so that as 
more variables are determined or new information is found, the model can be updated. For 
example, despite extensive research the density and net calorific value of Douglas fir is still 
unknown. However, if it is determined in the future, it can quickly and easily be applied. 

This technical report was written to be the key point of reference for the white paper. Some 
elements may be difficult for those not familiar with transition engineering to understand. 
Other elements are absent as they were yet to be determined for the white paper. For 
example, in this report the calculations to determine the biomass availability compare the 
potential energy of biomass with the heat production of fossil fuels. This is an unrealistic 
comparison because industries that are switching to biomass can have varying efficiencies 
from 75% for hog and chip boilers, up to 95% for pellet burners using highly specific pellets 
(MBIE, 2019). For the white paper, further investigation was conducted into realistic 
efficiencies and applied to the model.  

The results and conclusions in this report reflect certain assumptions that lead to inherent 
limitations in using McKinsey curves. For example, in Figure 1: Canterbury Biomass quantity 
cost curve, the graph presents the abatement opportunity for all heat pumps first, then the 
varying biomass options. This graph is presented in such a way that the abatement potential 
for coal to biomass looks to be 5.5 PJ. It also appears as if there is biomass available for LPG 
and diesel, and that only industries that use diesel must switch to electrical boilers. This is 
not an accurate portrayal of the data. While the ETS and other initiatives are helping to 
drive a reduction in all fossil fuel consumption, the Government has introduced regulations 
to limit coal consumption in process heat. Therefore, it was reasonable to assume that 
industries which consume coal are more likely to switch to biomass before industries that 
currently use LPG and diesel. The McKinsey curves could be re-arranged to better reflect 
this. 

This report does not go into detail about other potential abatement opportunities that have 
not been included in the model, such as other biofuels or efficiency upgrades. While it is too 
difficult to include these opportunities, they are considered in the white paper. 

Despite the assumptions and limitations used to develop the model, it still provides 
information that was otherwise unknown. The report as a whole provides a good starting 
point to inform the types of data that need to be collected in order to develop a more 
accurate model. 
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8 White Paper: Renewable Alternatives for Fossil Fuels in Process 
Heat 

8.1 Introduction 
The primary goal of this thesis project was to develop a white paper on behalf of Deta that 
reviews the capability of industries across the South Island to switch boilers from fossil fuels 
to biomass or electricity. It is less technical than the Renewables Availability report and 
includes a different way to present the McKinsey curves that better portrays the capability 
of abatement for each fuel type.  

The assumptions stated in the previous Conclusion (7.3) did not factor in the role of market 
forces; some industries using diesel and LPG already have begun switching to alternatives. 
Consequently, McKinsey curves that overlay current fossil fuel consumption over renewable 
fuel potential, do not paint an accurate or complete picture. Infographics and regional heat 
maps are used to better illustrate the significance and implications of the results. 

All information gathered and all work completed has contributed to this report. The 
Summary of Electricity Distribution Businesses report showed that, provided more time was 
available, the electricity load potential on a highly specific substation basis could be 
determined. The Renewables Availability report culminates most of the work needed and 
presents an initial version of the decarbonisation model for the South Island. Because the 
Renewables Availability report was arduous to read, the information was re-packaged in a 
comprehensible format for the white paper. This white paper uses an updated version of 
the decarbonisation model, with the changes recommended from the Renewables 
Availability report.  
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Executive Summary 

The Challenge  
Coal is very cheap. At $11 per GJ of heat 
output, it is the most affordable option for 
most process heating requirements. 
However, it is also the single most 
significant contributor to climate change. 
As Aotearoa moves towards a carbon 
neutral future, organisations that rely 
heavily on coal and other fossil fuels for 
process heat need to adapt or be left 
behind. The New Zealand Government are 
implementing a ban on all new low to 
medium temperature coal boilers as of 
March 2022, with plans to phase out 
existing coal boilers by 2037. In the South 
Island, there are 1.46 GW of heat capacity, 
or 24.3 PJ of annual heat production from 
fossil fuels, primarily from coal. That’s 
equivalent to 65% of electricity consumed 
by the South Island. Industries know they 
need to move away from fossil fuels and 
primarily consider biomass and electrical 
alternatives. 

The Opportunity 
Across the South Island, there will be 60 
PJ of potential energy from harvestable 
sources of wood fibres in 2021. However, 
once the current domestic demand and 
efficiency of wood fibres to produce heat 
is considered, the realistic availability is 32 
PJ. This is still more than enough to 
replace all of the current demands from 
fossil fuels. Unfortunately, the cost of 
transporting wood fibres plays a 
prominent role in the economic viability 
of biomass. Transport distances greater 
than 100km from forest landings are often 
uneconomical, almost doubling the cost of 
our cheapest biomass resource. 
Consequently, biomass use is limited to 
the region in which it is harvested.  
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Radiata pine and Douglas fir, our two 
largest commercial forest species, were 
not grown for the intention of use as 
biomass and are produced in regions that 
consume very little fossil fuels in process 
heat. As a result, there is a regional 
mismatch between biomass availability 
and our demand for it. 

There are also electrical alternatives that 
can be used to replace fossil fuels. Heat 
pumps and high-temperature heat pumps 
are excellent technologies to replace 
boilers under 85°C. The most cost-
effective option for industries currently 
using boilers for space heating is to 
convert them to heat pumps. Food 
processing facilities can utilise high-
temperature heat pumps for cleaning but 
will likely need boilers for some specific 
use cases. 

Electrical boilers can be used instead 
when insufficient biomass is available, or 
heat pumps are not a viable alternative. 
These boilers operate at 99% efficiency 
and are often the cheapest to install, 
making them the most efficient boiler. 
However, their cost to produce heat is the 
most expensive.  

Overview of Findings 
Sufficient biomass exists across South 
Island to replace fossil fuels if heat pumps 
replace boilers under 85°C. However, once 
the cost of transporting biomass is 
considered, it is evident that biomass in 
two regions, the West Coast and 
Canterbury, will need to consider 
alternative energy sources. Given the 
industry needs of the West Coast, some 
electrical boilers will likely be required. 
Unfortunately, Canterbury’s wood fibre 
availability is severely diminished due to 
massive forest clearing efforts in the late 
1990s to early 2000s.  

By 2031 the Canterbury region will 
need 7.6 million gigajoules or 55% of 
its heat energy from electrical boilers 
or other technologies. That’s 
equivalent to 35% of Canterbury’s 
current yearly electricity 
consumption. 

Future Considerations 
Detailed research is needed to fully 
understand the South Island’s capability 
to convert fossil fuel boilers to renewable 
alternatives. Other considerations for 
Canterbury include determining the 
practicable electricity capacity for process 
heat users and determining the realistic 
cost of transporting biomass from 
neighbouring regions. Other technologies 
that could be considered include 
producing biofuels in regions with excess 
wood fibres and producing biogas from 
food waste. 

Key Message 
This document was intended to convey an 
understanding of the South Island’s 
capability to move away from fossil fuels 
using electrical and biomass alternatives. 
There are sufficient alternatives to do just 
that in all regions except Canterbury. 
Canterbury is faced with the unfortunate 
fact that, as a region, it consumes the 
most amount of fossil fuels in process 
heat yet has one of the lowest 
availabilities of biomass. This will result in 
unsustainably large electricity demands, 
but not all possible renewable alternatives 
or strategies have been considered. 
Further work should be conducted to 
understand Canterbury’s realistic 
capability to use electrical boilers, as well 
as other options. If we all work together, 
we can create a more resilient future. 
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Disclaimer 
Deta has relied upon and presumed accurate 
information from publicly available sources in 
preparing this report. Deta has not attempted 
to verify the accuracy or completeness of any 
such information. If the information is 
subsequently determined to be inaccurate, 
misleading, or incomplete, then it is possible 
that our observations and conclusions as 
expressed in this report may change. 

Deta derived the data in this report from 
information available internally and in the 
public domain at the time or times outlined in 
this report. The passage of time, a 
manifestation of latent conditions or impacts 
of future events may require further 
examination of the project and subsequent 
data analysis and re-evaluation of the data, 
findings, observations and conclusions 
expressed in this report.  

Deta has prepared this report in accordance 
with the usual care and thoroughness of the 
consulting profession, for the sole purpose 
described above and by reference to 
applicable standards, guidelines, procedures 
and practices at the date of issue of this 
report. For the reasons outlined above, 
however, no warranty or guarantee, whether 
expressed or implied, is made as to the data, 
observations and findings expressed in this 
report to the extent permitted by law.  

This report should be read in full, and no 
excerpts are to be taken as representative of 
the findings. The report has been prepared for 
information purposes only. Deta accepts no 
responsibility for using any part of this report 
in any other context. Deta accepts no liability 
or responsibility whatsoever for, or in respect 
of, any use of, or reliance upon, this report by 
any party.  
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Introduction 

As New Zealand moves towards a 
sustainable future, the New Zealand 
Government (herein termed as the 
Government) have identified coal and 
other fossil fuels in process heat as a 
critical abatement objective. Along with 
implementing the Emissions Trading 
Scheme (ETS) to disincentivise fossil fuel 
boilers, the Government has also 
introduced policies that target coal boilers 
in industry. This includes a regulation set 
to come into effect in March 2022, 
banning the installation of any new low to 
medium temperature coal boilers. The 
Government are also planning on phasing 
out existing coal boilers by 2037, and most 
end users are looking to abandon the use 
of coal between 2030 -2035.  

In this paper, we review the 
capability of industries across the 
South Island to switch boilers from 
fossil fuels to biomass or electricity.  
We have identified roughly 500 boilers 
being used across the South Island to 
produce a total of 1.8 GW of heat energy. 
Of these boilers, we have identified 69 
that are already using renewable fuels 
such as electricity or wood, producing a 
total of 340 MW. This leaves 368 boilers, 
creating 1.46 GW of heat from non-
renewables. Over a year, this produces 
24.3 PJ of heat. The organisations that use 
these boilers know they need to move 
away from fossil fuels and are looking at 
biomass or electricity as their primary 
alternatives. In New Zealand, biomass is 
constrained by the availability of wood 
fibres. Electrical technologies are limited 
in two ways, heat pumps are constrained 
by their capability to produce heat, and 
electricity for electrical boilers are 
constrained by the electricity distribution 

business’ transmission and distribution 
capabilities.  

To understand industries’ capabilities, we 
first need to know their use for process 
heat. Some require low-temperature 
boilers, under 100°C, for water and space 
heating like schools and councils, cleaning 
equipment, and sanitisation, like 
hospitals. Industrial processing 
organisations require temperatures 
between 100°C to 300°C for drying wood 
products, creating structural timber or 
paper, or drying food products like milk to 
produce milk powder. Some of these 
industries will be able to convert from 
fossil fuels to heat pumps, with extremely 
high efficiencies and low operating costs. 
Other industries are considering biomass 
if they have room for it or electrical 
boilers if their nearest power station can 
meet their power needs.  

Across New Zealand, wood fibres are 
abundant. Still, we need to consider the 
industries that currently use them and 
ensure the competitive demand in 
biomass does not negatively impact them. 
Furthermore, the biomass isn’t always 
located near the industries that need it 
most. Consequently, there will need to be 
a balance between biomass and electricity 
in some regions to ensure all industries 
get the best outcome as we strive for a 
carbon neutral future.  

This report only considered the availability 
of biomass at forest landings, the 
capability to convert to current 
commercially available heat pumps and 
the cost of using electrical boilers. This 
report does not present the realistic 
ability to convert to electrical boilers or 
measure some industries' capability to 
convert to other organic fuels, such as 
biodiesel or biogas.  
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Our Approach 
The purpose of our analysis is to 
determine the capability of biomass and 
electricity to replace coal and other fossil 
fuels used in low to medium temperature 
boilers in the South Island.  

This high-level report is intended to 
provide the Government and industry 
bodies with an understanding of what 
resources we currently have available and 
the limitations of the technology in New 
Zealand to replace fossil fuels effectively. 
This is a preliminary assessment to 
facilitate a broader discussion on an 
approach to decarbonising process heat, 
which is inclusive of the Government and 
industry bodies. 

South Island Boilers 
To understand how much energy is 
needed to replace the heat produced by 
fossil fuel boilers, we first need to know 
how many boilers there are and how 
much energy is required.  

To do this, we collected information about 
every low and medium temperature boiler 
above 500 kW in the South Island. This 
information included their regional 
location, industry use, fuel type, the 
capacity of the boilers, and how often 
they are likely to use them. All of this gave 
us an idea of the annual energy output 
and requirements.  

We found that fossil fuel boilers 
produce about 24.3 PJ of heat. 
That’s equivalent to 65% of the 
electricity consumption of the 
entire South Island. 

Fossil Fuel Consumption in 
Peta-Joules (PJ) 
Broken Down by Region 

Broken Down by Industry 

 

0 6 12 18

Marlborough

West Coast

Tasman

Otago

Southland

Canterbury

0 5 10 15

Wood Processing

Council

Other Space Heating

Education

Other Heating

Hospitals

Manufacturing

Meat Processing

Food Processing

Dairy Processing

Coal LPG Diesel



 5 

However, fossil fuel boilers operate 
around 75-85% efficiency, so to produce 
that much heat requires 31.5 PJ of energy. 
Across the different industries and 
regions, the Canterbury region consumed 
the most fossil fuels, around 17.5 PJ per 
year (12.8 PJ of coal). The dairy processing 
industry consumed the most fossil fuels, 
approximately 14.7 PJ per year (13.8 PJ of 
coal). 

Biomass 
Barking Down the Right Tree 

New Zealand has an abundance of 
commercial exotic forests. Pinus radiata, a 
soft, pale wood, makes up almost all of 
these forests, with 36 million metres 
cubed expected to be harvested in 2021 
(the following largest commercial species 
is Douglas fir, at 1.2 million metres 
cubed). 

Some logs are exported as unprocessed 
logs of varying grades. Domestically, three 
log types can be harvested from 
commercial forests: 

• Pruned and unpruned logs can be 
processed into lumber and exported 
or used domestically for structural 
timber. 

• Pulp logs can be used in the pulp and 
paper industry. 

Log grades and types are determined 
based on multiple factors. Pruned logs are 
the most expensive due to their higher 
maintenance, as they require branch 
removal (pruning) during growth. This 
results in logs with very few knots or 
imperfections. Pulp and unpruned logs are 
grown similarly; however, pulp logs tend 
to be smaller, have more knots, and are 
not viable for use as lumber. 

The process of harvesting all log types 
produces up to 15% usable waste material 
from branches, treetops and stumps, 

known as wood residue. In the past, this 
was often left at landings to rot because 
the cost to harvest was not worth the 
product's value. Figure 1 shows the 
proportion of each log type expected to 
be harvested in New Zealand in 2021. 

 
Figure 1: Visual diagram showing the proportion of each 
log type that is expected to be harvested in New Zealand 
in 2021, as well as the additional 15% of waste which 
can be harvested as wood residue 

Getting to the Root of the Problem 

Plantation forests are scattered all across 
New Zealand, but the forests were not 
planted for use as biomass. As a result, 
there is a mismatch between the location 
of the forests and the industries that 
could use them.  

In the North Island, 28 million cubic 
metres of commercial forest were 
expected to be harvested in 2021, which 
can generate roughly 200 PJ of energy 
from all harvestable sources. 

There are 10 million cubic metres or 
roughly 60 PJ of potential energy in the 
South Island. The coal boilers consume 
about 24.3 PJ of energy, with diesel and 
LPG consuming a further 7.2 PJ of energy. 
So, there are enough wood fibres from 
the forests to replace all the fossil fuels 
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used in process heat across the South 
Island. However, this comes at the 
detriment of our domestic need for pulp 
and lumber.  

To develop a realistic model of the 
available biomass for industries to use, we 
must only consider the exported logs and 
the waste (wood residue) left at landings. 
This would ensure the demand for 
biomass does not significantly impact the 
domestic market. We must also consider 
the energy efficiency of hog and chip 
produced from wood residues and pellets 
made from logs. This reduces the 
potential heat energy from biomass to 32 
PJ. 

The cost of transport also plays an 
essential role in biomass availability. 
Biomass transported greater than 100km 
can become so expensive that it is no 
longer a viable fuel source. Because of 
this, we are only considering the 
availability of biomass to fuel process heat 
within the same region. 

The model so far only considers biomass 
from forests harvested in 2021. However, 
this is based on what was planted in the 
early 1990s. To evaluate the future 
availability of biomass, we must consider 
the decline in the planting of plantation 
forests in the late 1990s and early 2000s, 
which will lead to a decrease in available 
biomass by the 2030s. Because of this 
difference, two models were produced, 
representing the available biomass in 
2021 and 2031. This will allow industries 
to understand what will be available when 
they transition away from coal.  

Electricity 
While the energy cost of biomass varies 
greatly between wood types, there are 
other alternative renewables such as heat 
pumps and electrode or electric boilers.  

Electric and Electrode Boilers 

Some industries need to use boilers but 
can’t convert to biomass because there 
isn’t enough available in their region, or 
that specific facility does not have 
available space to store it. Electric or 
electrode boilers (herein termed electrical 
boilers) are the best alternative for these 
industries.  

The primary practicable difference 
between electrical boilers is their use 
case, where electric boilers are more 
suitable for small scale heating under 150 
kW. In contrast, electrode boilers are 
more suitable for large scale heating up to 
34 MW. 

While there are technical and practical 
differences between electrical boilers 

(EECA, 2019), they both run with 
operating efficiencies of around 99%, 
meaning 1 joule of electricity produces 
about 1 joule of heat. When comparing 
the energy cost of these boilers with other 
heating systems, they become the most 
expensive option. However, their capital 
and maintenance costs are far cheaper, 
making them viable alternatives.   

https://unsplash.com/photos/9zC46L3Lezw 
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Heat Pumps 

Heat pumps are an excellent alternative 
for process heat because they can 
efficiently transfer heat between systems, 
unlike boilers that create heat using a fuel 
source. This means they often consume 3 
to 4 times less energy than boilers. 
Because of this, heat pumps, when 
applied to specific industries, can be far 
cheaper than any other alternative. 
Unfortunately, current heat pump 
technology is limited by their maximum 
output temperatures. In New Zealand, this 
is 65°C for air sourced heat pumps and 
85°C for heat pumps that can utilise waste 
heat. 

At these temperatures, heat pumps can 
effectively replace all boilers currently 
being used for space heating.  

Hospitals can use heat pumps for space 
heating and hot water but will need 
alternatives for sterilisation.  

Industries that use boilers for hot water 
and cleaning, like food and meat 
processing, can use heat pumps to some 
extent but may need small boilers where 
higher temperatures are required. 

A large portion of the energy required in 
the dairy processing industry is used for 
producing milk powder or ultra-high 
temperature (UHT) pasteurisation, which 
require temperatures up to 150°C.  

Finally, wood processing industries are not 
at all able to use heat pumps because they 
require temperatures up to 300°C for 
drying wood products.  
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Our Results 

Because of the decline in wood fibres 
available over the next ten years, two 
models were produced, showing the 
biomass availability as of 2021 and the 
forecast availability in 2031. Both models 
use the current fossil fuel heat production 
and heat pump potential, as the latter is 
based on the former. The tables which 
accompany the graphs are presented in 
Appendix 1. 

Fossil Fuels 
The Canterbury region produces the most 
heat from fossil fuels, producing 9.62, 
0.72, and 3.19 PJ of heat from coal, LPG, 
and diesel, respectively. The next most 
significant heat producer from fossil fuels 
is the Otago and Southland regions, 
producing 6.43, 0.44, and 0.68 PJ, 
respectively. The Tasman region has 0.73, 
0.3, and 0.41 PJ of heat. The West Coast 
produces 1.19 PJ of heat from coal and 
does not use LPG or diesel. Finally, the 
Marlborough region has 0.28 and 0.26 PJ 
of coal and diesel, respectively.  

Heat Pumps 
As Canterbury is the highest producer of 
heat from fossil fuels, it also has the 
greatest opportunity to convert industries 
to heat pumps. Canterbury can abate 
2.24, 0.31, and 1.18 PJ of heat from coal, 
LPG, and diesel, respectively. Otago and 
Southland regions can abate 1.66, 0.25, 
and 0.44 PJ. Tasman can abate 0.3, 0.15, 
and 0.22 PJ. Marlborough can abate 0.14 
and 0.12 of coal and diesel, respectively. 
West Coast can abate 0.21 PJ of coal. 
Marlborough can convert the highest 
proportion, at 49%, followed by Tasman at 
46%, Otago-Southland at 31%, Canterbury 
at 28%, and West Coast at 18%.  
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2021 Models  
The information in the models are 
presented in the form of McKinsey curves, 
as they can deliver all data for each region 
in one graph. The height of each bar graph 
represents the cost that energy sources 
can produce heat in $/GJ. The width of the 
bar represents the quantity of heat in PJ 
that energy types can have.  

For example, in Figure 2, the first bar 
represents heat pump potential for 
converting coal to heat pumps in the West 
Coast region. The width of this bar is 0.3; 
therefore, heat pumps can replace 0.3 PJ 

of heat currently produced using coal. The 
height of the bar is 6; therefore, heat 
pumps that replace coal will cost roughly 
$6 per GJ of heat produced.  

Fossil fuels are superimposed, as lines, 
onto the graphs to show their cost per GJ 
and their quantity. For example, in Figure 
2, the first line, in red, represents coal 
consumption in the West Coast region. 
This line ends at approximately 0.7 on the 
horizontal axis, so about 0.7 PJ of heat is 
produced from coal. The height of the 
horizontal line is roughly 11, so coal costs 
about $11 to produce a GJ of heat.   

Tasman 

 
Figure 2: Tasman region McKinsey curve for 2021 
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Marlborough 

 
Figure 3: Marlborough region McKinsey curve for 2021 

West Coast 

 
Figure 4: West Coast region McKinsey curve for 2021 
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Canterbury 

 
Figure 5: Canterbury region McKinsey curve for 2021 

Otago – Southland 

 
Figure 6: Otago-Southland region McKinsey curve for 2021 
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Biomass 2021 

Biomass is disproportionately distributed 
across the South Island compared to fossil 
fuel usage. The Tasman region has 8.75 PJ 
of heat energy from biomass at varying 
costs and consumes only 0.78 PJ. The 
Otago-Southland region has 12.08 PJ and 
consumes 5.2 PJ. Marlborough region has 
4.25 PJ and consumes 0.27 PJ. West Coast 
region has 0.75 PJ and consumes all of it. 

Canterbury region has 6.21 PJ and uses all 
of it.  

Electric/Electrode 2021 

Even after considering a reduced heat 
requirement from heat pumps, the 
Canterbury and West Coast regions 
consume all their biomass and still need 
alternatives like electrical boilers. The 
West Coast region needs an additional 
0.23 PJ, and the Canterbury region needs 
another 3.59 PJ.

2031 Models 
Tasman 

 
Figure 7: Tasman region McKinsey curve for 2031 

 Coal  Heat Pump from Diesel  Pine Unpruned 
 LPG  Pine Residue  Douglas 

Unpruned  Diesel  Douglas Residue  Pine Pruned 
 Heat Pump from Coal  Pine Pulp  Douglas Pruned 
 Heat Pump from LPG  Douglas Pulp  Electrical 

 

 -

 10

 20

 30

 40

 50

 -  0.1  0.1  0.2  0.2  0.3  0.3  0.4  0.4  0.5  0.5  0.6  0.6  0.7  0.7  0.8  0.8  0.9  0.9  1.0  1.0  1.1  1.1  1.2  1.2  1.3  1.3  1.4  1.4

Co
st

 o
f H

ea
t E

ne
rg

y 
($

/G
J)

Quantity of Available Heat Energy(000 GJ)



 15 

Marlborough 

 
Figure 8: Marlborough region McKinsey curve for 2031 

West Coast 

 
Figure 9: West Coast region McKinsey curve for 2031 
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Canterbury 

 
Figure 10: Canterbury region McKinsey curve for 2031 

Otago – Southland 

 
Figure 11: Otago-Southland region McKinsey curve for 2031 
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The prices used in the 2031 model 
represent the future value of the fuels, 
assuming a forward discount rate of 5% 
per annum for ten years. 

Biomass 2031 

The change in biomass between regions 
varies from a slight increase in one region 
to a decrease by more than 60% in 
another: 

• The Tasman region biomass 
availability increases from 8.75 to 
10.38 PJ of heat energy at varying 
costs.  

• Otago-Southland region decreases 
from 12.08 to 9.65 PJ.  

• Marlborough region decreases from 
4.25 to 2.45 PJ.  

• West Coast region decreases from 
0.75 to 0.67 PJ.  

• Canterbury region significantly 
decreases from 6.21 to 2.24 PJ. 

Electric/Electrode 2031 

Once again, all regions except the West 
Coast and Canterbury will not need to use 
electrical boilers or other alternatives. The 
slight decrease in the West Coast will 
require a slight increase in other options 
from 0.23 to 0.31 PJ. Canterbury region 
has a significant drop in biomass, so the 
requirement for alternatives increases 
from 3.59 to 7.57 PJ. 

Assumptions 
Several assumptions were made to 
develop this model outside of what was 
stated in Our Approach. These 
assumptions are presented in Appendix 2 
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Significance and 
Implications 
Fossil Fuels 
Across the South Island, fossil fuels are 
used in various industries, from schools to 
large processing facilities. Coal has been 
the primary fuel source for many 
generations as it’s cheap and plentiful, 
and there is so much available on the 
South Island. You can see in Figure 12 that 
the Canterbury and Otago-Southland 
regions consume the most amount of 
fossil fuels. Processing facilities need high 
temperatures to heat, dry, boil, and 

sterilise, and the most economically 
efficient way is with coal. 

Heat Pumps 
Just as Canterbury and Otago-Southland 
consume the most coal, they can also 
convert the most to heat pumps, as 
shown in Error! Reference source not 
found.. However, when you consider it in 
proportion to the quantity of fossil fuels 
consumed in each region and the 
industries that can convert to heat pumps, 
these regions cannot convert as much as 
Marlborough and Tasman. This means 
that Canterbury and Otago-Southland will 
need a lot of biomass and other 
alternatives to entirely abate fossil fuels.  

Figure 12: Heat map of South Island fossil fuel consumption on a regional basis 
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In contrast, Marlborough and Tasman 
won’t need to convert as much. The West 
Coast has the least amount they can 
convert to heat pumps, in proportion to 
how much coal they use. However, they 
consume less than 10% of what 
Canterbury consumes. 

Biomass 
Future biomass availability needed to be 
considered because of the deforestation 
of exotic forests, which began in the late 
1990s. Biomass was determined for 2021 
and 2031. The availability of biomass 
across the regions between 2021 and 
2031 can be seen in Figure 14.  

This gives us an idea of what we have 
available right now and what we’ll have 
available when most industries switch 
away from fossil fuels.  

Tasman region is the only region that has 
had an increase in wood fibre over the 
decade. This will result in increased wood 
fibre availability and decreased biomass 
costs for the region. 

Marlborough region biomass decreases 
enough that they will need to use pulp 
grade logs in addition to wood residues. 

West Coast region stops harvesting 
Douglas fir in 2024, which results in a 

Figure 13: Heat map of South Island show capacity for heat pumps to abate fossil fuel consumption on a regional basis 
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slight decrease in the overall quantity of 
biomass. 

Canterbury region biomass availability 
significantly decreases. This is because 
there was a significant increase in 
deforestation between 1980 to 2009, in 
favour of a 950% increase in dairy farming 
(Woodford & Pangborn, 2011). As a result, 
the region with the highest quantity of 

fossil fuel consumption has one of the 
lowest availabilities of biomass. 

Otago-Southland regions show a 
decrease in pine harvesting, which is 
slightly compensated by an increase in 
Douglas fir, so there is a minor change in 
biomass availability.  

  

Figure 14: Heat map of South Island showing availability of different biomass sources on a regional basis in 2031 
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Abatement 
If industries that can use heat pumps do 
so, their fuel costs will be lower than 
biomass, and they will help reduce the 
demand and price of biomass for other 
process heat industries. Across the 
regions in the South Island, Tasman, 
Marlborough, and Otago-Southland can 
completely abate fossil fuels using only 
biomass if they wish. However, this would 
require using more expensive wood fibre, 
like unpruned and pruned logs. 

The West Coast region use 5% of fossil 
fuels in the South Island but uses them in 
industries that cannot easily convert to 
heat pumps. Because of this and their low 
biomass availability, they will require 

alternative technologies like electrical 
boilers to abate coal completely. 

The Canterbury region consumes 56% of 
the fossil fuels in the South Island or 13.5 
million gigajoules of heat energy. They will 
only abate 28% of this with heat pumps 
and 17% with biomass.  

Canterbury needs 7.6 million 
gigajoules or 55% of its heat energy 
from electrical boilers or other 
technologies. That’s equivalent to 
35% of Canterbury’s yearly electricity 
consumption. 
The requirement for alternative fuels, 
such as electrical boilers, are shown in 
Figure 15. A combination of heat pumps, 
biomass, and alternatives to abate fossil 
fuels are shown in Figure 16.

Figure 15: Heat map of South Island show requirement for alternatives to abate fossil fuel consumption on a regional basis 
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 Heat Pump  Biomass  Electrical 

Figure 16: Heat map of South Island showing the requirement to abate. All fossil fuels with heat pumps, biomass, and 
alternatives in all regions. 
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Future Considerations 

This report shows that more information 
is needed to develop a comprehensive 
analysis of industries' total cost and 
capability to move away from fossil fuels. 
To support this, several considerations 
should be explored in more detail. 

Alternative Technologies 
Most industries are considering replacing 
coal and other fossil fuels with three 
primary alternatives: heat pumps, 
biomass, and electrically powered boilers. 
However, other technologies should also 
be considered for diesel and LPG, which 
are often used in industries that do not 
have efficient space on-site for storing 
coal or biomass to burn.  

Biofuel 

For diesel plants, a renewable alternative 
is biodiesel, which can be produced from 
lignocellulose, a component of woody 
fibres. Using biomass in this form reduces 
its heat production efficiency from 75-
85% down to 34-43% (Huang & Zhang, 
2011) but increases its energy density 
from 12.5-15 GJ/t (wood pellet) to 38-43 
GJ/t (Lappas & Heracleous, 2011). It is 
conceivable that the Tasman region could 
develop biofuel production facilities near 
landing sites. Because of the increased 
energy density of biofuel, it could be 
practicable to transport it between 
regions, helping to offset the potential 
requirement for electrical boilers in 
Canterbury. However, the real-world fuel 
costs, heat energy capacity and 
production capability need to be 
determined. 
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Biogas 

Meat production facilities produce a lot of 
organic waste. This waste can be 
converted to methane through anaerobic 
digestion. New treatment options such as 
ADAW (Saponification pre-treatment and 
biosensors-based control system for 
slaughterhouse waste anaerobic digestion 
improvement) can also convert meat 
waste, which is rich in lipids and proteins 
and can have up to 20% more biomethane 
potential than anaerobic digestion 
(Martin, 2015). Neither system was 
considered in this report because it was 
too difficult to determine the amount of 
biowaste produced from meat production 
facilities or develop a conversion factor 
for the heat energy capacity of the waste 
material. 

Electricity Capacity 
There are practicable limitations to 
electrical boilers. Industries can only 
realistically convert to these boilers 
provided there is no need for substantial 
lines or transformer upgrades on the grid, 
substation or grid exit point. Upgrades 
such as these are completed by the local 
electricity distribution business (EDB). 
However, if the upgrade required is 
industry-specific, that is, an electrode 
boiler with power requirements greater 
than the capacity of the local substation, 
then the EDB will charge the industry 
directly for the upgrade. These charges 
are often very significant and can make 
installing electrical boilers non-
practicable. Because of this, it is not 
known how much of the Canterbury 
regions’ 7.6 PJ of alternative heat can 
practicably come from electricity.  

To determine the regions’ electrical boiler 
capability would require going through 
each boiler facility in the region, 
determining the size of the needed 
electrical boiler, and the nearest 

substation and GXP connection. From this, 
the total load required at each GXP and 
substation could be compared with their 
transformer capacities and current lines 
capabilities.  

In some regions, like Otago-Southland, the 
cost of electricity can be cheaper, as low 
as $28 per GJ of heat output, which is 
roughly equal to the price of the 
unpruned pine logs. Determining the 
capacity limitations of substations and 
GXPs in regions with cheaper electricity 
costs may also help clarify the demand for 
biomass in that region. 

Process Heat Efficiency 
Increasing the efficiency of fossil fuel 
boilers may reduce the demand for fossil 
fuels. It however, would not reduce the 
total heat demand from industries that 
have been compared throughout this 
report. Increasing biomass costs are likely 
to drive work to improve biomass boiler 
efficiencies. For example, increasing 
efficiencies of biomass boilers from 75-
85% up to 95% would mean less biomass 
would be needed to produce the same 
amount of heat energy, effectively 
increasing the availability of biomass to 
produce heat. This may have a material 
impact on the total demand.  

Heat pumps were also assumed to 
operate with a coefficient of performance 
of 4, or 400% efficiency. Changes in heat 
pump efficiency would not affect the 
amount of heat output they can produce 
but would affect their heat energy prices. 
New commercial high-temperature heat 
pumps can reach temperatures up to 90°C 
in New Zealand. However, heat pump 
technology, not yet commercialised, 
suggest output temperature capabilities 
of up to 150°C. This would significantly 
affect the proportion of fossil fuels they 
can replace. Because heat pumps rely on 
electricity, this potential increase may 
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suffer the same drawbacks as electrical 
boilers with regard to EDB upgrade costs. 

Levelised Costs 
This report only looks at the fuel costs of 
each technology, not the capital costs 
required to remove the old technology 
and install the new system. This is 
because the capital costs can vary greatly 
between industry requirement, heat 
requirement, and how each site utilises its 
fossil fuels to process heat. Capital and 
levelised expenses would need to be 
determined on a case-by-case basis. For 
example, the capital costs to convert 
industries that use coal boilers for space 
heating to heat pumps require installing a 
heat pump in potentially every room that 
needs to be heated or cooled. This is 
much greater than the capital cost of 
retrofitting a coal boiler to burn biomass.  

Biomass Transport 
This report only considered the feasibility 
of transporting biomass up to 100km from 
the landing site, limiting biomass 
availability within individual regions. 
Further investigation should be conducted 
into the practicality of transporting 
biomass between regions.  

This may completely eliminate the need 
for electrical boilers on the West Coast 
and reduce the electrical demand in 
Canterbury. This will incur additional fuel 
costs if they transport biomass from 
Otago-Southland regions or the Tasman 
region.  

Environmental Risks 
Seasonal loads and dry year water 
shortages should be considered for future 
electrical demands. Agricultural industries 
are the primary cause of peak demands in 
summer. Consequently, dry years mean 
agricultural industries require greater 
loads, limiting GXP and substation 
capacities. Furthermore, dry years reduce 
the availability of hydropower due to the 
reduced availability of water. Further 
investigation should be conducted into 
building dry year redundancy in biomass-
rich regions so that there is no surge in 
biomass prices when electricity is 
constrained.  

The future availability of biomass does not 
consider the potential loss in forests from 
forest fires, which may altogether remove 
possible future fibres or extreme winds, 
and diseases, which may increase early 
harvesting, at the detriment of future 
availability.  
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https://unsplash.com/photos/FR24wE03tz8 



 30 

Conclusion 

The Government is implementing 
legislation that aims to have all coal 
boilers from low to medium temperature 
heat replaced with renewable alternatives 
by 2035 and be completely carbon neutral 
by 2050. Within New Zealand, process 
heat directly accounts for about 8% of our 
greenhouse gas emissions and comes 
primarily from fossil fuels like coal, LPG 
and diesel. Industries know that they need 
to move away from fossil fuels. Their 
decisions are currently being driven by the 
capital costs of transitioning and the 
different fuel costs of renewable 
technologies. Unfortunately, industries 
don’t know the capability of New Zealand 
as a whole to transition away from fossil 
fuels.  

This report was intended to convey an 
understanding of the cost and availability 
of biomass to replace fossil fuels for 
process heat in the South Island and the 
capabilities of other technologies like heat 
pumps and electrical boilers to help 
transition industries, which use process 
heat, away from fossil fuels.  

We found that through an abundance of 
exotic radiata pine forests across the 
South Island, there is enough biomass to 
abate fossil fuels in most regions 
completely, and the price per heat output 
can range from $8 to $28 per GJ. In terms 
of the energy cost to produce heat, heat 
pumps are the cheapest alternative to 
fossil fuels, with a price to heat output at 
$7 per GJ but are limited by their use 
cases. As a result, only some industries 
will be able to use them. If industries that 
can switch to heat pumps do so, it will 
help reduce the cost of biomass for the 
industries that cannot.  

 

The Canterbury and West Coast regions 
cannot completely abate fossil fuels with 
heat pumps and biomass. The 
requirement for alternatives in 2031, like 
electrical boilers, is minor for the West 
Coast, only 0.23 PJ. However, the 
Canterbury region suffered significant 
deforestation in the late 1890s to early 
2000s, favouring agricultural farming. The 
result is that it will need 7.57 PJ of heat 
energy from electrical boilers or other 
alternatives. Further research should be 
conducted in this region to determine the 
practicable capability for electrical boilers 
and other possible solutions to take up 
this demand. Canterbury could further 
reduce the demand by producing biogas 
from organic waste in the food and meat 
processing industries. Other solutions 
include importing biofuel that could be 
made using excess wood fibres in the 
Otago-Southland or Tasman regions and 
transporting it directly, at higher costs. 

The South Island of New Zealand has the 
capability to completely abate fossil fuels 
in low to medium process heat. Still, the 
Government and industries will need to 
work together to accomplish it. 
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Appendix 1 - D
ata Tables 

Appendix 1A – D
ata table for Fossil Fuel Consum

ption and Renew
able Abatem

ent in 2021 

 
 

 
Tasm

an 
Otago-Southland 

 
 

 
Heat Energy O

utput in Peta-joules (PJ) 

 
Fuel 

$/GJ 
Available 

Coal Abate 
LPG Abate 

Diesel Abate 
Available 

Coal Abate 
LPG Abate 

Diesel Abate 

Fossil 
Fuel 

Coal 
11.1 

(0.73) 
(0.73) 

 
 

(6.43) 
(6.43) 

 
 

LPG 
33.3 

(0.30) 
 

(0.30) 
 

(0.44) 
 

(0.44) 
 

Diesel 
33.3 

(0.41) 
 

 
(0.41) 

(0.68) 
 

 
(0.68) 

Total Fossil Fuel 
(1.45) 

(0.73) 
(0.30) 

(0.41) 
(7.55) 

(6.43) 
(0.44) 

(0.68) 

Heat 
Pum

p 

Coal HP 
6.4 

0.30 
0.30 

 
 

1.66 
1.66 

 
 

LPG HP 
6.4 

0.15 
 

0.15 
 

0.25 
 

0.25 
 

Diesel HP 
6.4 

0.22 
 

 
0.22 

0.44 
 

 
0.44 

Subtotal 
0.67 

0.30 
0.15 

0.22 
2.36 

1.66 
0.25 

0.44 

Biom
ass 

Pine Residue 
7.9 

0.35 
0.35 

 
 

0.76 
0.76 

 
 

Douglas Residue 
8.4 

0.04 
0.04 

 
 

0.08 
0.08 

 
 

Pine Pulp 
13.5 

1.66 
0.03 

0.15 
0.20 

1.85 
1.85 

 
 

Douglas Pulp 
14.4 

0.21 
 

 
 

0.19 
0.19 

 
 

Pine U
npruned 

28.6 
5.36 

 
 

 
6.41 

1.89 
0.19 

0.23 

Douglas U
npruned 

30.6 
0.67 

 
 

 
0.65 

 
 

 

Pine Pruned 
35.2 

0.40 
 

 
 

1.94 
 

 
 

Douglas Pruned 
37.6 

0.05 
 

 
 

0.20 
 

 
 

Subtotal 
8.75 

0.43 
0.15 

0.20 
12.08 

4.77 
0.19 

0.23 

Total Renew
able 

9.42 
0.73 

0.30 
0.41 

14.44 
6.43 

0.44 
0.68 
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This data table is broken dow
n by region and fuel type. Each fuel type is further broken dow

n into fossil fuels and renew
able fuels. Each region 

is further broken dow
n into the total quantity of the fuel source consum

ed (for fossil fuels) or w
hat is available (for renew

able fuels), and how
 

those affect the abatem
ent potential of each fossil fuel. 

 
 

 
Canterbury 

W
est Coast 

M
arlborough 

 
 

 
Heat Energy O

utput in Peta-joules (PJ) 

 
Fuel 

$/GJ 
Available 

Coal Abate 
LPG Abate 

Diesel Abate 
Available 

Coal Abate 
Available 

Coal Abate 
Diesel Abate 

Fossil Fuel 
Coal 

11.1 
(9.62) 

(9.62) 
  

  
(1.19) 

(1.19) 
(0.28) 

(0.28) 
  

LPG 
33.3 

(0.72) 
 

(0.72) 
 

  
  

  
 

  

Diesel 
33.3 

(3.19) 
  

  
(3.19) 

  
  

(0.26) 
  

(0.26) 

Total Fossil Fuel 
(13.53) 

(9.62) 
(0.72) 

(3.19) 
(1.19) 

(1.19) 
(0.54) 

(0.28) 
(0.26) 

Heat Pum
p 

Coal HP 
6.4 

2.24 
2.24 

  
  

0.21 
0.21 

0.14 
0.14 

  

LPG HP 
6.4 

0.31 
 

0.31 
 

  
  

0.00 
 

  

Diesel HP 
6.4 

1.18 
 

 
1.18 

  
  

0.12 
 

0.12 

Subtotal  
3.72 

2.24 
0.31 

1.18 
0.21 

0.21 
0.26 

0.14 
0.12 

Biom
ass 

Pine Residue 
7.9 

0.44 
0.44 

  
  

0.05 
0.05 

0.38 
0.14 

0.14 

Douglas Residue 
8.4 

0.02 
0.02 

 
 

0.01 
0.01 

0.02 
 

  

Pine Pulp 
13.5 

1.48 
1.48 

 
 

0.14 
0.14 

0.92 
 

  

Douglas Pulp 
14.4 

0.08 
0.08 

 
 

0.02 
0.02 

0.04 
 

  

Pine U
npruned 

28.6 
3.31 

3.31 
 

 
0.38 

0.38 
2.42 

 
  

Douglas U
npruned 

30.6 
0.18 

0.18 
 

 
0.04 

0.04 
0.10 

 
  

Pine Pruned 
35.2 

0.67 
0.67 

 
 

0.10 
0.10 

0.36 
 

  

Douglas Pruned 
37.6 

0.04 
0.04 

 
 

0.01 
0.01 

0.02 
 

  

Subtotal 
6.21 

6.21 
 

 
0.75 

0.75 
4.25 

0.14 
0.14 

Electrical 
Electrical 

36 
3.59 

1.17 
0.42 

2.00 
0.23 

0.23 
  

 
  

Total Renew
able 

13.53 
9.62 

0.72 
3.19 

1.19 
1.19 

4.51 
0.28 

0.26 
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Appendix 1B - D
ata table for Fossil Fuel Consum

ption and Renew
able Abatem

ent in 2031 

  
 

 
Tasm

an 
Otago-Southland 

 
 

 
Heat Energy O

utput in Peta-joules (PJ) 

 
Fuel 

$/GJ 
Available 

Coal Abate 
LPG Abate 

Diesel Abate 
Available 

Coal Abate 
LPG Abate 

Diesel Abate 

Fossil 
Fuel 

Coal 
18.1 

(0.73)  
 (0.73) 

  
  

 (6.43) 
 (6.43) 

  
  

LPG 
54.3 

(0.30) 
 

 (0.30) 
  

 (0.44) 
 

 (0.44) 
  

Diesel 
54.3 

(0.41) 
 

 
 (0.41) 

 (0.68) 
 

 
 (0.68) 

Total Fossil Fuel 
(1.45) 

 (0.73) 
 (0.30) 

 (0.41) 
 (7.55)  

 (6.43) 
 (0.44) 

 (0.68) 

Heat 
Pum

p 

Coal HP 
10.41 

0.30 
0.30 

  
  

1.66 
1.66 

  
  

LPG HP 
10.41 

0.15 
 

0.15 
  

0.25 
 

0.25 
  

Diesel HP 
10.41 

0.22 
 

 
0.22 

0.44 
 

 
0.44 

Subtotal 
0.67 

0.30 
0.15 

0.22 
2.36 

1.66 
0.25 

0.44 

Biom
ass 

Pine Residue 
20.49 

0.42 
0.42 

  
  

0.55 
0.55 

 
  

Douglas Residue 
13.72 

0.05 
0.01 

0.04 
  

0.12 
0.12 

 
  

Pine Pulp 
29.62 

2.07 
 

0.11 
0.20 

1.61 
1.61 

 
  

Douglas Pulp 
23.48 

0.24 
 

 
  

0.37 
0.37 

 
  

Pine U
npruned 

54.27 
6.71 

 
 

  
4.89 

2.12 
0.19 

0.23 

Douglas U
npruned 

49.84 
0.77 

 
 

  
1.11 

 
 

  

Pine Pruned 
64.95 

0.11 
 

 
  

0.82 
 

 
  

Douglas Pruned 
61.24 

0.01 
 

 
  

0.19 
 

 
  

Subtotal 
10.38 

0.43 
0.15 

0.20 
9.65 

4.77 
0.19 

0.23 

Total Renew
able 

11.05 
0.73 

0.30 
0.41 

12.01 
6.43 

0.44 
0.68 
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This data table is broken dow
n by region and fuel type. Each fuel type is further broken dow

n into fossil fuels and renew
able fuels. Each region 

is further broken dow
n into the total quantity of the fuel source consum

ed (for fossil fuels) or w
hat is available (for renew

able fuels), and how
 

those affect the abatem
ent potential of each fossil fuel. 

 
 

 
Canterbury 

W
est Coast 

M
arlborough 

 
 

 
Heat Energy O

utput in Peta-joules (PJ) 

 
Fuel 

$/GJ 
Available 

Coal Abate 
LPG Abate 

Diesel Abate 
Available 

Coal Abate 
Available 

Coal Abate 
Diesel Abate 

Fossil Fuel 
Coal 

18.1 
(9.62) 

(9.62) 
  

  
(1.19) 

(1.19) 
(0.28) 

(0.28) 
  

LPG 
54.3 

(0.72) 
 

(0.72) 
 

  
  

  
 

  

Diesel 
54.3 

(3.19) 
 

 
(3.19) 

  
  

(0.26) 
 

(0.26) 

Total Fossil Fuel 
(13.53) 

  (9.62) 
  (0.72) 

  (3.19) 
  (1.19)  

  (1.19) 
(0.54)  

  (0.28) 
  (0.26) 

Heat Pum
p 

Coal HP 
10.4 

2.24 
2.24 

  
  

0.21 
0.21 

0.14 
0.14 

  

LPG HP 
10.4 

0.31 
 

0.31 
 

  
  

  
 

  

Diesel HP 
10.4 

1.18 
 

 
1.18 

  
  

0.12 
 

0.12 

Total 
3.72 

2.24 
0.31 

1.18 
0.21 

0.21 
0.26 

0.14 
0.12 

Biom
ass 

Pine Residue 
20.5 

0.14 
0.14 

  
  

0.05 
0.05 

0.22 
0.14 

0.09 

Douglas Residue 
13.7 

0.02 
0.02 

 
 

0.00 
0.00 

0.00 
 

0.00 

Pine Pulp 
29.6 

0.58 
0.58 

 
 

0.18 
0.18 

0.58 
 

0.05 

Douglas Pulp 
23.5 

0.09 
0.09 

 
 

0.00 
0.00 

0.01 
 

  

Pine U
npruned 

54.3 
1.15 

1.15 
 

 
0.38 

0.38 
1.47 

 
  

Douglas U
npruned 

49.8 
0.18 

0.18 
 

 
0.00 

0.00 
0.03 

 
  

Pine Pruned 
64.9 

0.07 
0.07 

 
 

0.05 
0.05 

0.14 
 

  

Douglas Pruned 
61.2 

0.01 
0.01 

 
 

0.00 
0.00 

0.00 
 

  

Total 
2.24 

2.24 
0.00 

0.00 
0.67 

0.67 
2.45 

0.14 
0.14 

Electrical 
Electrical 

58.6 
7.57 

5.14 
0.42 

2.00 
0.31 

0.31 
  

 
  

Total Renew
able 

13.53 
12.04 

1.14 
5.19 

1.19 
1.19 

2.71 
0.28 

0.26 



 37 

Appendix 2 - Assumptions 
Wood Fibres Public Data 
Secondary data on the volume (000 m3) of harvestable resources from each region in the 
South Island was taken from the Ministry of Primary Industries (Ministry for Primary 
Industries, 2020). The forecast data presents three to four different scenarios for harvesting 
radiata pine and one for Douglas fir. Scenario 3 was chosen for this report, as it 
differentiated logs categories between pruned, unpruned and pulp.  

The data provided by MPI did not show the possible availability of forest residues. However, 
the Stage One Woody Fibres Futures report presented to the MPI by BioPacific Partners 
does, and this has been incorporated into the biomass availability model (BioPacific 
Partners, 2019). They had assumed that the potentially recoverable forest residues within 
the forest are approximately 15% of the total recoverable merchantable log volume. This 
assumption was based on EECA’s Good Practice Guide: Production of Wood Fuel From Forest 
Landings, which states that wood residues created during logging range from 1-17% (EECA, 
2010). 

Energy Content of Wood Fibres 
The log volume data provided by the MPI was not comparable to the heat production of 
fossil fuels in coal boilers (GJ). The energy content of wood fibres depends on the tree 
species, the region it’s grown, the tree's age when harvested, time taken between 
harvesting and shipping, and whether or not the data provided by the MPI was taken at the 
landing sites or the mill. 

Net Calorific Value 
The Ministry of Business, Innovation and Employment (MBIE) provide an equation that can 
be used to determine the energy in trees, in the form of gigajoules per tonne (GJ/t) (MBIE, 
2016): 

!"# = %"# &1 − )
100+ − 2.447

)
100 − 2.447

ℎ
100 9.01	 &1 −

)
100+ 

NCV: net calorific value in MJ/kg fuel (wet basis) 
GCV: gross calorific value in MJ/kg fuel (dry basis) 
w: water content of the fuel as a percentage of weight 
h: concentration of hydrogen as a percentage of weight, h=6% 

The average water content of green, fresh radiata pine leaving the landing site is 58% (56% 
when it reaches the timber mill). It is unclear when MPI’s data was recorded, so it was 
assumed that it was recorded when it left the landing sites. The first term of the equation 
converts the gross calorific value to the wet basis. The second term reduced the net calorific 
value due to the latent heat of vaporisation of water, which is 2447 MJ/kg at 25°C, in wood. 
The final term is due to the vaporisation of water produced when the hydrogen in the wood 
is combusted. The average GCV of radiata pine on a dry basis (0% moisture content) was 
assumed to be 20.2 GJ/t. From this information, the NCV for radiata pine was calculated to 
be 6.94 GJ/t.  

 



 38 

Density 
The final requirement to convert from m3 to GJ was the density of radiata pine with a 
moisture content of 58%. The thickness of wood residue produced at the landing site will be 
much lower. If the data provided is taken from the timber mill, the density of wood residue 
is based on how much it’s compacted when transported from the landing site, which 
depends on the size and weight availability of the truck used. Because the moisture content 
used assumed the survey was conducted at the landing site, the quantity and density of the 
residue were also assumed to be taken at the landing site as a loose density.  EECA presents 
information for this in their Transport Guidelines for Wood Residue and Bio-Fuels report 
(EECA, 2009). This report stated that the loose density percentage of the solid density is 30-
35% for chip and 30-40% for hog. With the quantity of hog and chip available from woody 
residue being roughly equal parts, an average percentage of solid density was assumed to 
be 33.75%.  

The New Zealand Energy Information Handbook provides the density for radiata pine at 
1.015 t/m3 (Eng, Bywater, & Hendtlass, 2008). From this information, the density of wood 
residue was determined to be 0.34 t/m3. Therefore, the energy volume was 2.2 GJ/m3, and 
the energy volume for the different log types was 6.61 GJ/m3. The solid density of logs was 
not assumed to change significantly between the varying log types.  

Biomass boilers do not burn at 100% efficiency. Hog and chip boilers can accept a greater 
variety of fuel sources but produce heat at roughly 75% efficiency. Logs were assumed to be 
burned as pellets, which can be fine-tuned for specific moisture contents, and pellet size, 
allowing efficiencies of about 85%. Incorporating these efficiencies into the energy volumes 
resulted in a potential heat potential of 1.7 GJ/m3 and 5.62 GJ/m3 for wood residues and 
logs, respectively. Using these heat potentials, the quantity of energy available could be 
determined. 

Douglas Fir 
No consistent information was found on the material properties of Douglas fir. The 
percentage of woody residue left at the landing, moisture content of green wood, density, 
log prices, and transport prices were all assumed to be equivalent to that of radiata pine. 
The GCV of Douglas fir was found to be 19.2 GJ/t, based on the average GCV of conifer 
trees. The change in GCV resulted in a heat potential of 1.6 GJ/m3 and 5.3 GJ/m3 for wood 
residues and logs, respectively. 

Export Only 
To ensure the available wood fibres did not compete with current domestic consumers, only 
export products were considered for all logs.  All wood residues were considered as they are 
the scrap products that remain at landings. Unfortunately, there is no exact figure or 
percentage representing regional exports of wood fibres. There is, however, data on the 
total quantity of logs exported by the port for 2020, provided in the Forest Owners 
Association’s Facts & Figures report (2020). Based on the ports' locations and the number of 
logs harvested in those regions, a percentage of total logs exported was determined. No 
information is given regarding the number of products exported from the West Coast as 
their logs are shipped to the Nelson and Canterbury ports. However, BioPacific partners 
indicated that 50% of pulp logs harvested are exported nationally, so this was assumed for 
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all logs harvested on the West Coast. The logs exported from the West Coast were deducted 
evenly from the number of logs shipped from Nelson and Canterbury Ports before those 
export percentages were determined (BioPacific Partners, 2019). 

Pricing 
The MPI provides domestic prices for logs with a weighted average comprised of data from 
June 2017 to September 2021 and based on the price paid at the mill per tonne (MPI, 2021). 
Based on internal data, transport costs for 100km was assumed to be an additional $3.20 
per GJ and does not include carbon offsets. 
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Glossary of Terms 

Terms 
ETS Emissions Trading Scheme 
EDB Electricity Distribution Business 
EECA Energy Efficiency and Conservation Authority 
GXP Grid Exit Point 
HP Heat Pump 
HTHP High-Temperature Heat Pump 
LPG Liquid Petroleum Gas 
The 
Government The New Zealand Government 
UHT Ultra-High Temperature  (Milk) 

  

Prefix 
M Mega - 1,000,000 (1x6) 
G Giga - 1,000,000,000 (1x9) 
P Peta – 1,000,000,000,000,000 (1x15) 
  

Units 
W Watt 
J Joule 
m Meter 
kg kilogram 
t 1000 kilograms 
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8.3 Conclusions 
The deliverable provided was the report as it was given to Deta. Their final white paper will 
use an alternative cover page, will not include a log version page, and links for all free to use 
images sourced online will be removed.  

This white paper is the culmination of all the work completed to develop an understanding 
for the South Island’s capability to decarbonise process heat from low to medium 
temperature fossil fuel boilers. 

It is intended to be a comprehensible report that will allow industries and governing bodies 
to better understand their optimal approach to reaching a carbon-neutral future. 

While this white paper does provide the information that the project set out to accomplish, 
it does not model all possible alternative fuels, including: 

• An accurate model of the availability of electricity for electrical boilers.  
• The capability of industries that use diesel to convert to biodiesel. 
• The abatement potential of organic waste from meat and dairy processing, used as 

biogas or hydrogen. 
• The reduction in heat demand from energy efficiency upgrades. 

This white paper may not accurately inform process heat industries of their capabilities to 
transition away from fossil fuels. Nevertheless, it will help to inform them which of the three 
primary alternative technologies best suits their operational and locational needs, and 
which are impractical. For example, industries in the Tasman and Marlborough regions can 
know that there is enough wood residue available to completely replace fossil fuel boilers 
with the cheapest biomass option. Industries in the Otago-Southland regions can know that 
if they all chose to transition towards biomass there will be insufficient quantities available 
at low cost, causing prices to increase with demand, because pruned and unpruned logs will 
also be needed. Industries in the Canterbury region can know that there is insufficient 
biomass to choose as their primary alternative, even if industries capable of converting to 
heat pumps take up that option instead. They will also know that even using electrical 
boilers will be constrained by a 35% load increase requirement.  

This document will be freely available to the public. It shows industries looking to 
decarbonise that Deta have the data and the research, and that Deta will be the most 
informed transition engineering consultancy to work with in moving to renewable 
alternatives.  

Along with Deta’s confidential information regarding the intentions of individual boiler sites, 
this white paper will enable Deta to provide the most practicable pathways to decarbonise 
and to remain a market leader in this sector.  
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9 Limitations 
This project did not involve active consultation with industries currently using process heat 
from boilers, and instead relied upon the information previously gathered by Deta, as well 
as public information taken from sources assumed to be reliable.  

Attempts to verify some public information exposed conflicting data on biomass. For 
example, the density and net calorific value of wood fibres varies greatly depending on 
moisture content, age, location, and altitude. All of these variables relate to each other, but 
all of the New Zealand reports reviewed were missing variables or the data was conflicting. 
Therefore, the data used relies on inconsistent values. 

The deliverables in this thesis use many assumptions, some of which will be proven wrong 
as more research is undertaken. However, the decarbonisation model is designed so that 
new information can easily be applied and outputs updated.  

Known and potential risks from the impacts of climate change on alternative energy sources 
are outside the scope of this thesis.  

10 Recommendations 
Several recommendations have been made in the white paper. The following are 
recommendations that build directly on the existing information in this thesis. 

Specific work could be conducted to determine the realistic capability for industries to use 
electrical boilers. Publishing this information on a per substation basis would likely provide 
sufficient data to allow third parties to extrapolate sensitive data regarding individual boiler 
sites. If this were undertaken for every substation, then an accurate regional electrical 
capacity could be extrapolated. At a regional level, varying electricity prices could also be 
used, as some electricity providers, such as those in the Otago region, are willing to charge 
less for electricity, and providers in other regions, like Tasman will likely charge more8. The 
resulting data may show that fuel for electrical boilers may be cheaper than some types of 
fuel for biomass boilers. 

It is highly unlikely the electricity capacity of the Canterbury region will be able to meet the 
demand from the conversion from fossil fuels. A per substation analysis for the load capacity 
of Canterbury is vitally important, as it will provide insights into the load increases that 
other heating technologies will need.  

A feasibility study should also be conducted into the capability for the dairy and meat 
industries to convert its waste into usable fuels, and whether or not this can be done at 
each processing site, or if it is beneficial to develop a single site that can efficiently convert 
all organic waste.  

The McKinsey curves and regional heat maps presented in the white paper are able to 
represent some of the data from different perspectives. However, better infographics could 
improve end-users’ comprehension and therefore willingness and ability to act on the 
information.  

 
8 This information is based on industry knowledge and has no direct reference or price point. 
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Risk assessments should be undertaken for future electrical demands, with consideration 
seasonal loads and dry year water shortages. Agricultural industries are the primary cause of 
peak demands in summer. Consequently, dry years mean agricultural industries require 
greater loads, limiting GXP and substation capacities. Furthermore, dry years reduce the 
availability of hydropower due to the reduced availability of water. More detailed 
investigation should be conducted into building dry year redundancy in biomass-rich regions 
to mitigate the risk of a surge in biomass prices when electricity is constrained. Moreover, 
the future availability of biomass should consider the potential loss of forests from the 
direct impacts of climate change, including forest fires that may altogether remove possible 
future fibres, and extreme winds and diseases, which may increase early harvesting at the 
detriment of future availability.  

11 Conclusion 
When the project was conceived by Deta, it was intended to be a decarbonisation roadmap 
for process heat in industries in the South Island, presented as a white paper. The literature 
review showed that decarbonisation of process heat must be done in order for New Zealand 
to do its part in curbing the effects of climate change. 

This project would be of greater benefit to the South Island because the North Island uses a 
comparatively low amount of coal and several alternative energy options are readily 
available including geothermal power, natural gas, and exorbitant amounts of biomass.  

The literature review also outlined the potential renewable options available for both North 
and South Islands. From this and further consultation with Deta, it became clear that a 
comprehensive roadmap for decarbonising may not be feasible given the time frame 
available for the project. Instead, a model could be developed for the capability to transition 
towards the three technologies that most industries are considering: heat pumps, biomass, 
and electrical boilers.  

At that stage in the discussions with Deta, it was broadly understood that heat pumps were 
limited by their maximum output temperatures, biomass was limited by their availability, 
and electrical boilers were limited by the maximum capacity of the nearest substation. 
Research was undertaken to develop a model that outlines the regional capabilities of 
industries to convert from fossil fuels to electrical boilers. However, it was determined that 
for the model to be accurate the comparison of fossil fuel consumption from boilers to 
electrical capacity would have to be done on a per substation basis. This would be too time 
consuming to complete during this project, so the limitation of electrical boilers in the 
decarbonisation model became the electricity price.  

The broad understanding of the limitations of heat pumps and biomass also needed to be 
defined and modelled. Working with Deta, the applicability of heat pumps to industries was 
determined, and a model derived. Biomass availability required extensive research to find 
the current and future harvestable quantities of wood fibres across the South Island, then 
converting this into practicable heat production in industry. The culmination of this work 
was an interactive model that could be continuously updated as new information arose. A 
technical report was written outlining the work involved in creating this model, which 
became the primary report used in creating the white paper.  

The white paper, culminating all the work completed so far, was no longer a 
decarbonisation roadmap for process heat in industries, but is now a discussion document 
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that Deta can present to industries and governing bodies to show the realistic capability of 
the technologies that industries are planning to transition towards.  

Detailing the availability of biomass and its likely costs, the white paper shows how the use 
of alternatives like heat pumps will help reduce the demand and hence cost of biomass. In 
some regions, like Canterbury, the white paper shows that even when using heat pumps, 
there is insufficient biomass to completely abate fossil fuels, and therefore, other 
technologies will need to be considered.  

The white paper is not a decarbonisation roadmap as originally envisaged, but the 
information contained in it already has been used in a Deta report for one of their clients to 
show the availability of biomass against industry demand in the Southland and Otago 
regions. 

This work could not be completed without the sensitive information provided by Deta as 
well as their connections within Industry that helped expedite and facilitate access to 
information that would have otherwise been unobtainable.   
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