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PREFACEPREFACEPREFACEPREFACEPREFACE

Since February 2006 the New Zealand Centre

for Advanced Engineering (CAENZ) has carried

out real-time monitoring of five Southland

farms to examine the practical realities of

implementing energy efficiency measures into

the dairy shed, and also to analyse how the

economics of dairy shed operations can be

improved through optimising on-site power

and energy use. This $500,000 project was

funded by the Sustainable Farming Fund and

Dairy InSight and facilitated by Venture

Southland.

A novel approach to the project has been the

development and use of a cost-effective

Internet- based monitoring system whereby

operational data relevant to the performance of

selected pieces of equipment in the dairy shed

could be communicated to Christchurch where

it was further analysed, graphically presented

and made available to the general public

through the project website,

www.cowshed.org.nz. A number of reports

prepared for the project are published on the

website and are freely available for download.

The project has involved a considerable

commitment of vendor, supplier and farmer

time plus significant investment from the

project team in time and capital to:

• Identify, analyse and install the various
technologies and approaches trialed in the
project;

• Develop and implement the monitoring
system and web-based information system;

• Work with suppliers to improve system
designs using their technologies; and

• Capture the learning from the trials and
consolidates these findings into a decision

tool suitable for every day farmer needs.

To date it has been possible to demonstrate

energy efficiency gains of the order of 30%

utilising different technology types and

improved practises. More can yet be done,

however, especially at the level of the dairy

shed system design and in incorporating

alternative energy sources when planning for

new investments in dairying activity. These are

issues for further investigation and action.

An understanding of the ways in which we use

energy within our farming sector is vitally

important if we are to improve environmental

outcomes and meet the challenges of

sustainability of our farming practices.  This

report offers a comprehensive coverage of

energy efficiency opportunities within the dairy

shed and provides an important contribution to

improving the economics of dairying by

improving energy efficiency and energy use.

In particular, the report brings together the

technical information and monitoring data

gathered during the project to assist dairy farm

owners and mangers to make more informed

decisions on their use of energy within the

dairy shed. The findings and results also

provide equipment designers and suppliers

with an objective assessment of the perform-

ance of existing technologies and, it is hoped,

help inform product development and system

design for the future.

If this report succeeds in encouraging indi-

vidual farmers and vendors to re-examine their

energy management practises, then it has

achieved its purpose.

R J (George) Hooper

Executive Director
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The first claim is incorrect as refrigeration

typically runs for about 5 hours for each

milking or 10 hours per day.  It seems unlikely

that such a system could be built with a

payback of less than 10 years even if all the

farms electricity need was replaced.

In New Zealand, with the use of pasture

grazing, very much less of the cow manure is

collected in the dairy shed than in the USA

where cows are often kept in barns.  The lower

amount of manure would reduce the productiv-

ity of methane production making it even less

economical than in the USA.

Even if methane was produced, a use needs to

be found for it.  Given that many other

effective technologies are available for heating

water, electricity production would seem to be

the most likely option in New Zealand.  In the

1980’s biogas was compressed and used as a

vehicle fuel (Fitzsimons, 1985) but this practice

seems to have stopped perhaps because of the

overall maintenance costs involved.

It can be concluded that it is not currently

economic to convert cow manure to biogas on

a typical New Zealand dairy farm.  Given the

style of farming used in New Zealand it is

unlikely that methane production will be

economic in the medium term unless there are

significant pressures other than energy cost.
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Generation of Electricity from Wind

Small wind generation has been often men-

tioned as an opportunity for farmers in remote

areas.  A decision to generate electricity from

wind is independent of dairy shed efficiency as

there is no interaction with shed operations; it

is simply an alternative source of electricity.

An exception to this would be wind electrical

power generated specifically for hot water

heating.  It is conceivable that a system

dedicated to hot water might have a lower cost

as electrical 50 Hz synchronisation is not

required.  To heat a single 500 L tank of hot

water each day would require an average of 1.5

kW over 24 hours.  Wind turbines are available

in this size (www.provenenergy.co.uk), but care

in selection is advised, as the maximum rating

stated for a wind turbine does not represent

the realisable power output, which is depend-

ent on the site conditions as shown below.

The NZ Wind Energy Association provides some

information for smaller users (http://

www.windenergy.org.nz/FAQ/diy.htm).  Bergey

Windpower Ltd (www.bergey.com) give a price

of at least US$27,900 for a 10 kW unit, tower

and electronics.  The same site has a

spreadsheet (www.bergey.com/technical/

excels.xls) that can be used to calculate the

likely energy output of their wind turbine.

Wind data was recorded at Coldstream and

Graejo using an anemometer mounted 2.5 m

about ground.  It was used to estimate the wind

speed 15 m above ground (Figure 9.1) and hence

the energy produced by a Bergey 10 kW unit

mounted at this height. The wind data is given

in the table and graph below. For both sites the

most energy produced would be about 6500

kWh (compared to 72,000 kWh if at continuous

maximum output) with a value of $900 over a

10-month dairy season. The payback period for

this would be many decades.
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The maximum gust recorded at Coldstream in

the period 12 May 2006 to 17 Feb 2007 was 24

m/s on 13 Oct 2006.  The maximum at Graejo

over the same time was 20 m/s on 8 Oct 2006.

The wind run from 12 May 06 to 22 Feb 07

(285 days) was 52000 km at Graejo and 58000

km at Glencairn.

It seems unlikely that small-scale wind energy

will be economic in the short or medium term

unless special circumstances apply.

Small-Scale Hydro-generation of
Electricity

Small scale hydroelectric generation is often

given as a potential source of electricity for

farms.  Such generation requires a flow of

water with a head and would be sized to

match the resource available.

The following calculations are based on an

average dairy shed power consumption of

about 20 kW.  The flow rate and/or head

required can be calculated from:

Power [W] = 80% x Flow Rate [m3/s or cumecs]

x Pressure [Pa]

which could be expressed as:

Power [kW] = 8.0 x Flow Rate [m3/s]

x Water Head [m]

As an example 2.5 m3/s (216,000 m3/day) with

a water head of 1 m or would generate 20 kW.

This flow rate is just under half the flow rate of

the Oreti River in Southland at the end of

March 2007.  At a lower flow rate of say 0.0012

m3/s (100 m3/day), which is similar to the

usage rate of some dairy farms, a water head

of 2100 m is required to generate 20 kW.

These two extreme examples show that very

few farms are likely to have the flow rate and

head required to produce a significant amount

of electricity.  It is therefore concluded that

hydroelectric generation of greater than 10 kW

is not an option available for many, if any,

farmers. One exception is the integration of

electricity generation with irrigation water

supplies, but this would be limited to a few

farms in the country.

An example of a commercially available Pelton-

wheel design micro-hydro generator

(www.ecoinnovation.co.nz) has the following

characteristics:

Head required: 5 - 130 m

Flow required:

(0.00025 – 0.008 m3/s) 0.25 - 8 L/s

Power output: 1.8 kW maximum

This unit would be able to generate 13,000 kWh

if operating continuously at maximum output for

the 10 month milking season, with a value of

$1,900. The cost of the basic pelton wheel unit

is $2,200 plus there would potentially be an

additional cost for piping and installation of the

assembly, associated electrical equipment and

resource consent costs.

Figure 9.1:  Windspeeds at Graejo and Coldstream
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The unit might achieve a good payback period

(if the total installation and resource consent

cost was less than $9,000 and the unit could

operate 24/7 at maximum output), but the

generation is spread over the entire day and

not concentrated in the times the shed is in

use. While this might be stored in batteries for

use when required, this adds additional

expense and requires a larger footprint in the

form of an enclosed building. The other issue

is the availability of water to run the unit and

potential seasonal variability.

Due to the physical requirements for such

installations, this project was unable to trial

any micro-hydro installations. For further

information, the Ecoinnovation website

provides good case studies on installation of

such systems.

9.3  Electricity Purchasing
Options

Introduction

It is possible to minimise the cost of electricity

used in the dairy shed by selecting the best

option from the range electricity purchasing

plans available.

Choosing the most cost-effective plan for a

particular dairy shed is not an easy task

however.  Farm managers have the choice of

five electricity retailers and from each retailer

there is a wide choice of pricing plans.

The following sections provide information on

some pricing plans commonly used on dairy

farms in rural Southland and discuss the likely

future trends in electricity pricing.

Energy Retailers in Southland

Dairy farmers in Southland have the option to

purchase their electricity from any one of five

retailers :

• Contact Energy

• Genesis Energy

• Mercury Energy

• Meridian Energy

• TrustPower

In addition, farmers can purchase from some of

these retailers through farm supply companies

such as RD1, PGG Wrightson and CRT.

Contact Energy has by far the largest share of

the Southland market followed by Meridian

Energy.  The other three retailers have a

relatively small share.

Pricing Plans

The electricity suppliers break their charges

into two main parts :-

• a fixed daily fee to cover meter rental,
meter reading and the fixed charge from
the network operator.  This is based on the
capacity of the dairy shed electricity supply
measured in kilovolt amps (kVA).

• a variable charge based on the quantity of
energy used.  The energy usage is meas-
ured in kilowatt-hours (kWh).

Most of the farms studied as part of this

project use either the ‘anytime’ plan or the

‘day/night’ plan.

Anytime planAnytime planAnytime planAnytime planAnytime plan

This pricing plan has a fixed daily fee plus a

charge for each kWh of electricity used.  The

kWh charge is the same at all times of the day

and night.

To reflect the fee charged by the network

operator, the fixed daily fee varies according to

the capacity of the electricity connection

provided.

Example of a typical ‘anytime’ pricing plan

supplier Contact Energy

date of pricing plan 1 April 2007

capacity of supply to

example farm 50 kVA

daily fee $4.18

variable charge 13.6 c/kWh

Electricity Commission levy 0.142 c/kWh

(Prices exclude GST and assume the prompt
payment discount of 10% is applied).

Based on an annual energy usage of 100,000

kWh, the average cost of electricity to this farm

is approximately 15.2 c/kWh.  The marginal cost

is 13.7 c/kWh.
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Day/night planDay/night planDay/night planDay/night planDay/night plan

A common alternative to the ‘anytime’ plan is

the ‘day/night’ plan.  Under this plan a lower

price applies to energy used at night (11pm to

7am).

Example of a typical ‘day/night’ pricing plan

supplier Contact Energy

date of pricing plan 1 April 2007

capacity of supply to

example farm 50 kVA

daily fee $4.40*

variable charge during

the day 15.5 c/kWh

variable charge at night

(11pm to 7am) 6.5 c/kWh

Electricity Commission levy 0.142 c/kWh

(Prices exclude GST and assume the prompt
payment discount of 10% is applied.)

* Daily fee reduces to $3.32 if the load is
classified by The Power Company as ‘off peak’.
Night energy use must be at least 25% of total
use to qualify.

Because the day price is higher than it is for

the ‘anytime’ plan, a significant proportion of

the electricity usage has to be at night before

the ‘day/night’ plan becomes more economical

than the ‘anytime’ plan.  For the present

Contact Energy plan, more than 23% of energy

must be used at night before the total cost

under the ‘day/night’ plan is lower than the

cost under the ‘anytime’ plan.

Based on an annual energy usage of 100,000

kWh and assuming 23,000 kWh is used at

night, the average cost of electricity is again

15.2 c/kWh.  Increasing the night usage to

25,000 kWh lowers the average cost to 15.0 c/

kWh or 14.6 c/kWh if the load is classified as

‘off peak’.

Controlled supply pricing plansControlled supply pricing plansControlled supply pricing plansControlled supply pricing plansControlled supply pricing plans

A number of plans are available.  These are

usually based on having a portion of the load

(usually one or both water heaters) connected

in such a way that the electricity supply to it

can be turned off and on by the network

operator using the ripple control system.

Control options include:

• night only supply (supply is only available
from 11pm to 7am)

• night plus day boost supply (supply is
available at night and for a short period
during the afternoon)

• controlled supply (supply may be inter-
rupted for short periods).

These controlled supply plans appear to have

little advantage over the day/night plans and

seem to be less common in recently-built dairy

sheds.  This may be due to farm managers

preferring to be able to heat water at any time

rather than at the specific times required under

these ‘controlled’ pricing plans.

Time-of-use pricing planTime-of-use pricing planTime-of-use pricing planTime-of-use pricing planTime-of-use pricing plan

Another option made possible by modern

metering systems is to use a ‘time-of-use’

purchasing plan.  A ‘time-of-use’ meter records

electricity use for each half hour period and

the electricity is charged at different rates

depending on the time of day and whether it is

a normal business day.  This option is not

widely promoted for dairy farms but may be

worth investigating for very large dairy sheds

where the high fixed charges associated with

the more sophisticated metering equipment

can be more easily absorbed.

Reducing cost by using electricity at
night

As noted above, many of the pricing plans

provide lower cost electricity at night (11pm to

7am).  Retailers are able to do this because

the network operator (The Power Company)

has structured its pricing so that its variable

charge of approximately 5 c/kWh applies only

to electricity consumed during the day.  The

intent of this is to encourage the transfer of

usage from the daytime into the night hours so

as to utilise the distribution network assets

more efficiently.  It also enables more efficient

use of the country’s electricity generation and

transmission infrastructure.

The availability of lower-priced electricity at

night is advantageous for dairy farms for two

reasons.

• For farms milking twice a day, much of the
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morning milking can be completed before
7am when the price rises.

• Water heating can be shifted from day to
night hours to take advantage of the lower
prices.

Water heating typically consumes 20% to 30%

of the total electricity used in a dairy shed.

Provided there is sufficient storage capacity,

the water can be heated between 11pm and

7am and then held in storage until required.

Ideally the water should be heated as late as

possible in the night so a heater that requires

5 hours to heat the water from cold should be

switched on by time switch at about 2am.

Another electrical load that can be partly

shifted into the night hours is milk cooling but

the trial carried out at Coldstream Downs (refer

to Section 6.5) showed that this is not an

economic proposition.

Potential exists for up to 40% of the dairy

shed daily energy requirement to be supplied

at night.  Figure 9.2 (based on the 1 April 2007

Contact Energy ‘anytime’ and ‘day/night’ plans)

shows how the average electricity price on the

‘day/night’ plan compares with the ‘anytime’

price as the percentage of energy used at night

increases.

At about 23% of energy used at night, the

average cost of electricity under the two plans

is the same – 15.2 c/kWh.

By shifting the water heating into the night

hours, it would be possible to raise the night

energy usage to 40% of the total.  At 40% of

energy used at night, the average cost using

the day/night plan is  13.6c/kWh – a saving of

10.5% over the anytime plan.  For a farm using

100,000 kWh of electricity each year, this

change would reduce the total cost from

$15,200 to $13,600 - a saving of $1,600.

Once night energy use exceeds 25%, the site

can also be classified as ‘off peak’ load and an

additional $316 per year saved because of the

reduced daily charge.  This gives a total saving

of almost $2,000 per year.

Reducing cost by lowering the daily
fee

As noted above, all pricing plans include a

fixed daily fee to cover the use of assets that

are required irrespective of the amount of

electricity consumed.  The main part of this

fixed fee reflects the fixed part of the charge

made by the network operator to the electricity

retailer for the use of the distribution network

– the lines, cables, transformers, and

switchgear that are required to transport

electricity to the farm gate.

In the rural areas of Southland, this distribu-

tion network is owned by The Power Company

Ltd and managed for them by PowerNet Ltd.

Figure 9.2: Comparison of ‘anytime’ and ‘day/night’ prices (Contact Energy)
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Although The Power Company does not charge

consumers directly, their charges are incorpo-

rated in the pricing plans of the electricity

retailers.

Dairy sheds with 40 to 50 sets of milking cups

typically require an electricity supply of 50 kVA

capacity and for this capacity, the fixed daily

fee is about $4 ($1,500 per year).  Larger

sheds may require 75 kVA or even 100 kVA

capacity and the daily fees for these higher

capacity supplies are substantially higher.  The

daily charge for a 100 kVA connection is

typically $17 (about $6,000 per year).

The most efficient way to utilise an electricity

network is to provide consumers with only

sufficient capacity to meet their normal

maximum demand.  It is a poor use of re-

sources for The Power Company to provide a

dairy shed with a capacity of 100 kVA when the

maximum demand is only 40 kVA.  The

network pricing is therefore designed to

encourage the consumer to nominate the

lowest capacity that will meet his needs.

Dairy farm electricity costs can therefore be

minimised by ensuring that the capacity of the

electricity supply is kept to a minimum.

On a typical diary farm, the maximum electrical

demand occurs during milking when most of

the electrical equipment is running.  Ensuring

that non-essential equipment such as the water

heaters and the effluent pump don’t run during

milking is one way to keep the maximum

demand down.  In some cases, managing the

maximum demand in this way may permit the

nominated capacity of the connection to be

reduced.  This is likely to be most effective on

a larger dairy shed with a 75 kVA or 100 kVA

supply.  A reduction in nominated capacity from

100 kVA to 75 kVA would save approximately

$2,700 per year in fixed charges.  This capacity

reduction can be done simply by changing the

rating of the main fuses at the power supply

connection point.

Reducing cost by being classified as
‘off peak’ load

The Power Company fixed charges are struc-

tured to encourage consumers to transfer load

to the night hours.  A consumer that uses at

least 25% of his energy between the hours of

11pm and 7am is classified by The Power

Company as having an ‘off peak’ load and will

benefit from a lower fixed charge from the

energy retailer.

Any farm owner who is currently paying a daily

fee that includes the words ‘peak’ or ‘all peak’

and who is using at least 25 % of his electric-

ity at night should apply to PowerNet Ltd to

have his connection re-classified as ‘off peak’.

Reducing cost by switching to a
different supplier

Switching to a different supplier is not difficult

- the difficulty is in working out which supplier

is offering the best price.  In the current

environment it is not likely that there will be

substantial differences in price amongst the

five retailers currently operating in Southland.

Table 9.1 shows the annual cost of electricity

purchased from each of the five retailers.  It is

based on the following farm profile:

connection capacity 50 kVA

total annual energy usage 100,000 kWh

fraction of energy used at

night (11pm to 7am) 25%

fraction of energy used in

‘summer’ (1 October to 30 April) 70%

Based on current pricing plans, the difference

in annual electricity cost between the dearest

and cheapest supplier is about $1,200.  Note

however that Contact has only just raised its

price (1 April 2007) whereas the other suppliers

are using prices dating from 2006 or 2005.

Table 9.1: Comparison of the annual cost of electricity from five retailers

 Contact Genesis Mercury 
& RD1 

Meridian Trustpower 

date of last price change 1 Apr 07 4 Sep 05 Nov 06 1 Dec 06 27 Jul 06 

anytime plan 15,226 15,287 14,724 14,070 15,147 

day/night plan 14,621 14,218 14,793 13,695 14,556 
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One significant difference between the retailers

is that Meridian Energy uses different prices in

summer (1 October to 30 April) and winter (1

May to 30 September).  This suits a dairy farm

well as the majority of electricity use is in the

summer period when prices are lower.

Reducing cost by changing to a ‘Time-
of-Use’ Purchasing Plan
The dairy industry uses most of its electricity in

the spring, summer and autumn.  This is in

contrast to the country as a whole where

electricity use is greatest in the winter.

This is illustrated in Figure 9.3 provided by

Contact Energy.

The price of electricity supplied under a ‘time-

of-use’ contract will vary according to the

season and this should work in favour of the

dairy industry where the greatest demand is in

summer when electricity prices are at their

lowest.

This assumption was tested by obtaining a

quotation for electricity supply to one of the

project farms for which the half-hourly electric-

ity usage was known.  The farm dairy shed had

an annual electricity usage of approximately

125,000 kWh.  The annual cost of electricity

was calculated using the quoted prices and

compared with the cost of purchasing under

the more common ‘anytime’ and ‘day/night’

plans.

The results are shown in Table 9.2.

In this example, the total annual cost under

the ‘time-of-use’ plan was greater than under

the other more common plans and if the usage

pattern remained unchanged, it offered no

saving.  This result was contrary to the positive

price signals for use of night rate electricity

and may well change as this part of the market

develops.

An issue for a farmer considering changing to a

‘time-of-use’ plan is that the annual cost can

only be predicted accurately if half hourly

usage data is available which normally it is

not.  A change in electricity purchasing arrange-

ments made without an accurate prediction of

Figure 9.3:  NZ electricity demand (GWh/month) and relative dairy load

Table 9.2: Annual cost of electricity supplied to a typical dairy shed under a ‘time-of-use’ plan

Plan  Variable cost* Fixed cost Total cost 

Time-of-use $15,421 $4,572 $19,993 

Anytime $17,105 $1,526 $18,631 

Day/Night $17,911 $1,526 $19,437 
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the annual cost may end up increasing costs

instead of reducing them.

Future trends in electricity pricing

Recent historyRecent historyRecent historyRecent historyRecent history

The cost of generating energy in New Zealand

has risen steadily over recent years as new

hydro generating resources have become

increasingly scarce and the cost of gas for

thermal generating stations has increased.

Figure 9.4 shows typical prices paid by

Southland dairy farmers over the past six years.

The prices shown are for the variable compo-

nents of two common pricing plans – the

‘anytime’ plan and the ‘day/night’ plan.  The

fixed daily fee is not included in these costs

and typically adds another 1 to 2 c/kWh to the

average price.

Points to note are:

• Since 2001, the ‘day’ rate has almost
doubled from 8 c/kWh to almost 16 c/kWh
while the ‘anytime’ rate has risen by a

lesser amount from 8 to 13.6 c/kWh.

• The ‘night’ rate is currently about 42% of
the ‘day’ rate and has retained this relativ-
ity throughout the period.

• In 2007, the ‘anytime’ rate is more attrac-
tive than it was in 2001.  Because the ‘day’
rate has risen above the ‘anytime’ rate, the
‘day/night’ plan is only cheaper than the
‘anytime’ plan if more than 23% of the
electricity is consumed at night (11pm to
7am).

Future PricesFuture PricesFuture PricesFuture PricesFuture Prices

The trend of steadily rising prices is expected

to continue in the foreseeable future and this

will provide a greater incentive for dairy

farmers to reduce costs by using electricity in

the most efficient way.  Increased prices will

also improve the economics of investing in

energy-saving equipment.

In a report titled ‘New Zealand’s Energy

Outlook to 2030’ published by the Ministry of

Economic Development (MED) in September

2006, Table 9.3 appears.

Figure 9.4: Variable cost of electricity in rural Southland (The graph is based on prices from Contact
Energy.  Prices exclude GST and a prompt payment discount has been applied)

Base Case   Electricity Prices (c/kWh) 
  2005 2010 2015 2020 2025 2030 

Electricity (Residential)* 16.5 16.8 17.9 19.5 19.9 19.9 

Electricity (Wholesale) 7.4 7.4 8.2 9.4 9.8 9.8 

Table 9.3: Predicted electricity prices (MED, 2006)

night (of ‘day/night’) day (of ‘day/night’) anytime
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This is a prediction of residential and whole-

sale electricity prices through to 2030 on the

assumption that no changes take place in the

New Zealand economy and that we continue to

do ‘business as usual’.  The MED call this the

‘base case’.

The report also explores other scenarios for the

future such as:

• a move to reduce reliance on coal and gas-
fired generating stations and to increase
the use of renewable sources (hydro, wind,
geothermal).  This is predicted to cause
prices to be higher than in the base case.

• faster uptake of energy efficiency measures.
This is predicted to lower demand and
cause prices to be lower than in the base
case.

There is no certainty in predicting future

electricity prices and the authors of this report

do not claim special knowledge in this area.

The most likely scenario, at least in the near

future seems to be for electricity prices to

continue to increase in real terms i.e. at a rate

greater than the rate of general price inflation.

If the MED ‘base case’ scenario proves a

realistic guide, these real price increases will

result in the wholesale price increasing by 30%

in the next 25 years.  Despite this, price

increases within a five year investment period

are unlikely to influence investment decisions.

Price of Night Rate ElectricityPrice of Night Rate ElectricityPrice of Night Rate ElectricityPrice of Night Rate ElectricityPrice of Night Rate Electricity

In past years, electricity used during the night

hours (usually 11pm to 7am) has been about

half the price of ‘anytime’ electricity.  This

cheaper pricing has been mainly the result of

network owners such as The Power Company

encouraging the shifting of load into the night

hours to make better utilisation of their

network assets.

In addition, electricity retailers can usually buy

energy at lower prices at night, especially in

the summer when loads are light.

Recently the average cost of electricity pur-

chased under a ‘day/night’ plan has increased

relative to the cost of electricity purchased at

‘anytime’ rates because the ‘day’ price has

increased at a faster rate than the ‘anytime’

price.  Despite this, the ‘day/night’ plan is still

attractive for some dairy farms but only if night

usage is greater than 23% of the total usage.

It is becoming increasingly common for large

industrial consumers to purchase some or all

of their energy at spot market prices.  They are

able respond to the hour by hour changes in

the market price by scheduling the running of

equipment items to avoid periods when the

price is too high.  While this level of control is

unlikely to apply in dairy sheds, systems for

more accurately signalling the true price of

Figure 9.5: Electrical load at Graejo Trust on 28 March 2006
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generating and distributing electricity will

become increasingly common in the next few

years and may bring changes to this area of

dairy shed operations.

In the meantime, the day/night pricing plan will

continue to provide a way to minimise dairy

shed electricity costs by shifting water heating

and other load into the ‘off peak’ hours.

9.4  Electrical Load and
Power Factor
The electrical load in a dairy shed varies

greatly throughout the day.  Figure 9.5 shows

these load variations over a typical day for the

Graejo Trust dairy shed.

Provided the maximum load doesn’t exceed the

installed capacity of the electricity supply

transformer (typically 50 kilovolt amps), these

variations in load do not usually concern the

farmer.

They are, however, of great interest to the

operator of the local electricity distribution

network (in this case PowerNet) and ultimately

to the operator of the national transmission

system (Transpower).  These businesses have

to ensure that there is adequate capacity in

their distribution systems to meet the maxi-

mum demand in each part of the system.  In

rural areas of Southland, demand peaks are

likely to occur near the end of both morning

and afternoon milking when all dairy sheds are

in full operation and households are also

contributing to demand for electricity.

Load control and load shifting

There are opportunities for reducing the dairy

shed maximum electrical load by means such

as:

• heating water at night

• reducing vacuum pump power by fitting a
variable speed drive

• making sure that the effluent pump doesn’t
run during milking

• adding power factor correction capacitors
to the main motors.

Some of these actions may not benefit the

individual farmer immediately but will help to

ensure that the electricity distribution network

is used more efficiently thus deferring the need

for investment in system upgrades and the

consequent increase in network charges.

There are also a number of ways in which a

dairy farm can benefit directly and immediately

from reducing the maximum electrical load:

• for a new shed, the capacity of the electric-
ity supply can be reduced saving money on
the mains cable and associated equipment.

• reducing the nominated capacity of the
electricity supply will result in a lower daily
fee.  For example, a dairy shed that is able
to reduce the maximum capacity of its
supply from 50 kVA to 30 kVA will save
approximately $600 per year in daily
charges.

• shifting electrical load into the night hours
(11pm to 7am) allows cheaper night rate
electricity to be used.

Power Factor Correction

Power factor also has an effect on the maxi-

mum demand that the distribution system has

to meet.  This is because a higher current is

required when the power factor is low.

The consequence of operating a dairy shed

with low power factor is that the maximum

demand (as measured in kilovolt amps) will be

higher than it would be if the power factor was

high.  As discussed above, minimising maxi-

mum demand is not of direct consequence to

an individual farmer but is of importance in

ensuring that the electricity distribution

network is being used efficiently.

In industry, it is common for a significant part

of the price of electricity to be based on the

maximum demand and hence there is a direct

financial incentive for consumers to control

their maximum demand.  Some industrial and

commercial electricity purchasing plans also

include a specific charge for low power factor.

Charges based on maximum demand and

power factor are not currently applied to dairy

farms in Southland but the network operator

(PowerNet) does require its customers to

maintain a good power factor (0.95 minimum)

as a condition of supply.  Compliance with this

requirement may not have been routinely

checked in the past but as the rural load
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continues to grow at a fast rate, this condition

is likely to be given more attention.

The power factor was monitored at the

Coldstream Downs and Graejo Trust farms and

Figures 9.6 and 9.7 show the electrical load

and power factor for a typical day.

At Coldstream, the power factor is satisfactory

being above 0.95 at all times except when the

load is very low.

At Graejo, the power factor during the main

part of the day varied between 1.00 and 0.82.

Ideally the power factor should not fall below

0.95.  Note that from 7.30pm through to 4am

the power factor fluctuated between 0.50 and

1.00.  At the times of low power factor, the

load was negligible and so the low power

factor was of no consequence.

Achieving a satisfactory power factor is a

simple matter of connecting capacitors to the

larger electric motors – typically the vacuum

pump, effluent pump and refrigeration unit.

Most new dairy sheds will be fitted with these

correction capacitors during construction but in

older sheds, it is possible that they have not

been fitted or that they have failed in service

and not been replaced.

Dairy farm owners or managers should ask

their electrician to check that power factor

correction capacitors are fitted and that they

are operative.

9.5: Recommendations
The generation of electricity on farm is unlikely

to effective for most dairy farms but might be

considered by enthusiasts or those with special

resources.

There is a strong price signal for farms to

change their load pattern to use more electric-

ity at night.  This would make more effective

use of national and local infrastructure for the

generation and distribution of electricity.

By heating water at night and having a ‘day/

night’ tariff, electricity charges can be reduced

by about $2000 per year.  To make use of

night rate electricity it is necessary to install a

night switch that will match the management

structure of the farm.  Such a switch should be

automatic but allow override for a short period.

Cancellation of the override must also be

automatic.

Time-of-use metering is not recommended

based on current prices but this might change

in the future.

Figure 9.6: Electrical load and power factor at Coldstream Downs on 28 March 2006
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Figure 9.7: Electrical load and power factor at Graejo Trust on 28 March 2006
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10  ISSUES FOR FURTHER INVESTIGATION10  ISSUES FOR FURTHER INVESTIGATION10  ISSUES FOR FURTHER INVESTIGATION10  ISSUES FOR FURTHER INVESTIGATION10  ISSUES FOR FURTHER INVESTIGATION

10.1  Overview
This study has been important in bringing

together independent evaluation and study of

a range of technology options and energy

efficiency interventions aimed at improving

energy use in the dairy shed. The data col-

lected and experience developed, as reported

in earlier chapters, offers for the first time a

coherent information source to allow compara-

tive assessments of the different energy

efficiency measures employed as well as the

potential for improved energy use throughout

the dairy shed operation.

A novel approach to the project has been the

development and use of a cost-effective

Internet based monitoring system whereby

operational data relevant to the performance of

selected equipment were transmitted to the

CAENZ office in Christchurch where it was

further analysed, graphically presented and

made publicly available through the project

website, www.cowshed.org.nz.  This capability

allowed CAENZ to bring publicly “on-line”

processes and equipment and to monitor

externally the performance of individual

equipment items as well as overall shed

performance.

There is no doubt that energy usage in the

dairy shed can be reduced by better design

and operating practices.  In the case of existing

dairy sheds options are more limited, but in

new installations significant benefits can be

realised from integrated design and the

deployment of higher efficiency equipment.

An important factor highlighted by the study is

that investment in energy efficiency on its own,

whilst important, cannot be looked at in

isolation of other farm management issues. In

particular the study identified that considerable

improvements were possible in water use and

effluent treatments. The same conclusion is

likely to be valid for those farms that rely on

irrigation for pasture management and mainte-

nance of stocking rates.

The current two-year study represents a

significant investment in time and resources to

develop and implement the trial approaches

and measurement techniques employed, the

monitoring system that is now in place and the

web based information system created. It was

limited, however, to just six farms and a

narrow range of commercially available

products. Because of the nature of the trials

and the overarching requirement that farm

operations should not be placed at risk during

the course of any testing of the trial equipment

it was not possible to carry out practical tests

of all the energy-saving ideas identified.

Moreover, the trials, of course, were limited to

the Southland region and do not purport to

represent the range of circumstances occurring

within other major dairying regions of New

Zealand.

Thus the Dairy Shed project should be seen as

a catalyst for action and precursor to a broader

dairy-wide industry sustainability initiative. The

intellectual capital and research platform that

has been established by this study offers

much, and provides a considerable assurance

that ongoing targeted study will deliver

participants integrated energy solutions and

operational efficiencies to improve farm

economics and dairy shed performance.

Significant benefits will also accrue from

improved resource utilisation, enhanced farm

practice and the optimisation of power and

energy budgets.

There is also the potential to capture Intellec-

tual Property from the integrated solutions that

may subsequently be developed in any further

extension of the current project.

10.2  Continuation of the
Dairy Shed Project
As stated above, the current study in effect

only covered one Southland milking season. A

key finding from this study is that faulty

installation, sub-optimal sizing and operating

defects constitute one of the most important

factors in overall energy performance. It is the

view of the study team that there would be

significant value in extending the monitoring
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for at least another season so as to:

• Gain more consistent data from which to
create energy efficiency benchmarks (or Key
Performance Indicators) for farmers to do
easy comparisons and to more closely
examine their own operations.

• Work with suppliers to improve the system
designs using their technologies. We
believe there are significant gains that
could be made by modifying and improving
the system design of the hot water heating
technologies, in particular.

• Develop a good practice guide for energy
efficient dairy shed design and construc-
tion, covering the technical and engineering
aspects of selection of component equip-
ment. This should enable farmers/owners to
ask informed questions of dairy shed
integrated system suppliers and ensure
new sheds are as energy efficient as
practicable.

The identification of what defines ‘good

practice’ (rather than ‘best practice’) from a

farm management perspective should be the

major focus of this next stage.  To this end we

see more widespread uses for the monitoring

methodology that has been developed in this

initial study. In particular there are opportuni-

ties to further develop the communication

protocols and website functionality to allow a

wider range of value-added services to the

farmer.

Having sites on-line enables constant feedback

on equipment performance allowing for a more

intensive approach to process optimisation. By

observing the operational characteristics of

equipment it is possible to identify areas

where improvements to operational efficiency

can be made. In such cases a model system

can be built and studied in a controlled

environment in parallel. This enables feedback

from the model system to be applied to the

more complicated real-life situation.

An example from the current project is the

optimisation of dairy water heaters. During the

study high heat losses were recorded from the

dairy shed water heaters being monitored. The

reasons for this were further explored by direct

measurement and corrective measures taken so

as to reduce farm-heating requirements. This

work was carried out by CAENZ in Christchurch

at Multi Machinery (Superheat) Ltd. There is no

reason to suppose that other equipment

vendors would not be similarly interested in

improving equipment design and technical

support.

Finally it was also observed during the course

of the study that sensor equipment in remote

regions provides a useful source of information

to local communities. Anecdotal evidence

suggests that, at least for one site, the on-line

weather station installed on a trial site farm

was being used by local farmers (via the web)

to obtain accurate local weather data – see

figure below.

The cowshed website is thus a very valuable

resource that has only just begun to realise its

true potential. The following improvements

should be considered to maximise the invest-

ment in this capability:

• Improve the web interface

• Provide a benchmarking tool

• Provide more information and guidance

• More links to other relevant sites

• Provide a diagnostic tool

Further enhancement of the technology and the

information published could assist the dairy

industry by improving energy efficiency for the

sector as a whole by providing ongoing

monitoring and energy auditing; and by

creating a system of energy benchmarks for

easy evaluation.

Figure 10.1: Weather images uploaded to the
project website. This shows how weather data
recorded at the Moorabool farm, Southland,

can be processed so as to provide the general
public a visual description of the weather at

the farm
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Beyond the above scope there is opportunity

for a broader approach involving a wider

stakeholder group and with an overriding

industry focus on sustainable farming practice.

In particular consideration should be given to

extending the scope beyond Southland to

other regions with different environmental

conditions so as to provide comparison and a

better understanding of the different require-

ments. Also there is opportunity to extend on-

farm demonstration to include other technolo-

gies not covered by this study. Care will need

to be taken in examining this aspect because,

too often, the economics of these emergent

technologies have not been proven and when

combined with the technical risk from a less-

than-hoped-for performance may present an

unacceptable risk to normal farming opera-

tions. This is an important consideration that

should not be overlooked.

10.3  Technology
Demonstration
On the basis of the work completed to date

the following technical issues have been

identified as areas for future deliberation:

• Solar HeatingSolar HeatingSolar HeatingSolar HeatingSolar Heating – gains can be made in
optimising the system design. The project
team with consultation with industry
experts developed the current design, but
there is limited experience for its use in the
dairy industry. It should also be noted that
the desktop study undertaken as part of
this study showed that solar hot water was
unlikely to be economic for the stated
service without subsidies. Further work
would help to define the tipping point for
investment decisions.

• Chilled Water CoolingChilled Water CoolingChilled Water CoolingChilled Water CoolingChilled Water Cooling – due to the late
start setting this technology up, and the
subsequent delays involved in bring the
technology into operation, there would be
benefit from a further full seasons monitor-
ing. Unless significant improvements and
cost efficiencies are able to be realised
economics are unlikely to be favourable.

• Water Heating SystemsWater Heating SystemsWater Heating SystemsWater Heating SystemsWater Heating Systems – several of the
heat recovery technologies monitored may
benefit from a redesign of current industry
standard system designs. This will require
vendor support and preparedness to
contemplate system improvements.

Additional work can also be undertaken to
reduce the water heater energy losses.

• Natural Systems Integrated Energy SystemNatural Systems Integrated Energy SystemNatural Systems Integrated Energy SystemNatural Systems Integrated Energy SystemNatural Systems Integrated Energy System
– This concept dairy shed integrated energy
solution is currently being commissioned.
Monitoring and displaying of the alternative
technologies incorporated into the design
of this facility would have a wide public
interest. Agreement of the technology and
farm owners would be needed.

Additionally there were various distributed

generation technologies that were too difficult

and expensive to be included in the project.

There may be an opportunity to pursue the

monitoring of such technologies in new

installations or existing installations outside

Southland. These include:

• Micro-hydroMicro-hydroMicro-hydroMicro-hydroMicro-hydro – this is a new emergent
technology based on improved turbine
designs promoted by a number of individu-
als or technology companies. Whilst the
economics appear unfavourable there
maybe an opportunity to look at the
feasibility of using micro-hydro on farms
external to the current study.

• Wind/BatteryWind/BatteryWind/BatteryWind/BatteryWind/Battery – there were several ideas
explored as part of the development of the
project, but limited by a lack of suppliers.
More suppliers are coming on to the market
and with the current renewable emphasis
from government this may become more
feasible.

10.4  Best Practice
Guideline
An important step forward would be to ensure

that there is in the public domain a trusted

information source to aid farmers and suppliers

alike in the specification of engineering design

requirements for the construction of a new

dairy shed, or for the upgrading of current

facilities. There is a design standard at present

maintained by the Milk and Pumping Trade

Association of NZ, but there is no easily

accessible information for the user to assist

them to make informed decisions. A Best

Practice Guide is proposed to provide:

•  DesignDesignDesignDesignDesign ChecklistChecklistChecklistChecklistChecklist – a summary checklist to
ensure that important factors are identified
and the right questions asked before a
purchase decision is contemplated.
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• Detailed Explanations of Design PrinciplesDetailed Explanations of Design PrinciplesDetailed Explanations of Design PrinciplesDetailed Explanations of Design PrinciplesDetailed Explanations of Design Principles –
this will cover a lay guide to the engineer-
ing fundamentals and will establish the key
performance criteria for individual equip-
ment items and overall energy use.

• Component Level SpecificationsComponent Level SpecificationsComponent Level SpecificationsComponent Level SpecificationsComponent Level Specifications – most
dairy shed set-ups are sold as integrated
systems, this guide will help the farmer
ensure the component parts are suitable
for their needs. This should be in sufficient
depth to establish service requirements and
sizing

• Energy Efficiency TipsEnergy Efficiency TipsEnergy Efficiency TipsEnergy Efficiency TipsEnergy Efficiency Tips – provide guidance
on using the equipment in its most energy
efficient operation and how to compare
against industry standards.

It is anticipated that the guidelines will make

reference to the decision flow chart presented

in the main body of the report and will be

complemented by the economic decision tool

also produced as an output from the current

study. Further development of these tools is

envisaged to complete the overall design

guide.

Further extension of the guideline approach to

include benchmarking against key performance

indicators as proposed in the additional

monitoring and farm evaluations (Section 10.2)

would offer a consistent and easy-to-use

benchmark database for developing the

required comparison analysis. A key require-

ment will be specification (with vendor agree-

ment) of appropriate measurement protocols

for in-service equipment, combined with a cost

effective monitoring/logging service.

There are also significant energy uses outside

the dairy shed that warrant investigation, such

as:

• IrrigationIrrigationIrrigationIrrigationIrrigation - by far the greatest load during
summer and a significant factor for the

national demand profile. This is a signifi-
cant concern for many regions in New
Zealand with regards water allocation and
efficient usage of water as well as electric-
ity.

• Effluent disposalEffluent disposalEffluent disposalEffluent disposalEffluent disposal – is an important concern
with regards environmental impact, electric-
ity usages and water usage and quality.

The current study has not covered these

aspects in any degree but, again, there are

many opportunities to optimise resource use

and investment in a properly designed engi-

neered system. Consideration might be given

to including these aspects in future investiga-

tions.

10.5  Conclusion
This study has identified several areas of

further investigation that warrants active

consideration and action. Specifically it is

recommended that the current web-based

monitoring and information tool developed by

CAENZ be extended to increase its functionality

as well as to include the benchmarking of on-

farm performance for a range of different farm

sites.

Other potential future action focusing on

technology demonstration is also suggested.

The key principles of any future programme in

this area should seek to:

• incentivise good farming practice;

• improve resource efficiency;

• standardise dairy shed operations;

• strengthen farm economics; and

• improve sustainability outcomes.

The development of a good practice guideline

is an essential component to achieving this

objective.
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11  CONCLUSIONS11  CONCLUSIONS11  CONCLUSIONS11  CONCLUSIONS11  CONCLUSIONS

This study provided a quantitative view of

energy and electricity use in six farms with very

detailed information from two of these.  A

monitoring system was successfully imple-

mented using a range of temperature, pressure,

flow and power measurements that were

recorded in a local datalogger, and transmitted

via the internet to enable analysis and display

on the project web site.  The system provided

a large amount of data for subsequent analy-

sis.

When each energy or cost saving technology

was proposed or tested, it was possible to

provide a quantitative assessment of the

effectiveness of that technology.  Thus few

assumptions were necessary to make conclu-

sions about the effectiveness of a particular

technology.

One of the aims of the project was to identify

the key information required to make decisions

about investment in new technology.  It was

found that by applying typical economic

conditions and tax information, the acceptable

economic payback time was no more than six

years.  A period of five years was used here as

it offered a small margin for improvements

being less than expected.

It was clear that decisions relating to vacuum

pumping, hot water systems, and milk cooling

were effectively independent of each other.

However the choice of electricity tariff has a

strong effect on the choice of hot water

system.

Many of the decisions were simply economic

and in general there is no reason to expect

dairy farmers to contribute to energy efficiency

when the economics are not favourable.

11.1  Technology
Conclusions

Vacuum Pumping

The savings that could be made by changing

the vacuum pumping system were very

dependent on the capacity of the pump

currently in place and the vacuum demand.

Where the vacuum pump has little spare

capacity and a well maintained vacuum control

system, the potential savings from any changes

are relatively low.

It was found on the farms examined that it was

not economic to replace a water ring vacuum

pump with a more efficient rotary vane or lobe

rotor pump. For example at the 38-bail Graejo

Trust farm changing from a water ring pump to

a more efficient rotary vane pump at Graejo

Trust farm was only justifiable if it can be done

for $5000 or less.  Given the high capital cost

of vacuum pumps it seems unlikely that such a

replacement would be economic on any farm.

However for new farms, or when an upgrade is

required, either a rotary vane or lobe rotor

pump should be seriously considered.

A variable speed vacuum pump control system

(the Varivac) was found to reduce energy

consumption for vacuum pumping by up to

55%.  Higher savings were not ruled out. At

Glencairn the existing water ring pump had

ample capacity and the savings achieved at

were large enough to justify this investment

but the savings achieved at Coldstream and

Graejo were not. In cases where a vacuum

pump have plenty of spare capacity, a variable

speed control system such as a Varivac might

be economic.  Estimates for calculating the

likely savings and payback time are given in

Table 3.9.

Based on recommended vacuum pump capacity

for new installations, an additional investment

of $13,000 - $14,000 for a rotary vane or lobe

pump with variable speed control would be

justified for a 5-year payback period on a 60

bail farm.

For a new installation the extra investment

required for a variable speed controller is less

than for a retrofit and is likely to be worthwhile

for most farms.

Reducing Hot Water Use & Improving
System Efficiency

There are several steps that can be taken to

reduce hot water use and improve the effi-
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ciency of a water heating system.

Firstly, the current system should be checked

to see if any simple changes can be made to

improve efficiency.  The obvious measures to

be taken include adding insulation to any part

of the hot water system that is warm to the

touch, fixing water leaks and reviewing

washing procedures to see if hot water use can

be reduced.

Heat losses can also be reduced significantly

by adopting a ‘just in time’ approach to water

heating i.e. installing a time switch to turn the

water heater at the latest possible time before

the hot water is required (typically 5 to 7 hours

before).

These low cost actions can reduce energy use

in a typical ‘two cylinder’ water heating system

by between 2000 and 4000 kWh per year and

save $300 to $500 per year in electricity cost.

Table 4.7 shows some options for reducing hot

water use and improving heating system

efficiency with expected energy and cost

savings for a typical 50 bail dairy shed using

1000 litres of hot water each day.  These

figures were calculated using the ‘Dairy Shed

Energy and Electricity Cost Calculator’ devel-

oped as part of this project and available for

download on the project website http://

www.cowshed.org.nz.

Alternative Water Heating Systems

When evaluating technologies for hot water

generation or recovery, it was clear that

amount of hot water was the most significant

variable.  Other variables such as the number

of cows were only indirectly related.

There is a range of alternative methods for

heating water in a dairy shed.

There is no evidence that any energy sources

have a lower cost than electricity for most

dairy farmers.  However in special cases LPG or

diesel might be an effective alternative.

There are a number of sources of heat on a

farm that can be recovered for heating water.

These include, in order of capital cost, “The

Retriever”, the DTS heat recovery unit and the

Mahana Blue heat pump.  It was found in

practice that the high cost equipment had

higher energy savings and hence higher cost

savings in the long term.  The DTS heat

recovery had a shorter payback time, but

because of greater energy savings the Mahana

Blue heat pump was likely to provide the

greater return over its lifetime.

None of the solar water heating systems were

as effective as the heat pump.  Their capital

cost was higher and because of the changeable

weather it is unlikely that their long run

efficiency would ever be higher than the heat

pump.

Table 5.4 in Section 5 shows some alternative

water heating systems with expected energy

and cost savings for a typical 50 bail dairy

shed using 1000 litres of hot water each day.

These figures were calculated using the ‘Dairy

Shed Energy and Electricity Cost Calculator’

developed as part of this project and available

for download on the project website

www.cowshed.org.nz.

Milk cooling

The opportunities for reducing energy use and

electricity cost in the area of milk cooling are

fewer than in the areas of vacuum pumping

and water heating.  If a chiller system is

running efficiently the cost of running the

system is not easily reduced.

The main driver for improving the milk cooling

system was to achieve the required tempera-

ture of less than 7°C with 3 hours of milking.

Failure to achieve this can results in penalty

charges from the dairy company.

The main opportunities identified in this

project were:

a) improving the performance of the pre-
cooler by increasing the number of plates
and the cooling water flow rate;

b) optimising the operation of the pre-cooling
system by the installation of a milk pump
speed controller to give a more even flow
of milk through the cooler; and

c) insulating the milk vat.

Pre-coolerPre-coolerPre-coolerPre-coolerPre-cooler

Each two degrees reduction of milk tempera-

ture out of the pre-cooler reduces chilling costs

by $240 per year on a farm producing 15000 L/
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day and justifies about $1400 of investment.

An efficiently operating pre-cooler should

reduce milk temperature to within 3 degrees of

the water temperature. Greater investment is

only justified if a shorter cooling time is

required.

Variable speed milk pumpVariable speed milk pumpVariable speed milk pumpVariable speed milk pumpVariable speed milk pump

The installation of a variable speed drive

system on the milk pump can reduce the milk

temperature from the pre-cooler by smoothing

the milk flow. In general, to decide if variable

speed milk pump control is justified, a farmer

needs to estimate the temperature approach

(Section 6.2) of the plate cooler.  This can be

estimated from the external temperatures of

the relevant pipes but not all farmers have

equipment to do this.  If the temperature

approach is less than about 6°C it is very

unlikely that cooling will be greatly improved

by a pump speed controller.  If the temperature

approach is greater than about 12°C a control-

ler might be economic for a farm processing at

least 15,000 L/day.  If the temperature ap-

proach is more than about 6°C and if the milk

is not chilled quickly enough in the vat, then a

milk pump controller is likely to assist in

reducing the chilling time.

There was potential for the manufacturer to

improve the milk pump controller by taking

advantage of some features of modern variable

speed controllers.

Heat Gain and Milk Vat InsulationHeat Gain and Milk Vat InsulationHeat Gain and Milk Vat InsulationHeat Gain and Milk Vat InsulationHeat Gain and Milk Vat Insulation

Milk vat insulation reduced heat gains (as

opposed to energy usage) by milk vats by up

to 80%. While insulation will improve energy

efficiency, the amount of energy saved on most

farms is likely to be relatively small and in

many cases will not meet a 5 year payback

criterion.

Based on the data measured at Coldstream

Downs the annual saving was about $400. The

capital cost was larger that the justified

investment of approximately $2000 . In much

warmer areas of New Zealand, the vat wrap is

likely to be economic for energy savings alone.

Vat insulation might enable a farm to meet the

milk chilling requirements more easily. If milk

chilling is satisfactory on calm, cloudy days but

not on warm, sunny, windy days then heat gain

into the vat is the likely problem. Vat insulation

is probably the most cost effective solution.

Pumping

There is no doubt that energy usage in the

dairy shed can be reduced by designing

pumping and piping systems to be as energy-

efficient as possible.  In the case of an existing

dairy shed however, the saving in electricity

costs is unlikely to be sufficient to encourage

replacement of existing pumps or pipelines for

that reason alone.  In the case of a new shed

however, it is well worthwhile considering the

energy efficiency of each pump and piping

system at the time of design and installation.

The dairy shed effluent pump is likely to have

the largest motor and to consume the most

electricity and should be the starting point

when looking at saving pumping energy.

Effluent pumps with significantly lower power

requirement than the traditional centrifugal

pump are in use on some farms already and

are worthy of consideration for new installa-

tions.

Lighting

Energy use for artificial lighting can be mini-

mised by making maximum use of natural light

to light the dairy shed and by turning off the

artificial lighting as soon as it is no longer

needed.

Fluorescent lighting provides cost-effective

general lighting for most dairy sheds and is

particularly suited to herringbone sheds where

the low roof does not permit the use of metal

halide fittings.  Where incandescent lamps (the

traditional light bulb) are still in use, they

should be replaced with compact fluorescent

lamps or new linear fluorescent light fittings

installed.  Changing from incandescent to

fluorescent lighting will reduce lighting electric-

ity usage by 70% and will also reduce the cost

of replacement lamps.

Metal halide light fittings are suitable for rotary

platform dairy sheds where they can be

mounted high enough above the floor.

In the yard, flood lights with quartz halogen

lamps are often used.  While these fittings are

cheap to buy, the lamp life is short and they

are not energy efficient.  A 150 watt high
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pressure sodium or metal halide floodlight will

provide more light than a 500 watt quartz

halogen light and uses 70% less energy.

For a new dairy shed or a major lighting

upgrade in an existing shed, a lighting special-

ist can provide a suitable design and estimate

the savings that can be achieved by using

energy efficient light sources.

Electricity
The generation of electricity on farm is unlikely

to effective for most dairy farms but might be

considered by enthusiasts or those with special

resources.

There is a strong price signal for farms to

change their load pattern to use more electric-

ity at night.  This would make more effective

use of national and local infrastructure for the

generation and distribution of electricity.

By heating water at night and having a ‘day/

night’ tariff, electricity charges can be reduced

by about $2000 per year.  To make use of

night rate electricity it is necessary to install a

night switch that will match the management

structure of the farm.  Such a switch should be

automatic but allow override for a short period.

Cancellation of the override must also be

automatic.

Time-of-use metering is not recommended

based on current prices but this might change

in the future.

11.2  Practical Advice
Some of the experiences and practical lessons

learned from the project reinforce the need for

farmers and farm owners to give proper

consideration to installation issues, planning

for work to be done, fault rectification and

after-sales service.

In particular, key issues identified were:

• Co-ordinating trades - equipment installa-
tion often requires more than one type of
tradesman.

• Establishing a fixed price for project work -
preferably including the total cost of
getting equipment installed and operating
correctly.

• Correcting faulty installation work - supply

and installation should include all work
necessary to commission equipment and
get it operating as the supplier intended.

• Staff training - untrained staff will not be
fully informed of energy saving systems
installed and how to use them to best
effect.

• Information - owners and managers require
good information, such as electricity use
and milk temperature, to effectively
manage their energy use.

The Study Team recommend that further

consideration be given to developing a best

practice guide for energy efficient dairy shed

design and construction, including the techni-

cal and engineering components of equipment

selection.

Such a guide will assist in addressing the

above issues as well as enabling farmers and

farm owners to make informed decisions when

selecting equipment, and to ensure farm

operations are as energy efficient as practica-

ble.

11.3  Decision Making
Investment decisions fall into three distinct

areas:

(1) Vacuum pump and variable speed control.

(2) Water heating and electrical tariff selection.

(3) Milk pre-cooling and chilling.

These are best considered in the order shown

as the first decision can be made independ-

ently of subsequent decisions.

1  Vacuum Pump & Variable Speed
Control

Tables 3.8 and 3.9 give an estimate of the

likely energy and cost savings, and payback

time from a new vacuum pump and/or variable

speed control system.

2  Water heating

Quick SavingsQuick SavingsQuick SavingsQuick SavingsQuick Savings

To save energy costs due to heat loss, insulate

any parts of the hot water system that are

warm to touch and fix any hot water leaks.

This could easily save up to $500 per year with

very little investment.
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Investment to save costsInvestment to save costsInvestment to save costsInvestment to save costsInvestment to save costs

Also consider doing any one, but only one, of

the following. These are ranked in order of

capital expenditure, not savings:

a) Change to night time hot water heating and
day/night rate.

b) Change detergent to use more cold washes.

c) Add a heat recovery unit to heat water from
the chiller condenser.

d) Add a heat pump to heat water, e.g.
Mahana Blue.

e) Add a solar water heating system.

A decision flow chart for achieving affordable
energy cost savings in water heating is given in
Figure 11.1.

Because these options require different
amounts of capital they can be compared by

calculating the value over 10 years of opera-

tion.  The calculation of net value takes into

account energy savings, interest payments,

depreciation and tax, and is made for a farm

producing a peak of 15000 litres of milk per

day and using 1200 litres of hot water.

a) Change to night time hot water heating and
day/night rate. Over 10 years the net value
of savings is estimated to be over $20000.
This option provides economic benefit to
the farm and electricity distribution com-
pany.

b) A cold wash system gave a range of
savings that were very farm specific.  The
value of electricity savings after 10 years,
without including changes in detergent
cost, is approximately $5500.

c) The DTS heat recovery unit had a net value
of savings after 10 years of about $10000.
When the hot water usage is about 400

Table 11.1: Decision flow chart for achieving affordable energy cost savings in water heating

Have you
insulated exposed

pipework & fixed leaks?

Can a simple reliable
day/night controller be

installed?

Are the full hot water
cylinders able to meet

your hot water needs in
a normal day?

Change to
night rate

No more cost
effective

measures

Do this
first

Are you
capital

restrained?

Is your hot
water usage greater
than 600 litres/day?

Is your hot
water usage greater than

350 litres/day?

No hardware
solution is

cost effective

Investigate
reduced frequency

of hot washing

Consider installing
a heat pump

Consider installing
a heat

recovery unit

YES

YES

YES

NO

NO

NO

YES

YES

YES

NO

NO
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litres per day this saving drops to about
$2000.  Other systems are available, or are
proposed.

d) Heat pump. The Mahana Blue system net
value of savings after 10 years was esti-
mated to be $11000.  For a farm using 900
litres per day this saving reduces to $5200.
There is no significant payback once the
daily hot water consumption falls to about
600 litres.

e) The cost of a solar heating system for one
hot water cylinder was $9300. The cost for
enough panels for two hot water cylinders
is estimated to be $15000. The best
possible performance based on weather is
that a solar system might provide 65% of
the required hot water energy. Even in the
best possible case the net value of savings
after 10 years was substantially negative.

3  Milk Chilling
If a chiller system is running efficiently the cost

of running the system is not easily reduced.  In

cooler parts of New Zealand no general

recommendations are made for improvements

if milk is being cooled to the dairy company’s

requirements.

Pre-coolerPre-coolerPre-coolerPre-coolerPre-cooler

If the temperature of the milk leaving the pre-

cooler is more than about 6°C higher than the

cooling water, energy and cost gains are

possible by adding more plates, increasing

cooling water flow rate and/or by installing a

variable speed milk pump controller.

Heat Gain and Milk Vat InsulationHeat Gain and Milk Vat InsulationHeat Gain and Milk Vat InsulationHeat Gain and Milk Vat InsulationHeat Gain and Milk Vat Insulation

If milk chilling is satisfactory on calm, cloudy

days but not on warm, sunny, windy days then

heat gain into the vat is the likely problem. Vat

insulation is probably the most cost effective

solution.  In warm areas of New Zealand, a vat

wrap is likely to be economic for energy

savings alone.

A Final Word
The project team has developed a significant

amount of skill and knowledge relating to the

measurement and analysis of energy and

electricity use in dairy sheds.  Data was

analysed objectively to determine the energy

saving and cost saving effectiveness of a range

of practices and technologies that might be

implemented.

The project was able to confirm the effective-

ness of a number of technologies and hence

give farmers the confidence to implement

them.

A number of possible new opportunities were

revealed during the project. There are many

technologies that could be improved further to

enhance their energy saving ability or their cost

effectiveness, and continued development of

these is recommended.

This will not be the last word on this subject.

Changes in technology, and energy supply and

demand will continue to provide new energy

saving opportunities to be exploited.



Page 111Appendix A

Appendix A: Investment DecisionsAppendix A: Investment DecisionsAppendix A: Investment DecisionsAppendix A: Investment DecisionsAppendix A: Investment Decisions

It is useful to have a rule of thumb for simple

payback years when evaluating investments.

To enable development of a simple rule, a

complete calculation should be carried out.

It is assumed that

• a farm would need to borrow money from a
bank

• the farm is making a profit and paying tax

• the tax rate is 30% from 2008.

The payback is affected by the amount of

interest paid, the depreciation rate, the cost

savings made and the change in taxation that

profits or losses give.

Example

At the start of a season (June year 1) a farmer

uses his farm company bank overdraft facility

to purchase a new piece of equipment costing

$10,000.

The bank overdraft rate is 10.5%.

The equipment has a useful lifetime as speci-

fied by the IRD of 12.5 years (e.g., for vacuum

pumps) or 8 years for controllers such as

variable speed drives.

IRD also give diminishing value depreciation

(DV+20%) of 19.2% or straight line (SL)

depreciation of 12.6% for milking plant.  IRD

say that either DV or SL can be chosen but DV

seems to be more popular.  The rates for

control equipment such as a variable speed

drive will be 30% for DV and 21% for SL.

Say the investment leads to a $2000 p.a.

reduction in electricity costs.  This might be

expressed as a simple payback period of 5

years.  The saving in the cost electricity is

expected to increase by at least the rate of

inflation which might be assumed to be 3% p.a.

It is assumed that the company is making a

small profit and it paying tax at 30% (from 1

April 2008)

The net change in profit before tax is electricity

cost reduction – interest cost – depreciation,

i.e. in the first year,

$2000 – 1050 – 1920 = -$970

and therefore there is a tax saving of 30% of

$970 = $291.

Thus the net reduction in profit after tax of the

investment is $679 and there is a cash gain of

2000 – 1050 +291 = $1241

This amount is used to pay off the overdraft.

This calculation can be set up in a spreadsheet

as shown in Figure A.1

This figure shows that with a simple payback

time of 5 years, the actual payback time is

about 8 years (the start of year 9) and net

value at the end of 10 years (the start of year

11) is $5987.

The spreadsheet can be used to relate the

simple payback time in years and depreciation

rate to the net value after 10 years.  This is

shown in Table A.1.  We can see that an

investment with a simple payback of 6 years

(i.e., $1666 cost reduction for a $10,000

investment) gives a net positive value after ten

years.  However an investment with a simple

payback of 7 years is unlikely to be profitable

after 10 years.

Based on this we can reasonably safely say a

simple payback of 5 years will be profitable

over a ten year period.  From Figure A.1 it can

be seen that a simple 5 year payback gives a

positive profit at the start of the 9th year.
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