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Executive Summary
The Renewable Energy (Electricity) Act came into force on 18th January 2001.
The Act is designed to:

• encourage additional generation of electricity from renewable sources;

• reduce emissions of greenhouse gases; and

• ensure that renewable energy sources are ecologically sustainable.

A key feature of the Act is the Mandatory Renewable Energy Target (MRET).
This target applies to all wholesale purchases of electricity.  The target
increases annually to 9,500 GWh per annum by 2010.

ORER had engaged IES to:

• forecast a range of technology/fuel response scenarios to meet the 9,500
GWh target; and

• develop and fully document a methodology for analysing and modelling
the price of renewable energy certificates (RECs) based on the above.

To satisfy these two aims it was necessary to understand the regulatory
arrangements and how they would impact on the demand, supply and pricing
of RECs.

Demand

The demand for RECs is largely determined by the Mandatory Renewable
Energy Target (MRET), but an additional demand for RECs is created by
Green Power.  The MRET applies to all wholesale purchases of electricity on
grids of greater than 100 MW of installed capacity.  The required GWh of
renewable source electricity to satisfy the MRET is presented in Table 1.

Table 1 Required GWh of renewable source electricity
Year Required additional GWh
2001 300
2002 1100
2003 1800
2004 2600
2005 3400
2006 4500
2007 5600
2008 6800
2009 8100

2010 and later years 9500

The renewable power percentage (RPP) is used to translate the yearly
aggregate targets into a wholesale purchaser’s liability for renewable energy
certificates.  Wholesale purchasers of electricity are obliged to purchase a
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percentage of their power from renewable energy sources.  This percentage,
the renewable power percentage (RPP), is specified for each year in
regulations.  Wholesale purchasers of electricity, liable parties, can discharge
their renewable energy obligations by surrendering RECs equivalent to their
obligation.

Supply

The principles of REC creation are as follows:

• the power station must be accredited;

• the amount of electricity generated by an accredited power station is
worked out in accordance with the regulations;

• the electricity generated must be in excess of the power station’s 1997
baseline;

• all electricity generated using sources that are not eligible renewable
energy sources is excluded from the calculations;

• one REC can be created for every MWh of eligible generation.

REC Market

Over and above the MRET and the rules governing the creation of RECs,
there are a couple of key features of the market that have a substantial
impact on REC prices.  These are:

• the bankability of RECs;

• the penalty for REC shortfalls ($40 nominal per REC);

• the non tax deductibility of the penalty;

• the refundability of penalty if the shortfall of RECs is paid at a later date;
and

• a shortfall of less than 10% is not financially penalised.

These properties of the REC market create arbitrage opportunities if future
REC prices and current prices are out of line.  The non tax deductible nature
of the penalty for a shortfall in RECs means that a liable party may be willing
to pay more than $40 per REC instead of paying the penalty.  How much
more than $40 per REC, depends on the ability of the company’s
shareholders to use dividend imputation credits.  If they can’t use them, then
the price they should be willing to pay, instead of paying the penalty (the REC
penalty price of indifference), is $57 per REC.  On the other hand, if the
shareholders can fully utilise the dividend imputation credits then the REC
penalty price of indifference is $40 per REC.  The value of the penalty price of
indifference has a substantial impact on whether the MRET will be met in
2020 or not.

Deterministic modelling of response scenarios
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A model was developed that determined the least cost development sequence
to meet the MRET.  This was first done assuming no uncertainty in the REC
creation performance of generators.  The purpose of this was to first
understand the underlying dynamics of the REC market.  To do this an
integrated linear programming (LP) model was developed to forecast the
technology/fuel responses used to meet the 9,500 GWh target and REC
prices.  Four scenarios were modelled.  Three primary scenarios were related
to the REC penalty price of indifference.  For these scenarios the REC
penalty price of indifference was varied as follows:

− High $57/MWh nominal for the period of the MRET

− Medium $47/MWh nominal for the period of the MRET

− Low $40/MWh nominal for the period of the MRET

The fourth scenario was developed around the high REC price of indifference
scenario but varied the marginal costs and resource availability of bagasse
based generation.

For all of the scenarios the out-turned REC prices are presented in Figure 1.
Note that the prices are relatively low in the initial years and rise to high
prices by 2020.  In all cases, the prices rise either to the REC penalty price of
indifference or a value close to it.  In the case of the high scenario, the REC
prices reach $55.42 by 2020, which is only a fraction less than the REC
penalty price of indifference for that scenario ($57).  Even though the prices
appear to rise steeply in the high scenario, there are no arbitrage
opportunities to purchase in earlier years and to sell in later years once the
time value of money is considered.  Similarly, there are no arbitrage
opportunities in any of the other scenarios.
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Figure 1 Projected End of Year REC Prices for All Scenarios

Under all of the scenarios the levelised prices of RECs from 2002 to 2020 are
around $22.  Both forecast prices at the end of 2002 and the levelised prices
are significantly less than the price at which RECs are currently trading.
These prices reflect perfect knowledge of what renewable generation is going
to be developed and what the output of RECs from all generation will be.
Once uncertainty is considered, it is unlikely that investors would be prepared
to have their returns loaded towards the end of the MRET.

Across all the scenarios, wind, hydro, landfill gas and bagasse were the major
sources of RECs.  Wind was the marginal source of RECs.  Under the lower
bagasse availability scenario, the reduction in bagasse was largely taken up
by wind.  The sources of REC generation for the two high penalty price of
indifference scenarios are presented in Figure 2 and Figure 3.  For the two
lower REC penalty price of indifference scenarios there was a shortfall of
RECs in 2020 resulting in the MRET not being fully met.
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Figure 2  Sources of RECs by fuel type for high scenario

Figure 3  Sources of RECs by fuel type for high scenario and lower
levels of bagasse

REC prices under REC production variability

To account for REC generation variability, a stochastic model was developed
which used the output from the deterministic model.  The variability of REC
creation, driven by the variable outputs of existing hydro stations, will have a
major impact on REC prices, particularly towards 2020.  After 2010, once all
the major investment decisions have been made, a key factor determining the
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price of RECs will be the current storage level of RECs.  If there is an excess
of RECs at this time then the REC prices may end up being very low.  The
variability of REC creation along with the bankability of RECs will encourage
the market to value RECs based on the storage level of RECs (the number of
RECs banked).

Figure 4  REC storage levels at the end of the year prior to being
surrendered to meet the MRET for the high REC penalty
price of indifference low bagasse scenario

Figure 5 The Value of RECs as a Function of the Inventory
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Figure 4 and Figure 5 illustrate the variability of REC production and the
marginal value of RECs based on the storage level of RECs.  The storage
valuations were calculated using a stochastic dynamic programming model1.
If REC pricing based on the level of banked RECs becomes the case then, in
an efficient market, REC prices from year to year could become moderately
volatile.  An example of this is presented in Figure 6.

Figure 6 REC price traces based on REC storage levels and the
average price for 100 storage traces for the high REC
penalty price of indifference low bagasse scenario

Note that at the end of 2020 REC prices are either $57 or $0 per REC.  Under
these circumstances large suppliers of RECs are likely to keep the 2020 price
of RECs from dropping to zero when there is a surplus of RECs.  Further,
these players may also not create RECs from eligible generation in years in
which there is a surplus supply of RECs.  Both of these strategies will
increase the expected price of RECs relative to the prices that would be
obtained in a perfectly competitive market.  Figure 7 illustrates the increase in
prices that could be seen when compared with Figure 6.  Both of these figures
use the same random REC storage level scenarios.

1 Stochastic dynamic programming is a modelling method often used for storage management.  It is based
on valuing storages at the end of the period and working forward in time, taking into account the optimal
decisions that could be made and the probability of moving from one storage level to another over time.
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Figure 7 REC Price Traces for the Scenario that some Market Power
is Exercised

Conclusion

A comparison of the expected REC prices for the various models is presented
in Figure 8.  The REC prices should be interpreted carefully as all of these
models have deficiencies.  The linear programming (LP) model does not take
into account the variability of REC production or the exercise of market
power.  The stochastic models do take into account variability but only
address market power in a very simple way.  The stochastic models only
model investment decisions relating to solar water heating.  They use the
investment profile determined by the linear programming model.

Because the stochastic models do not model all investment decisions, the
REC prices in the years 2003 to 2010 (the main years in which investments
are being made) can be lower than they might otherwise be.  If REC storage
levels were very high then REC prices would be low and investors would
delay the development of any planned power stations thus raising the REC
prices.  Consequently, the best estimate of future REC prices is likely to be
the average prices from the ‘stochastic model with market power’ but with the
prices in the years 2003 to 2010 raised a bit to reflect the fact that
investments in power stations could be delayed if the REC storage levels
were high and prices were low.  This would have REC prices averaging
between $25 and $30 per REC for the first ten years with the possible
exception of a price spike around 2006.  From 2010 onwards, average REC
prices would increase slowly to around $45 per REC in 2020.

If the market’s expectations for electricity prices were higher than the
forecasts used in the study then REC prices would be expected to drop by the
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same amount.  Similarly, if the market’s expectations for electricity prices
were lower than forecast then REC prices would be higher.

Figure 8  Expected Prices for Linear Program and Stochastic Models
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1 Introduction
1.1 Background

The Renewable Energy (Electricity) Act came into force on 18th January 2001.
The Act is designed to:

• encourage additional generation of electricity from renewable sources;

• reduce emissions of greenhouse gases; and

• ensure that renewable energy sources are ecologically sustainable.

A key feature of the Act is the Mandatory Renewable Energy Target (MRET).
This target applies to all wholesale purchases of electricity.  The target
increases annually to 9,500 GWh per annum by 2010.  The target for each
year is used to determine a renewable energy power percentage for all
wholesale purchases.  This percentage is used to determine a wholesale
purchaser’s liability for the surrender of Renewable Energy Certificates
(RECs).  RECs are created when an accredited generator generates eligible
electricity.  One REC is created for each MWh of eligible renewable electricity
generated.  RECs are the ‘currency’ of the new renewable energy market, and
are the basis for ensuring that the mandatory energy target is met.

ORER has engaged IES to forecast a range of technology/fuel response
scenarios to meet the 9,500 GWh target and to develop and document a
modelling methodology for forecasting the potential prices of RECs.

1.2 Terms of Reference
In essence, ORER’s terms of reference for the project were to:

1. forecast a range of technology/fuel response scenarios to meet the 9,500
GWh target;

2. develop and fully document a methodology for analysing and modelling the
price of renewable energy certificates based on the above;

3. provide a detailed written report to the ORER examining the findings of the
study.

A copy of the terms of reference is in Appendix A: ORER Terms of Reference.

1.3 Overview of Report
An overview of the report is as follows:

• Section 2 outlines key aspects of the Renewable Energy (Electricity) Act
as they relate to demand, supply and pricing of RECs.

• Section 3 discusses properties of the REC market and arbitrage pricing of
RECs.
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• Sections 4 and 5 discuss the basis of the decision to invest in REC
creating power stations or solar water heating.

• Sections 6, 7, 8 and 9 deal with supply of REC from existing or committed
power stations and the potential future sources of RECs.

• Section 10 deals with the future electricity price forecasts.  These
forecasts are used in the model which determines the most economical
selection of renewable generation projects.

• Sections 11, 12, 13 and 14 discuss the various models and their outputs
that had been used to model the likely sources of RECs and future REC
prices.

• Section 15 is the conclusion.



FINAL THE MANDATORY RENEWABLE ENERGY TARGET

Intelligent Energy Systems 3

2 The Mandatory Renewable Energy Target
2.1 Overview

A brief description of the Renewable Energy Act and Regulator’s functions are
presented in the following sections.  Much of the material comes from the Act,
Regulations and ORER’s website, particularly ORER’s ‘fact sheets’.

As well as describing aspects of the workings of the Renewable Energy Act,
the Green Power accreditation scheme is discussed as it has implications for
the demand for renewable energy certificates.

2.2 The Act
The explanatory statement to the Renewable Energy (Electricity) Regulations
2001 is given below.

‘The Renewable Energy (Electricity) Act 2000 (the Act) provides the
legislative framework for the implementation of the Government’s mandatory
renewable energy target, announced by the Prime Minister on 20 November
1997.  The mandatory renewable energy target (the target) is designed to
increase the amount of electricity in Australia which has been generated from
renewable energy sources.  By 2010, an additional 9,500 GWh of electricity
will be required to be supplied from renewable energy sources, to raise the
contribution that renewable energy sources make to Australia’s electricity
supply to around 12%.

The Act puts into place the target by establishing a legal requirement for
wholesale purchasers (liable parties) of electricity to increase the amount of
electricity they buy from renewable energy sources or pay a penalty [Parts 3
and 4].  The Act establishes the framework for renewable energy generators
(eligible parties) to create ‘renewable energy certificates’ [Part 2] which can
be sold to liable parties and surrendered [Part 5] to the Renewable Energy
Regulator to demonstrate compliance with the requirements of the Act.’2

The Renewable Energy (Electricity) Act came into force on 18th January 2001.

The objectives of the Act are listed as follows:

 ‘(a) to encourage the additional generation of electricity from renewable
sources; and

  (b) to reduce emissions of greenhouse gases; and

  (c) to ensure that renewable energy sources are ecologically sustainable.

This is done through the issuing of certificates for the generation of
qualifying electricity and requiring certain purchasers (called liable

2 From the explanatory statement to the Renewable Energy (Electricity) Regulations 2001
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entities) to surrender a specified number of certificates for the electricity
that they acquire during a year.

Where a liable entity does not have enough certificates to surrender, the
liable entity will have to pay the renewable energy shortfall charge.’3

The Act covers:

• renewable energy certificate creation, trading, and extinguishment;

• accreditation of eligible power stations;

• creation of certificates including certificates for solar water heating and
small generation units;

• registration of certificates;

• transfer of certificates;

• retirement of certificates when surrendered;

• acquisitions of wholesale electricity;

• renewable energy shortfall charge;

• renewable power percentage and the mandatory renewable energy
targets to 2020;

• administrative matters including: (a) objections and review of
assessments; and (b) collection, recovery and refunding of charges.

2.3 Regulator
The Renewable Energy Regulator and the Office of the Renewable Energy
Regulator (ORER) have a key role in implementing the legislation.  The
Renewable Energy Regulator:

• Maintains a registry of owners of eligible power stations — individuals
must be registered before they can seek accreditation of power stations.

• Accredits eligible power stations — renewable energy power stations
must be accredited before Renewable Energy Certificates can be created
for their generation.

• Registers renewable energy certificates.

• Ensures compliance with the scheme.

2.4 Renewable Energy Certificates (RECs)
All power stations are given baselines.  Those that commenced generating
electricity after 1 January 1997 have baselines of zero.  Once a power station
is accredited and it has generated eligible electricity above its baseline, it may
seek to create certificates.  One Renewable Energy Certificate (REC) can be
created for each MWh of eligible generation delivered to the grid or customer.

3 From the object/outline of the Renewable Energy (Electricity) Act 2000
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Wholesale purchasers of electricity are obliged to purchase a percentage of
their power from renewable energy sources.  This percentage, the renewable
power percentage (RPP), is specified for each year in regulations.  Wholesale
purchasers of electricity, liable parties, can discharge their renewable energy
obligations by surrendering RECs equivalent to their obligation.

The principles of REC creation are as follows:

• the power station must be accredited;

• the amount of electricity generated by an accredited power station is
worked out in accordance with the regulations;

• the electricity generated must be in excess of the power station’s 1997
baseline;

• all electricity generated using sources that are not eligible renewable
energy sources is excluded from the calculations;

• one REC can be created for every MWh of eligible generation.

The Regulator will determine whether each certificate is eligible for
registration.  Only registered certificates can be transferred or surrendered to
discharge a liability.

The principles outlined above are not really suitable for small renewable
generators and solar water heaters, so arrangements have been put in place
to estimate the amount of electricity they would be expected to generate or
displace.  RECs are allocated on this basis.  For solar water heating RECs
are allocated for the life of the heater up front when the heater is installed.

2.5 Demand for RECs
2.5.1 Introduction

In order to estimate the potential future prices for RECs the demand and
supply of RECs need to be considered over the life of the scheme.  The
demand for RECs is largely, but not totally, determined by the Mandatory
Renewable Energy Target.  An additional demand for RECs is created by the
Green Power schemes.

2.5.2 The Mandatory Renewable Energy Target

The Mandatory Renewable Energy Target (MRET) applies to all wholesale
purchases of electricity on grids of greater than 100 MW of installed capacity.
All of the major grids across Australia and a small number of more isolated
grids supplying regional areas are covered.

The required GWh of renewable source electricity to satisfy the MRET is
presented in Table 2.  These requirements are for calendar years.
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Table 2 Required GWh of renewable source electricity
Year Required additional GWh
2001 300
2002 1100
2003 1800
2004 2600
2005 3400
2006 4500
2007 5600
2008 6800
2009 8100

2010 and later years 9500

The renewable power percentage (RPP) is used to translate the yearly
aggregate targets into a wholesale purchaser’s liability for renewable energy
certificates.  In essence:

Required GWh for the year
Renewable power
percentage for the year

= Total wholesale purchases of electricity
estimated for the year

In practice, if the regulations do not specify a percentage for the year the
following formula is used:

Required GWh for the yearRenewable power
percentage for the
year

=
Renewable power
percentage for the
previous year

x Required GWh for the
previous year

A wholesale purchaser’s liability for renewable energy certificates is
determined by multiplying the amount (in MWh) of liable electricity purchases
by the RPP.  The renewable power percentages are required to be issued by
31 March of each year.

2.5.3 Penalties and a Shortfall in RECs

If a liable party is unable to discharge its liability for a particular year the
following occurs.

• If the short fall in RECs is less than 10% of its total liability, the shortfall
will be carried over into the next year’s liability.

• If the shortfall is greater than 10% of the total liability, then the Renewable
Energy Regulator will impose a penalty payment of $40/MWh.  The
penalty must be paid for the whole of the shortfall.

The $40/MWh penalty is known as the renewable energy shortfall charge.  Its
value was set in the Renewable Energy (Electricity) (Charge) Act 2000.

Where a liable party is able to make up its shortfall and meet its current
liability with surrendered RECs, its penalty payments can be reimbursed.
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That is, the penalty can only be refunded in years when the previous year’s
liability has been fully discharged.  The shortfall must be made up within three
years of when it occurred for the penalty to be refunded.

2.5.4 Green Power Schemes

Green Power is an accreditation program for renewable energy products
offered by electricity retailers to households and businesses across Australia.
‘Green Power Products provide a “green” tariff option to electricity purchasers
(residential and/or commercial customers).  The retailer commits to ensuring
an equivalent amount of renewable energy is produced from Green Power
approved electricity generators to the amount of Green Power energy
requested (purchased) by the customer.’4

SEDA (Sustainable Energy Development Authority – NSW) launched the
Green Power program in April 1997.  Today, Green Power is offered
nationally through joint collaboration by participating state government
agencies in NSW, Victoria, Queensland, South Australia, and ACT collectively
known as the National Green Power Accreditation Steering Group (NGPASG).

The National Green Power Accreditation Steering Group has agreed that
customer contributions should result in additional renewable energy
generation to that required for the MRET.  Consequently, the renewable
energy purchased to make Green Power sales will not be able to be used by
energy suppliers to meet their MRET obligations.  Retailers are required to
transfer, to Green Power’s Project Manager’s nominee, RECs for each MWh
of ‘new’ Green Power generation sold as part of a Green Power product.
Retailers are not required to transfer RECs for generation classed as existing.
Retailers are required to source at least 80% of energy sold to customers
from ‘new’ generators (commissioned after January 1997).5

As of July 2001, retailers are able to purchase and on-sell Green Power rights
separately from the electricity produced from a Green Power generator.  This
is much akin to what can be done with RECs.  The Green Power program no
longer requires the purchase of physical electricity.  However, unlike RECs,
the Green Power rights are only valid within the settlement period6 in which
the generation to which the right was associated occurred.

In summary, Green Power rights can be traded like RECs, but unlike RECs
they are perishable.  They need to be used within the financial year in which
they were created.  RECs created from ‘new’ Green Power generation that is
sold as part of a Green Power product need to be surrendered to the Green
Power Project Manager and can not be used to satisfy any liability under the
mandatory renewable energy target.  Any Green Power product sold by a
retailer must be composed of at least 80% new Green Power generation.

4 Excerpt from the National Green Power Accreditation Program – Accreditation Document version 2
November 2001
5 National Green Power Accreditation Program – Accreditation Document version 2 November 2001
6 The financial year 1 July through to 30 June each year unless otherwise agreed with Green Power’s
Project Manager
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To estimate the demand for RECs that the Green Power schemes will create
that is in excess of that created by the MRET requires:

1. a forecast for the GWhs of electricity that will be sold under the Green Power
logo,

2. an estimate of what proportion will be from ‘new’ Green Power generation
sources, and

3. an estimate of what proportion of the ‘new’ Green Power generation will not
be eligible to create RECs.

The historical sales of ‘Green Power’ branded electricity is presented in
Figure 9.

Figure 9 Green Power Sales

2.5.5 Forecast Green Power Sales

Because of the voluntary nature of Green Power it is more difficult to forecast
its demand and consequent demand for RECs than it is for the MRET.  SEDA
estimates that ‘Green Power‘ sales in 2001/02 will be around 600 GWh and
thinks that ‘New Green Power’ sales in 2010 could be somewhere close to
1000 GWh subject to conditions remaining as they are today.  But it stresses
that any predictions about demand in 2010 are fairly rubbery.

The NSW Government has a requirement for government agencies to
purchase 6% of their energy from Green Power.  About 68 GWh of Green
Power was purchased by NSW government agencies in 2001 and 15 GWh by
Commonwealth government agencies.  Both Victoria and Qld have policies in
place for purchase of 5% Green Power by government.
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Forecast sales of ‘Green Power’ based on a fitted logistic curve are presented
in Table 3 and Figure 10.

Table 3 Actual and Forecast Green Power Sales

Year Sales Predicted
Percentage

‘new’

Actual and
predicted

‘new’ sales
1997/98 40 88 n.a. 8
1998/99 137 159 n.a. 40
1999/00 290 273 60% 180
2000/01 455 436 70% 325
2001/02   600* 633 80% 506
2002/03 827 80% 661
2003/04 984 80% 787
2004/05 1092 80% 874
2005/06 1159 80% 927
2006/07 1197 80% 958
2007/08 1218 80% 974
2008/09 1229 80% 983
2009/10 1235 80% 988

Figure 10 Forecast Sales of Green Power
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2.5.6 NSW Electricity Retailer Greenhouse Benchmarks

On 8 May 2002, the Premier and the Minister for Energy announced that the
NSW Government will be implementing an enforceable greenhouse
benchmarks scheme for electricity retailers.  The benchmark has been set as
a 5% reduction in per capita greenhouse gas emissions from 1989/90 levels
by 2007.  This equates to a benchmark of 7.27 tonnes per capita in 2007.

The scheme will commence on 1 January 2003, with 2003 being the first year
of compulsory compliance.  The benchmark for 2003 has been set at 8.65
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tonnes CO2-e per capita.  Annual targets will follow a linear path to achieve
the benchmark of 7.27 CO2-e per capita in 2007. The target will be
maintained at that level until 2012 or until reviewed.

The NSW Benchmarks scheme is likely to have some interaction with Green
Power.  But, how the emissions benchmark will interact with RECs, if at all, is
not clear as the rules are currently being finalised, including working out the
nuts and bolts of how RECs will be treated.  A recommended position is that
liable parties will be able to count only as many RECs towards their NSW
compliance as they are required to surrender to ORER against their NSW
sales.

2.6 Supply of RECs
2.6.1 Accredited Power Stations

A power station needs to be accredited before RECs can be created.  To be
accredited a power station must produce some electricity from a renewable
energy source.  Not all electricity produced by a power station needs to
generated from a renewable source for the power station to be accredited.
However, only the power generated from the renewable sources is eligible for
REC creation.

Each accredited power station is assigned a unique identification code by the
Regulator.  The code forms part of the information contained in each REC
under the scheme.  As a result, each REC is traceable to an individual power
station.

2.6.2 Eligible Renewable Energy Sources

Electricity generated from a number of renewable energy sources can be
used to create RECs.  For a renewable energy source to be eligible for REC
creation, the Regulations state that the source must:

• meet the requirements of any relevant Commonwealth, State, Territory or
local government planning and approval process;

• be ecologically sustainable;

• be used to generate electricity and the electricity generated must be used
to directly meet the need for electrical energy.

Eligible renewable energy sources under the measure (MRET) are:

• hydro;

• wind;

• solar;

• bagasse;

• black liquor;

• wood waste;
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• energy crops;

• crop waste;

• food and agricultural wet waste;

• landfill gas;

• municipal solid waste combustion;

• sewage gas;

• geothermal-aquifer;

• wave;

• ocean;

• tidal; and

• hot dry rocks.

The following forms of electricity generation or electricity displacement are
eligible, where they meet specified eligibility criteria:

• solar hot water systems (where they displace electricity);

• the renewable output of co-firing fossil fuel generators with a renewable
fuel source; and

• fuel cells using a renewable fuel source.

No electricity generated from nuclear power, fossil fuels or fossil fuel
derivatives is eligible for RECs.

2.6.3 Eligible Generation

The method by which the amount of generation that is eligible for RECs is
determined is set out in the Renewable Energy (Electricity) Regulations 2001.
In essence, the annual amount of eligible generation is the load that can be
met by the power station’s net output of generation from renewable sources.
It is calculated as follows:

Eligible generation (MWh)   = Total electricity generated (at generator terminals)

- Amount of fossil fuel based generation

- Auxiliary losses (power station’s own load, pumping etc) for

the renewable energy fuelled generation

- Transmission losses (eligible sent out generation x (1-MLF))

Where the MLF is the marginal loss factor to allow for the

loss of energy in the transmission system.  For power used

locally or in the distribution system the MLF is one.
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2.6.4 Creating RECs

Power stations must annually generate electricity from eligible sources above
their 1997 eligible renewable energy baseline before RECs can be created.
Baselines for individual power stations are set as part of the accreditation
process.

One certificate may be created for every MWh of eligible generation in excess
of a power station’s baseline.  Certificates may be created immediately after
the energy to which they are related has been generated.  For generators with
non zero baselines, this can‘t occur until the year7 to date’s generation has
exceeded the baseline.

2.6.5 Existing Generators and Baselines

Any accredited power station that commenced generating electricity after 1
January 1997 has a baseline of zero.  That is, it can create RECs for all of its
eligible generation.

The baseline for existing generators (those in commercial operation prior to 1
January 1997) will generally be the average of the electricity generated from
renewable sources in the three years prior to 1997, adjusted to take account
of system losses.  This is termed the default baseline.

However, where data is not available to support a default baseline, or if the
electricity generated by the power station between 1994 and 1996 is not
representative of normal levels of generation, a special baseline can be
determined.  When calculating a special baseline the Regulator should take
into account the need for the baseline to be representative of the amount of
energy the power station could have produced in 1997 under normal
circumstances.  Special baselines have been computed for all of the major
hydro generators8.  For some of the larger hydro generators, the Renewable
Energy Regulator has calculated a 1997 baseline for each power station
based on a linear regression.  Where the regression approach has been used,
a period of usually 14 years, from 1987 to 2000 inclusive, has been used and
the 1997 baseline has corresponded to the fitted value for the year 1997.

2.6.6 Hydro Baselines and Commonwealth Government Actions

In order to accommodate future increases in environmental flows for the
Snowy River or other changes in generation due to Commonwealth
government action or policy there are provisions in the regulations for the
Regulator to adjust the 1997 renewable energy baseline for hydro-electric
power stations.

7 The year is from 1 January to 31 December
8 This is because their power station outputs can vary substantially from year to year due to irrigation

requirements, increases in demand, use of long term storages to meet demand in dry years etc.
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2.6.7 Interconnected Hydro Baselines and RECs

The regulations recognise an interconnected hydro-electric system, such as
the Snowy Mountains Scheme, has the potential to divert water from one
power station to be used in another and consequently could use this
capability to engineer an increase in REC generation.  To overcome this
possibility the Regulations specify the 1997 renewable baselines may be
determined for:

• the system; and

• each power station in the system.

If the amount of electricity generated by at least one power station in the
interconnected system in a year is less than its 1997 baseline then the
renewable energy baseline for the system may be applied to all electricity
generated by the power stations in the system for that year.

2.6.8 Wood Waste

For wood waste to be an eligible renewable energy source the wood waste
must satisfy one of the following:

• be from weed species,

• be a waste product from manufacturing or building,

• be sawmill residue,

• be a by-product from harvesting of a plantation, or

• be a by-product or waste product from a harvesting operation from an
area where there is a regional forest agreement or equivalent.

For wood waste from a native forest to be eligible, the primary purpose for
harvesting the forest must be for high value products not energy production.
The definition of high value product does not include wood chips.  In the case
of plantations, the primary purpose for harvesting cannot be for energy
production.

2.6.9 Energy Crops

Energy crops are an eligible renewable energy source but to be classified as
an energy crop, the crop must be grown with the primary purpose of providing
an energy source.  Crop material, which is a by-product of some other
activity, that is used as an energy source would be classified as crop waste.

2.6.10 Renewable Waste

The combustion of municipal solid waste is an eligible renewable energy
source.  However, since waste streams contain both renewable and non-
renewable components, the eligible components need to be determined.  This
is done by sampling9 the waste material stream to determine the proportion of

9 A sampling scheme is set up to determine the energy value of the waste components as they are delivered
to the power station.  Allowances are made for the moisture content and hydrogen content of the wastes.
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electricity generated at a power station that can be attributed to renewable
fuel sources.

2.6.11 Co-firing of Power Stations

Fossil fuel based power stations can be co-fired with a renewable energy
source such as sawmill waste and be eligible to receive RECs.  A power
station can create RECs for the component of electricity generated that
corresponds to an eligible renewable energy source in a co-fired power
station.  As with municipal waste, sampling of the renewable and fossil fuel
components is undertaken to determine the proportion of electricity generated
at a co-fired power station that can be attributed to renewable fuel sources.

2.6.12 Small Generators

Small solar (photovoltaic), hydro and wind generators that generate less than
25 MWh per annum can be deemed defined amounts of RECs per annum
based on the generator’s expected output.  This in turn is determined by the
installations size and location.  These generators do not require metering.

2.6.13 Solar water heaters

Solar water heaters are eligible for RECs provided the heater displaces non-
renewable electricity.  The heater is regarded as displacing non-renewable
electricity generation if it:

• is the first installation of a water heater in a building; or

• replaces an electric hot water system; or

• replaces and uses less electricity than an electric boosted solar hot water
system; or

• is installed in a new building.10

The RECs that a solar water heating installation is entitled to receive are
determined by the expected amount of electricity generation that it replaces.
Schedule 7 of the regulation lists the number of RECs that the installation can
receive based on the solar water heater model and the zone in which it was
installed.  Australia is categorised into 4 zones and each postcode is
allocated to a zone.

Solar water heating installations receive their full lifetime entitlement to RECs
once, after installation.  These RECs must be created within 12 months of the
heater being installed.

2.6.14 Solar Hot Water Rebates and Agents

Where the owner of a solar water heater or small generation unit does not
want to create and trade in RECs, they can assign the right to create RECs
for eligible installations to another party.  These parties are called Agents.

10 Renewable Energy (Electricity) Regulations 2001 – Regulation 19.
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Only one Agent can be given the right to create RECs.  However, if incentives
are being offered by two different organisations and only one of those
organisations requires the RECs, then the owner could receive both rebates.11

2.7 What Has Occurred So Far
The renewable energy certificate registry was opened on 1 April 2001,
enabling registered persons to create, transfer and surrender RECs over the
Internet.  As at 28 October 2002, 960,320 RECs have been created for
electricity generated in the year 2001, well exceeding the MRET for 2001 of
300GWh.  Of these RECs, 309,950 were surrendered and 30,283 were
judged invalid, leaving a surplus of 620,087 RECs.  This surplus is over half
of the 1100GWh (or 1.1 million RECs) target for 2002.

For electricity generated in 2002, 611,939 RECs have been created, as at 28
October 2002, and of these 529,485 have been registered, meaning that there
are now enough valid certificates to meet the 2002 MRET.

The breakdown of created RECs by fuel type and state for the year 2001 is
shown in Table 4.

 Table 4 2001 Created RECs by Fuel Type and State (as at 28/10/2002)
 Bagasse Black

Liquor
Hydro Landfill

Gas
Photo-
voltaic

SGU-
Solar

SGU-
Wind

Sewage
Gas

Solar
Water
Heater

Wind Wood
Waste

ACT 0  0 0 10385 0 0 0 0 1718 0 0
NSW 0 16766 23175 46756 526 10 0 3664 46072 21440 40117
NT 0  0 0 0 0 0 0 0 12823 0 0

QLD 97642 0 101359 5787 0 15 3 466 96150 23025 0
SA 0  0 0 5822 0 0 0 0 15781 0 0

TAS 0 0 205320 0 0 0 0 0 568 1292 0
VIC 0 0 44218 14010 0 0 0 5240 12415 35792 0
WA 0  0 0 3778 4 9 0 0 40770 27402 0

Total 97642 16766 374072 86538 530 34 3 9370 226297 108951 40117

Before RECs can be transferred or surrendered they must be validated and a
registration fee must be paid.  Just over 3% of the RECs shown in the table
above were found to be invalid, of these around 50% were for solar water
heaters, usually due to errors in details such as the heater’s model number or
serial number.  Over 3000 of the RECs created for 2001 are currently pending
registration, meaning that they have not yet been audited or that the
registration fee has not yet been paid.  Figure 11 shows the breakdown of
valid RECs for 2001 by fuel type.

11 ORER’s factsheet on solar water heaters
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Figure 11 2001 Valid RECs by Fuel Type (as at 28/10/2002)
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Liable parties are able to surrender their RECs from 1 January to 14 February
each year, and once a REC has been surrendered it is classed as invalid and
is no longer able to be transferred.  Around 33% of 2001’s valid RECs were
surrendered to meet 2001 liabilities.  The breakdown of the surrendered
RECs is shown in Figure 12.

Figure 12 2001 Surrendered RECs by Fuel Type
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The breakdown of the RECs issued for electricity generated in 2002 by fuel
and by state is shown in Table 5.

Table 5 2002 Created RECs by Fuel Type and State (as at 28/10/2002)
 Black

Liquor
Hydro Landfill

Gas
Municipal

Solid
Waste

Photo-
voltaic

SGU-
Solar

SGU-
Wind

Sewage
Gas

Solar
Water
Heater

Wind Wood
Waste

ACT 0 0 21850 0 0 0 0 0 4405 0 0
NSW 44788 232 61243 482 517 3 0 0 59343 23334 56993
NT 0 0 0 0 0 0 0 0 12807 0 0

QLD 0 3559 3067 0 2 24 3 349 138435 15405 0
SA 0 0 0 0 2 0 0 0 22930 0 0

TAS 0 0 0 0 0 8 0 0 1326 1549 0
VIC 0 1500 0 0 0 0 0 9804 1564 48845 0
WA 0 0 0 0 0 0 0 0 46890 29316 0

Total 44788 5291 86160 482 521 35 3 10153 287700 118449 56993

Of the 611,939 RECs created for electricity generated in 2002, around 8%
have been judged invalid and around 7% are currently pending registration.
Figure 13 shows the breakdown of valid 2002 RECs by fuel type.

Figure 13 2002 Valid RECs by Fuel Type (as at 28/10/2002)
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3 Properties of the RECs and Green Power
Markets

3.1 Introduction
The renewable energy certificates market has a number of important
properties that have a substantial bearing on the future prices for RECs and
the distribution of these prices.

3.2 Bankability of RECs
Once created RECs can be held, traded or surrendered.  The RECs do not
have to be used to discharge a liability in the year that they were created.
They are not perishable.  This ‘bankability’ feature of RECs is a very useful
way of smoothing out price fluctuations.  Further, it allows the possibility for
renewable energy generators to bring forward projects relative to the
mandatory renewable energy target and create RECs that can be used to
meet liabilities in later years of the scheme.

3.3 Penalty
The $40/MWh penalty for a shortfall in the number of renewable energy
certificates surrendered by a liable party is a fixed nominal dollar amount.
There are no escalation provisions in the Act or Regulations.  Hence, the
value of the penalty will decline in real dollar terms over the life of the MRET.

Because the penalty is not tax deductible, the cost that a liable party would be
prepared to pay for RECs is not necessarily $40/MWh.  If the impact of
Australia’s dividend imputation arrangements were ignored then the price at
which a liable party would be indifferent to buying RECs or paying the
$40/MWh non tax deductible penalty would be ($40/MWh)/(1-corporate tax
rate) = $40/(1-.3) per MWh = $57/MWh.  On the other hand if all of a liable
party’s shareholders could fully utilise the value of the franking credits then
the price of RECs at which they would be indifferent would be $40/MWh, the
cost of the penalty.  The value of franking credits to a company and hence the
price that the company would be prepared to pay for RECs instead of paying
the non tax deductible penalty, could depend on the following.

• The dividend policy of the company - once a company has enough
franking credits to frank a pre-determined level of dividends, any extra
franking credits are useless, except as risk management for future years.
On the other hand, finance theory suggests that dividends should be paid
to match the available franking credits.

• The tax position of the company - if the company is well into losses, the
tax deductability of RECs versus the penalty could be fairly irrelevant.
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• The nature of the shareholders of the company – overseas shareholders,
superannuation funds and investors who pay low marginal rates of tax do
not benefit much from the franking credits.

The value of imputation credits is often debated.  Views on the value of the
credits vary from γ  = 1 (Australian corporate tax is essentially a withholding
personal tax and the tax credits are of the same value as dividends) to γ  = 0
(the marginal investor is an overseas investor or an institutional investor who
is unable to benefit from imputation credits – the credits are worthless to
these investors).  Regulators such as the ACCC, IPART and ORG have used
the value of γ  = 0.5 for regulation determinations in the electricity industry.
For γ  = 0.5, the price at which a liable party would be indifferent to buying
RECs or paying the penalty would be $40/{1-(1- γ ) 0.3} per MWh =
$47/MWh12.  For the rest of this document this REC price of indifference
relative to the payment of the penalty will be called the ‘REC penalty price of
indifference’.

3.4 Determining the value of $40 penalty for RECs
Since the goal of most companies is to maximise shareholder value, the value
of the penalty is determined from the shareholder perspective.

Let  p  be the net profit before tax for a company ignoring any
penalties

The financial streams available to the company to distribute to the
shareholders are:

• After tax profit = (1-.3) p

• Company tax which can be used to pay franked dividends = 0.3 p

For each dollar of Australian company tax paid, a company is able to pay
franked dividends up to an amount of (1-tc)/tc = 0.7/0.3 = $2.33, where tc is
the company tax rate.  For shareholders who pay Australian personal tax,
franked dividends of amount D are treated for tax purposes as taxable income
of D/(1-tc)13.  That is, the taxable income has been increased by the amount of
corporate tax paid.  However, the taxpayer also gets a tax credit for the
corporate tax paid.

Thus, if the shareholders can fully utilise the tax credit for the franked
dividends then the effective total income to the shareholders before they pay
personal tax is:

(1-.3) p + .3 p = p

If the shareholders can not use the franking credits then it is:

12 Van Horne, Davis, Nicol and Wright, ‘Financial Management and Policy in Australia’, 3 rd edition, Prentice
Hall
13 Van Horne, Davis, Nicol and Wright, ‘Financial Management and Policy in Australia’, 3 rd edition, Prentice
Hall
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(1-.3) p

If they can only get partial benefit from the franking credits then it is:

(1-.3) p + γ  0.3 p = (1 – (1- γ  ) 0.3) p

where γ  represents the value of $1 of franking credits.

Now suppose the non tax deductible penalty of $40 had to be paid then the
effective income to shareholders would be:

(1-.3) p + γ  0.3 p – 40

Now let x be the tax deductible price that is equivalent to the $40 penalty.

(1-.3) p + γ  0.3 p – 40 = (1-.3) (p-x) + γ  0.3 (p – x)

40  = (1-.3) x + γ  0.3 x

x  = 40/((1-.3) + γ  0.3)

x  = 40/( (1 – (1- γ  ) 0.3))

When γ  = 0, the effective equivalent REC price is 40/0.7 = $57

When γ  = 0.5, the effective equivalent REC price is 40/0.85 = $47

When γ  = 1, the effective equivalent REC price is 40/1 = $40

3.5 10% shortfall
The Regulator will only impose the penalty payment if the liable party’s
shortfall is greater than 10% of its total liability.  The penalty must be paid for
the whole of the shortfall.

Where a liable party is able to make up its shortfall and meet its current
liability with surrendered RECs, it can be reimbursed its penalty payments.
The shortfall must be made up within three years from when it occurred for
the penalty to be refunded.

In effect these provisions allow a liable party to carry a shortfall of slightly less
than 10% of its liability at no cost.  The cost to a liable party of a penalty
payment is the smaller of the penalty cost or the cash carrying cost of the
penalty and the future cost of RECs used to discharge the shortfall.

Since a liable party can repay a shortfall and be reimbursed the penalty
payment, the cost of the penalty if the shortfall is repaid is essentially the cost
of borrowing the penalty amount and buying RECs in the future.  However,
since the names of non-complying parties are reported to parliament, the cost
to a business of carrying a shortfall may be greater than the dollar cost
outlined above.
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3.6 Relationship Between Spot and Forward Prices
The ability to bank (store) RECs creates an arbitrage opportunity if future
REC prices and current prices are out of line.  Elementary financial theory
states that forward prices and spot prices must be arbitrage free14.

Suppose it is year t, there is a surplus of RECs to meet the current year’s
liabilities, and the forward price for year (t+s) is Ft+s.  The current price of
RECs, in year t, would have to be at least Ft+s / (1+r)s, where r is the
appropriate discount rate.  If the price of RECs were less than this value a
trader could borrow money to buy RECs in year t and forward sell them for
year (t+s) and make a riskless profit.

Similarly, if there were a shortfall in RECs in year t, and the forward price for
year (t+s) were Ft+s then the current price of RECs, in year t, would have to be
no more than $40 + Ft+s / (1+r)s - $40/ (1+r)s.  If the price of RECs in year t
were greater than this value a liable party could pay the $40 penalty and
forward purchase RECs at the forward price of Ft+s and in year (t+s) use the
forward purchased RECs to make up their shortfall and be reimbursed the
$40.  This would result in a riskless profit.

As well as determining relationships between spot and forward prices, the
same logic can be used to determine relationships between forward prices for
different years or forward prices within a year.  Suppose the forward prices for
times t and t+s were Ft and Ft+s respectively, then

Ft+s / (1+r)s ≤  Ft ≤  $40 + Ft+s / (1+r)s - $40/ (1+r)s

As a consequence of the bankability of RECs and the ability to be reimbursed
penalty payments, forward prices of certificates are unlikely to show any
systematic seasonal variations.  Further, since forward prices are generally
thought to be unbiased estimates of the future spot prices, i.e. Ft  = E[St],
REC spot prices are also unlikely to have any systematic seasonal variation.

The analysis above has implicitly assumed that there is an efficient market in
REC trading.  That is, buyers and sellers are aware of the supply of RECs,
the market’s liabilities, the current spot and forward prices for RECs and they
have an efficient way of trading and forward contracting certificates.
Currently, these assumptions are not fully satisfied.

The appropriate value for the discount rate, r, has not yet been discussed.
From a theoretical point of view the discount rate would be the risk free rate
as determined from the bond rate.  However, from a practical point of view the
rate is more likely to be the borrowing rate, which would have a small margin
over the bond rate.  On the other hand it could be argued that there is not an
efficient market in REC trading and that the arbitrage opportunities above
would result in differences in timing and value of cash flows that the investor
in renewable energy projects would price at the WACC (weighted average

14 This can be found in standard texts such as Copeland and Weston ‘Financial Theory and Corporate
Policy’ Addison Wesley, 1988 and Charles W. Smith ‘Managing Financial Risk’ McGraw Hill, 1998
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cost of capital) used for their projects.  Similarly, it could be argued that the
penalty price of $40 should not be used in the arbitrage relationships but the
‘REC penalty price of indifference’.

In summary, the storability of RECs and the ability to be reimbursed any
penalties ensures that there will be strong relationships between future prices
of RECs and there should be no systematic seasonal variations in their
prices.

3.7 Finite Life of the MRET
The mandatory renewable energy targets cease at the end of 2020.  At this
stage, once all of the liabilities have been discharged any remaining RECs
will be worthless.  On the other hand if there were a shortfall of RECs their
value would be the cost to liable parties of paying the penalty for not
discharging their liabilities (the REC penalty price of indifference).
Consequently, if there were a perfectly competitive market, the value of RECs
near 2020 would be either $0/MWh or the REC penalty price of indifference.

Clearly, in a real market if there is likely to be a surplus of RECs near 2020
one of the major players in the market could purchase RECs to remove the
surplus to keep the price from falling to zero.  Strategies that dominant
players in the REC market may use could have an impact on REC prices.

3.8 Certificate Creation and Generation
RECs may be created immediately after the generation to which they
correspond has occurred but they do not have to be created at that time.
Thus, the number of RECs created will always be less than the potential
number.  Many of the RECs for 2001 were created well into 2002.  The
reason for this could be just related to generators bedding down the
processes of REC creation.  On the other hand, there is the possibility that
some parties might delay the creation of RECs in order to make demand and
supply appear tighter than what it is in reality, resulting in higher prices for the
sale of RECs.

3.9 Interaction with Green Power
Some power stations such as large dam hydro power stations can create
RECs but are not accredited under Green Power.  However, generally, power
stations that can create RECs are also eligible for accreditation under the
Green Power scheme.  For each MWh of ‘new’ Green Power generation sold
as part of a Green Power product one REC has to be transferred to the Green
Power Project Manager’s nominee.  Retailers are not required to transfer
RECs for generation classed as existing.  Retailers are required to source at
least 80% of Green Power energy sold to customers from ‘new’ generators
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(commissioned after January 1997). 15  Thus Green Power sales increase the
demand for RECs.

Because the Green Power scheme requires the RECs from ‘new’ generation
to be surrendered, the Green Power rights for this generation have to be
worth at least as much as the value of the RECs.  On the other hand,
because the Green Power scheme does not require the RECs from ‘old’
generation to be surrendered, the Green Power rights for this generation
could be worth much less than the value of the RECs.  The RECs for sources
of generation that are ineligible for Green Power schemes will be worth the
market price for RECs.  Table 6 illustrates the income streams available to
various Green Power generators.

Table 6 Income streams for Green Power generators
‘new’ generation ‘old’ generation

Source of Revenue Eligible to
create RECs

Not eligible to
create RECs

Eligible to
create RECs

Not eligible to
create RECs

Energy yes yes yes yes
RECs yes no yes no

Green Power rights yes but must
give up RECs yes yes yes

The relationship between values of RECS and green power rights are as
follows:

Since 1 REC has to be surrendered for 1 MWh of ‘new’ generation and not all
generators who are eligible for REC creation are accredited Green Power
generators the following holds:

REC ≤  Green Power rights for 1 MWh of ‘new’ generation

Since a retailer has to source at least 80% of its Green Power from ‘new’
generation the rights for ‘old’ can not be worth more than the rights for new.

Green Power rights for ‘old’ generation ≤  Green Power rights for ‘new’

If the size of the Green Power market increases substantially then the
potential supply of ‘old’ generation may drop below 20% of Green Power
sales.  In this case ‘old’ generation rights could be worth as much as ‘new’
rights.  Purchasing a REC from a generator does not entitle the buyer to the
Green Power rights.  Thus, even in the event that Green Power rights were
worth differing amounts for generation from different energy sources, there
should be no difference in REC prices based on energy sources.

3.10 Price Transparency and Liquidity
Most RECs are traded bilaterally.  At the moment, there is not a highly liquid
spot market nor forward market in RECs but this is developing.  A market

15 National Green Power Accreditation Program – Accreditation Document version 2 November 2001
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price for RECs can be readily found on several websites such as those run by
Energex and Northern Territory Power and Water.
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4 The Renewable Generation Investment
Decision

4.1 Introduction
Investment decisions regarding renewable energy based generation projects
will be based on the outlook for energy prices and REC prices, the quality of
the energy resources available, the cost of the various technologies and other
costs such as network charges (TUOS and DUOS)16, ancillary service costs,
and pool fees.

4.2 Generation Costs
For most types of renewable generation, the capital costs are a large
proportion of the total costs of generation.  The capital costs will include
turbine costs, civil works, grid connection etc.

The grid connection and network charges could be significant for generators
remote from transmission or distribution lines or loads.  As a result, the ideal
sites are ones which are both near a good quality energy resource and a
transmission or distribution line or a load which can use the generation
output.

The other important sources of cost for a generator are: operation,
maintenance and the fuel.  For many generators such as hydro, wind and
solar the fuel cost is zero.  For others, which use biomass as a fuel, there
may be significant costs for collecting, processing and transporting the fuel.

4.3 Energy Output and Generation Flexibility
The degree to which a generator can control its output at any time varies
substantially with the technology and energy resource being used.  Even
within a technology there can be substantial differences.  For instance the
operator of a wind farm will have little or no control of the wind farm’s output,
the operator of a small storage hydro may be able to control its output over
the day but may not be able control its energy output from month to month,
but the operator of a hydro power station with long term storage may be able
to control its output fully.  The degree to which a power station’s output can
be controlled will influence its revenue in the energy market.  Power stations
with a high degree of control will average higher prices for their generation
outputs.

For the purpose of this study power stations will be classified as:

• Must run – The operator has little control over the output.  The expected
price that such a power station will receive for its output is the average
price.  This category would apply to wind farms.

16 Transmission use of system (TUOS) and distribution use of system (DUOS)
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• Base load – The power station’s output is relatively constant.  The
expected price that such a power station will receive for its output is the
average price.  This category would apply to co-fired base load plant.

• Discretionary – The power station’s output can be controlled to maximise
its revenue in the energy market.  The expected price that such a power
station will receive for its output is assumed to be the peak time price.

• Daytime – For some technologies, such as photo voltaics (PV), the power
output is only during daylight hours.  Hence the average energy price
such generation would receive would be approximately equal to the
average electricity price for daylight hours.

• Seasonal base load – Some technologies, such as bagasse, can be base
load for only a portion of the year.  Since this seasonal generation is likely
to encompass both low and high price periods it would be expected to
receive the annual average price.

4.4 Generator Capacity Factors and Levelised Costs
Another important aspect of a generator’s output is its capacity factor17.  The
capacity factor is an indication of the generator’s average power output
compared to its maximum output capacity.  Base load generators that run flat
out all the time have high capacity factors.  Hydro generators that have lots of
capacity and storage but relatively small inflows tend to have low capacity
factors.  In the case of wind farms the capacity factor is a measure of the
quality of the wind resource and the reliability of the plant.

Often generator costs are expressed as an average cost of energy output for
the life of the project.  These are levelised costs and determined by
calculating the NPV (net present value) of all of the generator’s projected
costs and dividing this by an NPV of the generator’s expected annual energy
production.  For plant that is projected to run at high capacity factors, the
contribution that capital costs make to the levelised cost is much less than is
the case for low capacity factor plant.  Thus wind farms at sites with a good
wind resource will have much lower levelised costs than for sites with a poor
resource.

For the purpose of modelling renewable energy investment decisions, given
that the MRET runs out in 2020, levelised costs need to be converted into
capital and operating costs.

4.5 Revenue
The revenue stream for a new renewable energy generator will be based
largely on the value of its energy in the wholesale spot market (any derivative
or physical contracts that the generator may obtain will be related to
expectations of future spot prices) and prices for RECs or Green Power

17 The average capacity factor (ACF) of a generator over a period of time is its total energy output (MWh)
over the period divided by its MW capacity multiplied by the number of hours in the period.
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rights.  For a renewable energy generator, the revenue streams from the
energy market will be at least as important to the generator as will be the
revenue streams from the RECs.  Thus to model the market for RECs
requires the consideration of future spot prices in the NEM and the future
value of electricity in areas which are not part of the NEM.

4.5.1 Energy Market Revenue

Electricity spot prices will vary by time and location.  Hence different
renewable technologies are likely to receive different electricity market
revenues.  As well, the same technologies and generation profiles may
receive different revenues at different locations.

The revenue stream that a generator can earn from the energy market will be
related primarily to spot prices and the ability to control its output in response
to these prices.

4.5.2 Ancillary Service Revenue

Most new renewable generators will not earn material revenue from the
ancillary service market.  However, they may incur some ancillary service
costs for regulation and raise contingency services.

4.5.3 RECs

The revenue stream that a generator can earn from selling RECs is just
related to the price at which RECs are being traded.

4.5.4 Green Power Schemes

The revenue stream that a generator can earn from selling Green Power
generation is related to the price of the Green Power rights.

4.6 Co-firing
The investment decision regarding the co-firing of already existing thermal
plant with a renewable fuel is slightly different to that of developing a new
renewable power station.  Co-firing of thermal plant is really a fuel substitution
decision.  It involves capital expenditure and changes in fuel costs.  There are
no energy market benefits from co-firing.  The only revenue benefits are from
the creation of RECs.  Thus co-firing is economic if the present value of RECs
being created exceeds the present value of capital costs and changes in fuel
costs.
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5 Solar Water Heating Investment Decision
5.1 Introduction

Unlike investment decisions regarding renewable energy based generation
projects, solar water heating is a consumer decision.

The attractiveness to the consumer of buying a solar hot water is based on
the extra capital cost that they must pay versus the electricity cost reductions
over time.

The additional capital cost they must pay is:

Incremental Cost  = Solar heater’s cost – electric heater’s cost

– REC value – any additional subsidies

The most popular solar water heater system in Australia is the 300-litre close
coupled 2- panel system with electric boosting18.  Solar heater retailers and
manufacturers indicate that the average cost for these systems is $3650 with
installation19.  An equivalent electric heater costs around $1650 with
installation20.

The average number of RECs assigned to one of these solar water heaters is
2721.  The REC value obviously varies from time to time, but currently
Northern Territory consumers can sell theirs to the NT Power and Water
Authority for $31.5022 and other consumers can sell theirs to Energex for
$30.5023.

5.2 Subsidy Overview
State Authorities in a number of states offer rebates to encourage consumers
to purchase solar heaters.

The NSW government, via the Sustainable Energy Development Office
(SEDA), offers rebates of $500 for an electric boosted system and $700 for a
gas boosted system.  These rebates are only available to homeowners
building or renovating their home in a local council area designated as Energy
Smart.  As this scheme is only available to a limited number of NSW

18 Information from Rheem Solar Water Heaters sales department, Edwards Solar Water Heaters sales
department, Canberra Energy Advisory Service, Sustainable Energy Authority, Western Australia
Sustainable Energy Development Authority in Western Australian, Beasley Solar Water Heaters Market
Survey in Queensland July 2002.
19 Information from Rheem sales department, Edwards sales department, Hot Water Professionals, Going
Solar, Beasley Market Survey.
20 Information from Rheem, Edwards, Hot Water Professionals, AGL.
21 Office of Renewable Energy Regulators http://www.orer.gov.au
22 NT PAWA http://www.nt.gov.au/powerwater
23 Energex http://www.energex.com.au

http://www.orer.gov.au
http://www.nt.gov.au/powerwater
http://www.energex.com.au
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customers and is not expected to run until the end of the year 2002 it has
been ignored in this study.

The Victorian government rebate scheme, via the Sustainable Energy
Authority, has been allocated up to $15 million and is expected to last until
the end of June 2003.  This rebate is available to any consumer replacing an
existing water heater with a positive environmental effect, or for solar systems
being installed in a new home.  Only gas boosted systems will attract a rebate
in a new home with a natural gas connection or if a gas hot water system is
being replaced.  The rebate amount varies up to a maximum of $1500 and is
only available if the applicant assigns the right to create RECs to the State
Government.

The Queensland government scheme works on a point system with $15
rebated for each point up to a maximum of $750 and is expected to run until
June 2005.  The rebate is available for any solar hot water system installed
for domestic purposes in an owner occupied dwelling.

The South Australian government scheme is only guaranteed to run until the
end of financial year 2003, but may be extended to end of financial year 2004.
A $700 rebate is available for 2-panel systems or heat pump systems and a
$500 rebate is available for 1-panel systems.  The system must be installed in
an owner occupied dwelling to attract the rebate.  Only a gas boosted system
will be eligible for the rebate if an existing gas water heater is being replaced
or the system is being installed in a new home with a natural gas connection.

The Western Australian government has allocated $2 million dollars to their
scheme, with a maximum of $500,000 available per year.  The scheme is
scheduled to run until end of financial year 2004.  The rebate is only available
to first homebuyers installing an electric boosted system with a boosting timer
and for homeowners replacing an existing water heater with a gas boosted
system.  The rebate is $500 for a 2-panel system and $300 for a 1-panel
system.  As only a small percentage of consumers will be eligible for this
rebate, because it is not always practical or possible to replace an existing
electric water heater with a gas boosted system, this rebate scheme was not
included in this study24.

The ACT government has committed $1.1 million to their rebate scheme,
scheduled to last until April 2005.  The rebate is available for any system
being installed in an owner occupied dwelling and varies from $500 to $1000.

There is no rebate scheme being offered in the Northern Territory or
Tasmania.  Only Victorian customers must hand over their right to create
RECs to obtain the rebate.

24 Information from WA SEDO shows that only 48 rebates have been given to heaters that would attract
RECs this financial year.
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Table 7 Current Incremental Cost Per State for Electric Boosted
Solar Hot Water Systems

NSW VIC QLD SA WA TAS NT ACT Average
Solar water heater ($) 3645 3645 3645 3645 3645 3645 3645 3645
Subsidy ($) 0 900 369 700 0 0 0 750

Number of RECS 27.4 2425 27.5 27.4 27.6 24 27.8 27
REC value ($) 30.5 30.5 30.5 30.5 30.5 30.5 31.5 30.5
Electric water heater ($) 1649 1649 1649 1649 1649 1649 1649 1649

Incremental Cost ($) 1160 1096 788 460 1154 1264 1120 423 933

5.3 Annual Savings
The benefits that solar hot water purchasers receive are the annual electricity
cost savings.  The majority of solar hot water systems are electrically
boosted.  The amount of hot water solar heating can provide from the sun is
known as the solar fraction.26

Generally electric storage water heaters are run on an off-peak tariff and most
electric boosted solar hot water systems are installed with a boosting timer so
that they too can be run on the off-peak tariff.  Electricity tariffs vary by state
and by retailer, so an average off-peak tariff in each state27 was used to
estimate the annual electricity cost savings.

Using Australian Greenhouse modelling28 and other studies29,30 the average
annual consumption of an electric hot water heater was found to be 4420
kWh.  Combining this with the consumption of electricity in each state for
electric water heating31 and Australian Bureau of Statistics data to determine
the number of households in each state32 as well as the percentage of
different types of water heaters (electric, gas and LPG and solar)33,34 the
average kWh per year consumption of an hot water heater using electricity
was determined in each state.  The cost of running an electric heater for a
year could then be compared with running a solar water heater for a year in
each state.

25 The RECs have to be handed over to obtain the subsidy
26 Solar fraction values used from Projections of Price of Renewable Energy to meet the 2% Renewable
Energy Target, McLennan Magasanik Associates Pty. Ltd. 1999
27 Integral Energy http://www.integral.com.au, Energy Australia http://www.energy.com.au, ACTEWAGL
http://www.actegwagl.com.au, Pulse http://www.pulsenet.com.ua, Origin http://www.origin.com.au, Energex
http://www.energex.com.au, Western Power http://www.westernpower.com.au
PowerWatehttp://www.powerwater.com.au, Aurora Energy http://www.auroraenergy.com.au
28 Australian Greenhouse Office http://www.greenhouse.gov.au
29 Energy Efficiency $ Renewable Energy Federal Energy Management Program, Department of Energy
2000
30 Westernpower Electricity http://www.westernpower.com.au
31 Australian Residential Building Sector Greenhouse Gas Emissions 1990-2010, Energy Efficient Strategies
1999
32 ABS Census 2001
33 ABS 4602.0 Environmental Issues: People’s Views and Practices, 1994 and 1999
34 The proportion of electric water heaters in Western Australia for 1999 was calculated from the 1994 figure
and the average rate of change in electric heaters from 1994 to 1999, as the 1999 value given was very low.

http://www.integral.com.au
http://www.energy.com.au
http://www.actegwagl.com.au
http://www.pulsenet.com.ua
http://www.origin.com.au
http://www.energex.com.au
http://www.westernpower.com.au
http://www.powerwater.com.au
http://www.auroraenergy.com.au
http://www.greenhouse.gov.au
http://www.westernpower.com.au
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Table 8  Savings with an Electric Boosted Hot Water System in each
State

NSW VIC QLD SA WA TAS NT ACT Average
Solar fraction 70 60 78 65 70 60 80 70 67
Electric kWh/a per heater 4447 5206 3884 4313 4084 5315 3183 4927 4420

Solar kWh/a per heater 1334 2082 854 1510 1225 2126 637 1478 1458.6
Energy savings kWh/a
per heater 3113 3124 3030 2803 2859 3189 2546 3449 2961.4
Average tariff for c/kWh
for electric 4.55 6.01 5.09 5.69 6.54 7.97 9.86 5.54 6.407
Average tariff for c/kWh
for solar 4.55 5.06 5.09 5.69 6.54 13.3 9.86 5.54 6.958

Savings ($/year) 142 208 154 160 187 140 251 191 182

5.4 Sales of Solar water heaters
Using the Internet REC registry (www.rec-registry.com) the number of RECs
issued in each state since April 2001 can be found.  A sample taken of the
data gives an average of the number of RECs issued for each heater, and
thus the number of solar water heaters sold that replace an electric hot water
heater can be estimated35.

Table 9  Estimated sales of Solar Water Heaters that Replace an
Electric Hot Water Heater

NSW VIC QLD SA WA TAS NT ACT Total
Average RECs per heater 25.9 25.8 25.5 26.1 24.4 19.5 24.9 22.7 24
2001 Solar water heaters 1777 365 3674 639 1609 36 460 46 8606
2002 Solar water heaters 2282 890 5298 875 2014 43 448 201 12051

Total Solar water heaters 4059 1255 8972 1514 3623 79 908 247 20657

The annual turnover of electric heaters is estimated to be in the realm of
11%36 making it possible to determine the size of the electric hot water market
and the proportion of consumers converting to solar water heaters.  It is only
possible for separate or semi-detached houses to convert to solar water
heating so it was necessary to scale the household growth projections to
reflect only these types of houses.  As well, it is very unlikely that any but
owner occupied dwellings37 will convert to solar water heating, as the
increased costs to the owner will not be offset by the benefit of reduced
electricity bills.  So only electric heaters in separate and semi-detached
owner-occupied dwellings have been included in the population of electric
heaters and annual turnover by state.

35 RECs created in Victoria are very low for the year 2002 so sales figures from the Sustainable Energy
Authority in Victoria were used.
36 Analysis of Potential for Minimum Energy Performance Standards, Mark Ellis & Associates 2001
37 ABS  8771.0 Household Investors in Rental Dwellings, Australia 1997

http://www.rec-registry.com
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Table 10 Population of Electric Heaters and Annual Turnover by
State

NSW VIC QLD SA WA TAS NT ACT Total
Electric
hot water 1777767 593012 1082755 291918 241815 176249 34652 76885 4195648
Number
being
replaced 195554 65231 119103 32111 26600 19387 3812 8457 461521

Table 11  Proportion of consumers converting from Electric to Solar
water heaters (%)

NSW VIC QLD SA WA TAS NT ACT Australia
200138 1.5 0.8 4.92 2.8 8.6 0.25 25.67 0.8 2.84
200239 1.89 1.91 6.89 3.79 11.06 0.3 24.19 3.43 3.92

5.5 Estimating REC Production from Solar Water Heating
The potential number of RECs produced from solar water heating can be
estimated by determining the number of electric water heaters being replaced
each year and estimating the probability of an electric water heater being
replaced by a solar one.  With an estimate of the number of electric heaters
being replaced by solar ones each year, the number of RECs being produced
could then be estimated by multiplying the number of replacement heaters by
the average number of RECs produced for each solar water heater replacing
and electric one.  This approach has been undertaken with two different
models for the probability of a solar water heater replacing an electric one.
The two models for switching used are:

• The probability of switching from an electric water heater to a solar one is
best estimated using historical switching behaviour for each of the states
– a status quo approach, and

• The probability of switching is related to the consumer’s payback period
for the investment in a solar water heater – a consumer purchasing
decision approach.

Estimates based on both of these models are produced.

5.6 Potential Size of the Solar Water Heating Market
The potential size of the market for solar water heaters replacing electric ones
can be determined by estimating the size of the electric water heating market,
the proportion of this market that is replaced each year and the proportion of
these replacements that are solar water heaters.

Using ABS household growth projections40 and predicted values for energy
consumption for electric water heating41 the size of the electric water heating

38 Based on 9 months REC data and scaled for annual estimate
39 Based on 7 months REC data and scaled for annual estimate
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market for future years can be estimated.  The potential size of the electric
hot water market in GWh for 2002 to 2020 is shown below in Table 12.

Table 12 Forecast Size of the Electric Hot Water Heating Market
(GWh) by State to 2010

  NSW VIC QLD SA WA TAS NT ACT Total
2002 4884 2207 2714 906 676 686 54 262 12342
2003 4974 2243 2792 917 658 688 55 267 12524
2004 5064 2278 2870 927 639 691 57 271 12705

2005 5154 2313 2949 938 621 693 59 276 12886
2006 5243 2349 3027 949 602 695 60 280 13068
2007 5333 2384 3105 959 584 697 62 285 13249

2008 5423 2419 3183 970 566 700 64 289 13430
2009 5512 2454 3261 981 547 702 66 294 13612
2010 5602 2490 3339 991 529 704 67 298 13793

Assuming an 11% annual turnover of electric water heaters, the potential size
of the solar water heating market in GWh for 2002 to 2010 is shown below in
Table 13.  Table 13 presents the forecast amount of electric hot water heating
(GWh) being replaced annually by state.  Solar water heater replacement of
existing solar water heaters has not been included in this potential market as
the ability to generate RECs from the replacement of existing solar water
heaters is low.

Table 13 Forecast Amount of Electric Hot Water Heating (GWh)
being replaced annually by state to 2010

  NSW VIC QLD SA WA TAS NT ACT Total
2002 537 243 299 99.7 74.4 75.5 5.94 28.8 1358

2003 547 247 307 101 72.4 75.7 6.05 29.4 1378
2004 557 251 316 102 70.3 76 6.27 29.8 1398
2005 567 254 324 103 68.3 76.2 6.49 30.4 1417

2006 577 258 333 104 66.2 76.5 6.6 30.8 1437
2007 587 262 342 105 64.2 76.7 6.82 31.4 1457
2008 597 266 350 107 62.3 77 7.04 31.8 1477

2009 606 270 359 108 60.2 77.2 7.26 32.3 1497
2010 616 274 367 109 58.2 77.4 7.37 32.8 1517

5.7 Status Quo Model
In this section the number of RECs produced by solar water heaters is
estimated by assuming that the status quo regarding subsidies, value of

40 ABS 3236.0: Household and family projections 1996
41 Australian Residential Building Sector Greenhouse Gas Emissions 1990-2010, Energy Efficient Strategies
1999
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RECs and electricity tariffs continues.  In this case the proportions switching
to solar water heaters for each state remain the same.  Table 14 is based on
this assumption.  The table used the proportions for consumers switching to
solar water heaters for 2002 by state.

Table 14  Forecast Number of Solar Heaters Replacing Electric Hot
Water Heaters Annually by State to 2010 for Status Quo
Scenario

 NSW VIC QLD SA WA TAS NT ACT Total
2002 2282 890 5298 875 2014 43 448 201 12051

2003 2325 905 5449 886 1959 43 462 204 12233
2004 2367 919 5601 896 1904 43 477 208 12415
2005 2409 934 5754 907 1849 43 491 211 12598

2006 2451 948 5906 917 1794 43 506 215 12780
2007 2493 962 6059 927 1740 43 520 218 12962
2008 2535 976 6211 938 1685 43 535 222 13145

2009 2577 991 6364 948 1630 44 549 225 13328
2010 2619 1005 6516 958 1575 44 563 229 13509

Table 15 is based on Table 14 and used the average number of RECs
created for a solar installation for solar water heaters for 2002 by state.

Table 15 Forecast Numbers of RECs (1000s) from Solar Heaters Annually
by State to 2010 for Status Quo Scenario

 NSW VIC QLD SA WA TAS NT ACT Total
2002 59 23 135 23 49 1 11 5 306

2003 60 23 139 23 48 1 12 5 310
2004 61 24 143 23 46 1 12 5 315
2005 62 24 147 24 45 1 12 5 320

2006 63 24 151 24 44 1 13 5 325
2007 65 25 155 24 42 1 13 5 329
2008 66 25 158 24 41 1 13 5 334

2009 67 26 162 25 40 1 14 5 339
2010 68 26 166 25 38 1 14 5 343

5.8 Consumer Purchasing Model
Studies looking at consumer willingness to pay for more efficient appliances
(with otherwise identical features) suggest implied discount rates of 20% to
60% or payback periods of 2 to 4 years.  The value of RECs influence the
effective payback period for solar water heaters but how much does this
influence the probability that a consumer will swap from an electric to a solar
water heater.  What is the probability that a consumer will buy the solar hot
water system?  Based on the analysis of costs and REC data undertaken
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previously, Table 16 presents the estimated proportion of electric hot water
heating installations being replaced that swap to solar.  The table also
presents the IRRs (internal rate of returns) and the payback periods (years)
for when the state subsidies are considered and when they are not.  The
relationship between the proportion swapping and the payback periods are
graphed in Figure 14 and Figure 15.  Surprisingly, there seems to be a more
consistent relationship between the proportion swapping to solar and the
payback period ignoring government subsidies.  The ACT and Victorian
figures appear to be slightly inconsistent with the other states and territories.

Table 16 Proportion converting to solar, IRRs and payback periods
NSW VIC QLD SA WA TAS NT ACT

Proportion converting
to solar 1.89% 1.91% 6.89% 3.79% 11.06% 0.30% 24.19% 3.43%
IRR (when state
subsidy included) 3.86% 13.74% 14.50% 32.73% 9.90% 1.90% 18.20% 43.97%
Payback (when state
subsidy included) 8.17 5.27 5.12 2.88 6.17 9.03 4.46 2.21
IRR (when state
subsidy not included) 3.85% 10.26% 5.56% 6.31% 9.90% 1.90% 18.19% 10.02%
Payback (when state
subsidy not included) 8.17 6.08 7.51 7.25 6.17 9.03 4.46 6.14

Figure 14  Probability of replacement versus payback period,
considering government subsidies, based on data for each
of the states and territories

Figure 15  Probability of replacement versus payback period, ignoring
government subsidies, based on data for each of the states
and territories

A logistic curve was fitted to the data with lesser weight given to the fit for the
cool climate areas, that is, ACT, Victoria and Tasmania.  A graph of the fitted
curve appears in Figure 16.
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Figure 16 Fitted logistic curve and observed values

Table 17 presents the expected proportion of customers that would switch to
a solar water heater when replacing their electric heater as a function of REC
prices.  The table can also be thought of as the cost per REC required in
order to obtain that level of switching from electric water heating to solar.  The
table was constructed using the fitted logistic model to give the shape of the
response to REC prices but each state and territory was scaled to their
current proportion switching from electric to solar water heating for a REC
price of $34.  The table is likely to be a reasonable predictor of switching
proportions for REC values around the $34 mark.  Large deviations from this
value are likely to produce poor estimates of the proportions switching.

Table 17 Estimated proportion switching to solar water heating
based on REC prices

REC Price
(or Cost per

REC) NSW VIC QLD SA WA TAS NT ACT
0 0.04% 0.18% 0.21% 0.13% 0.65% 0.06% 3.19% 0.23%
2 0.05% 0.21% 0.26% 0.17% 0.79% 0.08% 3.66% 0.27%
4 0.07% 0.25% 0.33% 0.21% 0.95% 0.10% 4.21% 0.33%
6 0.09% 0.29% 0.42% 0.26% 1.15% 0.12% 4.83% 0.40%
8 0.12% 0.34% 0.53% 0.32% 1.39% 0.16% 5.53% 0.47%

10 0.15% 0.40% 0.66% 0.40% 1.68% 0.19% 6.34% 0.57%
12 0.19% 0.47% 0.84% 0.51% 2.03% 0.24% 7.25% 0.68%
14 0.24% 0.55% 1.05% 0.63% 2.46% 0.30% 8.28% 0.81%
16 0.31% 0.64% 1.33% 0.79% 2.96% 0.38% 9.44% 0.97%
18 0.40% 0.75% 1.67% 0.98% 3.57% 0.47% 10.75% 1.16%
20 0.52% 0.88% 2.10% 1.22% 4.30% 0.59% 12.21% 1.39%
22 0.66% 1.02% 2.64% 1.52% 5.16% 0.74% 13.84% 1.66%
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REC Price
(or Cost per

REC) NSW VIC QLD SA WA TAS NT ACT
24 0.85% 1.19% 3.31% 1.89% 6.20% 0.92% 15.66% 1.97%
26 1.09% 1.38% 4.16% 2.34% 7.43% 1.14% 17.66% 2.34%
28 1.39% 1.59% 5.21% 2.90% 8.88% 1.43% 19.86% 2.78%
30 1.78% 1.84% 6.52% 3.59% 10.59% 1.78% 22.26% 3.29%
32 2.27% 2.12% 8.14% 4.44% 12.59% 2.21% 24.86% 3.88%
34 2.89% 2.44% 10.13% 5.47% 14.92% 2.75% 27.66% 4.57%
36 3.67% 2.80% 12.58% 6.71% 17.60% 3.42% 30.65% 5.35%
38 4.64% 3.19% 15.56% 8.21% 20.67% 4.24% 33.81% 6.24%
40 5.85% 3.63% 19.15% 9.99% 24.15% 5.25% 37.13% 7.25%
42 7.34% 4.10% 23.45% 12.10% 28.05% 6.49% 40.58% 8.37%
44 9.16% 4.62% 28.53% 14.55% 32.36% 8.00% 44.14% 9.61%
46 11.34% 5.18% 34.45% 17.37% 37.06% 9.83% 47.76% 10.95%
48 13.92% 5.77% 41.22% 20.56% 42.11% 12.03% 51.41% 12.40%
50 16.92% 6.39% 48.84% 24.10% 47.44% 14.66% 55.05% 13.93%
52 20.32% 7.03% 57.22% 27.95% 52.98% 17.77% 58.65% 15.53%
54 24.09% 7.69% 66.23% 32.06% 58.64% 21.40% 62.17% 17.17%
56 28.16% 8.36% 75.68% 36.32% 64.30% 25.59% 65.58% 18.82%
58 32.42% 9.03% 85.34% 40.66% 69.88% 30.34% 68.85% 20.46%
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Table 18 Estimated annual REC production (1000s) from solar water
heaters versus REC price

REC Price
(or Cost per
REC) NSW VIC QLD SA WA TAS NT ACT

0 0.9 1.7 2.8 0.6 2.1 0.0 1.3 0.2
2 1.1 2.0 3.5 0.7 2.6 0.0 1.5 0.3
4 1.4 2.4 4.4 0.9 3.1 0.0 1.7 0.3
6 1.8 2.8 5.6 1.1 3.8 0.0 1.9 0.4
8 2.4 3.2 7.0 1.4 4.6 0.0 2.2 0.5

10 3.0 3.8 8.8 1.7 5.5 0.1 2.6 0.6
12 3.9 4.4 11.1 2.1 6.7 0.1 2.9 0.7
14 5.0 5.2 14.0 2.6 8.1 0.1 3.3 0.8
16 6.4 6.1 17.7 3.3 9.8 0.1 3.8 1.0
18 8.3 7.1 22.2 4.1 11.8 0.1 4.3 1.2
20 10.6 8.3 28.0 5.1 14.2 0.2 4.9 1.4
22 13.6 9.6 35.2 6.3 17.0 0.2 5.6 1.7
24 17.4 11.2 44.2 7.9 20.4 0.3 6.3 2.0
26 22.3 13.0 55.4 9.8 24.5 0.3 7.1 2.3
28 28.5 15.0 69.4 12.1 29.3 0.4 8.0 2.8
30 36.4 17.4 86.9 15.0 34.9 0.5 9.0 3.3
32 46.5 20.0 108.4 18.6 41.5 0.7 10.0 3.9
34 59.2 23.0 135.0 22.9 49.1 0.8 11.2 4.6
36 75.1 26.3 167.7 28.1 58.0 1.0 12.4 5.3
38 95.1 30.1 207.4 34.3 68.1 1.3 13.6 6.2
40 119.9 34.2 255.3 41.8 79.6 1.6 15.0 7.2
42 150.4 38.7 312.6 50.6 92.4 2.0 16.4 8.4
44 187.6 43.5 380.3 60.8 106.6 2.4 17.8 9.6
46 232.3 48.8 459.1 72.6 122.1 3.0 19.3 10.9
48 285.2 54.3 549.4 86.0 138.7 3.7 20.7 12.4
50 346.6 60.2 650.9 100.8 156.3 4.5 22.2 13.9
52 416.3 66.2 762.7 116.9 174.6 5.4 23.7 15.5
54 493.6 72.5 882.8 134.0 193.2 6.5 25.1 17.2
56 576.9 78.7 1008.8 151.9 211.9 7.8 26.4 18.8
58 664.2 85.0 1137.5 170.0 230.2 9.3 27.8 20.5
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6 Generation Projects
6.1 Introduction

Generation projects that are likely to be a source of RECs in the future are
presented in this section.  The projects considered fall into four categories:

1. renewable energy power stations that are already accredited by the ORER,

2. power stations for which accreditation is pending,

3. future power stations (those that are under construction or considered likely
to proceed), and

4. proposed power stations (projects that have been announced or are in the
planning stages).

All of the proposed projects considered in this section are known projects.
There is the potential for other power stations to be developed which will be a
future source of RECs.  These potential projects are discussed in Section 9.

The projects presented, and the characteristics for each, are based on
information from a number of public sources including NEMMCO (National
Electricity Market Management Company), Green Power, GEOScience
Australia, Sustainable Energy Authorities, ESAA (Electricity Supply
Association of Australia), media releases, and web sites.

While there are many proposed projects that have been discussed in recent
times, in general projects have only been included in this section if significant
information regarding the project is available in the public domain.

For most projects the information presented is based on published data.  In
the cases where information is not available, assumed values are presented
(as indicated in the text).

6.2 Bagasse
Bagasse is the pulp or fibre waste left over after sugar cane is processed.
Combustion of bagasse in boilers generates steam which can be used for
electricity production.  Both the steam and the electricity are used in sugar
cane processing, and any additional electricity can be exported to the grid.

Bagasse is available during the sugar cane crushing season, which lasts from
June to December.  Electricity can be generated outside of this period if
bagasse has been stored, or if supplementary fuel is used.  Oil, coal, and
wood chips are commonly used as supplementary fuels.

Power stations, which use bagasse as fuel, are presented in Table 19 and
Table 20.  The power stations listed in Table 19 are those that have been
accredited by ORER, or for which accreditation is pending.  Possible future
power stations are listed in Table 20.
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The capacity listed is the rated capacity rather than the export capacity.

Table 19 Bagasse Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Broadwater Mill NSW 1996 8
Condong Sugar Mill NSW 1981 3
Harwood Mill NSW 1964/82 4.5
CSR Ltd Invicta Mill QLD 1976/96 50
Fairymead Sugar Mill QLD 1970 6.75
Farleigh Mill QLD 1956/83 13
Inkerman Mill QLD 1963/76 12
Isis Central Sugar Mill QLD 1965/75 10.7
Kalamia Mill QLD 1976 9
Macknade Mill QLD 1965 3
Marian Mill QLD 1967/76/78 18
Maryborough Sugar Factory QLD 1970 4.75
Mossman Mill QLD 1954/64/95 11
Pioneer Mill QLD 1958/63/76 7.2
Plane Creek Mill QLD 1970/97 20
Pleystowe Mill QLD 1966/75 10.1
Proserpine Sugar Mill QLD 1974/78/99 16
Racecourse Mill QLD 1968/82 13.8
South Johnstone Sugar Mill QLD 1970 17.3
Tableland Mill (or Arriga) QLD 1998 7
Tully Sugar Mill QLD 1956/65/75

/97
21.4

Victoria Mill QLD 1965/76 11.8
CJ Ord River Power Plant WA 1995 6
Bingera Sugar Mill QLD 1969 5
Accreditation Pending
Babinda Sugar Mill QLD 1971 6

Table 20 Bagasse Plant - Future

Name Status Region Year C
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Proposed (likely to proceed)
Sunshine
Energy Project:

  600-700

Broadwater Development
application lodged

NSW 2004 30 $50m

Condong Development
approval
obtained.

NSW 2004 30

Harwood NSW 2005/
06

30
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6.3 Black Liquor
Black liquor is a waste product generated during the pulp and paper making
process.  It can be pyrolysed or gasified to create a biomass energy source
which can be used to generate electricity.  Pyrolysis converts solid biomass to
a liquid (or ‘bio-oil’) by heating it in the absence of oxygen.  Gasification is a
form of pyrolysis which is carried out with more air and at higher
temperatures.  The resulting combustible gas can be cleaned prior to being
combusted and results in a more efficient process.

Table 21 Black Liquor Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Maryvale Mill VIC 25

Visy Pulp and Paper42 NSW 2001 17

6.4 Food and Agriculture Wet Waste
Food and agricultural wet wastes come from sources such as abattoirs,
feedlots and food processing.  The wet waste decomposes to a methane-
based gas, a liquid fertiliser and a solid compost through anaerobic digestion,
bacterial action in the absence of oxygen.  The produced methane-based gas,
know as biogas, can be used to generate electricity.

Table 22 Food and Ag Wet Waste Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Rufftuff WA Small
Camellia NSW 2002 3 22

6.5 Hydro
Hydro-electric generation involves the conversion of the kinetic energy of
moving water into mechanical and then electrical energy.  The movement of
water across the blades of a turbine causes the turbine to spin and provide
mechanical power, which in turn can be used by the generator to generate
electricity.

Table 23 Hydro Plant - Accredited

Name Region Year
Capacity
(MW)

Generation
(GWh)

Accredited
Mt Stromlo ACT 1999 0.7 3.5

42 Also accredited as wood waste.
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Name Region Year
Capacity
(MW)

Generation
(GWh)

Blowering NSW 1971 80
Brown Mountain NSW 1943/57 4
Burrendong NSW 1996 19 35
Burrinjuck Power Station NSW 1938/

2002
30

Chichester Dam NSW 2000 0.11 0.47
Copeton NSW 1996 24 70
Glenbawn NSW 1995 5.8 16
Guthega NSW 1955 60
Hume Power Station NSW 1957 50
Illawarra Water Filtration Plant NSW 1997 6.4
Keepit Power Station NSW 1938/60 6 20
Mount Piper NSW 1997 0.35 1
Murray 1 NSW 1966 950
Murray 2 NSW 1968 550
Pindari Hydro-Electric Power
Station

NSW 2001 6.7
15

Tumut 1 NSW 1959 329.6
Tumut 2 NSW 1961 286.4
Tumut 3 NSW 1973 1500
Warragamba Power Station NSW 1959 50
Wyangala NSW 1992 18 52
Barron Gorge QLD 1963 60
Kareeya QLD 1957/59 72
Koombooloomba (or Kareeya 5) QLD 2000 7 20
Landers Shute (Lake Baroom
Dam)

QLD 1999 0.3
1

Somerset Dam Q QLD 1959/89 4
Bastyan TAS 1983 79.9 399
Butlers Gorge TAS 1951 12.2 73
Catagunya TAS 1962 48 244
Cethana TAS 1971 85 433
Cluny TAS 1968 17 91
Devils Gate TAS 1969 60 314
Fisher TAS 1973 43.2 240
Gordon TAS 1978/88 432 1404
John Butters TAS 1992 143 539
Lake Echo TAS 1956 32.4 84
Lake Margaret TAS 1914-30 8.4 49
Lemonthyme TAS 1969 51 313
Liapootah TAS 1960 83.7 456
Mackintosh TAS 1982 79.9 392
Meadowbank TAS 1967 40 187
Moorina Power Station TAS Pre-1997 0.6
Paloona TAS 1972 28 151
Poatina TAS 1964/77 300 1241
Reece TAS 1986/87 231.2 1007
Repulse TAS 1968 28 156
Rowallan TAS 1968 10.5 46
Tarraleah TAS 1938-51 90 611
Tods Corner TAS 1966 1.6 9
Trevallyn TAS 1955 80 504
Tribute TAS 1994 84 264
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Name Region Year
Capacity
(MW)

Generation
(GWh)

Tungatinah TAS 1953-56 125 577
Wayatinah TAS 1957 38.25 267
Wilmot TAS 1971 30.6 137
Cairn Curran VIC 1960 2
Clover VIC 1945 26 48
Dartmouth VIC 1981 150 310
Eildon Pondage Hydro VIC 1994 4.5 15
Eildon Power Station VIC 1957 120 225
Lake Glenmaggie Hydro-Electric
Power Station

VIC 1994 3.8
12

Lake William Hovell Hydro-
Electric Power Station

VIC 1994 1.5
6

McKay Creek VIC 1960 96 177
Rubicon System VIC 1928 13.55
West Kiewa VIC 1955/56 61.6 115
Yarrawonga Power Station VIC 1992/97 9.45 55
Wellington WA 1955 2
Accreditation Pending
The Ord River Hydro Electric
Power Station

WA 1996 30 220

Table 24 Hydro Plant - Future

Name Status Region Year C
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Proposed (likely to proceed)
Googong Mini

Hydro
Committed ACT 2003 0.5 Small

Wivenhoe Mini
Hydro

Under
construction

QLD Nov
2002

4.5 22

Mt Bold Dam Mini
Hydro

Under
construction

SA Nov
2002

2.1 Small

Terminal Storage
Mini Hydro

Under
construction

SA Nov
2002

1.95 Small

Butlers Gorge
Mini Hydro

Proposed TAS 2003 2.5 12.4 $3m

Parangana
Mini Hydro

Proposed TAS 2002 0.75 3.6 >$1.5mil
lion

McKay Creek
upgrade &
water
catchment
upgrade43

Proposed VIC 2006 44 20*

Other Proposed Projects
Hay Weir Proposed NSW Future 1.4 Small
The Drop
(Mulwala
Canal,
Berrigan)

Proposed NSW Future 2 Small

Burdekin River Proposed QLD Future Up to 80

43 Water catchment upgrade increases net output from McKay Creek, Clover and West Kiewa by 6%
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Name Status Region Year C
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Tinaroo Mini
Hydro

Proposed QLD Nov
2003

1.6 Small $4m

Poatina
Upgrade

Proposed TAS Future 15

Trevallyn
Upgrade

Proposed TAS Future 4 Small

Winnaleah Proposed TAS Future 1.5 Small
Rubicon
upgrade

Proposed VIC Future Small Small

Kiewa (new
power station
on cascade)

Under
consideration

VIC 2005/
06

130 228*

Pemberton Proposed WA Future 0.11 4.7

6.6 Landfill Gas
The decomposition of organic wastes in landfill by natural anaerobic digestion
creates landfill gas.  Landfill gas commonly consists of 50-60% methane and
40-50% carbon dioxide and can be collected via wells drilled into the landfill.
After collection the gas can be used as a fuel in an engine or turbine to
generate electricity.

Table 25 Landfill Gas Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Belconnen LFG Power Plant ACT 1999 1
Mugga Lane LFG Power Plant ACT 1999 1
Belrose LFG Power Plant NSW 1995 3.1
Eastern Creek LFG Power Plant NSW44 2002 2.5

Jacks Gully NSW 1999/
2001

1

Lucas Heights I & II LFG Power
Plant

NSW 1994
(upgrade

1997)
+1998

5.2+
12.7

West Nowra Landfill Gas NSW45 2002 1

Browns Plains LFG Power Plant QLD 1997 1
Molendinar Landfill QLD Small
Mornington Landfill QLD Small
Swanbank QLD 1
Wyndham Landfill QLD Small
Highbury LFG Power Plant SA 1995 2
Pedlar's Creek LFG Power
Plant

SA 1996 2.9

44 Assumed to be in NSW, not VIC as given in the REC Registry (as at 7 August 02)
45 Assumed to be in NSW, not ACT as given in the REC Registry (as at 7 August 02)
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Name Region Year
Capacity

(MW)
Generation

(GWh)
Tea Tree Gully LFG Power
Plant

SA 1995 2

Wingfield I & II LFG Power Plant SA 1994 5.9
Berwick LFG Power Plant VIC 1992+

upgrade
1997

7.2

Broadmeadows LFG Power
Plant

VIC 1993 7.2

Brooklyn LFG Power Plant VIC 2002 1
Corio LFG Power Plant VIC 1992 1
Springvale & Clayton LFG
Power Plant

VIC 1995-98 19.8

Brockway WA 1994 1
Canningvale WA 1995 4
Kalamunda Power Station WA 1996 1.9
Red Hill Power Station WA 2.65
Accreditation Pending
Reedy Creek QLD Small
Suntown QLD Small

6.7 Municipal Solid Waste Combustion
Municipal solid waste combustion (MSWC) refers to the direct combustion of
municipal solid waste to generate electricity, rather than using the waste as
landfill.  Municipal solid waste consists of everyday items such as product
packaging, grass clippings, furniture, clothing, bottles, food scraps,
newspapers, appliances, paint, and batteries and is either combusted directly
or sorted and shredded before combustion.  The process is much like fossil
fuel combustion; the waste is burnt to convert water into steam to drive a
turbine connected to a generator.



FINAL GENERATION PROJECTS

Intelligent Energy Systems 46

Table 26 MSWC Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Whytes Gully - SWERF NSW 2001 5.4 20

Bayswater Power Station46 NSW Small

Liddell Power Station47 NSW Small

Table 27 MSWC Plant - Future
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Other Proposed Projects
Whytes Gully –
SWERF expansion

Proposed NSW  10.8

Bridgewater Proposed TAS 16  $100m

6.8 Photovoltaic
Photovoltaic sources of electricity are those that directly convert solar energy
into electrical energy.  This is done using panels of photovoltaic material
consisting of many photovoltaic cells.  Each individual cell is made up of two
or more layers of a semi-conducting material such as silicon.  As sunlight
passes through a cell electrical charges are generated.  An invertor is used to
convert the resulting low voltage direct current to a higher voltage alternating
current.

Table 28 Photovoltaic Plant - Accredited

Name Region Year
Capacity
(MW)

Generation
(GWh)

Accredited
Rooftop PV (Derek Wrigley) ACT
Foreshore Power Station NSW 1996 0.006
Homebush Photovoltaic Power
Station

NSW 1996 0.01

Leichhardt Council Administration
PV System

NSW

Lord Howe Island Solar Power
Station

NSW 1997 0.01

Rooftop PV (Robert Kemp) NSW
Rooftop PV (SEDA) NSW 1997
Singleton Photovoltaic Power
Station

NSW 1998 0.4 0.5

Solarch Power Station NSW 1994 0.04

46 Also accredited as wood waste.
47 Also accredited as wood waste.
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Name Region Year
Capacity
(MW)

Generation
(GWh)

Sydney Superdome Photovoltaic
Power Station

NSW 1999 0.07

Western Plains Zoo Solar System NSW 1998 0.05
Caboolture Region Environment
Education Centre

QLD 2000 0.005

Go 100% Renewable Generation
(Raymond Miller)

QLD

Rooftop PV (David Schultz) QLD
Solaris (Trevor Berrill) QLD
Tewantin Post Office QLD 2001 0.005
Lavina June SA
PC Power SA

Citipower Energy Park48 VIC 0.02
Fosterville Test Facility VIC 0.024
Noranda Primary School WA
Rooftop PV (Jonathon Thwaites) WA
Rooftop PV (Angus King) WA

6.9 Sewage Gas
The anaerobic digestion of sewage, or municipal waste water, creates a bio-
gas which can be used as a fuel for electricity generation.  Generally, the
sewage and waste water is screened then pumped into sedimentation tanks
until the solid organic matter settles as a sludge. The sludge is pumped to
anaerobic digester tanks where the biogas is produced.

Table 29 Sewage Gas Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Malabar Sewage Treatment Plant NSW 1999 3
Cleveland Bay QLD 2000 0.115
Mount St John QLD 2000 0.155
AGL 115E (Werribee) VIC Small
Woodman Point Energy Recovery
Facility

WA 1998 1.2 6

Table 30 Sewage Gas Plant - Future
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Other Proposed Projects
Kooringal (Wagga) Proposed NSW

48 Also accredited as wind.
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6.10 Solar Thermal
EnviroMission’s proposed solar tower project is an example of a solar thermal
power station that uses a convective airflow to generate electricity.  Such
stations consist of three major components: a solar collector, a solar tower
and turbines.  The solar collector, a glass or plastic structure built around the
base of the tower, acts as a greenhouse.  Heated air from the collector is fed
into the solar tower where it rises to the top of the tower.  As the air flows
through the tower it spins the turbines mounted inside the tower causing
electricity to be generated.

Table 31 Solar Thermal Plant - Future
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Proposed Projects
EnviroMission
Solar Tower
Project

EIS underway NSW 2005 200 700 $800m

6.11 Wind
Wind turbines convert the wind’s kinetic energy into electrical energy.  The
movement of the wind across the blades of a wind turbine causes the turbine
to spin and provide mechanical power, which in turn can be used by the
generator to generate electricity.

The turbines may be vertical or horizontal, land-based or offshore.  The wind
turbine projects in Australia are horizontal land-based turbines.

The generation of electricity using wind turbines requires a high average wind
speed.  According to SEDA, a wind speed of more than 6.5 m/s on average is
usually required.

Table 32 Wind Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Blayney Wind Farm NSW 2000 9.9 25
Crookwell Wind Farm NSW 1998 4.8 9
Hampton Wind Park NSW 2001 1.32 4
Kooragang Island Wind Turbine
Generator

NSW 1997 0.6
1*

Thursday Island QLD 1997 0.45 1*
Windy Hill QLD 2000 12 31
Huxley Hill TAS 1998 0.75
Woolnorth Wind Farm TAS 2002 10.5 32
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Name Region Year
Capacity

(MW)
Generation

(GWh)
Citipower Energy Park49 VIC 1993 0.01

Codrington Wind Farm VIC 2001 18.2 55
Toora Wind Farm VIC 2002 21 60
Albany WA 2001 21.6 77
Denham WA 1997/99 0.69 2*
Accreditation Pending
Lake Bonney Wind Farm Stage 1 SA50 Due 2002 70 215

* Assumed generation level

Table 33 Wind Plant - Future
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Proposed (likely to proceed)
Starfish Hill Under

construction
SA Autumn

2003
34.5 108* $65m

Woolnorth
Stage 2 (Bluff
Point)

Under
construction

TAS Late 2003 54.25  Total
Woolnorth

project
$200m

Other Proposed Projects
Lord Howe
Island

Proposed NSW Late 2002 0.3

Southern
Highlands

Evaluation NSW 30

Windy Hill
Stage 2

Planning QLD 13

Boral Energy Planning SA 5
Green Point Provisional

planning
approval

SA 2003 44  $70m

Kongorong Fesibility Study SA 30  $55m
Lake Bonney
Stage 2+

Planning
Approved

SA 130

Lake Bonney
(P Hutchinson
& Babcock &
Brown))

SA 15

Lake Bonney
(Wind
Prospect)

Planning
application
submitted

SA 2004 Up to 50  Up to 85m

Myponga Application
lodged

SA Late
2003/04

60 180* $100m

Sheringa
(Ausker
Energies &
ANZIS)

Proposed SA

49 Also accredited as photovoltaic.
50 Assumed to be in SA, not VIC as given in the REC Registry (as at 7 August 02)
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Lake Hamilton
(Hydro Tas)

Proposed SA 2003 110

Tungketta Hill Planning
approved

SA Mid 2003 50  $70m

Uley Basin
Stage 1

Proposed SA 90  $160m

Woakwine
Range (P
Hutchinson &
Babcock &
Brown))

Proposed SA 40

Woakwine
Range (Wind
Prospect)

Proposed SA 100

Yabmana Planning
approved

SA Early
2003

62  $100m

Heemskirk
(Granville
Harbour)

Proposed TAS >2006 160

King Island Proposed TAS Mid 2003 1.7
Mawson Base Contract for

work signed
TAS 0.9

Mussleroe Proposed TAS >2006 150
Woolnorth
Stage 3

Proposed TAS 2004 73.5

Challicum Hills Proposed VIC 2004 75
Codrington
Expansion

Proposed VIC 20-25

Nirranda Proposed VIC 50
Portland Wind
Energy Project:

Approvals
process

 $300m

- Cape
Bridgewater

VIC Q4 2002 74* 239

- Cape Nelson VIC Q4 2002 65* 212
- Cape Sir Will.
Grant

VIC Q4 2002 38* 123

- Yambuk VIC Q4 2002 32* 104
Coronation
Beach

Proposed WA 2003 104.4 350

Emu Downs Proposed WA 40
Exmouth Proposed WA 2002 0.06 0.17
Fremantle
(Energy
Visions)

Proposed WA 5.4

Fremantle
(Pacific Hydro)

Proposed WA 7.2

Joanna Plains Proposed WA 40
Mumbida Feasibility study WA Dec 2003 30  $50m
Rottnest Island Proposed WA Late 2002 0.66 0.23 $1.6m
Salmon Beach
Upgrade

Feasibility study WA Late 2003 3.6 12.8* >$10m

* Indicates assumed value
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6.12 Wood Waste
Wood waste from sources such as timber plantations, saw mills and
construction and demolition sites can be used as a fuel for electricity
generation.  Wood waste can include sawdust, timber off-cuts, bark, and
wood chips.

Table 34 Wood Waste Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited

Visy Pulp and Paper51 NSW 17

Stapylton QLD 5

Table 35 Wood Waste Plant - Future

Name Status Region Year C
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Other Proposed Projects
Stapylton – Stage 2 QLD May

2003
Tarpeena (AusPine) Announced SA  60
Southwood Resources
Huon

Proposed TAS 2002 30 220

Narrogin Oil Mallee
Power Plant

Proposed WA 1 7.5

6.13 Co-Fired Wood Waste
Co-firing of wood waste refers to simultaneous combustion of wood waste and
fossil fuels in the same boiler. Commonly, the wood waste constitutes 5-15%
of the fuel mix. After the wood waste has been processed into small enough
particles it can either be mixed into the coal stream or be fed directly into the
boiler using a second feed facility.

Table 36 Co-Fired Wood Waste Plant - Accredited

Name Region Year
Capacity

(MW)
Generation

(GWh)
Accredited
Bayswater Power Station52 NSW

Liddell Power Station53 NSW

Mt Piper Power Station NSW

Vales Point Power Station NSW

51 Also accredited as black liquor.
52 Also accredited as MSWC.
53 Also accredited as MSWC.
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Name Region Year
Capacity

(MW)
Generation

(GWh)
Wallerawang Power Station NSW

Table 37 Co-Fired Wood Waste Plant - Future

Name Region Year
Capacity

(MW)
Generation

(GWh)

Muja Power Station WA

6.14 Other
Other sources of renewable energy that can be used for electricity generation
include ocean, energy crops, and crop waste.

Electricity can be generated from the ocean by taking advantage of the
ocean’s thermal energy, from the heating of the surface water by the sun, or
from the ocean’s mechanical energy, from the tides and waves.  Ocean
thermal energy can be used to produce steam to power a turbine.  Tidal
energy is usually converted into electricity via use of a barrage that forces the
water through turbines, activating a generator.  Float systems utilise the
movement of waves to drive hydraulic pumps which can directly activate a
generator or transfer power to a fluid which then drives a generator.

Energy crops are specifically grown as energy sources.  However, ORER
does not allow short rotation woody trees and eucalypts to be assessed as
energy crops.  Crop waste, including rice and coffee husks, can also be
combusted to produce electricity.

Table 38 Other Plant - Future
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Other Proposed Projects
Deniliquin Rice Mill Announced NSW 10 >78
Port Kembla Wave
Energy Converter

Proposed NSW 0.5

Portland Wave Energy
Converter

VIC
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7 Sources of RECs – Pre 1997 Generation
7.1 Introduction

7.2 Hydro Power Station Output and RECS
Due to the variable nature of inflows, hydro power station outputs can vary
considerably from year to year.  In order to create RECs a power station must
annually generate above its 1997 eligible renewable energy baseline.  In
some years the power stations output will be below the baseline in other
years it may be above.  This is depicted in Figure 17.

Figure 17 Variation of Power Station Output and Baseline
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The reason that existing renewable power stations have baselines and are
able to participate in REC creation is to provide them with incentives to
improve the efficiency of their operations and increase their output of
renewable generation.  This can be done by a combination of power station
upgrades and changes in how the power station is operated.  Figure 18
illustrates, in a somewhat stylised way, REC creation for a power station
which has steadily increased its expected output.
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Figure 18 Variation of Power Station Output and Baseline with
Growth in Expected Output Due to Improvements

7.3 Data
In order to estimate the expected generation of RECs for power stations
belonging to Hydro Tasmania, Southern Hydro, Snowy, Stanwell and Eraring,
reasonable histories of annual power station outputs are required.  IES has
sourced this data from annual reports, such as those produced by SECV,
HEC, ECNSW, Pacific Power, SMHEA, SMC, QEC, Austa and ESAA
publications and from NEM data.  However, for most of the generators there
are some periods missing.  This has generally occurred when this data was
perceived to be of a competitive nature in the middle to later 90s but before it
became available via the NEM.  Or for some of the smaller generators only
aggregate information was available for reasonable length periods.

The power station data used to estimate REC creation were annual
generation figures for financial years.  This may introduce some modest
inaccuracies in the estimates as baselines and creation of RECs are done on
a calendar year basis.  For some power stations that came into operation
later than the start date for the relevant data series, the first year of data was
dropped if it did not reflect a normal year’s generation.

The list below shows the years for which data were used for each corporation:

• Hydro Tasmania: 1984 – 2000 with 1986 and 1987 missing;

• Snowy: 1984 – 2000;

• Southern Hydro: 1970 – 2001 with 1994 to 1998 missing;
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• Stanwell (Barron Gorge and Kareeya): ESAA statistics for QLD hydro
generation for 1980 – 2000;

• Eraring (NSW hydro): ESAA statistics for NSW hydro generation for 1980
– 2000.

7.4 Baseline Estimates
The default baseline for existing generators is the average of the electricity
generated in the three years prior to 1997, adjusted to take account of system
losses.  However, if the electricity generated by the power station between
1994 and 1996 is not representative of normal levels of generation, a special
baseline can be determined.  For the purpose of estimating expected REC
generation, three baselines were calculated: the default baseline, a baseline
based on the average power station output for the data available, and a
baseline determined from a linear regression’s fitted value for 1997.  The
second and third baselines should be more representative of the amount of
energy that each power station could have produced in 1997 under normal
circumstances.  The third option was included as it was used sometimes by
ORER, to cater for systematic changes in output over time.  For example, in
the case of Hydro Tasmania the total output of all the power stations is limited
by the Tasmanian demand and hence would vary in aggregate with annual
changes in the system load.  Thus, if there were load growth or decline there
would be small but systematic movements in the average output of generators
due to small changes in expected amounts of spill etc.

7.5 Estimated Baselines and average REC production
7.5.1 Hydro Tasmania

Table 39 provides estimates of baselines and the expected REC creation
based on the historical power station outputs for Hydro Tasmania.  These
figures will be a little high, as they have not been adjusted for the marginal
loss factors in Tasmania.  There is a substantial difference between the 3-
year average figures and the figures based on the historical average and
regression.  This is largely due to the below average outputs of the power
stations Poatina and Gordon during the financial years 1995-97.  This is not
surprising as these stations are supplied by long term storages and are used
only when required.

Table 39 Baselines and Expected REC creation for Hydro
Tasmania’s Power Stations

Baseline Expected RECs from baseline (1000s)

3 year average regression 3 year average regression
Power station
total 9131.2 9407.2 9458.1 1015.0 725.5 713.5
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7.5.2 Snowy

Because Snowy has pumped storage capability at Tumut 3 Power Station and
pumps water from Lake Jindabyne to the Murray side of the scheme, some of
the power station generation data needs to be adjusted to give net generation
figures.  In the case of Jindabyne Pumping Station it is not totally clear as to
whether the energy consumed for pumping should be netted off the Snowy’s
generation figures.  It has been assumed that for the purpose of baseline
calculations and REC creation the energy used by Jindabyne Pumping
Station would be netted off the output from Murray 1 Power Station.

Table 40 provides estimates of baselines and the expected REC creation
based on the historical power station outputs (net of any pumping) for Snowy.
These figures are a little high, as they have not been adjusted for Snowy’s
marginal loss factors.  There is a substantial difference between the 3-year
average figures and the figures based on the historical average.  This is
largely due to the above average outputs of the power stations on the Tumut
side of the Scheme.

The regulations recognise the Snowy Mountains Scheme as an
interconnected hydro-electric system.  For interconnected hydro the
Regulations specify that the 1997 renewable baselines may be determined
for:

• the system; and

• each power station in the system.

If the amount of electricity generated by at least one power station in the
interconnected system in a year is less than its 1997 baseline then the
renewable energy baseline for the system may be applied to all electricity
generated by the power stations in the system for that year.

Table 40 also provides the expected RECs that would be generated by Snowy
using the interconnected hydro regulation.  Under the assumption that the
system baseline would generally be used, the ‘system’ row gives the
appropriate figures to use for Snowy.

Table 40 Baselines and Expected REC creation* for Snowy Power
Stations

Baseline Expected RECs from baseline (1000s)

3 year average regression 3 year average regression

Power station
total 4790.5 4429.1 4607.5 273.2 405.7 334.8

System 4790.5 4429.1 4607.5 212.5 356.3 277.9

* transmission losses not taken into account
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7.5.3 Southern Hydro

Table 41 provides estimates of baselines and the expected REC creation
based on the historical power station outputs for Southern Hydro.  These
figures will be a little high, as they have not been adjusted for Southern
Hydro’s marginal loss factors.  No 3-year average figures have been
developed because IES did not have Southern Hydro power station output
data for this period.

Table 41 Baselines and Expected REC creation* for Southern Hydro
Power Stations

Baseline Expected RECs from baseline (1000s)

3 year average regression 3 year average regression
Power station
total 722.9 574.4 125.2 217.6

* transmission losses not taken into account

7.5.4 QLD Hydro (Barron Gorge and Kareeya)

IES only had limited annual power station data for Barron Gorge and Kareeya
and consequently used the ESAA’s statistics on QLD hydro power station
output for 1979/80 to 1999/2000.  Table 42 provides estimates of baselines
and the expected REC creation based on the historical power station outputs
for Stanwell’s Barron Gorge and Kareeya combined.

Table 42 Baselines and Expected REC creation* for QLD Hydro
Power Stations

Baseline Expected RECs from baseline (1000s)

Power station 3 year average regression 3 year average regression

Total 751.1 556.1 661.1 15.8 96.5 53.8

* transmission losses not taken into account

7.5.5 NSW Hydro

IES only had limited annual power station data for NSW hydro, excluding
Snowy, and consequently used the ESAA’s statistics on NSW hydro power
station output for 1979/80 to 1999/2000.  Table 43 provides estimates of
baselines and the expected REC creation based on the historical power
station outputs for the combined output of NSW hydro power stations
(excluding Snowy).

Table 43 Baselines and Expected REC creation* for NSW Hydro
Power Stations (excluding Snowy)

Baseline Expected RECs from baseline (1000s)

3 year average regression 3 year average regression
Power station
total 402.6 392.1 200.7 33.1 37.8 144.9

* transmission losses not taken into account
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7.5.6 Overall REC Creation from Existing Hydro

The overall results are presented in Table 44.  The baselines based on the
average output and the corresponding expected REC production are the
figures that IES has used in the rest of the report and the REC price
modelling.

Table 44 Baselines and Expected REC creation* for Major Hydro
Generators

Baseline Expected RECs from baseline (1000s)

Generator 3 year average regression 3 year average regression

Hydro Tasmania 9131.2 9407.2 9458.1 1015.0 725.5 713.5

Snowy 4790.5 4429.1 4607.5 207.9 356.3 277.9

Southern Hydro 722.9** 722.9 574.4 125.2* 125.2 217.6
Stanwell (QLD
Hydro) 751.1 556.1 661.1 15.8 96.5 53.8
Eraring (NSW
hydro) 402.6 392.1 200.7 33.1 37.8 144.9

Total 15798.3 15507.4 15501.9 1397.0 1341.3 1407.7
* transmission losses not taken into account
** the average figures were substituted for the 3-year missing 3-year figures

7.6 Future enhancements and REC production for Hydro
The REC production from both Southern Hydro and Hydro Tasmania is
expected to rise.  Southern Hydro has committed to plant upgrades at its
power stations on the Kiewa cascade (Mckay, Clover and West Kiewa).
These upgrades are expected to provide an overall 2% improvement in
efficiency of water utilisation and an extra 44MWs of capacity at Mckay.  As
well, Southern Hydro has committed to improvements in capture of snow melt
and runoff.  This is expected to provide an extra 6% more water available to
all the power stations on the cascade.  Thus the average output from the
Kiewa cascade is expected to rise by around 8% when these works are
completed in 2006.

Owing to load growth and the commissioning of Basslink, the output of Hydro
Tasmania’s power stations is expected to increase.  This is because (a)
Basslink and the higher loads will enable storages to be kept higher thus
gaining more potential energy from the same inflows and (b) for the amount
which is spilled during high inflows to be reduced due to the ability to use the
energy by exporting through Basslink.  Also, Hydro Tasmania is likely to
pursue options for runner replacement and other upgrades which will deliver
improvements in efficiencies.  Basslink is planned to be operational in 2005.

To estimate the increase in RECs resulting from these improvements is not as
straight forward as it may seem.  An increase of average output of one GWh
per annum will not necessarily result in an equivalent increase in the amount
of RECs produced per annum.  Even with the increase in output, there will be
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years when the power station is below its average output due to natural
variation of inflows.  At these times the increase in average output will not
increase REC production.  The increases in REC production due to increases
in efficiencies were estimated for Southern Hydro and Hydro Tasmania by
scaling up their historical power station data for the relevant power stations54

and recomputing their average REC production based on IES’s estimated
average baselines.  Since the efficiency improvements were to come into
effect over time they were linearly extrapolated from 2002 to 2006.

Table 45 Additional Expected REC creation for Major Hydro
Generators due to Committed Efficiency Improvements etc

REC Increase and Year (1000s)
Generator

Expected
increase
in RECs

Year when
expected 2003 2004 2005 2006

Hydro
Tasmania 524.9 2006 131.2 262.5 393.7 524.9
Southern
Hydro
(Kiewa
stations) 17.5 2006 4.4 8.8 13.1 17.5

Total 542.4 135.6 271.2 406.8 542.4

7.7 Bagasse and other major sources of renewable generation
The sum of baselines for all power stations accredited by 22 March 2002 was
reported to be 16,005GWh55.  IES’s estimated baseline (based on the
station’s average output) for the major hydro stations is 15,507GWh, ignoring
transmission losses .  Thus there is a shortfall of about 500GWh of baseline if
only the major hydro stations are considered.  This corresponds to about 3%.
While this is not particularly large amount it is worth accounting for.
Baselines related to bagasse in aggregate are likely to be a significant
component of the 500GWh missing.  Given that bagasse based generation
can have the same sort of variability as hydro generation IES has accounted
for this in a fairly approximate way by using 3.1% of the expected REC output
from existing hydro, 42GWh per annum, as an estimate of REC generation
from other pre 1997 generators.

54 In the case for Hydro Tasmania, there were two options for scaling the power station outputs.  The first
was to use the published statistics in Hydro Tasmania’s annual reports for average power station output and
long term average output and compute the scaling factors based on the ratios of the averages to the
corresponding long term averages, i.e. scaling factor = long term average/average.  The second option was
to use the average power station outputs for the period that IES was using to estimate the annual production
of RECs and compute the scaling factors based on the ratio of this value to the long term average.  IES
chose to use the latter as it was likely to give a better representation of what the future outputs and
variability of annual outputs was going to be like.
55 Media release on 22nd March 2002
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8 Sources of RECs – New and Committed
Generation
The total number of RECs that will potentially be available from new (post
1997) and committed generation projects is presented in Table 46 and Table
47.  In Table 46 the projects are grouped by type, and in Table 47 they are
grouped by region.  For these plant the baseline generation level is 0GWh per
annum, and the number of RECs likely to be produced is determined from the
average annual output of the plant.  Additional detail is provided in Appendix
B: RECs from New and Committed Projects.

The wood waste category includes both wood waste and co-fired wood waste.
Based on further capital expenditure at the NSW black coal power stations
and the development of more efficient arrangements to obtain wood waste, it
is forecast that these power stations will increase their amount of co-fired
generation over time.  Ultimately, their output is likely to be limited by the
wood waste resource and the marginal costs56 of increasing the amount of
wood waste they obtain.  In QLD wood waste is more likely to be used as an
alternative/additional fuel to bagasse than to be co-fired in black coal power
stations.

Table 46 Total by type (‘000s RECs)

Type 2002 2003 2004 2005
2006

onwards
Bagasse 0 0 0 0 0
Black Liquor 127 127 127 127 127
Food & Ag Wet Waste 0 0 0 0 0
Hydro 96 101 101 101 101
Landfill Gas 67 67 67 67 67
MSWC 20 20 20 20 20
Photovoltaic 1 1 1 1 1
Sewage Gas 25 25 25 25 25
Wind 303 393 799 799 799
Wood Waste 41 103 165 256 365
Total 679 837 1304 1394 1504

Table 47 Total by region (‘000s RECs)

Type 2002 2003 2004 2005
2006

onwards
NSW 330 383 431 479 527
NT 0 0 0 0 0
QLD 85 85 85 113 161
SA 0 91 91 91 91
TAS 55 55 245 245 245

56 The additional costs of acquisition, transport, processing etc
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Type 2002 2003 2004 2005
2006

onwards
VIC 123 123 338 338 338
WA 86 100 114 128 142
Total 679 837 1304 1394 1504
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9 Sources of RECs – Future Generation
The expected production of RECs from future generation projects is an
important component of the modelling presented in this report.  In order to
undertake this modelling the economic characteristics of potential projects
needed to be determined.  In particular, the capital costs, operating costs,
lead times from the decision to proceed to the first generation output,
maximum resource available, capacity factors, generation output
characteristics etc.  The assumptions made regarding potential projects are
presented in Appendix C: Future REC Generation Options.

The characteristics for each fuel type are based broadly on those presented
in the NSW Government Position Paper ‘Greenhouse-related licence
conditions for electricity retailers’ December 2001 and MMA’s report
Projections of Price of Renewable Energy Certificates to Meet the 2%
Renewable Energy Target  November 1999.  General assumptions have been
made regarding typical economic life and development time for potential
projects.  However, where IES has been able to obtain more detailed or
accurate information regarding potential projects such as their costs or
resource availability this has been used.

The potential projects include all of the projects outlined in Section 6 that are
not committed.  For example, many wind projects have been mooted but not
committed.  To be classed as committed there had to be some indication that
the project would definitely proceed, such as construction had begun.  For the
mooted but not committed projects, their potential outputs etc have been
included in the relevant generic potential project category.  The generic
project information was updated to incorporate information for the mooted
projects regarding capacity, capacity factors, costs etc.

Not all renewable energy technologies or potential projects have been
included in the potential projects.  Only those projects or technologies that
have the potential to deliver a material number of RECs at a price that could
be economic have been included.
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10 Future Energy Prices
This section presents a projection of future prices for wholesale (spot market)
electricity in Australia.  Four different markets are considered:

• The National Electricity Market (NEM) that incorporates South Australia,
Victoria, New South Wales, The Australian Capital Territory, Queensland.
Tasmania will join in mid 2005 when Basslink is commissioned;

• Tasmania prior to joining the NEM;

• Western Australia;

• Northern Territory.

These electricity regions are considered in turn.  Most attention is given to the
NEM as this incorporates over 85% of all wholesale electricity sales.

The projections are based on information sourced from the respective
industries and analysis undertaken by IES.  While it is not the intention of this
section to present the technical modelling details undertaken to derive these
projections, this section does describe the processes undertaken and the data
assumptions used.

An underlying assumption in all the markets considered is that there will be a
de-escalation of generation costs in the longer term due to technological
improvements, and that this will apply only to capital costs (not fuel costs).

10.1 The National Electricity Market
Wholesale energy prices in the NEM are determined by demand and supply in
the same manner as for other market based commodities, although the
technical aspects of electricity mean that the electricity markets have unique
characteristics.  Other issues also include the mix of private and government
ownership not found to the same extent in other markets.

The complexity of the market and uncertainties in many of the price
influencing factors means that there is considerable uncertainty in future
wholesale electricity prices.

The approach undertaken in this study was to base the projections on
information released by the NEMMCO57 in relation to:

• projections of customer demand;

• reliability of in service power stations;

• new generators and transmission lines.

IES undertook an assessment of the cost of new generators that can enter
the market and the likely pricing behaviour of existing and new generators

57 NEMMCO Statement of Opportunities document 2001 and SNI Stage 1 Report.
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(termed bidding behaviour in the electricity market).  New entry costs were
assessed based on past reviews, and generator bidding behaviour was
determined based on past outcomes and profit incentives.  The details of the
assumptions used are presented in Appendix D: National Electricity Market
Wholesale Energy Price.

Based on the assumptions presented, IES used its market modelling
capability to derive projections of expected future wholesale energy prices in
the participating NEM states.  Tasmania was assumed to have the same
average price level as Victoria once it enters the NEM.  The projections were
based on the expected values of the determining factors.

Figure 19 below shows average prices responding to the excess of supply in
the early years, but with prices trending to the expected costs of new
generation in the longer term.  Decreasing prices in the medium term reflect
additional generation being commissioned in Queensland, closed NSW
generators returning to service and new transmission lines entering the
market.  In the longer term prices decrease due to improvements in
generating technology.

Figure 19 Expected NEM Pool Prices

For solar based appliances or generation the average pool prices during
hours of daylight that are relevant.  Based on the average prices shown in
Figure 19, Figure 20 shows the expected level of pool prices during daylight
hours.  Note that these prices are somewhat less than average peak period
prices, as daylight hours include weekends and public holidays.  As can be
seen, the general shape is similar to that of average prices.
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Figure 20 Average Daylight Hours NEM Pool Prices

10.2 Non-Electricity Market Industries
The situation for electricity supply industries that do not operate as open
access markets is different to that of the NEM, as prices for wholesale energy
are not market determined.  Connection to the transmission system and
prices paid for electricity are subject to government and utility policy.

For the purposes of this report, it is assumed that renewable generation will
be able to connect to the transmission systems and that the prices will be
based on the all up avoided costs.

10.2.1 Tasmanian Prior to NEM Entry

Tasmania is planning on joining the NEM in mid 2005.  Prior to that the prices
paid for energy generated by connecting generators will remain determined
by negotiated contracts between either Hydro Tasmania or Aurora and the
connecting party.

It is assumed that prices will mirror the corresponding prices in Victoria.
Figure 21 shows the prices of wholesale energy for Western Australia and the
Northern Territory.

10.2.2 Western Australia

The power supply industry in Western Australia is about to undergo
“liberalisation” into a competitive framework.  This would entail open access
and more transparent wholesale energy prices (likely to be a net pool
arrangement).  Although the exact details of the proposed arrangements are
not yet known, it is understood that here will be no major disaggregation of
the generation sector.
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The proposed arrangements would indicate that wholesale electricity prices
will reflect the average costs of generation.

For this report, wholesale prices are assumed to be based on the full costs of
generation supply in Western Australia, which are slightly higher than in the
eastern states.  The generation mix (coal, natural gas and oil) had IES
estimate this cost to be about $43/MWh.

10.2.3 Northern Territory

This is the smallest electricity supply industry in Australia with generation
being from gas and oil product.  The absence of market determined prices
has IES base this cost on full avoided cost, which was assessed to be in the
order of $59/MWh on average.

Figure 21 Wholesale Energy Prices – Western Australia and Northern
Territory
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11 Modelling REC Prices
11.1 Introduction

The modelling approach that IES adopted was as follows:

• A deterministic model of the REC market was developed.  This model was
based on a linear programming optimisation.  The purpose of this model
was to get initial estimates of future REC prices and some appreciation of
the dynamics of the RECs market and the likely new renewable
investments.

• A stochastic model was developed to look at how the variability of REC
production and the inventory (storage) level of un-surrendered RECs
would affect REC prices.

• After obtaining results from the stochastic programming model, IES
undertook an analysis of how prices might change from those forecast,
when the assumptions of a perfectly competitive market in RECs breaks
down.  Issues of potential market power and gaming were looked at
briefly.

11.2 Issues
A number of issues had to be addressed in the course of modelling the
market.  These included the following:

• Because many renewable energy power developments, such as bagasse,
black liquor and wood waste, use a resource that is the by-product of
another process the resource can not always be efficiently exploited
immediately.  Often new power developments are likely to occur at the
time of investments in the primary activity whether it be a sugar mill or
paper manufacturing facility.  For most resources this constraint does not
need to be modelled explicitly to get a reasonable view on REC prices
and future renewable power developments because the overall potential
is not very large.  However, in the case of bagasse the potential is very
large.  So IES restricted the annual additions of bagasse based
generation to 100MW per annum.  An additional scenario was constructed
to investigate the impact of bagasse variable costs and the resource
availability on prices.

• The criteria for dedicated wood waste based generation to be classified
as an eligible source of generation is very tough if it uses wood from
native forests.  It is expected that most of the proposals on the drawing
board for dedicated wood waste based generation would only achieve
about 50% of their output as being eligible for REC creation.
Consequently, IES in its modelling only allowed RECs to be created from
50% of the energy generated from dedicated wood waste based power
stations.
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• The modelling of REC creation from solar water heaters is a difficult area
as the decision making on whether to go solar or not is largely a
consumer decision.  IES’s model for this consumer activity is reasonable
for REC values around the $30 mark but is unlikely to give a good guide
to what is likely to occur at low REC prices.

• What the real opportunity cost of the non tax deductible penalty is to a
liable party is a tricky question which can have a large impact on REC
prices.  So to explore this issue IES modelled several REC penalty prices
of indifference.

• IES did not attempt to model the potential impact of NSW emissions
benchmarking, as the details of how the scheme might impact the market
were unknown when the modelling was done.  Thus the potential impact
of the scheme on REC prices and selection of projects is not incorporated
into the analysis.

11.3 Assumptions
The basic assumptions for the models were as follows:

• All capital and operating costs and wholesale electricity prices were
modelled in real dollars.

• For wind, solar hot water and PV, a real reduction of capital costs of 1.0%
per annum for the period of the MRET was assumed.

• Inflation rate was assumed to be 2.5% per annum.

• Project discount rate was assumed to be 10% real per annum.

• REC penalty price of indifference was varied with scenario as follows:

− High $57/MWh nominal for the period of the MRET

− Medium $47/MWh nominal for the period of the MRET

− Low $40/MWh nominal for the period of the MRET.

• Bagasse based power was limited to a maximum of an additional 100MW
per annum.

• The wood waste based generation eligible to create RECs was limited to
50% of the output of dedicated wood waste based generation.

• The storage level of RECs at the start of 2002, including eligible 2001
generation for which RECs had not been created, was equivalent to
470,000 RECs.  This was made up from 1,100,000 RECs corresponding
to eligible 2001 generation (a number selected from a range offered by
ORER), less an estimate of 320,000 RECs required by ‘Green Power’ for
eligible generation in 2001, less 310,000 RECs surrendered for 2001
electricity use.
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12 Deterministic Model and Efficient Market
12.1 Introduction

A deterministic linear programming model was developed.  This model
reflects what power stations would be developed in an efficient market with
perfect information and no uncertainty regarding future REC output.  As such,
the model is unrealistic but does give useful insight into the potential
dynamics of the market.  The basic structure of the model is as follows:

• The supply side of the market is modelled as follows.

− For committed and accredited renewable energy power stations their
expected output and certificate creation is modelled outside the linear
programming (LP) model.  Their expected REC production is used as
an input to the model.

− Proposed power stations that are not committed are aggregated with
potential new renewable energy developments into generic projects
based on eligible fuels/technologies for each state.  For these projects
the capital costs, operating costs, expected energy output, expected
REC production, and maximum resource capacity are accounted for in
the model.  The linear program (LP) only selects the projects which
have positive net present values (NPVs) once all costs and revenues
streams and their timing have been considered.  This is done indirectly
via the LP model’s determination of REC prices (based on the shadow
price of the REC requirement constraint).  The REC prices for each
year reflect the marginal cost of the REC requirement for that year
being increased by one REC.  Consequently the costs of the marginal
projects are captured in the REC prices.

• The demand side is modelled as follows.

− The mandatory renewable energy targets are included as a
requirement.  A shortfall is not penalised unless it is over 10% of the
liability.  For shortfalls over 10% of the liability the penalty price of
indifference is charged.  However, the penalty can be returned at a
later date if the shortfall of RECs, which resulted in the penalty, is
surrendered.  This can be done only within 3 years of the penalty being
incurred.

− The demand for renewable energy from ‘Green Power’ schemes is
included as an additional requirement for RECs over and above the
MRET.

• The storage (banking) of RECs is explicitly modelled.  The number of
RECs available at the end of any year is equal to the year’s starting
storage of RECs plus those created during the year minus those
surrendered and those used for ‘Green Power’.
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• A single time value of money was used for both capital and operating
costs as well as for storage of RECs, payment of penalties and arbitrage
of REC values from year to year.  Different discount rates could have
been used for project investment and operating costs versus REC
arbitrage, but this was not done in order to simplify the interpretation of
results and clarify the general properties of the REC market.

• A yearly time step was used in the model.  Because of the nature of REC
bankability and arbitrage relationships, discussed in 3.6, there is unlikely
to be any systematic seasonal variation of REC prices and hence it is
unnecessary to model within years.  The model covers the years from
2002 to 2040 rather than from 2002 to 2020 to ensure that the NPVs of all
the potential projects are properly evaluated.  A project with an economic
life of 20 years developed in 2010 would receive 10 years of REC income
but 20 years of energy market income.  The different lives of these
income streams need to be properly accounted for.

12.2 Linear Programming Formulation
A rough overview of the linear programming formulation is as follows:

• The primary decision variables were the determination of what additional
capacity would be added each year for each project (fuel sources x
states) and the number of RECs that would be surrendered each year.

• The objective was to minimise the NPV of the cost of the MRET, including
both the net project costs (capital and operating costs minus energy
market revenue) and any shortfall penalty costs subject to the constraints.

• The constraints were as follows:

− The number of RECs created is equal to the number of RECs created
from existing and committed projects + RECs created from eligible
generation from selected new projects + RECs from solar water
heaters,

− The number of RECs available at the end of any year is equal to the
year’s starting storage of RECs plus those created during the year
minus those surrendered and those used for ‘Green Power’,

− The shortfall of RECs equals the previous year’s shortfall + MRET for
that year – RECs surrendered,

− The RECs used on Green Power equals the Green Power forecast for
‘new’ generation,

− RECs created for a project equals the eligible energy generation,
which in turn equals the generation output multiplied by the proportion
of generation that is eligible,
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− The annual energy generation (MWh) from a project is equal to the
MWs of capacity available times the capacity factor multiplied by the
hours in a year times the marginal loss factor,

− The capacity developed for a project is less than the maximum
available capacity,

− The new capacity developed for a project is less than the annual
maximum capacity increment for those projects with annual expansion
restrictions,

− The capacity retired for a project with economic life s in year t+s equals
the amount of capacity that was commissioned in year t,

− The number of RECs from solar water heating is based on Table 18
and the cost of this is the solar REC price multiplied by the number of
RECs,

− The NPV of project costs is equal to the NPV of capital costs plus the
NPV of fuel and operating costs minus the NPV of energy market
revenues,

− The NPV of solar water heater costs is equal to the NPV of annual
solar costs based on the cost per REC in Table 18.  Even though the
table is expressed in terms of REC prices it can also be thought of as
the cost in dollars per REC of achieving an annual amount of REC
creation from solar water heaters, and

− The NPV of penalties paid for shortfalls equals:

• the NPV of the penalty price of indifference times (shortfall – 0.1
REC requirement) when the annual shortfall is greater than 10%
of the REC requirement, minus

• the NPV of penalties returned due to RECs being surrendered for
a shortfall at a previous date.

12.3 Scenarios
Four scenarios were modelled.  Three primary scenarios were related to the
REC penalty price of indifference.  For these scenarios the REC penalty price
of indifference was varied as follows:

− High $57/MWh nominal for the period of the MRET

− Medium $47/MWh nominal for the period of the MRET

− Low $40/MWh nominal for the period of the MRET

The fourth scenario was developed around the high REC price of indifference
scenario but varied the costs and ability to exploit bagasse based generation.
This scenario was in response to the high level of bagasse generation
selected by the model in contrast to the relatively modest amount of
proposals in this area.  For this scenario, increases in bagasse based
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generation were restricted to 50MWs per annum and the variable cost of
bagasse based generation was increased from $15/MWh to $20/MWh.
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12.4 High REC penalty price of indifference: $57/MWh nominal
For the high scenario the REC prices were determined from the shadow
prices of the annual REC requirement constraints.  The prices are presented
in Figure 22.  Note that the prices are relatively low in the initial years and
rise to $55.42 by 2020, where it almost reaches the high REC penalty price of
indifference ($57).  Even though the prices appear to rise steeply, there are
no arbitrage opportunities to purchase in earlier years and to sell in later
years once the time value of money is taken into account.  Similarly, there are
no arbitrage opportunities to avoid purchasing RECs by paying the penalty
and forward purchasing RECs with a view of getting the penalty payment back
at a later date.

Under this scenario the levelised price of RECs from 2002 to 2020 is $21.26.
Even this price is significantly less than the price at which RECs are currently
trading.  However, it should be remembered that these prices are based on
perfect knowledge of what renewable generation is going to be developed and
what the output of RECs from all generation will be.  Once uncertainty is
considered, it is unlikely that investors would be prepared to have their
returns loaded towards the end of the MRET.  An attempt to address the
impacts of uncertainty and variability of REC production is presented later in
the report.

Figure 22 Projected REC Prices for High Scenario
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Table 48 presents the REC storage level at the end of each year, the number
of RECs created over the year, the number of RECs surrendered and used to
meet Green Power obligations, the aggregate REC shortfall and the
aggregate penalised shortfall.  Notice that:

• In the earlier years the REC production exceeds the demand and a store
of RECs is built up;

• In the later years the ability to be up to 10% short in RECs surrendered
before being penalised is fully exploited, and only in the final years of the
MRET is this reduced by an increased production of RECs from solar
water heaters.  This pattern of use of the 10% shortfall provisions allows
the model to meet the mandatory targets at least cost.

• At the end of the MRET the target is reached and there is no surplus of
RECs.  The REC price in 2020 is $55.42, which is just short of penalty
price of indifference.

A graph of this information is presented in Figure 23

Table 48 REC creation, storage and shortfalls for high scenario
(1000s of RECs)

Year MRET
Green
Power

REC
store
(year
end)

RECs
created

RECs
surrendered

RECs
used
on
Green
Power

REC
shortfall

Penalised
shortfall

REC
price

2001 300   470
2002 1100 584 874 2088 1100 584 0 0 11.55
2003 1800 724 737 2387 1800 724 0 0 13.02
2004 2600 831 916 3610 2600 831 0 0 14.68
2005 3400 901 725 4110 3400 901 0 0 16.55
2006 4500 942 129 4846 4500 942 0 0 18.67
2007 5600 966 0 5877 5040 966 560 0 21.05
2008 6800 979 0 7659 6680 979 680 0 23.28
2009 8100 986 0 8956 7970 986 810 0 21.38
2010 9500 989 0 10368 9379 989 931 0 22.51
2011 9500 991 0 10472 9481 991 950 0 25.38
2012 9500 992 0 10492 9500 992 950 0 27.81
2013 9500 992 0 10492 9500 992 950 0 30.31
2014 9500 992 0 10492 9500 992 950 0 28.64
2015 9500 992 0 10492 9500 992 950 0 30.67
2016 9500 992 0 10517 9525 992 925 0 34.29
2017 9500 992 0 10586 9594 992 831 0 38.67
2018 9500 992 0 10688 9696 992 635 0 43.60
2019 9500 992 0 10838 9846 992 289 0 49.16
2020 9500 992 0 10781 9789 992 0 0 55.42
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Figure 23  REC creation, surrender, MRET, Green Power target and
REC storage level for High Scenario

The sources of REC generation are presented in Figure 24.  The main
sources of additional REC production over and above existing and committed
sources are wind, bagasse, hydro and landfill gas.  Wind appears to be the
marginal source of REC production.  The REC output from landfill gas tapers
off towards 2020 as a number of landfill gas sites come to the end of their
economic lives and are not replaced.

The RECs generated from wood waste as a fuel source were from co-firing of
wood waste or the use of wood as an alternative fuel in Bagasse fuelled
power power stations.  Wood waste used in dedicated power stations was not
selected even though the levelised cost of these facilities is relatively low.
This is an outworking of the assumption that only 50% of the energy output of
these stations would be eligible for REC creation given the tough eligibility
criteria for wood waste based generation, which uses wood from native
forests.  On the other hand, if the proportion of generation that was eligible
were raised to 100%, then a large amount of wood waste generation would
have been selected by the model.

Solar water heating does not produce as many RECs as would be expected.
This is due to the lower REC prices in the earlier periods.  However, towards
the end of the MRET, solar water heating is the major source of additional
REC production.  This is rational since solar water heaters get the full benefit
of REC production on installation whereas power stations can only create
RECs based on eligible generation through the life of the MRET.  Hence for
power stations it is unlikely to be economic to develop a new power station
towards the end of the MRET unless the power station is likely to be
economic in the energy market in its own right.
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Figure 24  Sources of RECs by fuel type for high scenario
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12.5 Medium REC penalty price of indifference: $47/MWh
nominal
For the medium scenario the REC prices are presented in Figure 25.  Note
that the prices are relatively low in the initial years and rise to $47, the
medium REC penalty price of indifference, by 2020.  Under this scenario the
levelised price of RECs from 2002 to 2020 is $21.26.  What is at first
surprising is the fact that this price is the same as the levelised price for the
high scenario.  However, on reflection this can be explained in terms of the
projects selected.  Both of these scenarios have very much the same projects
and timings in the earlier years.  These projects have the same costs and
hence will require the same present value of revenues to be earned from
RECs.  What is happening is the high scenario has higher prices at the end of
the MRET, around 2015 to 2020, but lower prices around 2010 to 2015.

Figure 25 Projected REC Prices for Medium Scenario
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Table 49 presents the REC storage level at the end of each year, the number
of RECs created over the year, the number of RECs surrendered and used to
meet Green Power obligations, the aggregate REC shortfall and the
aggregate penalised shortfall.

The patterns displayed are quite similar to those seen in the high scenario.
The main differences being that:
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• The prices only rise to $47 per REC (the medium scenario’s REC penalty
price of indifference), and

• The shorfall at the end of the MRET is much larger shortfall of 1,123,000
RECs compared to zero for the high scenario.  In reality, the consequence
of this shortage of RECs would be that 992,000 RECs set aside for ‘green
power’ would not be used for this purpose but would be used to meet the
MRET.  If this were done then there would be a shortfall of 131,000 RECs.

A graph of this is presented in Figure 26

Table 49 REC creation, storage and shortfalls for medium scenario
(1000s of RECs)

Year MRET
Green
Power

REC
store
(year
end)

RECs
created

RECs
surrendered

RECs
used
on
Green
Power

REC
shortfall

Penalised
shortfall

REC
price

2001 300   470
2002 1100 584 874 2088 1100 584 0 0 11.56
2003 1800 724 737 2387 1800 724 0 0 13.03
2004 2600 831 916 3610 2600 831 0 0 14.69
2005 3400 901 725 4110 3400 901 0 0 16.56
2006 4500 942 129 4846 4500 942 0 0 18.68
2007 5600 966 0 5877 5040 966 560 0 21.06
2008 6800 979 0 7659 6680 979 680 0 23.24
2009 8100 986 0 8956 7970 986 810 0 21.38
2010 9500 989 77 10426 9360 989 950 0 23.17
2011 9500 991 29 10443 9500 991 950 0 26.12
2012 9500 992 0 10463 9500 992 950 0 29.45
2013 9500 992 0 10492 9500 992 950 0 32.93
2014 9500 992 0 10492 9500 992 950 0 33.42
2015 9500 992 0 10492 9500 992 950 0 33.91
2016 9500 992 0 10492 9500 992 950 0 34.42
2017 9500 992 0 10492 9500 992 950 0 34.93
2018 9500 992 0 10519 9527 992 923 0 36.97
2019 9500 992 0 10603 9611 992 812 0 41.69
2020 9500 992 0 10181 9189 992 1123 1123 47.00
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Figure 26  REC creation, surrender, MRET, Green Power target and
REC storage level for medium scenario

The sources of REC generation are presented in Figure 24.  Like the high
case, the main sources of additional REC production, over and above existing
and committed sources, are from wind, bagasse, hydro and landfill gas.

Figure 27  Sources of RECs by fuel type for medium scenario
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12.6 Low REC penalty price of indifference: $40/MWh nominal
For the low scenario the REC prices are presented in Figure 22.  Like the
high and medium scenarios, prices are relatively low in the initial years and
rise to the REC penalty price of indifference for the low scenario, $40, by
2020.  Under this scenario the levelised price of RECs from 2002 to 2020 is
$21.36, which is the same as for the high and medium scenarios.

Figure 28 Projected REC Prices for Low Scenario

Table 50 presents the REC storage level at the end of each year, the number
of RECs created over the year, the number of RECs surrendered and used to
meet Green Power obligations, the aggregate REC shortfall and the
aggregate penalised shortfall.

The patterns displayed are quite similar to those seen in the medium
scenario.  The main differences being that:

• The prices only rise to $40 per REC (the low scenario’s REC penalty price
of indifference), and

• The shorfall at the end of the MRET is substantially larger than for the
medium case: 1,496,000 RECs vs 1,123,000 RECS.  In reality, the
consequence of this shortage of RECs would be that 992,000 RECs set
aside for ‘green power’ would not be used for this purpose but would be
used to meet the MRET.  If this were done then there would be a shortfall
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of 504,000 RECs, as compared to a shortfall of 131,000 RECs for the
medium scenario.

A graph of this is presented in Figure 29.

Table 50 REC creation, storage and shortfalls for low scenario
(1000s of RECs)

Year MRET
Green
Power

REC
store
(year
end)

RECs
created

RECs
surrendered

RECs
used
on
Green
Power

REC
shortfall

Penalised
shortfall

REC
price

2001 300   470
2002 1100 584 874 2088 1100 584 0 0 11.82
2003 1800 724 737 2387 1800 724 0 0 13.33
2004 2600 831 916 3610 2600 831 0 0 15.03
2005 3400 901 710 4095 3400 901 0 0 16.95
2006 4500 942 101 4833 4500 942 0 0 19.11
2007 5600 966 0 5905 5040 966 560 0 21.55
2008 6800 979 0 7659 6680 979 680 0 21.58
2009 8100 986 56 9012 7970 986 810 0 21.38
2010 9500 989 106 10399 9360 989 950 0 24.11
2011 9500 991 0 10416 9531 991 919 0 27.18
2012 9500 992 0 10461 9469 992 950 0 30.64
2013 9500 992 0 10492 9500 992 950 0 32.93
2014 9500 992 0 10492 9500 992 950 0 33.42
2015 9500 992 0 10492 9500 992 950 0 33.91
2016 9500 992 0 10492 9500 992 950 0 35.35
2017 9500 992 0 10492 9500 992 950 0 35.35
2018 9500 992 0 10492 9500 992 950 0 35.45
2019 9500 992 0 10492 9500 992 950 0 39.47
2020 9500 992 0 9946 8954 992 1496 1496 40.00
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Figure 29 REC creation, surrender, MRET, Green Power target and
REC storage level for low scenario

The sources of REC generation are presented in Figure 30.  The main
sources of additional REC production over and above existing and committed
sources are from wind, bagasse, hydro and landfill gas.

Figure 30  Sources of RECs by fuel type for low scenario
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