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MEETING A 10% MRET
Executive Summary

This study was commissioned by Greenpeace Australia Pacific to explore the feasibility of
increasing Australia’s Mandatory Renewable Energy Target (MRET) to 10% by 2010. An
increase in MRET from the current 2% to 10% by 2010 would help obtain economies of
scale and scope, and develop a vibrant renewable energy industry.

The study found that there is a strong case that enough new renewable energy sources
could be developed to meet a 10% MRET of up to 36,500 GWh per year by 2010 at no or very
low cost. This increase from the current 9,500 GWh MRET could be achieved using a
combination of potentially high volume sources, including wind energy, solar water heating
and sustainable biomass energy from multi-benefit bioenergy crops.

Meeting a 10% MRET would bring significant environmental gains by reducing greenhouse
gas emissions by some 26 million tonnes each year! (equivalent to taking about 6 million
cars off the road) and creating direct permanent employment of over 14,000 new jobs, a
large portion of which would be in regional areas of Australia.

Background

In the lead up to the international climate conference in Kyoto in 1997, the Australian
Government announced its intention to increase renewable energy generation as one
element of a package announced by the Prime Minister. Legislation establishing the
Mandatory Renewable Energy Target (MRET) was passed in 2000, and the Act came into
operation in April 2001. A review of the Australian MRET is scheduled to begin in January
2003.

Support for an increase in the target and the move to renewables is growing, in light of

several factors:

© the increasingly clear technical capabilities of renewable energy developers in
Australia;

© the more ambitious commitments being made internationally; and

© the findings of the Third Assessment Report of the IPCC regarding the science,
impacts and urgency of climate change.

In addition, there has been some criticism that the impact of the current target will be

substantially diluted due to rapid load growth nationally (so that the 9,500 GWh is no longer

equivalent to the original 2% MRET target) and the eligibility of generation from existing

large scale hydro-electric schemes to contribute a considerable share of required

Renewable Energy Certificates (RECs).

Quantifying a 10% MRET

The rate of electricity demand growth is a critical assumption in calculating the quantity of
Renewable Energy Certificates (RECs)2 that would be required under a 10% MRET. The
current 9,500 GWh MRET target by 2010 was based on an assumed 2.1% annual electricity
growth rate between 1996-97 and 2010. However, actual growth in electricity demand per
year between 1996 and 2000 has been far higher, averaging 3.8%.3 Furthermore, recent
projections suggest that electricity growth throughout the decade may be 2.2% to 3.5%.4
A 10% MRET would therefore equate to 30,100 - 36,500 GWh in 2010, assuming a 2.2% to
3.5% annual growth rate.

As the next figure illustrates, the current 9,500 GWh MRET will have only a modest effect in
levelling off the growth of fossil fuels in the electricity sector. Even a 10% MRET would not
curtail growth but growth would be slowed, making a contribution to controlling greenhouse
gas emissions and limiting further investment in new fossil fuel power generation capacity.
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Contribution of a 109% MRET to Electricity Supply

Assumes 3.5% load growth 2000 to 2010
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Incremental Cost of RECs & the Significance of
International Commitments

The cost of supplying RECs will depend on the cost and potential volume of renewable
generation, the cost of other electricity supplies that renewable sources displace and, in
particular, on the cost difference between the two. Both the cost of renewable sources in
2010 and the cost of the conventional sources they would displace are uncertain.

However, one critical factor influencing the future cost of electricity sources that the
additional renewables would displace is the cost of complying with Australia’s international
greenhouse gas commitments. While Australia has not ratified the Kyoto Protocol, and the
Protocol is yet to come into force, the likelihood of it becoming law by 2003 has increased
following Russia’s statement at the World Summit on Sustainable Development (WSSD) that
it would ratify. In any case, the Australian Government has committed to meet its Kyoto
obligation even if it does not ratify. Accordingly, it is likely that there will be some direct or
indirect value on carbon emissions by 2010, which should be viewed as an additional cost
for non-renewable sources of electricity.

The future cost of CO, is speculative. However, it is reasonable to expect (and, we believe,
more plausible) that the cost will be significantly greater than the $0 that has been
implicitly assumed in some other analyses of MRET, including the analysis of future RECs
prices produced for the Australian Greenhouse Office in 2000.5

This study assumes a cost of $20 per tonne for C0, emissions which is within the range of
$10 to $50 per tonne that has been previously suggested as plausible by the Australian
Greenhouse Office.6 Based on a cost of $20 per tonne, one analysis for the National
Electricity Market Management Company estimated that the electricity price in the National
Electricity Market could rise by about $10 to $15 per MWh, from $40 to $45 per MWh
expected in 2010, to a total price of $50 to $60 per MWh.7

The price range of $50 to $60 per MWh reflects the incremental use of existing generation,
typically the most expensive incremental capacity, as well as the development of new
generation required to meet project load growth of about 30% over the decade. Accordingly,
this study assumes that the projected price of $50 to $60 per MWh in 2010 is indicative of
the incremental cost of other electricity sources that the additional renewable sources
would displace. In short, there is a strong case that potential REC sources costing in the
range of $50 to $60 per MWh would have no incremental cost relative to the non-renewable
sources they displace.8

Finally, it is worth noting that the cost to create RECs is likely to be less than the total price
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that might be paid to purchase RECs. This is because the price of RECs will depend heavily
on the cost of the marginal, or most expensive, REC. However, much of the new renewable
energy capacity will cost much less than this. Also, some projects may bring additional
benefits, in salinity management for example, that may have non-energy related value.

Potential Sources for a 10% MRET by 2010

A large assortment of renewable energy technologies has been identified as likely to
contribute to the existing 9,500 GWh MRET. There do not appear to be any significant
technical or commercial barriers to achieving this target, although many in the renewable
energy industry are highlighting the shortfalls in the current regulatory framework
governing the electricity industry. This includes access to the transmission network and
inappropriate treatment of decentralised generation.

Achieving a 10% MRET of 30,100-36,500 GWh, however, would require intensive
development of a different mix of renewable energy technologies and on a different scale
than that envisioned under a 9,500 GWh MRET. While there are many prospective sources
that may prove attractive over time, this study identified three prospects as particularly
warranting attention. These are wind energy, solar water heating and bioenergy from new
multiple-benefit revegetation projects. Each could potentially supply a large fraction of the
additional GWh that would be required. Successfully developing each to such a large extent
would also require addressing a variety of significant challenges. However, this study
assumes that the climate change issue will be viewed as an increasing priority, and that
government and societal attention would be devoted to addressing these challenges
accordingly.

Wind energy technology has consistently delivered cost and performance improvements
over the past decade, and the outlook is for more of the same. With successful management
of challenges such as transmission access and pricing, and management of land use
issues, the incremental cost of RECs above the NEM wholesale energy price from wind could
be zero.

Similarly, solar water heating is already economically attractive today, although there is a
variety of barriers to greater uptake by consumers. Large scale deployment would be likely
to deliver far lower costs, making it a potentially major source of RECs at no net cost. The
key challenges lie in developing building and appliance energy standards.

Multi-benefit bioenergy crops could potentially provide large numbers of RECs while
simultaneously contributing to other environmental and economic needs. For example,
revegetation of land currently at risk from salinity could be done using a variety of energy
crops, yielding energy, salinity management, and other commercial benefits from the crops.
Given the high cost to the economy of salinity, currently estimated at $3.5 billion per year,9
the net cost of RECs could be low or zero. Key challenges lie in developing and applying an
effective sustainable biomass policy, as well as in achieving effective revenues from the
other benefits, particularly environmental ones.

It should be noted that if a shortfall of new renewables occurs, the MRET obligations would
then be met by payments made to the government in lieu of RECs. This source of
government revenue could be used for a variety of purposes to specifically foster the further
uptake of renewables such as additional renewable energy research and development
(R&D) or to fund specific renewable energy projects.

Together with the 9,500 GWh required under the current MRET, the above sources could
supply over 46,500 GWh of RECs in 2010 if implementation challenges were successfully
addressed (see Table 1). This is well in excess of the 30,100 to 36,500 GWh required to meet
a 10% MRET and suggests that, while such a target is ambitious, it is achievable.

In the process of meeting a 10% MRET, some 26 million tonnes of CO, emissions could be
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avoided and 14,000 direct permanent jobs would be created.10 The majority of the jobs
generated would be in regional Australia. In addition, Australian companies would develop
significant export potential because of the economies of scale achieved in R&D,
manufacturing and marketing.

Table 1. Potential MRET Sources in Addition to Current 9,500 GWh Requirement (as detailed in main body of Study)

SOURCE POTENTIAL COST OF RECs 11 i COST OF RENEWABLE : DIRECT JOBS KEY STRENGTHS POSSIBLE CHALLENGES
(GWh /yr) ($/ Mwh) ENERGY IN 2010 CREATED
($/ Mwh)
Wind 15,000+ $0 to $5 Around $55 3,300 © Well demonstrated © Transmission infrastructure
© Large resource and pricing
© Relatively low and © Value at high deployment levels
declining costs © System operating issues at
© Rapid installation high deployment levels
© Land use considerations
Solar 13,000 $0 Under $40 6,000 © Well demonstrated © Consumer behaviour alone
Water © Large potential supply unlikely to achieve high
Heating © Prospects for excellent deployment
economics at high © High deployment likely to
deployment levels require government mandates in
building and appliance energy
codes
Biomass 10,000+ $0 to $10 $50 to $60 5,000 © Large potential resource ;| © Demonstrating production
from new © Potentially attractive systems bringing low cost and
multiple economics based on high performance for multiple
benefit re- multiple-benefits including : commercial products
vegetation energy, wood products, © Integrating bioenergy with the
projects reduced erosion, reduced broader scientific, technical and
salinity, increased institutional challenges presented
biodiversity and increased by sustainable dryland salinity
land value management
© Seasonal fuel source
© Creation of new markets
TOTAL 37,000+ $0-$10 <$40 T0 $60 14,300 © Transport costs
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Acronyms

AGO Australian Greenhouse Office

GHG Greenhouse Gases

GWh Gigawatt-hour (1 GWh = 1,000 MWh = 1,000,000 kWh)
IPCC Intergovernmental Panel on Climate Change

kWh kilowatt-hour

MRET Mandatory Renewable Energy Target

MW Megawatt

MWh Megawatt-hour (a typical Australian household uses 5MWh / yr)
NEM National Electricity Market

NEMMCO National Electricity Market Management Company

REC Renewable Energy Certificate

RECs Renewable Energy Certificates

SWH Solar Water Heating

PV Photovoltaics (solar electric power)
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1. Introduction

1.1 Background

In the lead up to the international climate conference in Kyoto in 1997, Australia committed
to a policy of mandating an increase in renewable energy generation as one element of a
package announced by the Prime Minister.12 The goal was to increase the share of
renewable energy in the electricity sector by 2%, from about 10% in 1996-97 (virtually
entirely supplied by large hydro-electric projects), to 12% in 2010.13 The legislation
establishing the Mandatory Renewable Energy Target (MRET) was passed in 2000, and the
Act came into operation in April 2001 (see side bar).

Since Australia announced its 2% goal, at least two other countries, the United Kingdom
and the Netherlands, and several states in the United States of America, have adopted
mandatory renewable energy targets as well.

The United Kingdom has set a target of achieving a 10% market share from renewable
sources in 2010, an increase from about 2.75% in 2000, and is currently examining
extending the target to 20% by 2020.14 In at least 14 US States (Arizona, Connecticut,
Hawaii, lowa, lllinois, Maine, Massachusetts, Minnesota, Nevada, New Jersey, New Mexico,
Pennsylvania, Texas and Wisconsin)15> a mandatory renewable portfolio standard has been
introduced ranging from 0.2% to 30%. In many of these states, a tradeable REC is used as
a way of complying with the state’s renewable portfolio standard.

A review of the Australian MRET is scheduled for 2003. In light of the increasingly clear
technical capabilities of renewable energy developers in Australia, and of the more
ambitious commitments being made internationally, support for an increase in the target
to 10% is growing in advance of that review. Major organisations to have indicated their
support for a 10% MRET include BP, the Australian Labor Party, the Australian Wind Energy
Association and the Australian Business Council for Sustainable Energy.16

1.2 The Brief

This study was commissioned by Greenpeace Australia Pacific to explore the feasibility of
increasing Australia’s Mandatory Renewable Energy Target (MRET) to 10% by 2010.

Uncertainty is unavoidable in forecasts of any market, even in commodities that have been
traded far longer than RECs. The objective of this study is not to conclusively predict REC
supply and prices for a 10% MRET, but rather to broadly characterise some of the large-
scale renewable energy sources that could be achievable, including consideration of
possible challenges associated with achieving their potential, and the indicative
incremental cost.

1.3 Quantifying a 10% MRET
The rate of electricity demand growth is a critical assumption in calculating the number of
RECs that would be required under a 10% MRET.

The current static 9,500 GWh MRET was set based on an assumed 2.1% growth rate in
electricity demand between 1996-97 and 2010. However, actual growth between 1996 and
2000 was far higher, averaging 3.8%.17 Also, recent projections suggest that electricity
growth throughout the decade may average 2.2% to 3.5%.18 Had these higher growth rates
been assumed in setting the 2% target, the number of RECs required would have been far
higher, at between 11,300 GWh to 15,200 GWh rather than the adopted 9,500 GWh.

Notably, if electricity demand grows at 3.5% per year throughout the decade, the current
9,500 GWh MRET would not result in an additional 2% share for renewable energy. Rather,

MANDATORY RENEWRABLE

. ENERGY TARGET

: The Commonwealth Renewahle

Energy (Electricity) Act 2000
estahlished a target of an

i additional 9,500 GWh per year
i of renewable energy by 2010

over the amount generated in

i 1996-97. The target rises
¢ progressively, starting at 300

GWh over the period 1 April to
31 December 2001. To achieve
this end, electricity retailers
and other large wholesale
electricity buyers are required
to purchase Renewable Energy

i Certificates (RECs) in

proportion to their electricity
purchases. Each REC

i represents 1 MWh of renewable

energy produced from eligible
sources.

i A penalty of $40 / REC applies if
¢ the requirement is not met.

Eligible sources include

¢ renewable energy generators
i commissioned in 1997 or later;

solar water heaters in new
buildings or where electric
water heating is being replaced;
and pre-1997 renewable energy
generators that increase their

i production over a specified
! baseline.
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renewable energy would provide only about 9.8% of Australia’s electricity in 2010, less than
the 10% supplied in 1996-97.

Table 2 shows what a 2%, 5% and 10% target would be in 2010, depending on the forecast
growth rate. (Note, the percentage target reflects an increase in the share for renewable
energy over the level supplied in 1996-97, not the total market share in 2010.) Given that
renewable energy (including existing large scale hydro) supplied about 10% in 1996-97,
these targets would equate to 12%, 15%, and 20% of electricity supply in 2010.

Table 2. Sensitivity of RECs Required in 2010 to Electricity Demand Growth Assumptions
and to the Increase in Market Share for Renewable Energy

Target GWh per year of new Renewable Energy in 2010
2% 5% 10%
Electricity 2.2% [ year 11,300 18,400 30,100
Demand Growth
2000 — 201019 3.5% / year 15,200 23,200 36,500

Note: All cases incorporate actual load growth of 3.8% per year between 1997 and 2000.20

As indicated in the table, a 10% MRET could require between 30,100 GWh and 36,500 GWh
under a reasonable range of forecasts of load growth.

Assuming that the alternative is to increase fossil fuel utilisation, there would be
considerable greenhouse gas emission savings with a 10% MRET. For example, at an
average emissions rate of some 0.98 tonnes of CO, per MWh21 for current electricity
production in Australia, the additional 27,000 GWh over and above the current 9,500 GWh
target would equate to some 26 million tonnes of CO, / yr in avoided emissions. This is
equivalent to taking about 6 million cars off the road, or about 6% of Australia’s total 1999
emissions.22

1.4 Incremental Cost of RECs and the Significance of
International GHG Commitments

This study broadly examines the possible incremental cost of achieving a 10% MRET of
30,100 GWh to 36,500 GWh per year in 2010.

The cost of supplying RECs will depend on the cost and potential volume of renewable
generation, the cost of other electricity supplies that renewable sources displace and, in
particular, on the cost difference between the two. The displaced sources may be wholesale
electricity (e.g. for wind farms supplying the National Electricity Market) or retail electricity
(e.g. for solar water heaters displacing electric water heating). Both the cost of renewable
sources in 2010 and the cost of the conventional sources they would displace are uncertain.

One critical factor influencing the future cost of electricity sources that the additional
renewables would displace is the cost of complying with Australia’s international
greenhouse gas commitments. While Australia has not ratified the Kyoto Protocol, and the
Protocol is yet to come into force, the likelihood of it becoming law by 2003 has increased
following Russia’s statement at the World Summit on Sustainable Development (WSSD) that
it would ratify. In any case, the Australian Government has committed to meeting its Kyoto
obligation even if it does not ratify. Accordingly, it is likely that there will be some direct or
indirect value on carbon emissions by 2010, which should be viewed as an additional cost
for non-renewable sources of electricity.

The future cost of CO, is speculative, and the topic deserves more detailed attention that
this study allows. However, it is reasonable to expect (and, we believe, more plausible) that
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the cost will be significantly greater than the $0 that has been implicitly assumed in some
other analyses of MRET, including the analysis of future REC prices produced for the
Australian Greenhouse Office in 2000.23

This study assumes a cost of $20 per tonne for C0, emissions which is within the range of
the $10 to $50 per tonne that has been previously suggested as plausible by the Australian
Greenhouse Office.24 Based on a cost of $20 per tonne, one analysis for the National
Electricity Market Management Company estimated that the electricity price in the National
Electricity Market could rise by about $10 to $15 / MWh, from $40 to $45 / MWh expected
in 2010, to a total price of $50 to $60 / MWh.25

The price range of $50 to $60 / MWh reflects the incremental use of existing generation
(typically, the most expensive incremental capacity) as well as the development of new
generation required to meet projected load growth of about 30% over the decade (typically,
new plants would be more expensive than existing generation as the cheapest sites would
usually have been developed first). Accordingly, this study assumes that the projected price
of $50 to $60 / MWh in 2010 is indicative of the incremental cost of other electricity sources
that the additional renewable sources would displace. One caveat is that the average NEM
price reflects the time-weighted average of prices in each half hour of the year, including
both higher-cost (e.g. peak) periods and lower-cost (e.g. off-peak) periods. The cost of
displaced generation could be higher or lower than the $50 to $60 / MWh, depending on
when the renewable energy sources operate. In short, there is a strong case that potential
REC sources costing in the range of $50 to $60 / MWh would have no incremental cost
relative to the non-renewable sources they displace.

It is worth noting that the cost to create RECs is likely to be far less than the total price that
might be paid to purchase RECs. This is because the price of RECs will depend heavily on
the cost of the marginal, or most expensive, REC. However, much of the new renewable
energy capacity will cost much less than this and some will even have a negative
incremental cost. For example, some further performance upgrades at existing hydro-
electric generators may be achievable for under $40 / MWh and would be developed
regardless of the MRET. For these, there would be no incremental cost of RECs. Previous
studies have projected that about 1,700 GWh of new renewable energy would be developed
for commercial reasons even without the MRET legislation.26

Finally, it should be noted that some projects may bring non-energy related benefits to the
economy that may not be reflected by the developer's costs. For example, some biomass
projects may provide benefits to dryland salinity management. (See Biomass Section for
more detailed discussion of the potential integration of biomass energy crops in salinity
management). The extent to which these benefits offset REC prices will depend largely on
government policy.
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2. Potential REC Sources
for a 10% MRET by 2010

This section discusses renewable energy technologies that could potentially be developed
on a large scale to meet a 10% MRET of up to 36,500 GWh per year by 2010. These
developments would have to greatly exceed the sources already identified for meeting the
current 9,500 GWh MRET.

The methodology used was, first, to consider previous research on available sources for
meeting the current 9,500 GWh MRET requirements. The potential of the dozen or so most
commonly cited sources of renewable energy to supply significantly increased amounts of
renewable energy was then considered (see Table 3 for references). Many sources appeared
to be resource constrained in delivering much more than the estimates projected under
9,500 GWh (e.g. there are unlikely to be substantial increases in bagasse resource, landfill
gas sites, sewage gas opportunities or many new hydro sites identified). Others, even if fully
developed, did not appear to have the potential to deliver a large fraction of a 10% MRET
(e.g. municipal solid waste and a variety of specialist agricultural wastes). However, three
potential sources stood out as possible major sources for a 10% MRET. These were wind,
solar hot water and biomass from new multi-benefit revegetation projects.

Successfully developing wind, solar and biomass to such a large extent would require
addressing a variety of challenges. However, this study assumes that the issue of climate
change is viewed as an increasing priority, and that government and societal attention
would be devoted to addressing these challenges accordingly.

2.1 The First 9,500 GWh

Just which sources will be developed to supply the existing 9,500 GWh MRET requirements
will be determined gradually over the next few years. While the market will be dynamic,
several sources already appear likely to play prominent roles.

Table 3 summarises previous analyses of the cost and potential of leading sources that
could meet the 9,500 GWh MRET. Prominent on the list are biomass energy from waste,
particularly bagasse, solar water heating and wind.

Notably, an analysis by the Australian Business Council for Sustainable Energy (formerly
the Australian EcoGeneration Association) has concluded that some large pre-existing
hydro generators (i.e. existing prior to 1997) will be able to create about 1,600 GWh of RECs
per year by 2010 without undertaking any new investment.27 This is because they have
apparently been given baselines which are “well below their long run average system yield”
and because they will be eligible to create RECs in years when production is high (e.g.
during high rainfall years) but not have to hand them back in when production is low.

Tahle 3. Possihle Sources to Meet the 9,500 GWh MRET 28

RESOURCE/ TECHNOLOGY GWh / year COST ($ / Mwh) 2010
Existing Hydro 1600 n/a
Bagasse 2628 55
Wood & Forestry Waste 1708 55
Solar Water Heating 1051 50
Wind 1226 68
Food & Agricultural Waste 735 60
Municipal Solid Waste 657 60

New Hydro 675 50
Landfill and Sewage Gas 788 55
Other 300 80120
TOTAL > 9,500 Avg. = <$58
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There is considerable uncertainty about the actual cost and resource potential for the
various sources. However, the above appear consistent with previous estimates.29 Overall,
this suggests the first 9,500 GWh of new renewable sources could be delivered at an
average cost of about $58 / MWh.30

A delivered average cost of under $58 / MWh would suggest that, under the assumptions
outlined previously, there will be little or no net societal cost in achieving the current MRET
target based on an anticipated wholesale electricity cost in 2010 of $50 — $60 / MWh.3!

2.2 Additional Wind Energy
2.2.1 Opportunities for Wind Energy in Australia

Wind is by far the leading prospect for large volumes of new renewable energy in Australia.
Wind energy has several strengths:

© itis a well demonstrated technology;

© there s a large prospective resource base in Australia; and

© it has experienced a long trend of rapidly declining costs, which is expected to
continue for some time.

2.2.1.1 Well demonstrated technology

Globally, the use of wind energy has grown rapidly over the past several years with average
annual global growth rates of 20%-30% in recent years.32 Global capacity in 2001 was
approximately 24 GW, and new construction in 2002 is expected to add 6 GW, with major
rollouts in several countries (see Figures 1 and 2). This represents global investment in
wind projects of more than A$10 billion this year alone.33

In Australia, wind power capacity jumped from 31.7 MW in 2000 to 84.7 MW in 2001.34

Figure 1 — Growth in Global Wind Generating Capacity, MW35
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Wind has become a centrepiece of many countries’ renewable energy programs. Large
increases in wind energy are projected in Germany, Spain, Italy, the United Kingdom, the
United States, India and other countries, indicating a favourable view of performance to
date, and expected continuing favourable performance. For example, France has announced
its intention to add about 10,000 MW by 2010; India 6,000 MW by 2012; and in the UK, over
3,400 MW is expected by 2010.36
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Figure 2 — Global Wind Generating Capacity by Country - 200137
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Large Prospective Resource Base in Australia

Generally, an average wind speed of 7 metres per second (m/s) is viewed as potentially
commercially viable and speeds over 8 m/s are considered excellent.38 Australia has
extensive areas with average wind speeds that are suitable for the commercial production
of wind energy.

The areas identified by project developers as having excellent wind conditions are generally
found on the southern coastal areas of Australia and include areas of Western Australia,
South Australia, Tasmania and Victoria. Some of the projects in these states that have been
proposed or recently approved, but not yet completed, are listed in Table 4.

While these are notable projects, each represents only a small portion of its respective
region, indicating a far larger suitable wind resource available. In addition to the above
projects, the Australian Wind Energy Association reports that it is aware of another
1,000 MW of projects proposed by industry participants,0 indicating an even larger
potential resource base, and in 2001 set a target of 5,000 MW by 2010, announced jointly
with Greenpeace Australia Pacific.

Tahle 4. A Selection of Proposed Australian Wind Projects39

LOCATION / NAME STATE i PROPONENT CAPACITY (MW) COMMENTS

Portland District VIC Pacific Hydro 210 Wind farms at Yambuck, Cape Sir William Grant, Cape
Nelson and Cape Bridgewater.

Ararat VIC Pacific Hydro 75 Has received approval. Also known as Challicum Hills Wind
Farm.

Lake Bonney SA Babcock and Brown 70— 100 Eslléicptglde.nt supplier and turnkey construction contractor

Woolnorth & Bluff Point TAS Hydro Tasmania 65—128 First stage in construction.

Yabmana (Eyre Peninsula) SA Novera and Wind Prospect 55-70 Development Application submitted.

Tungketta Hill (Eyre Peninsula) SA Ausker Energies 49 - 115 First phase of 49 MW.

Green Point SA Novera and Wind Prospect 40 Obtained provisional planning approval in Nov 2001.

Kongorong SA Stanwell Corp. 30 Feasibility study.

Starfish Hill SA Tarong Energy up to 34.5 Starting construction, May 2002.

Toora VIC Stanwell Corp. 21 Under construction.

Cape Nelson VIC Novera and Wind Prospect 15 Feasibility study.
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© TASMANIA — Hydro Tasmania has suggested that ultimately 1,000 MW or more of
wind could be developed in Tasmania. The Tasmanian Treasury has indicated that,
based on the European experience of 6m/s+ sites being commercially viable, there is
the potential to construct in the order of 3,000 MW of wind generating plant in
Tasmania.41 Hydro Tasmania claims that this is contingent on Basslink going ahead.

© SOUTH AUSTRALIA — Development applications have been submitted for dozens of
wind projects in South Australia.42 Current wind farm proposals exceed 1,500 MW.43

© VICTORIA — Pacific Hydro has reportedly identified sites, a significant portion of
which are in Victoria, for more than 2,000 MW of wind power.44

© WESTERN AUSTRALIA — While no assessment of the total wind resource in Western i

Australia appears to be publicly available, it is acknowledged that extensive sections THE GOST OF THE

near the coast experience high average wind speeds and Western Power has ELECTRIGITY

identified a number of sites suitable for large wind farms.45 5 DRODUCED FROM
© NSW — SEDA has estimated that there are over 1,000 MW of wind resources in NSW

with an average wind speed of 6.5m/s or greater.46 SUGH PROJEGTS
2.2.1.2 Relatively Low and Declining Costs l}llIIlI] BE Hﬁ l“W HS
Wind energy costs have declined markedly over the past two decades (see Figure 3) and are ABOUT 55 / MW
among the lowest of renewable energy sources. At present, a prospective large-scale
Australian wind farm (e.g. 100 to 200 MW) “can produce electricity at only 2 to 3 cents per AT GOOD WIND SITES
kilowatt hour ($20 to $30 per MWh ) more than the average generation prices in the WITH A CAPRCITY
National Electricity Market”.47

: FAGTOR OF 34%.

Looking forward, wind project costs, including the equipment and its installation, the cost
of leasing land, grid connections, developers’ fees and other lesser charges, are estimated
at under A$1,500 per kW for large developments proposed in southern Australia.48 The cost
of the electricity produced from such projects could be as low as about $55 / MWh at good
wind sites with a capacity factor of 34%.49 This is the middle of the range of estimated
electricity prices in the National Electricity Market in 2010, when a cost for greenhouse gas
emissions is included.

In considering these costs without a local manufacturing facility, it is important to
recognise that Australian wind farm costs are currently highly dependent on the exchange
rate because the largest component of a wind project’s cost is the cost of the turbines
themselves and all turbines are currently imported. Such factors influence the risk profile
of projects and contribute to higher financing costs.

Figure 3 — US Wind Power Prices in Aus¢ / kWh - 1990 to 201050
Ausg / KWh

18
16 AN

14 \..

12 AN -
10 N .
8 N

6
4
2
0 ‘

1985 1990 1995 2000 2005 2010




MEETING R 10% MRET

Several other factors indicate that wind energy costs should continue their decline, albeit
at a decelerating rate:

© Improving Technology / Scale Manufacturing — The outlook for improved wind
technology and manufacturing efficiency improvements remains strong. Larger unit
sizes, more efficient blade design, advances in monitoring and controls and the
increasing scale of manufacturing are all leading to efficiency gains. Above all,
increased unit size has been a key factor in driving down costs. Germany’s Enercon,
for example, is developing a prototype 4.5 MW unit that is scheduled for initial
deployment in 2003. This is far larger than the 1.8 MW of the largest units widely
available currently and the 2.5 MW units now beginning to be deployed.

© Larger Scale Deployment — Larger wind farm project sizes should produce
significant economies in:

1. the costs of connection to the electricity network including extensions to the
transmission networks when necessary;

2. operations and maintenance;

3. project development costs including gaining development approvals and
landowner agreements; and

4. financing.5!

Note that while larger project size brings significant economy, it can also raise or
exacerbate land use issues and community concerns.

© Better Financing Terms — As the industry grows and becomes increasingly
mainstream, the prospect of more favourable financing terms may also bring
considerable cost declines. An indication of the increasingly mainstream nature of
wind energy can be seen in the February 2002 entry of General Electric into the
industry through its acquisition of Enron Wind.52

Overall, the American Wind Energy Association projected in 2001 that wind energy costs will
fall by 35% to 40% by 2006.53 This projection, while oriented to the US, is likely to apply
globally due to the international nature of the industry and the technology. Similarly, Wind
Force 12 projects that wind prices will fall to US$26 / MWh by 2010 from about US$36 /
MWh in 2001.54

Furthermore, growing demand for wind farms in Australia may enable local manufacturing
and assembly, which in itself could lead to additional cost savings versus international
pricing. Two proposals for separate Australian manufacturing facilities are already quite
well advanced.55

2.2.2 Constraints on Wind Energy

While the cost, technical performance and resource of wind are all excellent, there are
several potentially significant constraints that need to be considered. These include:

© transmission infrastructure issues:

© uncertain capacity value due to variable output;

© system operating issues at high penetration levels; and

© land planning considerations constraining otherwise suitable wind energy sites.

2.2.2.1 Lack of Transmission Infrastructure

Some prospective wind sites lack adequate existing transmission infrastructure. For
example, the southern region of South Australia has excellent wind resources that may be
able to support in excess of 1,000 MW. As it stands, there is currently not sufficient
transmission capacity to handle such output. Notably, concern has been raised that current
transmission policy in the National Electricity Market is inappropriate and presents a
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significant barrier to effective development of major wind farms in favour of coal. In
particular, local generators such as wind farms are required to pay the cost of new local
transmission infrastructure. In contrast, the proposed transmission interconnection
between South Australia and NSW would be paid in regulated prices imposed on customers
and not by the interstate generators who will use the infrastructure.56 There is a related
question of the appropriate treatment of network losses, and the manner in which those are
borne by the wind generators.

Transmission costs are not linear. For individual projects, transmission connection and
augmentation may add up to 25% to the total project cost.57 However, this constraint
should be solvable at relatively low cost, assuming the development of several large wind
farms in a given region across which the expense is spread. A 10% MRET could actually
assist in solving this potential constraint because it could be expected to increase the scale
of wind projects in a given region and scale is the key to reducing the cost impacts of
transmission upgrades.

2.2.2.2 Uncertain Capacity Value Due to Variable Output
Wind can vary by year, by season, by time of day, and from moment to moment.

Depending on the pattern of wind, production may or may not occur at high-value times
(e.g. cold winter mornings and evenings, or hot summer afternoons when the electricity
system is in tight supply).

Furthermore, even if the wind generally blows during high-value times, any inability to
predict the availability of the resource with a high degree of accuracy reduces the effective
capacity of the wind farm. For example, an excellent wind site may have a capacity factor
of 40%, meaning that it does not operate continuously. In other words, the capacity factor
is an actual average output of 40% of its maximum theoretical output. Accordingly, to meet
peak demand requirements, it may still be necessary to install additional generation which
can be rapidly brought into and out of operation, or dispatched. The extent of reduced value
is speculative, but it is reasonable to expect that it would increase as wind becomes a
larger percentage of the electric system.

2.2.2.3 System Operating Issues at High Penetration Levels

At high penetrations (eg. greater than 20% of total generation capacity), the variability of
wind energy may create challenges for current power system operation. However, it is not
envisioned that such high levels would be required under a 10% MRET and therefore this
may not pose a significant constraint. In anticipation of potentially large volumes of wind
generation, NEMMCO has recently identified a range of issues to be addressed regarding
the impact on and integration into the electricity system, and embarked on a process to
resolve them. This process is expected to lead to changes to NEMMCO's central dispatch
facilities and procedures and changes to some Code provisions to better meet the needs of
both the National Electricity Market and the wind generation industry.58

As wind farm output varies from moment to moment, other dispatchable generators on the
electricity system need to increase or decrease their output to maintain a balance between
supply and demand. Operating reserves are required as a contingency against a large
generating unit (e.g. a 500 MW coal power plant) failing, and also to adjust to continuously
varying demand.

Wind farms need not necessarily cause significant challenges at less than very high levels
of penetration. However, at some level it would be necessary to change operating
procedures to accommodate the natural variability of wind, perhaps by increasing the
amount of operating reserves (generation that can increase or decrease output relatively
quickly) that are available.59

At low penetrations of wind energy such as exists in Australia currently, this issue is
negligible. At the levels envisioned under a 10% MRET (i.e. less than 20% of total
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generation capacity) the issue is unlikely to be a significant one. No changes to operating
reserves have been required in California which has 1,600 MW of wind, constituting about
3% of that State’s generation and well in excess of the largest operating units there.
Similarly, wind supplies about 18% of electricity in Denmark, with plans to add further
amounts.60 While technical characteristics of electricity networks are site-specific, these
examples suggest that moderately high levels of wind generation need not necessarily pose
undue operating challenges.

5,000 MW of wind could be achievable in Australia without significant operational cost,
assuming that wind penetrations of 20% of generation in a given region prove technically
acceptable. Assuming an average capacity factor of 34% for good wind sites, the 5,000 MW
of wind farms could supply about 15,000 GWh of RECs per year. This would be well in excess
of the amount estimated to be developed to meet the first 9,500 GWh MRET and a
significant contributor to a 10% MRET.

2.2.2.4 Land Planning Considerations

Wind farms can have a variety of land use impacts that must be carefully evaluated and
managed. These include impacts on flora, fauna, scenic values, noise, interference with
radio, television signals and cultural heritage.

Many sites with excellent wind have land use issues that may limit the development
potential. For example, a wind farm proposal near Cape Bridgewater in Victoria was denied
planning approval in 1998 for a variety of reasons, including concerns over visual impact
in an area of particularly high scenic value.61 This may prove to be a significant constraint
on future large scale wind farm development. In the UK and other parts of Europe, which
have significantly higher population densities and far greater adoption of wind energy to
date, land use issues have been an increasing constraint, with considerable attention now
devoted to offshore wind farms.

Successfully developing wind's full potential will require careful examination of the
potential impacts of each wind farm in a manner consistent with effective community
consultation and strategic regional planning. This approach will be critical as more and
larger proposals are developed.

2.2.3 Employment and Regional Development Aspects of Wind

Wind projects are generally located well outside urban areas. The major high value
components of wind turbines are currently imported, although some components such as
towers are already locally made. Roads, foundations and electrical works also bring local
employment.

Vestas has announced its intention to develop a major assembly facility creating 50 jobs in
Tasmania to supply Hydro Tasmania’s Woolnorth Wind Farm. Additional manufacture of
major high value components such as the rotor blades would produce another 250 jobs, if
sufficient numbers of turbines are ordered.62 Similarly, NEG Micon has committed to
extensive local manufacturing in Victoria to supply Pacific Hydro with 400 turbines over five
years, contingent on the approval of Portland Wind Farm.63 Pacific Hydro reports that the
result would be 90% local content, including nacelle assembly (the housing for the
generator), tower manufacture, and blades, with 2000 direct and indirect jobs. Prospects
for such local employment would benefit from a higher MRET.

Many countries are anticipating that their planned growth in wind projects will lead to new
manufacturing centres going well beyond assembly and there are several precedents. For
example, Vestas has announced its intention to build a turbine manufacturing plant in the
US based on expected high demand there.64

Based on numbers from Australia’s largest wind farm at the moment, the 21.6 MW Albany Wind
Farm in WA, about 0.2 ongoing jobs are created for every 1 MW of installed capacity.6° In addition,
just over 100 job years were created in the manufacturing and construction of the farm.66
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Assuming a 20 year life of the wind farm, these manufacturing and construction jobs
equate to about 5 ongoing jobs or an additional 0.23 jobs per MW (0.23 jobs per MW = 100
jobs / 20 year life / 21.6 MW). Given that approximately half the value of projects is added
in Australia for current projects, one might expect a doubling of the total manufacturing
and construction employment to 0.46 jobs per MW should domestic manufacturing of
turbines commence.

If 5,000 MW were to be installed in Australia, at a total of 0.66 on-going jobs per MW (0.2
in operation and 0.46 in installation and manufacture), this would be equivalent to at least
3,300 on-going jobs. It is particularly important to note that many of these jobs would be
in rural and regional areas of Australia. The above employment figure excludes
consideration of any indirect job multipliers which would be particularly valued in rural and
regional Australia. In addition to standard spin-off employment arising in suppliers and
from increased spending by employees, there are a number of unique indirect employment
benefits of wind farms:

© wind farms have become tourist attractions in many locales around the world
including Australia;

© wind farms provide another source of revenue to land holders and hence increase
their viability; and

© Australia has significant potential to be a regional exporter of wind technology and
expertise.

2.3 Solar Water Heating

Solar water heating (SWH) has the potential to be the most economic high volume source
of new renewable energy in Australia. However, achieving the full economic potential of SWH
would require significant institutional and policy changes as it is currently a minor niche
product that has high costs due to low production volume.

2.3.1 Opportunities for Solar Water Heating
Solar water heating has several strengths:

© it uses well demonstrated, relatively mature technology;

© it is widely applicable in new and existing buildings; and

© it should, in high volume deployment, cost significantly less than the electric water
heating it replaces, on a life cycle basis.

2.3.1.1 A Demonstrated, Mature Technology

Solar water heating is well demonstrated, with about 320,000 systems operating in
Australia alone.67 These systems produce about 3 MWh per year each,68 or the energy
equivalent of about 300 MW of wind farms, making SWH a leading renewable energy source
today.69 While current systems are used in only a small percentage of Australia’s
households, they provide ample evidence of strong technical performance.

Globally, SWH is used in over seven million households, including five million in Europe.70
Most of Israel’s 1.5 million households use solar water heating, which has been required by
law in all new domestic buildings since 1980.71

While only a small fraction of households, outside of Israel and Greece, have SWH, the
favourable performance of SWH is reflected by its growing role in national programs. For
example, SWH is expected to make up the majority of households participating in the Million
Solar Roofs program in the United States.

2.3.1.2 Wide Applicability of SWH

An individual SWH for a typical eligible household can create around 30 MWh of RECs at the
time of installation under current MRET rules. The actual amount varies from household to
household based on such factors as location (e.g. a SWH in Tasmania produces about 20%
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less than one in Brishane, all other things being equal), orientation of the roof, the
occupants’ hot water use patterns and the particular SWH model chosen. However,
reasonable estimates of energy production based on typical usage patterns, SWH models,
and location have been produced for the purposes of the existing MRET.72 The MRET rules
specify the eligibility and number of RECs that can be created by SWH.

More than any other OECD economy, SWH is well suited for most of Australia’s households
due to the large number of clear days and high average insolation. Many commercial
buildings and institutions are also excellent SWH candidates.

About 60% of households in Australia use electric water heating and would be eligible to
create RECs.73 Assuming an average 12 year life for conventional water heaters, an
estimated 700,000 replacements are installed annually in Australia, about 400,000 of
which use electricity. SWH is technically feasible for the majority of households, but there
are some constraints, such as shading from trees or neighbouring buildings, and lack of
suitable roof space (e.g. in multifamily residences). Also, some high-rise properties have
constraints on the amount of roof space that could be devoted to solar collectors.

There is no survey of the fraction of Australian households and commercial buildings for
which SWH is feasible. Assuming that 85% of the annual electric water heater
replacements can use SWH, it would produce about 10,000 GWh of RECs per year.74

In addition, about 100,000 to 150,000 new homes are built each year, all of which are eligible
to use SWH to create RECs. New homes are particularly well suited to SWH, with opportunities
for greater ease of installation and lower incremental costs relative to conventional water
heaters. Installing SWH in 85% of these would produce about 4,000 GWh of RECs per year.7s

Together, installation of SWH in new and replacement applications could total over 450,000
units per year, producing over 13,000 GWh of RECs annually by 2010.76 This is far in excess
of the approximately 1,000 GWh of RECs from SWH estimated for the first 9,500 GWh MRET.

2.3.1.3 Prospects for Excellent SWH Economics

Solar water heaters inherently cost more to produce and install than conventional water
heaters. Additional equipment is needed, such as the solar panels, roof mounting fixtures
and, depending on the type of system, pumps and heat exchangers. Additional installation
costs relate to placing the collectors, typically on the roof, and running additional piping.

It currently costs approximately $1,500 more to buy a common 300 litre SWH system
compared to a comparable conventional water heater, (e.g. $2,600 for a 2 panel SWH
compared to $1,100 for an electric storage water heater).77 However, because of the energy
cost savings, SWH can be beneficial for the consumer even without taking into account
government rebates and the sale of RECs.

For example, consider the cases in Queensland and Tasmania, based on local solar
conditions and electricity prices:

QUEENSLAND TASMANIA
Electricity Price, $ / kWh $0.0493978 $0.0844479
Energy savings, MWh / year 3 24
Annual savings, $ / year $150 $200

Present value of savings ($)
based on 15 year life and real $1550 $2100
discount rate of 5%80
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In the Tasmanian case, energy cost savings could justify spending up to $2,100 more for a
replacement SWH, well in excess of the apparent actual cost increment of $1,500. The case
in Queensland is also marginally favourable to SWH, although less so due to the lower cost
of electricity there. The current case in NSW is slightly less favourable due to a lower off-
peak electric water heater tariff. However, the NSW regulator has found that electricity
prices for storage water heaters are below the cost of supplying electricity and has adopted
a transition plan to increase those prices by 2004.81

While a 5% real discount rate is reasonable for assessing the economic merit of SWH,
consumers tend to behave as if they have apparently far higher discount rates.
Governments have attempted to overcome this behaviour with rebates, such as $500 per
qualifying system in NSW, and the sales of RECs. For example, the sale of RECs may total
about $750 for a typical system, based on the current offers of Energex and Western Power
of $26 / REC.82

Significant cost reductions in installed SWH costs appear to be achievable even without any
major technical developments. The largest single opportunity is through large-scale
deployment, as opposed to the current niche market sales. Large-scale deployment would
enable some economies of scale in manufacturing and significant economies in installation
and in sales and marketing overheads.

Large-scale deployment,for example deployment in virtually all new household construction
and in the majority of water heater replacements, might deliver reductions of 30% to 50%
relative to current installed costs.83 For example, one International Energy Agency bulk
buying demonstration project was able to achieve cost savings of 30% for a project with
only 100 SWHs.84 In Israel, where SWH is ubiquitous, installed costs of an average system
were reported at 450 to 640 ECUs in 1995, or less than $1,500 per system in 2002 dollars.85

In sufficient scale, this could lead to an incremental installed cost relative to conventional
electric water heating of well under $1,000. This would lead to excellent consumer benefits
from SWH in most households, without government rebates, sales of RECs, or electricity
price increases resulting from Australia’s greenhouse commitments.

Further, there are several technology improvements in SWH that stand to improve cost and
performance. For example, the United States Department of Energy’s Solar Buildings
program is in the midst of a multi-year US$10 million+ program aimed at reducing the
installed cost of SWH by 50% by 2004. The primary approach being taken is to develop
polymer materials to replace or reduce the use of glass, and metals in the solar collectors
and piping. The benefit would be far lower materials and manufacturing costs, and lower
shipping and installation costs due to the lighter weight.86

2.3.2 Barriers to Mass Deployment of SWH

While the cost, technical performance, and resource potential of SWH are all excellent, there
are two primary barriers to mass deployment of SWH. These are:

© Consumer behaviour alone is unlikely to produce high SWH usage; and
© Achieving high deployment would be likely to require building or appliance energy
performance standards.

2.3.2.1 Consumer hehaviour alone is unlikely to produce high SWH usage

There are a number of significant barriers and behavioural constraints to the effective
consideration and adoption of energy technologies by small consumers such as households
(see Table 5). The existence of such barriers in energy efficiency decision making by small
consumers has been widely recognised.87

. LARGE-SCALE

. DEPLOYMENT MIGHT
. DELIVER REDUCTIONS
. OF30% T0 50%
 RELATIVE TO

. GURRENT INSTALLED
. BOSTS.



. IFA MANDATE WAS
GIVEN TO THE SWH

. INDUSTRY THAT

. FQUATED TO 450,000
. SWH SYSTEMS PER
. YEAR, 6,000
PERMANENT JOBS

: \WOULD BE GREATED.

MEETING R 10% MRET

Tahle 5. Barriers to Consumer Take-up of SWH
1) Consumer and building industry inertia (e.g. habits) and risk aversion in switching from status quo
— low interest, as water heating is a small part of household spending;
— general lack of consumer awareness.
2) Consumer and building industry uncertainty about cost and performance of SWH versus conventional water
heating.
3) High consumer time commitment required to reduce uncertainty including time to understand relative cost
savings and time relative to urgency of replacing a failed water heater.
4) Consumer, local government and social concerns of aesthetics of rooftop panels and tanks.

5) Financial barriers including limited investment capital available and higher initial cost of SWH.
6) Split incentives make recovering investment difficult (e.g. landlord invests, tenant benefits or homeowner
invests but doesn't recover investment in house sale).

Several of the barriers listed in Table 5 can be addressed and to some extent some of them
are. For example, manufacturers are mitigating aesthetic concerns by developing models
that are better integrated into roofs, and by producing systems that give the appearance of
skylights.

Also, the MRET legislation has been successful in encouraging several energy retailers to
develop SWH promotional programmes as a source of RECs.88 These programmes can help
by increasing consumer awareness, supplying information, providing financing, and
generally facilitating the adoption of SWH.

However, these programmes necessarily still rely primarily on consumer behaviour and will
be likely to capture only a portion of the potential. As a result, it is unreasonable to expect
that SWH would be adopted in any degree approaching its full economic and technical
potential if dependent primarily on consumer behaviour.

2.3.2.2 Achieving high deployment would be likely to require building or appliance energy
performance standards

It is generally accepted in Australia and internationally that building and appliance energy
performance standards can provide significant benefits to consumers and to an economy
as a whole.89 In most jurisdictions in Australia, however, there are no energy performance
standards encouraging or mandating either the consideration or the use of SWH. Rather,
decisions to consider SWH have been left primarily to consumer behaviour, as influenced by
vendor marketing efforts.

However, there is a growing number of local councils (currently 42 in NSW) that now require
consideration of low GHG emissions water heating (including SWH and gas water heaters)
as a condition of building approvals. The first to take this approach was Leichhardt Council
in NSW. Since 1994, Leichhardt Council has mandated SWH systems on new residential
construction and redevelopments except where they are found to be unsuitable for specific
reasons.%0 Internationally, Israel remains the exception in achieving near total deployment
of SWH in building through the use of legal mandates.

There is, however, significant domestic and international precedent for mandating
improved energy efficiency features in both appliances and building standards. At the
national level, Australia has been developing increasingly comprehensive Building Energy
Performance Standards and Minimum Energy Performance Standards for major energy
using appliances and equipment over the last several years.

To date, opportunities to strongly promote SWH have not been incorporated in the Australian
Building Code and Building Energy Performance Standards, nor is there an indication that
such an approach is as yet under consideration either for the replacement market or for new
construction.91 However, given that there would be both a net consumer and net societal
benefit to mandating SWH, there is a credible case for inclusion of SWH in the future.

2.3.3 Employment and Regional Development Aspects of SWH
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While mass deployment of SWH is without precedent in Australia, an indicative employment
picture can be constructed:

© Manufacturing Employment — Manufacturing of SWH equipment is reasonably
labour intensive and involves some highly skilled manufacturing jobs. Currently,
approximately 30 hours of manufacturing labour are required per SWH system.92
Assuming labour efficiency gains of about 100% in mass market production
volumes93 leading to 15 hours of manufacturing labour per system, some 1000
manufacturing jobs per 100,000 systems of annual production could be created.

© Installation Employment — An average installation may take 5 person hours under
mass market conditions. This represents an improvement of some 20% to 30% over
current practice. Installation employment could be about 300 jobs per 100,000
systems of annual production.

Under the above scenario and, if a mandate was given to the SWH industry that equated to
450,000 SWH systems per year, 6,000 permanent jobs would be created.

2.4 Biomass Energy from New Multi-Benefit Revegetation
Projects

Biomass energy crops are a highly prospective source of renewable energy in Australia.
However, a number of biomass sources and processes which are eligible under MRET rules
have raised significant environmental concerns and some are viewed as not truly
renewable.

In weighing the benefits of biomass energy crops, issues of concern include use of wood
waste from native forests, use of genetically modified organisms, loss of biodiversity,
intensive fertiliser and pesticide use, soil loss for intensive energy crops and emissions of
toxic compounds. Provided that these matters are satisfactorily addressed, biomass energy
has significant potential as a truly renewable source of energy. One step to that end could
be the use of independent third party certification such as by the Forest Stewardship Council.

Under the current 9,500 GWh MRET rules, a variety of resources defined as biomass waste
have the potential to provide a large fraction of the required RECs. However, regardless of
whether they are viewed favourably or not, the total existing biomass resource potential is
limited relative to a 10% MRET.

If biomass is to be employed to meet a significant fraction of a 10% MRET, it is necessary
to look beyond the existing biomass resources. Bioenergy crops, while technologically and
commercially more speculative than existing biomass wastes, may have a relatively large
technical potential. While single purpose bioenergy crops can appear relatively expensive,
integrating energy production into other agricultural and plantation-related projects can
reduce costs significantly.

One recent example of this is Visy's kraft pulping mini-mill at Tumut in NSW. It is a paper
recycling facility for 60,000 tonnes per annum of waste paper and a processing facility for
240,000 tonnes of plantation wood fibre. It generates 75% of its own energy needs and is
an accredited 17 MW renewable energy plant. It has not only led to the establishment of
30,000 ha of new plantations but may produce up to 15% of the nation’s 2002 REC
requirements. Its total output of 300,000 tonnes per annum could also eliminate Australia’s
imports of softwood pulp and help redress a $1.5bn annual balance of trade deficit in pulp
and paper products.9

Another proposed project illustrates how large plantations can provide multiple products
and revenue streams. AusPine has proposed that a 60MW plant be located at its 45,000 ha
South Australian plantations near Mount Gambier. The energy plant would consume some
600,000 tonnes per annum of sawmill and forestry residues that currently go to waste.9
The entire facility would continue to produce substantial sawn timber and woodchips in
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addition to the outputs of the new energy facility. It should be noted, however, that as a
monoculture pine plantation with significant export woodchip production, this project may
raise significant environmental concerns.

Much attention has been drawn to Australia’s growing problem with water quality and
salinity, which the Prime Minister has called “one of the three great challenges” facing the
government of Australia.9% Salinity poses risks to farming, water supplies, transport
infrastructure and buildings, as well as harming remnant vegetation areas with important
ecosystems. Australian governments have committed to spending $1.4 billion over seven
years to develop salinity and water quality solutions.97 While the solutions to the salinity
problem are yet to be developed, it appears that plantations and farm forestry will play a
vital role and therefore warrant particular attention.

2.4.1 Prospects for Multi-Benefit Revegetation Bioenergy

The prospect of multi-benefit bioenergy crops on a large scale is less certain than wind or
solar water heating. However, it merits consideration for several reasons:

© existing technologies are mature, with opportunities for significant improvement;
© the resource is potentially very large; and
© the energy economics may be highly attractive given the multiple benefits.

2.4.1.1 Demonstrated Energy Conversion Technology

Biomass conversion in dedicated conventional steam boilers is technically mature. Over
14,000 MW of biomass generating capacity are installed worldwide, including 7,000 MW in
the United States alone.98

A variety of advanced conversion technologies are being pursued with the aim of
significantly increasing conversion efficiency and decreasing costs. For example, the US
Department of Energy’s Biomass Energy Program is pursuing advanced gasification,
anaerobic digestion technologies that could achieve efficiencies of over 35%, considerably
higher than the 25% typical in existing conventional boilers. While biomass energy is
already competitive with other forms of renewable energy, projects such as these would
enhance the prospects for relatively small scale bioenergy based on revegetation.

2.4.1.2 Large Potential Resource

Revegetation programs to mitigate dryland salinity could produce large amounts of
biomass that may be suitable for bioenergy. Australia’s dryland salinity problem is a result
of the clearing of deep-rooted native vegetation, and replacement with shallow-rooted
crops in areas with saline soils. Without the deep-rooted vegetation, the water table
gradually rises, mobilising salt in the soil and bringing it to the surface.

Given the vast areas affected by dryland salinity, there is a potentially large area of land
that may be suitable for revegetation. Currently, about 5.7 million hectares suffer from or
are at risk from dryland salinity in Australia.99 This is approximately 12.4% of Australia’s
arable land.100 With the continued gradual rising of water tables under cleared lands, the
amount at high risk over the coming decades is estimated at over 17 million hectares (some
37% of total arable land).101 Affected regions include the Western Australian wheat belt
and Murray Darling basin in South Australia, Victoria, Queensland and New South Wales
(see Table 5). The cost to the Australian economy of dryland salinity and degraded water
quality is currently estimated at over $3.5 billion annually.102

Revegetation of affected areas with deep rooted plants is recognised as an important salinity
mitigation strategy as it could halt or reverse rising water tables.103 While the science of
groundwater modelling and the mapping of salinity, vegetation and hydrology is rapidly
progressing, there is as yet no comprehensive assessment of the location and extent of
revegetation that would be required. A target of 15% revegetation of agricultural areas in
Western Australian, including the wheat belt, has been set.104 However, some estimates
indicate that far more revegetation might be required, perhaps over 75% of affected areas.105
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Table 6. Areas with High Dryland Salinity Potential (millions of hectares)

2000 2050
NSW 0.2 1.3
Victoria 0.6 3.1
Queensland Not assessed 3.1
South Australia 0.4 0.6
Western Australia 44 8.8
Tasmania 0.1 0.1
TOTAL 5.7 million ha 17 million ha

Source: “National Dryland Land and Water Resources Audit 2001”

Even if the area that needs to be revegetated is only a quarter of the total 17 million
hectares estimated to be at risk, the resulting bioenergy could potentially supply all of a
10% MRET. The amount of biomass suitable for energy production on any hectare of
revegetation would vary with the type of vegetation, local conditions such as rainfall,
current salinity levels, water table depth, and other uses of the vegetation.

The Integrated Wood Processing demonstration plant, currently under development in
Narrogin, Western Australia, is one advanced example of a multiple benefit revegetation
project which includes electricity production. The demonstration facility will use 20,000
tonnes per year of coppiced mallee biomass harvested from about 3,000 hectares of salinity
management plantings at local farms. That biomass is projected to produce about 7,500
MWh per year (in addition to about 700 tonnes of activated carbon and 200 tonnes of
eucalyptus oil).106 The land area of plantings would be about 3,000 hectares,107 suggesting
electricity production of about 2.5 MWh per hectare per year for the project. Notably, the
Narrogin project is designed to optimise the total value of a variety of outputs, rather than
just maximise electricity output.

The amount of land that would ultimately be revegetated, and when, is necessarily
speculative, as is the type of energy crop that may be applied. Assuming revegetation on
25% of the land area where the risk of dryland salinity is high, and electricity production
rates similar to the Narrogin project, revegetation bioenergy could potentially produce over
10,000 GWh per year. The amount of energy production per hectare from a particular project
will vary greatly due to factors such as species mix planted, rainfall, and the amount of
biomass used for energy as opposed to other commercial uses. The bioenergy produced
could be much higher — possibly as high as 42,000 GWh.

2.4.1.3 Potentially Attractive Economics Based on Multiple Benefits

Electricity from tree cropping has been identified as having potentially cost-competitive
and commercially attractive prospects in low rainfall areas.108 However, this will require
considerable additional development of specialized production systems.

For example, an economic analysis of the Narrogin Oil Mallee project indicates that it should
be capable of generating electricity for $60 / MWh even while yielding a high after tax return
on investment of over 18%, with 100% equity financing.109 Returns are achieved from the
sale of high valued eucalyptus oil and activated carbon, as well as the electricity.

Notably, the Narrogin economic analysis did not include revenue from salinity management
or other land care benefits, which could be large.

2.4.2 Challenges to Multi-benefit Revegetation Bioenergy

While the prospects for bioenergy from integrated revegetation projects are large, achieving
the prospects will require addressing four primary challenges:

© demonstrating specialised production systems which bring low cost and high
performance for multiple commercial products;
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© the difficulty of implementation on this scale in the current timeframe;

© finding a way to integrate bioenergy with the broader scientific, technical and
institutional challenges presented by dryland salinity management; and

© addressing environmental concerns about large scale plantations and broad-scale
agriculture.

2.4.2.1 Demonstrating Cost-effective Multi-product Production Systems

Plantations that simultaneously produce wood products, paper products, renewable energy,
carbon sequestration, salinity and biodiversity benefits are without precedent. However, the
Tumut, Mt Gambier and Narrogin projects are demonstrating that facilities producing
various combinations of these benefits can be both feasible and economically viable.

2.4.2.2 Large Scale Implementation

Revegetation projects of sufficient scale (e.g. many thousands of square kilometers) to
produce significant quantities of renewable energy and other useful products would take
time to plan, secure approvals for, and establish. What is more, trees mature slowly and
useful outputs from revegetation projects may not be available for a number of years. For
large scale revegetation projects to make a meaningful contribution to a 10% MRET target,
an aggressive implementation approach would be required.

2.4.2.3 Integrating Bioenergy with Salinity and Other Environmental Efforts

Large scale adoption of bioenergy as a salinity solution would require integration with
current scientific and technical efforts. Bioenergy must demonstrate itself to be an integral
part of the technical solution to salinity. Perhaps the greatest challenge, however, will be
an institutional one because a variety of new economic instruments are needed to manifest
the economic value of a wide variety of salinity benefits and carbon sequestration benefits.

While such instruments are without substantial precedent, the introduction of the MRET in
Australia and similar legislation elsewhere demonstrates that turning environmental
benefits into economic gain is readily achievable. There is also significant uncertainty
about the long term level of effort and funding (or alternately, development of salinity-
based market instruments) that will be devoted to addressing salinity, and the ability to tap
these as revenues for multi-benefit bioenergy crops.

2.4.2.4 Addressing Environmental Concerns About Large Scale Plantations

Plantations, whether for biomass or other purposes, have raised a number of environmental
concerns in the past. In the context of this study, particularly large scale plantations will
be required both to be effective in redressing salinity and to ensure the economic viability
of the processing facilities. Therefore, environmental considerations will need to be
carefully addressed. These include:

integrating plantations with other land use considerations including protection of
existing natural vegetation;

avoiding the use of mono-culture plantations;

maximising the use of native species;

avoiding the harmful use of chemicals; and

independent third party certification.

o000 ©

2.4.3 Employment and Regional Development Aspects
of Revegetation Bioenergy Facilities

While mass deployment of bioenergy facilities is without precedent, an indicative
employment picture can be constructed based on existing data.

The US National Renewable Energy Laboratory reports that for every megawatt of forest
residue and wood waste biomass electricity generation capacity installed, 4.9 jobs are
created,!10 while an ACIL study for SEDA suggested a figure of 3.69.111 At the Narrogin
project, an estimated 40% of the jobs are attributable to the energy components of the
project. This equates to 2.6 jobs per MW.112
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Under the above scenario, some 1,300 MW of generation would be required to produce
10,000 GWh a year assuming a 90% plant capacity factor. At 3.7 jobs per MW, some 5,000
jobs would be created.

2.5 Photovoltaics and MRET

Photovoltaic (PV) energy is highly competitive in a number of specialist applications such
as remote area (off-grid) power systems for households and communities,
telecommunications, marine, public lighting and water pumping. It is also competitive in
some relatively small on-grid applications, such as providing network support. The niches
in which PV is competitive continue to grow. However, PV remains far from competitive for
wholesale or retail electricity in grid-connected applications relative to conventional
generation and other prospective large volume renewable sources such as wind, biomass
or solar water heating.

Without technology breakthroughs, manufacturing at scale and supportive government
policies, PV is likely to remain uncompetitive for the short-term. Accordingly, PV is likely to
play a limited role in providing RECs in 2010 under the current MRET legislation, whether
under a 9,500 GWh MRET or a higher 10% MRET. Interestingly, there is strong community
support for PVs, reflecting that price is not the only driver for adoption of energy supply
options.

2.6 Compliance by Penalty

Under the MRET legislation, liable parties have the option to comply by paying a penalty to
the Australian Government in lieu of surrendering their share of RECs. That penalty is set
in legislation at $40 / MWh, with no indexing for inflation. As the penalty is not tax
deductible, it is equivalent to a pre-tax REC price of $57 at the Australian corporate tax rate
of 30%.

Under a 10% MRET, the chances that compliance by penalty occurs is far higher than under
the current 9,500 GWh MRET. Although the renewable energy sources discussed in this
study could well produce the RECs needed for the 10% MRET, compliance by penalty
payment may be an attractive outcome at times, particularly if there are plant production
problems or if new production does not come on line quickly enough to meet the MRET
requirements.

In addition to its role in ensuring compliance, the penalty serves an important secondary
purpose in driving project developers to deliver less expensive renewable energy projects.
From the perspective of a project developer, the penalty is essentially a competitor that they
must beat on price. Also, because it is not indexed for inflation, the penalty puts ever
increasing pressure on project developers to continue lowering costs as the years progress.

A benefit of the penalty is that it could provide a source of funding to the Australian
Government to reinvest in renewable energy. For example, if renewable energy proves more
expensive than anticipated, leading to revenues from MRET penalties, the Australian
Government would be well positioned to devote additional funds to renewable energy R&D,
recycle the revenue to those retailers that have surrendered RECs and fund specific
renewable energy projects or other energy policies to improve longer term options.
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3. Conclusions

There is a strong case that new renewable energy sources could meet a
10% MRET of up to 36,500 GWh per year by 2010 at no or very low cost.
Further, these sources would be likely to bring significant greenhouse
gas emission reductions of some 26 million tonnes of CO, per yr and
employment benefits of over 14,000 new jobs, a large portion of which
would be in regional areas.

This outcome would depend on a host of factors involving a potentially high volume of the
renewable energy technologies themselves. It would also depend on events in the
conventional electricity sector, and on developments in international greenhouse gas
policies. In particular, the prospect of international emissions trading, e.g. as envisioned
under the Kyoto Protocol, could place significant value on the emission reductions that new
renewable energy would deliver, thereby mitigating or negating the incremental cost of
supplying RECs.

A large assortment of renewable energy technologies have been identified as likely to
contribute to the existing 9,500 GWh MRET. Achieving a 10% MRET of up to 36,500 GWh,
however, would require intensive development of other key sources. This study identified
three prospects as particularly warranting attention:

© wind;
© solar water heating; and
© biomass from new multiple-benefit revegetation projects.

Each could potentially supply a large fraction of the additional 27,000 GWh that would be
required. Critical challenges would need to be successfully resolved for each of these to
meet their full potential, however. In the absence of the stimulus of a 10% MRET, these
sources could still be developed (e.g. if there were a carbon tax or major salinity initiative).
However, the additional stimulus of a 10% MRET would provide a clearer support for parties
seeking to address the challenges and enhance their long term prospects as the 9,500 GWh
target has shown.

Finally, it should be noted that any shortfall of new renewables would be met by payments
made to the government in lieu of RECs. This source of government revenue could be used
for a variety of purposes, such as additional renewable energy R&D, recycled to retailers
who have surrendered RECs or used to fund specific renewable energy projects.
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4. Appendix — Calculations

1. Calculations for Net Cost of RECs
Net cost of RECs = average cost of generating renewable electricity - incremental cost of
displaced electricity (including the cost of CO, emissions).

2. Calculations for 2.2% and 3.5% growth
(MRET in 2010) = (forecast 2010 electricity generation) x (total 2010 renewable energy
percentage) — (1997 base year renewable electricity generation);

where:

(total 2010 renewable energy percentage) = (1997 base year energy percentage) +
(desired MRET percentage, e.g., 2%, 5% or 10%);

(total forecast 2010 electricity generation) = (2000 electricity generation) x (1+ forecast
annual growth rate, e.g., 2.2% or 3%)10years,

2000 electricity generation = 193 million MWh; (ESAA 2001);
1997 base year renewable electricity generation = 16,000 MWh; (ESAA 2001)
1997 base year renewable electricity generation percentage = 10%; (ESAA 1998)

3. Calculations on greenhouse gas savings
27,000 GWh x 1000 MWh / GWh x 0.98 t / MWh = 26.46 million t

4, Calculations for average cost of delivery in 2010
The $58 is the volume-weighted average of all the sources (using the midpoint of
$100 / MWh for the ‘other’ category), omitting the 1,600 MWh of old hydro.

5. Galculation for little or no net societal cost
Net cost of RECs = average cost of generating renewable electricity - incremental cost of
displaced electricity (including the cost of CO, emissions).

6. Calculations on job figures

With 100 construction and manufacturing job-years for a 20 year life project, this means
that after 20 years another 100 construction jobs would be required or an equivalent of 5
ongoing jobs in construction & manufacturing. Albany WF has 21.6 MW, so the 5 ongoing
jobs in construction and manufacturing average to 5 jobs / 21.6 MW = 0.23 jobs/MW.
Doubling this due to domestic manufacturing would give 2 x 0.23 = 0.46 jobs / MW.

In addition, there are 0.2 jobs / MW in ongoing 0&M, so

total jobs / MW = 0.46 + 0.2 = 0.66.

1. Calculations for energy equivalent
3 MWh / year — SWH x 320,000 SWH x (1 GWh / 1000 MWh) = 960 GWh.

300 MW of windfarms with a capacity factor of 36% produces = 36% x 8760 x 300 MW *
(1 GWh / 1000 MWh) = 946 GWh.

8. Calculation on replacing 85% of annual electric water heating systems
400,000 homes x 85% with SWH x 30 GWh RECs / SWH x (1 GWh / 1000 MWh) = 10,200
GWh, or about 10,000 GWh.

9. Calculation on SWH in 85% of new homes
140,000 homes x 85% x 30 MWh / SWH x (1 GWh / 1000 MWh) = 3570 GWh, or some 4000 GWh.

10. Calculation on GWhs produced by SWH
450,000 SWH / year x 30 MWh RECs / SWH x (1 GWh / 1000 MWh) = 13,500 GWh RECs, or
some 13,000.
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