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Executive summary

The Victorian Government is currently addressing the growing electricity demands of Victorians,
given technological solutions that are currently available, the economics of various options and
the environmental and health costs associated with greenhouse gas emissions.

At present in Victoria there are proposals to expand existing coal fired power assets (e.g. by
extending the life of the old 1600 MW Hazelwood power station in the Latrobe Valley), develop
gas fired power assets (e.g. Origin Energy�s proposed natural gas-fired station near Mortlake)
and develop renewable energy power assets (eg Pacific Hydro�s Portland Wind Project). Any
decision to continue supporting coal fired power asset development would lock the State into
CO2 emissions that could dwarf any current and proposed measures for reducing the State�s
emissions.

This report, Towards Victoria�s Clean Energy Future, shows that cleaner energy sources could
substitute for both the capacity and energy generation of a 1600 MW base-load, coal-fired station
by means of a mix of realistic supply-side and demand-side initiatives by 2010. This cleaner
energy system would reduce Victoria�s carbon dioxide emissions by about 13.7 million tonnes
per year. If adopted, it would be cost-effective and would set the State on the path away from
coal-fired assets in order to deliver much deeper emission reductions in the longer term.

The proposed supply-side mix involves wind power, bioenergy (fuelled primarily with crop
residues), and either natural gas combined cycle and cogeneration or a reduction in exports of
Victorian (brown coal-fired) electricity to other States.

Policy measures required for the Victorian Government to deliver this supply mix include:
• a greenhouse intensity limit on all new power stations and on all proposals for major

refurbishments and other life-extensions of old power stations;
• either a carbon levy or tradeable emission permits of the cap and trade type implemented

jointly with other States; and
• the requirement that energy retailers submit Renewable Energy Certificates (RECs) annually

to the State Government as a licence condition.

Recommended demand-side measures include:
• the extension of energy performance standards from new buildings to buildings with new

renovations, all existing government-owned and government-tenanted  buildings, and some
other categories of existing buildings;

• substantial expansion of the use of solar hot water encouraged by both incentives and
penalties;

• the wide dissemination of �smart� meters and peak-load pricing to make users pay the full
cost of air conditioning and other contributions to increases in electricity demand; and

• the provision of low-cost packages of energy efficiency measures for householders.
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The supply-side solutions to move to cleaner energy sources will increase the average price of a
unit of electricity to the Victorian community. However, the demand-side energy efficiency
savings will reduce the number of units purchased by consumers, with the net result that energy
bills will either decrease or remain approximately the same Then the challenge in moving onto
the clean energy pathway becomes neither technological nor economic, but rather organisational
and institutional: namely, how to deliver cost-neutral packages of energy efficiency, renewable
energy and natural gas to consumers. Since the State Government would have to play the leading
role in making organisational and institutional changes, the key issue becomes one of political
will.

The proposed fuel substitution for electricity generation from coal to gas and renewable energy,
coupled with efficient energy use, would reduce the socio-economic risk faced by Victoria as the
result of having an electricity supply system that is based 97% upon brown coal, the most
greenhouse-intensive of all fuels. In the likely event that international greenhouse gas emission
constraints are tightened over the next decade, this high dependence upon brown coal would
become a major economic and environmental liability.

An additional and very important benefit of undertaking the transition to a clean energy future is
that the key policies detailed in this report will stimulate job growth and increased economic
activity. We strongly advocate that the Victorian Government provide incentives to ensure that
the major proportion of these new jobs be located in regions most affected by the closure of coal
fired power assets, such as in the Latrobe Valley.
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1. Introduction

There is widespread and growing international concern about global climate change resulting
from the greenhouse effect. We know that our world�s average temperature is rising unusually
rapidly. Climate change impacts have the potential to threaten lives, the capacity to sustain
agriculture, the availability of fresh water, the control and spread of disease, the survival of
native species and the weather (e.g. in terms of the frequency and severity of floods and
droughts). The most pressing solution to this is to act immediately to cut our greenhouse gas
emissions by 60% by 2050 (Coleman et al. 2004).

In Victoria by far the largest component of greenhouse gas emissions comes from electricity
generation from coal-fired power stations.  At present, in several States, including Victoria, there
are proposals for either new, or extensions to the lifetimes of old, conventional coal-fired power
stations. Decisions made today will determine our carbon emissions for decades, limit alternative
reduced emission options for the future and undermine our ability to make the transition to a
much cleaner energy future by 2040.

For example, the power station operator, International Power Hazelwood, has requested the
Victorian Government to approve the development of an extension to the Hazelwood West Coal
Field. This would enable Hazelwood power station to extend its operation from 2009 to 2031.
Hazelwood is one of the most greenhouse-intensive power stations in Australia and is arguably
the largest point source of annual greenhouse gas emissions in the country. An expansion would
lock in 380-407 million tonnes of Victoria�s future total CO2 emissions. This would wipe out
many times over the greenhouse gas savings envisaged under current government polices and be
at odds with the Victorian Government�s Greenhouse Challenge and recent acknowledgment to
address the negative impact of climate change.

The recent scenario study, A Clean Energy Future for Australia, explains how Australia can
reduce by half its CO2 emissions from stationary (i.e. non-transport) energy by 2040 (Saddler,
Diesendorf and Denniss, 2004). The latter study assumes continuing economic growth and
utilises existing technologies. It identifies a myriad of cost-effective technologies for using
energy more efficiently, together with cleaner energy supply based primarily upon gas (the least
polluting fossil fuel), crop residues and wind power. The study finds that coal-fired power
stations with geosequestration are unnecessary for achieving the target.

The study by Saddler et al. (2004) suggests that achieving the 50 percent emission reduction
target by 2040 requires a range of new policies to be acted upon immediately. These include a
maximum greenhouse intensity for new base-load power stations1, an expansion of the federal
Mandatory Renewable Energy Target (MRET), the introduction of either a carbon levy or
tradeable emission permits and some mandatory requirements for energy efficiency measures.

                                                
1 Conventional coal-fired power stations have the highest greenhouse gas intensities (CO2 emissions/TWh of

electricity sent out) of all types of power station. They also emit large quantities of sulphur dioxide, nitrogen
oxides, fluoride, hydrochloric acid, boron, particulate matter, sulphuric acid and mercury. Therefore, the maximum
greenhouse intensity would be set to promote the building of low or zero emission power plants or energy
efficiency measures.
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In this context, this report focuses on the potential of a mix of energy efficiency and cleaner
electricity supply measures to substitute for 1600 MW of coal-fired base-load generation by
2010.2 In making this substitution, we match the two principal contributions that a base-load
power station makes to electricity supply:
• annual energy that is measured here in GWh/yr, where 1 GWh = 1 gigawatt-hour = 1,000

megawatt-hours (MWh); and
• capacity to meet peak demand, that is measured here in megawatts (MW).

After giving a concise background on Victoria�s electricity system and existing policies and
strategies to reduce greenhouse gas emissions from electricity use (Section 2), this report
proposes in Section 3 a mix of demand-side energy efficiency and supply-side natural gas and
renewable energy measures. Section 4 comments upon energy reserves and Section 5 proposes
policies and strategies for achieving the substitution. The allocation of costs is discussed in
Section 6 and the employment implications in Section 7.

                                                
2 Because conventional power stations generate large blocks of power, they are brought on line several years before

their full capacity and electricity generation are actually required. Clean energy options are generally provided in
much smaller blocks and so they can be brought on line as required by electricity demand.
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2. Victorian electricity backgrounder

2.1 Victoria�s electricity industry

Victoria has a population of 4.8 million and 1.8 million households. On the principal electricity
grid, installed capacity on 30 June 2001 was 7,864 MW; maximum demand in 2000/01 was
8,019 MW3 and occurred in summer; electricity generation in the financial year 2000/01 was
49,971 GWh; and electricity sent out from the power stations was 45,611 GWh (ESAA, 2002).
Of this, net electricity exports to other states (S.A. and NSW) were approximately 3,000 GWh.,
equivalent to about 27% of the electricity sent out from Hazelwood.

Table 1 shows the mix of energy sources used on the main grid. Brown coal, the most
greenhouse intensive fuel of all, contributed 97% of electricity generation.

Table 1: Fuels used in Victoria�s electricity generation, main grid, 2000-01

Fuel Electricity generation b

(GWh/y)
% of generation

Brown coal 48,465 97
Gas      881   1.8
Hydroa      625   1.2
Oil        0    0
Total 49,971 100

Source: ESAA (2002)
a. excluding pumped hydro

Table 1 only considers the main electricity grid and so excludes some renewable energy and
cogeneration with natural gas. According to ESAA (2002), some Victorian electricity is
generated from waste, other biomass, wind and solar, although quantified amounts are not given.

By the end of 2003, 92 MW of wind power was installed in Victoria, with expected annual
electricity generation of about 240 GWh. At that time there were proposals for an additional 915
MW of wind power, but most of these would depend upon the expansion of MRET. In the first
half of 2004, additional proposals have been announced.
Biomass energy is not as yet being used to generate much electricity in Victoria, although there
is significant potential, as discussed in Section 4.

In 2000/01 the power stations on Victoria�s main electricity grid were responsible for the
emission of about 57 Mt CO2 compared with about 170 Mt for the whole of Australia
(Diesendorf, 2003). Victoria�s per capita CO2 emissions from electricity generation (11.1
t/person) were higher than those of every other State (Wilkenfeld, 2002) 4. This is because of the
domination of Victoria�s electricity generation by brown coal (see Table 1) and because Victoria
also has several large electricity intensive industries, such as aluminium smelting.

                                                
3 The maximum demand was greater than the State�s generating capacity. Imports supplied the difference. On 29
January 2003 Victoria set a new record of 8104 MW.
4 Queensland was second highest with 10.0 t/person.
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Drivers of Victoria�s growth in energy demand are population growth, economic growth from
industrial and commercial development, and changing lifestyles, including the trend towards
larger houses, smaller households (i.e. number of persons per house) and the rapid increase in the
use of electrical appliances, including air conditioners.

2.2 State Government�s greenhouse policies and strategies

The Victorian Government has put in place the following policies and strategies for reducing
greenhouse gas emissions, that could assist the substitution of cleaner energy sources and
demand-side measures for coal-fired electricity:

• Solar Hot Water Rebate Program: available for a new solar hot water system installed in an
existing building that replaces an existing gas, wood, briquette or oil fuelled water heater.5

Replacement of electric hot water systems by solar is not eligible, presumably because that is
already subsidised by the Federal Government�s Renewable Energy Certificates. (For details
see www.seav.vic.gov.au)

• Star homes: From 1 July 2004 all new homes (i.e. houses and apartments) in Victoria must
have a greater implementation of energy and water efficiency measures. Various trade-offs
are permitted until 1 July 2005. After this transitional period, the energy efficiency rating of
the building fabric must be 5 Star standard and either a solar hot water system or a rainwater
tank must be installed6. The standard does not apply to existing homes or to
additions/renovations to existing homes. After 5 years, this scheme will save 200,000 tonnes
of CO2 per year. (See www.buildingcommission.com.au)

• Green Star rating system for new and refurbished office buildings: a voluntary tool and
therefore unlikely to have significant effect..

• Wind power target: total wind power capacity of 1000 MW installed by 2006. The Victorian
Government does not appear to have set in place any strategies to achieve this substantial
wind penetration and it would be implemented best by the expansion of MRET by a future
Federal Government. However, there are measures that State Governments could implement
to get more out of the existing MRET (see Section 5.2).

• Renewable energy target: Increase the share of Victoria�s electricity generation using
renewable energy sources from the current 4 per cent (including hydro) to 10 per cent by the
year 2010. Again, the Victorian Government does not appear to have set in place any
strategies to achieve this target. However, there are measures that State Governments could
implement to get more out of the existing MRET (see Section 5.2). In addition, the following
item may assist.

                                                
5 Only systems that result in reduced greenhouse gas emissions are eligible and therefore replacement of an existing

natural gas water heater with an electric-boosted solar water heater is ineligible in Victoria.
6 Allen Consulting Group (2004) considered several different options and found that implementation of the solar

hot water heater and water efficient plumbing requirement, in addition to the 5-Star energy standard, will yield the
greatest financial return for Victoria.
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• Inter-jurisdictional working group on renewable energy targets: The governments of
Victoria. NSW, SA and Tasmania have established an inter-jurisdictional working group on
renewable energy targets. The intention is to develop a state-based approach to renewable
energy targets in the absence of Federal Government action.

• SEPP for energy efficiency: Under the State Environment Protection Policy (Air Quality
Management) Victorian enterprises subject to the EPA Victoria works approvals and
licensing system are required to implement cost-effective opportunities for improving energy
efficiency. By December 2003 businesses subject to the SEPP were required to undertake
energy efficiency audits and submit plans to implement energy efficiency measures with a
pay back period of three years or less. The measures must be implemented by December
2006.

• Inter-jurisdictional working group on emission trading: All state governments are
participating in an inter-jurisdictional working group on emission trading, which is scheduled
to report to ministers in December 2004.

• Renewable Energy Support Fund: $8 million for grants to assist medium-scale renewable
energy projects.
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3. Reducing demand growth and cleaning up energy supply

Generally speaking the cheapest and fastest measures for reducing greenhouse gas emissions
from stationary energy are improvements in the efficiency of energy use.

3.1 Efficient energy use

Detailed studies have been made on how to improve substantially the energy efficiencies of
certain technologies (e.g. some office equipment, vending machines, refrigerators and washing
machines), but a much wider range of studies is needed. It is well known that many of the
barriers to implementation are neither technical nor economic, but rather arise from market
failures such as the split incentives of landlords and tenants, and the lack or appropriate
organizations or institutions (such as energy service companies) to facilitate large-scale
implementation. The economic potential is large, but to capture it we need policies, strategies
and action plans at all levels of government and in business. (Greene and Pears, 2003; BCSE,
2003a; Ministerial Council on Energy, 2003; Saddler, Diesendorf & Denniss, 2004),

One of the few detailed studies of the potential for efficient energy use within a State was carried
out for Queensland by SRC Australia (1991). It found that, through efficient energy use
(including solar hot water) in the residential, commercial and industrial sectors, total savings of
1092 GWh/y and demand reductions of 392 MW in winter and 263 MW in summer could be
achieved cost-effectively after 6 years. The energy and demand savings did not stop after 6
years, but increased in magnitude for each year until they peaked around 17-18 years after the
commencement of the proposed program. At this peak the energy savings were about 3760
GWh/y while the demand savings were 950 MW in summer and 1454 MW in winter. We
consider here a period of 6 years, in order to compare the SRC results with the potential energy
savings for the period between 2004 and 2010 over which Hazelwood coal-fired power station
could be replaced.

The Queensland electricity supply industry was rather different in the starting period for the SRC
study, 1990-91, compared with the Victorian supply of today. Then, Queensland electricity
consumption was only about 21,000 GWh/y; the maximum demand of 4090 MW occurred in
winter; and there was no significant use of gas by consumers. Nevertheless, until the equivalent
of the SRC study is repeated for Victoria, a rough estimate of the potential for efficient energy
use can be obtained by simply scaling up the SRC results to present conditions: i.e. doubling the
savings in energy generation and doubling the savings in summer peak (which was considerably
lower than the savings in the winter peak in the early 1990s. The results are shown in Table 2. In
total, in the sixth year there is a reduction in electricity consumption of 2188 GWh and a
reduction in peak demand of 526 MW.

For comparison, the study by EMET (2004) obtains a reduction in residential electricity
consumption, beyond that of business-as-usual, of 6.4 TWh/y and of summer demand by 1324
MW for the whole of Australia in 2010, assuming a payback period of 6.5 years. To rescale these
results to apply to Victoria, we multiply them by 0.24 (the ratio of populations), obtaining
electricity savings of 1,500 GWh (c/f 1,064 GWh for the rescaled SRC result in Table 4) and
Summer demand reduction of 318 MW (c/f 130 MW for the rescaled SRC result in Table 4). For
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the commercial sector EMET (2004) only considers a 4-year payback and obtains a reduction of
2781 MW in Australia�s summer peak, which we rescale to 432 MW for Victoria (c/f 302 MW
for the rescaled SRC result in Table 4). EMET (2004) does not report the electricity saving in the
industrial sector.

In the SRC (1991) results, the annual benefits of the efficient energy use program keep
increasing over 18 years and are still at least as good as the 6-year benefit after 30 years. As time
goes on, the costs of the renewable energy technologies continue to decline. There are too many
uncertainties in the data scaled up from 1990-91 to attempt a Net Present Value calculation.

On the basis of the amount of efficient energy use identified as resulting from �medium� energy
efficiency measures in the recent national study (Saddler, Diesendorf & Denniss, 2004), we
consider that this report and McLennan Magasanik Associates (2003) (see Section 3.3) may have
underestimated the potential for electricity savings through efficient energy use in Victoria.
Furthermore, the approach of this report could well lead to an even larger underestimate of the
reduction in CO2 emissions, because the SRC study does not take into account the substitution at
the point of use of gas in the place of electricity for heating and cooling. Fuel substitution
reduces emissions for these particular energy services by a factor of about 4.

Table 2:  Annual energy and capacity reductions by sector, achieved 6 years after
commencement of an energy efficiency program

Study ���� SRC results
for 1997

Scale-up to Vic.
in 2010

Residential sector
Energy (GWh) 532 1064
Peak S (MW) 65   130
Peak W (MW) 282   564

Commercial Sector
Energy (GWh) 460   920
Peak S (MW) 151   302
Peak W (MW) 76   152

Industrial Sector
Energy (GWh) 102   204
Peak S (MW) 47     94
Peak W (MW) 34     68

Total: All Sectors
Energy (GWh) 1,094 2188
Peak S (MW) 263   526
Peak W (MW) 392   784

Note: �Energy� denotes reductions in electricity consumption; �Peak S� denotes �summer peak reductions�;
and �Peak W denotes �winter peak reductions�
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3.2 Supply options for capacity and energy

Before considering the various energy supply options, we consider the requirements for
substituting for contribution to peak demand by a 1600 MW base-load power station.

One approach would classify fossil fuel and nuclear power stations as �reliable� or �dispatchable�
and wind and solar energy without storage as �unreliable� or �not dispatchable�7. But the
distinction between �reliable� and �unreliable� is simplistic. On one hand even coal-fired power
stations have a significant probability of forced outage (unplanned failure) that typically varies
between 3% and 10%. Victoria had an average forced outage rate of 8.1% in 2000/01 (ESAA,
2002) Thus coal-fired power stations are dispatchable, but not completely reliable. Therefore,
they require partial backup in the form of �reserve plant�8.

As a rough approximation, we consider the capacity of a base-load coal-fired power station to
meet peak demand reliably to be its annual average power (Martin and Diesendorf, 1980), i.e.
rated power x capacity factor9. For Hazelwood this becomes 1600 x 0.85 MW = 1360 MW.
Therefore, to substitute for Hazelwood�s capacity and energy generation we require a mix of
energy supply and demand-reducing technologies with Equivalent Firm (i.e. 100% reliable)
Capacity of at least 1360 MW and annual energy sent out of at least 11,100 GWh (using the
2000-01 output).

On the other hand a wind farm is partially reliable, because wind speeds in the next hour or two,
or even the next day, are predictable with a probability that is substantially above that of pure
randomness. Furthermore, a group of wind farms, located at geographically dispersed sites, is
considerably more reliable than a single wind farm.

The main energy supply options are the substitution of natural gas and renewable sources of
electricity for coal-fired electricity.

On short-term (10-year) timescale, it is assumed that there will be no cheap solar electricity, or
geothermal, or hydrogen storage & transport of renewable energy, or capture and
geosequestration of CO2 from coal-fired power stations.

However, there is:
• natural gas and other forms of gas (e.g. LPG and waste gas from petroleum refining), that can

be used as fuels for new power stations and at the point of use as substitutes for electricity
(mostly coal-fired) for hot water, cooking, space heating and industrial processes.

• bioenergy from crop residues (e.g. plantation forestry, wheat) and energy crops;
• wind energy;
                                                
7 In this context �dispatchable� means �available upon demand�. To describe wind and solar power, we do not use

the term �intermittent�, because it could imply incorrectly that the sources switch on and off abruptly.
8 Indeed, the �spinning reserve� plant (i.e. that which is actually running, but is not loaded) must be able to replace

the largest single generator in the system � 500 MW.
9 Strictly speaking this should be divided by a factor of about 1.07 to allow for the electricity use within the power

station.
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� solar hot water to replace electric resistance water heating (which we treat here as a demand-
side contributor).

Renewable sources of electricity are growing steadily. On 31 December 2003, Australia�s
operating non-hydro renewable energy generating capacity comprised mainly 368 MW bagasse
cogeneration, 197 MW wind power, 100 MW landfill gas, 77 MW black liquor and 26 MW
sewerage gas (BCSE, 2004).

3.3 MMA report

In its report to International Hazelwood Power, McLennan Magasanik Associates (2003),
hereinafter referred to as MMA, provides a possible energy and capacity mix for substituting for
the 1600 MW Hazelwood power station. This is of course relevant to the substitution of a
different energy mix for any large coal-fired station. MMA�s new mix has the following
characteristics.

• It has a substantial component of black coal electricity imported from NSW. But, from the
viewpoint of achieving large reductions in CO2 emissions in the long term, there is little point
in replacing brown coal with black coal. The use of both types of coal have to be
substantially reduced over the next several decades (Saddler, Diesendorf & Denniss, 2004).
However, in the short term, black coal power from existing plant in other states could act as a
buffer as generating units of current Victorian coal fired assets are withdrawn while
alternatives are ramped up.

• Renewable sources of electricity are all lumped together, thus missing the individual
contributions that each can make to the mix, and their total contribution appears to be
unnecessarily small.

• This entails that there is a large increase in the demand for natural gas and new gas fields
may have to be developed in Bass Strait, the Otway Basin and/or, in the longer term, using
imported gas from Papua New Guinea or the North-West Shelf. (See Section 4.)

• Solar hot water is not mentioned. Over 20% of Victorian homes use electric hot water, so
there is significant scope for reduction in electricity use here, using gas-boosted solar where
gas is available and electrically-boosted solar or electric heat pumps where there is no gas.

• Although the MMA report states that �the Government�would need to get quite serious
about promoting alternative measures such as demand side efficiency�, it is pessimistic about
doing this within the framework of the National Electricity Market: �Such programs would
require higher electricity prices in the market which are not currently in prospect.� Why not,
this paper asks? For most electricity consumers, the important factor is the amount of the bill,
not the price of a unit of electricity.

• For meeting increased peaks MMA includes an upgrading of the transmission link to Snowy
hydro; peak and/or intermediate-load imports from Tasmania via Basslink (under
construction); peak and/or intermediate-load imports from South Australia; open-cycle gas
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turbines; and, a novelty, compressed air storage using aquifers in Gippsland and using energy
from brown coal or gas.

The MMA report does not provide tables showing the proposed contributions from the various
energy sources and demand-reducing measures. It is difficult to estimate quantitative values from
its graphs of projected energy generation by source over the next 12 years. However, in
qualitative terms, the results are clear: it is possible to substitute for 1600 MW of coal fired
power, but this would drive up the price of a unit of electricity10. One option, mentioned in the
text of p.38  of the draft MMA report, is the following substitution at 4.0-4.5 c/kWh equivalent
as set out in Table 3:

Table 3: An energy mix used by MMAc to substitute for a 1600 MW coal-fired power
station

Technology Capacity
(MW)

Cost of electricity
(c/kWh)

Efficient energy use (all sectors) 285 Various items in range 3.9-4.8
Cogeneration at Maryvale 300 4.0
Industrial cogeneration, small-scale 240 4.2
Snowy interconnection upgrade
(peak-load)

600 4.0-4.2

Imported coal-fired power from NSW Large but
not
specified

not specified

Source: The present author has compiled this table from information scattered through MMA (2003).

Notes: a. MMA seems to have made the incorrect assumption that the equivalent firm capacity of Hazelwood is equal
to its rated capacity, 1600 MW. However, we have chosen 1360 MW to be more appropriate, allowing for forced
outages.
b. MMA does not give the energy generation by source, only capacities.

It is inappropriate to compare the price per kilowatt-hour of efficient energy use and some cases
of distributed generation with the price of coal-fired power at the power station, because the
former avoid the capital costs of transmission and distribution � which is around 4 c/kWh � and
line losses. Furthermore, if efficient energy use and distributed generation are focused on regions
with high line losses and capital costs, then large savings can be captured.

There would be additional transmission costs involved in upgrading interconnections with the
Snowy, NSW and SA.

MMA mentions that the Victorian grid now has a base-load capacity of 6,600 MW and this
leaves a large reserve plant margin which is used to export electricity up to 1300 MW to NSW
and SA during off-peak periods. Since this displaces mainly black coal, the high level of
Victorian electricity exports, while �rational� from the market viewpoint, increases Australia�s
CO2 emissions. We suggest that reducing Victoria�s interstate electricity exports11 could provide
a large fraction of the required capacity and electricity generation. The �mothballed� half of
                                                
10 If the alternatives involved improving energy efficiency by, say, 5%, then a 5% increase in electricity price would

essentially be cost-neutral.
11 E.g. by applying either a carbon tax, or tradeable emission permits or a constraint on carbon emissions.
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Pelican Point combined-cycle gas-fired power station in S.A. and, as a temporary measure, the
mothballed black coal power stations in NSW could be restarted to cover reductions in Victoria�s
exports.

MMA note that its scenario would displace a large number of jobs in the Latrobe Valley. We
address this issue in our own scenario (see Sections 5.10 and 7).

3.4 A cleaner energy mix

Table 4 sets out our own choice of a possible mix of demand-side and supply side measures that
could substitute for coal-fired assets generating 1600 MW, using Hazelwood as an example, by
2010. The scenario in Table 4 offers measures that are additional to those installed or under
construction at 30 June 2004. It supplies the annual energy generation in GWh/yr, and much
more than the Equivalent Firm Capacity in MW, of a 1600 MW coal-fired power station. It
would reduce Victoria�s CO2 emissions by 13.65 Mt/y in 2010. The principal contributions to
our alternative energy mix comes from cogeneration and combined cycle power stations fuelled
by gas, followed by wind power, then efficient energy use, and then bioelectricity fuelled mostly
from crop residues.

Column 3 gives the capacity factors, i.e. annual average power generated divided by rated power.
Column 4 gives the approximate contributions to Equivalent Firm Capacity, i.e. to peak load. For
base-load thermal power stations the average power is taken as a proxy for Equivalent Firm
Capacity. On the demand side the calculation of the contribution to peak load is more complex
and uncertain, because we must consider fuel substitution at the point of use and boosting of
solar hot water12. Therefore, the peak load contributions are taken from SRC (1991) and rescaled
to Victoria as discussed previously.

In the limit of very small penetrations of wind power into the grid, the Equivalent Firm Capacity
of wind power = average wind power (Martin & Diesendorf, 1980; Haslett & Diesendorf, 1981).
In our scenario the annual wind energy generation is about 5% of the total grid generation. With
this penetration, the equivalent firm capacity of wind power is about 0.71 times the annual
average wind power generation13 (Martin & Diesendorf, 1980, Table 2). Under these
circumstances it is arguable whether there is need for any additional partial backup14 or storage
of wind power. Most, if not all, of the wind power could be backed up from the existing peak-
load and reserve plant margin.15  However, even if wind power was assigned zero capacity
                                                
12 While gas boosting of solar hot water avoids peak electricity demand contributions, for electrical boosting there is

the option of smart booster controllers or an off-peak tariff. Controllers could be set up to give users feedback (via
a display inside) as to the water temperature in the storage tank and a suggested best boost and shower time. This
would give feedback to users to maximise solar contribution and allow for minor behaviour change.

13 This is an underestimate because the calculation was performed with the simplifying assumption that there is no
geographic dispersion of wind farms.

14 In the form of peaking gas turbines or part of Snowy hydro.
15 If after drawing upon existing reserve and peaking plant, some amount additional back-up for wind power is

required, it can be calculated to be peak load plant (e.g. gas turbine or hydro) with capacity approximately equal to
one-quarter of the wind capacity that still has to be backed up. If all the wind farms were concentrated at one site
the back-up required would be one-half the wind capacity (Martin & Diesendorf, 1982).
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credit, our energy mix in Table 4 provides larger Equivalent Firm Capacity than that of the 1600
MW coal-fired power station. Furthermore, we have done our costing in Table 4 on the
conservative assumption that, to better compensate for fluctuations in wind power, 200 MW of
gas turbines with capacity factor 10% is provided as partial backup.

The cost of electricity generated or saved is given in Column 9. However, this could be
misleading with regard to the costs of efficient energy use, especially in the residential and small
business categories. The latter costs should not be compared with the costs of electricity sent out
from Hazelwood, but rather with the respective prices of electricity delivered to end-users in
these categories. Typical prices for Victoria, as given by ESAA (2002, Charts 5.1-5.4), are:

Melbourne residential 11.8 c/kWh;
Melbourne small business 17.2 c/kWh; and
Melbourne big business 5.9 c/kWh).
Rural Victoria, (non-domestic tariff) 19.5 c/kWh.

For simplicity we use Melbourne prices of electricity to calculate the value of electricity saved
by efficient energy use in Column 10. This halves the total cost of electricity delivered by our
supply-side and demand-side mix in 2010, bringing the cost far below that of a typical brown
coal-fired power station of Hazelwood�s capacity of about 3.8 c/kWh.

The question then arises as to the actual cost of electricity generated by Hazelwood under
circumstances that the Hazelwood West Coal Field is developed and further refurbishment of the
power station is carried out. The operators could argue that the capital cost of the original
Hazelwood power station has been written off, although the cost of some subsequent
refurbishment is still being paid off annually and further refurbishment would be required if the
power station is to generate beyond 2009. Based on costs in 2010, our substitution for
Hazelwood is cost-effective in 2010 with the continuation of Hazelwood provided the long-run
marginal cost of that power station is greater than about 2.67 c/kWh.

However, we must keep in mind that the benefits of early investment in efficient energy use
increase with time and, in the case of the scenario developed by SRC (1991), the benefits only
peak after 18 years. Therefore, provided policies and strategies are implemented to capture the
cost-effective energy efficiency measures, our mix will be in the long run less expensive than
continuing with Hazelwood or any equivalent coal-fired power station.

Redding Energy Management (2000) find that Victoria�s commercial and manufacturing sectors
have a combined technical potential16 for cogeneration of over 1,000 MW. The study also refers
to economic forecasting by the gas industry indicating that an additional cogeneration capacity of
320 MW could be installed by 2010, with a further 300 MW installed in the period 2010-15.
(Based on more recent proposals and appropriate policies, we have assumed that 500 MW is
possible by 2010.) Assuming a gas price of $3/GJ and 12% discount rate, Redding finds that the
cost of cogenerated electricity varies from about 3.4 c/kWh for a 220 MW power plant up to
about 6-8 c/kWh for plant in the range 1-10 MW. Electricity from microtubines smaller than 1

                                                
16 Technical potential is generally much greater than economic potential.
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MW will be even dearer. However, as with efficient energy use, we must consider that small
cogeneration plants, e.g. those installed in commercial buildings, are not competing with the
generation cost of electricity at a coal-fired power station, but rather with the price of electricity
delivered to the building via the distribution network at 6-17 c/kWh. We have not attempted to
do that in Table 4. Clearly, Victoria�s cogeneration potential could be large. The problem for
cogeneration (and combined cycle gas-fired power stations) in Victoria is the limited gas
reserves (see Section 4).

According to Outhred (2003) up to 2,200 MW of wind power could be readily integrated into the
principal Victorian electricity grid. Outhred assumes a short-term time horizon (about 10 years);
no changes to the existing electricity grid; no additional backup for wind power; and the existing
level of electricity demand. Therefore, if sufficient wind resource exists on suitable land or off-
shore, then, with upgrades of sections of the grid and some backup, even more than 2,200 MW
could be integrated in the longer term.
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Table 4: Energy mix to substitute for a 1600 MW base-load coal-fired power station in 2010

Technology Rated
power
(MW)

Capacity
factor

Contrib.
to peak

e

(MW)

Elec. sent out
or saved
(GWh/y)

Emission
intensity

(Mt CO2/TWh)

CO2
emissions

 (Mt)/y

Cost of unit of
elec. gen. or

saved (c/kWh)

Cost
b
 of elec.

gen. or saved in
2010 ($M/y)

Cost of elec.
delivered

d

in 2010 ($M/y)

Bio-electricity 115 0.75 86 756 0.00 0.00 7.5 56.7 56.7

Gas Combined Cycle
c

240 0.80 192 1682 0.4 0.67 4.5 75.7 75.7
Gas: Cogeneration 500 0.85 425 3723 0.5 1.86 4.1 152.6 152.6
Gas turbine 200 0.1 200 175 0.5 0.09 6.3 11.0 11.0

Wind 1000 0.30   213
f

2628 0.0 0.00 7.5 197.1 197.1

EE
a
: residential N/A N/A 130 1064 0.25 0.27 4.9 52.1 -73.4

EE
a
: commercial N/A N/A 302 920 0.25 0.23 4.9 45.1 -113.2

EE
a
: industrial N/A N/A 94 204 0.25 0.23 4.9 10.0 -9.2

Total
2055
+ EE N/A 1642 11,152 N/A 3.35 N/A 600.3 297.4

Hazelwood or
equivalent 1600 0.85 1360 11,134 1.45 17.00 3.8? 423.1 423.1

Notes:
a. EE denotes efficient energy use and includes fuel substitution at point of use and solar hot water. EE data based on rescaling the SRC (1991) data from

Queensland. We assume that EE has an average cost of 4.9 c/kWh saved, which corresponds to the value after 6 years of EE implementation given by SRC
(1991) adjusted for inflation. By current standards, this seems very conservative.

b. Cost (column 9) is for 2010, the 6th year after implementing the program. EE contributions calculated by SRC (1991) increase with time up to the 18th year, then
gradually decline up to 30th year.

c. Most of this gas generation could be obtained from the currently mothballed part of Pelican Creek combined 478 MW cycle gas-fired power station in South
Australia, assuming that exports of brown coal-fired electricity from Victoria to S.A are reduced. However, there are uncertainties in costs of refurbishing
Hazelwood and new coal mine, among others. If there are insufficient gas reserves, we substitute for the combined cycle gas-fired power generation by reducing
exports of Victorian coal-fired electricity.

d. In Column 10, we have adjusted the residential, commercial and industrial energy efficiency costs to take account of the situation that they are saving electricity
delivered at 11.8, 17.2 and 5.9 c/kWh respectively, instead of electricity generated at 3.8 kWh.

e. Equivalent �firm� capacity (see text).

f. For 1000 MW of wind power capacity, the Equivalent Firm Capacity is approximately 0.71 x average wind power (see Section 3.4).
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4. Energy reserves

4.1 Gas

In the latter half of the 21st century the use of natural gas will decline in Australia � since its
reserves are limited, large quantities are being allocated to export, and it is a fossil fuel
contributing to greenhouse gas emissions. However, in the short and medium term it is valuable
as a significant transitional fuel towards an energy system with much lower CO2 emissions than
the present. In this role it can be used to fuel combined cycle and cogeneration power stations
and as back-up for solar hot water, solar thermal electric power stations and wind farms.  It is
assumed that geosequestration will be introduced to capture CO2 that would otherwise be
released into the atmosphere from gas fields.

ABARE comments that, �in the absence of significant and positive exploration results, there is a
real possibility that eastern Australian supplies will need to be supplemented within the period to
2019-20 from gas resources in Australia�s north west, Papua New Guinea or from coal seam
methane.� (Fainstein et al., 2002). These comments apply to business-as-usual as well as clean
energy scenarios.

�Gas� includes natural gas; coal seam (aka coal bed) methane, which is identical to natural gas;
coal mine gas (aka waste mine gas) which may have a much lower concentration of methane
than the above two gases and so may have to be used on-site at the coal mine; and waste gas
from petroleum refining. Firm estimates of the reserves of these gases are notoriously difficult to
obtain, both because of corporate confidentiality and the uncertainties inherent in proving these
resources. At present there are no proven reserves of coal seam methane in Victoria, where an
investigation has only recently commenced.

Geoscience Australia estimates that the Category 1 (i.e. both �proved and probable�17

commercial) reserves of sales gas (i.e. natural gas) in Victoria (Gippsland and Otway Basins)
amount to 147 billion cubic metres on 1/1/2003, down from 152 billion cubic metres on 1/1/2002
(Petrie et al., 2003), The 2003 estimate of reserves has energy content of about 5,000 PJ and this
is equivalent to 1,000 MW of gas-fired combined cycle power stations operating for 55 years.
Clearly our proposed energy mix, as well as that of MMA, and indeed business-as-usual, will
require more gas reserves to be proven and more gas processing facilities or a new transmission
pipeline to be built. However, gas must be seen as a transitional fuel to take our energy needs
from coal towards carbon neutral fuel sources.

If it turns out that no further gas reserves are proven in Victoria, a large part of the gas
component of our electricity supply mix could be replaced by reducing the off-peak exports of
Victoria�s electricity from brown coal to NSW and SA.

                                                
17 i.e. reserves established at the median value � that is with a 50% cumulative probability of existence.
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4.2 Biomass

In Saddler et al (2004) biomass contributed 28% of Australia’s future electricity generation by
2040. Potentially significant sources of biomass residues in Victoria  include, in probable order
of importance:
·  stubble from grain crops;
·  plantation forestry residues, including sawmill residues;
·  animal residues from abattoirs / meat processing works;
·  other green wastes.

Probably the largest contribution from this list could be obtained from stubble from grain crops,
mainly wheat, barley, oats, field peas, canola and chick peas in order of importance. Following
Kelleher (1997) and based on total land area planted of 2.18 million ha, stubble yield of 2.0 t/ha
(leaving 1.4 t/ha on the land to maintain the soil) and thermal efficiency of conversion to
electricity of 30%, gives an annual electricity generation of about 3,600 GWh.  Therefore, given
appropriate policies and strategies, it should be possible to obtain at least one-quarter of this, 900
GWh/yr, from grain stubble and other biomass residues in Victoria by 2010.

Victoria may be suitable for short-cycle tree crops for bioenergy, where previously cleared land
that is not earmarked for housing is available. Biomass crops are expected to be more expensive
fuel for generating electricity than biomass residues, unless multiple economic benefits can be
obtained from the crops (Stucley et al., 2004; Howard and Olszack, 2004). Oil mallee is a short-
cycle crop that offers, in addition to electricity, eucalyptus oil, activated charcoal and a means of
reducing dryland salinity.

4.3 Wind

The Victorian Wind Atlas indicates that the State has a medium level of wind energy potential by
Australian standards (SEAV, 2004). In addition, some wind energy surveys have been conducted
by energy utilities, but the results have not been published.

The present paper suggests an additional short-term wind energy capacity of 1000 MW, which is
equal to the Victorian Government’s target for 2006. However, with the Federal Government’s
refusal to extend MRET, it is unlikely that the Victorian target will be met as early as 2006.
There are already proposals for hundreds of megawatts of wind farms that are currently stalled
due to the refusal of the Federal Government to expand MRET. The Victorian Government, at no
cost to itself, could assist the wind industry to make better use of the existing MRET as discussed
in Section 5.2.

There is the possibility, that Victoria may have significantly higher wind speeds in shallow off-
shore waters, close to electricity demand centres. The off-shore resource may be significant and
warrants wind monitoring and modelling.


