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| ntroduction

A magjor issue for investment decision makersin the Australian electricity supply industry
is the choice between large scale technol ogies in base load generation — specifically, that
between coal fired steam turbines and gas fired combined cycle gas turbines (CCGTS). A
similar choice arises in many other countries that have significant sunk costsin coal fired
capacity but have natural gas available for use in the CCGT technol ogy.

At least three key sets of factors are involved in the choice: the influence of energy market
reform, differential rates of technological change and greenhouse gas emissions abate-
ment (especially carbon dioxide emissions). The focus in this paper is on the first and
second of these themes. The potentially important role of CCGTsin reducing energy sector
carbon dioxide emissions by displacing coal fired base load electricity generation is not
covered in the analysis but information that is useful in establishing a baseline for such
analysesis provided.

The organisation of the paper is asfollows. Background information on the choice between
coa and CCGT technologies, noting some similarities and some differences between the
Australian context and recent international experience, is provided first.

The MARKAL modeling approach is then introduced. It is used to make economic assess-
ments of technologiesin aleast cost, energy sectorwide context. That analytical approach
is briefly prefaced by a consideration of simpler ‘technology by technology’ comparative
approaches. These are not capable of representing important market based interactions
that can be modeled in MARKAL.

The energy sector context is reviewed in the third section. Equally relevant are technol og-
ical progress and deregulation of the electricity and gas sectors, referred to here as ‘ energy
sector microeconomic reform’. It turns out that each of these two sets of factors has both
positive and negative effects on the prospects of CCGTsrelative to coal fired capacity. The
model based analysis, including discussion and evaluation of the results, is then presented.

In the final section, asummary of the modeled effects of technological change and micro-
economic reform on the cost effectiveness of CCGTs is provided. The conclusion is not
clear cut. Regional variation aside, the CCGT share of electricity output at the national
aggregate level by 2030 can vary between 5 per cent and 46 per cent in scenarios not
including a carbon dioxide constraint. Perhaps one of the more plausi ble scenarios has the
share of electricity output at 10 per cent attributable to CCGT alone and 18 per cent to
both CCGT and OCGT (open cycle gas turbines) together. The assumptions underlying
these scenarios are clarified in the paper.
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Background on the choice between coal fired and CCGT
technologies internationally

Coal fired capacity has retained its position as the major source of electricity generation
internationally, being remarkably stable at around 38 per cent since at least 1975. The

International Energy Agency projects that this share will be maintained to 2010, with
strong growth expected in countries such as Indiaand China (IEA 1998, p. 79; table 1).

The oil based share of generation has continued the decline that was initiated by the oil
shocks of the 1970s. While nuclear based output increased significantly in the 1980s, its
share seems now to have peaked following the few, but serious, ‘ safety shocks' that have
precluded new capacity in many countries. Expansion of nuclear capacity, a capital inten-
sive technology, is also not favored by the higher required rates of return in restructured and
privatised electricity sectors.

The gas based share has increased by 2.5 percentage points since 1975 to reach around
15 per cent. Factors favoring an accelerating increase in the gas based share have included
greatly expanded natural gas reserves and pipeline delivery systems around the world.

Policy perceptions aso changed during the late 1980s and 1990s. Natural gas now appears
not to be (as hitherto thought) a scarce ‘premium’ fuel subject to supply security risks.
Rather, it is now viewed as a moderately low cost, plentiful and generally secure fuel that
isaso cleaner than coal in terms of both local air pollution aswell as carbon dioxide emis-
sions. Accordingly, the IEA projects continued strong growth in its share, overtaking hydro
and nuclear power to take second place to coal based electricity by 2010.

The natural gas fired CCGT technology is arelatively recent entrant. In 1995, CCGT
capacity was only 4 per cent of the grand total capacity of all types (Claeson 1999). At
that time, the technology was thought to be enjoying rapid progress whereas the coa fired

Table 1: Electricity generation: output shares, by fuel type

World Australia
1975 1980 1985 1990 1995 2010 1975 1980 1985 1990 1995 2010
% % % % % % % % % % % %

Coal 36.7 381 389 382 378 382 688 733 747 711 771 773
QOil 222 197 121 113 9.6 80 66 54 39 27 17 14
Natural gas 123 120 127 138 148 243 40 73 96 106 103 122
Nuclear 59 86 152 170 176 123 00 0O 00 00 00 00
Hydro 223 209 203 183 188 165 200 136 114 92 92 70
Other renewables 0.7 0.7 0.8 15 14 07 07 04 04 04 17 21
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: |EA (1998).
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option was perceived to be mature. The worldwide trend to private sector involvement in
electricity supply associated with market reforms was also expected to favor the less capi-
tal intensive and more ‘modular’ CCGT technology.

There were indeed some major instances in which new CCGTs displaced new coal capac-
ity — notably in the United Kingdom’s *dash for gas’' of the early 1990s and in the unified
Germany. However, there has been something of areappraisal recently, suggesting that
these two particular cases are not necessarily a guide to ageneral trend, at least for gener-
ation shares. Both of these instances involved high coal prices, substantial increasesin
gas availability and the aging of coal fired capacity. The option of refurbishment was not
considered favorably at the time.

In the United States, despite the remova in 1990 of legidative bars on the use of natural gas
in electricity generation and gas's low delivered cost from a deregulated and highly inte-
grated national pipeline system, there has been an expansion in the share of coal fired
generation from existing capacity. This has occurred despite CCGT’s dominance of the
new capacity that has been committed (Ellerman 1997).

Historically, Australian electricity generation has been dominated by low cost coal with
alow content of sulfur and other pollutants. Coal (black, sub-bituminous and brown)
currently accounts for 87 per cent of fossil fuel based electricity generation in Australia.
Plentiful supplies of natural gas are available but no new CCGTs were commissioned in the
1990s and only two, or possibly now three, are committed as at 2000. On the other hand,
significant new coal fired capacity has recently been committed in Queensland in the face
of astrong prospect of major pipelined natural gas imported from Papua New Guinea
requiring major loads to be viable.

Approaches to economic assessment of technologies

Results of the economic assessment of technologies (as projects) are often expressed using
summary indicators such as net present values (NPV's) or unit output costs (long run
average costs).

As an example of the latter, table 2 contains calculations based largely on data provided
by ABARE’s consultant on fossil fuel technologies (Sinclair Knight Merz 2000). It incor-
porates a comparison of CCGTs and both new and refurbished coal fired capacity (under
New South Wales cost assumptions but also including Victorian brown coal). The
summarised comparison is expressed in terms of unit output costs ($/ MWh or $/ PJ).
These unit costs incorporate a capital charge calculated to cover real interest charges (at
areal rate of 8 per cent ayear) and assuming repayment of capital in equal annual instal-
ments over the designated lifetime of each type of power station.




ABARE CONFERENCE PAPER 2000.15

Table 2: Unit costsfor base load electricity generation capacity: coal fired capacity versus
natural gasfired combined cycle gasturbines (CCGT) a

Conventional Conventional CCGT: cost premium,
brown coal black coal CCGT: standard, high efficiency,
(Victoria) (NSW) b technical progress  technical progressc
Refur- Refur-
bished New bished New
Earliest start year 2005 2010 2005 2010 2005 2010 2020 2005 2010 2020
Life yrs 15 40 15 40 25 25 25 25 25 25
Construction period yrs 20 4.0 20 35 13 13 13 13 13 13
Energy efficiency % 238 278 353 380 400 450 521 410 461 529
CO, coefficient
(contained carbon) t/GJe 0109 0.094 0.071 0.066 0.038 0.033 0.029 0.037 0.033 0.028
Fuel cost
—caseld $/GJ 064 064 178 166 31 31 31 31 31 31
—case2d $/GJ 100 100 178 166 40 40 40 40 40 40
Capital cost
— excluding interest during
construction $/ kW 600 2000 600 1199 750 750 750 765 765 765
—including interest during
construction $/ kW 674 2433 674 1430 821 821 821 837 837 837
Operating cost
—variable $/GJ 073 067 061 05 079 079 079 083 083 083
—fixed $/kW 216 180 180 150 106 106 106 1113 11.13 11.13
Annual capital chargee $/MWh  10.0 259 100 152 9.8 9.8 98 100 100 100
Operating cost
—variable $/MWh 26 24 22 2.0 28 28 28 30 30 30
—fixed $/MWh 27 23 23 19 13 13 13 14 14 14
Casel
Delivered fuel cost $/MWh 9.7 8.3 181 157 279 248 214 272 242 211
Total unit cost $/MWh 251 389 326 349 418 387 354 416 386 354
Total unit cost $/GJ 70 108 9.0 9.7 116 108 98 115 107 9.8
indexf 072 112 093 1.00 12 111 101 119 111 102
Case2
Delivered fuel cost $/MWh 153 131 181 157 360 320 276 351 312 272
Total unit cost $/MWh 306 437 326 349 499 459 416 495 456 416
Total unit cost $/GJ 85 121 9.0 97 139 128 116 137 127 115

indexf 088 125 093 100 143 132 119 142 131 119

a lllustrative data for New South Wales, except for Victorian brown coal: MARKAL database revised on advice from Sinclair
Knight Merz. b The Austraian MARKAL database also contains Sinclair Knight Merz supplied data for supercritical conventional
coal fired capacity and two forms of advanced coa fired generation capacity (IGCC and PFB). ¢ The assumption hereis that an
additional investment cost premium of 2 per cent (and higher operation and maintenance costs) delivers a 0.8-1.0 percentage point
improvement in efficiency. d Datafrom ABARE sources, not Sinclair Knight Merz. e Calculated assuming an availability factor of
0.90 and that capacity is operated up to the limit indicated by the availability factor — that is, the capacity factor is equal to the
availability factor; areal interest rate of 8 per cent and an equal annual annuity to amortise the project over its defined life.

f Relative to New South Wales conventional coal new standard.
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However, the rigorous economic assessment of applied technologies often requires that
they be analysed in the context of larger market systems. Thisis so, for example, if these
technologies or projects can play alarge part within these systems, implying significant
market interactions. An example is the case of an expanding energy technology using a
fuel in short supply where the rate of its expansion may be limited by consequent increases
in the price of that energy input. Other important trends may be determined systemwide
— for example, rates of capacity utilisation over the life of a project. Fuels such as natural
gas can be both an input to generation of electricity and its competitor in many end uses.
For these sorts of reasons, aleast cost energy systemwide analysis provides a more robust
economic assessment of technologies such as CCGT and its competitors.

Extension of the analysis to include the energy market context requires a model incorpo-
rating a simulation of relevant markets, technologies and energy flows. MARKAL, the
framework used here, was originally developed by the International Energy Agency for
economic assessments of technologies in national energy systems (Fishbone and Abilock
1981). At that time (the early 1980s) the main focus was on technologies likely to be
favored by then current expectations of continuing high and rising real prices for crude
oil. More recently the focus has been on analysis of the consequences of least cost abate-
ment of greenhouse gas emissions.

The MARKAL modeling approach

The MARKAL model involves an intertemporal, linear programming approach adapted
to the mgor features of nationa energy systems. Its data structure is shown in the Australian
MARKAL version illustrated schematically in figure 1. There are four blocks of tech-
nologies:

(1) energy imports and resources such as coal mines and gas extraction;
(2) electricity generation and transmission;

(3) other process technologies, including ail refining and various forms of energy trans-
port — for example, gas pipelines; and

(4) utilisation technologies competing to meet the levels of consumption of energy
services (‘energy services are the outputs of ‘ demand devices': for example, billion
kilometres a year of road passenger transport provided by various sorts of cars and
buses represented in the database; lighting; space heating; airconditioning etc.) The
forecasts of energy services are exogenously given and hence the model is some-
times described as ‘ demand driven'.

The nodesin this ‘ reference energy system’ (generally ‘technologies’) are all connected by
flows of ‘energy carriers’ (a generic term including primary energy forms and secondary
energy forms such as electricity).
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Figure 1. Schematic representation of energy system in Australian MARKAL
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* Australian MARKAL was formerly known as ‘MENSA' (Stocks and Musgrove 1984). However, it now seems
appropriate to revert to the original, generic and internationally recognisabl e terminology.

In the standard version of MARKAL used in this analysis, markets are simulated by
minimising an objective function incorporating the costs of energy technologies and
resources. The cost related parameters for each technology include unit investment costs
(for example, $/kW), constant and variable operation and maintenance costs, and fuel
delivery costs. Decision variables include capacity (GW or PJa), activity (PJ output which,
for electricity, is defined for separate seasonal and diurnal periods). There are many other
specific parameters, including emission coefficients (for example, carbon dioxide emis-
sions per unit output) for each technol ogy.

The objective function to be minimised is discounted over time at a rate chosen by the
user and, for Australian MARKAL, this has been avalue of 8 per cent in real terms. The
process modeled has been described as representing an assumption of ‘perfect foresight’ in
the sense that actions, such as investment decisions, taken early in the period are deter-
mined simultaneously with later systemwide consequences.

MARKAL is adeterministic model in the sense that the variables (as in a standard NPV
calculation) are not stochastic. However, this does not remove scope for usng MARKAL
to model the consequences of risk or uncertainty in investment decisions. This can be
represented by technology specific *hurdle’ rates of return, where these rates include an

7
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additional risk premium. Thisis analogous to the modeling choice described by Johnson
(1994) where he contrasts a standard deterministic NPV calculation (where the discount rate
can include arisk premium) with a stochastic NPV calculation that includes uncertainty
bands, or measures of dispersion, in the cash flows themsalves. In the latter case, he argues
that the discount rate should be reduced to avoid any double counting of risks represented
in thisway. Technology specific hurdle rates form a key part of the model based analysis
in this paper.

Austraian MARKAL incorporates a subnational regiona structure (Stocks and Musgrove
1984). This structure allows representation of many regional or state specific features on
the supply and consumption sides, together with interstate electricity transmission and
natural gas pipelines. A review of Australian MARKAL's development and research appli-
cations by ABARE since 1991 is available in Matthewson, Naughten, Jacobs, Noble and
Tulpulé (1998).

|mpact of microeconomic reform and technological
change on the choice of CCGT versus coal fired capacity

A number of factors identified below as important influences on this investment choice
involve both microeconomic reform (* structural change’) in the electricity and natural gas
sectors and expected future technological trends in both types of electricity generation. It
is not always easy to disentangle these influences. For example, technological change
might be partially induced by microeconomic reform, by reducing ‘ X-inefficiency’ (Stiglitz
1994). The original assessment (and subsequent critiques) of the benefits of micro-
economic reform to the electricity industry in Australia assumed that these benefits result
largely from such a reduction in X-inefficiency and then determined the economywide
effects using a general equilibrium model of the Australian economy (Hilmer, Rayner and
Taperell 1993; Quiggin 1997; Whiteman 1999).

Emphasis on industry based research and development may, in some cases, have been
more prominent within the sector prior to microeconomic reform, and especially prior to
privatisation where that has occurred. However, as pointed out by Button and Weyman-
Jones (1992) in their discussion of ‘ X-inefficiency’ and deregulation, in-house research
and development can be become an end in itself and, at worst, can distort investment
decisions:

‘The emphasis of regulation (in Great Britain) has moved from the confiscation of prof-
its for allocative efficiency reasons to maximising the incentive to reduce costs. The
immediate consequences have been substantial reductions in labour input used and, in
the case of electricity, a switch from high profile and complex capital-intensive
technologies like nuclear power, which offer status and prestige to the industry’s engi-
neering management, to small-scale, low-capital-cost technologies such as gas turbines.’

8
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Several mechanisms associated with energy sector microeconomic reform have been postu-
lated as leading to increased use of natural gas in electricity generation in general, and
through CCGT capacity in particular (Ellerman 1996; Eklund 1996; Soderholm 1996).

Aspects of microeconomic reform apparently favoring CCGT based
electricity generation

At least two consequences of energy sector microeconomic reform have been expected to
favor CCGTs. Other aspects, to do with competitive access to the grid system, are expected
to favor the use of gasin ‘embedded’ industrial cogeneration (Naughten and Dlugosz
1997). These two mechanisms are, first, higher real rates of return subsequently required
by investorsin some forms of electricity generation and, second, the appearance of increas-
ingly competitive and integrated gas markets.

Higher real rates of return required by private or corporatised investorsin electricity
capacity

Real rates of return required by private or corporatised investors in electricity capacity
may tend to be higher than when the industry was largely government owned and oper-
ated in centralised, monopolistic and vertically integrated structures. This would not be
surprising given that the relevant private or corporatised entities now have to voluntarily
bear risks that were previously borne by taxpayers and electricity consumers generally or
were spread among the entire population. A key example is the risk associated with
mismatching planned supply and realised demand (or consumption) of electricity. This
risk is significant given that generation has typically been capital intensive, planning /
construction lead times are often lengthy and the forecasting of electricity consumption
(and peak demand) is an inexact science. Objectively, such uncertainties may be no greater
after microeconomic reform — in fact they may be less — but the extent to which the
associated risks are borne by the investor is greater.

As noted by Dixit (1992), the essential ideas of economic investment under competitive
conditions require arevision to the standard Marshallian investment criterion that invest-
ment is warranted when (expected) price exceeds long run average cost. He lists three
important features as follows:. the inevitable presence of someirreversibility (‘sunk cost’)
in an investment process, that the future is uncertain but with relevant information arriving
gradually; and that waiting is often possible so that the decision is not only on whether
(and in what) to invest but when to invest. Aswill be seen, these features are of central
relevance to investment in electricity generation. To meet the Marshallian investment
criterion, the required rate of return on capital may need to be adjusted upwards to take
account of these features: thisis the so-called ‘hurdle’ rate. Dixit’s theoretical analysis
shows that plausible hurdle rates can exceed the (risk-free) cost of capital by afactor of
2 or 3. The potential importance of these hurdle ratesin the investment decision is discussed
by other authors (Pindyck 1991; Hassett and Metcalfe 1993).

9
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Table 3: Unit costsfor base load capacity in New South Wales, revised MARKAL data-
base: coal fired capacity vs CCGT

Brown coal Black coal CCGT
based based

Discount New
rate Standard Standard conventional Advanced
(2000) (2000) (2005) (2020)
% $MWh $/MWh $MWh $MWh
Annual capital charge 5 18.0 10.6 74 75
8 259 15.2 9.8 10.0
12 374 22.0 13.3 135
Total unit cost 5 31.0 30.2 45.1 37.2
8 38.9 34.9 47.4 39.7
12 55.2 41.6 50.9 43.2
% index index index index
Total unit cost 5 1.03 1.00 1.49 1.23
8 1.12 1.00 1.36 1.14
12 1.33 1.00 1.22 1.04

Source: Based in part on data provided by Sinclair Knight Merz (under New South Wales assumptions) and extending certain results
from table 1.

Such higher required real rates of return will tend to favor the less capital intensive tech-
nologies such as CCGTs rather than the more capital intensive coal fired stations that were
favored by the pre-existing structures and practices. Thisis simply illustrated in table 3
in which long run average costs of selected CCGT technologies are compared with those
of major coal fired technologies at three different real interest rates.

Again, such simple ‘technology by technology’ comparisons abstract from important trends
over timein fuel prices and capacity utilisation factors. The latter changes over time (typi-
cally declining with the age of the facility) and differentially (coal capacity, to the extent
that its marginal variable cost are lower than that of CCGTs, will tend to have a higher
capacity factor than CCGTSs, but thisis not reflected in table 3).

The relative size of the capital charge component is also influenced by the inclusion of
interest during construction in the capital cost. At higher required rates of return thisaso
gives a correspondingly greater premium to technologies (such as CCGTs) with shorter
lead times in construction.

Technology specific ‘hurdle’ ratesof return

The above argument can be extended. Not only are investor borne risks likely to be higher
as aresult of microeconomic reform, but these risks are also likely to be specific to differ-
ent types of electricity generation technology. For example, because of uncertainty about
matching capacity and future consumption, technologies with shorter lead times and of a
more modular nature have an advantage that is evident from Dixit’s theoretical analysis.

10
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That is, such technologies allow the decision to invest to be deferred to atime closer to
the expected commissioning date, thus enabling the more timely gathering of relevant
information, for example about future levels of consumer demand, relative fuel prices etc.

To the extent that flows of value in a deterministic model such as MARKAL cannot be
used to reflect technology specific risks, it is appropriate to capture such effects using
technology specific ‘hurdle’ rates. For example, lower hurdle rates may be attributed to
investment in technol ogies that are more modular (that is, smaller sized units with accept-
able scale economies) and with shorter lead times compared with conventional base |oad
electricity technologies. Other factors potentially influencing hurdle rates are discussed
below.

Given that the hurdle rate appropriate to CCGT capacity is lower than that for new coal
fired capacity it is clear from table 3 that the choice of technologies could be dramatically
affected. However, as will be seen below, in practice this investment choice is generally
not a simple two-way one.

Hassett and Metcalfe (1996) noted that rigorous econometrically based estimates of hurdle
rates (for energy conserving investment) were not yet available. Although this may also
be the case for the technologies considered here, MARKAL can be used to investigate
implications of plausible or conservative assumptions about these rate differentials.

Asjust noted, ‘modularity’ is an important aspect of investment in electricity generation
technologies. Its significance to the choice of modesis best understood in the context of the
revised theory of investment just described, and the notion is helpful in understanding the
influence of both microeconomic reform and technical change on this choice. However,
before considering modularity in more detail it is useful to first note some further effects
of microeconomic reform and technical change.

More competitive gas markets and expanded gas supplies through a fully integrated
network

With microeconomic reform in gas markets, and with the expanded availability of gas
supplies to afully integrated supply network, regional gas prices should tend to both
converge and to fall, or at least to increase less markedly in the face of any increasesin
demand. Examples of those supply side forces include gas supply augmentation through
Duke Energy’s new pipeline from Longford (Gippsland, Victoria) to Sydney competing
with AGL's existing supply through the Cooper Basin, South Australia (Myatt 2000).

A potentially even more important factor expanding supply and thereby moderating price
increases isincreased gas from Papua New Guinea through a pipeline to southern Queendand.
In an increasingly integrated system, this gas could eventually be made available through
the Moomba node to markets in New South Wales and the other south eastern states. Scope

11
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also exists for mgjor augmentation from Timor Sea gas sources (Harman 2000). The posi-
tion is similar in the case of a Western Australian natural gas grid, whether linkage to the
eastern Australian system proves cost effective during the 2000-30 projection period or not.

Aspects of microeconomic reform that may not favor CCGT based
electricity generation

The outcomes of microeconomic reform need not wholly favor natural gas, and CCGTs
in particular, over coal fired generation. Possible offsetting factors include opportunities for
making greater and more efficient use of sunk capital (existing assets). These opportunities
can arise from a combination of microeconomic reform and technological change. More
intensive or extended use of sunk capital tends to prolong inherited fuel use patterns
(Ellerman 1998). However, these patterns can also be changed, at a cost, through
approachesto ‘repowering’ discussed later.

Refurbishment of existing coal fired capacity

In large part, a stronger preference for investment in refurbishment of existing coal fired
capacity rather than in new coal fired capacity can be aresult of a mechanism just noted:
the higher required rates of return as a consequence of microeconomic reform. This effect
will exist even in the absence of differentially higher hurdle rates on new coal fired capac-
ity, because the capital cost of refurbishment is typically much less than that for the
construction of new coal fired capacity. Thisis especialy so when the latter is on agreen-
fields site, with consequent expenses related to site approvals, preparation and infrastruc-
ture. This argument is reinforced by the much shorter construction times for refurbish-
ment when compared with new coal fired capacity, implying less capita tied up in interest
during construction in the former case.

Further reinforcing this effect is the likelihood of alower hurdle rate for refurbishment
than for investment in new coal fired capacity. Later discussion will suggest that while
refurbishment may have alower hurdle rate than new codl fired capacity because it is more
modular, its hurdle rate may well be higher
relative to the rate for CCGT.

Figure 2: Effect of various'hurdl€' rates
on long run aver age costs

A three-way comparison of long run average I 59 discount rate

costs of new coal fired capacity, refurbished I 8% discount rate
[ 12% discount rate

coal capacity and CCGT isillustrated in 40
figure 2. This comparison is to be taken with 30
the same caveats as before. Again, the effect 20

of assuming application of technology specific
hurdle rates can be noted: for example, CCGT

10

$/MWh

at an 8 per cent required rate of return appears New Refurbished _Advanced
conventional codal CCGT
coal (2005-)  (2005) (2020)
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to be competitive with new coal at 12 per cent. However, refurbishment appears to domi-
nate at most ratesin this range.

A relationship between electricity sector microeconomic reform and an increasing pref-
erence for power station refurbishment has been observed internationally (Ellerman 1998).
Moreover, Ellerman notes that technological progressin operation and maintenance may
also be important in lengthening the lives of existing capacity.

Higher availability factors and longer lives for existing and new conventional coal
fired capacity

Another feature favoring existing and refurbished (and to some extent, new) coal fired
generation is the result of more effective operation and maintenance. Thisleads to at |east
two cost saving effects:

 enhanced availability factors of existing and new coal fired capacity: these availabilities
are now much higher than 15-20 years ago, reflecting less ‘down time' for both planned
and unplanned maintenance; accordingly, in the updated Australian MARKAL data-
base, al the availability factor values for base load capacity are now set equal to or in
excess of 90 per cent, compared with 80 per cent in the pre-existing Australian
MARKAL database, mainly reflecting the experience of the 1980s;

» prolonged lifetimes of both existing and new coal fired technologies. these lifetimes
are now assumed to be 40 years rather than the 30 years used in the pre-existing
Australian MARKAL database for this type of capacity.

Such trends are at least partly the result of competitive forces associated with microeco-
nomic reform but also technological change, especially innovations in information tech-
nology, reducing operation and maintenance costs of existing as well as new capacity
(Ellerman 1998).

Shorter construction lead times with some conver gence between generation modes
Thereis some evidence of atrend to shorter construction lead times generally. This may be
an example of technical change partly ‘induced’ by recognising the advantages of deferra
pointed out by Dixit and others, and perhaps partly a spur provided by a greater role for
market forces. Construction lead time values in the pre-existing Australian MARKAL
database (reflecting estimates as at 1991) are compared with Sinclair Knight Merz's current
advicein table 4. This confirms markedly shorter construction periods, athough the CCGT
index relative to coal is unchanged at 0.92.

Fuel price effects of microeconomic reform adver se to prospects of natural gas
Microeconomic reform (or ‘ structural change’) in that part of the coal industry supplying
the domestic electricity industry has the potential to reduce coal costs. Western Australia

13
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Table 4: Trendsin construction lead times and implicationsfor interest during construction

Sinclair Knight Merz advice Pre-existing Australian

(April-May 2000) MARKAL databasea
Construction Index Construction Index
period relative period relative
IDC toblack —————————— IDC toblack
months years factor b coal months years factorb coalc

Plant type

Black coal steam 42 35 1.19 1.00 60 5 1.27 1.00
Brown coal steam 48 4.0 1.22 1.03 60 5 1.27 1.00
Coal plant refurbishment 24 20 112 0.94 d d d d
Gas turbine open cycle 12 1.0 1.08 0.91 24 2 112 0.89
Gasturbine combined cycle 16 13 1.09 0.92 36 3 117 0.92
Reciprocating engines 14 12 1.09 0.92 d d d d
Nuclear (lower bound) d d d d 72 6 1.32 1.04
Nuclear (upper bound) d d d d 90 75 141 111

a Estimates as at (Intelligent Energy Systems 1991). b Using a discount rate of 8 per cent. ¢ Index for black coal fired capacity = 1.00.
d Not included.

and South Australia provide important examples of opportunities for CCGTs, because the
relative prices of cod and gas in both states are most favorable to gas and hence to CCGTs.

In Western Australia the main coal field is at Collie. Until recently this black coal was
sourced only from labor intensive underground mining. However, this deposit has now
been made accessible to lower cost opencut mining. Thisis associated with both afall in
unit costs and an increase in economic reserves, and occurred in the mid-1990s following
amultiparty agreement to use underground Collie coal in a station constructed in preference
to a CCGT using gas from the North West Shelf (Roberts 1996). Similar productivity
improvements have been secured in South Australia (Jemison 1994; Australia’s Mining
Monthly 1996). The comparison between pre-existing and revised MARKAL data speci-
fication of Western Australian and South Australian coal isindicated in table 5.

The expected price of black steaming coal used in domestic electricity generation in
committed Queensland power stations may similarly be lower than had earlier been
projected relative to natural gas (Zauner and Coddington 1999). The production costs and
price of such coa need not be tightly related to the price of exported steaming coal. The
|atter tends to be located near to ports or existing transport, to be of high energy content etc,
whereas coa deposits attractive for domestic electricity generation, often on site, tend to
have different locational and quality characteristics.

In specifying costs of coal inputs to electricity generation it isimportant to avoid double
counting in the vertically integrated activities. For example, capital costs of coal extrac-
tion may sometimes be accounted for in power station investment costs, with only the
marginal operating costs of coal extraction being reported as the unit cost of coal.
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Table 5: Parametersfor South Australian sub-bituminous coal and Western Australian
steaming coal a

Unit Economic Annual Implied Energy Unit Economic
cost reserves capacity lifetimeb content cost reserves

$GJ PJ PJ years GJ/t $it Mt

South Australian coal
Pre-existing Australian

MARKAL database
— 1st tranche 3.05 2000 80 25 135 41 148
—2nd tranche 3.66 4000 50 80 135 49 296
Revised database ¢ 2.07 824 20 135 28 61
Western Australian coal
Pre-existing Australian

MARKAL database 1.83 7000 19.7 36 355
Revised database ¢ 1.52 21769 19.7 30 1105

a For price dataon coal in other states, seetable 11. b At full capacity. ¢ Based on information provided by the Australian
Geologica Survey Organisation, personal communication, May 2000.

Technological progress and productivity improvement in supply and
use of combined cycle gasturbines

CCGT technology consists of an open cycle gas turbine combined with a steam turbine
in which steam is produced by using the exhaust heat of the gas turbine. Productivity
improvements have included developments in the gas turbine stage, in turn reflecting
advancesin jet aero engines. More recently, there have also been advances associated with
their application in eectricity generation. These include economies of scale in manufacture,
use of advanced metals, new blade designs, high compression ratios, steam injection.

Technological progress projected for CCGTs compared with advanced coal fired
technologies

Technological progressin CCGTs could both reduce investment cost relative to competi-
tors and increase their thermal efficiency advantage relative to coal fired capacity. (CCGTs
are already less labor intensive than other baseload fossil fuel generation modes.) Asthe
more mature technology, conventional coal fired generation appears to provide fewer
opportunities for such progress (Joskow 1987). However, the case of ‘ advanced coal fired
generation’ isaqualification to this. These technologies include pressurised fluidised bed
(PFB) and integrated gasification combined cycle (IGCC). They present opportunities for
considerable improvement in energy efficiency but at arelatively high cost premium. With
their benefitsin fuel savings, the high capital cost but advanced coal technologies will
have the most evident potential economic importance where the unit costs of imported or
indigenous coal are high. This occurs (for example) in parts of Europe, where available
coal is also often of poor quality and with consequences for local pollution that can be
addressed with these technologies.
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Since ‘advanced coal’ options are associated with significant capital cost premiums, they
are much less attractive in east Australian conditions, where coal is both clean and very
low cost by world standards. However, both advanced coal technologies are included as
options in the Australian MARKAL database. An intermediate case that does appear to
be economically viable under Australian conditionsis that of ‘supercritical’ coal based
steam generation. This involves steam generating plants operating at up to 340 atmos-
pheres (34 MPascals) or more (Glasstone 1983). The water is then converted to steam
with the same density as the liquid. Committed Queensland power stations (Tarong North,
Millmerran and Callide) are of this type.

Scope for productivity improvementsin CCGTs:. overstated by some commentators?
Over the past 20-30 years since their original development, CCGTs have shown significant
improvements in productivity in the two key dimensions of unit investment cost ($/kW
installed) and thermal efficiency (electricity sent out divided by primary energy input).

There are several potential difficulties in assessing the available evidence. First, on capi-
tal cost per kilowatt, there is a need to distinguish recent short term fluctuations in market
prices for CCGTs from their ‘equilibrium’ unit costs. Claeson (1999) draws a distinction
between current actual market prices for CCGTs and production costs. She suggests that a
market shake-out at the end of the 1990s following a period of oversupply may mean that
recent price falls are atypical and will not be prolonged into the 2000s. This view (related
to the international ‘reassessment’ noted above) is also taken by Sinclair Knight Merz and
isreflected in the revised Australian MARKAL database.

Second, on performance (here, energy efficiency), there is a significant discrepancy between
the design efficiency claims of manufacturers versus the evidence of actua performance on
site. Sinclair Knight Merz advise that energy efficiency datain manufacturers’ catalogues
are often 5-6 percentage points higher than can be achieved on site. This is because the
former data are calculated on a‘lower heating value' basis, while it isthe ‘higher heating
value' that equates to aratio of energy input to electricity sent out. This can account for
values of 60 per cent quoted when only 54-55 per cent may be realisable. Further, it is
necessary to take account of the dependence of performance on local conditions. Factors
relevant to in Situ energy efficiency may include temperature and (to alesser extent) humid-
ity, which can entail lower operational energy efficienciesin parts of Australiathan may be
experienced in the climatic conditions of, say, northern Europe, especially under part load
conditions.

In the early 1990s, a particularly optimistic view existed on the scope for early and signif-
icant technological progressin CCGTs. For example, one source (Flavin and Lensson
1995) refers to CCGTs with 53 per cent efficiency at $700 / kW for a UK plant in 1992,
compared with efficiencies of more than 40 per cent in the late 1980s. The same source
referred to efficiencies for the GT cycle alone reaching 39 per cent but ‘ expected to close
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on 60 per cent by 2000°'. Similarly, the International Energy Agency refersto CCGT energy
efficiencies of 52 per cent in 1995 and 60 per cent in 2020 for OECD North Americaand
OECD Europe, but again these may be ‘lower heating values' (1EA 1998, p. 74).

It isimportant also to take into account manufacturers’ scope to provide arange of CCGT
variants available for sale to generators who can trade off capital and energy efficiency.
This opportunity allowsimproved efficiency to be obtained for a premium on investment
cost and possibly on operation and maintenance costs. For purchasers of the technology, this
choice will be influenced by their expected relative prices of natural gas or other fuels
over thelife of the project.

Induced technological progressfor CCGTs

‘Autonomous' technological progressis normaly correlated smply with time. By contrast,
‘induced’ technological progress implies particular mechanisms. Examples can include
relative price changes such asincreasesin fuel cost or the dispelling of X-inefficiency by
competitive market forces more generally. Another such mechanism is that of ‘learning
by doing’ (Arrow 1962). The proximate cause of technological progressin that caseis
simply the level of capacity of the technology concerned, and hence production experi-
ence, as this increases over time. This ‘internationally induced’ notion of technological
progress was outside the brief of ABARE’s engineering consultants Sinclair Knight Merz
and hence required use of other information sources.

For agiven technology, ‘ experience curves (Mattson 1997; IEA 1999) have been presented
as away of representing an inverse relation between the investment cost for the purchase
and installation of that technology and the increased experience in its production. In devel-
oping these curves, increased experience in production has been proxied by worldwide
cumulatively installed capacity. So far, investigation of experience curves has focused on
productivity improvement as cost reduction rather than as improvement in quality of perfor-
mance: that is, in energy efficiency.

From this historical relationship is defined a‘progressratio’ relating the reduction in unit
investment cost ($/kW installed) to the unit increase in experience (cumulative installed
capacity). A recent study of experience curves for CCGTs indicated a progress ratio of
0.75 during the 1990s (Claeson 1999). Historically, this result implies that unit cost has
been reduced by 25 per cent for every doubling of international cumulative installed

capacity.

However, these results cannot be accepted uncritically as a guide to future trends. First,
the data underlying ‘ experience curves' may reflect a combination not only of true tech-
nological progress (for example, of theinduced ‘learning by doing’ type) but of the effects
of economies of scale in production, price induced changes in factor combinations etc. As
amore rigorous basis for forecasting, historical analysis would seek to disentangle these
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elements. Second, the continued validity of an exponential relationship summarised by
‘progress ratios’ should be seriously questioned. For good physical reasons, phenomena
with a history of exponential growth usually indicate saturation at some point with the
result that an * S-shaped’ or logistic curveis a better mathematical description of the trends.
The difficulty with using this type of functional form to forecast is to judge, in advance, the
level and timing of any such saturation effects.

We can avoid simply extrapolating an exponential relation but still postulate adecline in
unit cost arising from such an increase in international capacity. MARKAL can then be
used to assess the effect on penetration of CCGTs under Australian conditions.

Technological change: implications for uncertainty, irreversibility, fuel choice and
hurdle rates

Projecting technological change involves uncertainty and irreversibility. If particular (even
random or accidental) factors lead to expansion in atechnology where economies of scale
or ‘learning by doing’ is involved, this advantage can be reinforced, eliminating (poten-
tially more cost effective) competitors without such an initial advantage. In introducing
these ideas of ‘locking in’ and ‘ path dependence’, Arthur (1989) refers to the historical
case of the light water reactor (LWR) variant of nuclear power — with its infrastructure
— asapossible example.

There is no suggestion that CCGT is an inefficient technology standing to gain in this
sense from any ‘locking in” mechanism. However, central to the case of CCGTs are the
possibilities for ‘locking in” the complementary network infrastructure with its scale
economies. Arthur (1990) notes the applicability of this argument to networks. Here, the
relevant network infrastructure is the natural gas pipeline system with its potentially multi-
ple nodes of supply and consumption with associated ‘ network externalities’ of produc-
tion. The latter can occur where gas consumers entering the market at alater time enjoy
benefits — in terms of infrastructure availability and hence lower gas costs — stemming
from the actions of earlier large consumers that have made the commitments inducing the
initial large trunk pipelines. Uncorrected externalities are involved to the extent that these
benefits are not captured by the large gas consumers making the early commitments. Hence
there is scope for beneficial coordinating and risk reducing government intervention to
encourage these early consumers and thereby internalise this market imperfection.

The revised theory of investment and associated notion of hurdle rates can also offer
insights. Not all of the new investment in conventional coal fired technologies, with their
lengthened (even ‘indefinite’) lifetimes, is completely irreversible! (‘sunk’ in Dixit's sense)
— for example, the ‘repowering’ options discussed below.

1 Ellerman (1996) notes that ‘ plants built initially for coal can be converted to oil or gas use with relatively
little additional capital expenditure, whereas the converse is not true.” However, if ‘gas’ means simply a
steam thermal station thereis an efficiency penalty compared with a CCGT.

18



ABARE CONFERENCE PAPER 2000.15

On the other hand, if expected progressin an (as yet) uninstalled technology is very rapid,
it may be advantageous to delay investment — for example, in the case of persona comput-
ers and possibly some energy conservation technologies. However, it is unlikely that
expected technical progressin CCGTs will be so rapid as to be a factor tending to defer
its installation as investors ‘wait’ for later, more energy efficient variants — and so we
would not expect such an effect to induce an increase in its hurdle rate.

Also relevant may be the common view since 1990 that natural gasisa‘fuel of the future’,
apopular perception that cannot be divorced from expectations about future greenhouse gas
emissions policies.

Modularity in electricity generation investment
Greater modularity of competing forms of generation capacity is based on smaller economic
unit sizes” and shorter installation lead times.

In contrast with coal fired capacity — where economies of scale are achieved on site with
larger units — CCGTs are, to a greater extent, factory built. Hence, there is scope for
economies of scale to be achieved within the factory, as assembly line run sizesincrease,
without these economies being as dependent on unit size in the construction phase.

Compared with coal fired steam turbines, CCGT's greater modularity can reduce cost
penalties associated with the uncertainty of future levels of electricity consumption (Boyd
and Thompson 1980; Loose and Flaim 1980).

New coal fired capacity is the least modular of the technologies considered here. Thisis
because of its large economic plant size and long construction lead times. Unit sizes are
dictated by the tradeoff between the advantages of economies of scale in manufacture and
construction of a generating unit under Australian conditions and some offsetting factors.
The latter include system reliability criteriawhich restrict the largest possible generating
unit size to no less than a given fraction of total system capacity. This choice relatesto a
NEMMCO rule concerning the *minimum reserve trigger’ (Sinclair Knight Merz 2000).
Unit sizes for new capacity under Australian conditions are indicated in table 6.

On the other hand, the unit sizesfor coal fired capacity suitable for refurbishment will be
limited by the size and number of such existing units reaching the end of their usual life-
times (of around 40 years) in any given period. The unit sizesin table 6 indicate the applic-
able range in current Australian circumstances. Clearly, on this criterion, the initial levels

2 Economies of scale or ‘lumpiness’ in investment can be dealt with in MARKAL by using integer program-
ming. That approach isrequired in modeling natural gas pipelines but is not practicable or as necessary in elec-
tricity generation. Issues can be dealt with by inspection. For example, costs attributed to a given technology
may be based on a unit size of 500 MW, so that model reported additions to capacity substantially less than
this have to be viewed critically and may be rejected as understating true cost or of negligible importance.
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Table 6: Modularity of new and refurbished coal fired generation unitsa

New generating units Potentially refurbishable unitsb
MW MW
New South Wales 660 Mt Piper 300-350 Munmorah
Victoria 500 Loy Yang, Mission Energy 350 YalournwW
Queendand 434  Millmerran 6* 66 Swanbank A
South Austraia 260 Northern 2* 60 ThomasPlayford B
Western Australia 300 Callie 4*60 MujaA,B

a Source: Sinclair Knight Merz, personal communication, 2000. b In the short to medium term.

of refurbishable capacity units are significantly smaller than new capacity and therefore
more modular in this sense. However, these relatively few old and small unitswill be fairly
quickly exhausted over time, implying that unit sizes for refurbishment in the later years (in
which thereis significant requirement for capacity additions) will more closdly reflect the
typically much larger unit sizes for new units.

Closely associated with modularity is the issue of installation lead times. As set out in
table 4, these are significantly greater for new coa fired capacity than for refurbished codl,
which inturnisgreater than for CCGT, and in turn, OCGT.

Moreover, CCGT has an additional advantage over both new and refurbished coal in that
It can be constructed in two phases: first, the OCGT component (which accounts for two-
thirds of final capacity but has a very short lead time) and then the steam turbine unit,
which can then be installed as required. Comparatively little capital istied up in the first
stage; it is the steam generation component that adds significantly to the capital cost of
the project, but providing a return from the considerably improved overall energy effi-
ciency then applicable for the remainder of the completed CCGT project’s lifetime. Again,
in Dixit'sterms, optionsin this two stage approach are kept open or deferred, with conse-
guent potential economic benefits in the presence of uncertainty and irreversibility.

Repowering

There are proposals for integrating OCGTs with existing steam generating capacity in coal
fired units that have been converted to gas (or in the few remaining gas fired steam gener-
ators). This approach involves scrapping existing specialised coal fired boilers but retain-
ing the turbines and other equipment. It entails simultaneous ‘ repowering’ and enhancement
of existing capacity from coal to gasfired operation to again arrive at a CCGT. However,
thisis by an alternative route that, by making use of ‘sunk’ capacity, saves capital and
therefore is more likely to be favored where rates of return are required to be high. Again,
aqualification arises from the ratio of approximately 2:1 in the contribution of the gas
turbine and steam turbine respectively — thereby restricting the level of existing steam
turbine capacity convertible in thisway at any given time and reducing the modularity of
CCGTs obtained through this route.
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Flexibility in operation

CCGTs have the advantage of greater flexibility in operation in that they can, with less
cost penalty than large coal fired power stations, follow instantaneous changes in elec-
tricity requirements in the diurnal cycle or where sudden supply outages or demand
increases occur. However, meeting these consumption changes is essentially the function
of dedicated peaking or emergency capacity (for example, open cycle gas turbines or
hydro) rather than base load capacity. (Thiswill be the case as long as base |oad capacity
isinflexible in this sense. But if the technology exists to provide base |oad capacity from
flexible plants, the requirement for dedicated peaking plants will be reduced.) The
MARKAL database includes a parameter capturing some of this load following advan-
tage in the case of base load capacity such as CCGTSs, as well asincorporating the distinc-
tion between base |load and peaking capacity.

Decentralised, ‘embedded’ or ‘distributed’ generation

One advantage of decentralised but grid connected modes of electricity generation is that
increases in the costs of electricity transmission normally associated with additions to
generation capacity do not apply to these technologies. MARKAL allows scope to recog-
nise this feature and currently does so in the case of both industrial cogeneration (whichin
some cases may be CCGTs or OCGTs) and photovoltaic cells. However, there are other
potential advantages of decentralised generation — for example, increased supply relia-
bility through avoidance of some risks associated with transmission systems. Thisis another
uncertainty effect that could be held to favorably influence hurdle rates for these types of

capacity.

For the purposes of this MARKAL analysis, CCGTs and OCGTs have both been assumed
to be conventional centralised technologies. However, in redlity their location may be more
flexible than sites on coal fields, often mandatory for large coal fired stations, especialy
brown coal. In addition, these gas fired technologies can form part of ‘distributed’ indus-
trial cogeneration options (Sinclair Knight Merz 2000). The risk abatement opportunities
that can beinvolved in ‘distributed’ generation are discussed in Huff, Wenger and Farmer
(1996).

The Australian MARKAL analysis

The updated MARKAL database: characterissing CCGTsand
competing technologies

The updated MARKAL database reflects the revised characterisation of fossil fuel electric-
ity generation technologies, and CCGTsin particular, including the important issues identi-
fied above. The consultant complied with arequest for particular treatment of issues such as
refurbishment, technical change and capital / energy tradeoffs (Sinclair Knight Merz 2000).

21



ABARE CONFERENCE PAPER 2000.15

Technical progress

The consultant’s advice isillustrated by the examplesin table 2. In no case (that is, neither
CCGT nor competing coal fired technologies) is ‘autonomous’ technical progress in the
2000-30 period assumed to include further reductions in investment cost. However, it is
assumed that further progress in improving energy efficiencies is possible without any
increase in investment cost. For example, the table indicates that without any increase in
investment cost, energy efficiencies of ‘efficient’ CCGTs are assumed to improve by a
factor of 1.29 between 2005 and 2020 (from 41 per cent to 52.9 per cent). Thisimprove-
ment is clearly very significant but from alower base and to a lower end point than is
implied by other commentators noted above.

Capital versus energy efficiency tradeoff

The *efficient’” CCGT technologies can be taken as an example of the capital versus energy
efficiency tradeoff: over the period 2005-20, the investment cost premium over the * stan-
dard’ technology is 2 per cent and the energy efficiency improvement thus obtained is 2.5
per cent, falling to 1.5 per cent. Over this period, the ratio of energy efficiency improvement
factor to the cost increase factor tends to be somewhat lower for the coal fired technologies
than for the CCGTs.

Characterisingthe MARKAL model scenarios

Asamatter of terminology, ‘scenarios' refer to variants of the database, while ‘cases’ refer
to the model’s least cost solutions (and the detailed results) that may be associated with
each of these scenarios.

Thereference scenario

Scenarios in MARKAL are defined by comprehensive specification of actual and future
energy sector technologies, resources and energy flows as well as projected values of
energy services consumption over the full projection period 2000-30. Simulations were
all carried out over the period 2000-35 to minimise ‘end condition’ errors and retain suffi-
cient robustness for results occuring later in the projection period.

In minimising total resource costs, the discount rate is 8 per cent real?, the rate normally
used in Australian MARKAL. The reference scenario in this instance includes no policies
to reduce carbon dioxide emissions. Aswill become evident, this scenario should not be
interpreted as a ‘business as usual’ case or aforecast.

3 The Victorian Regulator-General has recently calculated that distribution companies would generate a
nominal return on equity of 12 per cent and that capital markets would be satisfied with a 12 per cent rate of
return (Bartholomeusz 2000). Such a nominal rate, before tax for the relatively lower risk associated with
distribution seems consistent with the 8 per cent real used in MARKAL as both a systemwide discount rate
and as a benchmark hurdle rate for lower risk technologies.
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Table 7: Thekey MARKAL scenarios: variationsrelativeto the reference scenario

Scenario assumptions Case
Hurdlerates
Applied to investment in new coal fired capacity a

9 per cent, 10+ per cent 1[9], 1]10]
Applied to investment in all coal fired capacity including refurbished capacity

10 per cent, 11+ per cent 2[10], 2[11]
Cost cutting productivity improvement

in production of CCGTs and OCGTs 3
Favorable assumptionsfor CCGTsb

—low gas price 4[low]

—high gas price 4[high]

a The default hurdle rate on all other electricity generation technologies is that of the energy sectorwide discount rate of 8 per cent.
b 10 per cent hurdle rate on both refurbishment and on new coal capacity plus cost-cutting productivity improvement for CCGTs.

The ‘reference scenario’ used in this analysisincorporates upper limits to the output (PJ)
of natural gasfired industrial cogeneration. These limits are specified exogenously rather
than through the model’s optimisation process. Thisis necessary because of the complex-
ity of factors determining future penetration of industrial cogeneration — for example,
factorsinfluencing long term future opportunities for the industrial use of process steamin
particular highly specialised market situations.

Other scenarios

The other selected scenarios illustrate the influence of several of the technical issues and
policy relevant factors considered above. The assumptions underlying the main non-
reference scenarios are indicated in table 7.

Additional scenarios were used to investigate several other issues. the effect of lower coal
pricesin South Australiaand Western Australia (now in the reference case) and in Victorig;
the timing of CCGT penetration in South Australia and Queensland in the absence of
current commitments.

Results and discussion

Key results

The first key result is the wide range of the outcomes for CCGT output if the reference
case is compared with others such as the ‘favorable assumptions’ case (case 4[low]). This
contrast is illustrated in figures 3 and 4. These compare contributions from each type of
technology to electricity output in each case.

In the reference case (figure 3), by 2030, electricity output from new coal fired capacity
(that is, capacity so far uncommitted but commissioned during the projection period) is
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26 per cent of the total. Electricity output from
all coal fired capacity is 64 per cent of the
total. Apart from the supercritical coal fired
capacity already committed in Queensland,
this coal fired capacity does not include any
‘advanced’ forms. Output of gasfired capacity
(CCGT and OCGT but excluding cogenera-
tion) is 13 per cent, of which CCGT output is
only 5 per cent of total electricity generated.
Apart from South Australia, where CCGT
technology becomes dominant early (along
with electricity imports) there is no new
CCGT capacity in this reference case, except
in Victoriawhere 0.7 GW appears but not until
2030.

Results from the least cost solution derived
from case 4[low] are indicated in figure 4.
This scenario includes the effect of three
‘favorable assumptions': low priced gas, pro-
ductivity improvement cutting CCGT capital
cost by 26 per cent by 2030 and a moderate
increment to the hurdle rate applied to both
new coal fired capacity and refurbishing coal
fired capacity (an additional 2 percentage
points). Each of these assumptions is more
precisely defined below.

In this‘favorable assumptions' case, new coal
fired capacity isfound to be not cost effective
in any state and in fact does not appear at any
period in the least cost solution. The same
appliesto refurbished coal fired capacity. The
total coal fired share of only 25 per cent as at
2030 is therefore entirely accounted for by
currently existing and committed capacity. On
the other hand, the share of national electric-
ity output from gas fired capacity in 2030 (that
is CCGT and OCGTs but excluding gas fired
cogeneration) is as high as 53 per cent, of
which CCGT output is 46 per cent of total
electricity output and 7 per cent is OCGT.

Figure 3: Electricity output —
reference case
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Figure 4: Electricity output —favorable
casefor CCGTsa
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a Higher hurdle rates on new and refurbished cod fired
capacity; low gas price.

Figure 5: Electricity output — higher
hurdlerates; higher gaspricesa
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a Higher hurdle rates on new and refurbished coal fired
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One plausible midrange scenario (case 1[10]) involves the following assumptions:

» a'hurdle rate of return on new coal fired capacity of 10 per cent (or higher) — that is,
(at least) 2 percentage points above the 8 per cent default rate; and

» only moderate upward pressure on natural gas prices, in the face of demand shifts result-
ing from increased gas requirements from the electricity sector and other sectors.

In this midrange scenario, the electricity output share of new coal fired capacity again
turns out to be zero, but the share attributable to refurbished coal is as much as 34 per cent,
implying atotal coa fired share of 59 per cent. CCGT capacity accounts for 10 per cent and
both CCGT and OCGT together for 18 per cent.

State level detail
In the ‘favorable’ case 4{low], significant CCGT capacity is cost effectivein al five main-
land states by 2025 and 2030 (table 8).

Table 8: Regional distribution of CCGT capacity: favor able assumptions case versus
reference case

2005 2010 2015 2020 2025 2030
Electricity output PJ PJ PJ PJ PJ PJ
Reference case
Queendand 2 4
South Australia 1 9 9 9 17 24
Victoria 19
Tota 11 9 9 1 21 43
Favorable assumptions case (case 4[1ow])
New South Wales 15 180
Queendand 4 5 33
South Australia 11 9 13 18 26 44
Victoria 9 63 97
Western Australia 20 22 46
Tota 11 9 13 51 132 399
Capacity GW GW GW GW GW GW
Reference case
Queensland 0.3 0.3 0.3 0.3 0.3
South Australia 0.5 0.5 0.5 05 0.8 0.9
Victoria 0.7
Total 0.8 0.8 0.8 0.8 1.0 16
Favorable assumptions case (case 4[1ow])
New South Wales 0.6 6.3
Queensland 0.3 0.3 0.3 0.3 0.3 13
South Australia 0.5 0.5 0.5 0.8 13 1.9
Victoria 0.3 22 34
Western Australia 0.7 0.8 16
Total 0.8 0.8 0.8 2.1 5.1 14.6
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Detailed discussion

The model results for CCGT in each case at an aggregated national level are set out in
table 9 indicating capacity installed (GW), electricity output (PJ) and its share of total
electricity output. In seeking to understand these results, it is also necessary to explore the
state level detail. The scenarios and the relevant results are now considered in turn, and

comparatively.

Table 9: CCGT capacity and output: summary of resultsfrom Australian MARKAL

scenarios

CCGT installed capacity
Reference scenario

9% hurdle rate on new coal capacity

10% hurdle rate on new coal capacity a

‘No new coal or refurbishment’ b

CCGT cost cut from productivity improvement
10% hurdle rate, all coa cap. + low gas price
10% hurdlerate, al coal cap. + high gas price

CCGT energy output
Reference scenario

9% hurdle rate on new coa capacity

10% hurdle rate on new coal capacity a

‘No new coal or refurbishment’ b

CCGT cost cut from productivity improvement
10% hurdlerate, all coa cap. + low gas price
10% hurdlerate, all coa cap. + high gas price

CCGT shareof total electricity output
Reference scenario

9% hurdle rate on new coal capacity

10% hurdle rate on new coal capacity a

‘No new coal or refurbishment’ b

CCGT cost cut from productivity improvement
10% hurdlerate, al coal cap. + low gas price
10% hurdlerate, all coal cap. + high gas price

Case 1[9]
Case 1[10]
Case 2[11]
Case3

Case 4[low]
Case 4[high]

Case 1]9]
Case 1[10]
Case 2[11]
Case 3

Case 4[low]
Case 4[high]

Case 1]9]
Case 1]10]
Case 2[11]
Case3

Case 4[low]
Case 4[high]

2005
GW
0.75

0.75
0.75
0.75
0.75
0.75
0.75

PJ
10.8

10.8
10.8
10.8
10.8
10.8
10.7

%
15

15
15
15
15
15
15

2010
GwW
0.75

0.75
0.75
0.75
0.75
0.75
0.75

PJ
9.4

9.4
9.4
9.2
9.2
9.21
9.2

%
12

12
12
12
12
12
12

2015
GwW
0.75

0.75
0.75
0.75
0.75
0.75
0.75

PJ
9.2

9.2
9.2
13.0
9.2
3.0
9.2

%
12

12
12
16
12
16
12

2020
GwW
0.75

0.77
0.77
1.83
112
213
2.79

PJ
10.8

10.8
10.8
41.7
18.9
51.0
54.3

%
13

13
13
52
2.3
6.4
6.8

2025
GwW
1.03

1.09
1.08
4.29
1.62
5.06
4.04

PJ
211

239
239
114.9
33.9
132.0
79.7

%
25

29
29
14.0
41
16.0
9.7

2030
GwW
155

2.65
317
13.48
3.78
14.61
7.71

PJ
43.0

70.4
84.5
375.7
90.1
398.9
176.0

%
50

8.2
9.8
43.6
10.4
46.1
205

a A hurdlerate of 10 per cent or above on new coal fired capacity is sufficient to prevent its construction in all states. b In this case,
the 11 per cent hurdle rate is applied to investment in all coal fired capacity including both new coal capacity and refurbishment of
existing coal fired capacity — that is, ‘no new coal or refurbishment’ isaresult of this assumption, not merely an exogenously

imposed constraint.
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Effect of existing CCGT capacity commitments

The revised database specifies that CCGT capacity is committed for installation in the
period to 2005 in both Queendand (260 MW, Mica Creek) and South Australia (487 MW,
Pelican Point). The committed Queensland capacity is found in the reference case to be
scarcely used under ‘least cost’ assumptions. In understanding the failure of (additional)
CCGT capacity to appear in Queendand, it isimportant to recall here not only the absence
of amaximum carbon dioxide constraint and higher hurdle rates in thisanalysis, but also
that in Queensland coal is extremely low cost, implying very low running costs. In that
state, coal fired base load capacity, existing and committed for construction, isin ample
supply. Consistent with this, a hypothetical case without these two existing CCGT
commitments indicates that, in aleast cost analysis, no CCGT capacity at al isinstalled in
Queensland during the projection period.

As seenintable 10, the situation is very different in South Australia, where coal is more
costly and CCGT becomes the dominant base load supply source by 2030. But even in
South Australia, installation is still deferred somewhat compared with the reference case.
This case includes the existing CCGT ingtallation commitments. In this hypothetical South
Australian case, CCGT first appearsin 2020 at 330 MW. CCGT shares of electricity
consumption are also given in table 10, reflecting the significant level of eectricity imports
into South Australiafrom Victoria

Table 10: Penetration of CCGT in South Australia: reference scenario a

2005 2010 2015 2020 2025 2030
Energy output of CCGTs PJ 10.8 9.6 9.2 10.8 19.2 32.2
Share of generation % 35 37 26 28 45 71
Share of consumption % 24 27 26 27 37 71

a Coal costs and reserves revised in line with advice from the Australian Geological Survey Organisation, May 2000 (see p. 6).

Input pricesfor natural gasrelativeto coal

Trendsin coal prices

In the eastern mainland states (New South Wales, Queensland and Victoria), supplies of
low cost coal are effectively unlimited in the projection period. Hence, increasing domes-
tic consumption of coal over timewill not put marked upward pressure on price and thisis
reflected in the modeling as is evident from the coal price trendsin (table 11). A mild
exception is the case of South Austraia, where limits on coa availability lead to abidding
up of itspricein that state.

Lower cost coal from mine restructuring in Western Australia and South Australia
The price of South Australian coal at $2.2 / GJ, rather than the early 1990s specification of
$3/ GJ, is till well above that in the eastern states. However, coa supplies at this lower
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Table 11: Trendsin price of steaming coal for electricity generation: reference scenario

2000 2010 2020 2030 2000 2010 2020 2030
$/GJ $/G) $/G)  $/GJ index index index  index

Victoria (brown coal) 1.0 1.0 1.0 1.0 1.00 1.01 1.02 1.02
New South Wales 1.6 16 16 17 1.00 1.00 101 1.02
Queensland 1.6 16 16 17 1.00 1.00 101 1.02
South Australia 2.2 2.2 24 2.7 1.00 1.03 11 1.25
Western Australia 1.6 16 16 16 1.00 101 1.02 1.02

price are limited (20 years at an average output of about 40 PJayear). Model results indi-
cated a negligible effect on penetration of CCGT in South Australia arising from this lower
coal price assumption.

Coal pricetrendsin New South Wales, Queensland and Victoria

There have been suggestions that the price of coal for domestic electricity generation is
declining in all three eastern mainland states (Zauner and Coddington 1999). Thisis not crit-
ical to the smulation results for New South Wales and Queensland since new CCGT capac-
ity does not appear in any event. A sensitivity test using alower price for coal in Victoria
($0.62/GJ compared with $1.0 /GJ) did not result in reduced penetration of CCGT in that
State.

Pricetrendsfor natural gas

The mechanisms of the supply of natural gas and its representation in the Australian
MARKAL database are more complex than for coal used in domestic power stations.
Natural gasis supplied through an increasingly complex and integrated grid system of
pipelines that cross state boundaries. By contrast, in many cases, coal fired electricity
capacity is located adjacent to the coal field. As aresult, coa prices (asin table 12) are
measured at that point.

Alongside the increasing role of competitive gas markets, the network externalities referred
to above may justify arole for state governments in assuring significant initial loads for
major new gas grid extensions. Such loads include CCGTs. This government roleis possi-
ble where they have residual influence in the choice of electricity supply technologies, as
in the case of recent decisions of the Queensland government favorable to CCGT capacity
in that state’.

4 The Queendand government was reported (in June 2000) to have approved the deferral of the Kogan Creek
coal fired power station (of 0.7 GW) in favor of constructing a second CCGT power station in that state,
Swanbank E (0.35 GW). The latter station will actually use coal bed methane piped through the existing
natural gas grid (McCarthy 2000). While this increment may be an important contribution, it may not change
the MARKAL results significantly as at 2030, given that both these Queensland CCGTs (Mica Creek and
Swanbank E) will have reached the end of their designated lifetimes by that time.
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For the more immediate purposes of the Fiqure 6: City gate gas price trends
modeling for this paper, three aternative sets eastern states '
of assumptions for the city gate price of natural
gas (reflecting pipelining costs) are used.
These define scenarios to illustrate the 4
combined effect of gas market reform and
supply augmentation. ‘ City gate’ prices are
equated to the price of gas available for elec-
tricity generation.

High yas price

Reference
scenario

Low yas price

$/GJ

Both the reference case assumption and the 2000 2010 2020 2030
sensitivity tests on low and high gas price

paths over the projection period scenarios are given in table 12. The reference scenario
assumption is that a combination of microeconomic reform and major augmentation from
major new gas sources (and risk management from state governments) will ensure that
supply can be expanded to meet requirements without significant price increases. The high
gas price case reflects a bidding up of the price in response to supply limitations and
expanded demand. Broad trends in gas prices under each assumption are shown in figure 6.

Of the scenarios modeled here, that with the highest consumption of natural gasis case
4[low], which includes an assumption that gas prices can be maintained at the low price as

Table 12: Trendsin ‘city gate' priceof natural gas: high, medium and low growth cases

2000 2010 2020 2030

$/GJ $/GJ $/GJ $/GJ
Reference scenario
Adelaide 3.05 31 34 3.7
Brisbane 34 34 3.7 39
Melbourne 2.8 2.8 3.0 3.2
Perth 29 29 31 33
Sydney 31 31 33 3.6
High gas price assumption (case 4[high])
Adelaide 3.05 35 4.0 45
Brisbane 34 3.9 4.4 49
Melbourne 2.8 31 3.6 4.0
Perth 29 3.2 3.7 4.1
Sydney 31 34 3.9 45
Low gas price assumption (case 4{low])
Adelaide 3.05 2.85 2.95 32
Brisbane 34 31 3.2 33
Melbourne 2.8 2.65 2.75 29
Perth 29 2.75 2.85 2.95
Sydney 31 29 3.0 32

Sources: Business Council of Australia (2000); Australian Gas Association (1999); miscellaneous gas price sources; Harman (2000).
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Table 13: Natural gasused in electricity generation and total gasfor domestic supply

2010 2015 2020 2025 2030

Reference case PJ PJ PJ PJ PJ
Usein electricity sector 133 164 273 391 540
Total gas for domestic supply 769 789 831 941 1045
Proportion of total domestic gas supply used in: % % % % %
—CCGTs 3 3 3 5 12
— electricity supply 17 21 33 42 52
Favor able assumptions case (case 4[1ow]) PJ PJ PJ PJ PJ
Usein electricity sector 169 221 382 611 1137
Total gas for domestic supply 817 839 937 1200 1725
Proportion of total domestic gas supply used in: % % % % %
—CCGTs 3 4 11 22 44
— electricity supply 21 26 41 51 66

aresult of microeconomic reform and the augmentation of supply including the grid system.
It isof interest to note the impact of this scenario on total gas requirements, both asinput
to eectricity and nonelectricity uses. These are summarised in table 13 in comparison with
the reference case.

Refurbishing existing coal fired capacity

The aggregate national levels of refurbished coal fired capacity that are cost effective in
all the major cases are set out in table 14. It is evident that, in the reference case, refur-
bished coal fired capacity plays a significant role in aleast cost solution, its total capac-
ity being somewhat more than that of CCGT throughout the period. In the reference case,
refurbishment’s first mgjor agppearance is not until 2015 (1.3 GW) but increasesto 3.9 GW
by 2030 compared with 1.6 GW of CCGT by 2030.

The total potential for refurbished coal isoutlined in table 15. This simply reflects the fact
that existing capacity cannot become available for refurbishment until the end of its desig-
nated (40 year) lifetime and those capacity levels cannot be exceeded. Table 14 also
includes the levels of refurbishment indicated as cost effective in the reference case, as
well as a case (discussed in the next section) in which new coal fired capacity is excluded
due to ahigh hurdle rate.

In the reference case, cost effective refurbishment is indicated as occuring in Victoria
(from 2015) and in Western Australia (from 2025), with a minor amount already commit-
ted in New South Wales. When a higher hurdle rate is applied to new coal fired capacity
(Case 1]10], as discussed in the next section), major refurbishment is also cost effective
in New South Wales by 2030.
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Table 14: Refurbished coal capacity and output: summary of resultsfrom Australian
MARKAL scenarios

2005 2010 2015 2020 2025 2030

Refurbished coal installed capacity GW GW GW GW GW GW
Reference scenario 0.10 010 131 199 339 3585
9% hurdle rate on new coal capacity Case 1[9] 010 010 131 199 3.88 10.19
10% hurdle rate on new coal capacity a Case 1[10] 010 0210 131 199 388 10.21
‘No new coal or refurbishment’ b Case 2[11] 0.10 010 010 0.00 0.00 0.00
CCGT cost cut from productivity improvement Case 3 010 010 131 19 339 385
10% hurdlerate, all coal cap. + highgasprice  Case4[high] 0.10 0.10 1.02 0.92 321 9.13
Refurbished coal, units generated PJ PJ PJ PJ PJ PJ
Reference scenario 18 08 252 476 912 1141
9% hurdle rate on new coal capacity Case 1[9] 28 08 36.6 56.6 110.0 289.4
10% hurdle rate on new coal capacity a Case 1[10] 28 18 358 56.6 110.0 289.9
‘No new coal or refurbishment’ b Case 2[11] 28 18 20 00 00 00
CCGT cost cut from productivity improvement Case 3 28 18 355 557 96.2 109.3
10% hurdlerate, all coal cap. + high gasprice  Case 4[high] 00 08 290 26.2 910 259.1
Refurbished coal, share of total electricity output % % % % % %
Reference scenario 02 01 32 59 110 132
9% hurdle rate on new coal capacity Case 1[9] 04 01 46 70 133 336
10% hurdle rate on new coal capacity a Case 1[10] 04 02 45 70 133 337
‘No new coal or refurbishment’ b Case 2[11] 04 02 03 00 00 o00
CCGT cost cut from productivity improvement Case 3 04 02 45 69 116 126

10% hurdlerate, all coal cap. + highgasprice  Case 4[high] 00 01 37 33 111 302

a A hurdlerate of 10 per cent or above on new coal fired capacity is sufficient to prevent its construction in all states. b In this case,
the 11 per cent hurdle rate is applied to investment in all coal fired capacity including both new coal capacity and refurbishment of
existing coal fired capacity — that is, ‘no new coal or refurbishment’ isaresult of this assumption, not merely an exogenously
imposed constraint.

Higher required ‘hurdle’ rates of return on electricity capacity investment

As discussed above, akey effect of microeconomic reform could be to increase required
hurdle rates of return on certain forms of electricity capacity investment — for example, to
reflect the greater private bearing of risk associated with those technologies. Apart from
applying the hurdle rates themselves, modeling requires adjustments to the interest during
construction component in unit investment costs. Thisis calculated at the relevant ‘hurdle
rate. In these instances, the higher hurdle rates replace the 8 per cent rate used in Australian
MARKAL, given that thisrate is al so the default value for investment decisions.

This default 8 per cent rate is not assumed to be arisk free rate, but hurdle rates above
this rate are an attempt to capture additional risks specific to the sector subsequent to
microeconomic reform and differentially among technologies. An empirical basis for
hurdle rates (or hurdle rate increments) could be obtained from econometric estimates or
otherwise. Given information about the capacity, capital cost and expected lives of plant;
and data on price distributions of electricity and capacity, it should be possible to derive
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Table 15: Refurbished coal capacity: specified maximum levels ver sus cost effective levels

Unit 2005 2010 2015 2020 2025 2030
Database limitsto refurbished capacity

New South Wales (lower bound) GW 0.1 0.1 0.1 0.0

New South Wales GW 0.1 0.1 2.0 3.6 4.9 8.2
Queensland GW 0.8 12 29 29 31
South Australia GW 0.1 0.1 0.1 05 1.0
Victoria GW 0.8 1.8 25 29 3.0
Western Austraia GW 0.2 0.5 0.9 0.6 12
Total GW 0.2 21 5.6 9.9 11.8 165

Model results (index relative to specified limit = 1.00)
Reference scenario

New South Wales index 1.00 1.00 0.05

Victoria index 0.68 0.54 094 0.93
Western Australia index 0.73 1.00 092
Total GW 0.1 0.1 1.3 2.0 34 3.9
Hurdlerate, new coal = 10% (case 1[10])

New South Wales index 1.00 1.00 0.05 010 0.77
Victoria index 0.68 0.54 094 0.93
Western Australia index 0.73 1.00 092
Total GW 0.1 0.1 1.3 2.0 39 102

these estimates. In their absence, the approach was experimental. For example, we can
determine the smallest increment to hurdle rates at which significant resource allocation
effects occur, such as the absence of new coal investment or coal refurbishment from the
least cost solution.

Electricity supply sector specific hurdle rates

If ahigher hurdle rate is applied equaly to al dectricity generation technol ogies subsequent
to microeconomic reform, the results are not favorable to CCGT despite its lower capital
cost and shorter construction lead time than new coal fired capacity. The explanation is
simply that other technologies are even less capital intensive and hence more favored by this
high rate than is CCGT. The latter has a unit investment cost (excluding interest during
construction) of $750 or $765/kW and a construction lead time of 1.3 years, compared
with $1200/kW and 3.5-4.0 years for a new coal fired power station. But other compet-
ing technologies with even lower capital intensity and also short |ead times dominate
CCGT inthis 10 per cent sector specific hurdle rate scenario, for example:

« refurbished coal fired capacity ($600/kW and 2.0 years to construct): by 2030 this
predominates in New South Wales, whereas no refurbishment isindicated in this state
when the standard rate of return of 8 per cent applies);

 open cycle gas turbines (OCGTs, $337/kW, 1.0 year to construct) which squeeze out
both CCGT and refurbished coal to dominate in Victoria by 2030 — total capacity
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being as high as 13.2 GW by 2030; 36 per cent of national electricity generation, higher
than in any other scenario.

Technology specific higher hurdle rates: new coal fired capacity

For reasons discussed above, hurdle rates are more likely to differ significantly among
electricity generation technol ogies because comparisons are being made in an investment
context characterised by uncertainty, irreversibility and the benefits from ‘waiting’ or
deferring investment. And the above discussion of modularity indicated that, on these
grounds alone, the hurdle rate on investment would be correspondingly higher in the case
of new coal fired capacity, possibly followed by refurbished coal and then CCGTs and
OCGTsat lower hurdle rates.

In the relevant scenarios initially examined, the higher hurdle rate was attributed to invest-
ment in new coal fired capacity alone, with investment in the other technologies being at
the default rate of 8 per cent. The higher hurdle rates tested in thisway were 9, 10 and 12
per cent.

Results for CCGTs and for refurbished coal are summarised in tables 9 and 14. It was
found that the least cost solution for the 12 per cent hurdle rate case was identical to that for
the 10 per cent rate, the explanation being that investment in new coal fired capacity was
in no instance cost effective at the 10 per cent rate. Such investment was also reduced, but
not eliminated, at the 9 per cent rate.

A marked difference from the sectorwide higher hurdle rate case was that CCGT was
significantly favored in these two cases (case 1[9], case 1[10]) with technology specific
hurdle rates — rather than being completely squeezed out by other technologies with even
lower capital costs. For example, in the case with a 10 per cent technology specific hurdle
rate on new coal fired capacity, CCGT capacity reaches 3.2 GW in 2030 (and 10 per cent
of electricity generated) compared with 1.6 GW (and 5 per cent) in the reference case.
However (asindicated in table 14), refurbished coal benefits even more, with penetration
as at 2030 increasing from 4 GW (and 13 per cent of generation) in the reference caseto 10
GW (and 34 per cent) in the 10 per cent hurdle case. By contrast with the sectorwide hurdle
rate case, this technology specific hurdle rate case entails no increase in OCGT compared
with the reference case.

Technology specific higher hurdle rates: refurbished coal fired capacity

The next set of simulations attributed a higher hurdle rate also to refurbished coal capac-
ity (case 2). The possible arguments based on modularity that might support such a hurdle
rate differential were discussed earlier, notably that increment sizes later in the forecast
period will tend to be tied to the larger generating unit sizes of currently existing power
stations of the 20-25 year vintage.
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Quite distinct from the modularity criterion, refurbishment does not entail the same risk
abating advantages, with respect to the transmission sector, that accompany relatively
‘footloose’ or ‘embedded’ technologies such as CCGT and others such as gasfired indus-
trial cogeneration.

Another key risk factor potentially having an adverse impact on the refurbishment option
isthat of community expectations about the future imposition of carbon constraints. As
pointed out by Manne and Richels (1992) among others, considerations of risk and the
logic of ‘waiting’ are highly relevant to investment that may be affected by ‘gradually
arriving’ information about global climate change and associated policy responses. In
terms of the MARKAL modeling, hurdle rates can be away of reflecting these risk factors,
where it is not possible or appropriate to apply energy sectorwide emission constraints
directly. In MARKAL, actually existing or hypothetical greenhouse gas emissions or
carbon dioxide targets would of course be modeled separately by imposing upper bounds
on such emissions in the future periods involved. In those circumstances (not applicable
here) it would be important to avoid double counting in the form of a hurdle rate adjustment
based on this risk.

On the basis of the standard reference case assumptions, it was found that a hurdle rate of
return of 11 per cent on investment in refurbished coal fired capacity (3 percentage points
above the default rate) was sufficient to exclude it from the least cost solutionin all states. As
already noted, this same rate is more than sufficient to exclude new codl fired capacity. The
result is that the share of CCGT to total eectricity output (in this case 2[11]) is as high as
43 per cent by 2030.

Effect of cost-cutting productivity improvement in CCGT manufacture

On the specification of CCGTs and other fossil fuel based electricity technologies, the
Australian MARKAL database (as revised following advice from Sinclair Knight Merz)
includes scope for considerable *autonomous’ technical progress in energy efficiency and
also modest scope for purchasing additional efficiency at a cost premium. However, the
database thus revised does not embody scope for any cost-cutting productivity improvement
in CCGTs over this projection period. As noted above, consideration of internationally
induced technical change was outside the consultant’s brief. Hence, no such possibility
has been included in the reference scenario.

However, as a sensitivity test, a cost-cutting effect was included in one scenario based on
the possible mechanisms discussed earlier. Those mechanisms include the possibility that
productivity improvement in CCGT manufacture might be induced by widespread inter-
national adoption of the technology — for example, following international compliance
with greenhouse gas emissions targets. The mechanisms could include production line
economies of scale and ‘learning by doing’. Accordingly, the relevant MARKAL test
scenario included an assumption that the unit investment cost of CCGT would decline
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smoothly from 2010 to 26 per cent at the end of the projection period in 2030. A similar
assumption was made in the case of OCGTs. Thisisasignificantly more cautious assump-
tion than would be implied by the International Energy Agency’s projected global capac-
ity expansion at the ‘progressratio’ (0.75) cited earlier for the CCGT technology.

For the least cost solution (case 3), compared with the reference case, the effect is to
increase the national level of CCGT capacity by 2030 from 1.6 GW to 3.8 GW, again
occuring mainly in Victoria. The total capacity of CCGT and OCGT together increases
from 6.5 GW in the reference case to 8.9 GW. However, there was still no CCGT pene-
tration in New South Wales and Queensland solely based on this cost reduction.

The scenario combining factors favorable to CCGTs: robustnessto changesin key
assumptions

A plausible scenario favorable to CCGTs (case 4[low]) combines three of the features just
discussed: use of atechnology specific hurdle rate of 10 per cent for both new coal capac-
ity and refurbishment; price elastic gas supplies and the cost-saving productivity improve-
ment. As aready noted (figure 4) the results for electricity generation, indicate a 46 per
cent output share from CCGT capacity by 2030.

The robustness of this scenario result favorable to CCGT capacity can be noted in two
ways. Firg, this shareis only 3 percentage points above that without the cost saving produc-
tivity improvement and with the midrange (rather than the low) gas price assumption — that
is, case 2[11], but note that the hurdle rate in case 2[11] (higher by a percentage point, at
11 per cent) is sufficient to exclude refurbishment.

Second, it was tested by substituting the high gas price assumption. In this case (4[high]),
the adverse effect on the cost effectiveness of CCGT capacity is considerable — even
when this technology is advantaged by lower hurdle rates than its coal based competitors.
Asillustrated in figure 5, the CCGT share of electricity output as at 2030 falls from 46
per cent in the favorable scenario to 21 per cent (still four times the reference case share)
and the share of OCGT disappears completely (compared with 8 per cent in the reference
case). Despite the 10 per cent hurdle rate on investment in both refurbished coal and new
coal fired capacity, the share of refurbished coal fired capacity increases to 30 per cent.
This compares with a 13 per cent share in the reference case and a 34 per cent share where
refurbishment enjoys the same hurdle rate as CCGTs. But again, with the 10 per cent hurdle
rate applicable, no new coal fired capacity is cost effective in this scenario despite higher
pricesfor natural gas.

Clearly, the modeled shares of CCGT capacity and output are sensitive to key assumptions,
such as hurdle rates and future gas prices.
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Conclusions

This paper commenced with an argument that aleast cost energy systemwide analysis can
provide a more robust economic assessment than a simple ‘technology by technology’
approach. The optimising, systemwide approach has been adopted in this analysis of the
CCGT technology against its competitors in the circumstances of the Australian energy
system. The analysis incorporated reliable data, including technically informed projec-
tions of relevant cost and performance parameters, not only for CCGTs themselves but
for their mgjor competitors. This was achieved through a major update to the Australian
MARKAL database for the electricity supply sector, using reputabl e engineering consul-
tants.

The model results confirmed that both microeconomic reform in energy markets and tech-
nological progress can have mixed effects for CCGTSs.

An aspect of microeconomic reform is that the investment process tends to proceed asif in
private hands (even where strict privatisation has not occurred). An important feature of
investment under these circumstances is that much less of its substantial risk is now borne
or subsidised by electricity consumers and taxpayers. Hence, uncertainty and irreversibil-
ity must be incorporated in the analysis. Increased risks are associated, for example, with
relatively large and ‘lumpy’ investments with long lead times and lifetimes and uncertain
revenues owing to the difficulties of projecting consumption and volatile/uncertain prices
for both outputs and fuel inputs. Market driven responses, internationally and in Australia,
have been at |east twofold:

» where possible, cost effective increases in production from existing capacity: increased
levels of electricity generation from sunk capital using coal arein part the result of
microeconomic reform and in part from technologica progress— for example, ininfor-
mation technology — the same istrue for life extension and higher utilisation factors for
existing coal fired capacity;

* to the extent that new investment is unavoidable, technologies sought are less capital
intensive with shorter lead times and are less lumpy, more modular and more reversible
(for example, through *building in’ the possibility of repowering).

The MARKAL analysis confirmed that in Australiathe important ‘new’ competitor with
CCGT is refurbishment of existing coal fired capacity. It has some features of each of
these ‘market driven responses': it is extending the life of an existing facility and it isa
new investment that has a shorter lead time than a completely new station and involves
much less capital expenditure. However, doubts remain about the extent to which it should
be attributed higher hurdle rates than CCGT on criteriaincluding not only modularity but
other factors such as being locationally tied to existing coal sites and ‘climate change
policy’ risk.
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The MARKAL modeling suggested that further cost-effective refurbishment of coal fired
capacity would occur, especially in Victoria and Western Australia (additional to the
Hazelwood example aready seen in Victoria). By 2025, major refurbishment would be cost
effective also in New South Wales to the extent that higher hurdle rates indeed apply to
new coal capacity only. If the market were to reflect higher hurdle rates on refurbishment for
the reasons suggested above, then the option could tend to be displaced by CCGT capacity.

A second key impact of microeconomic reform is on the future price of gas. An impor-
tant, if not surprising, conclusion of the modeling is that the price of natural gasinput can
be a key determinant of CCGT’s prospects of taking amajor role in electricity generation
by 2030. Thisis most evident if CCGT takes a significant role for other reasons — that
is, if the refurbishment option is also less attractive to the market.

Understanding the factors influencing the future price of gas has important implications
for both policy and for ABARE's research program for Australian MARKAL. Policy issues
affect the conditions for supply augmentation and the working out of microeconomic
reform and structural change in the gas industry. But there are important issues on the
demand side, including aresidual role for government in reducing risk. This can include
influencing electricity sector generation investment choices.

The research task on the price of gasisto revise Australian MARKAL's representation of
the deregulated, integrated gas supply system to enable the accurate endogenous treatment
of these processes over the projection period. This revision has to take account of conditions
that could include a very large favorable shift in the demand for gas. Again, thisincludes
treatment of key consumption loads, including potential large nonelectricity industrial
users of gas.

Large scale international expansion in the use of CCGTSs (say, as aresult of the interna-
tional adoption of targets for greenhouse gas emissions) could be associated with a signif-
icant fall in their cost per kilowatt — for example, through ‘learning by doing’ and scale
economies. This assumption, aong with the possible effects of higher hurdle rates on tech-
nology choice and alow gas price assumption was the basis for a plausible scenario in
which CCGT capacity accounted for as much as 46 per cent of eectricity output by 2030.
However, this proportion could markedly fal if either the hurdle rate on refurbishment turns
out to be closer to that for CCGT or thereis not sufficient moderation to gas price increases.

The carbon dioxide coefficient associated with electricity generation from (for example)
refurbished brown coal fired capacity is almost four times that of the most energy effi-
cient CCGT in the MARKal database. Hence, least cost policies to abate greenhouse gas
emissions are likely to significantly encourage CCGT penetration, especially under
Australian conditions. Although this question requires a separate analysis, the results
reported here offer guidance in establishing a suitable base line.
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