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INTRODUCTION

The Future Fuels Forum is exploring challengesrayifom plausible scenarios for the future of
transport fuels in Australia. A key objective oétproject was for the deliberations of the Futwel&
Forum to be supported by quantitative analysifefscenarios that were developed. The process of
exposing the scenarios to quantitative analysiséniced the formulation of the scenarios by helping
to determine the relative importance of differesgrsario drivers and their assumed future states.
Conversely the interaction of the modelling tearthwihe scenario developers assisted in improving
various aspects of the quantitative model.

This report provides the technical detail behirel phojections presented in the redeuel for thought
(CSIRO and Future Fuels Forum, 2008pescribes the modelling framework that was igplthe
scenario and model assumptions that were usedigrpin the modelling and the detailed model
results associated with each scenario examinedréfjmet contains results for a number of sensytivit
cases not discussed in detaiFuel for thoughtWhile the core drivers of the main scenarios are
greenhouse gas emissions trading and changeginational oil supply, the sensitivity cases adslres
uncertainty around social preferences for trawadjtgonal policies that might be considered by
governments and technological uncertainty in regauitlofuels, hydrogen, nuclear power and,CO
capture and storage.

Besides providing additional detail on modellinguks the purpose of the report is to make the
assumptions of the modelling framework and undeipo data more transparent. The model that is
employed for this report is CSIRO’s Energy Sectadel (ESM). It is a partial equilibrium model of
the Australian energy sector including a detaitedgport sector representation. It was co-developed
by CSIRO and the Australian Bureau of Agricultuantl Resource Economics (ABARE) in 2006.
Since that time CSIRO has significantly modifiedl @xpanded ESM. Like all models, ESM has
specific strengths and limitations which are diseasin detail in this report.
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MODELLING FRAMEWORK

Alternative modelling frameworks

The modelling presented in this report was undertdkr the purposes of providing quantitative
analysis of scenarios developed by the Future Fragism whose goal is to explore plausible
scenarios for the future of transport fuels in Aaish and consider the challenges arsing from them.
that context it was clear that the model employeeded to have the following features:

» A detailed representation of the transport sectcuding:
o0 Conventional and alternative fuel supply
0 The vehicle fleet
0 Alternative vehicle engine technologies

0 The scale of demand in each of the major transpodes and their major
determinants.

- The ability to simulate out into the long term fgbut in time steps that were not too great to
ignore short term issues of interest

Additional features considered desirable were Hikityato calculate pricing and economic impacts,
greenhouse gas and criteria pollutant emissionuedit@ and calculation of land use change. With
these features the model would be able to quathtéhenvironmental and economic impact of each
scenario and provide some indication of social icbp@n so far as they are related to the afforitsbil
of transport.

An economic framework underpinned by detailed tetbgical representation of alternative fuels and
vehicles would satisfy most of the criteria outtireoove. However, given economic models solve as
systems of simultaneous equations they generalhotioepresent detailed spatial information such as
local transport networks and land use patternsKimg the stock and usage patterns for many
individual items of infrastructure and land acrdsstralia would make the model too computationally
and structurally large to be practical. Insteadneenic models of the transport sector that have
national coverage generally only track the stockarisport vehicles. The influence of other tramspo
infrastructure is captured in the realised effickewith which the vehicle stock is able to carry s
task.

Economic models which represent a single markseotor are called partial equilibrium models. A
partial equilibrium model seeks to determine thek®gequilibrium conditions for one sector of the
economy (e.g. in this case the energy and transpotor) holding all else constant. Relative teeoth
economic models, this approach presents both shreiagd limitations.

The main limitation, as the name suggests, isghgtal equilibrium models provide only a partial
picture of the total impact of the scenario beirglered on the national economy. The alternative is
to use a general equilibrium model which modelsyesector in the economy simultaneously.
However, the limitation of a general equilibrium deb is that each sector of the economy is only
modelled in a highly aggregated sense. For examplst general equilibrium models only examine a

11



limited range of alternative fuels, do not track tiehicle fleet at all and generalise the effect of
alternative engines and vehicle sizes via assumgptibout changes in fuel efficiency.

To overcome the limitations of partial and genegilibrium modelling approaches it is possible to
interface partial and general equilibrium modetsdtively to achieve a solution without the

limitations of either approach. This approach wacessfully demonstrated in a related project dalle
the Energy Futures Forum where a partial equilibrinational general equilibrium and global general
equilibrium model were interfaced to achieve sutclvatcomes (see Energy Future Forum, (2006) and
CSIRO and ABARE (2006)). Others studies have alserfiaced partial and general equilibrium
models. For example, The Climate Institute (200%rface a partial equilibrium model of the
electricity sector with a national general equilibn model.

Whilst past research shows that the iterative niiogeihterface procedure works, it is a resource an
time intensive process. When such processes addtugenerally limits the range and number of
scenarios that can be explored and lengthens dpecptimeline since more time is needed to
complete modelling between each interaction withgbenario development group.

Given the need for information from the study tedento strategic policy and investment decision
making in a timely manner, this partial to genelilibrium model interface approach was ruled out.
Apart from the timing issues another consideratiais the preference for avoiding duplication: at the
time of this study there are several other modgijroups working in government general equilibrium
models and likely to complete their work at a samtime (Garnaut Review 2008; National Emissions
Trading Taskforce, 2008).

So that the wider economy interactions are notlow&ed in the partial equilibrium modelling we
employ an alternative approach to the model interfaethod. Our approach is to find data which can
provide an imperfect proxy for the state of the leheconomy under each scenario and interface that
data with a partial equilibrium model rather thiaa general equilibrium model. This approach can
provide results which are broadly consistent whid tesults of a partial equilibrium-general
equilibrium interface providing the data is avaitathat is relevant to the scenarios being explored

There have been several studies which outlinedbramy wide impacts of the scenario drivers
relating to emission trading and high oil priceschhare the main areas of concern in this study. Fo
example, recent studies of the impact of emissadirig on economic growth find that annual
economic growth is reduced by around 0.1 percem ffor example, 2.4 to 2.3 percent growth
depending on the base level of growth in the ecgn@nergy Futures Forum 2006; The Climate
Institute 2007). This amounts to an 8 percent ridiign GDP by 2050 relative to a reference case
without emission trading.

Note, these model outputs only include the costaiEsion trading or mitigation activities on the
economy. They do not include the benefits of ratiign from reduced future climate change impacts.
Therefore it should not be assumed from these seslthat addressing climate change by reducing
greenhouse gas emissions will necessarily harragbeomy in net terms over time. Energy Futures
Forum (2006) is one study that attempts to askésbrtoader question of net benefits of mitigation.

In relation to oil prices, Energy Futures Forum(@pfound that sustained oil prices of around
US$100/bbl would reduce economic growth by arouper@ent in the year that price was reached
relative to a reference case where oil pricesénstime year had returned to their long term aveshige
around US$35/bbl.
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By applying this economy wide impact data from literature to CSIRO’s Energy Sector Model
(ESM) we are able to limit but not completely addréne issues associated with a partial equilibrium
model. As such further examination of the widerrenuic impacts of the scenarios examined in this
report is recommended for future research.

The discussion above refers to partial and gerepalibrium models but note these may also be
referred to in the literature as being bottom-u@ tp-down models respectively. Hourcade et al.
(2006) provides a recent review of the applicatbbhottom-up and top-down modelling in the
context of energy policy scenarios. That terminglags avoided here because other disciplines
outside economics also use such terms. That igrbaip and top-down models are generally used to
describe the scope of a modelling framework bunatoexclusively refer to economic models that
calculate a price equilibrium.

ESM

ESM is an Australian energy sector model co-de\ezldpy the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) and thstralian Bureau of Agricultural and Resource
Economics (ABARE) in 2006. Since that time CSIR@ k@gnificantly modified and expanded ESM
As discussed ESM is a partial equilibrium (bottop)-model of the electricity and transport sectors.
The model has a robust economic decision makimgeveork around the cost of alternative fuels and
vehicles as well as detailed fuel and vehicle teaiperformance characterisation such as fuel
efficiencies and emission factors by transport medaicle type, engine type and age. It also has a
detailed representation of the electricity generaiector. Competition for resources between tloe tw
sectors and relative costs of abatement are resslaeultaneously within the model.

Model equations and structure

ESM is solved as a linear program where the oljedtinction is to maximise welfare which is the
discounted sum of consumer and producer surplustione. The sum of consumer and producer
surplus are calculated as the integral of the demiamctions minus the integral of the supply
functions which are both disaggregated into mamggmnents across the electricity and transport
markets. The objective function is maximised subjeconstraints which control the physical
limitations of fuel resources, the stock of elagityi plant and vehicles, greenhouse gas emissiens a
prescribed by legislation, and various market aatiiology specific constraints such as the need to
maintain a minimum number of peaking plants to maptd changes in the electricity load. See
Graham and Williams (2003) for an example of theatigns required to construct a similar partial
equilibrium model.

The main components of ESM include:

« Coverage of all States and the Northern Territdwysralian Capital Territory is modelled as part
of NSW);

- Trade in electricity between National Electricityaiket States;

« Nine road transport modes: light, medium and hgegsenger cars; light, medium and heavy
commercial vehicles; rigid trucks; articulated ks@nd buses;

- Twelve road transport fuels: petrol; diesel; liqadfpetroleum gas (LPG); natural gas
(compressed (CNG) or liquefied(LNG)); petrol with gercent ethanol blend; diesel with 20
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percent biodiesel blend; ethanol and biodieselgit boncentrations; gas to liquids diesel; coal to
liquids diesel with upstream G@apture; hydrogen (from renewables) and elegjricit

Rail, air and shipping sectors are governed by nies$hdetailed fuel substitution possibilities;

Four engine types: internal combustion; hybrid tiefinternal combustion; hybrid plug-in
electric/internal combustion and fully electric;

Seventeen centralised generation (CG) electritgtgtgypes: black coal pulverised fuel; black
coal integrated gasification combined cycle (IGC@yck coal with partial C&capture and
sequestration (CCS) (50 per cent capture ratedkaal with full CCS (85 per cent capture rate);
brown coal pulverised fuel; brown coal IGCC; broeoal with partial CCS (50 per cent capture
rate); brown coal with full CCS (85 percent capttaie); natural gas combined cycle; natural gas
peaking plant; natural gas with full CCS (85 pentampture rate); biomass; hydro; wind; solar
thermal; hot fractured rocks (geothermal) and rarcle

Fourteen distributed generation (DG) electricitgnltypes: internal combustion diesel; internal
combustion gas; gas turbine; gas micro turbinecgatined heat and power (CHP); biomass

CHP; gas micro turbine CHP; gas reciprocating en@hiP; solar photovoltaic; biomass; wind;
biogas reciprocating engine; natural gas fuelamdl hydrogen fuel cell;

All vehicles and centralised electricity generatiants are assigned a vintage based on when
they were first purchased or installed in annuatements;

Four electricity end use sectors: industrial; comuiad and services; rural and residential

Time is represented in annual frequency (2006, 20072050).

Greater detail and some further discussion for this/technology aggregation was chosen for the
model is provided in Appendices A and B.

All technologies are assessed on the basis of thlaiive costs subject to constraints such as the
turnover of capital stock, existing or new policgesh as subsidies and taxes. The model aims to
mirror real world investment decisions by simultangly taking into account:

The requirement to earn a reasonable return orsimaant over the life of a plant or vehicle

That the actions of one investor or user affeadittancial viability of all other investors or use
simultaneously and dynamically

That consumers react to price signals

That the consumption of energy resources by oneaifeets the price and availability of that
resource for other users, and the overall coshefgy and transport services

Energy and transport market policies and regulation

The model evaluates uptake on the basis of cospetimeness but at the same time takes into
account the key constraints with regard to the atpmr of energy and transport markets, current
excise and mandated fuel mix legislation, GHG eimisBmits, existing plant and vehicle stock in
each State, and lead times in the availabilityes wehicles or plant. It does not take into account
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issues such as community acceptance of technolbgtebese can be controlled by imposing various
scenario assumptions which constrain the solutarser provided limits.

Model outputs

For given time paths of the exogenous (or inputieddes that define the economic environment, ESM
determines the time paths of the endogenous (Qutptiibles. Key output variables include:

« Fuel, engine and electricity generation technologtake

» Fuel consumption

» Cost of transport services (for example, centkpemetre)

« Price of fuels

» GHG and criteria air pollutant emissions

» Wholesale and retail electricity prices

«  CO,e permit prices

« Demand for transport and electricity services.

Some of these outputs can also be defined asifpeds depending upon the design of the scenario.

The endogenous variables are determined using dearahproduction relationships, commodity
balance definitions and assumptions of competitiegkets at each time step for fuels, electricitg an
transport services, and over time for assets ssigelaicles and plant capacities. With respect $etas
markets, the assumption is used that market paatics know future outcomes of their joint actions
over the entire time horizon of the model.

Limitations of ESM

The limitations of partial equilibrium models irelh representation of transport infrastructure and
economy wide impacts (and possible remedies faetheas already been discussed above and so are
not repeated here. The modelling conducted forrépsrt suffers from two additional major

limitations which are discussed.

The first is that it includes many assumptionsgfarameters that are in reality uncertain and inesom
cases evolving rapidly. Parameters of most conoetade for example possible breakthroughs in so
called “second generation” biofuel production tembgies and the unknown quality and cost of future
offerings of fully and partially electrified vehit. These limitations are only partially addredsed
sensitivity cases.

A second major limitation is that ESM only takes@unt of cost as the major determining factor in
technology and fuel uptake. Therefore, it cannptura the behaviour of so-called “fast adopters”
who take up new technology before it has reachsah#petitive price point. For example, most
consumers of hybrid electric vehicles today cowddbnsidered “fast adopters”. Their purchase
cannot be justified on economic grounds since thiitianal cost of such vehicles is not offset bglfu
savings in any reasonable period of time (relaiivihe cost of borrowing). Nevertheless, hybrid
electric vehicles are purchased and such purchasgrde motivated by a variety of factors including
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a strong interest in new technology, the desirednice emissions or status. As a result of this
limitation, ESM'’s projections of the initial techlogy uptake for new technologies could be
considered conservative.

However, another factor which ESM overlooks is camity acceptance and this limitation might
lead ESM to overestimate the rate of uptake of siumls and technologies. For example, greater use
of gaseous fuels such as Liquefied Petroleum GB&Jland the introduction of electricity as a
transport fuel might be resisted by the Austraiammunity which has predominantly used liquid
fuels for transport over the past century. By deskfSM only considers whether the choice is
economically viable.

As a result of these limitations, the technologg &urel uptake projections need to be interpretdtl wi
caution. In reality, consumers will consider a ggyrifactors in fuel and vehicle purchasing decision
However, it is the view of the authors that thej@ctions presented in this report, are nonetheless
instructive in that they indicate the point at whtbe various abatement options should become
widely attractive to all consumers. The projectiordicate that an increasing diversity of options a
likely to become attractive compared to the prefisitand technology mix.
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SCENARIOS

In developing scenarios, the Future Fuels Foruneweacouraged to explore a diverse range of
potential drivers for change in the future that mignpact upon the future of transport fuels in
Australia. The resulting scenarios do not repreaar@nsensus position about the future, nor do they
necessarily represent desirable futures. They arelynplausible futures that are representative of
some of the potential range of futures facing thadport and fuel industry. Each Forum participant
will hold a variety of views about the plausibility each scenario. No attempt is made to assign a
probability to the events in the scenarios.

Forum discussions resulted in a wide range of idBas Future Fuels Forum then worked with the
modelling team to arrive at a set of scenarioswe able to be modelled within the limitations of
ESM and that adequately represented the breadisueds discussed.

Ideas were initially grouped into themes. Five therthat emerged most strongly from the discussions
were:

« The introduction of emission trading in Australia
« The potential for more constrained oil supply andigher oil prices

» Social and cultural preferences with regard toel&different transport modes (rail, air road and
sea), (road) vehicle size and the frequency argtheof transport use

- The availability, cost and effectiveness of altéireafuel and engine technologies

- The potential for the introduction of additionaMgonment polices to enhance emission reduction
in transport or to achieve other policy objectives

The next step was to determine whether all thenagsanted individual scenario analysis or whether
some factors should be combined.

In considering the issue of cultural and sociafgrences, it was felt that due to the likely intotion
of emission trading in Australia coupled with higlod prices that social and cultural preferences
relating to transport were likely to be common lteseenarios and would support lower growth in

transport demand.

Similarly, in response to the same factors, it fetthat in all scenarios Australia is likely teesan
acceleration of the availability and take-up oéalative fuel and engine technologies.

Given these observations it was decided that auttefacial and cultural preference setting which
determines transport demand would be applied aalbe§the scenarios. These assumptions are
detailed in Appendix A. However, we explore a sevigy case where contrary to the default
assumptions social and cultural preferences rem@hanged from the present day.

It was also decided that CSIRO would provide awdetachnology outlook and allow the model to
determine what technology would be selected baseélative cost. This means providing the model
with all of the technology cost and performanceapagters over time. For these assumptions see
Appendix A. In addition, we explore several semgiticases around particular technologies of
interest. The technologies selected for furthesisierty case analysis were algae-based biodiesel,
hydrogen, nuclear power and €€apture and storage.
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In order to learn more about the impact of addéldransport policies that might come into place we
needed to model emission trading in isolation angssion trading plus additional transport sector
policies. As such a set of additional transportqasl are modelled as sensitivity cases. In todal;, f
additional transport policies are modelled and veetected on the basis that they: employed a variet
of policy levers, were relatively easy to model axglored different types of incentives effectseyh
are: accelerated vehicle scrapping; higher fueilsexéow emission vehicle subsidies; and mandatory
vehicle fuel efficiency improvements.

Core scenarios

With the themes of social preferences, technologyaaditional government polices provided as
default assumptions or explored in sensitivity sasaly two drivers - emissions trading and the
degree to which international oil supply is corisied — are varied to make up the “core scenarib” se

National emission trading scenarios

For emission trading we explore two scenarios. firgeis the present government’s target of lingtin
emissions to 60 percent below 2000 levels by 2@&@en a constant rate of decline is applied from
2010, this implies an emission limit of 20 per cabove 1990 levels by 2020. The second emission
reduction target explored is the more ambitiougdaof reaching a limit of 95 percent below 2000
levels by 2050. This equates to a target of 30gmroelow 1990 levels by 2020.

The deeper emission reduction target was chosémedpasis that while the present government’s
target is challenging, it still entails significaitk to the environment particularly if phasechira
constant rate as modelled here. The scenario edaaero emission target of 95 percent below 2000
levels by 2050, if adopted by developed countrieddwide and with some contribution from
developing countries on a relative emission peitadgasis, would significantly reduce the risk of
irreversible climatic impacts associated with extieg average global warming of above 2 degrees
Celsius. Avoiding this threshold level entails deapssion cuts in the period to 2020 of below 1990
levels in developed countries. For a discussigmoténtial environmental impacts associated with
exceeding 2 degrees Celsius warming see chaptef Eimergy Futures Forum (2006).

Constrained oil supply and higher oil price scenatri 0S

The Future Fuels Forum wished to acknowledge tlde wange of uncertainty in regard to the possible
outcomes in the international oil market. As suahrnodelling explores three different scenarios of
how conditions in the international oil market ntigivolve.

For two of the scenarios the modelling draws oarimational projections from EIA (2007, 2008a and
2008b). EIA (2008a) provides a short term oil piacgiook, while EIA (2007) and EIA (2008b)
provide projections to 2030.

The first scenario that is explored in the modegliassumes that after peaking at US$100/bbl in 2008,
oil prices of around US$60 to US$70 will be maingal for the next several decades. This represents a
significant break from the average in the previdesade of around US$28/bbl. All of these prices are
annual averages in real terms (base year 20065d/Met attempt to model the daily market volatility
For example, in 2008 prices have exceeded $130ibMarious trading days, however our assumption,
based on EIA (2008a), is for an average annuaé mic100/bbl.
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The second scenario explored is that the oil priierecover slightly from their current high lewel

but will then steadily increase over the next feagatles. Scenarios which assume only moderate
increases in the international oil price imply tbatproduction will expand since demand is unhkel

to reduce of its own accord (except perhaps if glemission trading were to substantially constrain
transport). These first two scenarios thereforg oelthe existence and discovery of new oil resesirc
and new technology and processes for accessirgptegiportion of known oil resources at lower cost.

To construct our steady and moderately increasingrioe paths we have adopted the reference and
high oil price scenarios contained in EIA (2007 @008b). These prices are shown in Figure 1
together with the IEA reference case (IEA, 2007).

Figure 1: EIA reference and high oil price casas thie IEA reference case
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The third scenario assumes a near term peak irdwdrproduction. This report does not review the
peak oil literature. However, for the purposes oflelling, the scenario is taken to mean that from a
certain point in time, due to oil resource consiisit will be impossible to supply increasing
quantities of oil. In this scenario we do not setiae for oil but rather simply supply the modettw
the information that oil based fuel products aeéasingly less available each year in time st@grtin
from 2010. This date was arbitrarily chosen. Tregeea wide variety of views on when oil production
peak will have peaked. The model then determinesritirket equilibrium price that would result from
these circumstances. The expectation, howevdratghis would lead to a significant price spikatth
would only begin to end when substitutes to oildabfiel products become readily available.

How the market will respond to a peak oil event dédpend very much on how fast alternative fuels
and vehicles become available in that event andduwoekly the availability of oil based fuel declme
As a result modelling of this scenario will inclusi® combinations of events being two oil decline
rates (slow and fast) and three alternative fudhaghicle availability rates (slow, moderate anst)ta
The specific assumptions around these rates aresdisd in the modelling results section below. The
two extremes — slow oil products decline with fiaftastructure response and fast oil products decli
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with slow infrastructure response — are treatecbas scenarios for reporting purposes and the
remaining four combinations are discussed as $étsitases.

Summary of scenarios

Table 1 summarises the core scenario set. It ieslfour oil market conditions: two specifying oll
prices only and two specifying oil availability atite response of the alternative fuel and vehicle
industry. For each of these oil market conditioms hational emission trading targets are explored.

Table 1: Core scenario set

International oil market conditions National emissbn trading targets*

- 20% above 1990 levels in 2620 below
2000 Ie\my 2050
- 30% below 11@98lIs by 2020, 95% below
2000 levels by 2050

Steady oil prices:
EIA reference case oil price (Figure 1)
extrapolated to US$88/bbl by 2050

Moderately increasing oil prices:
EIA high oil price (Figure 1)
extrapolated to $US133/bbl by 2050

- 20% above 1E3@Is in 2020, 60% below

2000 levels by 2050

- 30% below 11@896ls by 2020, 95% below
2000 levels by 2050

Slow decline in oil supply with fast rate of
increase in availability of alternative fuels
and vehicles

(Resulting prices calculated by the model)

Fast decline in oil supply with slow rate of
increase in availability of alternative fuels
andvehicles

(Resulting prices calculated by the model)

- 20G86ove 1990 levels in 2020, 60% below
Pofvels by 2050
- 30% below 1990 levels by 2020, 98%vo
2@8@ls by 2050

- 2@fove 1990 levels in 2020, 60% below
Pdévels by 2050
- 30% below 1990 levels by 2020, 95%wbe
2@8@ls by 2050

*2000 levels are used to describe 2050 targetsisisstthe comparison point chosen by the Federal

Government. 1990 levels are used to describe 2086ts as this is the comparison point applied for
Kyoto Protocol greenhouse gas emissions accountimich extends to 2012 where Australia’s target
is 8 percent above 1990 levels. In practice thetdtle difference between 1990 and 2000 levela as

reference point.

Table 2 shows the sensitivity cases that are eag@ldrhese sensitivity cases are not applied tof all
the core scenarios. Themes 1 to 3 are appliecetodte scenarios where the oil price is set tavioe
EIA (2007 and 2008) price paths and oil supply resanconstrained. They are not applied to the
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scenarios where oil supply is assumed to declihenie 2 sensitivity cases, Technology, are only
applied to the moderately rising EIA high oil priegenario to save computational and reporting effor

The constrained oil supply scenarios are very ehglhg and the impacts occur almost immediately in
the modelling projection period. For this reasopnstrof the sensitivity cases being explored are not
relevant, having their impact after the period afistrained oil supply. The sensitivity cases that a
explored in the constrained oil supply scenariestiae four additional cases where the rate of decli

in oil product supplies and rate of increase inlatdity of alternative fuel and vehicles is exphal.

Table 2: Sensitivity cases

Theme Case explored

1. Social and cultural preferences for transport Soecial preferences remain unchanged from
present. As a result demand for private passenger
road transport is higher and demand for mass
transport lower

2. Technology - Algae-based biofuel become availallow
cost

- Hydrogen road vehicles are available at
competitive cost

- Nuclear power as an optibn

- CO; capture and storage is not available and
electricity end-use efficiency is higher

3. Additional government polices - Accelerated pprag of older road vehicles
- Higher fuel excise
- Subsidies for low emission road vehicles

- Mandatory fuel efficiency improvements for
road vehicles

4. Rate of decline in oil product supplies and ovBtecline, slow infrastructure response
rate of increase in availability of alternative lew decline, moderate infrastructure response
fuel and vehicles - Fast decline, moderate infuastire response

- Fast decline, fast infrastructure response

Additional notes on modelling national emissions trading

A national CQe emission trading scheme is scheduled to be imtextlin Australia by the end of
2010. Researchers in government and independgoivefnment have been given the task of
designing the scheme (e.g. Garnaut Review 2007ih#&sesign is not yet complete the modelling
here implements a relatively “pure” version of esivg trading that largely ignores features such as
banking of emission permits, borrowing permitscercaps, price floors and issuing of permits to

! The inclusion of this sensitivity case does not represent an endorsement of nuclear power as an
option on the part of any or all Future Fuels Forum participants.
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existing emitters. However, there are some additiaasumptions that must be included when
modelling a national scheme in an energy sectatigbaquilibrium) model.

Modelling a national emission trading scheme in a partial equilibrium model

A national emission trading scheme does not spegifgbatement target for each major greenhouse
gas emitting sector — just one for all the seatorsered. As a result, the G®permit price is set by

the cost of the last tonne of abatement in theos&dtere it was lowest cost to achieve that abatéme
At any point in time, a greenhouse gas emittingasanay be a price maker or a price taker. Whether
it is a price maker or price taker will depend ba telative cost of abatement in that sector and it
relative share of total national emissions (forsalttors included in the scheme).

Figure 2: Sectoral shares of Australia’s greenh@aseemissions

60 T
50 +
40 +

30 +

per cent (%)

20 +

10 |
. .--I|_||—|

Stationary Energy Transport Fugitive Industrial Agriculture Land Use, Land Waste
Emissions Processes Use Change and
Forestry

Source: AGO (2007)

Figure 2 shows the share of emissions for eacheoftajor greenhouse gas emitting sectors.
Assuming all sectors are included in a nationalssians trading scheme, electricity and transport
would account for around 49 percent of emissiolec{gcity is 70 percent of stationary emissionf).
agriculture were excluded as was suggested in Rvimisterial Task Group on Emissions Trading
(2007) then this share would increase to 58 percent

On the basis of the large share of the electray transport sector in total national emissions it
would be reasonable to expect that this sectorbgilh price maker for significant lengths of time
during the implementation of the scheme. Howeves, may not always be the case. Furthermore, if
Australia’s national emission trading scheme ikdohwith other international emission trading
schemes it is possible that Australians could psetemission permits in international markets,
avoiding the need to directly incur all emissiot@ment costs in Australia. They could alternagivel
purchase emission credits which is an equivalesitument because it offsets emissions for which an
emitter does not have a permit. This approachriegty valid on environmental grounds since the
effect of CQe permits are global, so long as there is agreebenieen participating countries on
each country’s target, the validity of permits @neldits issued and coordination of greenhouse gas
reporting and measurement methodologies.
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With the potential for lower cost abatement in othastralian or international emission sectors it
would not be appropriate to simply apply a proordl sectoral emission target to cover the sectors
included in ESM and assume that is adequate ferm@ting the price of Cé permits in Australia.
The approach that is applied is to provide an uppend on the C&@ permit price in ESM by making
available an unlimited number of permits at a peéirsbd price. These permits would be purchased
whenever the cost of abatement in the electricity teansport sectors is above the upper bound.

For the 60 percent below 2000 level by 2050 emistioget the assumed upper bound on the cost of
abatement from other sectors begins at around A3@g2 in 2010 and increases at a constant
percentage rate to A$200/t@Oin 2050, consistent with mid range estimatesadba@n prices

reviewed by the IPCC (Fisher et al. 2007). For@upercent below 2000 level by 2050 emission
target, a higher C@ permit upper bound price path is assumed toaakeunt of the steeper rate of
reduction to 2020 and the possible increased cotigoetor abatement certificates in domestic and
international markets under such a scenario.

Where the cost of abatement in the electricity ansport sectors is below the cost of abatement in
other sectors, rather then buying permits, theosedtl be selling permits. If they cannot sell exgion
permits the C@ permit price could potentially fall dramaticatip occasions where investment in
low emission technology proceeds faster than isired by the proportional target (see for example,
Graham et al. 2008). To prevent the potentiallyeahistic scenario that G@ permit prices would fall
to near zero we impose a @permit sale price of $25/tG@hcreasing to $40/tC@ throughout the
projection period. This effectively sets the loweund for CQe permit prices.

Figure 3 plots the prices for emission permits pased from or sold to sectors outside the elettrici
and transport sector.

Figure 3: Price of C&@ abatement in sectors outside electricity andsprart and minimum sale price
for excess permits
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Expected impact of a CO,e permit price

ESM models the whole cost of transport which inekidot just fuel costs, but capital, registration,
insurance, maintenance and any relevant taxesirntgortant to model all of these factors when
considering greenhouse gas reduction in transpecguse each factor contributes to the overall cost
of abatement. For a medium passenger road vehislevhole cost of transport is around 60c/km. Of
that, fuel contributes around 10c/km. The largeshiis the cost of the vehicle.

A CO,e permit price of $50/tCg increases the retail petrol price by about 1ZEHis adds an
additional 1c/km or 1.8 percent to the overall astansport. It is fairly obvious from this exalap
that the Australian transport sector is not likelyoe very sensitive to G® permit prices. That is, it
will take a fairly high CQe permit price in order to create a price diffei@rfor consumers that
convinces them to shift to another fuel or typediicle or find another mode of transport.

In contrast one can expect that electricity seetoissions could be substantially reduced by
deployment of new technology for an abatement abatound A$50/tCge and that would tend to
encourage a greater proportion of abatement ieltwricity sector compared to the transport sector
for a given CQe permit price level (Reedman and Graham, forthngnilt would also tend to
encourage the electrification of the transportaeiftsuch technology is not cost prohibitive.

Electricity generation in Australia currently hasaverage emission factor of approximately 1
tCO,e/MWh. Wholesale electricity prices in the NatioEdctricity Market (NEM) in the absence of
emissions trading are around A$40/MWh. Accordinghg introduction of a C& permit price will
initially increase the wholesale cost of electyigeneration by A$1/MWh for each A$1 increase in

the CQe permit price. Low emission electricity generatiechnologies are expected to be available at
costs of between A$50-100/MWh (see Appendix B).
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SCENARIO MODELLING RESULTS

Core scenarios
Steady oil price scenario: EIA reference case oilp  rice

The EIA reference oil price scenario representseaario where the oil price peaks at around
US$100/bbl in 2008 and quickly falls back to US$#0by 2015 (all prices in real terms). After that
is rises slowly to around US$70/bbl by 2030. Byragblating this trend beyond the EIA forecast
period of 2030 the price of oil is US$88/bbl in B4& this scenario.

While these price movements represent little mioag & continuation of present oil prices with some
minor volatility, they can still be expected touksn significant technological change. The keiver

of technological change is the maintenance ofritigs at above US$60/bbl for sustained periods
which enables investment confidence in many teauies that were too costly at average oil price of
US$28/bbl last decade. This sustained higher lefvell prices is also responsible for slow growth i
travel demand which is evident in the modellingutesspresented below (see also the sensitivity case
where social and cultural preferences in relatibtiansport use are held constant).

Emission target is 60 percent below 2000 levels by 2050

For the scenario where the emission target is 6€epebelow 2000 levels by 2050 (2000-60), Figure
4 shows the kilometres travelled by mode and radmicle type. This model output largely reflects the
default demand growth assumptions for each of tbéem reflecting a slowing in the rate of growth in
private passenger road transport, greater uptakghdér vehicle classes and stronger growth ingnas
transport such as buses and non-road modes.

Figure 4: Kilometres travelled by mode and roadialehtype: EIA reference oil price and 2000-60
emission target
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Figure 5: Transport sector fuel consumption: Elference oil price and 2000-60 emission target
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Non-road transport modes do not travel signifiddlioimetres relative to total road modes. However,
they consume significant amounts of fuel as casdes in Figure 5 where domestic aviation accounts
for 17 percent of total transport fuel consump@mal rail and sea transport around 25 percent of all
diesel fuel consumption.

Looking to the future, the modelling results projgat a much more diverse fuel mix will evolve in
response to oil prices being sustained above UB#bahd the introduction of emission trading. The
initial response to these market forces is progetdnitially result in greater uptake of dieseél,
natural gas (mainly by the articulated truck flieethe form of LNG) and ethanol (initially as E10da
later as E85).

E10 and E85 fuel consumption receives a signifibaiatst in 2020 as this is the period in which it is
assumed lignocellulosic processes for producingrethbecome cost competitive. Biodiesel
consumption remains steady throughout the projegieriod reflecting the limited volumes available
at a competitive price. Algae based biodiesel ssiaed to be technically feasible by 2015 but net co
competitive. To explore the scenario where algaetdiodiesel is cost competitive see the sertyitivi
case below.

Electricity steadily expands its role as a transfigl throughout the projection period increadirmm

the 8PJ currently which is consumed exclusivelydiytransport to 149PJ or 41TWh where the road
transport mode is the dominant electricity usertelNelectricity consumption only includes that dnaw
from the grid, not than generated in the vehickeany other means. The uptake of electric and dybri

% Note, throughout the report, to simplify the diagram shipping fuel (“bunker oil”’) consumption is
included in the diesel category since it would appear that the industry will shift toward diesel over the
longer term (International Marine Organisation, 2008). Rail diesel and electricity consumption is
included in those respective categories. Use of biofuels in the shipping, rail and aviation sectors
appears in the relevant biofuel categories.
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electric vehicles appears to be the cause of thection in LPG usage. In this context, electriciain
be seen as a potential competitor to LPG as a Wegdacing fuel costs.

The emergence of the partial electrification of th&d transport sector is shown in greater detail i
Figure 6. It shows that by 2050 plug-in hybrid #liecand full electric vehicles will account for
around a third of the road vehicle fleet. Mild higlsrwhich generate their electricity on board rathe
than drawing on the electricity grid are projede@ccount for another 50 percent of the fleetileav
internal combustion vehicles occupying only onelsof vehicles.

As discussed in the section on model limitatior$SlVESs not able to project the current known annual
sales of hybrid electric vehicles because sucls saf@esent choices by “fast adopters” who paytiall
disregard the relative cost of those vehicles. Efeapturing this market were a capability of ESM,
the existing fleet of hybrids will not be visible &igure 6 until they reach around 50,000 vehicles.

Another feature of the modelling is that fully glécvehicles tend to lead uptake of hybrid electri
vehicles. This follows from the assumption thauagby electric vehicle will have fewer additional
component costs and is only available to the Ngiticle market and therefore not necessarily
competing with hybrids.

The projected increasing electrification of thengaort sector must of course be supported by
increasing electricity production. This is autoroaliy accounted for in the modelling and Figure 7
shows the projected level of electricity generatigriechnology category. It can be seen from these
modelling results that the emission target has ¢etaly transformed the electricity sector from its
present state.

The model projects that the next decade will seeufitake of wind and natural gas combined cycle
plants. This is not surprising since they are e ¢urrent lowest cost low emission plant. However,
once CQ capture and storage (CCS) is available in 2028 téithnology begins to be deployed. CCS
is applied to brown and black coal and any newplgst is also fitted with the technology. At thete
of emission reduction, even gas is too emissiamsite without CCS.

As the required emission intensity falls furthev#wd the middle of the projection period, the syead
expansion of renewables includes hot fracturedsdoiomass, solar thermal and solar photovoltaic,
the latter is in the form of distributed generatiaich is embedded on site with the end-user (leigur
8).

Distributed generation output contributes almosp@ftent of total electricity generation by 2050. |
initially consists of small diesel, biogas, biomassl natural gas cogeneration plants. Howeveheas t
required emission intensity of electricity declineew growth in distributed energy is increasingly
forced to switch to zero emission solar photovold micro wind plant from around 2020.
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Figure 6: Share of different engine types in rodahketres travelled: EIA reference oil price and
2000-60 emission target
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Figure 7: Electricity generation by technology: Eierence oil price and 2000-60 emission target
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Figure 8: Distributed generation by technology: Eéference oil price and 2000-60 emission target
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Figure 9 and Figure 10 show the detail of how tinéssion trading scheme has shaped and been
shaped by the electricity and transport secto@mHfigure 9 it can be seen that, apart from tise fir
few years of the scheme, up until 2025 the elattramd transport sectors cannot meet their
proportional emission abatement target at belovetist of abatement in other sectors (which is
shown in Figure 3). As a result they purchaseedarmits from outside of the electricity and
transport sectors and the @Jermit price path in Figure 10 reflects this @aging from $40/tCe

to almost $80/tCee. From 2025 the cost of abatement in electrigity taansport falls below the cost
of abatement in other sectors and so thgeqg@rmit price falls. This reflects the wider aghility

and scaling up of low emission fuels and technesgn both sectors after 2020.

From around 2035, there are three separate occasimere abatement in the electricity and transport
sectors falls below the proportional target. Thegents are driven by the scheduled retirement of
large blocks of existing coal fired electricity g@eation built in the 1980s which temporarily lead t
rapid emission reductions. When this occurs theeGQg@rmit price falls to $40/tG®. However, the
general trend through this period is a£@ermit price of $60/tC@.

In comparing the electricity and transport sectbesresult clearly shows that the electricity secto
contributes more than its proportional share intingdahe target for the two sectors. This matches o
expectations that the transport sector is lesoresspe than the electricity sector to @®ermit prices
since fuels are a smaller component of the sendgoasumed in transport. Some of the sensitivity
cases discussed below explore whether transpoa#ribute a greater share of electricity and
transport sector abatement.
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Figure 9: Electricity and transport sector greerdeogas emissions: EIA reference oil price and 2000-
60 emission target
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Figure 10: CO2e permit price: EIA reference oicprand 2000-60 emission target
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Emission target is 95 percent below 2000 levels by 2050

We now discuss the case where the emission targetreased to 95 percent below 2000 levels by
2050 (2000-95). An equivalent diagram for mode egltuicle type kilometres travelled is not shown as
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the reduction in travel activity relative to theepious scenario is only minor. However there are
several features of the transport sector in thésado that have changed.

Relative to the 2000-60 scenario, fuel consumptiche 2000-95 scenario is significantly lower by
2050 driven primarily by greater electrificationtbk road transport fleet via greater uptake of{itu
hybrid electric vehicles (Figure 11). In this scémaby 2050, plug-in hybrid electric vehicles a®
common as any other road vehicle engine configumgtrigure 12). A second feature of the fuel mix

is that coal to liquids diesel fuel (with upstre@@. capture and storage) has almost disappeared from
the fuel mix relative to 2000-60 where it playesignificant role. This indicates that the higher
emission abatement target is a threat to the yabil coal to liquids diesel even with CCS to aapt
upstream emissions. This may be a function of redwemand for liquid fuels overall as much as the
effects of the higher C@ permit price.

The differences in the electricity generation nm»X2D00-95 relative to 2000-60 are more radical than
those in the transport sector. First the incredeeal of electricity generation by 2050 must beemiot
This is being caused by the increasing electrificadf transport.

The other major feature is the rapidity with whtble electricity sector is driven towards loweritg i
emission intensity. This involves early retiremehall existing coal fired plant by around 2025 180
for brown coal), reduced demand in the period betw#015 and 2020, rapid deployment of hot
fractured rocks and gas with CCS when they bec@waable in 2015 and 2020 respectively. It is
interesting to note that no coal plant with CCScpras in this scenario. This is because it is asdum
only 85 percent of emissions can be captured dfestitizely. In this scenario which is aiming toward
near zero emissions, those residual emission®anauich of a liability for the technology to prodee
The same is true for gas with CCS, however itdediemissions are of a lower intensity due to the
lower carbon content of gas. This allows the tetdmyoto proceed for several decades but even gas
with CCS is shut down from 2045.

The modelling shows that renewables are the pringiynology required to meet the 2000-95
emission target. Compared to the 2000-60 emissiget, renewable electricity generation constitutes
almost the entire electricity supply system by 20bthe 2000-95 scenario.

In terms of distributed generation, relative to 20©0-60 emission target scenario the modelling
projects a much smaller role for gas based dig&tbgeneration. This finding is again driven by the
need to rapidly reduce emissions. Under this seegas fired distributed generation is too emission
intensive.

31



Figure 11: Transport sector fuel consumption: E¢ference oil price and 2000-95 emission target
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Figure 12: Share of different engine types in rkid@metres travelled: EIA reference oil price and
2000-95 emission target
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Figure 13: Electricity generation by technologyAEéference oil price and 2000-95 emission target
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Figure 14: Distributed generation by technologyA E¢ference oil price and 2000-95 emission target
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Figure 15 clearly demonstrates the rapidity withalilemissions must be reduced in the 2000-95
scenario. Similar to the 2000-60 scenario the Bt#gt and transport sector will have difficulty
meeting their proportional target at lower thanekgernal cost of abatement in the first decadé®f
scheme (even though that cost is higher in thisaria).
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A major difference in this scenario relative to Q@D is that the electricity and transport sectoly
enjoy a period of 10 years, between 2017 and 20B&re they are able to meet their proportional
target at lowest cost relative to other sectorserA2027, it is more cost effective for some enoissi

abatement to occur in other sectors. This is malalyto the higher cost of abatement in the tramspo

sector. Even though the G®permit price has risen to $300/t&y 2050 (Figure 16), driving the

electricity sector to near zero emissions, trartspeetor emissions remain at around 40My€0

Figure 15: Electricity and transport sector greersigogas emissions: EIA reference oil price and

2000-95 emission target
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Figure 16: CQ@e permit price: EIA reference oil price and 2000e98ission target
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Moderately increasing oil price scenario: EIA high oil price

The EIA high oil price scenario represents a saemanere the oil price peaks at around US$100/bbl
in 2008 and falls back to US$76/bbl by 2010. Frd@hRit rises slowly to around US$100/bbl by
2030. By extrapolating this trend beyond the Elfeftast period of 2030 the price of oil is
US$133/bbl in 2050 in this scenario, 50 percenihdighan that in the EIA reference case.

The expectation in this scenario is that the higlilgorice will encourage a greater degree of aural
technological change than in the previous scenanire the oil price settled at a level not
significantly dissimilar from today by 2050.

Emission target is 60 percent below 2000 levels by 2050

Compared to the EIA reference price scenariosubkrix in this scenario has a much greater amount
of gas to liquids diesel (Figure 17). It also hageater share of total diesel use reflecting teatgr
incentive to take up more efficient but more expandiesel engine technology. However, some of
the additional uptake in gas to liquids is at tkpemse of the share of coal to liquids.

The tendency to favour gas to liquids when thgode is higher is that it gives gas the opportutot
compete. Regardless of the trend in oil priceshaxee assumed in the modelling that the natural gas
price will rise in Australia owing to the expectgictater use of gas in electricity generation, the
demand for gas as LNG in articulated truck transaod because of the rising international gas price
which, in a break from the past, is expected totexgreater influence on domestic natural gaspric
The greater interdependency of the national arstnational gas markets will be driven by the
construction of LNG terminals that can draw frora tfatural gas pipeline network.
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With the oil price steady in the EIA reference pribe gas to liquids diesel becomes uncompetitive a
the gas price rises. However, with the oil prigng in the EIA high oil price, gas to liquids islato
compete.

The EIA high oil price scenario also results inajes uptake of plug-in hybrid electric vehiclesisTh
is the most efficient but most costly vehicle aablé for uptake in the model in the medium anddarg
passenger vehicle categories.

The greater electrification of the transport vehiibbet leads to a high level of electricity protioe
relative to the EIA reference price scenario. Hosvethe generation mix, including distributed
generation remains largely unchanged (Figure 19%&mnare 20).

The higher oil price assists the transport sectonaking a greater contribution to emission reaurcti
relative to the EIA reference price scenario. Bg@€&ansport sector greenhouse gas emissions are
around 50MtC@e compared to around 60Mt@&in the EIA reference price scenario. Apart fohis t
important adjustment, other characteristics ineimission abatement path and £@ermit price
remain very similar to the EIA reference scenario.

Figure 17: Transport sector fuel consumption: Eighhoil price and 2000-60 emission target
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Figure 18: Share of different engine types in rkiametres travelled: EIA high oil price and 2000-6
emission target
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Figure 19: Electricity generation by technologyAHRiligh oil price and 2000-60 emission target

500 B Nuclear
450 - mDG
Hot fractured
rocks
400 Solar thermal
Wind
350
Biomass
300 Gas peak
Gas CCS
§ 250 1 Gas combined
‘ cycle
200 Brown coal
artial CCS
lack coal
artial CCS

150 mBlack coal CCS

mBlack coal pf

100
mBrown coal CCS

50 mBrown coal pf

Hydro

0 - ; ; ; T
2006 2010 2014 2018 2022 2026 2030 2034 2038 2042 2046 2050

37



Figure 20: Distributed generation by technologyA Bigh oil price and 2000-60 emission target
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Figure 21: Electricity and transport sector greersgogas emissions: EIA high oil price and 2000-60
emission target
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Figure 22: CQ@e permit price: EIA high oil price and 2000-60 esis target
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Emission target is 95 percent below 2000 levels by 2050

When the emission target is 95 percent below 280€l$ by 2050 (2000-95) in the EIA high oil price
scenario there are three significant differencesansport fuel consumption relative to the presiou
2000-60 scenario. The differences are a higheesbfaglectricity, a smaller role for coal to ligaid
diesel and an increased role for biodiesel blemdednventional oil-based diesel (Figure 23). These
differences all reflect a trend toward lower enuasintensive fuels.

The greater consumption of electricity in transf®through a very high uptake of plug-in hybrid
electric vehicles which occupy nearly half of @d vehicle engine configurations (Figure 24).
Higher electricity consumption in transport contitiss to a higher level of electricity generation by
2050 relative to the 2000-60 scenario.

These fuel and technological changes result ingaris falling to 36MtC@e by 2050. However, this
is still not sufficient for transport to contributs proportionate share in emission abatementvés
have seen in all the scenario previously presetitectlectricity sector would appear to have lower
cost abatement options and so the electricity s@ctvides a greater than proportionate sharetaf to
greenhouse gas reduction.

As was observed in the case where the EIA referprice was assumed, even with the EIA high oil
prices driving additional greenhouse gas abatenayether the electricity and transport sectory onl
achieve their proportionate emission abatemenetdrgtween 2017 and 2027 (Figure 27). During
most other periods, abatement is assumed to bewachin other sectors and as a result the external
CO.e permit price prevails which rises from $40/#8@ 2010 to $300/tC in 2050 (Figure 28).

Figure 23: Transport sector fuel consumption: Eighhoil price and 2000-95 emission target
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Figure 24: Share of different engine types in rkiametres travelled: EIA high oil price and 2008-9
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Figure 25: Electricity generation by technologyAHRiligh oil price and 2000-95 emission target
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Figure 26: Distributed generation by technologyA Elgh oil price and 2000-95 emission target
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Figure 27: Electricity and transport sector grearsigogas emissions: EIA high oil price and 2000-95
emission target
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Figure 28: CO2e permit price: EIA reference oicprand 2000-95 emission target
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Declining oil supply

Based on PONL (2005) if oil production follows theak oil theory the global rate of decline in oil
and oil products production is expected to be aldipercent per annum from 2010. In these
circumstances, there is no guarantee that Austséllihave a proportional access to the declineiin
supplies. As a best case scenario we assume Aastoas receive its proportionate share.

In applying the best case 3 percent rate of deglimassume that the air, rail and sea transpairsec
have preferential access to Australia’s sharelgiroducts. While these modes shift to biofuels,
greater electrification (rail) and synthetic fuatsd are subject to some reduction in demand feeltra
via a price response, oil based fuel use in thes®is does not radically decline. As a resulhef t
continuing use of oil based fuel products in tha-noad sectors the rate of decline in oil products
experienced by the road transport sector is 4 pefoethe first two decades and worsening into the
future.

In a worst case scenario we assume that Austradia dot receive its proportionate share of oil
product. In this case we apply a oil product suglggline rate of 10 percent directly to the road
transport sector (implying a better than 10 percatat overall when preferential access by the non-
road sector is taken into account). Note, at thiis, roil product supply to the road transport seisto
all but exhausted by 2035.

In all of the declining oil supply scenarios thésnipply is assumed to decline starting from tharye
2010. However, it should be noted that there a watesty of views in regard to when global oil
production will peak.

43



In terms of technological availability we assumatthny type of hybrid electric vehicle is able &0 b
purchased immediately in any volume at the codisildd in Appendix A. However, as the modelling
shows, these vehicles still consume oil based jtsdand so are not necessarily the solution of
choice.

Aside from electrical hybridisation the main optidior completely avoiding consumption of oil based
products are full electrification, LPG and natugab vehicles, biofuels and synthetic fuels. In seafn
biofuels and synthetic fuels we maintain the assiomms applied in the other core scenarios that
large volumes of these fuels will not be availalni¢il post 2020 (2015 for biodiesel). Therefore in
constructing our technology response scenarioowagsfon the number of fully electric, natural gas
and LPG vehicles able to be purchased each yeble Bashows the specific assumptions relating to
the maximum number of alternative fuel vehicleg tan be purchased each year.

Table 3: Declining oil scenario assumptions

Minimum rate of decline in Maximum rate of exparsion

oil based fuel consumption in total production of
Scenario alternative fuel vehicle$
Slow decline in oil supply with 3 percent per annum all modes 300,000 per ann@dlf
fast rate of increase in increasing by an additional
availability of alternative fuels 4 percent per annum road 30,000 per annum thereafte
and vehicles transport fuels

Fast decline in oil supply with 6 percent per annum all modes 15,000 per annurlifi 2

slow rate of increase in increasing by an additional
availability of alternative fuels 10 percent per annum road 30,000 per annum thereaft
and vehicles transport fuels

1. Includes LPG, natural gas and fully electricigkds. Allowable hybrid electric vehicle uptakeuislimited

Figure 29 and Figure 30 show the fuel consumptionunder the two declining oil scenarios for the
2000-60 emission target. In each scenario the megkponse is to take up as many non-ail
consuming alternative fuel (LPG, natural gas aedtdkt) vehicles as possible and if insufficient
reduce total fuel usage via less travel.

In the “slow oil decline fast technology responseénario sufficient alternative fuel vehicles are
available such that only a moderate reduction & ¢onsumption is required. However in the much
more challenging “fast oil decline slow technolagggponse” scenario, total transport fuel
consumption must fall by one third by 2020 befarfisient volumes of alternative fuels and vehicles
are available to substitute for the reduced aviiialof oil products. Note that in the “fast oikdline
slow technology response” scenario, ethanol idaian up. This is because the model only allows for
a maximum 85 percent blend and petrol is too sdartied enough to blend it with. It is possiblath
this blending ratio would be relaxed in reality.

Figure 31 compares these two fuel consumption lpsofind also includes the scenarios where the
emission reduction target is 95 percent below 2608Is by 2050 (2000-95). It indicates that the
deeper emission target of 2000-95 forces someiadditreduction in fuel consumption over and
above the impact of the oil product supply conatrai
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Figure 29: Transport sector fuel consumption: Stiesline in oil supply, fast technology response and
2000-60 emission target
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Figure 30: Transport sector fuel consumption: Bastine in oil supply, slow technology response
and 2000-60 emission target
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Figure 31: Comparison of transport sector fuel aaomstion under declining oil scenarios
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Figure 32: Comparison of petrol price requiredation demand in declining oil scenarios
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Figure 32 shows the petrol price that the modeldaésulated was required each year to constrain oil
product consumption at the scenarios defined lefval/ailability. This can be interpreted as the@ri
consumers would have been willing to pay to befiadint between oil based petrol/diesel and the
alternatives. As such it provides some indicatibthe prices consumers might pay were these
scenarios to eventuate. However, it does not tatkeaiccount the effect of demand from the reshef t
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world which could put further pressure on prices.célculate a more accurate estimate might require
a model of the world transport market.

The trend indicates a price bubble beginning fr@h®when the oil supply is assumed to decline. In
the “slow oil decline fast technology response‘nsg@ the price of petrol peaks at $2.60/L. In the
“fast oil decline slow technology response” scemé#e price of petrol peaks at $8.20/L. In both
scenarios the oil price bubble does not permaneleityine until 2020 when biofuels and synthetic
fuels from coal and gas are assumed in the modebime available at large scale. If these fuelddco
be made available sooner in reality then the bubblgd reduce faster.

Beyond 2035 the modelling is less clear on priceildbased fuel products and so the results are not
shown. In the “fast oil decline slow technologypesse” scenario oil based fuel products are almost
exhausted and theoretically the price is infinitied the modelled prices generally increase in a
vertical fashion). More likely at this point thatisport system will have all but moved-on from oil
based fuels on a permanent basis and so the prideppoducts will be largely irrelevant. In the

“slow oil decline fast technology response*, thisreome scope to continue use of petroleum but this
quickly leads to a second price bubble as oil béseldoroducts continue to decline.

Figure 33, Figure 34, Figure 35 and Figure 36 stimwemission impact of the declining oil supply
scenarios for each of the 2000-60 and 2000-95 @misarget scenarios. They indicate that in the
event of declining oil supply it will be easier fibre transport sector to contribute to emission
reduction in the first two decades of an emissiadihg scheme.

However, there is also a tendency for some of thisson reduction to be undone as the fuel supply
situation eases, particularly in the “fast oil deelslow technology response” scenario. In thisage
emissions start to increase from 2020 because owrsware simply responding to the greater
availability of fuels and travelling more and theyailing CQe permit price is not enough to offset
the falling cost of fuel.

The electricity generation mix for the declinind uipply scenarios is not shown because there is no
significant change in the electricity generatioalfmnix. The only observable difference is a slight
increase in electricity generation due to the ae#td uptake of electricity in transport in these
scenarios.
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Figure 33: Electricity and transport sector greersigogas emissions: Slow decline in oil supply, fast
technology response and 2000-60 emission target
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Figure 34: Electricity and transport sector greersgogas emissions: Fast decline in oil supply, slow
technology response and 2000-60 emission target

350
300
Total emissions
—_—
™ Transport
250 < —

= Electricity
\ Target path

""""" Electricity (2000-60 levels) I

200
Transport (2000-60 levels)

Mt CO,e

150

100

50

0 T T T T T T T T T
2010 2015 2020 2025 2030 2035 2040 2045 2050

48



Figure 35: Electricity and transport sector greersigogas emissions: Slow decline in oil supply, fast

technology response and 2000-95 emission target
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Figure 36: Electricity and transport sector greersgogas emissions: Fast decline in oil supply, slow

technology response and 2000-95 emission target
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Summary of price projections across the core scenar ios

Wholesale electricity prices are projected to iasgeto $90 and $120/MWh for the 2000-60 and 2000-
95 emission target core scenarios by 2020 befarkndeg for the remainder of the projection period

as lower cost low emission intensive electricitpg@tion technologies become available. The
variation in international oil market conditionsshétle impact on this outlook as can be obseined
Figure 37. The only observable impact is in the Edference scenario with a 2000-60 emission target
where the more reserved uptake of plug-in hybrgteic vehicles has taken some pressure off the
demand for electricity relative to the other scesaduring the period from 2035.

Figure 37: Projected wholesale electricity priceias the core scenarios
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In contrast to wholesale electricity prices, naypsisingly the cost of transport is much more sivesi
to the variation in internal oil market conditiomsross the core scenarios. In the scenarios wilere o
supply is declining, both passenger and freighmdpart users begin investing immediately in non-oil
fuel product based vehicles which increases theafdsansport. This is more evident for freight
transport. Freight transport has the greateshineeto shift away from oil-based transport vebscl
since fuel is a greater share of total transpatsco

The lowest cost of transport outcomes are typiGmlsociated with the less challenging emission
target, 2000-60, and EIA reference oil price. Hogrewnot always. It appears that in the case offfitei
transport the early investment in non-oil based toansport associated with declining oil scenarios
delivers lower cost of transport in the long teira.(lower than in the 2000-60, EIA reference oite
scenario). However, the total cost of freight rtathsport over the entire projection period islike
be higher from a discounted cash flow basis whlehgs greater weight on near term costs.

Regardless of the scenario the long term trendércost of transport is a declining one. Therefore,
given income would be expected to double over #imeesperiod, households and business can still
expect transport to be a smaller portion of thegetslin 2050 than they are today —albeit after a
potential one to two decades of rising costs inethemt of declining international oil supplies.
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Figure 38: Weighted cost of road passenger trahgptre core scenarios
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Figure 39: Weighted cost of truck (freight) roaansport in the core scenarios
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Land-use and crop production impacts

Biofuels can be produced using a number of diffetechnologies based on the use of different
feedstocks. As shown in Appendix A, ESM uses a Kifiag step function to represent the volumes of
increasingly costly stocks of agricultural outphétt may be supplied as ethanol and biodiesel to the
transport fuel market. This step function is maatifbetween 2015 and 2020 to account for an
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expected shift in feedstocks toward lignocellulvsthe case of ethanol and algae in the case of
biodiesel. In the core scenarios, the model seligetscellulose based ethanol but does not takinep
algae based biodiesel because it is still assumbd high cost (this assumption is relaxed in thaea
sensitivity case below).

In this section (for ethanol), and later, in thasstvity analysis (for biodiesel), we illustrateet scale
of the impact of the uptake of biofuels on agrietdt land use and traded agricultural commodities.
For each biofuel, the significance of the antiaiokshift from 1st to 2nd generation technologiesl (a
the associated change in feedstocks) is highligfted illustrations involve the use of a more dethi
representation of the production of biofuels andremimportantly, the production of the related
feedstocks, than is currently available in ESM.

A large number of agricultural scenarios can basamed that would provide the feedstocks required
for biofuel production. For this exercise, and idey to illustrate the scale of biofuel requirensent
against a known background, it is assumed thatgdsato business-as-usual agricultural production
are kept to a minimum. The total area of croplanden cultivation is held constant, and changes to
the areas devoted to particular crops to accomradalafuel feedstock production are proportional to
current areas devoted to those crops.

Figure 40 shows historical crop land use. In theeabe of well defined trends and except where noted
below, it is assumed that the land areas devotedhéat (13 Mha) and canola (0.96 Mha) remain
constant.

Figure 40: Historical crop land use in Australia
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Some vyields, however, have been rising. Figurehdivs the assumed continuing increase in wheat
yield. The canola yield shows no clear trend aras®imed to remain almost constant.
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Figure 41: Historical and projected wheat and canalds.
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The differences in biofuel uptake between the soenarios are fairly minor. The only exception is
the case where there is a fast decline in oil guaptl slow technology response because in this
scenario there is a general shift away from pengines and towards synthetic diesel, electricity a
gaseous fuels. Given the similarity of the modsutts, the case of ethanol is illustrated hereguie
high oil price with 2000-60 emission target corergrio. The case of biodiesel is illustrated in the
“low cost biodiesel from algae” sensitivity case.

Two technologies for ethanol production are congideCurrently available 1st generation
technologies use grains or sugars and competbdeetfeedstocks with existing demands (domestic
food, feed, etc and exports). 2nd generation tdolgres are based on cellulose feedstocks for which
there is currently no (or little) other demand. ¥ieay also have better overall net energy
performance. However, they are still under devaiept and are not yet commercially available. In
the scenarios, it is assumed that 2nd generatobmadogies will be available by 2020. However, in
the following, the difference between the technaegs illustrated.

For illustrative purposes, 1st generation ethageti§tock is assumed to be wheat grain. In reality,
current small volumes Australia mostly uses chebggroducts such c-molasses or waste starch from
flour milling. 2nd generation cellulosic feedstdskassumed to be wheat crop residues. Again, in
practice, other feedstocks such as bagasse anertimaste may also be considered. Feedstock
requirements are assumed to be:

» 1st generation: 114,618 tonne (wheat grain) / fhatel)
« 2nd generation: 130,489 tonne (wheat crop residBé)(ethanol)
Yield data are obtained by dividing the quantibéproduct (grain, in the case of wheat) by theare

from which they were harvested, and are availabt@bse time series of these economically
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important data are recorded. The correspondingfdataop residues are not systematically recorded
and need to be estimated.

Agronomists estimate crop production charactessiging harvest indices which describe the
partition of biomass to different parts of the plaklarvest index is defined as the ratio of praduc
(grain) to total above ground biomass. A typicgufie for wheat is 0.4, and this is the assumption f
this exercise. Crop residues are therefore cakxifiat be 1.5 (= (1.0 - 0.4)/0.4) times the grain
produced. However, not all crop residues can be@vedh and it is assumed that a minimum of 1
tonne/hectare is left on the land for soil prottipurposes.

Figures 42 and 43 show total above ground biomastuped on land area devoted to wheat
production. Dark and light brown shades represdmatgrain harvested for domestic consumption or
export. Dark and light green shades represengtinaining above ground biomass that becomes crop
residues and is not currently used.

Figure 42 shows the quantity of wheat grain reguag ethanol feedstock using 1st generation
technology as a deduction from the quantity thatld@therwise be available for export.

Figure 43 shows the quantity of wheat crop resideagsired as ethanol feedstock using 2nd
generation technology. In this case the feedstededucted from removable crop residues that would
not otherwise be used.

Figure 42: lllustration of the impact on wheat estp@nd consumption and quantity of wheat grain
required if only wheat grain and' fjeneration ethanol production technology is atgldor the
projected ethanol use in the high oil price, 2000fission target scenario
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Demand for ethanol in the this scenario peaks 852 107 PJ/yr at which point it represents 13% of
road transport energy requirements. This relatigaetall demand share should be borne in mind in
assessing the impact of feedstock production elfdémand is met by 1st generation technology using
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wheat grain, it would require 50% of wheat exportthe peak year. Although the economic
consequences of this diversion have not been dkplicodelled, it could not fail to have a substaht
impact on wheat prices and, via feedback, on tlee @f the ethanol fuels themselves.

On the other hand, if 2nd generation technologggigineat crop residues can be developed, there
would be no impact on wheat exports or on any adieenand for wheat grain. In the peak year, 38%
of the removable wheat crop residue would be reguiwhile further work is required on the
sustainability impacts of removing crop residued, @&m particular, on the quantity that needs tdelfie

on the land (here assumed to be 1 tonne per hgacdkgeneration technology clearly makes a
proportionately much smaller demand on the resooase. Not only does this cellulose resource also
include the residues from other crops, but thepoientially a much larger component of forestry
materials yet to be estimated.

Figure 43: lllustration of the impact on wheat estp@nd consumption and the quantity of wheat crop
residue required if" generation ethanol production technology is at#léor the projected ethanol
use in the high oil price, 2000-60 emission tasgetnario
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Sensitivity cases — social and cultural preferences for transport

The core scenarios included steady to rising dcadigl rising oil prices and moderate to deep
greenhouse gas emission targets implemented viesemitrading. It was felt that under these
scenarios it was appropriate to expect some sigmifichange in social and cultural preferences
toward lighter vehicles, greater use of public $@ort and overall reduced travel and freight
movements.
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In order to understand and impact of those assomptind to see the alternative outcome if
Australia’s social and cultural preferences dodainge, this case explores what the modelling would
have found if those preferences were left unchaffigea the present day.

The EIA high oil price scenario with the 2000-60igsion target is used to illustrate the impacthis t
change in assumptions. Figure 74 shows the outdoimbis sensitivity case in terms of kilometres
travelled by mode and vehicle category. Light, medand heavy passenger vehicles maintain a fairly
even mix and the heavy and medium categories ddentha light commercial vehicle category. Bus
transport remain minor. Noting the change in sdaka) kilometres travelled is around 100 billion
kilometres greater than in the core scenarios.

Figure 75 shows the fuel consumption levels antidhares. It can be seen that the higher level of
private passenger travel has not significantlycéfé the fuel choice but fuel consumption exhibits
rising trend for much of the projection period,ygeeeing a decline from 2030 when cost competitive
hybrid electricity vehicles become available.

As a consequence of the higher fuel consumptiotréimsport sector achieves less greenhouse gas
abatement in this sensitivity case than in the soemarios. By 2050 emissions are around 10MeCO
higher than the equivalent core scenario (Figuje Ate gap is higher if EIA reference oil prices
prevail. The gap is narrowed if the 2000-95 emissémget is in force.

Figure 44: Kilometres travelled by mode and roaliale type: Social and cultural preferences
unchanged, EIA high price and 2000-60 emissioretarg
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Figure 45: Transport sector fuel consumption: Saoid cultural preferences unchanged, EIA high
price and 2000-60 emission target
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Figure 46: Changes in transport sector greenhoasemissions under the social and cultural
preferences unchanged sensitivity case relatitieet@core scenarios
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Sensitivity cases — additional government policies

The Future Fuels Forum discussed a variety of mdit government policies that may be
implemented to complement an emission trading seh@nachieve other goals. The following four
polices were selected for modelling on the basis tthey represent a mix of “carrot and stick”
approaches, are amenable to quantitative modelliaghave previously been discussed by
government and non-government groups. These pdieesiodelled for the purposes of exploring
their impacts so that governments may be morenmédrabout their potential outcomes.

Accelerated vehicle scrapping

Accelerated vehicle scrapping has long been adeda a possible measure to improve the fuel
efficiency and reduce emissions from the Austral@ad vehicle fleet. The enthusiasm for such
polices is partly due to the observation that Aalgrhas a relatively older vehicle fleet with an
average age of 12 years.

The policy case that is implemented assumes thgtnbing from 2010 a compulsory scrapping
regulation is brought in nationally such that védgc20 years or older cannot be registered to ltave
Australian public roads. This would effectively meashicles not meeting the age limit would be
permanently stored or sold for scrap. In 2011 timapulsory scrapping age increases to 19 years. The
legislation continues until it is fully phased in2014 and compulsory scrapping of 15 year age
vehicles or older. The legislation applies equtdlyll road vehicle types including trucks.

Note that reducing the life of a vehicle increasesshare of the emissions embodied upstream in the
manufacture of the vehicle. However, these upstnegtnitle manufacture emissions are small (around
10-30 percent) relative to the emissions releaseagl the life of the vehicle. Therefore, so lorgg a

the 15 year old vehicle is replaced with anothévicle that is more fuel efficient then it will more

than offset the extra emissions from additionalicles being manufactured. Note that under
international emission accounting conventions, siois created during the manufacture of a vehicle
in another country are not counted in Australiassioin if the vehicle is imported. Nevertheless, if
that country is acting to reduce emissions it magspon the additional cost of emission compliance i
the vehicle cost. No special assumptions have treele in this regard since it is uncertain which
countries will take part in a global emission traglscheme.

58



Figure 47: Change in transport sector greenhouseméssions under the accelerated vehicle
scrapping policy sensitivity case relative to theecscenarios
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Ignoring emission from manufacturing vehicles, Fegd7 shows the emissions saved in the short term
from having a greater portion of newer more fuéitet vehicles in the vehicles stock. The period

up to 2015 clearly shows a rapid decline in transpector emissions due to the increased scrapping
of older vehicles and consequent rapid declinbénalverage age of vehicles.

After the phase in period, 15 year old vehiclestione to be scrapped. However transport sector
greenhouse gas emissions begin to rise or in tstechse (where the 2000-95 emission target is in
place) decline at a slower rate than if the poligye not in place. This indicates a so called “cetab
effect” may be occurring where consumers who ardammaore resilient to rising prices moderate their
response to them in the future. In this case, ¢hegpping of older vehicles early on in the projeati
period has meant that consumers need higher fdetaibon prices, relative to the case where the
policy was not in place, to justify switching tdoaver emission or higher fuel efficiency fuel and
vehicle combination.

The result of this rebound effect is that post-2@dhnology uptake is delayed and as a result
emission levels are higher by 2050 relative tocire scenario where the accelerated scrappingypolic
was not in place.

Higher fuel excise

An additional tax that directly target fuel use Wbhe expected to lead to greater incentives te tgk
more fuel efficient vehicles and subsequently redyreenhouse gas emissions in the transport sector.
This sensitivity case was explored in order to wheitee how much of a difference high fuel excise
would make to transport greenhouse gas emissions.
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Current fuel excise for most petrol and diesel #iglsiis 38c/L with several exemptions for various
diesel commercial and public transport applicatigxternative fuels are taxed at lower rates
approximately proportional to their lower energytamt.

This sensitivity case models the outcome if fuaigx were increased from current levels by five
percent per annum to approximately 210c¢/L in reahs by 2050. Holding all else constant this would
be equivalent to arriving a retail petrol priceanbund $3.00/L (real).

Figure 48 Shows the emission reduction achievethfocore scenarios with and without the higher

fuel excise rate. It indicates that a policy ofttégfuel excise would be effective in reducing esiais

in the transport sector over and above the impiitieoprevailing C@e permit price. This result is no

surprise. The fuel excise rate that was appligteénscenario is equivalent, by 2050, to a $1000/CO
permit price which is around 16 times the £@ermit price imposed by the 2000-60 emissioretarg

This additional price incentive drives greater ptaf hybrid and fully electric vehicles, greatseu
of biodiesel and LPG and reduces overall trangpemtand.

Figure 48: Change in transport sector greenhousemssions under higher fuel excise sensitivity
case relative to the core scenarios
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Low emission vehicle subsidies

The previous two policy sensitivity cases imposeditamhal costs on consumers to provide additional
incentive to shift to more environmentally sustaiearansport fuels. An alternative policy approach
that government may consider introducing is to f@ewcash incentives for businesses and consumers
to purchase lower emission vehicles.

In modelling this sensitivity case, it is assumieak ttonsumers are given $2000 (in real terms) en th
condition that it be put toward the purchase of @agmed low emission vehicle. In the model this
includes, hybrid electrics, full electrics, LPGjunal gas vehicles, high blend capable biodiesel,
ethanol and hydrogen vehicles. In reality governmeaight seek to tighten the choices consumer
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make or offer a sliding scale based on relativessimin intensity. The subsidy remain in place thioug
the projection period.

Under these assumption the model projects thathepurchaser will primarily choose to put the
subsidy towards mild hybrid electric vehicles. Hifect of the subsidy is to bring forward the
widespread uptake of mild hybrid electric vehiddgsaround a decade.

Figure 50 shows that the low emission vehicle siybisi effective in reducing emissions by an

average 3 million tonnes each year for the first®280 years of the scheme. However, in the lagt tw
decades of the projection period a rebound effegirts to emerge whereby transport sector emissions
are higher with the policy in place. As was obsdrwvethe accelerated vehicle scrapping sensitivity
case, an unintended consequence of making consumoeesresilient to carbon prices is that their
incentive to make further investments in reduciadbon price exposure is reduced.

Figure 49: Share of different engine types in rkikm@metres travelled: EIA high oil price, 2000-60,
low emission vehicle subsidy sensitivity case
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Figure 50: Change in transport sector greenhouseméssions under a low emission vehicle subsidy
sensitivity case relative to the core scenarios
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Mandatory fuel efficiency standards

Energy efficiency is only one of several featuresstimers consider when purchasing a product.
When the cost of energy is low, it is possible t@isumers will fail to make high energy efficiency
an important priority in their purchasing decisidiis is arguably the case in the light vehicle kear
where the fuel cost is only 20 percent of totalétacosts. In light of these concerns governmerag m
use their ability to enforce minimum standardsredrgy efficiency on vehicles sold.

This sensitivity case explores the scenario wheveignments phase in a mandatory fuel efficiency
standard such that it results in a one third averagd vehicle fleet fuel efficiency improvement
relative to the energy efficiency improvements tiate projected to take place without the policy in
place (see Appendix A). It is assumed that the dffediency improvements are delivered at no extra
cost to the consumer.

The one third improvement rate is applied to ald@ehicle categories. In reality governments might
allow vehicle retailers to meet such a target yngea greater proportion of lighter vehicles qpdy
different rates to different vehicle categoriese Plurpose of the sensitivity case is to determihatw
additional impact the policy would have relativethie core scenarios.

The modelling results show that the introductiomaindatory fuel efficiency standards reduces the
incentive to take up alternative fuel and engimht®logy over the long term. In the IEA high oll
price 2000-60 scenario the level of plug-in eledtyivehicle uptake is greatly reduced relativéhte
case where the policy is not in place (Figure Bigure 52, which shows transport sector fuel
consumption for the EIA reference oil price 2000s@&nario, shows the effect of the mandatory fuel
efficiency standards policy even more dramaticahythis sensitivity case the model projects a much
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reduced change in the fuel mix relative to todahwiuch more subdued rates of uptake of natural
gas, electricity and coal to liquids diesel comdarethe case where the policy is not in place.

Figure 51: Share of different engine types in rkik@metres travelled: EIA high oil price, 2000-60,
mandatory fuel efficiency standards sensitivityecas
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Figure 52: Transport sector fuel consumption: Edference price, 2000-60 emission target and
mandatory fuel efficiency standards sensitivityecas
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Almost from the very start of the projection peribe policy leads to an immediate rebound effect
whereby the reduced fuel costs from access to efickent vehicles leads to greater demand for
transport and less incentive to invest in more &ffitient vehicles. As a consequence, transpatbse
greenhouse gas emissions are higher with than withe mandatory fuel efficiency standard policy
(Figure 53). It may be possible to prevent thisoate by revisiting standards to ensure they keep
pace with the most efficient technology (e.g. hgtaliectric vehicles).

Figure 53: Change in transport sector greenhousemssions under mandatory fuel efficiency
standards sensitivity case relative to the coraates
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Sensitivity cases — technology uncertainty
Hydrogen

Part of the reason for examining hydrogen as atsetyscase is that in all of the other scenarios
hydrogen is only dealt with as an internal comlmrs@ingine. All electric vehicles are assumed to be
battery powered rather than hydrogen fuel cell pedeThe reasons for this are explained in
Appendix A and primarily relate to maintaining amageable model size.

In this sensitivity case we replace the battery groglectric vehicle which is available in the light
vehicle category in ESM and replace it with a fual vehicle. While fuel cell vehicles have longebe
a “concept car” they are now available in the WhiB#ates as a commercial vehicle although with
some restrictions. The Honda Clarity is availabl€alifornia in the United States of America via a
three year $US600 per month leastp(//automobiles.honda.com/fcx-clarity/

The leasing arrangement is because of the lackistireg servicing and refuelling infrastructure.
Longer term Honda is planning to deliver a homélifwge station that would produce hydrogen via
electrolysis negating the need to visit a refuglitations. The range of the vehicle is 435km Imgjdi
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5kg at 5000psi in its 171 litre tank making homiieling feasible for urban driving, more so if a
household has a second vehicle for longer journeys prepared to hire one.

To construct a sensitivity case where hydrogendaklroad vehicles are taken up in Australia it is
assumed that all of the hydrogen is produced frigtircity at a conversion efficiency for the
electrolysis process of 63 percent. Electricity wlagsen since, as we have seen in other scenarios,
electricity is a good candidate for being a low sitn fuel source in the future. However, some
further research should also investigate othergmmanergy resources such as biomass and natural
gas.

The cost of fuel cell vehicles, inclusive of a horauelling station, is assumed to be the sambes t
battery electric vehicles. This simple approadhssified on the basis that no better data could be
found - the Honda vehicle lease price is not carsid to be reflective of costs as it may eithetoloe
low, being an introductory price to encourage eadgption or too high as economies of scale in
production would not have been reached at thissththe product lifecycle.

The modelling results indicate hydrogen fuel cehieles could contribute to around 20 percent of
road kilometres travelled but only add 10 percertotal direct fuel consumption (Figure 54 and
Figure 55). In this manner they occupy a similde to battery electric vehicles, both being able to
take advantage of the more efficient electric dtia.

However, hydrogen fuel cell vehicles have the adabantage of having a long driving range
(435km for the Honda Clarity compared to aroundkb®@or current battery vehicles on market — but
expected to improve). As a result the modellingitspresented here may have under-estimated the
potential market for such a vehicle which could mékther in-roads into the medium and heavy
passenger vehicle markets providing the fuel gall electric engine can be incorporated cost
effectively in such vehicles.

Figure 54: Transport sector fuel consumption: Eighhoil price, 2000-60 emission target and
hydrogen sensitivity case
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Figure 55: Share of different engine types in rkidametres travelled: EIA high oil price, 2000-60,
hydrogen sensitivity case
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Low cost biodiesel from algae

The exciting characteristic of biodiesel producexhf algae is that it magnifies the amount of
biodiesel that can be produced per land area bygtarfof at least five relative to conventional
biodiesel production from oil seeds and tallow.aA®sult, if biodiesel from algae can be produced
cost effectively from algae then this greatly irages the role that biodiesel could potentially fphay
the transport fuel mix.

In the core scenarios, it was assumed that biddiese algae was available from 2015 but at around
40 percent higher than the cost of biodiesel framota. In this sensitivity case we explore the
scenario where biodiesel from algae is availableeat the cost of oil-based diesel (around $20/MJ).

Under these assumptions the modelling projectshibdiesel from algae will be taken up in very
large volumes and eventually dominate the diedaiclee market. The fuel is initially taken up as@ 2
percent blend with oil based diesel so that itliamsed in the current vehicle stock. Howevenses
in higher blends is also favoured after sufficieme to build up the stock of vehicles capable sihg
a high blend biodiesel.

The availability of low cost biodiesel encouragesager use of diesel vehicles in general at the
expense of the market share of petrol and natasal The use of higher efficiency diesel vehicles
together with the low emission intensity of biodiesom algae results in additional emission saving
relative to the core EIA high oil price 2000-60 &@D0-95 scenarios of 10 and 8 Mt@Qespectively
by 2050. Additional emission savings are 50 perbagiter than this around 2025 but the gap narrows

66



from this point onwards as electrical hybridisatieduces the relative importance of liquid fuels in
determining emission outcomes.

Figure 56: Transport sector fuel consumption: Eighhoil price, 2000-60 emission target and low
cost biodiesel from algae sensitivity case
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Figure 57: Transport sector greenhouse gas emssdam cost biodiesel from algae sensitivity
analysis
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Implications for crop production and land use

As in the earlier discussion of ethanol, in thistem we illustrate the impact of the uptake ofdiesel
on land use and agricultural trade, emphasisinglifference between 1st and 2nd generation
technologies. Demand for biodiesel in this scenpeaks in 2037 at just over 30% of road transport
energy requirements, and this should be borne ma mhen assessing the impacts.

The 1st generation technology for the productiobiofliesel is well established, obtaining the
required vegetable oils or animal fats from sualreges as oil seeds, used cooking oil or talloweHer
for illustrative purposes it is assumed that caseled is the sole source.

The 2nd generation technology for biodiesel prodads expected to use oil derived from algae. The
attraction of algae is that they can have higltailtent and, under suitable laboratory conditibase
demonstrated very high growth rates. If these Qiglwth rates translate to correspondingly high
biomass yields (tens and possibly hundreds of ®pee hectare per year have been suggested) the
implication is that land area would not be a caxistron production. Thus, while the key generationa
difference in ethanol production technologies wathe feedstock to fuel conversion process (the
ability to use cellulose rather than starch feedst) for biodiesel production the difference ishe
biomass yields.

For this illustration, biomass feedstock requiretadar both canola seed and algae are assumed to be
the same: 59,833 tonne (biomass) / PJ (biodiesetesponding to an assumed 40% oil content for
both feedstocks.

Canola yield was shown in Figure 41 as constaapptoximately 1.3 tonne/hectare/year.

In view of the technological uncertainties, algasds of 3 and 10 tonne/hectare/year are tested. As
will be seen, if significantly higher yields can bletained, land area will not be a constraint.

Figure 40 showed the relatively small area of lemdently devoted to canola production, about
1.0 Mha.

Figure 58 shows the consequences for net exparfadi, substantial imports) of trying to meet
biodiesel production demand for canola seed oth wa change to business-as-usual agricultural
production. Biodiesel demand would be many timeseri canola production and would convert an
export volume of 0.75 Mt/year to an import requiegtnof over 15 Mt/year.

Canola production could be increased — thoughvibidd be at the expense of other crop production.
Figure 59 shows the crop land area implicatiomsufola production were increased to the level of
national self sufficiency (i.e. no trade in canalayl the area devoted to other crops reduced
proportionately. The consequences of this for wh&ports are shown in Figure 60. Exports of other
crops would, of course, also be affected. The idagiof increasing canola production to this exte
has not been examined. In general, canola woultbexgrown more often than every third year
because of the need for disease control breakdeWhitheory, this would translate to an overall
upper limit of one third of available cropland bgitevoted to canola, in practice, the design of
suitable rotations with other crops and need te tadcount of local conditions would further reduce
this limit.

Figures 61 and 62 show the consequences for cndpeli@a (as in Figure 59) if algae with biomass
yields of 3 and 10 tonne/hectare/year can supplgibsel production needs. Clearly, if higher yields
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can be obtained land area will not be a constraimtse cropland area considerations are, in amy cas
notional because the algal production processtisiegpendent on the availability of fertile cropland

Figure 58: Net exports of canola if the volumesiotiesel in the low cost biodiesel from algae
sensitivity case were produced from canola ancetivere no change in Australian canola production.
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Figure 59: Increased land area for canola if tHames of biodiesel in the low cost biodiesel from
algae sensitivity case were produced from candle(arop land reduced proportionately).
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Figure 60: Consequences for wheat grain exports egihola production increased to meet biodiesel
consumption volumes in the low cost biodiesel flagae sensitivity case.
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Figure 61: Consequences for crop land area of gingpbiodiesel production requirements with oil
from algae with biomass yield 3 t/ha/yr. Low cogtdiesel from algae scenario. Other crop land

reduced proportionately.
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Figure 62: Consequences for crop land area of gingpbiodiesel production requirements with oil
from algae with biomass yield 10 t/ha/yr. Low cbitdiesel from algae scenario. Other crop land

reduced proportionately.
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Nuclear power as an option

Nuclear power is currently prohibited under Aus&réhw and therefore if nuclear power were to enter
the fuel mix it would need to be preceded by a gkdn majority public attitudes and consequent
repeal or amendment of the relevant legislatior ifislusion of this sensitivity case is for the
purposes of understanding what effect if any tlesg@nce or absence of nuclear power plants as an
electricity generation option has on the modelliegults. We do not speculate or attach any
probability to the event of nuclear power not bginghibited in the future. The inclusion of this
sensitivity case does not represent an endorseshentlear power as an option on the part of any or
all Future Fuels Forum patrticipants.

For the purposes of modelling this sensitivity sase do not completely ignore the current illegal
status of nuclear power. We acknowledge that nugleaer is currently prohibited and there would
therefore be a significant delay before all theaissary regulations are in place to allow the first
nuclear power plant to be fully completed. We ingagate of 2035 in the model as the earliest time
at which electricity from a nuclear power plant @bhe supplied.

For the 2000-60 emission target the modelling shimasnuclear, although available as an option,
makes no contribution to total electricity genevatiThis is because the other available options are
lower cost at the prevailing G®emission permit price. This result is a functwdrour technology
cost assumptions in Appendix B.

However, nuclear power is economically viable ie sizenario with the 2000-95 emission target. In
this scenario nuclear power is taken up at thédpportunity, 2035, and accounts for around 10TWhs
or 3 percent of electricity production.

Nuclear power does not expand beyond the initisstment in 2035 reflecting the model
assumptions in Appendix B which project renewaldetecity generation technologies will overtake
nuclear power in terms of cost competiveness b&fos®. Under these assumptions, timing is a
strong driver of the maximum share that nucleargraachieves. If nuclear power had been able to be
deployed earlier (prohibition is removed soonexniiarket share would be higher. Nuclear power
would also benefit if C@capture and sequestration were unavailable asadestadies have

established (e.g. Energy Futures Forum, 2006; @Gmnadtaal., 2008).

Higher oil prices do not greatly affect the uptakeuclear power as the total quantity of additiona
transport electricity demand does not significantignge the merit order of electricity generation
technologies. The modelling did not consider transfuel by-products from nuclear power such as
hydrogen.
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Figure 63: Electricity generation by technologyclear power as an option sensitivity case, EIA high
oil price, 2000-95 emission target
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The modelling results presented in Figure 63 sh@at tiot fractured rocks and solar thermal
electricity generation technologies are the mainefieiaries of the prohibition of nuclear power in
terms of market share in the core scenarios. Sueckave simply replaced one zero emission
technology with another, the net effect on greeskaas emissions is indiscernible as shown in
Figure 64.

Although there is no impact on the greenhouse gass@ns profile of the sensitivity case one would
expect that by removing an option that was oridgynsélected for its relative cost competitivendss t
a higher cost of electricity that would be obselgablowever, given the small contribution of nuclea
power this effect is not discernable. Figure 65x&hwhile there is some difference in price paths,
those differences are minor.
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Figure 64: Total transport and electricity secta@emhouse gas emissions: nuclear power as an option
sensitivity analysis
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Figure 65: Wholesale electricity prices: nucleawppbas an option sensitivity case
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CO, capture and sequestration not available and electr icity end-use efficiency
higher

In our core scenarios, where the emission targg gercent below 1990 levels, €€arbon capture
and storage is a key low emission technology agptiooth coal and gas. It also plays a significant
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albeit smaller role in the core scenarios with2B80-95 target. The reliance on £€rbon capture
and storage is potentially a concern considering €thon capture and storage is yet to be
demonstrated at full scale and public awarenetiseafechnology is only now growing slowly. The
purpose of the following sensitivity case is toedtatine what would occur if Carbon capture and
storage were unavailable for technical or sociasoas. However, offsetting the narrowing of the
technology options it is assumed that there iscadsed effort in Australia to improve electricityde
use efficiency over the long term such that thewtindn electricity consumption in all sectors oéth
economy is reduced by 30 percent by 2050 relatiithe core scenarios.

Where the emission target is 2000-60, the modetlasglts show that the emission reduction is
achieved via greater uptake of wind, hot fractuadks and natural gas electricity generation
technology (Figure 66). Where the emission targ@0i00-95, natural gas is too emission intensive so
emission abatement is achieved by wind and, to@rfarger extent, hot fractured rocks. Solar
thermal electricity generation also plays a muegdarole.

Figure 66: Electricity generation by technologyclaar prohibited, CCS unavailable and electricity
end-use efficiency higher sensitivity case, EIAhhal price, 2000-60 emission target
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Figure 67: Electricity generation by technologyclaar prohibited, CCS unavailable and electricity
end-use efficiency higher sensitivity case, EIAMh@l price, 2000-95 emission target
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The absence of the option to take up,€@rbon capture and storage when and if they ate co
competitive should mean that the model is seledtighger cost technologies sooner in response the
emission trading scheme. This expectation is gdyesatisfied when we observe the wholesale
electricity price, which simply reflects the longnrcost of electricity generation.

In Figure 68, it can be seen that for both emistaogets the wholesale electricity price is higinethe
sensitivity case than in the core scenarios. Wheremission target is 2000-60 the wholesale
electricity price normally falls from around 202@kvthe availability and uptake of G@arbon

capture and storage. When this option is not aviaildne wholesale electricity price trends $5-7/MWh
higher until the 2040s when the price differencedgligible.

When the emission target is 2000-95 the differenaeholesale prices is less significant. This is
because C@Ocarbon capture and storage plays only a suppamiegn the core scenarios when this
emission target is applied. If available £€rbon capture and storage would normally be taken
and applied to gas-fired power generation from 20%8en not available hot fractured rocks is taken
up faster and in greater volumes at a time wheeoitts are higher. This results in wholesale
electricity prices rising to around $3/MWh highkan if CQ carbon capture and storage were
available for the decade between 2020 and 2030.

Note, since we have assumed this scenario has Eeericity demand growth, these price difference
do not reflect differences in technology costs aldhthe sensitivity case had the same underlyéeg

of electricity demand growth (i.e. before pricepasses), then one could reasonably expect the price
premium for removing C©carbon capture and storage as an electricity géoaroption would be
greater than calculated here.

The different electricity generation technology rt@ads to very little difference in the greenhogase
reduction achieved in the long run in the sengitivase relative to the core scenarios. Howevérén
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medium term there are some observable impactstedsmn we see a different emission profile in the
long term is mainly due to the absence of the ogiiouse C@carbon capture and storage. In the
absence of this technology the market is forcezhtd down existing high emission technology sooner
and replace it with a combination of renewables rettdral gas.

Figure 68: Wholesale electricity prices: CCS unkade and higher electricity end-use efficiency
sensitivity case
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Figure 69: Electricity and transport sector greersgogas emissions: nuclear power prohibited, no
CCS and higher electricity end-use efficiency danisi analysis
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This means that in this sensitivity case emissioitislly fall faster, particularly when the emissi
target is 2000-60 which has the higher uptake of €&@bon capture and storage. However, from the
time when CQ@carbon capture and storage would normally have bden up, around 2020, there is
a period when emissions are higher in the sensitdése than the core scenarios. This is becaase th
absence of C@Qcarbon capture and storage has meant that thensystusing more natural gas (which
is two to three times more emission intensive {@&p carbon capture and storage) for longer.
However, from the time zero emission hot fractweks begins to be taken up in earnest (2027) the
emission profiles are almost identical.

For the 2000-95 emission target, emission redudtiatightly ahead of the core scenarios for the
period between 2027 and 2047. This reflects theta@mission intensity of solar thermal power
which is taken up instead of natural gas with,€&rbon capture and storage which although a very
low emission technology still has some emissiol@ased with the 10-15 percent of £Qbt

captured from such plants.

Sensitivity cases — declining oil supply and technology response

The core scenarios examining the possibility ofidew international oil supply only examined what
might be considered the two extremes — that theupiply decline was slow and technology response
was fast or that the oil decline was fast and ¢lebriology response slow. The analysis below fills i
the possibilities in between. The specific assuomgtiof the sensitivity cases are shown along &ide t
core scenario assumptions in Table 4. Not surgfigithe modelling results shown in Figure 70 and
Figure 71 simply “fill in” the petrol price and fudemand regions already explored in Figure 31 and
Figure 32. We only shows the cases for the 2008r8i8sion target. The results for the 2000-95
emission target are only slightly different.

The sensitivity cases do provide some insights. i©tteat the rate of decline in oil has a greater
impact on petrol prices and subsequent declineamsport activity than the rate of availabilityrain-
oil dependent technology. However, a better ratvaflability of new technology could save up to
$3.00/L. It could also shorten the period of higitgs by around 4 to 8 years.
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Table 4: Core (red) and sensitivity cases (greenfiéclining oil supply and rate of technology

response

Scenario

Minimum rate of decline in
oil based fuel consumption

Maximum rate of exparsion
in total production of
alternative fuel vehicle$

Slow decline in oil supply with
fast rate of increase in
availability of alternative fuels
and vehicles

Slow decline in oil supply with
moderate rate of increase in
availability of alternative fuels
and vehicles

Slow decline in oil supply with
fast rate of increase in
availability of alternative fuels
and vehicles

Fast decline in oil supply with
fast rate of increase in
availability of alternative fuels
and vehicles

Fast decline in oil supply with
moderate rate of increase in
availability of alternative fuels
and vehicles

Fast decline in oil supply with
slow rate of increase in
availability of alternative fuels
and vehicles

3 percent per annum all modes 300,000 per anni2@lf

increasing by an additional
4 percent per annum road 30,000 per annum thereafte
transport fuels

3 percent per annum all modes 75,000 per annur@lf 2
increasing by an additional
4 percent per annum road 30,000 per annum thereafte
transport fuels

3 percent per annum all modes 15,000 per annur@lf 2
increasing by an additional
4 percent per annum road 30,000 per annum thereafte
transport fuels

6 percent per annum all modes 300,000 per anni2if

increasing by an additional
10 percent per annum road 30,000 per annum thereaft
transport fuels

6 percent per annum all modes 75,000 per annurlifi 2
increasing by an additional
10 percent per annum road 30,000 per annum thereaft
transport fuels

6 percent per annum all modes 15,000 per annurlifi 2
increasing by an additional
10 percent per annum road 30,000 per annum thereaft

transport fuels
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Figure 70: Core and sensitivity case scenariogh®petrol price required to ration demand in
declining oil scenarios
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Figure 71: Core and sensitivity case scenarioghiwdemand for transport fuels when oil supply is
declining, 2000-60 emission target
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APPENDIX A - MODEL ASSUMPTIONS RELATING TO TRANSPOR T

Proposed fuel/vehicle aggregation

An important consideration in the transport moddiaw to represent the fuel and vehicle
combinations that are of interest. In theory onél@¢construct a model of the Australian transport
sector which included every make of existing vehanhd possible future vehicles. In practice,
modellers will always seek to reduce the size efubhicle fuel/itechnology set in order to make the
model manageable in terms of data, model struetodemathematical solution speed and reliability.

For road transport, the proposed fuel and vehgtgegation is as follows. Passenger and light
commercial vehicles will be represented in thre@htecategories:

Light: less than 1200kg
Medium: 1200 to 1500kg
Heavy: 1500 to 3000kg

The remaining vehicle types will be rigid trucksgti@ulated trucks and buses. Motor cycles and
campervans will not be specifically modelled butamted for as a constant in the emission profile.

Figure 72: Current share of kilometres travellethimi the road transport mode by vehicle type, 2006
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Source: Adapted from Australian Bureau of Statidtta cubes
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The fuels considered will be:

« Petrol — aggregating unleaded, lead replacemenpamdium
» Petrol with 10 percent ethanol (E10)

« Ethanol with 15 percent petrol blend (E85)
« Diesel

» Diesel with 20 percent biodiesel (B20)

« 100 percent biodiesel blend (B100)

» Liquefied petroleum gas (LPG)

« Compressed and liquefied natural gas (NG)
» Hydrogen produced from renewables)H

« Gas to liquids diesel (GTLD)

« Coal to liquids diesel (CTLD) with upstream g€€apture and sequestration

Electricity

This is obviously not a complete list of possihlels but covers those which are generally of gstate
interest for further study.

More categories of hydrogen production might berdbke. However, given the greatest cost
associated with hydrogen is not the fuel but that obthe storage system (and potentially the engin
if a fuel cell is required), including additionddeaper hydrogen sources will make little differeince
the modelling.

Compressed natural gas (CNG) is assumed to bemusddhatural gas vehicles except for articulated
trucks which use Liquefied natural gas (LNG).

The engine configurations allowed for are:
« Internal combustion

« Mild hybrid internal combustion-electric
» Plug-in hybrid electric (PHEV)

« Full (100 percent) electric

Fully electric vehicles were deemed to be only latde in the light passenger and light commercial
vehicle types due to range and power limitatiorev@rsely, hybrids were allowed in all other
categories. Passenger and light commercial vebatkgories are available as PHEVs (internal
combustion engine and electric motor on board dapaftdriving for extended periods) as are rigid
trucks and buses. Articulated trucks were limitednild hybridisation (for example, engine stop and
fast start capability). The fuel efficiency sectioutlines what this means in performance terms.
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Fuel cell vehicles are not specifically modelled &g in essentially an electric vehicle using oard
electricity generation rather than battery storddne additional cost of these vehicles and the
electricity or fuel needed can be expected to im@mver time. Whilst a battery solution is currgntl
more cost effective fuel cells be competitive ia thng term. That is, if the amortised cost of ftells
plus their cost of fuel is better than the amodisest of batteries and grid drawn electricity ntfigel
cells will eventually dominate these new enginekets.

Fuel efficiency
Road vehicle fuel efficiency
The following road vehicle fuel assumptions haverbadapted from Graham et al (2008).

The assumed fuel efficiencies of internal combuséingines for the year 2006 are shown in Table 5.
The fuel efficiencies were based on the broad datéained in ABS (2007). Additional manipulations
of the data were carried out for extension to d#ifé weight categories, to alternative fuels, thivies
with hybrid powertrains, and for change over tiffieis approach, together with the methodology for
electric vehicles, is detailed below.

Table 5: Average 2006 fuel efficiencies for intdro@mbustion engine stock (L/200km, of/f0Okm
for CNG and H)

Petrol Diesel LPG NG* B100 B20 E85 E10 H2 (ren)l®T CTLD

Passenger Cars
Light 9.1 6.3 121 8.0 7.7 6.5 12.8 9.5 36.7 6.6 6 6.

Medium 10.2 7.1 13.6 9.0 8.6 7.3 14.3 10.6 41.1 747.4

Heavy 14.0 9.7 18.6 12.3 11.8 10.0 19.6 14.5 56.30.11 10.1
LCVs
Light 10.4 7.2 13.8 9.2 8.8 7.4 14.6 10.8 41.8 7575

Medium 11.6 8.1 155 10.3 9.8 8.3 16.4 12.1 469 4 8. 84

Heavy 15.9 11.1 21.2 14.0 13.5 114 22.4 16.5 64.21.5 11.5
Trucks
Rigid 39.2 28.9 52.2 345 35.2 29.8 55.1 40.6 15730.1 30.1

Articul'd  73.1 54.0 85.2 83.4 65.7 55.6 89.9 75.8 5785 56.2 56.2

Buses 36.2 26.7 48.1 31.9 32.5 27.5 50.8 37.5 14%28.8 27.8

* Articulated trucks are assumed to be using LNIiGother categories are CNG
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Base Data

For Passenger Cars and Light Commercial VehidhesABS (2007) petrol and diesel data have been
disaggregated into the proposed Light, Medium aedwy weight categories. The approach relied on
weightings of the vehicle stocks within those catégs and fuel efficiency data for typical vehicles
within that weight class, together with a correlatfor vehicle fuel consumption and weight. Light
Commercial vehicles were assumed to operate waten weight related to weight category, with a
corresponding increase of 14 percent in fuel comsuralative to Passenger Cars.

For Trucks, the ABS (2007) petrol and diesel dateettypically been applied. For operation of
articulated trucks on petrol, an energy consumptorease of 20 percent has been assumed relative
to the available diesel data. This methodologyissussed more fully in the following paragraphs.

Alternative Fuels

The efficiencies of fuels not currently in use dnerefore not reported in ABS (2007) were calcualate
based on the relative energy content which is shinWrable 6. In some cases there is considerable
uncertainty since energy content can vary, padityfor biofuels due to different feedstocks.

The energy content of reported fuels was usedterméne generic energy consumptions for Spark
Ignition (gasoline) or Compression Ignition (digsaternal combustion engines. Each alternativé fue
was associated with the energy consumption of eitieeSI or Cl combustion process, and alternative
fuel efficiencies were then determined accordintheoproperties of the individual fuel.

The assumed relationship between fuel type and gstitim process is presented in Table 7. For light
duty vehicles, buses and rigid trucks, all variaftdiesel fuel were assumed applicable to Cl esgin
the remainder to Sl engines. For articulated triick&s assumed that all fuels with the exceptibn o
gasoline and E10 were applicable to Cl enginesdspnance requirements in this sector determine
that Cl diesel is dominant, and alternative fuelgpams accordingly utilise the CI diesel architestu

Table 6: Properties of selected fuels (/L, of fan CNG and H)

LHV (MJ/kg) Density (kg/L or kg/)  LHV (MJ/L or MJ/nT)

Petrol 42.7 0.75 31.9
Diesel 42.5 0.84 35.7
LPG 46.1 0.53 24.6
CNG 45.1 0.78 35.2
B100 40.2 0.84 33.8
B20 42.0 0.84 35.3
E85 29.2 0.78 22.8
E10 41.1 0.75 30.8
H2 (ren) 120.0 0.09 10.2
GTLD 40.0 0.84 33.6
CTLD 40.0 0.84 33.6

The Lower Heating Value (LHV) is used in deferetméligher Heating Value as the latent enthalpyagarisation for water vapour in
exhaust gas is not recovered as useful work.

84



In some instances it is recognised that alternditigbcharacteristics will adversely or benefigiall
affect the combustion process and in such casesntirgly consumption is factored. The factoring is
adjusted over time, as both the properties ofradtidre fuels and the deployment of appropriate rengi
technology are assumed to evolve.

Table 7: Combustion process according to fuel

Petrol Diesel LPG CNG B100 B20 E100 E10 H,(ren) GTLD CTLD

Passenger Cars

Light Sl Cl Sl Sl Cl Cl Sl Sl Sl Cl Cl
Medium SI Cl Sl SI Cl Cl SI SI | Cl Cl
Heavy SI Cl Sl Sl Cl Cl Sl Sl Sl Cl Cl
LCVs

Light SI Cl Sli SI Cl Cl Sl SI SI Cl Cl
Medium Sl Cl Sl Sl Cl Cl Sl Sl Sl Cl Cl
Heavy SI Cl Sli SI Cl Cl Sl SI SI Cl Cl

Trucks
Rigid SI Cl Sli SI Cl Cl Sl SI SI Cl Cl
Articulated SI Cl Cl Cl Cl Cl Cl SI Cl Cl Cl
Buses  SI Cl Sl Sl Cl Cl Sl Sl Sl Cl Cl

Note: Articulated trucks using LNG
Hybrid Powertrain

Hybrid electric vehicle fuel efficiencies were demed based on their performance relative to iratiern
combustion engine only vehicles. Plug-in hybrids assumed to use 50 percent less fuel initially
(substituting electricity in its place) increasitog80 percent by 2035. Mild hybrid vehicles are
assumed to use 5 percent less fuel initially insireato 30 percent. The exception is articulatadks
are assumed to achieve a maximum efficiency adgardf10 percent due to their less stationary
drive cycle.

Efficiency over time

The change in fuel efficiency over time is baseduolyement of the balance of two competing forces.
The first is improvements that have already orliaaty to be achieved internationally where fuel
excise rates are several times those in AustiBfia.second is the historical lack of improvement in
fuel efficiency owing to:

- greater non-propulsion use of energy within theiatelfor amenities such as air conditioning
(itself a function of growing wealth and consumepectations)

» the trend towards large vehicles within some wedggttegories (particularly 4WDs/SUVs in the
large vehicle category), and

» the robustness of households to fuel price chaogasy to the small proposition of fuel costs in
the household budget (amounting to no more thampe@r8ent of average adult annual income).

It is assumed that vehicles equipped with Sparkitgn(SI) engines will improve in efficiency by 25
percent and Compression Ignition (CI) engines bpdrtent from 2006 to 2050, independently of
changes related to fuel type and hybrid drivetréimese improvements are proposed to arise from
increased efficiency of vehicle and engine techgwio new vehicles, and the extent to which the
existing fleet is modified by the addition of neehicles.
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Whilst equivalent vehicle improvements are assufoetoth Sl and Cl vehicles, it is proposed that
there is significantly greater scope to enhancepezating efficiency of the Sl engine and that by
2050 the efficiencies of Sl and Cl engines will eerge, with differentiation according only to the
combustion characteristics of alternative fuel sypkhe efficiency of the Sl engine is proposeddo b

increased through the following:

- optimisation of engine gas exchange processeseaugtion of pumping work through the

deployment of advanced valvetrains

» increase of compression ratio towards optimum \sa&rebled by the use of direct injection and

advanced valvetrains

« reduction in engine friction and the operation mfi@es in regions of highest efficiency enabled
by down-sizing, in turn achieved by higher spedifitput with boosting, and

- operation at extended lean and dilute limits feat#id by advanced combustion processes, and
enabled in part by the availability of lean emissidtertreatment and low-sulphur fuels.

Table 8: Average 2050 fuel efficiencies for intédro@mbustion engine stock (L/100km of/&rD0km
for CNG and H)

Petrol Diesel LPG NG* B100 B20 E85 E10 H2 (ren)l®T CTLD
Passenger Cars
Light 6.8 5.4 8.6 55 6.3 5.6 8.6 7.1 23.3 5.7 5.7
Medium 7.6 6.1 9.6 6.2 7.1 6.3 9.6 7.9 261 6.4 6.4
Heavy 10.4 8.3 13.2 8.5 9.7 8.6 13.2 10.8 35.7 8.78.7
LCVs
Light 7.8 6.2 0.8 6.3 7.2 6.4 9.8 8.0 266 6.5 6.5
Medium 8.7 7.0 11.0 7.0 8.1 7.2 11.0 9.0 297 72 27
Heavy 11.9 9.5 15.0 9.6 11.0 9.8 15.0 12.3 40.7 9.99.9
Trucks
Rigid 293 249 370 237 288 256 37.0 303 1002459 259
Articul'd 54.6 46.4 69.7 68.3 53.8 47.8 69.6 56.6 994 484 48.4
Buses 27.0 23.0 341 21.9 26.6 23.6 341 28.0 92.23.9 23.9

* Articulated trucks are assumed to be using LNIiGother categories are CNG

The higher efficiency of the ClI engine is achiebgdalready addressing many of the shortcomings of
the SI combustion process, although with an accogipg deterioration in tailpipe emissions. The
potential for further increase in efficiency is t#@re limited, and moreover the challenge to meet
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future emission standards presents a risk to maintpthe present levels of efficiency. The inceeas
in Cl engine efficiency is attributed primarily tleéore to the availability of European designedeéie
engines which up until recently were not compatiaih our diesel fuel as set by the national
standards. Recent light passenger diesel vehimdseing promoted as achieving 3 L/100km;
however it will take considerable time for the aga efficiency to reach this level.

Projected fuel efficiencies at 2050 which accownttfends in vehicle and engine efficiencies,
together with projections for alternative fuel farst, are presented in Table 8.

Electric and plug-in electric vehicles

The fuel efficiency of the electric vehicles in tight vehicle categories is assumed to be 0.2kWih/k

It is assumed that this efficiency will remain uanged through time because any improvement in
available energy will be used to improve the anyeaiitthe vehicle (e.g., passenger and luggage room,
safety, comfort, instruments) rather than its fétiency. Note, at a residential electricity riof
12c/kWh, the cost of electricity as a fuel is 4k&a/ This is slightly more than a third of the cobt

fuel for a petrol vehicle in the same weight cla$1.5c/km at a petrol price of 128c/L (the prafe
petrol in the base year, 2006, of ESM).

PHEVs are assumed to be powered by electric batieB0 per cent of their kilometres in a given
year. PHEVs are assumed available in the mediu®0@1500kg) and heavy (greater than 1500kg)
passenger and commercial vehicle categories. Wperating on battery mode, the fuel efficiency of
medium-weighted PHEVs is 0.22 kWh/km and heavy-wid PHEVS is 0.31 kwWh/km.

Non-road vehicle fuel efficiency

Vehicles associated with rail, air and sea consammeich greater amount of fuel on account of their
extra load per trip, or in the case of air extdland flight.

Table 9: Indicative ranges for efficiency of noradaransport

Mode & technology MJ/passkm - current MJ/passKature MJ/tonnekm - current  MJ/tonnekm - future
Passenger Passenger Freight Freight
BE Range BE Range BE Range BE Range
Rail — urban 0.5 0.18-0.83 0.33 0.1-0.5 0.5 0.3%0. 0.3 0.1-0.5
Rail — suburban 1 0.5-1.1 0.6 0.4-0.8 0.35 0.1-0.5 0.24 0.08-0.4
Rail — high speed 0.55 0.47-0.7 0.3 0.15-0.4
Aviation 2.7 1.6-3.3 1.1 0.7-2 5 4.5-39 2.2
Water — ferry/coast 3.6 0.15 0.1-0.2 0.13

Sources: various. BE — best estimate

The average energy efficiency across the wholg fitegeail, air and sea is 139, 550 and 50 MJ/km
respectively compared to around 3 to 23 MJ/km &vs @nd trucks.
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Of course there are many different size planessaifs and rail can be broken up into urban
passenger versus freight. The data below givesdication of the spread of data. Note: to convert
back to kilometres multiply passenger kilometred tomne kilometres by number of passenger or
tonnes carried respectively.

Based on the data above and other sources raitj@aviand sea fleet fuel efficiency is assumed to
improve by 30, 20 and 20 percent respectively (02 regard to aviation, whilst more efficient
aircraft are feasible, the 20 percent figure largeflects the coming change in the aviation fleet
which will then stay locked in for several decadas to the long life of aircraft.

Vehicle emission factors
Road sector emissions

Direct emission factors for the main fuels we wstay have been calculated from values provided in
Department of Climate Change (2008) with some awfjeist for upstream or indirect emissions and
for less common fuels from CSIRO internal data.

The full fuel cycle emission factors in grams piorketre for road vehicles are shown in Table 6. It
can be expected that estimates of upstream emifggitors will change over time. For example, the
science is still being developed around the impéeitracting fuels from biomass. A second example
is that the conversion process for coal and géquals are still being actively improved. One fina
example is that some fossil fuels, such as oil, begome more difficult to extract, therefore rengr
more use of energy upstream. Ideally these chastumdd be incorporated. However, currently there
Is not enough reliable data to do so. Downstreadirect emission factors can be expected to improve
because of improvements in fuel efficiency - tkisnicorporated in the modelling.

Table 10: Full fuel cycle C&e emission factors for each fuel and road veluategory (g/km)

Passenger Vehicle LCVs Trucks Bus

Light Med. Heavy Light Med. Heavy Rigid Art'd
Petrol 215 240 329 245 274 375 923 1722 852
Diesel 175 196 268 200 223 306 800 1493 738
LPG 195 218 298 222 248 340 836 1365 772
CNG 203 227 311 232 259 355 873 1426 806
B100 21 23 32 25 26 36 104 198 101
B20 131 147 201 157 168 229 664 1183 609
E85 170 190 260 194 217 296 729 1360 358
E10 213 238 326 242 271 372 914 1715 852
GTL Diesel 175 196 268 200 223 306 800 1493 738
CTL Diesel 333 372 510 379 424 581 1518 2833 1398
Hydrogen (ren.) O 0 0 0 0 0 0 0 0

Electricity fuel is not assigned an emission fattecause its emissions are accounted for in the
electricity sector.
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Non-road emissions

Emissions for non-road vehicles are simply caleddty multiplying through the Department of
Climate Change (2008) emission factors in kg€@er MJ by the fuel efficiencies assumed in the
section above.

Apart from improved fuel efficiency, growth in ersisns from the non-road transport sector are
reduced by the following assumptions:

« The share of electrical energy in total rail enezggisumptions increases from 20 to 50 percent by
2050

« The share of biofuels in sea and air travel enasgyincreases from near zero to 10 and 5 percent
respectively by 2050 with uptake beginning from @02

The growth in demand for non-road transport is als@nificant determinant of emissions. However,
since they are a scenario driver, default assumgtoe not discussed here. The section on Transport
Services Demand below gives an overview of pastise

Transport costs

One of the key functions of ESM is to determineuptake of fuel and engine technologies. These can
be imposed but the default process is for the mimdethoose the least cost response to whatever
drivers are in force (such as carbon pricing).rioteo for the model to give a plausible answer isthu

as a minimum, be provided with data to comparedlaive economic merits of the vehicles that
would be under consideration by the consumer {ggstor).

Non-fuel costs

Table 11 sets out the major categories of nondasls and sources of data for them. Basic vehicle
costs are only meant to be representative of tidianevehicle in their vehicle category. There is a
wide margin of error. However, it can not be eaailpided given the need for aggregation (see
previous section). Maintenance costs are calculdtedottom up analysis of the minimum
maintenance expenditure required to renew registraf the vehicle (e.g. tyre change every two
years, minimal oil and battery replacement). Inithold to regular maintenance, major part
replacement is assumed to become part of the maimte cost of older vehicles (> 5 years).

For some alternative fuels, there is little or nformation available with respect to additional ieéh
cost for the alternative fuel to be incorporatedthese cases, estimates have been made bases on th
ratio of costs in the next most relevant vehicliegary.

In constructing non-fuel costs, the data has reded wide variety of predominantly web based
sources and may be poor in some cases. To tegtlildy of the data it is compared with the
NRMA'’s Private Whole of Life Vehicle Operating CedReport.
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Table 11: Non-fuel cost categories in total trasast

Non-fuel cost category Data source
Basic vehicle cost Passenger and light commemndRMA
Open Road

Trucks and buses: Manufacturers websites

Electric vehicles: e.g.
http://www.electric-echo.com/prices.htm

On-costs above basic vehicle cost to Various mauifer websites
accommodate alternative fuel

Insurance — third party and comprehensive Insuranoganies (e.g. AAMI, NRMA)

Registration State government transport authoefydatment
websites

Maintenance Web sources on tyres, oil, batteridssanvicing

The comparison is shown in Table 8. To simplify thenparison we have used the same fuel costs as
quoted in the NRMA report which was an unleadedgbgtice of 125.8c/L.

Table 12: Comparison of whole of life transporttaestimates for petrol passenger vehicles (c/km)

Category NRMA estimate CSIRO estimate
Small/light 48.5 41.9
Medium 63.6 60.6
Large 69.9 76.3

NRMA has based the above estimates on the Holdem Yiolden Epica and Mitsubishi 380 for the
light, medium and large vehicle categories respelsti The CSIRO estimates differ in absolute terms
mainly in the light and large vehicle categoriesthis was to be expected. Our estimates represent
average of vehicle costs in defined weight categofror the light vehicle category, the Viva would
be at the high end of our weight range so thaestimate would be expected to be lower than
NRMA'’s. Similarly, the Mitsubishi 380 would be dtet low end of the weight range so that our
estimate would be expected to be higher.

Costs of rigid trucks are 95-140c/km. Costs foicatated trucks are 100-180c/km. Costs for buses ar
175-250c/km. There are fewer references for coraparof these costs.

It is assumed that all internal combustion vehgtlechase costs and all other non-fuel costs rigie wi
the level of inflation and therefore remain constarreal terms. By comparing older issues of
NRMA'’s Open Roadthis assumption holds true for the last 4 yearsrfedium and heavy passenger
vehicles. There was a real reduction in vehiclelpase costs for some light vehicles but this is
assumed to have run its course. Going further bathke 1980s there is a definite trend of declining
real costs, however it is assumed that trend willomger apply due to changed world resource supply
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and demand conditions. The major risk is that gtrgmowth in demand for metals worldwide may
cause the price of vehicles to rise faster thaatioh for a period before metal production accies
to meet demand.

Some improvements in costs are assumed for elgetilit hybrid and PHEV vehicles. The cost
assumptions for two points in time, 2006 and 2025shown in Table 15. The assumption regarding
hybrid vehicles is that over two decades mild hyisation of vehicles will become standard and will
not involve significant additional cost. Howeveijdrhybridisation is not widely available at presen
and so additional costs begin at a high level.f&y electric vehicles which are only considered i
the light car category the price gap is just urglé,000. Only retrofitted vehicles are currently
available. Therefore, we assume no improvemettigngap until mass production built for purpose
vehicles are available. This is assumed to occringthe next two decades. By 2035, the price gap i
assumed to have closed to match a light weighopitelled internal combustion vehicle.

PHEVs are expected to always cost a premium ogeradard internal combustion vehicle in the
same vehicle category. Starting from a relative gap of around $20,000 to $40,000, costs are
expected to narrow to less than an additional ®IDi0 the next two decades.

These estimates of costs are sourced from a nuohiretustry articles on the relative costs of
hybrids, plug-ins and electric vehicles. See Peck{2007) for example.

Table 13: Assumed current and future representagétécle costs, $'000.

Passenger Vehicle LCVs Trucks Bus
Light Med. Heavy Light Med. Heavy Rigid Art'd

2006

Base (ICE)* 14 25 41 14 25 41 61 300 180
Mild hybrid 28 44 28 44 100 370 260
PHEV 48 64 48 64 160

All electric 24 24 121

2025

Base (ICE)* 14 25 41 14 25 41 61 300 180
Mild hybrid 26 42 26 42 61 300 180
PHEV 34 50 34 50 87

All electric 17 17 76

*The standard internal combustion engine (ICE) elehis considered to be a representative base
vehicle for the category and weight class given.
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Future fuel costs

The oil price will be a scenario driver and therefdefault assumptions are not defined here. The
assumed oil price forecast for each scenario willie basis of the change in retail prices forfoissil
fuel categories which are directly linked to theprice. That is, we will assume that fossil fuakkd
liquid fuels achieve price parity adjusted for tireiative energy content.

The cost of C@Qcapture and storage for coal to liquids diesassumed to be $20/t GO The
discussion below in Electricity finds from sevestidies that the cost of GGtorage is projected to be
$10/t CQe. The balance of costs, that is the capture coemgpis also assumed to be $10/t,E€0n

the basis that capture technology will likely bendastrated at very large scale in the electriigter
first and will therefore be available at reasonatulst to other sectors. Both coal to liquids diesel
gas to liquids diesel are assumed to be availatijeadter 2020.

The retail price of electricity for full electrichicles will be calculated simultaneously as apouof
changes in the electricity generation sector irsttenario.

For the biofuels, biodiesel and ethanol, the cate based on the volume of demand as per thie cos
quantity curves in Figure 68 and Figure 69. Theseeas are derived from O’Connell et al. (2007) and
have been updated further to take account of rgmér@ movements. Due to competition with the
food production industry, it is assumed that onjyecent of this volume is available within the hex
decade. The exception is all used cooking oil dntléow not exported is assumed to be available f
biodiesel.

From 2020 technology is assumed to be availablsédignocellulose feedstock in ethanol
production. It is assumed this volume enters atdiver end of the cost-quantity curve. As a guale t
volumes around 30 percent crop residue could ba egeivalent to 9000ML (O’'Connell et al., 2007).
However, feedstocks could also include specialbpsrand wood/wood waste. If economically viable
this could contribute to around 20 percent curfeek requirements.

Similarly, for biodiesel we assume algae-basedcgsuare available from 2020 and as a result
increase the volume of biodiesel available by #ofaaf ten. It is assumed this volume enters at the
upper end of the cost quantity curve.

Prices of all biofuel feedstocks are assumed ttiraeby 25 percent from 2020.
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Figure 73: Biodiesel cost-quantity curve excludahgae
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Figure 74: Ethanol cost-quantity curve excludinijutese
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Default transport policy settings

While the scenarios will explore policy developminvtarious areas, the default settings will ineud
policy that have been announced or are currentbface.

City planning and infrastructure investment arelietpby the assumptions in the section on transport
services demand and fuel efficiency. This sectiattirees three additional polices being the cost of
vehicle registration, excise rates and the New|SW@dles ethanol mandate.

Vehicle registration

Most states provide vehicle registration fees epstd scale with lower fees being for smaller
vehicles. Victoria is an exception (based on pasfoPensioners and other groups also receive
rebates. Victoria provides a $50 rebate for hybtattric vehicles. It is assumed these policy rsgsti
remain in place and the cost of registration ismaé@ned in real terms. Trucks and buses registratio
costs are set nationally and also increase with siz

Excise rates

National excise rates have recently been re-dedignd set in nominal terms. They will gradually
phase in a system of rates based on groupingsdésievels of energy content across the full eng
of conventional and alternative fuels. Alternatiuels will be more costly as a result but still
discounted relative to conventional fuels. The phasperiod is to 2015

It will be assumed that the level of excise in 20dMmains constant in nominal terms. As a result,
excise rates are declining in real terms.

New South Wales ethanol mandate

Under the NSW Government's 2 percent ethanol mangaitmary petrol wholesalers will need to
ensure that ethanol makes up a minimum of 2 peafethe total volume of NSW sales. Not all fuels
sold will contain ethanol but the consumer hascti@ice of filling up with E10 petrol (contains a
blend of 10% ethanol).

The New South Wales mandate will be directly agpirethe model as a constraint on the minimum
use of E10 in fuel consumption.

Transport services demand

The factors influencing growth in transport demdmath in terms of kilometres and vehicle fleet
numbers are complex and can be largely grouped uheldéollowing categories:

« Changes in social patterns (such as the ageirgegidpulation, changes in household structure)
« Changes in the structure of our cities (particylé&ahd use and transport patterns)
- Changes in economic circumstances (e.g. houseffaldrace and vehicle affordability)

« Changes in transport mode choice
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The individual influence of each of these fact@armot be easily isolated.

Passenger vehicles occupy the largest share fietiteand the vehicle kilometres travelled. Rail, a
and sea kilometres travelled and fleet size ardl im@omparison to road vehicles. However, because
they are carrying heavy loads, these modes arg usimne fuel per kilometre travelled. While this
balances out fuel consumption to some extent, tr@adport is still responsible for around 90 petcen
of fuel consumption and greenhouse gas emissions.

Demand for road passenger kilometres is generatiged to population growth which is projected to
grow marginally over 1 percent. The slow growtlemsaccount of the saturation effect with respect to
car ownership which means that growth cannot expeedlation growth unless there is more time
available to travel. Most commentators agree thhitist some growth is possible the limit is fast
approaching in term of the amount of fast roaddistitucture that can be accommodated, feasible
commuting times and work-life balance.

Demand for all other road transport tends to beenstsely related to growth in GDP. For example,
the income elasticities generally applied to conuiaéroad transport are around 1.1 (BTCE, 1995).
This implies average annual growth in GDP of aroRrdpercent will lead to slightly more than 2.5
percent growth in commercial road transport

Default demand growth settings

Given that the scenarios explored by the FuturésHemrum all involve greenhouse gas reduction and
high oil prices it is assumed that social and caltpreferences relating to transport demand waken

a structural break from the past and support laywewth in kilometres travelled and fuel use. We are
able to reflect changed social and cultural prefegs in the modelling by imposing different growth
rates and adjusting preferences for vehicles simdsmode use.

Table 14: Growth rates for vehicle kilometres ttladeby mode and vehicles class for different docia
and cultural preferences

Vehicle class Expected growth rate with social Expe growth rate with social and
and cultural preferences unchanged cultural peafars supporting slower
transport demand growth

Passenger road 1.2% 0.6%
vehicles

Commercial road 3.0% 2.2%
vehicles

Buses 2.3% 4.6%
Rail 1.2% 12.9%
Sea 0.0% 0.5%
Aviation 2.4% 1.6%

The second column of Table 14 shows the growthaimsport demand by transport mode that we
would have expected if their were no change inad@aid cultural preferences. In terms of non-road
transport, the falling cost of air transport hasrssignificant growth in recent years and rail keyst
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pace with heavy road freight. However, sea traridpas not grown at all in the last decade. The bulk
of the increase in air travel is viewed as an ine@nd wealth effect rather than substitution for
transport that would have occurred via other modes.

As discussed above the growth in road passengel isalinked to population growth whereas the
growth in road commercial transport reflect gromtlGDP. In terms of vehicle sizes we would expect
there to be little change in the vehicle size shah®wn in Figure 72 without some shift in socrad a
cultural preferences.

Rising oil prices might be expected to change tbhdarchoice in Australia by making mass forms of
transport such as rail and buses more attractigeieder, the econometric evidence suggests that
travel mode choice is not price elastic (Table Based on such evidence, even a very unlikely 100
percent increase in the cost of car travel woulg tad to a less than 5 percent increase in bus or
train travel. This data only represents the histily observed changes in demand for transport siode
It is possible that much larger changes could seded in the future if price changes are much
greater and more sustained than in the past ammbged by additional measures such as non-road
transport infrastructure development.

Table 15: Travel demand elasticity with respedh®fare or cost of trips in own or alternative resd
of transport

Travel mode Train Bus Car
Train -0.186 0.019 0.181
Bus 0.016 -0.151 0.166
Car 0.046 0.036 -0.094

Source: Taplin et al. (1999, table 5, p. 228).

Within road transport, vehicle choice has beertishif Many people will have noted the increasing
popularity of Sports Utility Vehicles (SUVs). Theaent oil price increases saw a shift to lighter
vehicles. However that does not appear to be siestail his was the case during the 1970-80s oil
shock. From 1970 to 1980, new vehicles registargda smaller medium sized car range increased
from 14 to 26 percent.. Intermediate medium sized also increased from 15 to 30 percent of new
registrations. At the same time the share of n@ist@tions of large and larger medium size cdts fe
(Monash University Accident Research Centre, 1998Wwever, the trend levelled out and shares
even reversed by a few percentage points wherrioggpwere still high, but coming off their peak
during the 1980s. Some of the purchasing of ligbées can also be accounted for by improvements in
income at the time, which meant second cars wéoedaible. Recent oil price increases are around the
same magnitude but our income has more than dosbied that time. This means we are more able
to absorb costs and can not be expected to respahne same way. We can also be expected to
respond different to sustained and short term t@nges

The third column of Table 14 shows the growth ansiport demand by transport mode that we expect
in response to sustained high oil prices and ttredaction of emission trading. In terms of nondoa
transport, the reduction in the assumed rate offtipravill lead to a 133 percent increase in rail
kilometres relative to the case where there arehamges in social preferences. This is equivatedt t
times the current level of passenger journeys B028viation travel will be 39 percent less than
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under the case where there are no social and aufiteference changes. Sea transport will be 56
percent higher.

In terms of road transport, passenger and comnhéraresport will be 27 and 36 percent lower in
2050 respectively. It is also assumed that theesbflight passenger and light commercial vehicles
will increase its share to 50 and 30 percent ragpy at the expense of the medium and heavy
weight categories.

Price elasticity of demand

Price elasticities for demand have been assumestilmasdata available from the Transport
Elasticities Database Online availabldtp://dynamic.dotars.gov.au/btre/tedb/index.cFar road
transport these are generally in the range of #0.ESM we assume that for large changes in price
(more than 50 percent difference from current lgvidle price elasticity for passenger vehicles more
than doubles to around -0.4 to -0.7 depending ervéhicle size. Heavy vehicle owners are expected
to have a higher elasticity because they have a@rexposure to non-fixed costs (e.g. fuel) irthe
total transport costs.

The price elasticity of demand for aviation if nefieg to the total cost of aviation is around -1 &ti
passengers. The elasticity is lower for businesseyagers at around -0.5 and higher for leisure
passengers (between -1 and -2). Aviation fuel ig around 25-30% of total costs. Therefore theeoric
elasticity of aviation transport demand in term$ugf costs is around -0.25 to -0.3.

Sea and rail transport are currently assumed fwibe inelastic. This is because in scenarios with
rising costs of transport in road and aviation ngdail and sea are typically assumed to beneét du
to mode switching. The level of mode switchingngposed rather than calculated via an elasticity. As
discussed above the econometric evidence doesippor’ substantial mode switching in response to
price changes. However, substantial mode chandd beuwriven by very large price changes not yet
observed in the historical record or by other nanepfactors.
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APPENDIX B - MODEL ASSUMPTIONS RELATING TO ELECTRIC ITY
GENERATION

The assumptions in this section have be drawn antislly from Graham et. al (2008).

Technology performance and cost data

Table 16shows key technology cost and performance assangptor centralised generation (CG)
plant that have been applied in modelling the lsase scenario. Capital costs refer to the installed
cost including the capital charges during consioagberiod, royalty allowances, cost of land and si
improvement or mine development and other ownerstsc

The volatility of generation markets can have atp@sor negative effect on generation plant costs.
For example, in the years during and following Astan Economic Crisis, the costs of power plant,
particularly gas-fired units, fell significantly asany potential buyers in Asia were forced outhef t
generation plant market. Currently it appears thekat has moved in the opposite direction. A surge
in demand for new power plants has occurred togettik a period of strong demand growth for
metals and other plant input materials (DOE/EIA)@0

Table 16: Technology cost and performance assumpt010: centralised generation

Installed

Capital Capacity Thermal O&M Fuel Plant

cost factor Efficiency cost cost life

AS$/kW A$/MWh A$/MWh years
Brown coal pf 2050 0.87 0.31 6.0 5.8 50
Black coal pf 1850 0.80 0.40 6.6 9.0 50
Black coal IGCC 2450 0.80 0.41 8.0 8.8 50
Natural gas combined cycle 1200 0.80 0.49 7.8 22.0 25
Solar Thermal 3420 0.27 na 20.3 na 25
Wind 1925 0.29 na 7.9 na 25
Large Hydro 3010 0.20 na 28.5 na 100
Biomass 2975 0.55 0.26 6.0 20.8 30
Brown coal IGCC 2900 0.80 0.41 8.3 4.4 50
Brown coal CCS 3295 0.80 0.32 11.3 5.6 50
Black coal CCS 3215 0.80 0.33 11.0 10.8 50
Brown coal partial CCS 2555 0.80 0.37 11.3 4.9 50
Black coal partial CCS 2450 0.80 0.37 11.0 9.7 50
Gas peaking 700 0.20 0.20 235 54.0 25
Gas with CCS 1750 0.80 0.43 12.0 25.1 25
Nuclear 4175 0.80 0.34 12.8 7.9 50
Hot fractured rocks 5290 0.80 na 17.8 na 25

Notes:

Capture rate of 85% and 50% is assumed for CCS and partial CCS technologies, respectively.

The capital cost of nuclear power includes the cost of decommissioning the plant (it adds approximately
$300/kW). This approach is mathematically equivalent to adding the decommissioning cost to the annual
operating cost of the plant and so does not pre-empt any potential arrangements in Australia with regard to paying
upfront versus making annual payment over the life of the plant.

Thermal efficiency refers to the ratio of useful energy output to non-renewable energy input based on gross
calorific value (higher heating value). These ratios are only recorded if they use a fuel.

Capacity factors for renewables represent an average of the best available currently undeveloped sites across all
States.

Fuel costs assume current cost of fuel. Fuel costs increase with time or volume consumed in the modelling
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O&M costs include labour charges for regular operaaind maintenance of plant equipment, cost of
maintenance material, and labour charges assodidgite@dministration and support functions for
plant operations.

The capital cost, O&M cost and thermal efficieneyadfor CG technologies are recent CSIRO
estimates but are closely related to Wibbedegl (2006). Fuel costs are derived from the primary
cost of fuel that prevailed in the base-year, 2@baverage, across the States these are estitoated
be: black coal ($1/GJ); brown coal ($0.5/GJ); ratgas ($3/GJ); biomass ($1.5/GJ); diesel ($15/GJ)

and uranium ($0.75/GJ).
Table 17: Technology cost and performance assungt010: distributed generation

Installed Capacity O&M Fuel Energy Plant

Capital cost factor  cost cost Efficiency life
Technology AS/kW A$/MWh A$/MWh years
Internal combustion diesel 920 0.30 45 120 0.45 15
Internal combustion natural gas 1260 0.30 50 57 8§0.2 15
Gas turbine 800 0.30 45 57 0.28 20
Gas micro turbine 1175 0.30 45 57 0.28 15
Gas CCGT (CHP) 1350 0.30 10 19 0.85 20
Biomass CHP 3125 0.30 10 10 0.55 20
Gas micro turbine CHP 1495 0.30 50 24 0.68 15
Gas reciprocating engine CHP 1375 0.30 55 22 075 5 1
Biomass 2150 0.30 10 19 0.28 20
Solar Photovoltaic 7275 0.20 2 na na 20
Wind 3625 0.28 2 na na 20
Biogas reciprocating engine 1265 0.30 50 neg 030 0 2
Fuel cell hydrogen 3130 0.50 70 72 0.50 20
Fuel cell natural gas 3130 0.50 70 22 0.50 20

Notes:

Compared to data for centralised generation, data for the distributed generation sector is generally poorer in
quality. The data is from a wide variety of sources.

Capacity factor is generally assumed to be 30% unless specific information suggests otherwise. Where
information is available, capacity factors differ slightly across States.

Energy efficiency refers to the ratio of useful energy output to non-renewable energy input based on gross
calorific value (higher heating value). These ratios are only recorded if they use a fuel.

Fuel costs assume current cost of fuel. Fuel costs increase with time or volume consumed in the modelling

Treatment of technological change

There are several factors that impact upon prajestof future costs of electricity generation
technologies. The three factors which we have gitedhto account for in our methodology are:

» Resource constraints or the quality of resourcedable;
» The volatility of generation plant markets; and

« Technological improvement or “learning”.

With regard to the third factor, it is broadly rgodsed that technological improvement has a close
relationship with deployment. This observation iest made in the early part of last century during
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the study of industrial production of military aiaft (Wright, 1936). It was found that a reduction
costs of technologies can be observed as a fixedarmeach doubling of cumulative production.
These relationships are often called experiendeasning curves.

Experience or learning curves are applied at théddevel so that costs decline as a function chea
doubling of cumulative global capacity installedheTlearning curve approach recognises that
reductions in the cost of capital or plant areatlyethe result of learning that occurs through
experience (“learning by doing”) and economiesaafles as a technology is adopted, rather than
indirectly through the passing of time. A key ingaliion of this approach is that cost changes can
occur at any point in time so long as there has laesufficient interval for capacity to be instdlkend
the relevant economic or policy drivers are in plexkick-start adoption.

The historical learning rate for currently deploydéctricity generation technologies has been
comprehensively reported elsewhere (e.g., McDoaatbShrattenholzer, 2001). However, what we
require for our purposes is the future learning.r&uture learning rates will change as technofogie
pass through various stages of their technologieatlopment. For example, a technology with a
learning rate of 20 percent for each doubling aohalative capacity in the last ten years may have a
learning rate of only 10 percent in the next 20ryee it becomes more mature. As a result, sedting
fixed learning rate now based on historical ratay overestimate future technological change.

To form estimates for future capital costs of o® t&chnologies, we used the following approach:

» Average learning rates for immature technologiearotind 10-15 percent;

« Average learning rates for mature technologiegatfirzd 0-5 percent;

« Alower bound on technology costs equal to the ob#te current most dominant technology; and

« Maximum rate of change in five year period is 1€cpat unless specific advice available that a
breakthrough is occurring.

Based on this approach, the estimated time pathmfal costs for our CG technology set is shown in
Figure 75.

With regard to DG technologies, we employed eses&itom a report commissioned by the UK
Department of Industry (Energy Savings Trust, 20@%)ses a similar methodology to that described
for CG technologies, but does not place limitslmmaximum rate of change over a time period or
impose lower bounds. The estimated time path atalagosts for our DG technology set is shown in
Figure 76.
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Figure 75 Estimated time path of installed capital costsG& technologies
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Figure 76 Estimated time path of installed capital costshi& technologies
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The abbreviations are as follows. ICE: internal bastion engine; CHP: combined heat and power;
CCGT: combined cycle gas turbine; rec.: reciprocgptPV: photovoltaic

It is important to note that these capital cos¢ésraut the sole determinant of technological chdiae.
technologies based on natural gas, for examplesdsieof fuel may be of greater importance. Also
some high cost technologies such as hydro, saamidl and gas peaking plant derive a significant
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portion of their revenue from the higher value peatket. The quality of the resource availabldht t
power plant is also very important. For examplerdhis significant variance in the quality of wind
sites available across Australia.

Figure 6 shows the indicative long run average abselected centralised generation technologies
taking into account the capital costs above, opegatosts, trend fossil fuel costs averaged adiuss
relevant states and a constant quality of renewai®egy resources. In ESM, we make allowances for
changes in renewable resource quality and fossi$ ftosts in each state depending on their rate of
utilisation. As a result, the technology choicesafed in the scenario analysis will not alwaysamat
the implied competitive ranking shown in Figure 77.

Figure 77 Indicative time path of long run average costsd® technologies
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Electricity demand, economic growth and price responsiveness

Projections of future electricity demand by state available from ABARE (see Cuevas-Cubria and
Riwoe, 2006). ABARE's regular national projectiae$ate only to business as usual scenarios. They
are based on future projections of economic grointprovements in energy efficiency and some
efforts to identify near term energy intensive potg, such as those associated with alumina regser
ABARE projects the average growth rate for Austrédi 2030 to be around 1.9 percent, per annum.

Base case demand projections are adjusted dowrfaraechission reduction scenarios to take into
account:

« Lower economic growth as a result of internalisingts of CQemissions into final goods and
services consumed; and

« Lower energy required per unit of GDP due to strtadtchange in the economy (energy intensive
industries decline at the expense of less enetgynsive industries) and greater uptake of energy
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saving technologies and processes. Counter tisttiie possible protection of carbon intensive
export exposed industries which will reduce the am@f restructuring that might have taken
place (Prime Ministerial Task Group on Emissionadiing, 2007).

The degree of change in GDP and energy efficiemewt calculated by the model but is adapted from
the literature such as Energy Futures Forum (2006).imposition of C@prices generally reduces
electricity demand growth to around 1.5 percerGa0.

Demand growth is not entirely fixed because ESMiares that consumers will respond negatively to
electricity price rises and positively to electiygprice decreases. As reported in Graledral (2005),
price elasticities of demand for electricity in fiterature generally range from -0.2 to -0.5. This
means a 10 percent increase in prices would lea®tto 5 percent decrease in electricity demand.

The price elasticity of demand for electricity danexpected to change over time. A useful way to
consider this is to think of a household budget.d&person earning an after tax income of $25,000
and an annual electricity bill of $1,000, electyigiepresents 4% of their annual budget. By 2050,
assuming a 2% per annum real increase in wageasafter tax real income will be approximately
$60,000. On a constant price basis electricity nepvesents just 1.6% of the annual budget. As a
result, the household’s response to a given peaagerthange in this budget item is likely to be $enal
than at present. If we also consider that pricstieity of demand estimates are based on datatinem
previous two decades then it is possible that ptgz#ce elasticity estimates are already out ¢ da
terms of reflecting household and other group’poeses to price changes.

For this reason, in ESM it is assumed the pricstieity of demand is at the very bottom of the mng

in the literature at -0.2. Furthermore, this petasticity only applies for large price changes{ab

25%). For small price changes the price elastmitylemand is assumed to be -0.1. These are applied
uniformly across all customers, except for indastend-users.

Recent analysis in Australia has acknowledgeddtiate industries may be particularly disadvantaged
by the implementation of CQricing if the following three conditions appiyid industry is

particularly emissions intensive; the industryrégde exposed; and this trade exposure is ampbfyed
competition from countries that are not subjeanmssion caps under the Kyoto Protocol (Prime
Ministerial Task Group on Emissions Trading, 208@ddleret al, 2006). As a default assumption, 15
percent of industrial electricity demand was assliregponsive to price changes.

Intermittency

Under the National Electricity Code (NEC), an imétent generator is classified as: “a generating
unit whose output is not readily predictable, imohg, without limitation, solar generators, wave
turbine generators, wind turbine generators anddigénerators without any material storage
capability” (NECA, 2002: Chapter 10, p 27A).

An increased penetration of intermittent supplgeaiseveral issues in the Australian context.,Hirst
may impair the accuracy of “demand” (scheduled gaian) forecasts within the NEM. Second, it
has implications for electrical system stabilityniaintaining power system frequency within defined
limits through the dispatch of frequency controtilary services (NEMMCO, 2003). Related to the
above issues, is the increased need for spinngggve to meet unexpected shortfalls in scheduled
generation or increased fluctuations in frequenioybe reliable, such reserve would need to be
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provided by base-load fossil fuels (most likely)g@&s non-intermittent renewable sources (e.qg.,
biomass or hot fractured rocks).

A number of measures are being considered to onertbe problems posed by an increased
proportion of intermittent generation in the NEMeéTfirst measure is an improved spatial positioning
of the intermittent technologies to reduce the tilithaof their combined output. This measure refat

to the observation that wind regimes experienceosaca large power system are unlikely to be highly
correlated (Archer and Jacobsen, 2003). Ideallgdvi@rms should be spread over different regions
and not be permitted to bank up in single regidmather measure is improvements in weather
forecasting to reduce the uncertainty in the didpatterval. Reliable wind power forecasting has th
potential to considerably improve the cost-effesmtigss of wind farms connected to the grid by
reducing dispatch and commitment errors, redudiagieed for spinning reserve (Outhred, 2003).

Recognising the potential difficulty in managingammittency associated with wind and solar energy,
the contribution of large intermittent technolog{e80MW) was constrained to not exceed 20 percent
of total system generation capacity by 2020 and tinearly increased to a limit of 30 percent by
2050 to recognise some improvement in cost effectorage availability. There is some uncertainty
about whether this constraint is at the right leVWind is already at a high penetration in overseas
countries (e.g., Denmark and Germany) and Soutlréliss suggesting the constraint may be too

low. The highly probable future development of eeléctive electricity or energy storage could push
shares above 30 percent if is progresses fasteethzected.

Within ESM it is assumed that the intermittent doaist applies to centralised and not DG on the
presumption that DG will be sufficiently geograpdilg dispersed and at smaller scale than large
(>30MW) intermittent power stations.

Geological storage of CO,

In determining the potential for the geologicalrage of CQ, the GEODISC program assessed over
100 potential environmentally sustainable sitesd@injection (ESSCIs) by applying a deterministic
risk assessment based on five factors: storageitgpajectivity potential; site details; contairmemt;

and natural resources. Utilising this approach tralia has a Céstorage potential in excess of 1600
years of current annual total net emissions. Howehies estimate does not account for various facto
such as source to sink matching. According to Brad=t al (2004), if preferences due to source to
sink matching are incorporated, Australia may hifeepotential to store a maximum of 25 per cent of
current annual total net emissions, or approximetéD to 115Mt C@per year.

More recent analysis for Victoria assessed theadtpotential for the geological storage of-QO

the offshore Gippsland basin from the Latrobe \fa{ldooperet al, 2005). The study determined that
up to 2000 Mt may be stored over a forty year pe(E0Mt per year) and estimated the cost of CO
transport and storage via a 200km pipeline at $10.6or Western Australia, analysis by Allinsen

al. (2006) identified three potential storage sitethe Perth basin capable of storing 25Mt per j@ar
twenty five years with the cost of G@ansport and storage ranging from $10 to $15/t.

Given the lack of detailed information which woddtilitate the construction of G@ransport and
storage cost curves for all States, a disposalafd&t0/t has been applied to any &red. No cap
on the amount of Cfdhat can be sequestered per year has been appéad the modelling of a CCS
infeasible sensitivity case in this report.
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Air (dry) cooling

The occurrence of the worst drought conditionsaisiern Australia since Federation has heightened
debate about the efficient allocation of scarceewsgsources among competing end-users. This has
been manifested in the widespread use of watatatimhs, debate over desalination and stormwater
harvesting in major cities, and discussions betwikerstates and Commonwealth over administration
of the Murray-Darling Basin.

The situation in south-east Queensland has fore&tate Government to cut the water usage of
Tarong North and Swanbank coal-fired power statmng0 and 20 percent, respectively. Given that
electricity supply in Australia is currently domted by coal-fired generation (approximately 81
percent) this has raised the possibility of redusatkr supply to power stations in other jurisdins.

The default is to assume that new base load finsgipower stations installed after 2007 will bg-dr
cooled. We do not assume that existing water-colodese load fossil fuel power stations will be
converted to air-cooled plant.

The effect of air cooling is a subtraction of apfpneately 2 percent in thermal efficiency relatigea
water cooled plant and an additional $100/kW italhsd capital cost.

Greenhouse gas emission factors

Direct and indirect C& emissions (i.e., C{lus equivalent emissions from other greenhousega
such as methane (GHand nitrous oxides (J®) from direct combustion and indirect upstreanséss
from transport and conversion processes) from fwele calculated as shown in Table 18 below.

Table 18: Full fuel cycle GHG emission factors ébectricity generation fuels

Direct emissions Indirect emissions Total emissions
(gCO,e/MJ) (gC0O,e/MJ) (gC0O,e/MJ)
Black coal 89.92 5.37 95.29
Brown coal 935 0.1 93.6
Natural gas 51.6 11.3 62.9
Diesel 67.5 14.1 81.6
Biomass n.a. n.a. n.a.
Hydrogen from renewables n.a. n.a. n.a.
Uranium 0 - -
Notes:
- small

n.a. means not applicable because the convention is that when the fuel is renewable only indirect emissions are
counted. Alternatively direct emissions for biomass are 94 gCO,e/MJ

Emissions for hydrogen, if produced from natural gas, are 83 gCO,e/MJ with all emissions occurring indirectly.
Source: Australian Greenhouse Office (2002a and 2002b)
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Default electricity policy settings
Nuclear power

Nuclear power is not supported by the current f@dgovernment and is also legislatively prevented
from being taken up in most States. The defaultrapsion is to not allow nuclear power to be
available as a technology. If for sensitivity puspse it is allowed then its uptake is still restitt
before 2035. The justification for this assumpti®the length of construction of a nuclear poweanpl
(around ten years), the time needed to achievaibispn political support and additional time
required to complete the accompanying regulatodylegislative processes.

Mandatory Renewable Energy Target (MRET)

MRET seeks to increase the contribution of renegvablergy sources in Australia's electricity mix by
9,500 GWh per year by 2010. The recent changevargment means that this will now increase to
45,000 GWh by 2020.

Within ESM, MRET is modelled as a constraint ontgrrt electricity by ensuring that the amount of
centralised and distributed renewable generatiootsess than the minimum amounts set out in the
legislation for each year to 2020.

Queensland 13 percent gas target

On 24 May 2000, the Queensland Government annouhe€lieensland Energy Policy — A Cleaner
Energy Strategywith the key objectives of the policy being teelisify its energy mix, facilitate the
supply and use of natural gas in Queensland, eslyeici electricity generation, and reduce growth i
greenhouse gas emissions. A key component of gr@epolicy is the State’s 13 percent gas scheme,
which requires electricity retailers and other lgaparties to source at least 13 percent of their
electricity from natural gas-fired generation. Boheme commenced on 1 January 2005 and will
remain in place until 31 December 2019.

This scheme is implemented in the model in an apmaEte manner, requiring the share of natural
gas-fired electricity consumed in Queensland togase to 13 per cent by 2010. This modification
reflects evidence that the amount of gas-fired geite was below target in 2005.

NSW Greenhouse Gas Abatement Scheme (GGAS)

In January 2002, the NSW Government released alBeandks Position Paper that set the aims and
methodology for the Greenhouse Gas Abatement Scf@B@AS). The scheme came into effect from
1 January 2003. From that time, NSW electricitpitets and some other parties (“benchmark
participants”) must meet mandatory targets forialgahe emission of greenhouse gases from
electricity production and use, up until 2012.

The State-wide benchmark is to reduce greenhousergisions to 7.27 tonnes of carbon dioxide
equivalent per capita by 2007, which is 5 percetduw the baseline year of 1989-90. The targets for
abatement are higher each year from 2003 to 20f@i7theen the benchmark level must be maintained
until 2012.

To reduce the average emissions of greenhouse, gasgsipants will purchase and surrender
abatement certificates to the Independent PriamgRegulatory Tribunal (IPART). Abatement
certificates can be created from the following\atiés:
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« Reduction in the greenhouse intensity of elecirigéneration;
« Activities that result in reduced consumption afatticity (“demand side abatement”);
« The capture of carbon from the atmosphere in feyesterred to as G&equestration; and

» Activities carried out by elective participantsttheduce on-site emissions not directly related to
electricity consumption.

Similar to MRET, GGAS is modelled as a constrdiait requires total emissions from NSW
electricity generation to be less than or equahéoproduct of per person emissions and state
population.

As mentioned above, currently the benchmark schemmds in 2012. Rather than extending the scheme

beyond 2012, the NSW Government has stated therprafe for the introduction of a single national
trading scheme. In the modelling of emission reidacscenarios, NGACs is not extended beyond
2012 due to the commencement of emissions trading.

State Renewable Energy Targets
It is assumed that the state renewable energytsaage replaced by the expanded MRET.
Photovoltaic Rebate Program (PVRP)

There are also direct subsidies for photovoltaiagive Photovoltaic Rebate Programme (PVRP).
Current legislation has the subsidy at $3500-4080itr a 1kW household system. However, it has
recently been announced that the Government vallige $150 million over five years ($26 million
in 2007-08 and $31 million per annum from 2008-92011-12) to extend and expand the
Photovoltaic Rebate Programme, which provides esbfatr the installation of eligible photovoltaic
systems (Treasury, 2007). Under the expansiontiegisousehold rebate rates and caps will be
doubled from current levels. Rebates for househwltide increased to up to $8,000/kW for
households (equivalent to $340/MWh subsidy). b afcludes grants of up to $12,000 to support
installations in schools and other community edooabuildings.

ESM models the absolute amount of funds availaiedlar photovoltaic subsidies and assumes that
whilst the subsidy per household may fall over tartechnology costs fall, the general level of
funding for the PVRP will remain unchanged.
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