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Guide to reading this report
As a caution to the reader, the projected modelling outcomes contained within this report,
merely present a combination of factors at play in each scenario. All modelling projections
and conclusions drawn from projections are highly dependent on the assumptions and inputs
built into the model. Whilst the assumptions contained in the reference case and all of the
five scenarios are considered conservative, it is unlikely that all of these assumptions
adopted as part of this activity will be correct. As a result, it is not appropriate, nor is it
possible, to ‘predict’ with any certainty which scenario, if any, is more likely than another.
These judgements need to be made subjectively by the reader. Thus, the projections
contained in this report are not forecasts but represent the outcome that the model projects if
the circumstances of the scenario take place, if decision makers behave (e.g. Governments,
industry and consumers) in the way the model assumes and if technologies and other supply
factors develop in the ways that have been assumed.
As the alternative transport fuels market is, for the most part, in the early stages of
development, this modelling activity includes many assumptions for parameters that are in
reality uncertain and in some cases rapidly evolving. As a result, the technology and fuel
uptake projections contained in this report need to be interpreted with appropriate levels of
caution, this is especially so for modelling results beyond 2030, where there exists
significant uncertainty and the strength of the assumptions made diminishes.
The future is always uncertain, it is even more so in markets in the early stages of
development. As such, it is the view of the authors that the activity of modelling ‘possible
futures’ are instructive in that they indicate the point at which the various technology or fuel
options should become widely attractive to all consumers and as a result can provide an
indication of the future potential of the sector.

EXECUTIVE S UMMARY
To inform the development of the Alternative Transport Fuels Strategy (the Strategy), the
Department of Resources Energy and Tourism (RET) commissioned CSIRO to conduct
scenario modelling of possible futures for the Australian alternative transport fuels market to
2050. ACIL Tasman was also engaged by RET to provide information and analysis regarding
oil and gas. The study was conducted in consultation with the Alternative Fuels Strategic Issues
Group (AFSIG) a high level Government, industry, and academic representative body formed
and chaired by RET to provide advice towards the development of the Strategy (see Appendix
H for a list of AFSIG participants). The study also sought input from other transport sector
stakeholders who provided input at various stages of the modelling activity.
The purpose of this report is to make publicly available the modelling assumptions, inputs,
results, and analysis. The range of alternative fuels included in this modelling activity are fuels
that are considered likely to potentially enter the Australian market in the period to 2030 and
include: liquefied petroleum gas (LPG); natural gas (compressed (CNG) or liquefied (LNG));
petrol with 10 percent ethanol blend; diesel with 20 percent biodiesel blend; ethanol and
biodiesel at high concentrations; gas to liquids diesel; coal to liquids diesel with upstream CO2
capture; shale to liquids diesel with upstream CO2 capture, hydrogen and electricity.
Several fuels that were included in discussions with AFSIG, including biogas, dimethyl ether
(DME), methanol, butanol and compressed air could not be modelled as they had not previously
been included in the Energy Sector Model (ESM) that was used in this study. It is important that
the reader recognise that exclusion of these and any other candidate fuels is not an indication of
their lack of potential. The authors acknowledge that until these fuels are included in a similar
modelling exercise, how they would have fared - relative to the fuels that were included - is
unknown.
An overview of the scenarios is provided in Table 0-1 below. All scenarios were conservative,
in that they depict a range of possible foreseeable future scenarios. None of the scenarios depict
unpredictable ‘game-changing’ events or developments, such as: major global and domestic
responses to the impacts of climate change, or major technological breakthroughs or changes in
energy or vehicle technologies, nor any direct future government intervention beyond current
policy settings.
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Table 0-1: CSIRO modelling scenario key assumptions
Reference

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Carbon price

None

Government
policy

Government
policy

Government
policy

Government
policy

Government
policy

Demand 1

Moderate

High

Moderate

Moderate

Moderate

Low

Standard

Low capital
aversion to lowcarbon options

Standard

Low capital
aversion to lowcarbon options

Standard

High aversion
on all options

Fuel prices 3

Moderate

Mod-High

Moderate

Moderate

Very high

Mod-High

Electric vehicle
limiting factors
(see table
below)

Limited

Relaxed

Moderate

Relaxed

Moderate

Moderate

Social

attitude 2

Electric vehicle assumptions

Limited

Moderate

Relaxed

Recharging

Home only

Mostly home

Home and public

Maximum market share in passenger
& LCV modes

20%

30%

60%

Vehicle supply to 2020*

7600-30,000 per year

7600-30,000 per year

7600-30,000 per year

Vehicle supply beyond 2020*

50,000 per year growing
2%

80,000 per year growing
10%

Unlimited

Incorporation of Recent Government Policy Announcements into the Modelling
In June 2011, whilst undertaking this modelling activity, the Australian Government released its
carbon pricing policy via the Clean Energy Future Plan (the plan) supported by economic
modelling results in Strong Growth, Low Pollution: Modelling a carbon price report including
an update that was released in September 2011 (Commonwealth of Australia, 2011a and
2011b). The Government’s carbon price policy is assumed to be in place under all scenarios
with the exception of the reference case. Under the policy, a carbon pricing scheme is adopted,
assumed to commence on 1 July 2012, with a national emissions target of 5 percent below 2000
levels by 2020 and 80 percent below 2000 levels by 2050. The starting carbon price is $21/t in
2009-10 dollars ($23 nominal) rising 2.5% real for 3 years then floating. However, for the
transport sector fuels used in private passenger and light commercial vehicles and the use of
natural gas or liquefied petroleum gas (LPG) is excluded indefinitely from a carbon price.
The ESM was also used as an input by Treasury to model the impact of carbon pricing on the
road transport sector (Graham and Reedman, 2011). As this modelling activity commences after
the completion of the Treasury Carbon Price modelling, this modelling varies from Graham and
Reedman (2011) in that it includes broader coverage of the Australian transport sector

1

Moderate growth is consistent with that projected in Strong Growth Low Pollution by Commonwealth of Australia (2011a,b). Low
growth assumes demand grows between 0.1 and 0.25% slower per annum depending on the mode. High demand growth is
between 0.1 and 0.25% faster than Moderate.
2
Standard social attitude includes a 5 year payback on any additional upfront costs associated with alternative fuel vehicles. Low
and high capital aversion halve and double that period respectively.
3
Primary fuel prices are rising in all scenarios. The full fuel price paths are discussed throughout the report. However, to
summarise, the level of the oil price in 2030 for each scenario in Australian dollars is: Reference – $129/bbl, Scenario 1 - $153/bbl,
Scenario 2 - $129/bbl, Scenario 3 - $129/bbl, Scenario 4 - $267/bbl, Scenario 5 - $150/bbl. For the wholesale gas price (Moomba
hub), the price level increase to the following 2030 levels: Reference – $6.9/ GJ, Scenario 1 - $9.2/GJ, Scenario 2 - $6.9/ GJ,
Scenario 3 - $8.0/ GJ, Scenario 4 - $24.1/ GJ, Scenario 5 - $7.9/GJ.
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(domestic aviation, on-road, rail, and domestic marine) 4 and explores the additional sensitivities
of:
• Alternative oil and gas price paths
• High and low consumer willingness to purchase low-carbon vehicles
• High and low transport demand, and
• Alternative views of how limited electric vehicle uptake may be.
Subsequently, when the additional sensitivities were explored and then combined with
additional research and input from AFSIG, the following variation to the original ESM
modelling assumptions were adopted:
• Faster rates of improvement in vehicle fuel efficiency and accelerated improvement in
LPG/LNG efficiency relative to petrol and diesel road vehicles
• Greater range of vehicles suitable for electrification resulting in higher numbers for
electric vehicles
• Allowance for more rapid uptake of natural gas in trucks by increasing the amount of
LNG/CNG capable trucks supplied to the Australian vehicle market
• A slightly more rapid uptake of STL, GTL and CTL
• A twenty five percent improvement in the efficiency of electric vehicles compared to
previous ESM assumptions to reflect models currently available, and
• A declining cost profile for natural gas and LPG vehicles of between 40 to 50 percent.
The modelling also incorporated changes in alternative fuel taxation arrangements that were
legislated in June 2011 to take effect from 1 December 2011. Under these arrangements,
gaseous transport fuel consumption will be subject to excise increasing gradually to around half
the current level for petrol and diesel on an energy equivalent basis. Domestically produced
biodiesel and ethanol are effectively excise free. While these arrangements are subject to review
in the future, the modelling assumes these arrangements remain in place indefinitely.

Summary of Scenario Modelling Findings
Drawing on an analysis of the five scenario and reference case modelling results, the following
high level observations - subject to the model’s assumptions - in the table below have been
observed.
Summary

Details

Alternative
transport fuel
uptake will be
limited in this
decade

The early stage of development that characterises much of the current
alternative transport fuel industry is projected to limit the sector’s
expansion in the next decade. In some cases, the associated technology
has not had enough time to reduce its costs to a commercially attractive
level. In other cases, key technologies in the supply chain are expected to
be economic but are not yet demonstrated. Finally, there are also cases
where the technology is established and economic but requires long lead
times to bring to market at an economic scale.
The combined influence of rising oil prices, carbon pricing and continued
technological development are projected to underpin substantial growth in
alternative fuel consumption in the 2020s.

In the 2020s the
contribution of
alternative fuels will
grow rapidly
Some alternative
transport fuels will
reduce transport

The projected uptake of the lower carbon alternative fuels (particularly
advanced biofuels and electricity) results in a decline in transport sector
greenhouse gas emissions to 2030. Some reversal of this trend is evident

4

The modelling of the transport sector excludes off-road transport, international aviation and international marine consistent with
government carbon price modelling in Commonwealth of Australia (2011a,b).
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sector greenhouse
gas emissions

Strong drivers
supporting the
national uptake of
alternative
transport fuels will
arrest the decline
in Australia’s
transport fuel self
5
sufficiency

The cost of road
transport is
projected to be
stable in the light
passenger vehicle
sector
The cost of road
freight transport is
projected to
increase in the next
decade

The road sector will
adopt the most
diverse mix of
alternative fuels
The rail sector is
expected to adopt
some diesel
substitutes and
increase
electrification
where feasible
The aviation sector
will focus on the
development of
bio-derived jet fuels
to replace
5

in some scenarios post-2030 as the rate of low emission fuel uptake is
projected to be slower during that period relative to growth in demand.
However, there is significant uncertainty beyond 2030. If the rate of
growth in transport demand can be slowed or if the contribution of some
alternative fuels or fuel efficiency improvements can be extended then
transport sector emissions can continue on a declining path.
Given Australia’s many sources of export revenue and the competitive
performance of global oil market in the last several decades, it is not clear
in the modelling as to whether Australia’s level of fuel self sufficiency is an
important consideration. However, should the market status quo change
and greater reliance on Australian sourced fuels become a priority for fuel
suppliers and consumers, the modelling has found that the rate of
alternative fuel uptake would begin to reverse the decline in Australia’s
transport fuel self sufficiency from around 2020, quickly recovering to the
present level of 64 percent. The extent to which transport fuel self
sufficiency remains at this level or improves further is largely dependent
on whether there are strong social and economic factors driving
alternative fuel uptake. Across the scenarios, fuel self sufficiency in 2030
ranges from 55 to 79 percent. If no alternative fuels are developed at all,
Australia’s fuel self-sufficiency will decline to 35 percent by 2030 (see
Figure 0-3).
The whole cost of road passenger transport (cents/km) is projected to be
fairly stable into the future due to fuel efficiency improvements, alternative
fuels and improving technology that act to prevent costs from rising. This
outcome would tend to support road remaining the dominant form of
passenger transport except where intractable congestion and convenient
alternative modes are available.
The cost of road freight travel is expected to increase in the next decade
because there are fewer unrealised fuel efficiency gains available to
offset rising oil prices, total road freight costs are more sensitive to fuel
price changes and that sector is assumed to pay a carbon price on diesel.
However, as alternative fuels, such a natural gas and biodiesel, achieve a
greater share of road freight, fuel costs are projected to stabilise.
Road freight’s competitors in rail and shipping face much the same
pressure but are more efficient on a tonne kilometre basis and are
therefore better positioned to manage this rise in costs.
Almost all of the alternative fuels considered in the modelling are taken up
in the road sector at some time during the period to 2030 reflecting the
fact that road vehicles have historically been more diverse than other
sectors and have a faster turnover of the fleet. The road sector is also the
largest transport fuel user (at 75 percent in 2010).
The rail sector has fewer alternative fuel options available with its existing
infrastructure slow to turnover and being either diesel or electric based.
Biodiesel and natural gas will present the main opportunities for diesel
fuel substitution. Expansion of the share of electricity will be desirable
since it is not affected by expected rising international oil prices and its
production is expected to be increasingly lower emission intensive.
However, this will be limited to areas where grid infrastructure is less
costly to access.
Aviation has a far more limited range of alternative fuel options. Given the
expectation that it will face carbon pricing here and in overseas
destination markets, it is expected that bio-derived jet fuels will be the
only alternative that meets all of their fuel specification requirements for
the current fleet of aircraft. Bio-derived jet fuels are projected to contribute

Fuel self sufficiency is defined as the share of our total annual transport fuel consumption that could be supplied from our annual
domestic production of transport fuels.
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conventional fossil- a growing share of aviation fuel consumption as supply chains mature.
derived sources
Marine transport
Changing international emission standards for shipping are encouraging
will transition from
the shipping fleet to move from fuel oil to diesel as the main fuel source.
fuel oil to diesel
As oil prices rise it will become more attractive for marine transport to
and adopt diesel
consider diesel substitutes such as synthetic diesel (CTL, STL & GTL),
substitutes where
biodiesel and natural gas. However, it may take some time before
available
alternative fuels are readily available at coastal distribution points.
Specific observations about each alternative fuel category
The role of LPG is
In some scenarios LPG tended to decline due to an expected narrowing
uncertain and more of the margin between LPG, petrol and diesel prices. However, in other
research is
scenarios where road vehicles purchasers were assumed to allow a
required to better
longer payback period, LPG continued to play a role in the fuel mix. LPG
understand future
is the only alternative transport fuel that is available with nation-wide
uptake rates
infrastructure and more efficient LPG engines are expected to become
available. However, the complex dynamics of the LPG supply base
including as a by-product of oil refining, from natural recovery and from
natural gas together with export and domestic markets and a recent
decline in LPG consumption at the point of time of the modelling has
resulted in the identification that more research is required to understand
these factors.
Biofuels are
Ethanol consumption was projected to expand in the next five years.
expected to play a
However, beyond 2020 as the volume and variety of non-food biomass
growing role once
feedstocks expands (e.g. algae and coppice eucalypts), these resources
biomass
are expected to be used to produce increasing volumes of biodiesel, for
feedstocks expand all modes currently using diesel, as well as bio-derived jet fuel for the
and technologies
aviation sector.
transition to
advanced biofuel
technology options
Electricity could
In the road sector, electric vehicle uptake rates are dependent on how
replace significant
consumers will perceive the cost of the vehicles over their life time and
volumes of liquid
the limited travel range. However, the greater efficiency of electric road
fossil fuel if social
vehicle drive-trains together with the potential to generate the electricity
attitudes towards
from increasingly lower carbon sources over time, results in projected
this new vehicle
reductions in the total level of fuel consumption with the potential
type are positive
additional benefit of lower greenhouse gas emissions.
Dependent on the
relative influence of
oil and carbon
prices, synthetic
diesel from coal,
shale and natural
gas will play a
future role in the
transport fuel mix
The role of
hydrogen is tied to
the cost
competitiveness of
fuel cell vehicles

Natural gas will be
a valuable
replacement for

Shale, coal and gas to liquids are expected to be competitive future
sources of diesel. However, the influence of rising carbon prices are
expected to eventually curtail their production in the longer run due to
their higher fuel life cycle emission intensity, unless oil prices continue
rising, thereby raising the sale price of diesel.

Hydrogen is projected to be taken up in small volumes in fuel cell vehicles
towards 2050. However, projected outcomes could change if the cost of
fuel cell vehicles declines faster than assumed in the modelling
undertaken here. The challenges associated with the cost of the
hydrogen fuel and development of distribution infrastructure, while not
insignificant, are considered to be of a lower order relative to the
availability of an affordable fuel cell vehicle.
Natural gas is primarily projected to be taken up as LNG in articulated
trucks. Natural gas, either in the form of CNG or LNG, was found not to
be economically viable in passenger cars, smaller trucks and buses. The
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diesel in heavy
road freight

lower average kilometres per year of those smaller classes of vehicles
were not sufficient to pay back the additional vehicle investment required.
However, natural gas could be viable in cases where vehicles travel
significantly further than expected in their vehicle class.

Summary of Comparative Analysis across Scenario Modelling Results
Analysis 6 of all scenario results, finds Scenario 2 as being the scenario that is the most central
across all of the scenarios (lying near the average of projected outcomes on most metrics). It is
also the scenario that is most similar to the scenario modelling previously undertaken by
Treasury as part of their modelling of the Government’s carbon price policy. As a consequence
and for brevity, the following figures present the Scenario 2 results only but with the other
scenario modelling results indicated to illustrate the magnitude of the range between the
scenario outcomes.
Transport Fuel Consumption and Mix
The projected change in the fuel mix under Scenario 2 is shown in Figure 0-1. The findings
demonstrate that while the progress of development of alternative fuels is expected to be slow in
the first decade, alternative fuels are expected to reach a share of 35 percent by 2030 under the
central scenario. However, the range across these scenarios is between 23 and 46 percent.
2500

Electricity
Hydrogen
2000

Natural gas
LPG
Biodiesel

1500
PJ

Diesel - GTL
Diesel - CTL
Diesel - STL

1000

Diesel
Ethanol
Petrol

500

Bio-derived-Jet
Fossil-Jet
0
2010

2015

2020

2025

2030

2035

2040

2045

2050

Figure 0-1: Projected transport fuel consumption by fuel under Scenario 2

There is uncertainty with respect to the uptake of all alternative fuels as shown in Figure 0-2.
The greatest uncertainty in terms of their volume of contribution is with respect to LPG,
biofuels, electricity and synthetic diesel fuels. Natural gas is less uncertain because its economic

6

The metrics for comparison across the whole set of scenario results were: transport fuel consumption; transport fuel self
sufficiency; cost of road transport, road vehicle electrification; and greenhouse gas emissions.
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drivers are widely favourable across the scenarios. Hydrogen is less uncertain because it is
universally unfavourable across the scenarios under the data assumptions applied.
30%
Range across scenarios
Scenario 2
25%

20%

15%

10%

5%

0%
2030

2050

Electricity

2030

2050

Biofuel

2030

2050

GTL, CTL & STL

2030

2050
LPG

2030

2050

Natural gas

2030

2050

Hydrogen

Figure 0-2: Projected share of alternative fuels by fuel under Scenario 2 and the range across all scenarios

Transport Fuel Self Sufficiency
The adoption of alternative fuels also improves Australia’s transport fuel self sufficiency. Fuel
self sufficiency is defined as the share of our total annual transport fuel consumption that could
be supplied from our annual domestic production of transport fuels. Under Scenario 2 transport
fuel self sufficiency decreases during this decade to just above 50 percent but then rapidly
improves from around 2020 reaching 67 percent by 2030 compared to 64 percent at present.
Across the scenarios, fuel self sufficiency in 2030 ranges from 55 to 79 percent. If no alternative
fuels are developed at all, Australia’s fuel self-sufficiency will decline to 35 percent by 2030
(Figure 0-3).
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Figure 0-3: Projected level of transport fuel self sufficiency under Scenario 2, the range across all
scenarios and the outcome if there were no further development of alternative fuels

Model Design: Energy Sector Model (ESM) & Five Possible Future Scenarios
While the Strategy itself covers the time period up to 2030, the modelling study provides
projections out to 2050 to complement a range of recent scenario modelling of the broader
Australian energy sector, such as Treasury’s carbon price modelling and the Australian Energy
Market Operator’s (AEMO) energy scenario modelling.
The reference case is developed from CSIRO’s Energy Sector Model (ESM). The ESM is a
linear programming model of the electricity and transport sectors. The version of the model
applied to this modelling exercise concerns the transport sector only and determines the least
cost mix of fuels, vehicles and other inputs to meet a given transport services demand and
subject to policy or other constraints such as the rate of stock turnover.
ESM is a partial equilibrium (‘bottom-up’) model of the electricity and transport sectors. The
model has a robust economic decision making framework7 that incorporates the cost of
alternative fuels and vehicles as well as detailed fuel and vehicle technical performance
characterisation such as fuel efficiencies and emission factors by transport mode, vehicle type,
engine type and age. ESM also recognises the varying degrees of product, supply and demand
maturity of a wide array of possible fuels that can in practice and theory be used as a transport
sector fuel by applying assumptions about how quickly alternative fuel supplies, vehicles and
distribution infrastructure can be developed.
The five possible future scenario narratives were based on the extensive scenario development
works undertaken by AEMO (MMA, 2009), with some parts reinterpreted and modified where
7

Factors such as community acceptance or uneconomic consumer purchasing behaviour such as technology ‘fast adopters’ are not
generally accounted for unless specified in the scenario definition. As a result of this limitation, ESM’s projections of the starting
point for shifts in preferences for new technologies could be considered conservative.
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not applicable to the Australian transport fuels market. It is important for readers to note that the
original AEMO scenario narrative referenced explored a wider range of carbon prices because
they were developed prior to the release of the Government’s policy on carbon price. The
Government policy assumptions with respect to carbon pricing have been adopted by the five
scenarios but is not included in the reference case.
AEMO scenarios were adopted on the basis that they would afford decision makers with the
ability (albeit a limited one) to compare the degree of contextual differences and linkages
between the Australian stationary energy and Australian transport fuel sectors. The modelling
design acknowledges that in some cases the transport sector competes with other sectors for the
use of fuels such as biomass, electricity and natural gas (e.g. there are innumerate other uses for
biomass and natural gas is expected to grow strongly in electricity generation and as exports).
These conflicts are addressed explicitly in the model or via assumptions dictating how much is
available for the transport sector.
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INTRODUCTION

1.

INTRODUCTION

In April 2011, as part of the development of the Alternative Transport Fuels Strategy (the
Strategy), 8 the CSIRO was commissioned by the Department of Resources Energy and Tourism
(RET) to conduct scenario modelling of possible futures for the Australian alternative transport
fuels market. RET commissioned this work as a result of an identified need by the Alternative
Fuels Strategic Issues Group (AFSIG) 9 a high level Government, industry, and academic
representative body formed and chaired by RET to provide advice in the development of the
Strategy.
ACIL Tasman was also engaged by RET to provide information and analysis regarding oil and
gas. The study was conducted in consultation with the AFSIG. The study sought input from
other transport sector stakeholders who provided input at various stages of the modelling.
The objective of the modelling study is to develop quantitative scenario projections out to 2050,
but focussing primarily on the period to 2030, of Australian alternative fuel use in the transport
sector. Importantly, it was also to complement, where possible, the extensive the scenario
modelling undertaken by the Australian Energy Market Operator (AEMO), and be consistent
with the Australian Government’s carbon pricing policy modelling undertaken by Treasury.
The scope for the modelling is fuel use in the domestic road, water, air and rail sectors. The
modelling primarily seeks to determine for a given set of scenario assumptions:
• The future mix of transport fuels (e.g. petrol, diesel LPG, CNG, ethanol, biodiesel,
electricity);
• The future mix of road engines (e.g. internal combustion, hybrid electric, plug-in
electric, fuel cell);
• The total level of transport fuel consumption; and
• Greenhouse gas emissions.
This report is structured as follows. Section 2 provides an overview of the modelling exercise.
Section 3 defines the key model assumptions preceding the discussion of results for each
scenario in Section 4. Section 5 summarises and discusses the results of the scenario modelling
as a whole.

8

The Strategy, as a key input to the Australian Government’s Energy White Paper (EWP), identifies issues concerning the
development and future use of alternative transport fuels in Australia. It examines the role of alternative fuels in contributing to
public policy objectives and identifies barriers, including market failures, to the development of alternative transport fuels.
9
A list of AFSIG participant organisations is provided in Appendix H.
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2.

MODELLING OVERVIEW
2.1 In tro d u c tio n to th e m o d e llin g e xe rc is e

The modelling was commissioned to provide quantitative scenario projections to inform the
Strategy. The development of this modelling exercise included several stages, such as the
determination of a reference case model, stakeholder consultation and feedback, critical analysis
of modelling inputs, modelling outputs and model framework design.
In the activity of critically analysing and providing material for modelling inputs, outputs and
framework design, ACIL Tasman, AFSIG members and select individuals with modelling
experience in the related sectors provided an invaluable feedback loop to this process. In total,
the AFSIG participants provided feedback on three iterations of assumptions and projections.
As a result of this comprehensive stakeholder feedback and input, there were a wide range of
improvements to the modelling. Specific examples of data or areas of the model that were
modified to accommodate AFSIG feedback were:
•
•
•
•

A faster assumed rate of improvement in internal combustion engine efficiency
Allowance for improvements in the cost of natural gas driven vehicles
Inclusion of a greater diversity of allowable electric vehicle sizes and a more systematic
approach to setting their limits to adoption in each scenario
Exploration of a wider range of consumer behaviours across the scenarios.

The project stages of reference case determination, scenario development and finalisation of
data inputs and assumptions are discussed in further detail in the subsections to this chapter
below.

2.1.1 CS IRO’s Ene rg y S e c to r Mo d e l (ES M) a n d th e Re fe re nc e Ca s e
Given the extensive use of CSIRO’s Energy Sector Model (ESM) throughout Government since
its development in 2006 from an initial partnership with ABARE (CSIRO and ABARE, 2006),
including use of the model by Treasury for carbon price modelling in collaboration with the
Bureau of Transport, Infrastructure and Regional Economics (BITRE), it was decided that the
ESM would be the most appropriate model available to use for this modelling activity.
Additionally, due to its prior broad use across Australian Government Departments, that this
familiarity with the ESM model would allow for maximum utility of the modelling outcomes
for decision makers across Government and stakeholders already familiar with previous
modelling.
To date, the ESM has been widely applied in scenario analysis of transport energy futures
including: alternative emission targets (e.g. CSIRO, 2008; Graham et al., 2008; Reedman and
Graham, 2009), alternative carbon price regimes (e.g. BITRE and CSIRO, 2008; CSIRO and
ABARE, 2006; Commonwealth of Australia, 2008; Graham and Reedman, 2011; Reedman and
Graham, 2011; Commonwealth of Australia, 2011a,b) and high oil price scenarios (Graham and
Reedman, 2010). With each project, the model continues evolve and be refined as
circumstances change and more information becomes available. The reference case has been
developed by applying the most up to date assumptions in ESM at the time of the study.
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2.1.2 S c e n a rio De ve lo p m e n t: Ad o p tio n a n d re fin e m e n t o f AEMO
S c e n a rio s fo r th e Tra n s p o rt Fu e ls S e c to r
Given the rigorous and robust stakeholder engagement in developing the five possible future
scenarios for the previous energy sector modelling undertaken by RET and the Australian
Energy Market Operator (AEMO), it was decided that a prudent approach to adopt with regards
to scenario development would to be to adopt the AEMO’s scenario narratives and modify them
where appropriate so that the assumptions in the narratives were applicable the Australian
transport fuels sector. This approach was also deemed favourable as it would afford decision
makers with the ability (albeit a limited one) to compare the degree of contextual differences
and linkages between the Australian stationary energy and Australian transport fuel sectors. An
overview of the scenarios is provided in Section 2.2 below.
It is important for readers to note that the original AEMO scenario narrative referenced explored
a wider range of carbon prices because they were developed prior to the release of the
Government’s policy on carbon pricing. The Government policy assumptions with respect to
carbon pricing have been adopted by the five scenarios but is not included in the reference case.

2.2 S c e n a rio o ve rvie w
2.2.1 AEMO s c e n a rio s a s a s ta rtin g p o in t in s c e n a rio d e fin itio n
AEMO conducted a scenario development process at the end of 2009 which resulted in five
scenario narratives which were used to conduct scenario modelling for the electricity sector
(MMA, 2009). These narratives explored a variety of energy sector drivers such as changes in
oil and gas prices, carbon prices and economic growth.
Given not all elements of the AEMO scenarios were relevant to transport fuels but that there
needed to be a degree of consistency maintained between the electricity and transport sector
modelling, the AEMO scenarios were re-interpreted for this modelling exercise. For example,
some scenario drivers, such as decentralisation of sources of electricity generation, were
designed to examine an issue specific to the electricity sector and had limited applicability to
exploring the potential of alternative transport fuels.
When starting from a scenario narrative it is necessary to extract and simplify the main
important drivers as it is impossible and impractical to fully capture the richness of a scenario
narrative in a model. The key elements in the AEMO narratives that were determined to be the
most important drivers for transport fuel scenario modelling were:
• The carbon price
• The rate of growth in transport services demand
• Social attitudes to low-carbon vehicles
• Fuel prices
• Factors which could limit or enhance electric vehicle adoption.

2.2.2 Th e s c e n a rio s d e fin e d
The AEMO scenario narratives had names which reflected their themes in relation to the global
environment or the electricity sector. In some cases these names no longer held their intended
meaning when applied to the transport sector and so the transport fuels scenarios were simply
numbered so that the original scenario titles were not misinterpreted as labels with meanings
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that could not be conferred. The mapping in Appendix A indicates how they may be traced back
to the originally named AEMO scenario narratives.
In addition to the scenarios a reference case is included. The reference case is a scenario
designed as a point of reference from which to compare the scenarios rather than representing a
narrative. The key function of the reference case is to be a scenario that does not include a
carbon price as at that point in time of the project, the Government was yet to announce its
carbon pricing policy.
The key assumptions for each scenario are shown in Table 2-1.
Table 2-1: Key scenario modelling assumptions

Reference

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Carbon
price

None

Government
policy

Government
policy

Government
policy

Government
policy

Government
policy

Demand

Moderate

High

Moderate

Moderate

Moderate

Low

Social
attitude

Standard

Low capital
aversion to
low-carbon
options

Standard

Low capital
aversion to
low-carbon
options

Standard

High
aversion on
all options

Fuel
prices

Moderate

Mod-High

Moderate

Moderate

Very high

Mod-High

Electric
vehicle
limiting
factors

Limited

Relaxed

Moderate

Relaxed

Moderate

Moderate

The Government policy assumptions are discussed in Section 2.3 whilst each of the other
scenario assumptions are detailed below.

Carbon Price
Carbon Price assumptions are covered in Section 2.3: Government policy on carbon pricing.

Australian domestic transport sector demand
Ranges for the Australian domestic transport sector demand assumptions are split into three
categories: low; moderate; and high. For transport sector demand, “Moderate” growth is
consistent with the rates projected in Strong Growth Low Pollution by Commonwealth of
Australia (2011a). Those annual rates of growth: 1.8, 2.0, 3.0, 3.3 and 1.7 percent respectively;
for road passenger, road freight, rail aviation and marine transport. This means that road and
marine transport sector activity will be around double its present level by 2050 whilst rail and
aviation activity will be around three and a half times larger. However, fuel efficiency
improvements mean that fuel consumption will not grow as fast.
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“Low” growth assumes demand grows between 0.1 and 0.25% slower per annum than the
“Moderate” level depending on the mode. “High” demand growth is between 0.1 and 0.25%
faster than “Moderate”. To illustrate the impact of these assumptions, annual demand growth of
3.25 percent compared to 3.0 percent will result in a sector that is 10 percent larger by 2050.

Social attitudes
As an economic decision making model, the “standard” social attitude assumed in the modelling
is that consumer will purchase an alternative fuel vehicle if the discounted payback from the
fuel cost savings offsets any additional up-front costs within 5 years. As such all vehicle
purchase decisions are made on the whole cost of travel amortised over a 5 year period and
expressed in c/km (cents per kilometre).This rate applies across all road vehicle types and is a
compromise since there will be variation amongst different consumers. For example, a standard
vehicle loan is for a five year term, however, the life of the vehicle is much longer and many
consumers will have the option to add a vehicle to their existing business or home loan. On the
other hand, attitudes will also differ when evaluating a new vehicle versus retrofits. For retrofits
the payback period would be much shorter reflecting the shorter vehicle life and greater use of
equity or cash financing at this stage of the vehicle life.
In only three of the scenarios we vary this standard assumption for the light road vehicle
categories (passenger and light commercial vehicles). In Scenarios 1 and 3 we assume, based on
the AEMO scenario narratives, that road passenger vehicle consumers have a preference for low
carbon vehicles due to enhanced environmental values. Consequently, it is assumed that upfront vehicle costs are assumed to only represent about half the share of total vehicle cost that
they normally would to a vehicle consumer when considering a new vehicle. In effect, such
consumers will feel they will quickly receive benefits (or payback) equal or greater than the upfront costs from using the vehicle. In Scenario 5 where consumers are very concerned about
their budgets, we change consumer preferences in the opposite direction as consumers seek to
avoid large up-front vehicle capital costs. Consequently we assume that the upfront cost of a
vehicle represents double the share of total vehicle costs that it normally does when considering
a new vehicle purchase. In effect consumer will feel they will only very slowly receive benefits
(or payback) equal or greater than the up-front costs from using the vehicle.

Fuel prices
In order to determine retail fuel prices we need to have an assumption about the level of global
oil and gas prices and, in the case of natural gas and LPG, the extent to which those
international prices drive national prices.
International oil and gas prices are rising in all scenarios and are shown in Figure 2-1 and
Figure 2-2. To summarise, the level of the oil price in 2030 for each scenario in real Australian
dollars is: Reference – $129/bbl, Scenario 1 - $153/bbl, Scenario 2 - $129/bbl, Scenario 3 $129/bbl, Scenario 4 - $267/bbl, Scenario 5 - $150/bbl. For the wholesale gas price (Moomba
hub), the real price level increases to the following 2030 levels: Reference – $6.9/ GJ, Scenario
1 - $9.2/GJ, Scenario 2 - $6.9/ GJ, Scenario 3 - $8.0/ GJ, Scenario 4 - $24.1/ GJ, Scenario 5 $7.9/GJ.
The basis for these projections is outlined in the Oil and Gas Market section. These primary fuel
prices are presented as retail prices in the scenario modelling results section. As has historically
been the case, LPG prices are assumed to follow changes in oil prices. However, there is some
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uncertainty about this outcome as discussed in Insert 2-1 and it is recommended that this
assumption be explored in future research.
Insert 2-1: Uncertainty with respect to the future pricing of LPG
In this scenario modelling, future changes in the non-excise portion of retail LPG prices have
been assumed to follow changes in the oil price. This has historically been the case. However,
there is some uncertainty as to whether this assumption will hold indefinitely.
If LPG pricing continues to move with the oil price the LPG price will increase relative to petrol
and diesel prices for two reasons. The first is because LPG excise will gradually increase to
2015. The second reason only applies to the light duty (less than 4.5 tonnes) market and relates
to the fact that excise rates are set in nominal terms. Excise rates will fall in real terms given
that excise indexation has been abolished since 2001. As such, the highest excised fuels, petrol
and diesel, receive a real reduction in their price via inflation relative to LPG which has a lower
rate of excise.
The uncertainty arises in terms of understanding whether LPG suppliers will have sufficient
incentive to reduce LPG prices should this narrowing of the margin between LPG and
conventional fuels cause the commercial viability of LPG vehicles to be reduced to an
unsustainable level.
Three quarters of LPG production is associated with oil and gas production while the remainder
is a by-product of oil refineries. Around half of LPG production is exported. Given such a high
percentage is exported it would make sense that international energy prices will have a strong
influence on the domestic price of LPG. However, it has been suggested that oil refineries
would have some incentive to keep domestic price low because they lack the necessary export
infrastructure of other LPG suppliers. To avoid their LPG becoming a stranded domestic product
they could adjust their sale price downwards if the price of LPG was at risk of becoming
commercially unsustainable.
There are other domestic markets for LPG (a little less than half of LPG is consumed for nonautomotive uses). Careful consideration of the various domestic LPG markets and limits to
development of export infrastructure would need to be studied to determine whether this LPG
pricing is likely to decouple itself from changes in international oil prices.
Some consideration will also need to be given to what is the appropriate price differential for
LPG. A recent decline in LPG consumption at current LPG prices may need to be examined
with a complex set of drivers all potentially making a contribution (competition from diesel, lack
of LPG vehicle supply, more efficient LPG engines).

Electric vehicles are assumed to have access to off-peak 10 retail electricity prices. These do not
vary across the scenarios but are lower in the reference case where there is no carbon price.
10

This will work differently for different customers. For example, recharging could be set up similar to off-peak hot water heating
which has a time band and is also partly controlled by the retailer. Alternatively, off-peak could refer to a specific time band within
a smart meter and retail time of use contract and be managed using a control system at the household. These system will evolve over
time and at their higher level of sophistication could involve various beneficial electricity system load level options such as drawing
down on the car battery for the evening summer peak and a deeper recharging over night (otherwise in most cases the battery will
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Retail electricity prices are sourced from Commonwealth of Australia (2011a). Using a single
electricity price across the scenarios does create some inconsistency because it would be more
realistic for electricity prices to vary with natural gas price. However, electric vehicle costs are
relatively insensitive to electricity prices with the total fuel bill for an electric vehicle travelling
15,000 km per year being around $220 compared to around $2,000 per year for a conventional
petrol vehicle. As such this inconsistency is not likely to have had a significant impact on
projections.
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Figure 2-1: Oil prices assumed in each scenario

only be topping up a battery that is more than half charged). In any case a discount is assumed to be available and past experience
dictates that this discount will most likely only be available at low electricity load time period such as 11pm to 5 am.
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Figure 2-2: Wholesale natural gas prices (Moomba Hub) assumed in each scenario

Electric vehicle limiting factors
Electric vehicles were singled out for specific scenario assumptions because they have such a
significant impact and at the same time their uptake is the most uncertain because while not a
new concept or technology they represent a substantial change from conventional road vehicles.
The electric vehicle limiting factors assumptions for each scenario are based on considerations
such as vehicle range, existing vehicle ownership patterns and global vehicle supply. Based on
these factors we define a “limited”, “moderate” and “relaxed” set of factors to apply to different
scenarios. The assumptions are summarised in Table 2-2 and apply to electric or hybrid plug-in
electric vehicles from light passenger up to rigid truck vehicle categories. Plug-in hybrid
vehicles (PHEVs) may use a secondary fuel (e.g. petrol, diesel, LPG, etc).
Table 2-2: Details of the electric vehicle scenario assumptions

Limited

Moderate

Relaxed

Recharging

Home only

Mostly home

Home and public

Maximum market share
in passenger & LCV
modes
Vehicle supply to 2020

20%

30%

60%

7600-30,000 per
year

7600-30,000 per
year

7600-30,000 per
year

Vehicle supply beyond
2020

50,000 per year
growing 2%

80,000 per year
growing 10%

Unlimited
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Development of assumptions surrounding electric vehicles: range
It is widely accepted that 90 percent of journeys are within electric vehicle range of
approximately 100km (see for example, Albrecht et al., 2009). However, as potential purchasers
may not place equal utility weighting on all journeys, it is incorrect to draw the conclusion that
potential purchase may not consider (or discount the utility of ) those 10 percent of journeys
where electric vehicle range will be inadequate when making a vehicle purchase choice.
The electric vehicle supply industry is looking at a variety of solutions to this range issue
including, but not limited to:
• Having the option to swap rather recharge batteries
• Making available vouchers for car hire for long distance journeys
• Increasing the number and optimising the locations of public recharging stations
• Having the option to carry out a fast recharging (measured in minutes rather than
hours), and
• Making available PHEVs with a small internal combustion engine that either takes over
vehicle propulsion or commences recharging the battery once it reaches a low state of
charge.
PHEVs are always available to be selected in the model if preferred from a financial point of
view. However, with regard to the other range solutions, it is not known with any certainty
which of them mainstream consumers may prefer, if any.
For the “moderate case” it is assume recharging occurs mostly at home and will therefore be
most suited to households who are able to address the limited range issue by having a second
vehicle which is not wholly electric. Given that 60 percent of households have more than two
cars this implies a maximum 30 percent market penetration. For the “limited” case we also
assume home-based charging but allow for the fact that not all vehicle households will be
willing to adopt this way of managing the range issue. Consequently uptake is limited further to
20 percent. In the “relaxed” case we assume home recharging together with some of the broader
public infrastructure related solutions listed above allow for a much higher penetration of 60%.

Development of assumptions surrounding electric vehicles: Electric vehicle supply
Electric vehicle supply assumptions have mainly been sourced from IEA (2011b) who produced
a technology road map for electric vehicles. In that roadmap they report vehicle manufacturing
plans for global electric vehicle supply to be around 760,000 by 2013, 900,000 by 2015 growing
to 1.4 million by 2020. However, some vehicle manufacturers have more recently discussed
production as high as 4-7 million by 2020 (General Motors, 2011; Renault-Nissan, 2011).
AECOM (2010) assumed growth from a 2015 level of 700,000 by 30 percent per annum
implying around 2.6 million by 2020.
The IEA (2011b) data are adjusted for Australia by following the example of AECOM (2010) in
which it is assumed that 1 percent of global electric vehicle production is supplied to Australia.
This implies that if global supply of electric vehicles is 1 million, 10,000 vehicles per annum
would be supplied to the Australian market. Across all scenarios we have imposed the IEA
(2011b) derived Australian supply figures of 7,600 in 2013 and 9,000 by 2015.
In 2020 we diverge from the IEA (2011b) data. By 2020 the availability is varied from 50,000
(growing at 2%) in the “limited” case to 80,000 (growing at 10%) in the “moderate case” to an
unlimited amount in the relaxed case (implying global electric vehicle production by 2020 of 5
million, 8 million and an unlimited amount respectively). The high level of variation across the
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scenarios reflects the uncertainty in the estimates in the literature and in the extent to which
consumer “pull” will accelerate vehicle supply.

2.3 Go ve rn m e n t p o lic y o n c a rb o n p ric ing
2.3.1 Ca rb o n p ric in g
Government policy is assumed to be in place under all scenarios with the exception of the
reference case. Under the policy, a carbon pricing scheme is adopted, assumed to commence on
1 July 2012, with a national emissions target of 5 percent below 2000 levels by 2020 and 80
percent below 2000 levels by 2050. The starting carbon price is $21/t in 2009-10 dollars ($23
nominal) rising 2.5% real for 3 years then floating. However, for the transport sector, fuels used
in private passenger and light commercial vehicles and the use of natural gas or liquefied
petroleum gas (LPG) is excluded indefinitely from a carbon price.
Consistent with stated Government policy, the combustion emissions of ethanol and biodiesel,
will not be subject to carbon pricing. This follows the convention that the combustion
emissions from biofuels are equal to the amount of carbon dioxide reabsorbed when the biomass
feedstocks are re-grown and therefore over their life cycle, neglecting emissions during
transport and processing, do not contribute additional carbon dioxide to the atmosphere.
Furthermore, the carbon price is not imposed for the first two years for heavy vehicles by
applying a fuel tax offset. The operation of the fuel tax offsets is described below.

2.3.2 Fu e l ta x o ffs e ts a n d c re d its u n d e r Go ve rn m e n t p o lic y
For exempt users, fuel excise is reduced by [ Carbon Price / ($10/t) ] * 2.455 cents per litre
(nominal) for petrol and diesel to reflect the prevailing carbon price. The arrangements also
includes a fuel credit for businesses operating a heavy road vehicle (weighing 4.5 tonnes or
more), who would not benefit from the cut in excise because they would normally be able to
claim any excise paid as company tax already paid at the end of the year (i.e. as a fuel tax
credit). The credit is also available for LPG, CNG and LNG.
The fuel credit is assumed to be applied at the rate:


[ Carbon Price / ($10/t) ] * 2.455 cents per litre for petrol or diesel for heavy on-road



0.67 * [ Carbon Price / ($10/t) ] * 2.455 cents per litre for LPG



0.78 * [ Carbon Price / ($10/t) ] * 2.455 cents per cubic metre for compressed natural



0.5 * [ Carbon Price / ($10/t) ] * 2.455 cents per litre for LNG.

This heavy vehicle fuel credit assistance is assumed to be in place for two years, so that in the
third year and future years heavy vehicle operators face higher fuel costs to reflect the full
amount of the carbon tax.
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2.3.3 Diffe re n c e s a n d c o m m o n a litie s with Go ve rn m e n t p o lic y m o d e llin g
Both this report and the Commonwealth of Australia (2011a) Strong Growth, Low Pollution:
Modelling a carbon price report use the same model, the CSIRO’s ESM (Reedman and Graham
, 2011) and most of ESM’s standard data assumptions, the same demand growth and same
government carbon price policy assumptions.
The Commonwealth of Australia (2011a) only used the road sector component of ESM. It used
the Monash Multi-Regional Forecasting (MMRF) general equilibrium model to determine nonroad sector responses to the carbon price since that model deals with the non-road sector at
similar level of detail and therefore there it was not necessary to duplicate non-road sector
modelling in ESM. The activity levels projected by MMRF have been adopted in the non-road
sector of ESM to ensure some level of consistency.
In terms of the scenarios, this modelling exercise explores some additional sensitivities not
explored in the Commonwealth of Australia (2011a). These additional sensitivities include:
• Alternative oil and gas price paths
• High and low consumer willingness to purchase low-carbon vehicles
• High and low transport demand
• Alternative views of how limited electric vehicle uptake may be.
The outcome of the wider range of scenarios explored in this work, in comparison to the
Commonwealth of Australia (2011a) is that there is more variation in fuel mix in the modelling
results across the scenarios.
There are some differences in modelling assumptions. This modelling exercise received
additional input from AFSIG which was not available at the time of the Commonwealth of
Australia (2011a) report. Based on additional research and AFSIG input the following
assumptions have changed:
• Faster rates of improvement in vehicle fuel efficiency and accelerated improvement in
LPG/LNG efficiency relative to petrol and diesel road vehicles
• Greater range of vehicles suitable for electrification resulting in higher numbers for
electric vehicles
• Allowance for more rapid uptake of natural gas in trucks by increasing the amount
supplied to the Australian vehicle market
• A slightly more rapid uptake of STL, GTL and CTL
• Twenty percent more efficient electric vehicles, and
• A declining cost profile for natural gas and LPG vehicles of between 40 to 50 percent.
Overall, the input of stakeholders in the AFSIG process has led to a less conservative view of
the uptake potential of alternative fuels relative to assumptions applied in Strong Growth, Low
Pollution: Modelling a carbon price.

2.4 Go ve rn m e n t p o lic y o n fu e l ta xa tio n
Petrol and diesel are subject to an excise and excise-equivalent customs duty rate of 38.143
cents per litre. Gasoline and kerosene for use as fuel in an aircraft are also subject to excise and
excise-equivalent customs duty of 3.556 cents per litre. Since 1995, excise rates for aviation
fuels have been set in accordance with funding requirements of the Civil Aviation Safety

28

MODELLING METHODOLOGY

Authority and Airservices Australia to enable the provision of aviation services such as air
traffic control and air safety regulation.
On 29 June 2011, the package of four bills in respect to the future taxation of alternative
transport fuels attained Royal Assent. The new taxation arrangements will apply from 1
December 2011. Table 2-3 illustrates the effective new taxation rates, and reflects the five step
transition of the gaseous fuels into the taxation regime and the Government’s decision to
maintain a 10 year moratorium on the current taxation and grant arrangements for ethanol,
biodiesel, renewable diesel and methanol.
Ethanol and biodiesel are liable for excise of 38.143 cents. However, under the Ethanol
Production Grants Program, grants of 38.143 cents per litre are provided for domestic
production of ethanol. The Energy Grants (Cleaner Fuels) Scheme provides 38.143 cents per
litre grants for the domestic production and import of biodiesel and renewable diesel. These
arrangements will continue until at least 30 June 2021. Fuel tax credits are also available for
heavy duty vehicles and rates vary depending on how the fuel is used for business purposes and
is also affected by the rate of the road user charge, which is currently 23.1 cents per litre.
The fuel taxation measures will be reviewed over time. However, for the purposes of modelling
these arrangements are assumed to remain in place indefinitely.
Table 2-3: Road excise rates for alternative fuels to 2015-16

LPG*

Natural Gas*

Biodiesel**

Ethanol**

$ per litre

$ per kilogram

$ per litre

$ per litre

2011-12*

0.02500

0.05224

0.38143

0.38143

2012-13

0.05000

0.10448

0.38143

0.38143

2013-14

0.07500

0.15673

0.38143

0.38143

2014-15

0.10000

0.20897

0.38143

0.38143

2015-16

0.12500

0.26122

0.38143

0.38143

* LPG and natural gas rates introduced from 1 December in 2011
** Ethanol and biodiesel excise is in some cases offset by other grants. Under the Ethanol Production
Grants Program, grants of 38.143 cents per litre are provided for domestic production of ethanol. The
Energy Grants (Cleaner Fuels) Scheme provides 38.143 cents per litre grants for the domestic production
and import of biodiesel and renewable diesel
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ESM is a linear programming model of the electricity and transport sectors. The version of the
model applied to this modelling exercise concerns the transport sector only and determines the
least cost mix of fuels, vehicles and other inputs to meet a given transport services demand and
subject to policy or other constraints such as the rate of stock turnover.
ESM is a partial equilibrium (‘bottom-up’) model of the electricity and transport sectors. The
model has a robust economic decision making framework that incorporates the cost of
alternative fuels and vehicles as well as detailed fuel and vehicle technical performance
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characterisation such as fuel efficiencies and emission factors by transport mode, vehicle type,
engine type and age.

3.1.1 Lim ita tio n s o f ES M
The modelling approach suffers from a number of limitations which are discussed below.
The first is that it includes many assumptions for parameters that are in reality uncertain and in
some cases evolving rapidly. Parameters of most concern include possible breakthroughs in so
called “second or advanced generation” biofuel production technologies and the unknown
quality and cost of future offerings of fully and partially electrified vehicles. These limitations
are only partially addressed by scenario or sensitivity analysis.
A second major limitation is that ESM only takes account of cost as the major determining
factor in technology and fuel uptake. Therefore, it cannot capture the behaviour of so-called
“fast adopters” who take up new technology before it has reached a competitive price point. For
example, most consumers of hybrid electric vehicles today could be considered “fast adopters”.
Their purchase cannot be justified on economic grounds since the additional cost of such
vehicles is not offset by fuel savings in any reasonable period of time (relative to the cost of
borrowing). Nevertheless, hybrid electric vehicles are purchased and such purchasers may be
motivated by a variety of factors including a strong interest in new technology, the desire to
reduce emissions or status. As a result of this limitation, ESM’s projections of the starting point
for shifts in preferences for new technologies could be considered conservative.
Another factor which ESM can overlook is community acceptance. This limitation might lead
ESM to overestimate the rate of uptake of some fuels and technologies. For example, greater
use of gaseous fuels such as natural gas and the introduction of electricity as a transport fuel
might be resisted by the Australian community which has predominantly used liquid fuels for
transport over the past century. By design, ESM primarily considers whether the choice is
economically viable. Sensitivity analysis of the propensity for consumers to irrationally evaluate
the potential financial benefits of alternative fuel vehicles and the limits to adoption of travel
range limited electric vehicles is conducted in the scenario analysis.
As a result of these limitations, the technology and fuel uptake projections estimated need to be
interpreted with caution. In reality, consumers will consider a variety factors in fuel and vehicle
purchasing decisions. However, it is the view of the authors that the projections are nonetheless
instructive in that they indicate the point at which the various technology or fuel options should
become widely attractive to all consumers.

3.1.2 Fu e ls th a t we re e xc lu d e d a n d o th e r kn owle d g e g a p s
It is the goal of all model designs to include enough information to represent the main current
and future drivers for a given sector of interest and no more. Judgement of this cut-off point is
subjective. In the timeframe available for this modelling exercise it was not possible to make
significant changes to the scope of ESM. Therefore, only the existing list of 14 fuels that
CSIRO had included in the model could be examined as part of this modelling exercise.
Several fuels that were included in discussions with AFSIG, including biogas, dimethyl ether
(DME), methanol, butanol and compressed air could not be modelled as they had not previously
been included in ESM. It is important that the reader recognise that exclusion of these and any
other candidate fuels is not an indication their lack of potential. The authors acknowledge that
until these fuels are included in a similar modelling exercise, how they would have fared relative to the fuels that were included - is unknown.
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Besides the fuels that were excluded, other topics where it was felt more research was needed
include:
• The exploration of projections of oil and gas prices together with expected
technological changes beyond 2035. Although we are generally only interested in
outcomes to the year 2030 or at most 2050, we often need to supply models with
information to 2050 or beyond. The reason is that that a consumer purchasing a vehicle
in 2025, for example, will be taking into account issues beyond 2030 when making that
investment decision. At present oil price projections are only available to around 2030
or 2035. Our understanding of what technological choices will be available are also
similarly limited
• Understanding the potential for faster reductions in the cost of fuel cell vehicles. If fuel
cell vehicles developed faster, then they could displace the market share projected for
plug-in hybrid electric vehicles because they would offer a similar travel range,
emission levels and fuel efficiency
• Seeking to determine if the relationship between LPG and other more internationally
driven fuel prices may diverge in the future (see Box 2-1)
• Seeking to determine whether synthetic diesel products from, shale, coal or gas to
liquids process would be imported, produced locally for local consumption, are likely to
be produced locally for export or some combination of activities. A combination could
include producing synthetic fuels domestically for blending elsewhere whilst also
importing. It could also mean servicing domestic demand, as well as, export demand
with the share of activities changing over time depending, for example, on the relative
carbon price treatment or fuel preferences in different markets
• Seeking to gain a greater understanding of how developments in domestic and global
natural gas markets will likely affect the plausible range of natural gas prices
• Understanding how the oil price might be affected if there was global large scale uptake
of vehicle electrification. The oil price is fixed for each scenario in this analysis.
However, if the level of electrification that is projected in Australia in some scenarios
were to be achieved globally it might be expected to reduce the global price of oil.

3.2 Ke y As s u m p tio n s
3.2.1 Tra n s p o rt s e c to r d e m a n d d a ta
The reference case rate of growth in demand for each transport mode has been sourced from the
Commonwealth of Australia (2011a). 11 Off-road and international shipping and aviation are
excluded from this modelling activity and are not accommodated for in the transport sector
demand data. Population growth, economic growth and the existing level of use (saturation) of a
transport mode are the three key drivers of transport demand growth. Economic growth is
generally higher than population growth and the stronger driver of the three. Subsequently,
Scenarios 1 and 5 respectively explore the possible futures of high and low economic growth of
between 5 and 10 percent variation in transport sector demand depending on the mode relative
to the reference case. The remaining scenarios have transport sector demand only slightly lower
than the reference case reflecting the slight impact of carbon pricing on demand.

11

The Treasury demand growth assumptions are available at:
http://www.treasury.gov.au/carbonpricemodelling/content/chartsandtables.asp
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In Commonwealth of Australia (2011a), domestic air and rail transport are expected to grow
over 300 percent reflecting their strong links to economic growth through freight demand and
relatively low saturation rate in terms of population driven passenger travel. Road transport on
the other hand is more limited by population growth since car ownership in Australia is
currently considered to be closer to saturation point. The low rate of marine transport growth
reflects the limited opportunities for freight to shift to this mode due to access and other
logistical constraints.
Note that fuel consumption will not increase to the same extent as transport demand due to
expected improvements in fuel efficiency which depends on the fuels and technologies taken up
in each scenario.
400

300

% 200

100

0
Private road

Public road

Road freight

Rail freight Rail passenger

Air

Marine

Figure 3-1: Assumed growth in demand by transport mode in the period 2010 to 2050, Commonwealth of
Australia (2011a)

3.2.2 Drive rs o f fu e l a n d ve h ic le c h o ic e s
Economic and other considerations
In the road passenger sector, a multitude of factors influence the type of vehicles that are
purchased each year. ABS (2009) reviewed a number of factors including, purchase cost, fuel
economy and size of vehicle. They found that the purchase cost was the strongest amongst this
group (Table 3-1).
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Table 3-1: Ranking of surveyed factors considered in buying a vehicle from ABS (2009)

Ranking
1
2
3
4
5
6
7
9
10
11
12
13
14
15

Vehicle purchase considerations
Purchase cost/price
Fuel economy/running costs
Size of vehicle
Type of vehicle (e.g. car, 4WD)
Reliability
Appearance
Manufacturers reputation
Age/low kilometres
Safety
Seating capacity
Accessories (e.g. air conditioning)
Engine capacity/performance
Other
Environmental impact/exhaust emissions

The approach applied in this analysis assumed that alternative fuels and vehicles will be taken
up when they represent a cost saving relative to other choices for both freight and passenger
sector users. This is a necessary oversimplification in order to make the analysis of the future
potential of alternative fuels tractable. However, how consumers decide what is an
economically rational choice is not straightforward. Consumers react to fuel prices daily but
have limited ability to change their fuel choice once their vehicle has already been purchased.
For example, E10 is compatible with most modern vehicles and E85 in a more limited range of
vehicles. Alternative forms of diesel from fossil or renewable sources are also partly or fully
substitutable. In these circumstances, the choice is simply choosing the least cost fuel (adjusting
for any changes in energy content if applicable).
At the point of vehicle sale or when considering a retrofit, when a broader range of options are
available, the rational choice would be to compare the full running cost of each vehicle over the
period of ownership, including vehicle purchase cost, registration, maintenance and fuel. The
NRMA’s 2011 Private Whole of Life Fixed Vehicle Operating Costs estimate that such costs
range between 40 to 80c/km for small to large passenger vehicles.
The approach adopted ignores the role of fast adopters, who have a preference for more
advanced vehicles which often do not represent a rational economic choice. However noneconomically rational choices may satisfy demands for more environmentally sustainable or
technological advanced vehicles. The limitations in the model framework design to account for
non-economically rational choices, such as consumer acceptance and ‘fast adopters,’ is
discussed in Section 3.1.1 of this report.
Whilst economic considerations drive most vehicle purchase decisions in the modelling, the
analysis does impose assumptions with respect to preference for vehicle sizes. It is assumed that
there will be a trend to smaller vehicles occupying a greater share of the road fleet reflecting
recent trends in response to higher oil prices since early last decade (see Figure 3-2 below).
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Figure 3-2: Changes in preferences for road vehicle types and sizes, FCAI (2011)

In the road freight sector, as users are commercial operators, economic considerations such as
profit motivation are a much greater concern and subsequently any potential savings are
assumed to be actively pursued. The same assumptions are made for operators in rail, domestic
aviation and shipping.

Switching costs
Road vehicle costs include a mix of upfront and running costs. It is generally acknowledged that
private and commercial consumers have a preference for avoiding upfront costs. This is an issue
for alternative fuels because many options such as vehicle electrification, fuel cells and use of
natural gas or LPG involve higher upfront costs. On the other hand, it may be possible to
address the issue of upfront costs via financing and mixed ownership models. The impact of
upfront costs is explored as a sensitivity in the scenarios.
With the exception of diesel, these upfront costs are assumed to decline in the long term by
approximately 50 percent in the period to 2050.
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Table 3-2: Table of additional up-front road vehicle costs of alternative fuels in A$,000

Passenger

a

LCV

a

Rigid truck

Diesel

3

3

NA

Articulate
truck
NA

Bus

LPG

2.5

2.5

30

65

55

CNG

5.5

5.5

37

NA

60

LNG

NA

NA

NA

50

NA

B100

0

0

0

0

0

B20

0

0

0

0

0

E85

0

0

NA

NA

NA

E10

0

0

NA

NA

NA

Fuel cell

35

35

80

150

140

GTL

0

0

0

0

0

CTL

0

0

0

0

0

STL

0

0

0

0

0

NA

a Larger sized vehicle

The switching costs for the rail and marine sectors are not directly incorporated into the
modelling because the changes in fuel shares are imposed on those sectors rather than cost
optimised. In imposing a slow partial transition to diesel substitutes in marine and rail
transportation the high transport asset cost, expected long commercial lives, and end-use
customisation are taken into account. These factors are assumed to lead fuel users to look for
fuels that work with existing diesel platforms. However, the greater electrification of some
portions of the rail sector is allowed for.
There are no switching costs for the aviation sector. The aviation sector is pursuing bio-derived
jet fuels which meet the fuel standards for existing aircraft when supplied in up to a 50 percent
blending ratio with conventional jet fuel.

Social constraints to the uptake of electric road vehicles
Most alternative vehicles require little adaptation by the user. For example some gas fuelled
vehicles require a change in location of the fuel tank. However, electric vehicles (EVs) could
require more significant adaptation because of their reduced range of around 100 km and battery
recharge could take several hours depending on the technology. This issue was considered so
important that detailed sensitivity analysis was carried out across the scenarios. The basis of the
scenario assumptions and the specific assumptions has been discussed above in section 2.2.2.

3.2.3 Exp e c te d fu e l e ffic ie n c y in th e ro a d s e c tor
The United Kingdom’s King Review (2007) and various other recent studies tend to agree that a
15 to 25 percent improvement in the fuel efficiency of internal combustion engines can be
expected in the next 10 to 20 years. This modelling exercise assumes this improvement in fuel
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efficiency is achieved by 2030. It is further assumed that a significant amount of the
improvement occurs in the first half of the period to 2030 owing to the deployment of
innovations that were sparked by the high oil prices in the mid-2000s.
Petrol vehicles are assumed to improve at the higher end of this range (25 percent) due to their
lesser state of development relative to diesel engines. Diesel engines improve at the low rate of
15 percent. LPG and natural gas vehicles are assumed to rapidly catch up to and keep pace with
diesel energy fuel efficiency. The more rapid change in their fuel efficiency reflects the fact that
since they have a relatively small vehicle stock it will take less time for improvements in new
vehicles to raise the average fleet efficiency.

3.2.4 Fu e l m ix c h a n g e s in th e n o n -ro a d s e c to r
Aviation
Jet fuel is a type of kerosene. Jet fuels must meet stringent international technical and safety
standards. Synthetic jet fuel with the same properties as petroleum-based jet fuel can be made
from coal, natural gas or biomass. These synthetic fuels are referred to as ‘drop-in’ fuels
because they can be used without changes to engine fuel systems and distribution and storage
systems.
While more advanced processes are under development to reduce costs, refining processes
already exist which can convert biomass into jet fuel. Standards for two types of bio-derived jet
fuels have approved by the global governing body, ASTM International. They are Synthetic
Paraffinic Kerosene (FT-SPK) based on the Fischer Tropsch gasification process for solid fuels
such as lignocellulosic biomass; and Bio-SPK based on deoxyhydrogenation of vegetable oils
and animal fats.
CSIRO has recently updated aviation fuel supply chain assumptions in ESM in detail in
collaboration with the aviation industry. An updated view of aviation sector modelling
assumptions was released in May 2011 in an industry road map report called Flight Path to
Sustainable Aviation12. The report outlines the reasoning why bio-derived jet fuel would appear
to be the main sustainable alternative fuel option for the industry and its overall potential.
Consequently, bio-derived jet fuel is the only alternative fuel considered for aviation within the
model.
The road map was supported by a modelling study by Graham et al. (2011) which outlines the
refining process for bio-derived jet fuel, the potential feedstocks, emission factors and potential
for future improvements. These assumptions remain hardwired into ESM and given their
detailed coverage in the public reports referred to they are not repeated here. It should be noted,
that while similar, the model results for the aviation sector in this exercise will be due to
differences in scenario assumptions and some changes in polices, such as excise rates for road
biofuels.
There is also a small quantity of aviation fuel consumed in Australia called avgas that is not jet
fuel. Consumption of this avgas is assumed to be stable with no substitution of alternatives for
simplicity.

12
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Rail and marine transport
The rail and marine transport sectors are modelled in less detail than the road sector because
they both represent less than 5 percent of transport sector fuel consumption and greenhouse gas
emissions. Current electricity consumption by rail only accounts for 1 percent of national
electricity consumption.
The assumed uptake of alternative fuels over time is imposed rather than projected as an
outcome of the modelling. Past trends in the fuel mix are extrapolated. In marine transport the
change to greater use of diesel is notable.
It is also assumed there is a shift in the fuel mix towards lower emission fuels. In rail this means
more electricity compared to diesel, particularly as electricity is expected to decarbonise. A
modest market share (10 percent each) of biofuel and natural gas is assumed to be achieved by
2050 in both rail and water transport reducing the use of fossil diesel.
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Figure 3-3: Historical marine transport fuel mix
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Figure 3-4: Historical rail transport fuel mix

3.2.5 Co n s tra in ts o n th e de p lo ym e n t o f a lte rn a tive fu e l in fra s tru c tu re
Whilst ESM largely determines the uptake of alternative fuels on the basis of cost
competitiveness, the rate at which alternative fuels can increase their share of the overall fuel
mix is controlled by infrastructure constraints. Each fuel has its own unique vehicle and fuel
distribution infrastructure requirements and the need to deploy this new infrastructure is the
main source of delay in deploying new fuels into the fuel mix.

Natural Gas (LNG/CNG)
Australia has an existing natural gas pipeline network and the technology for compressing or
liquefying natural gas is well developed. Although very limited, some public compressed
natural gas fuelling stations are available. Home natural gas compression appliances can be
purchased. LNG processing and fuelling stations would need to be developed at freight hubs.
However, there is no reason to assume this would cause a long term delay.
It is assumed that the supply of natural gas vehicles would be limited for a period. The
economics of global vehicle manufacturing facilities results in some delay or lag between when
the market signals demand for a new vehicle type, and when manufacturers increase their
supply. The assumed rate of increase in CNG and LNG vehicles is shown in Table 3-3.
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Table 3-3: CNL and LNG vehicle supply assumptions

LNG trucks
CNG vehicles

2010-2015
3000
25,000

2015-2020
1500
100,000

After 2020
unlimited
100,000 increasing by
10,000 p.a.

Biofuels
ESM includes a wide variety of biofuel feedstocks. Existing agricultural co-product feedstocks
such as wheat starch, C-molasses, tallow and waste oil are assumed to be available immediately.
A portion of the export fractions of agricultural products such as grain, sugar and canola are
also assumed to be available but are generally too high cost to be taken up in the modelling.
Collectively these feedstocks are termed “first generation”.
Advanced (Second and third) generation feedstocks include non-food resources, such as
lignocellulose and in-edible biologically derived oils. Lignocellulosic sources include forest and
forestry waste, crop stubble and coppice eucalypts. Biologically derived oils include pongamia
and algae. Urban waste is another resource which may contain a mix of feedstocks but
principally lignocellulose such as construction waste.
No delay is assumed in the availability of first generation feedstocks. However, their supply is
limited and, as discussed, some are not economically viable when food prices are high.
Advanced generation feedstocks are assumed to be constrained in terms of how quickly they
can be deployed for two reasons. The first is that they require new refining infrastructure to be
built to accommodate their conversion into transport fuels. Lignocellulose resources are more
generally available and there are some high density hot spots around Australia where relatively
large plant could be developed. Refining processes and resources for biological oils are more
suited to smaller scales. Further complicating the construction of biofuel refining plant is the
fact that ideally some new lower cost refining processes need to be piloted, particularly in
relation to converting lignocelluloses into hydrocarbon fuels, before being deployed at
commercial scale.
The assumptions for refining costs that have been included in the modelling are:
• Gasification/ Fischer-Tropsch: starting at 80c/Lpe (cents per litre of petrol equivalent)
reducing by 70 percent over twenty years (partly as a proxy for other prospective
lignocelluloses refining processes which are not yet proven, e.g. fast pyrolysis).
However, this is also consistent with IEA(2009) projections
• Saccharafication- starting at 22c/Lpe reducing by 25 percent over the next twenty years
• Deoxyhydrogenation – starting at 10c/Lpe reducing by 50% over the next twenty years.
The second constraint to the rate of deployment is that some feedstocks need to be cultivated
before they become available. The development of coppice eucalypts as part of mixed farming
and forestry systems would need to be planned and developed. No significant supplies currently
exist. Similarly for potential biological oil resources such as pongamia and algae, these
resources would need to be trialled and developed. In the case of pongamia, plantations would
not produce the first oil bearing seeds until 7 years after initial planting.
On the basis of these considerations, the supply constraints shown in Table 3-4 for next
generation biofuel feedstocks have been applied in the modelling.
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Table 3-4: Advanced generation biofuel supply constraints by feedstock group

Biofuel derived from
lignocelluloses
Biofuel derived from
vegetable oils

Before 2015
0
0

2015-2020
1500ML increasing by
200ML p.a.
750ML increasing by 200ML
p.a.

Given that the modelling generally finds biofuels used in low blends which do not require any
additional distribution infrastructure or vehicle fleet changes, no specific biofuel distribution
constraints have been applied. The importation of biofuels has not been considered in the
modelling.

Synthetic Fuels (GTL, STL & CTL)
Synthetic production of hydrocarbon fuels, primarily diesel, presents very little challenge from a
fuel distribution and vehicle adoption perspective. The fuels produced are generally considered
to be of similar quality and can be handled and utilised in existing transport modes without any
special infrastructure changes.
Rather, the major constraint to deployment of GTL, STL and CTL is the large non-recoverable
investment risk that is presented by a refining project of this type. Due to the nature of the
Fischer-Tropsch based refining process, efficient scale for the refining plant is around 1.5
gigalitres per annum. At a capacity development cost of around $2.5/L that equates to a
minimum expenditure of around almost $4 billion. Investments of this scale do occur in other
sectors of the economy. However, as the fuel market, is driven by oil price movements that are
relatively volatile, investment markets may perceive this type of investment as more risky
compared to other options in the current financial climate. However, strong international
growth forecasts in transport demand, and subsequently in transport fuel, in countries such as
China and India may change the perception of level of risk in and the level of risk tolerance of
investors towards these types of investments in the longer term.
To take this into account, it is assumed that an extended period of at least a decade of higher
trending oil prices will be required before STL, GTL or CTL refining investment proceeds.
Table 3-5: Synthetic (STL, GTL and CTL) fuel refining construction constraints

STL, GTL & CTL

Before 2020
0

After 2020
1500ML increasing by
200ML p.a.

LPG
LPG distribution infrastructure has a high penetration level in Australia. Additionally, LPG
vehicles are one of the few alternative fuel vehicles which are manufactured locally. As a
consequence there are no constraints imposed on the LPG uptake as a result of infrastructure.
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Electric and plug-in electric vehicles
Although electricity is distributed widely via the transmission and distribution system there are
significant constraints to electric vehicle uptake due to the need for recharging infrastructure
and supply of electric vehicles from the global vehicle market. These issues were considered to
be of high significance and as a result are explored in detail in the scenario assumptions.
Therefore, they are not discussed further here.
Another issue, however, is that local electricity distribution systems may come under some
pressure due to the increased load if electric vehicle uptake reaches a high level. How much of
an issue this will become depends a lot on how recharging is managed more generally which at
this stage is unknown.
If electric vehicles are charged over several hours (at roughly equivalent to the load of a
residential air-conditioner) during periods of low electricity demand they potentially do not
impose any additional pressure on the capacity of the network. However, if some charging
occurs at faster rates or during times when the electricity load is high then they could present
some challenges to existing capacity. The modelling assumes that the former situation occurs
and there are no specific constraints to the capacity of the electricity distribution system. Lower
charging costs during off-peak times should encourage this outcome.

Hydrogen fuel cell vehicles
Hydrogen is not a fuel that has been widely distributed in Australia. It is typically used in
industrial applications where it is manufactured from natural gas reforming on or near the site of
use. If natural gas is the primary energy source for hydrogen then the existing natural gas
pipeline network is a positive. Similarly, if the source of hydrogen is electricity, via electrolysis,
then the existing electricity distribution system is also another positive point in favour of
hydrogen distribution. Some hydrogen fuel cell vehicle manufacturers have been working
towards developing small scale home electrolysis units (Honda, 2011).
However, if new hydrogen distribution systems had to be developed because, for example, it
was desirable to manufacture the hydrogen at a central location (e.g. as a co-product of biomass
to liquids processes or as a measure to smooth out the generation profile at a wind farm) there
are trucking and pipeline systems that could enable that to type of distribution system to be
developed.
There have been many studies examining the optimal ways to distribute hydrogen. Mintz et al.
(2006) and Yang and Ogden (2007) studied the relative merits of three alternative delivery
systems: compressed gas in trucks, liquid gas in trucks and pipelines. Compressed gas trucks
were found to be ideal for low consumption markets at a short distance from the hydrogen
production site. However, if the consumption at the delivery node was high then pipelines were
preferred no matter what the delivery distance was. If the distance was large but the
consumption at the delivery site was moderate then liquid gas distribution in trucks was
preferred.
Pigneri (2005) compared using local electrolysis to compressed gas trucks and pipelines. He
found that there were cost advantages in the strategy of using the electricity grid as the main
distribution system, since this avoided building a pipeline that would be under-utilised for many
years. However, if the market penetration was above 25 percent the other distribution options
were more cost effective.
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Cheng and Graham (2009) tested these general findings in a case study of hydrogen distribution
in Victoria and a more realistic scenario of fuel cell vehicle uptake. The modelling results
generally supported past conclusions about the relative competitiveness of gas by truck, and
liquid by truck and pipeline delivery modes. However, the modelling indicated that pipeline
delivery will not be economic during the early stages of market penetration, will reach a point
of dominance when demand is significant but at short distance, but may lose significant share of
the hydrogen delivery task when new small scale supply fields must be drawn upon as demand
increases.
The wide number of distribution options and the ability to combine different options for
different primary energy resources and at different stages of fuel cell vehicle adoption indicates
there is no basis for constraining hydrogen fuel cell uptake in the modelling on the basis of a
lack of existing distribution infrastructure. However, the model does constrain the rate of global
fuel cell vehicle supply to Australia. Unlike in the case of electric vehicles, there is far less
information regarding the availability of this type of vehicle. Given that fuel cell vehicles use
the same electric drive train configuration as fully electric vehicles (carrying fuel cells and
hydrogen instead of batteries) we assume that fuel cell vehicles can be supplied at the same rate
per annum.

Conventional transport fuels
Petrol and diesel manufactured in the conventional way from oil is assumed to have no limit on
its supply. It is noted that oil is one of the very few energy resources that Australia has in
limited supply and our refining petroleum fuel refining capacity is less than our annual
consumption. However, it assumed in all scenarios that Australia is able to secure the required
amounts of oil for refining or alternatively, petrol and diesel products that have been refined
elsewhere in the world.

3.3 Oil P ric e s
The assumptions underpinning the crude oil price projections are in Table 3-6. It is important to
note that prices are kept constant from 2035 onwards in the projections.
A broader discussion relating to the issues with projecting crude oil prices is at Appendix B. A
detailed discussion of what determines the price of petroleum products in Australia is at
Appendix C.
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Table 3-6: Suggested oil prices as at 2035

Scenario 1

Reference
Case/
Scenario 2

Scenario 3

Scenario 4

Scenario 5

Situation

High
economic
growth leads
to high
commodity
prices

High
economic
growth leads
to high
commodity
prices

Medium
economic
growth leads
to moderate
commodity
prices

Low
economic
growth leads
to moderate
commodity
prices

Low
economic
growth leads
to moderate
commodity
prices

Oil market

Oil prices
rise with
growing
demand

High rate of
new
production
leads to
moderate oil
prices

High rate of
new
production
leads to
moderate oil
prices

Periodic
disruptions
lead to
greater
uncertainty
and very
high oil
prices

High rate of
new
production
leads to
moderate oil
prices

Assumptions

IEA high
case with
adjustments
for current
known price
movements

IEA
reference
case with
adjustments
for current
known price
movements

IEA
reference
case with
adjustments
for current
known price
movements

EIA high
case with
adjustments
for current
known price
movements

IEA low case
with
adjustments
for current
known price
movements

Australian
dollar
exchange
rate
assumptions
$US

Constant at
0.85

Constant at
0.85

Constant at
0.85

Constant at
0.75

Constant at
0.60

Oil price at
2035

$US135/bbl

$US113/bbl

$US113/bbl

$US200/bbl
reaching this
level by 2030

$US90/bbl

Data sources: EIA, 2010; IEA, 2010.

All exchange rate assumptions are consistent with those assumed in ACIL Tasman (2010)
Preparation of Energy Market Modelling Data for the Energy White Paper: Supply
Assumptions Report (13 September 2010).
The oil price assumptions out to 2035 are depicted in the below graph, the accompanying data
tables are contained in Appendix D.
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Figure 3-5 Oil price assumptions $A

3.4 Ga s P ric e s
Gas prices contained in the modelling has been based on information drawn from IEA World
Energy Outlooks (WEO). The IEA as part of their work have considered the interaction of the
following variables:
•
•
•
•
•
•
•
•
•

Expectations of world LNG prices and in particular Asian LNG prices
LNG export projects in Australia coming on stream
Demand growth in Australia notably from electricity generation and mining
The availability and cost of production from existing and new conventional gas fields
and CSG
World economic growth
Climate change policies and carbon price
Technological change including the development of CNG and LNG powered vehicles
Fuel efficiency and energy conservation, and
Developments in other energy sectors including renewables and nuclear power.

The assumptions underpinning the gas price projections are in Table 3-7. A broader discussion
relating to the issues with projecting gas prices is at Appendix E. A detailed discussion of what
determines the domestic price of gas is at Appendix F.
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Table 3-7: Assumptions for gas price modelling

Scenario 1

Reference
Case/
Scenario 2

Scenario 3

Scenario 4

Scenario 5

Exchange rate
($US)

0.85

0.85

0.85

0.75

0.60

Domestic LNG
production for
export 2020
(mtpa)

91.0

46.6

71.2

91.0

46.6

Medium

Medium

Medium

Low

Level of domestic
competition
between coal and
gas
Run NEM ($/GJ)

Aggressive

Normal

Medium

LNG export
parity by
2030
Medium

3

3

3

Netback of
LNG export
parity

3

Run SWIS ($/GJ)

3

3

3

Netback of
LNG export
parity

3

LNG price
scenario

Normal

Note: Netback means the price of gas at the inlet valve to the LNG plant. The price is determined as the LNG price delivered in Japan less shipping and
liquefaction. For this purpose an amount of $5 per GJ has been deducted from the price delivered to Japan.
Data source: ACIL Tasman
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4.

MODELLING S CENARIO RES ULTS
4.1 In tro d u c tio n to m o d e llin g re s u lts

This section provides the modelling results for each of the five scenarios modelled and the
reference case. The results provide projections of the changes in fuel mix across the whole
transport sector and the engine technology mix in the road sector. Some additional road sector
detail is provided in Appendix I since this sector is the largest fuel consuming sector.
When interpreting these results it is important to be mindful that the projected outcomes present
a combination of factors at play in each scenario – they are not forecasts – they merely represent
the outcome that the model projects if all the circumstances within each of the scenarios take
place as assumed.
As the scenario assumptions are interplays of future behaviours, technology outcomes and
supply factors it is unlikely all of these assumptions will be correct within each scenario.
Subsequently, we cannot predict with any certainty which scenario, if any, is more likely to
occur in its entirety than another. Those judgements need to be made subjectively by the reader.
However, the modelling results are informative in the sense that it helps to highlight the impact
that certain drivers could make in a possible future market for alternative transport fuel in
Australia.

4.2 Re fe re n c e c a s e
Key
Assumptions

Reference case

Carbon price

None

Demand

Moderate: Annual rates of growth of 1.8, 2.0, 3.0, 3.3 and 1.7 percent
respectively for road passenger, road freight, rail aviation and marine
transport
Standard: 5 year pay back required on up-front capital costs for light road
vehicles
Moderate: By 2030, real oil price of $129/bbl and real natural gas price of
A$6.9/GJ
Limited: Maximum 20% passenger and LCV share; Vehicle supply 760030,000 per year to 2020, 50,000 per year growing 2% beyond 2020

Social attitude
Fuel prices
Electric vehicle
limiting factors

Unlike the five possible future scenarios, the reference case (based on ESM’s existing data
assumptions) is not a ‘scenario’ in the sense that, due to the omission of a carbon price (or
equivalent scheme) nor any expectation that one will be introduced; it does not represent a
plausible future in light of recent Government policy announcements regarding carbon pricing.
The Government announced its carbon price policy after the commencement of this modelling
activity and whilst the scenarios have been modified to adopt this policy, the reference was not
and as such provides a useful reference point from which the influence of a carbon price on the
transport fuel mix can be demonstrated.
Given that under the reference case Australia has chosen not to put a price on carbon or
implement any other similar scheme, it is assumed Australia receives a smaller share of a
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limited global electric vehicle supply. Investment in other low emission alternative fuels, such
as biofuels, is also more constrained.

4.2.1 Fu e l P ric e s
Figure 4-1 and Figure 4-2 show the assumed changes in retail fuel prices which have been
calculated from the assumed changes in oil and gas prices together with excise and other fixed
distribution, conversion and handling costs. Figure 4-1 emphasises fuels that are purchased by
light vehicles (less than 4.5 tonnes gross vehicle mass) and expresses all retail costs in litres of
petrol energy equivalent since that is the dominant fuel in that market. Expressed in these terms,
petrol is higher cost than diesel because the higher assumed nominal cost of diesel is more than
offset by its higher energy content - the relativity between petrol and diesel will fluctuate in
reality. Also, even in the circumstances of petrol remaining high cost in energy equivalent
terms, it should be remembered when interpreting Figure 4-1 that petrol vehicles are generally
less expensive than diesel vehicles and it is the whole cost of travel which the model evaluates.
The comparison of prices indicates that electricity has a similar retail price, in energy equivalent
terms, to petrol and other transport fuels. However, it should be remembered that an electric
vehicle generally only requires one fifth of the amount of energy per kilometre due to the higher
efficiency of the electric motor and drive-train.
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Figure 4-1: Assumed changes in fuel prices for light duty road vehicles expressed in dollars per litre of
petrol equivalent under the reference case

The gaseous fuels are all lower cost in petrol equivalent terms reflecting their substantially
lower excise rates. The rate of increase in CNG and LNG is linked to the assumed wholesale
gas price changes. A significant component of the cost of LNG and CNG is fixed and relates to
conversion and handling. Consequently, even though gas prices are rising the profile of CNG
prices is flat to declining. The declining component is the real cost of excise. Given fuel excise
rates are set in nominal terms, they are therefore projected to decline in real terms given some
level of inflation will persist.
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The fuel cost component of LPG is assumed to follow the trend in the oil price given this has
historically been the case. Given that the oil price is rising faster than the gas price, and the
primary fuel component in the LPG retail price is a larger share of costs than it is for CNG and
LNG, LPG has a stronger rising price trend. In fact it has the strongest rising trend because
petrol and diesel have a larger declining real excise component than LPG to offset the rising
cost of primary oil inputs.
Biodiesel, CTL, GTL and STL are all assumed to be sold at the prevailing diesel price as this is
considered the economically rational price point for wholesalers to price their product.
Similarly, ethanol is assumed to be sold at the petrol price minus a discount that reflects its
lower energy content. Note, although the petrol and diesel prices set the market price for these
close substitutes, the costs of production for these fuels may be lower than the market price.
Figure 4-2 emphasises fuels that are purchased by heavy duty road vehicles (less than 4.5 tonnes
gross vehicle mass) and expresses all retail costs in litres of diesel energy equivalent since that
is the dominant fuel in that market. The effective rate of excise on heavy road vehicle diesel is
reduced from 38.143 cents/litre to 23.1cents/litre. This is the rate after subtracting fuel tax
credits from the excise and adding road user charges for heavy duty vehicles greater than 4.5
tonnes. However, the road user charges increase over time whilst excise does not.
The retail price of diesel is more competitive with LPG in the heavy duty road sector. However,
the trend in the rate of increase in price of LPG and diesel fuels converge from 2015 as they
begin to share similar levels of effective excise over time. Further discussion of the fuel excise
regime and the fuel tax credit system is in Section 8.2.
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Figure 4-2: Assumed changes fuel prices for road vehicles greater than 4.5 tonnes in dollars per litre of
diesel equivalent under the reference case
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4.2.2 Tra n s p o rt Fu e l Mix
Figure 4-3 shows the projected level of transport consumption by fuel for the reference case. It
shows that there is relatively little change in the fuel mix over the next decade with only modest
development of some alternative resources.
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Figure 4-3: Projected transport fuel consumption by fuel under the reference case

The NSW ethanol target ensures that ethanol consumption expands and then levels out at 10
percent of state petrol consumption. Small volumes of biodiesel and bio-derived jet fuel
commence a moderate expansion from around 2015. Natural gas, mostly in the form of LNG for
trucks is projected to have the strongest growth, albeit from a small base.
These modest expansions in alternative fuel uptake reflect the fact that, whilst most alternative
fuels are competitive or are expected to be competitive at the projected oil prices, they continue
to face considerable constraints across the supply chain. In some cases, vehicles with the
appropriate engine for a certain fuel type are not yet in ready supply. In other cases, it is the
refining capacity which has long infrastructure development lead times that need to be
developed.
An exception to the general trend in consumption of alternative fuels is LPG which is projected
to decline. The major reason for this outcome is the projected rise in LPG prices in energy
equivalent terms relative to petrol and diesel, for reasons discussed above. The availability of
the option to purchase hybrid engines in the road sector has a long run negative influence on the
uptake of LPG with market forces favouring petrol and diesel hybrid engines. Once hybrid
vehicles become available at lower prices in the long term, road users will have less incentive to
use LPG.
In the period from 2020 to 2050 there is a shift in the rate of uptake of alternative fuels.
Synthetic diesel fuels from shale, coal and gas are assumed to be available and competitive. As
a result, all three are assumed to be taken up in the Australian transport fuels market. However,
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given coal and shale price trends are expected to be flatter than natural gas, CTL and STL are
projected to have a greater share of the fuel mix in the long term.
The limitations on the availability of biofuels has meant that most growth in biofuel
consumption has been in replacing diesel for the land transport sectors which offer the highest
sale price for fuel. However, there is a shift toward bio-derived jet fuels in the 2040s and a
subsequent reduction in biodiesel consumption.

4.2.3 Ro a d S e c to r En g ine Mix
Hybrid, electric and plug-in electric vehicles start to become an economically viable option just
prior to 2020. Fast adopters have done so and will continue to take up these technologies before
this time. However, this is the point where ESM has determined it will be a cost effective choice
for the majority. The share of vehicles that can draw power form the grid remains modest over
time, partly reflecting the limits that have been placed on electric vehicle supply in this
scenario. However, hybrid vehicles are projected to account for half of all road kilometres by
2050 (Figure 4-4).
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Figure 4-4: Projected road vehicle kilometres by engine type under the reference case

4.2.4 Gre e n h o u s e Ga s Em is s io n Ou tc o m e s
Figure 4-5 shows the projected direct and full fuel cycle greenhouse gas emissions from the
transport sector. Direct emissions are only those emissions associated with the combustion of
the fuel in use. Full fuel cycle emissions include combustion emissions plus all emissions
associated with the production or extraction of the fuel primary energy source or feedstock,
transportation of the primary energy source, refining or conversion of the primary energy source
into a transport fuel and distribution of the transport fuel to its point of sale.
The noticeable acceleration in the rate of increase in emissions from 2030 reflects the assumed
lack of further improvements in the fuel efficiency of road vehicles. It is possible that further
efficiency measures will be found to prevent this acceleration in fuel consumption. However,
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this remains a significant uncertainty. Overall, the improvements in fuel efficiency and uptake
of some lower emission fuels such as natural gas and biofuels are not sufficient to prevent a
rising trend in greenhouse gas emissions.
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Figure 4-5: Projected direct and full fuel cycle transport sector greenhouse gas emissions under the
reference case

4.3 S c e n a rio 1
Key
Assumptions

Scenario 1

Carbon price

Government policy

Demand

High: Annual rates of growth of 1.9, 2.25, 3.35, 3.55 and 1.95 percent
respectively for road passenger, road freight, rail, aviation and marine
transport
Low capital aversion to low-carbon options for light duty road vehicles
Mod-High: By 2030, real oil price of $153/bbl and real natural gas price of
A$9.2/GJ
Relaxed: Maximum 60% passenger and LCV share; Vehicle supply 760030,000 per year to 2020, unlimited beyond 2020

Social attitude
Fuel prices
Electric vehicle
limiting factors

Scenario 1 is a high economic growth world and one where social attitudes in the road light
vehicle sector are more positively inclined to adopt low carbon fuels, even if that means a long
payback period on the sometimes high up-front costs for road vehicles that can accommodate
them.
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4.3.1 Fu e l P ric e s
As consequence of the high economic growth, average oil prices are higher than the reference
case leading to petrol prices rising to above $1.50/L from around 2020 (Figure 4-6 and Figure
4-7). Retail electricity prices rise faster than under the reference case because a carbon price has
been imposed in the electricity sector increasing the costs of fossil fuelled power generation and
leading to greater uptake of higher cost low emission electricity generation sources. Transport
demand is also higher across all transport modes.
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Figure 4-6: Assumed changes in fuel prices for light duty vehicles in dollars per litre of petrol equivalent
under Scenario 1
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Figure 4-7: Assumed changes in fuel prices for heavy duty road vehicles greater than 4.5 tonnes in dollars
per litre of diesel equivalent under Scenario 1

4.3.2 Tra n s p o rt Fu e l Mix
Both the imposition of a carbon price (excluding the light road vehicle sector) and the assumed
positive attitude of consumers toward low carbon fuel road vehicles lead to a strong change in
the fuel mix relative to the reference case.
In the period before 2020, the amount of change is still somewhat subdued owing to the
constraints discussed in the reference case. However, in Scenario 1 more diesel and LPG
vehicles are sold with consumers less concerned about the higher upfront costs involved with
both types of vehicles. Consequently, diesel consumption expands during this period relative to
petrol and the decline in LPG consumption that was evident in the reference case does not
occur. The uptake of hybrid and electric vehicles is also brought forward to around 2016.
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Figure 4-8: Projected transport fuel consumption by fuel under scenario 1

4.3.3 Ro a d S e c to r En g ine Mix
By 2050 around half of the road transport sector’s kilometres are delivered via electric fuel
using either fully electric or plug-in hybrid electric drive trains. Fuel cell vehicles which also
use an electric drive-train but use hydrogen rather than stored grid electricity as the fuel source
are also expected to contribute to the fleet from 2040.
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Figure 4-9: Projected road vehicle kilometres by engine type under Scenario 1

4.3.4 Gre e n h o u s e Ga s Em is s io n s Ou tlo o k
Looking beyond 2020, the imposition of a carbon price has encouraged the two lowest emission
sources of fuel – biofuels and electricity – to expand substantially relative to the reference case.
Up to 2027, the available biomass is primarily converted to diesel. However, beyond 2027 the
aviation sector is projected to become a large user of bio-derived jet fuel and this slightly
reduces the amount of road biofuels.
Relative to the reference case the pattern of feedstock supply for synthetic fossil diesel
production is somewhat reversed. Owing to the higher emissions associated with coal and shale
feedstock conversion, the consumption of CTL followed by STL tends to decline. GTL
consumption is projected to be stable.
Scenario 1 experiences a significant decline in greenhouse gas emissions to 2030 of around 25%
relative to 2010 on a direct basis. By 2050 emissions begin to rise again owing to the strong
growth in demand and more limited opportunities for further adoption of low emission fuels and
efficiency savings. By 2050, greenhouse gas emissions are 33 and 24 percent lower on a direct
and full fuel cycle basis respectively relative to the reference case.
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Figure 4-10: Projected direct and full fuel cycle transport sector greenhouse gas emissions under Scenario
1 and the reference case

4.4 S c e n a rio 2
Key
Assumptions

Scenario 2

Carbon price

Government policy

Demand

Moderate: Annual rates of growth of 1.8, 2.0, 3.1, 3.3 and 1.7 percent
respectively for road passenger, road freight, rail, aviation and marine
transport
Standard: 5 year pay back required on up-front capital costs for light road
vehicles
Moderate By 2030, real oil price of $129/bbl and real natural gas price of
A$6.9/GJ
Moderate: Maximum 30% passenger and LCV share; Vehicle supply
7600-30,000 per year to 2020, 80,000 per year growing 10% beyond 2020

Social attitude
Fuel prices
Electric vehicle
limiting factors

Scenario 2 is the scenario considered to be the most central scenario across all of the scenarios
in terms of its definition, lying near the average of projected outcomes on most metrics and
most similar to Treasury’s Government policy scenario. This scenario has moderate demand
growth across all transport modes, only marginally lower than the reference case owing to the
minor impact of carbon pricing on the overall level of economic growth. Consumers are neither
overly positive nor negative in their approach to achieving a reasonable payback on low-carbon
light vehicles. A set of moderate assumptions are applied to electric vehicle uptake.
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4.4.1 Fu e l P ric e s
With the exception of high electricity prices (due to a carbon price in the electricity sector), fuel
prices are identical to the reference case (Figure 4-1 and Figure 4-2) and so are not presented
here. Electricity prices are the same as Scenario 1, 3, 4 and 5.

4.4.2 Tra n s p o rt Fu e l Mix
The outcome of the Scenario 2 assumptions is that the fuel mix in the period to 2020 is fairly
similar to the reference case with the main difference being a large biofuel share as a
consequence of the carbon price increasing its competitiveness in air, water, rail and heavy
vehicle road sectors. Despite the lack of a carbon price signal, some biofuel volumes spill-over
into the light road vehicle sector as capacity develops.
In this scenario, LPG consumption diminishes over time. Under the standard assumptions with
respect to vehicle payback period, the LPG-fuelled vehicle whole of life costs have not been
competitive relative to other options available.
Beyond 2020, natural gas, electricity, biofuels and synthetic fuels all increase their share
gradually. Biofuels production expands into bio-derived jet fuel between 2025 and 2030.
Synthetic fossil diesel production expands and contracts as the higher greenhouse gas emission
intensive sources of shale and coal become less competitive with a rising carbon price (in spite
of some upstream capture and storage of CO2).
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Figure 4-11: Projected transport fuel consumption by fuel under Scenario 2

4.4.3 Ro a d S e c to r En g ine Mix
Electrification of the transport sector is projected to being in earnest in the road transport sector
around 2020. The carbon price signal in the heavy vehicle sector is assumed lead to support a
moderate level of electric vehicle availability with spill-over effects for electric vehicle uptake

56

MODELLING SCENARIO RESULTS

more broadly across the light road vehicle sector. By 2050, electricity fuels 15 percent of all
road travel and 50 percent of rail.
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Figure 4-12: Projected road vehicle kilometres by engine type under Scenario 2

4.4.4 Gre e n h o u s e Ga s Em is s io n s Ou tlo o k
The projected direct and full fuel cycle greenhouse gas emissions for Scenario 2 are compared
with the reference case in Figure 4-13. By 2030 direct and full fuel cycle greenhouse gas
emissions for Scenario 2 are 14 and 11 percent lower than the reference case, respectively.
Despite the level of Scenario 2 emissions rising after 2030, by 2050 the level of abatement has
widened further with reductions in direct and full fuel cycle emissions of 24 and 19 percent
respectively. This reflects the increasing adoption of lower carbon fuels.
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Figure 4-13: Projected direct and full fuel cycle greenhouse gas emissions under Scenario 2 and the
reference case

4.4.5 No te o n Ca rb o n P ric e P o lic y a n d S c e n a rio 2
Scenario 2 is closest in assumptions to the Government Policy scenario modelling that was
released in July and updated in September 2011 under Commonwealth of Australia (2011a and
2011b), Graham and Reedman (2011) and Reedman and Graham (2011).
To demonstrate this, the projected transport sector emissions from Scenario 2 and the
Government policy modelling are shown below in Figure 4-14. The main difference is lower
emissions under the Scenario 2 modelling in the first two decades to 2030. Although there are a
number of differences that have been discussed above in Section 2.3.3, these differences
primarily reflect that the modelling presented here has assumed a more accelerated time line for
improvements in road sector fuel efficiency. From around 2030, road sector fuel efficiency in
the two studies is considered much more in accord with each other. As a consequence, fuel
consumption and consequently greenhouse gas emissions more closely align from 2030 to 2050.
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Figure 4-14: Projected direct greenhouse gas emissions from Government policy modelling compared to
Scenario 2

4.5 S c e n a rio 3
Key
Assumptions

Scenario 1

Carbon price

Government policy

Demand

Moderate: Moderate: Annual rates of growth of 1.8, 2.0, 3.1, 3.3 and 1.7
percent respectively for road passenger, road freight, rail, aviation and
marine transport
Low capital aversion to low-carbon options for light duty road vehicles
Moderate: By 2030, real oil price of $129/bbl and real natural gas price of
A$8.0/GJ
Relaxed: Maximum 60% passenger and LCV share; Vehicle supply 760030,000 per year to 2020, unlimited beyond 2020

Social attitude
Fuel prices
Electric vehicle
limiting factors

Scenario 3 is very similar to Scenario 1 in the respect that it assumed consumers have a more
positive attitude to low-carbon road vehicles and are less concerned about the payback period
on alternative fuel vehicles where extra expenses are involved. This scenario also includes an
unlimited supply of electric and plug-in electric vehicles.
Where Scenario 3 differs with Scenario 1 is that it has only moderate demand growth and
moderate oil prices, the same as the reference case. Therefore, we would expect the lower level
of demand to reduce fuel consumption relative to Scenario 1 and that there would be a slightly
more muted uptake of alternative fuels due to the lower oil price signal.
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4.5.1 Fu e l P ric e s
With the exception of a very slight increase in natural gas fuel prices, and higher electricity
prices, fuel prices are otherwise identical to the reference case (Figure 4-1 and Figure 4-2) and
so are not presented here. Electricity prices are the same as Scenarios 1, 2, 4 and 5.

4.5.2 Tra n s p o rt Fu e l Mix
These expectations are largely confirmed. Scenario 3 transport sector fuel consumption is 14
percent lower than the reference case by 2050 reflecting a much more diverse and efficient fuel
mix. One of the main impacts of the lower fuel consumption level is that there is less
competition for biomass resources. For example, when the aviation sector takes up bio-derived
jet fuels in Scenario 1 it significantly reduces road biofuel consumption. However, in Scenario 3
this transition is managed with no significant impact on biofuel use in the road sector.
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Figure 4-15: Projected transport fuel consumption by fuel under Scenario 3

4.5.3 Ro a d S e c to r En g ine Mix
The uptake of hybrid and electric vehicles commences around 5 years earlier under Scenario 3
compared to the reference case. The uptake of hybrid vehicles which do not draw their power
from the grid is much lower than the reference case but only because of substantially more
uptake of electric and plug-in electric vehicles which are grid enabled. Together, the share of
electric, plug-in and hybrid vehicles in Scenario 3 accounts for around two thirds of all road
vehicle kilometres by 2050. Fuel cell uptake which does not occur in the reference case also
features but is delayed by around 5 years relative to Scenario 1. This simply reflects the reduced
need to explore all vehicle options due to lower demand growth in Scenario 3.
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Figure 4-16: Projected road vehicle kilometres by engine type under Scenario 3

4.5.4 Gre e n h o u s e Ga s Em is s io n s Ou tlo o k
Scenario 3 achieves a high level of greenhouse gas emissions reduction over time reflecting the
moderate demand growth together with high alternative fuel uptake (Figure 4-17). By 2030,
direct and full fuel cycle emissions are 35 and 27 percent lower than the reference case,
respectively. By 2050, the relative direct and full fuel cycle greenhouse gas reduction has
increased to 49 and 39 percent respectively.
Compared to the reference case and Scenarios 1 and 2 the upward trend in the period 2030 to
2050 is much slighter. This indicates that the rate of adoption of alternative fuels in Scenario 3,
particularly the more efficient electric drive-train, is better matched to offsetting the continued
moderate growth in demand.
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Figure 4-17: Projected direct and full fuel cycle greenhouse gas emissions under Scenario 3 and the
reference case

4.6 S c e n a rio 4
Key
Assumptions

Scenario 4

Carbon price

Government policy

Demand

Moderate: Moderate: Annual rates of growth of 1.8, 2.0, 3.1, 3.3 and 1.7
percent respectively for road passenger, road freight, rail, aviation and
marine transport
Standard: 5 year pay back required on up-front capital costs for light road
vehicles
Very high By 2030, real oil price of $267/bbl and real natural gas price of
A$24.1/GJ
Moderate: Maximum 30% passenger and LCV share; Vehicle supply 760030,000 per year to 2020, 80,000 per year growing 10% beyond 2020

Social attitude
Fuel prices
Electric vehicle
limiting factors

Aside from the oil price the remaining assumptions are the same as Scenario 2 with consumers
assumed to be neither overly positive nor negative in their approach to achieving a reasonable
payback on low-carbon light vehicles. A set of moderate assumptions are applied to electric
vehicle uptake.

4.6.1 Fu e l P ric e s
A key feature of scenario 4 is that it has a very high oil price trajectory with retail petrol prices
rising to $1.50 per litre in real terms by 2017 and continuing to trend upward to almost $2.50
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per litre by 2030. Oil prices are assumed to stabilise from 2030 onwards. Domestic gas prices
follow this trend in oil pricing.
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Figure 4-18: Assumed changes in fuel prices for light duty vehicles in dollars per litre of petrol equivalent
under Scenario 4
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Figure 4-19: Assumed changes in fuel prices for heavy duty road vehicles greater than 4.5 tonnes in
dollars per litre of diesel equivalent under Scenario 4

High oil and gas prices do in some cases provide a stronger incentive for the early uptake of
alternative fuels. However, many of the prices of alternative fuels are themselves expected to be
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linked to the oil and gas price. The prices of LPG, CNG/LPG, synthetic diesels and biofuels are
all assumed to follow the trend in oil and gas prices. This is because oil and gas are either inputs
to their supply or they are close substitutes and therefore the petrol or diesel price sets the sale
price for their market in energy equivalent terms. This assumption or outcome is based on the
view that suppliers will not seek to significantly undercut the market sale price since they would
be forgoing profits.

4.6.2 Tra n s p o rt Fu e l Mix
As a consequence of the market relationship between conventional fuels and alternative fuels,
the high oil price assumption does not lead to a dramatic change in the fuel mix compared to
Scenario 2 (Figure 4-20) – the central scenario and closest to Scenario 4 in demand and attitudes
to vehicle purchasing. The main change is that biofuels are taken up sooner, particularly in
domestic aviation. Direct natural gas uptake is not affected because while both gas and oil
prices are rising, the margin between natural gas and oil fuel products has not narrowed.
However, natural gas uptake as a feedstock in synthetic diesel production (GTL) is not
economically viable in this scenario.
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Figure 4-20: Projected transport fuel consumption by fuel under Scenario 4

4.6.3 Ro a d S e c to r En g ine Mix
Scenario 4 has very high uptake of hybrid vehicles which is similar to the reference case but
double the amount of electric and plug-in electric vehicles by 2050. A key feature of Scenario 4
is that, the high oil price has meant that mainstream uptake of hybrids, plug-in hybrid and fully
electric vehicles is brought forward by 3 years compared to the reference case (Figure 4-21).
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Figure 4-21: Projected road vehicle kilometres by engine type under Scenario 4

4.6.4 Gre e n h o u s e Ga s Em is s io n Ou tlo o k
The projected direct and full fuel cycle greenhouse gas emissions for Scenario 4 are compared
with the reference case in Figure 4-22. By 2030 direct and full fuel cycle greenhouse gas
emissions for Scenario 4 are 14 and 10 percent lower than the reference case, respectively.
Despite the level of Scenario 4 emissions rising after 2030, by 2050 the level of abatement has
widened further with reductions in direct and full fuel cycle emissions of 20 and 16 percent
respectively. This reflects the increasing adoption of lower carbon fuels. However, the
abatement achieved under Scenario 4 is less than that achieved under Scenario 2 – the central
scenario - mainly because higher gas prices have meant that more carbon intensive synthetic
diesel production process (CTL and STL) have been favoured.
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Figure 4-22: Projected direct and full fuel cycle greenhouse gas emissions under Scenario 4 and the
reference case

4.7 S c e n a rio 5
Key
Assumptions

Scenario 5

Carbon price

Government policy

Demand

Low: Annual rates of growth of 1.7, 1.75, 2.85, 3.05 and 1.45 percent
respectively for road passenger, road freight, rail, aviation and marine
transport
High capital aversion to low-carbon options for light duty road vehicles
Mod-High By 2030, real oil price of $150/bbl and real natural gas price of
A$7.9/GJ
Moderate: Maximum 30% passenger and LCV share; Vehicle supply 760030,000 per year to 2020, 80,000 per year growing 10% beyond 2020

Social attitude
Fuel prices
Electric vehicle
limiting factors

Scenario 5 is a low economic growth world in which consumers are more averse to up-front
vehicle costs due to constrained household budgets. In effect they require the payback period to
be half as long as the normal level assumed in the reference case before they will view paying a
higher up-front cost as being an economically attractive option for reducing running cost over
the life of the vehicle.

4.7.1 Fu e l P ric e s
In Scenario 5 oil prices are moderately high. While oil prices in this scenario rise fairly rapidly,
exceeding the level of $1.50 per litre for petrol in 2014 (two years faster than in the high oil
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price of Scenario 4), the rate of increase in the oil price subsides and levels out by 2016
remaining steady thereafter. The slight decline in retail prices represents a decrease in the real
level of excise.
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Figure 4-23: Assumed changes in fuel prices for light duty vehicles in dollars per litre of petrol equivalent
under Scenario 5
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Figure 4-24: Assumed changes in fuel prices for heavy duty road vehicles greater than 4.5 tonnes in
dollars per litre of diesel equivalent under Scenario 5
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4.7.2 Tra n s p o rt Fu e l Mix
The assumed low growth in demand for transport in all modes has meant that fuel consumption
is significantly lower in Scenario 5 compared to the reference case. By 2030, fuel consumption
is 7 percent lower than the reference case. By 2050, it is 13 percent lower.
The early increase in the price of oil and gas based fuels has not significantly changed the fuel
mix. During the period to 2020 there is limited scope for biofuel expansion and electric vehicle
options remain high cost for most mainstream vehicle purchasers. The general aversion to
paying upfront costs in the road passenger and LCV vehicle market also reinforces the ongoing
dominance of petrol and diesel vehicles. The uptake of natural gas is in the freight sector
reflects the fact that the vehicle purchasing behaviour of the freight sector has not changed.
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Figure 4-25: Projected transport fuel consumption by fuel under Scenario 5

4.7.3 Ro a d S e c to r En g ine Mix
The level of electricity use is the lowest in this scenario with the exception of the reference case.
By design, consumers have been averted from purchasing electric vehicles by reducing the
payback period that they will demand when evaluating whether an electric vehicle is worth the
higher up-front cost. The mainstream uptake of hybrid and plug-in hybrid electric vehicles is
delayed by around 3 years compared to the reference case and fully electric vehicles gain a
marginal share of the vehicle fleet (Figure 4-26).
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Figure 4-26: Projected road vehicle kilometres by engine type under Scenario 5

4.7.4 Gre e n h o u s e Ga s Em is s io n s Ou tlo o k
Scenario 5 has a fairly continuous declining trend in greenhouse gas emissions with the
exception of the last five years. This is in contrast to all other scenarios where there has been a
rise in emissions from around 2030 to 2035 due to a lack of growth in the low emission fuel
share to offset rising demand. The low growth in transport demand in Scenario 5 is responsible
for achieving this more sustained declining trend in greenhouse gas emissions.
The projected direct and full fuel cycle greenhouse gas emissions for Scenario 5 are compared
with the reference case in Figure 4-27. By 2030, direct and full fuel cycle greenhouse gas
emissions for Scenario 5 are 15 and 12 percent lower than the reference case, respectively.
Despite the level of Scenario 5 emissions rising after 2030, by 2050 the level of abatement has
widened further with reductions in direct and full fuel cycle emissions of 34 and 30 percent
respectively.
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Figure 4-27: Projected direct and full fuel cycle greenhouse gas emissions under Scenario 4 and the
reference case
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5.

ANALYS IS OF MODELLING S CENARIO RES ULTS

This section examines the outcomes of the modelling across the whole scenario set to determine
the broader implications for the future of alternative fuels. The metrics for comparison across
scenarios are:
•
•
•
•
•

Transport fuel consumption
Transport fuel self sufficiency
Cost of road transport
Road vehicle electrification and fuel cells, and
Greenhouse gas emissions.

These are addressed in the sections below followed by a summary of the main findings from the
modelling results.

5.1 Tra n s p o rt fu e l c on s u m p tio n
The level of transport fuel consumption across the scenarios is shown in Figure 5-1. It shows
that it is projected to take around a decade before any of the differences in scenario assumptions
begin to have a significant impact on total transport fuel consumption.
The conclusion from the scenario comparisons is that the level of transport demand is the main
determinant of the level of fuel consumption. However, electrification can also significantly
reduce transport fuel consumption, reducing the level of fuel consumption to moderate growth
levels even if demand is high or reducing fuel consumption to low demand levels if demand is
growing moderately. See Insert 5-1 for an explanation of how electrification affects transport
fuel consumption.
Insert 5-1: Note on the impact of electrification

The use of electricity as a fuel radically reduces transport fuel consumption for two reasons.
The first is that the electric drive train is significantly more efficient on an energy per
kilometre basis compared to internal combustion engines.
The second reason is that any energy used to generate the electricity is not counted as
transport fuel consumption. Under the present system of electricity generation, the
resources employed would include predominantly coal together with some natural gas and
some hydro power. However, over the projection period to 2050 increased amounts of
renewable energy supply including geothermal and coal generated power with carbon
capture and storage is expected to be responsible for electricity generation (Commonwealth
of Australia, 2011a).

In the period after 2020, Scenario 3 emerges as the scenario with the lowest fuel consumption
reflecting its high level of electric vehicle uptake.
Scenario 3 maintains its position as the lowest transport fuel consuming scenario until the last
three years of the projection period when it rises above Scenario 5. Scenario 5 has a relatively
limited uptake of electric vehicles and hybrids. However, it has the lowest growth in transport
demand and this more than offsets the lack of electrification to give a low consumption growth
profile.
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The reference case has generally the highest level of fuel consumption due to the lack of fuel
electrification but it is eventually overtaken by Scenario 1 which is the high transport demand
scenario. Scenario 2 and Scenario 4 have only a marginally lower level of fuel consumption to
the reference case reflecting their common level of transport demand growth and moderate
levels of electrification.
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Figure 5-1: Projected transport fuel consumption by scenario

5.2 Tra n s p o rt fu e l s e lf s u ffic ie n c y
Fuel self sufficiency is defined as the share of our total annual transport fuel consumption that
could be supplied from our annual domestic production of transport fuels. As the Australian
transport fuel market is an open market free from national ownership, there is currently no
government targets that distort the market for the purposes of meeting a set level of transport
fuel self sufficiency. It is the current view of Government that fuel markets work best when they
can provide adequate, affordable and reliable fuels from a number of sources, both
internationally and domestically, and are exposed to competition. This position is based on the
premise that market based decisions on where and how to source fuel allocates resources most
effectively and ultimately provides efficient outcomes for industry and consumers. Such
economically rational behaviour, based on geography, feedstock characterisation and costs, is
also why Australia currently exports oil from the north west of Australia and imports crude oil
to refineries on the east coast and to Perth, Western Australia.
As such, an increased reliance on imports and a decline in Australia’s transport fuel
independence is not necessarily a problem, particularly when a country has other exports to
offset its fuel imports (see Appendix C).
However, for the purposes of modelling out to 2050 - a far off future period where the level of
transport fuel self-sufficiency may become more of a priority within that time period (due to
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possible future break downs in the competitiveness of global oil markets due to concentration of
oil resources in fewer regions, disruptions caused by war or catastrophic climatic events) – this
report has calculated transport fuel self sufficiency.
Australia’s crude oil, condensate and LPG production is expected to decline to 668 PJ in 2030
(Geosciences Australia and ABARE, 2010). Should this expectation eventuate and Australia’s
domestic production of alternative fuels does not increase from its current level, according to
the fuel demand projected by ESM we can expect Australia’s transport fuel self sufficiency to
fall from around 64 percent at present to 35 percent by 2030 (see the black line in Figure 5-2).
Note that this value of 35 percent in 2030 is higher than the 24 percent implied by Geosciences
Australia and ABARE (2010) because it is calculated by dividing 668 PJ through by total
transport and non-transport consumption of crude oil condensates and LPG of 2787 PJ in 2030.
However, here we are only concerned with transport fuel consumption of 1692 PJ in the
reference case rather than all end-users. ABARES (2011b) reports that other uses of oil and
LPG accounted for 27 percent of consumption. We also slightly adjust downwards the amount
of domestic fuel production projected by Geosciences Australia and ABARE (2010) to account
for energy losses during conversion of primary inputs into final fuels for consumption.
ABARES (2011b) reports losses of 7 percent at refineries for own use.
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Figure 5-2: Projected change in transport fuel self sufficiency across the scenarios and compared to the
case if there was no further development of alternative fuels

In the market environment of rising oil prices, alternative fuel production is projected to
increase across all scenarios with transport fuel self sufficiency expected to be in the range of
approximately 55 to 80 percent by 2030 after going through two distinct phases.
In phase one, that occurs over the next decade to 2020, transport fuel self sufficiency is in
decline. In phase two, from 2020 onwards, fuel self sufficiency is rising as more alternative
fuels become more competitive and have had time to build their necessary infrastructure and
production capacity.
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The overall trend depicted in the scenarios is that under the expected decline in domestic oil
production, fuel self sufficiency declines and then recovers to something near present levels as
alternative fuel production expands in response to market signals such as higher oil, gas and
carbon prices.
Scenarios 1 and 3 have the highest level of transport fuel self sufficiency at 79 percent owing to
their high alternative fuel uptake. Scenarios 2, 4 and 5 all arrive at similar levels of 67 percent
or two thirds transport fuel self sufficiency by 2030. The reference case has the lowest value of
the scenarios at 56 percent in 2030.

5.3 Co s t o f ro a d tra n s p o rt
The model design framework, being economically rational, results in any cost involved with
switching to alternative fuel or engine vehicles as being automatically cost effective and
therefore minimising the cost of travel in the long term. Figure 5-3 shows the projected changes
in the marginal cost of road transport for road freight (rigid and articulated trucks) and road
passenger (including light commercial vehicles). These average costs are calculated by
amortising the vehicle costs and adding them to running costs to give a total cost of transport in
cents per kilometre.
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Figure 5-3: Projected change in the cost of road transport

In all scenarios, the road freight sector shows the most volatility, reflecting the high percentage
of fuel cost in total cost of travel and the impact of the carbon price from 2014-15.
Opportunities for further efficiency improvements in road freight vehicles are considered more
limited because of the existing high penetration of diesel vehicles in the fleet.
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Diesel fuel efficiency is only assumed to improve by 15 percent by 2030 (compared to 25
percent for petrol vehicles). The model does allow trucks using diesel or any fuel type to be
available as hybrids or, in the case of lighter trucks, run on electricity drawn from the grid.
However, only 15 percent of rigid trucks are assumed to have the appropriate drive cycle and
short range freight route to benefit from running primarily on electricity. Hybrid and electric
efficiency gains are highest when driving is short range and of a repetitive ‘stop-start’ nature.
Road freight sector costs begin to stabilise from around 2020 once a high proportion of vehicles
have switched to biodiesel (reducing the carbon price exposure) and natural gas (reducing their
oil price exposure). Scenario 4 does not experience as significant a reduction because of more
constrained supply of road biofuels due to demand from the aviation sector and stronger growth
in natural gas costs.
By comparison, to 2050, the cost of travel in the passenger and light commercial road transport
sector is much more stable. While experiencing a similar peak and decline period from around
2020 to that of road freight transport, it is much less pronounced in magnitude. Besides the
lower share of fuel costs in total passenger road transport costs, the primary reason for the
steady to declining trend is that there are significant fuel efficiency gains assumed to be taken
up in that sector over the projection period. These include an assumed 25 percent improvement
in the efficiency of petrol internal combustion engines and allowance for higher adoption and
efficiency gains from the use of hybrid and electric drive-trains owing to considerable short
range and ‘stop-start’ drive cycles amongst passenger and light commercial vehicles. The fuel
efficiency gains are expected to offset any increased fuel prices.

5.4 Ro a d ve h ic le e le c trific a tio n a n d fu e l c e lls
Figure 5-4 shows the projected shares of hybrid electric, plug-in hybrid electric, electric and
fuel cell road vehicles in the years 2030 and 2050. Hybrid electric vehicles are of course part of
a current fleet and commercial sales of electric vehicles have also commenced in 2011. Hybrids
with no grid plug-in capability are expected to grow to contribute between 11 and 36 percent of
the total road vehicle kilometres compared to less than 1 percent at present.
Reflecting their assumed higher cost, the projected share of plug-in electric and full electric
vehicles are at a lower level across the scenarios. By 2030 their combined share of road vehicle
kilometres is projected to be between 5 and 30 percent across the scenarios.
To some extent, as much as the hybrid electric vehicle is expected to reduce the share of internal
combustion only vehicles, the greater the uptake of electric and plug-in vehicles, the more
reduced is the uptake of hybrid electric vehicles that have no grid connection capability. This is
particularly the case in Scenarios 1 and 3 where grid connected electric vehicle uptake is high
due to the assumed positive attitude of vehicle purchasers towards paying the higher additional
up-front costs associated with these and other alternative fuel vehicles.
Fuel cell uptake is only projected to occur in the period between 2030 and 2050 in Scenarios 1,
3 and 4. This result is an outcome of the assumptions around the relative cost of a fuel cell
vehicle. If the cost of fuel cell vehicles improves faster than was assumed in all of the scenarios
then they could occupy a much larger share. Most likely they would take the market share of
plug-in hybrid electric vehicles since fuel cell vehicles will offer a similar travel range to plugin hybrids.
For hybrid, electric, plug-in electric and fuel cell vehicles the assumed costs of the vehicles are
the main factor determining model projections in the period to 2030. Electric vehicle uptake
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was only constrained by the assumed global electric vehicle supply assumptions in the years
2018 and 2019 in Scenarios 1 and 3.
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Figure 5-4: Projected shares of hybrid, electric and fuel cell vehicles by scenario in 2030 and 2050

5.5 Gre e n h o u s e g a s e m is s io n s
Figure 5-5 and Figure 5-6 show the projected greenhouse gas emissions across scenarios on a
direct and full fuel cycle basis respectively. On a direct basis, the greenhouse gas emission
reduction to 2050 is in the range of 13 to 34 percent relative to the reference case. On the full
fuel cycle basis, that range is reduce to 9 to 26 percent. Given Government policy is for a
reduction of 80 percent across the economy by 2050 this indicates that the transport sector may
not contribute its proportional share to meeting this national target on the uptake of alternative
fuels in the transport sector. However, the uptake of lower-carbon alternative fuels is just one of
many abatement opportunities that could reduce overall emissions from the transport sector.
The Australian Low Carbon Transport Forum (CSIRO, BITRE and ARRB 2011) will report on
the potential of a wider range of transport sector abatement options such as alternative urban
form, improved freight logistics and behaviour change in December 2011.
Scenario 3 is projected to experience the greatest reduction in emissions reflecting its high lowcarbon alternative fuel uptake and moderate demand growth. Scenario 1 has the next highest
reduction due to having a similar transport fuel mix but its emission trajectory is pulled higher
over time due to higher transport demand growth.
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Figure 5-5: Projected direct greenhouse gas emissions by scenario

Scenario 4 has the next lowest emissions reflecting its low demand growth compared to other
scenarios. Scenario 2 and Scenario 4 have a similar level of emissions and fuel mix. However,
the higher oil and gas prices in Scenario 4 has meant a high uptake of bio-derived aviation fuel
reducing some of the volume of biomass that counts toward domestic emissions (international
flights are not part of Australia’s emissions accounting).
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Figure 5-6: Projected full fuel cycle greenhouse gas emissions by scenario

5.6 S u m m a ry o f m a in fin d in g s fro m th e m o d e llin g
5.6.1 Drive rs o f c h a n g e : o il p ric e s a n d s o c ia l a ttitu d e s
The scenarios explore the impact of different fuel prices and social attitudes in relation to
vehicle drive range and toward paying higher up-front vehicle costs for lower emission vehicles.
Oil prices are rising in all scenarios, albeit at different rates. The differences in the rate of
increases in oil prices did not have a significant impact. This reflects the fact that the threshold
price of oil to make alternative fuels competitive is not too distant from the present. A similar
set of alternative fuels options become competitive across all of the scenarios once they have
had time to develop.
The propensity for consumers to favour (e.g. early adopters, tech. savvy) or disfavour (e.g.
constrained budgets) high up-front vehicle costs tends to have the most impact on the level of
electrification. Adopting biofuels tends to not require changes to up-front vehicle costs and the
LNG fuel savings in trucks appear to be high enough to withstand alternative attitudes to upfront costs. In contrast, the uptake of electric vehicles is highly sensitive to this factor and to the
amount of households willing to own a limited range vehicle with their share of road kilometres
varying considerably across the scenarios where these factors are explored.

5.6.2 Th e p ro s p e c ts fo r a lte rn a tive fu e ls
There are a number of trends that emerged with respect to each alternative fuel. LPG tended to
decline due to a narrowing margin between LPG, petrol and diesel prices in most scenarios.
However, in two of the scenarios where road vehicle purchasers were assumed to allow a longer
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payback period, LPG maintains its fuel market share throughout the projection period. As a
consequence, there is some uncertainty around the future of LPG.
Biofuels are taken up in all scenarios. Ethanol plays a role in the future fuel mix. However,
there is a preference to make available biomass into biodiesel which earns a higher price.
Gas, coal and shale to liquid diesel fuels also play a role in the future fuel mix. Their expansion
is limited by their large scale and curtailed in some scenarios by the carbon price (particularly
shale and coal to liquids which have a higher emission factor despite carbon capture and storage
being applied at the refinery). Also, the price of natural gas will be important in determining the
future role of GTL.
Hydrogen is taken up in small volumes in fuel cell vehicles. This projected outcome could
change if the cost of fuel cell vehicles declines faster than assumed here.
Natural gas is primarily taken up as LNG in articulated trucks. It was found not to be as
economically viable in smaller trucks and buses. The lower average kilometres per year of those
smaller heavy duty vehicles were not sufficient to pay back the additional vehicle investment
required.

5.6.3 Th e ra te o f a lte rn a tive fu e l u p ta ke
The modelling finds that there is only limited opportunity for expansion in alternative fuel
uptake in the next decade. The lack of change in the fuel mix before 2020 reflects the fledgling
nature of many of the prospective alternative fuel industries. In some case, e.g. electric vehicles,
the associated technology has not had enough time to reduce its cost to an attractive level. In
other cases, e.g. biofuels, key technologies in the supply chain are expected to be economic but
are not yet demonstrated. Finally, in other cases, e.g. coal to liquids, the technology is
established and economic but requires long lead times to bring to market at an economic scale.
Closer to 2020, these factors become less constraining and a variety of alternatives fuels start to
make a contribution to total fuel supply. As these alternative fuels are taken up, the rate of
growth in fuel consumption slows, reflecting greater use of more efficient final (retail) transport
fuels such as diesel and electricity. When a carbon price is in place this effect is more
pronounced relative to a reference case with no carbon price.

5.6.4 Th e im p a c t o f c a rb o n p ric in g o n th e tra ns po rt fu e l m ix
The carbon price is imposed on the freight sector and non-road passenger transport.
Consequently, fuels such as biodiesel, bio-derived jet fuel and natural gas, which together can
replace conventional diesel and petroleum derived jet fuel, make the most significant increase in
fuel share under a carbon price. The declining emission intensity of electricity generation also
sees electricity play a key role as a future alterative transport fuel.
These changes do not remain confined to only the non-road and heavy road sectors. It is
assumed that the expansion of biofuel production, development of infrastructure for
electrification and existing oil price pressures means that the light vehicle road sector also
adopts these low carbon fuels.
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5.6.5 Gre e n h o u s e g a s e m is s io n s , c o s t a n d o th e r o u tc o m e s o f
a lte rn a tive fu e l u p ta ke
Due to the uptake of some lower carbon alternative fuels (particularly advanced biofuels and
electricity) the profile of transport sector greenhouse gas emissions is projected to be declining
under a carbon price to 2030. Some reversal of this trend is evident in some scenarios post-2030
as the rate of low emission fuel uptake is projected to be slower during that period relative to
growth in demand. However, if the rate of growth in transport demand can be slowed or if the
contribution of alternative fuels or fuel efficiency improvements can be extended then transport
sector emissions can continue on a declining path.
As discussed in Section 5.2 Transport fuel self sufficiency, Australia has many sources of
export revenue and global oil markets are competitive. However, if it were to become a policy
goal, the modelling has found that the rate of alternative fuel uptake would begin to reverse the
decline in Australia’s transport fuel self sufficiency from around 2020, quickly recovering to the
present level of 64 percent. The extent to which transport fuel self sufficiency remains at the
level or improves further is largely dependent on whether there are strong factors (e.g. high oil
prices, social preferences for alternative fuel vehicles) driving alternative fuel uptake.
The whole cost of road passenger transport (cents/km) is projected to be fairly stable into the
future as fuel efficiency improvements, alternative fuels and improving technology keep costs
from rising. However, the cost of freight road travel is expected to increase in the next decade
because there are fewer unrealised fuel efficiency gains available to offset rising oil prices, road
freight costs are more sensitive to fuel price changes and due to the anticipated imposition of the
carbon price on that sector. However, as alternative fuels such as natural gas and biodiesel
become a great share of road freight, fuel share costs are projected to stabilise.
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AP P ENDIX A: MAP P ING THE AEMO S CENARIO
NARRATIVES TO THE TRANS P ORT FUEL S CENARIOS

The AEMO scenario narratives had names which reflected their themes in relation to the global
environment or the electricity sector. In some cases these names no longer held their intended
meaning when applied to the transport sector and so the transport fuels scenarios were simply
numbered. However, the mapping below in Table 6-1 indicates how they may be traced back to
the AEMO scenario narratives.
Table 6-1: AEMO scenario names and corresponding scenario number

AEMO scenario narrative
Not applicable
Fast rate of change
Uncertain future
A decentralised world
Oil shock and adaptation
Slow rate of change
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Transport fuel scenario
Reference
Scenario 1
Scenario 2
Scenario 3
Scenario 4
Scenario 5
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7.

AP P ENDIX B: IS S UES IN P ROJ ECTING FUTURE CRUDE
OIL P RICES

Projections of oil prices are subject to considerable uncertainty. Global oil price movements are
subject to a number of influences on both the demand and supply side.
On the demand side, projections of economic growth can result in widely fluctuating
expectations of demand and hence oil prices. In addition, policy induced demand restraint from
climate change policies are also lowering earlier expectations of demand growth. This is
reflected in the latest oil market outlook issued by the IEA in 2010 and discussed below.
On the supply side, the emergence of non conventional sources of supply along with the need to
tap more remote and deeper conventional resources is expected to lead to gradually rising costs
of production from new sources of supply over the longer term. Periodic perturbations in supply
from incidents, such as Hurricanes Katrina and Rita in the Gulf of Mexico in 2005, or
reductions in supply from political and other events, such as occurred in Libya during 2011, can
also create short term price volatility around the longer term trend.
Some caution is justified when formulating projections. Forecasting future oil prices is fraught
with difficulty, and projections from authoritative sources often turn out to be wide of the mark.
This has been demonstrated in a study of projections by the Energy Information Agency and the
International Monetary Fund (IMF) in an article published in 2006 (Daniel et al., 2008). Daniel
et al. (2008) showed that projections by the Energy Information Agency over the ten years from
1985 to 1995 were consistently higher than the outcome until 1994 after which they were lower
than the outcome.
Daniel et al. (2008) showed that expected price movements were strongly influenced by strong
expectations of higher prices despite the downward pattern of price movements that occurred
for the majority of the period up until 1994. When the Agency included the downward trend in
their forecasts in 2005, the oil price reversed and their projections turned out to be generally too
low. The IMF on the other hand assumed the price at the time of publishing continued
unchanged. The IMF price projections were invariably not realised.
The main lesson from these observations is that the most recent price trends sometimes have a
stronger influence on forecasters’ expectations of future price movements than may be
warranted. Predictions of oil prices therefore need to be treated with some caution in policy
analysis.
The IEA releases energy projections around November of each year. They are based on regular
monitoring of economic and energy market trends and represent probably the most authoritative
projections that are available around the world.
Oil prices are traditionally quoted in US dollars. Exchange rate changes can also have a
significant impact on domestic prices expressed in Australian dollars. The inverse relationship
between the ratio of the petrol retail price in Australia to the crude oil price (in US dollars per
barrel) and the strength of the Australian dollar is clearly evident in Figure 7-1.
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Data sources: AIP, EIA and RBA.

Figure 7-1: Ratio of retail petrol price and crude oil price (left axis) versus the exchange rate of the
Australian dollar (right axis)

In the absence of the rise in the exchange rate of the Australian dollar, the rise in the petrol
pump price in Australia following the gradual recovery of the world economy from the Global
Financial Crisis would have been much steeper. Figure 7-2 shows that in real terms, the price
trend for diesel and petrol has been relatively flat over 6 years to September 2011.

Note : Prices are deflated by the Consumer Price Index (index = 100 in June 2011)
Data source: ACIL Tasman calculations based on pump price data from AIP and crude oil price data from EIA, exchange rate data from RBA and CPI
data from ABS.

Figure 7-2: Real prices of ULP, diesel and Tapis blend crude, September 2001 to May 2011 (Australian
cents per litre)

The outlook for world supplies of liquid fuels under the reference cases produced by the
International Energy Agency (IEA) and the Energy Information Administration of the US
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Department of Energy (EIA), project the demand for liquid fuels to increase from around 87
million barrels per day (mbd) to around 108 mbd by 2035. However, both agencies test
scenarios that envisage lower outcomes. OPEC projections are close to these reference cases
(IEA, 2011a; EIA, 2010; OPEC, 2010).
The IEA projections indicate that production of liquid fuels will be sufficient to meet this
demand to 2035. While the projections of production from non-OPEC countries declines
slightly over the period, production from OPEC countries increases under the IEA reference
scenario.

Data source: World Energy Outlook 2010© OECD/International Energy Agency 2010, figure 3.18, page 21.

Figure 7-3: World oil production by source - New Policies Scenario in IEA 2010 Outlook

It should be noted that these projections include production of unconventional liquid fuels and
natural gas liquids. The marginal cost of production of these unconventional fuels is higher.
Accordingly, the projections contemplate rising oil prices over this period for the reference
case. The bands of price projections are however very wide. The EIA price projections range
from $US50/bbl to $US200/bbl (Figure 7-4).
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Data source: EIA, 2010.

Figure 7-4: Oil price projections by the IEA and the EIA ($US/bbl)

ACIL Tasman views on the impact of ‘peak oil’ are that despite growing dependence on
imported sources of crude oil and refined petroleum products, adequacy in terms of suppliers
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being able to satisfy demand, is likely to be maintained to 2030. However, capacity constraints
may appear from time to time and result in upward pressure on prices in the longer term.
The need to produce liquid fuels from higher cost reservoirs and from non conventional sources
is likely to result in the price of crude oil rising over the next twenty years as existing fields are
depleted and new higher cost sources of supply are developed.
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AP P ENDIX C: DETERMINANTS OF THE P RICE OF
P ETROLEUM P RODUCTS IN AUS TRALIA

The prices of petroleum products in Australia are driven by import parity pricing. While
production of crude oil in Australia currently comprises around 54 percent of total consumption
of petroleum fuels (transport and non-transport uses) when expressed in energy terms
(ABARES, 2011b), not all crude oil produced from Australian fields is consumed in Australian
refineries. For example, crude from offshore fields in the north west of Australia is not
generally suitable for Australian refineries and is exported. Australian refineries also import
heavier crudes to augment lighter Australian crudes.
Australian refineries currently supply between 60 and 90 percent of Australian product demand
(see Table 8-1. However, this percentage will decline as demand grows. In addition, the
scheduled closure of the Shell refinery at Clyde will further increase the proportion of
petroleum products that are imported.
Table 8-1: Share of transport fuel consumption supplied by Australian refineries

Year

Petrol

Diesel

Jet fuel

2005-06

87%

64%

97%

2006-07

92%

65%

91%

2007-08

89%

67%

85%

2008-09

92%

66%

89%

2009-10

90%

62%

80%

Note: Share in this table is expressed in volume terms.
Data source: Australian Bureau of Agricultural and Resource Economics and Sciences (ABARES, 2011b)

Australian imports of petroleum products are delivered to import terminals around Australia. A
diagram showing refineries and import terminals in Australia is shown in Figure 8-1. The
source of supply of petroleum product to Australian markets varies around the regions. For
example, the refineries in Victoria export to other states while supplies in Queensland and
Western Australia are derived from both Australian refineries and imports.
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Source: (ACIL Tasman, 2008)

Figure 8-1: Australian refineries and import infrastructure

The price of crude oil into Australian refineries is an important cost input into domestic
refineries. However, it is the price of imported product (the import parity price) that determines
the price of petroleum products in each region. Generally this price is the price ex Singapore
plus shipping and port costs.
The three most common marker prices for crude oil are West Texas Intermediate (WTI), Brent
and Tapis Blend. WTI is an indicator of crude prices in the Americas but is not necessarily
reflective of other markets. Brent is a marker based on North Sea production and is relevant for
European refiners. Tapis Blend represents the price of crude oils produced in Asia and up until
relatively recently was the marker for Asian refineries. With the decline in production from
fields in Asia, Platts (2008) has suggested a new marker based on a dated Brent index. 13
13

For a more detailed discussion of the dated Brent price see Platts (2008) White Paper: Dated Brent as a
solution to pricing of crude oil in Asia,
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The IEA provides projections of oil demand and supply. The IEA uses a discounted index based
on Brent prices as a proxy for crude oil prices.
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9.

AP P ENDIX D: CRUDE OIL P RICE P ROJ ECTION DATA
TABLES

The following two tables set out the crude oil price projections in real Australian and US
dollars.
Table 9-1: Oil price projections in Australian Dollars per barrel (real 2010)
Scenario 1

Reference Case/

Scenario 3

Scenario 4

Scenario 5

Scenario 2
2011

94.64

94.64

94.64

94.64

2012

98.56

98.56

98.56

98.56

98.56

2013

102.24

100.91

100.91

104.72

108.95

2014

106.05

103.32

103.32

111.28

120.45

2015

110.01

105.78

105.78

118.24

133.15

2016

114.12

108.30

108.30

125.64

147.19

2017

117.76

110.29

110.29

132.33

147.89

2018

121.53

112.31

112.31

139.38

148.59

2019

125.41

114.37

114.37

146.80

149.29

2020

129.41

116.47

116.47

154.62

150.00

94.64

2021

131.68

117.85

117.85

162.86

150.00

2022

134.00

119.24

119.24

171.54

150.00

2023

136.35

120.66

120.66

180.68

150.00

2024

138.74

122.08

122.08

190.30

150.00

2025

141.18

123.53

123.53

200.44

150.00

2026

143.45

124.68

124.68

211.12

150.00

2027

145.77

125.85

125.85

222.36

150.00

2028

148.12

127.03

127.03

234.21

150.00

2029

150.51

128.21

128.21

246.69

150.00

2030

152.94

129.41

129.41

266.67

150.00

2031

154.10

130.11

130.11

266.67

150.00

2032

155.27

130.81

130.81

266.67

150.00

2033

156.44

131.52

131.52

266.67

150.00

2034

157.63

132.23

132.23

266.67

150.00

2035

158.82

132.94

132.94

266.67

150.00

2036

158.82

132.94

132.94

266.67

150.00

2037

158.82

132.94

132.94

266.67

150.00

2038

158.82

132.94

132.94

266.67

150.00

2039

158.82

132.94

132.94

266.67

150.00

2040

158.82

132.94

132.94

266.67

150.00

2041

158.82

132.94

132.94

266.67

150.00

2042

158.82

132.94

132.94

266.67

150.00

2043

158.82

132.94

132.94

266.67

150.00

2044

158.82

132.94

132.94

266.67

150.00

2045

158.82

132.94

132.94

266.67

150.00

2046

158.82

132.94

132.94

266.67

150.00

2047

158.82

132.94

132.94

266.67

150.00

2048

158.82

132.94

132.94

266.67

150.00

2049

158.82

132.94

132.94

266.67

150.00

2050

158.82

132.94

132.94

266.67

150.00

Prices based on assumptions listed in Table 3-6
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Table 9-2: Oil price projections in US Dollars per barrel (real 2010)
Scenario 1

Reference Case/
Scenario 2
98.43

Scenario 3

Scenario 4

Scenario 5

2011

98.43

98.43

98.43

98.43

2012

102.5

102.5

102.5

102.5

102.5

2013

81.11

79.03

79.03

80.64

77.57

2014

87.32

84.52

84.52

84.94

82.57

2015

94.00

90.40

90.40

89.46

87.90

2016

97.00

92.06

92.06

94.23

88.32

2017

100.10

93.75

93.75

99.25

88.73

2018

103.30

95.47

95.47

104.53

89.15

2019

106.60

97.22

97.22

110.10

89.58

2020

110.00

99.00

99.00

115.97

90.00

2021

111.93

100.17

100.17

122.15

90.00

2022

113.90

101.36

101.36

128.65

90.00

2023

115.90

102.56

102.56

135.51

90.00

2024

117.93

103.77

103.77

142.73

90.00

2025

120.00

105.00

105.00

150.33

90.00

2026

121.94

105.98

105.98

158.34

90.00

2027

123.90

106.97

106.97

166.77

90.00

2028

125.90

107.97

107.97

175.66

90.00

2029

127.94

108.98

108.98

185.01

90.00

2030

130.00

110.00

110.00

200.00

90.00

2031

130.98

110.59

110.59

200.00

90.00

2032

131.98

111.19

111.19

200.00

90.00

2033

132.98

111.79

111.79

200.00

90.00

2034

133.98

112.39

112.39

200.00

90.00

2035

135.00

113.00

113.00

200.00

90.00

2036

135.00

113.00

113.00

200.00

90.00

2037

135.00

113.00

113.00

200.00

90.00

2038

135.00

113.00

113.00

200.00

90.00

2039

135.00

113.00

113.00

200.00

90.00

2040

135.00

113.00

113.00

200.00

90.00

2041

135.00

113.00

113.00

200.00

90.00

2042

135.00

113.00

113.00

200.00

90.00

2043

135.00

113.00

113.00

200.00

90.00

2044

135.00

113.00

113.00

200.00

90.00

2045

135.00

113.00

113.00

200.00

90.00

2046

135.00

113.00

113.00

200.00

90.00

2047

135.00

113.00

113.00

200.00

90.00

2048

135.00

113.00

113.00

200.00

90.00

2049

135.00

113.00

113.00

200.00

90.00

2050

135.00

113.00

113.00

200.00

90.00
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10. AP P ENDIX E: IS S UES IN P ROJ ECTING FUTURE GAS
P RICES
In June 2011, the IEA released a special report on the world energy outlook (IEA, 2011a). In
this report, the IEA outlined an updated view of the outlook for the international gas market to
that released in its World Energy Outlook 2010 (IEA, 2010). The main features of the updated
outlook for gas include:
•

•

•
•

Higher demand for gas than in WEO 2010
o Global primary gas demand reaches 5.1 tcm by 2035 which is 1.8 tcm more
than today
o Approximately 0.6 tcm more than in the WEO 2010 reference scenario (referred
to as New Policies Scenario).
Higher expectations of production of gas from non conventional sources
o The largest existing producers (Middle East, Russia, Caspian, North America
and Africa) meeting most of the increase in conventional gas augmented by
new production from China
o Additional unconventional gas from Australia, the USA and China.
The gas glut identified in WEO 2010 disappears by 2015
More gas production including significant quantities of unconventional gas becomes
available in several regions later in the forecast period
o Assumes supplies of shale gas, tight gas and CSG can be produced at costs of
around $US3-7/mmbtu.

The 2011 outlook also includes lower projections of gas prices than the 2010 outlook. The
difference between the reference scenario from the 2010 outlook (New Policies Scenario) as
shown in Table 10-1.
Table 10-1: Gas prices WEO 2011 compared to WEO 2010 ($US/mmbtu)

GAS Scenario WEO 2011

New Policies Scenario WEO-2010

2009

2015

2020

2025

2030

2035

2015

2020

2025

2030

2035

United
States

4.1

5.6

6.1

6.4

7.0

8.0

7.0

8.1

9.1

9.9

10.4

Europe

7.4

9.0

9.5

9.7

10.1

10.9

10.6

11.6

12.3

12.9

13.3

Japan

9.4

11.5

11.7

11.9

12.3

12.9

12.2

13.4

14.2

14.9

15.3

Data source: (IEA, 2011a)

The revised WEO 2011 price projections for LNG delivered to Japan are around 20 percent
lower than the WEO 2010 projections.
All of the WEO projections are based on an assumption that GDP grow worldwide at 3.2
percent per year to 2035. They also assume that world population growth will increase at an
average annual rate of 1 percent per year with the population in non OECD countries growing
more rapidly.
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The IEA conducted sensitivity modelling of a low and high case using their World Energy
Model (WEM) for changes in gas, oil, coal and carbon prices, GDP growth and nuclear power
compared with the New Policies Scenario from the WEO 2010 modelling (see Table 10-2).
Table 10-2: Summary of assumptions for sensitivity cases relative to WEO 2010 New Policies Scenario

Assumptions (between 2009 and 2035)
Variable

Low Case

High Case

Gas price

The increase in prices in all regions is
reduced by 67% of prices in the New
Policies Scenario

The increase in prices in all regions is raised by
33% of prices in the New Policies Scenario.

Oil price

The increase in the International crude oil
price (average IEA crude oil imports) is
reduced by 33% (resulting in lower refined
product prices).

The increase in price is raised by 67%.

Coal price

The increase in the international steam coal
price (OECD Imports) is reduced by 67%.

The increase in price is raised by 67%.

CO² price

In all regions where carbon pricing is
assumed to be introduced, the increase in
price to 2035 is reduced by 100% of the
increase in the EU carbon price.

In all regions where carbon pricing is assumed to
be introduced, the increase in price to 2035 is
raised by 100% of the increase in the EU carbon
price.

GDP growth

The rate of GDP growth is 0.5% per year
lower in all regions.

The rate of GDP growth is 0.5% per year higher
in all regions.

Nuclear power

The global gross capacity additions are
reduced by 10% (no change in the assumed
lifetimes of existing plants).

The global gross capacity additions are raised by
10% (no change in the assumed lifetimes of
existing plants).

Data source: (IEA, 2011a)

The sensitivity analysis found that:
•
•
•
•

Global primary gas demand increased most in the high GDP growth case with low gas
prices and fell most in the low economic growth and high gas price case
Gas demand in power generation and industry reacts most to varied rates of GDP
growth
The power sector is the most sensitive to changes in gas prices and gas prices strongly
influence electricity prices which in turn affects electricity demand
Gas demand is unaffected by reducing the share of nuclear power in the electricity mix.

Probably the most important of these sensitivities is the impact of gas prices on the electricity
sector. As the earlier modelling prepared by ACIL Tasman for AEMO demonstrated, the gas
price in Australia is also sensitive to different levels of demand for gas use in the electricity
sector.
For the purposes of modelling the international LNG price the WEO 2011 projections could
have been adopted to correspond to the medium economic growth scenario when combined
with CPT-15 (which is the carbon price trajectory associated with the AEMO scenarios
designed to achieve a 15 percent reduction in national greenhouse gas emissions by 2020).
These would reflect the moderate gas price outlook. The high and low gas price scenarios used
in WEO 2011 offer some guidance for this work however they do not necessarily reflect the
scenarios used for this exercise.
LNG prices and some international pipeline natural gas prices are currently strongly linked to
oil prices under contractual pricing arrangements that index gas prices to crude oil price
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movements. There is some evidence of price decoupling in European gas contracts with Russia
and some take or pay clauses were eased during the global financial crisis. The IEA considers
that some contractual decoupling between gas and oil prices could occur but this would not
necessarily mean weaker gas prices in the longer term. This is because gas prices are likely to
come under upward pressure relative to oil prices with the rising cost of supplying gas from
more remote and difficult locations.
In the light of these uncertainties, and reflecting discussion in the second workshop, it was
agreed to adopt the assumptions for LNG prices and exchange rates adopted in the AEMO study
and outlined in the ACIL Tasman report prepared for AEMO (ACIL Tasman, 2010). It was
considered that this would achieve some consistency with the AEMO work while providing a
framework of different price paths for the purpose of modelling transport demand for different
fuels under each scenario.
Ultimately the aim of setting different gas price assumptions was to provide a range of gas
prices in the scenarios to illustrate the impact on transport demand.
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11. AP P ENDIX F: DETERMINANTS OF THE DOMES TIC GAS
P RICE
11.1 Do m e s tic g a s p ric e a s s u m p tio n s
To develop domestic gas price assumptions for the earlier AEMO work, ACIL Tasman used its
GasMark 14 model to project prices at the Moomba and WA hubs. The prices at these hubs
reflect the wholesale cost of gas to a customer with a load characteristic similar to a combined
cycle gas turbine power station that is having a load factor of around 80 to 90 percent. This is a
useful proxy for the price of gas into an industrial load.
There are regional price differences to account for transmission costs from the hubs to regional
locations. In general terms, transmission costs can be up to 15 percent of the hub price.
However, under different scenarios there may be differential prices in the network reflecting the
impact on regional prices of different supply sources. For this reason, ACIL Tasman has
concluded that the hub price is the most practical proxy for the wholesale cost of gas into an
industrial application such as a domestic LNG or CNG plant. Adjustment factors to allow for
these effects were provided to CSIRO to take into account differences between regions.

11.2 As s u m p tio n fo r g a s u s e in p owe r ge n e ra tio n
Earlier modelling undertaken by ACIL Tasman revealed that the hub prices were significantly
influenced by gas consumption in electricity generation. In order to correctly model the gas
price, it was necessary to make some assumptions about gas use in power generation.
This work was based on electricity modelling of the NEM undertaken in 2008. However, no
modelling of the South West Interconnected System (SWIS) in WA was undertaken at that
time.

14

GasMark is ACIL Tasman's proprietary model of the Australian wholesale gas market.
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Table 11-1: Gas use in power generation in the NEM, petajoules

Fast rate of
change - high
carbon price
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18
2018-19
2019-20
2020-21
2025-26
2029-30

115
116
164
356
388
382
379
360
376
394
458
646
754

Uncertain Decentralised
world - Low
world carbon price
Medium
carbon price
122
118
120
120
127
130
177
175
197
185
218
217
243
242
265
284
299
345
353
370
425
420
629
674
953
1000

Oil shock Medium
carbon price

Slow rate of
change - Low
carbon price

120
125
134
176
186
181
169
154
158
152
152
121
135

126
130
140
172
184
181
180
169
209
251
259
352
576

ACIL Tasman calculated gas use for the five scenarios using this model. The results are
summarised in Table 11-1. The results appear reasonable for Scenarios 1, 2, 3 and 5. There is a
significant disparity between scenarios 3 and 4. These scenarios adopt the mid range carbon
price trajectory but differ in the fact that Scenario 4 includes very high oil and gas prices as
opposed to moderate gas prices. The high gas prices result in greater generation from coal.
For the AEMO modelling, ACIL Tasman developed a model of the relationship between gas
consumption in power generation and gas prices at the Moomba and WA hubs. Seven runs were
developed in each case (see Figures 11-1 and 11-2).
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Data source: ACIL Tasman, 2010.

Figure 11-1: Gas consumption for difference runs undertaken for AEMO for the NEM
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SWIS
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Data source: ACIL Tasman, 2010.

Figure 11-2: Gas consumption for different runs undertaken for AEMO for the SWIS

There is a strong case for consistency with the AEMO modelling. However, if we were to
assume higher exchange rates than included in the earlier modelling, different outcomes would
arise for domestic gas prices. The impact on LNG prices expressed in Australian dollars per GJ,
reflects the prices assumed in the earlier work for AEMO. However, as would be expected the
revised IEA figures are lower than the AEMO assumptions. This comparison is shown in Table
11-2.
Table 11-2: Comparison of LNG price assumptions in 2030 for MMA (2009) and IEA (2010)

AEMO 2009

IEA WEO
2010

IEA

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

$US2009/mmbtu

15.9

15.9

15.9

20.7

11.1

Exchange rate
$US
$A/GJ

0.85

0.85

0.85

0.75

0.60

19.7

19.7

19.7

29.1

19.4

$US2009/mmbtu

16.4
(IEA high)
1.00

16.4
(IEA high)
1.00

12.3
(IEA med)
0.85

16.4
(IEA high)
0.85

9.2
(IEA med)
0.70

17.3

17.3

15.3

20.4

13.9

Exchange rate
$US
$A/GJ

Data source: IEA, 2011a; ACIL Tasman, 2010.

The IEA projections when expressed in $A terms are around 12 percent lower than the AEMO
projections for Scenarios 1 and 2. There is a larger difference between the two for Scenario 3
(22 percent) and for Scenario 5 (28 percent). The outcome is influenced by the exchange rate
assumption.
Given the uncertainty around exchange rate assumptions, it is suggested that the AEMO
projections be used for Scenarios 1, 2, 3 and 5 to achieve consistency with the AEMO findings.
These assumptions are considered to be in the bounds of current possible price scenarios.
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It was agreed at the working group meeting that Scenario 4 would assume that gas prices went
to LNG parity. This has been adopted in the price assumptions with the netback LNG price
based on the original AEMO assumption. ACIL Tasman considers that the probability that this
scenario will be realised is low. However, it has been included to provide an extreme price
range for modelling purposes.
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12. AP P ENDIX G: ES M S TRUCTURE AND ADDITONAL ROAD
S ECTOR AS S UMP TIONS
The appendix provides additional detail about ESM. Also, given that the road sector is the
largest transport sector and is modelled in more detail, additional assumptions are provided for
that sector.

12.1.1

ES M m o d e l s tru c tu re

Energy Sector Model (ESM) is solved as a linear program where the objective function to be
maximised is welfare, which is calculated as the discounted sum of consumer and producer
surplus over time. The sum of consumer and producer surplus is calculated as the integral of the
demand functions minus the integral of the supply functions, each of which are disaggregated
into many components across the electricity and transport markets. The objective function is
maximised subject to constraints that control for the physical limitations of fuel resources, the
stock of electricity plant and transport vehicles, greenhouse gas emissions as prescribed by
legislation, and various market and technology specific constraints such as the need to maintain
a minimum number of peaking plants to meet rapid changes in the electricity load. The main
components of ESM include:
•

Coverage of all States and the Northern Territory (Australian Capital Territory is
modelled as part of NSW)

•

Nine road transport modes: small, medium and large passenger cars; small, medium and
large commercial vehicles; rigid trucks; articulated trucks and buses

•

Five engine types: internal combustion; hybrid electric/internal combustion; hybrid
plug-in electric/internal combustion; fully electric and fuel cell

•

Fourteen road transport fuels: petrol; diesel; liquefied petroleum gas (LPG); natural gas
(compressed (CNG) or liquefied (LNG)); petrol with 10 percent ethanol blend; diesel
with 20 percent biodiesel blend; ethanol and biodiesel at high concentrations; biomass
to liquids diesel; gas to liquids diesel; coal to liquids diesel with upstream CO2 capture;
shale to liquids diesel with upstream CO2 capture, hydrogen (from renewables) and
electricity

•

Seventeen centralised generation (CG) electricity plant types: black coal pulverised
fuel; black coal integrated gasification combined cycle (IGCC); black coal with CO2
capture and sequestration (CCS) (90 percent capture rate); brown coal pulverised fuel;
brown coal IGCC; brown coal with CCS (90 percent capture rate); natural gas
combined cycle; natural gas peaking plant; natural gas with CCS (90 percent capture
rate); biomass; hydro; wind; solar thermal; hot fractured rocks (geothermal), wave,
ocean current and nuclear

•

Seventeen distributed generation (DG) electricity plant types: internal combustion
diesel; internal combustion gas; gas turbine; gas micro turbine; gas combined heat and
power (CHP); gas micro turbine CHP; gas micro turbine with combined cooling, heat
and power (CCHP); gas reciprocating engine CCHP; gas reciprocating engine CHP;
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solar photovoltaic; biomass CHP; biomass steam; biogas reciprocating engine; wind;
natural gas fuel cell and hydrogen fuel cell
•

Trade in electricity between National Electricity Market (NEM) regions

•

All vehicles and centralised electricity generation plants are assigned a vintage based on
when they were first purchased or installed in annual increments

•

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

•

Time is represented in annual frequency (2006, 2007, …, 2050).

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

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

•

That the actions of one investor or user affects the financial viability of all other
investors or users simultaneously and dynamically

•

That consumers react to price signals (price elastic demand)

•

That the consumption of energy resources by one user affects the price and availability
of that resource for other users, and the overall cost of energy and transport services,
and

•

Energy and transport market policies and regulations.

The model projects uptake on the basis of cost competitiveness but at the same time takes into
account constraints on the operation of energy and transport markets, current excise and
mandated fuel mix legislation, GHG emission limits, existing plant and vehicle stock in each
State, and lead times in the availability of new vehicles or plant. It does not take into account
issues such as community acceptance of technologies but these can be controlled by imposing
various scenario assumptions which constrain the solution to user provided limits.

12.1.2

ES M m o d e l o u tp u ts

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

Fuel, engine, and electricity generation technology uptake

•

Fuel consumption

•

Price of fuels
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•

GHG and criteria air pollutant emissions

•

Wholesale and retail electricity prices, and

•

Demand for transport and electricity services.

Some of these outputs can also be defined as fixed inputs depending upon the design of the
scenario.
The endogenous variables are determined using demand and production relationships,
commodity balance definitions and assumptions of competitive markets at each time step for
fuels, electricity and transport services, and over time for assets such as vehicles and plant
capacities. With respect to asset markets, the assumption is used that market participants know
future outcomes of their joint actions over the entire time horizon of the model.

12.2 Ro a d ve h ic le typ e c o n fig u ra tio n
An important consideration in the transport model is how to represent the vehicle type
combinations that are of interest. In theory, one could construct a model of the Australian road
transport sector which included every make of existing vehicle type and possible future types.
In practice, modellers will always seek to reduce the size of the technology set in order to make
the model manageable in terms of data, model structure and mathematical solution speed and
reliability.
For road transport, the proposed vehicle aggregation is as follows. Passenger and light
commercial vehicles are represented in three weight categories:
•

Light/small: less than 1200 kg

•

Medium: 1200 to 1500 kg

•

Heavy/large: 1500 to 3000 kg.

The remaining vehicle types are rigid trucks, articulated trucks and buses. Motor cycles and
campervans are not specifically modelled but are accounted for as a constant in the emission
profile.
Fleet data for Australia was sourced from the ABS (2007) and the vehicle weight categories
based on data therein.
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Articulated truck Bus
1%
Rigid truck 3%
4%

Other
1%

Passenger - light
26%

LCV - heavy
10%

LCV - medium
6%
LCV - light
1%

Passenger - heavy
23%

Passenger - medium
25%

Source: ABS (2007).
Figure 12-1: Current share of kilometres travelled within the Australian road transport task by vehicle type,
2006

12.3 Ro a d fu e l c o ve ra ge
Within the current version of ESM, the road transport fuel options are:

15

•

Petrol – aggregating unleaded, lead replacement and premium (PET)

•

Petrol with 10 percent ethanol (E10)

•

Ethanol blend with up to 85 percent ethanol and 15 percent petrol (E85) 15

•

Diesel (DSL)

•

Diesel with 20 percent biodiesel blend (B20)

•

100 percent biodiesel (B100)

•

Liquefied petroleum gas (LPG)

•

Compressed natural gas (CNG)

Consistent with experience overseas, there is expected to be seasonal variation in the ethanol content as
ambient temperature affects performance of the fuel. This translates to lower ethanol content during the
winter months.
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•

Liquefied natural gas (LNG)

•

Hydrogen produced from renewables (H2)

•

Biomass to liquids (BTL) diesel

•

Gas to liquids (GTL) diesel

•

Coal to liquids (CTL) diesel with upstream CO2 capture and storage

•

Shale to liquids (STL) diesel with upstream CO2 capture and storage, and

•

Electricity (ELE).

This is obviously not a complete list of possible fuels but covers those that are generally of
greatest interest in the Australian marketplace at the time of the study.
More categories of hydrogen production might be desirable. However, given the greatest cost
associated with hydrogen is not the fuel but the cost of the storage and engine system, including
additional cheaper hydrogen sources will make little difference in the modelling.
Compressed natural gas (CNG) is assumed to be used in all natural gas vehicles except for
articulated trucks which use Liquefied natural gas (LNG).
Table 12-1 maps the allowable road mode and fuel combinations for road transport in ESM.
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Table 12-1: Allowable road mode and fuel combinations
PASL

PASM

PASH

LCVL

LCVM

LCVH

RGT

BUS

ART

PET

x

x

x

x

x

x

E10

x

x

x

x

x

x

E85

x

x

x

x

x

x

DSL

x

x

x

x

x

x

x

x

x

B20

x

x

x

x

x

x

x

x

x

B100

x

x

x

x

x

x

x

x

x

LPG

x

x

x

x

x

x

CNG

x

x

x

x

x

x

x

x
x

LNG

H2

x

x

x

x

x

x

x

x

GTL

x

x

x

x

x

x

x

x

x

CTL

x

x

x

x

x

x

x

x

x

STL

x

x

x

x

x

x

x

x

x

ELE

x

x

x

x

Notes: PASL: light/small passenger vehicles; PASM: medium passenger vehicles; PASH: heavy/large
passenger vehicles; LCVL: light/small commercial vehicles; LCVM: medium commercial vehicles; LCVH:
heavy/large commercial vehicles; RGT: rigid trucks; BUS: buses; ART: articulated trucks.

12.4

Ro a d e n g in e typ e c o n fig u ra tio n s

The engine configurations allowed for road transport are:
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•

Internal combustion (ICE)

•

Mild hybrid internal combustion-electric (HYB)
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•

Plug-in hybrid electric (PHEV)

•

Full (100 percent) electric (EV)

•

Fuel cell (FCV).

Fully electric vehicles (EVs) were deemed to be available in all vehicle categories Hybrids
(HYB) are not allowed in the light passenger/LCV vehicle category since it would be unlikely
that the fuel savings achieved through hybridisation would be cost effective given the high
existing fuel efficiency of this vehicle category. Medium and heavy/large passenger and
light/small commercial vehicle categories are also available as PHEVs (internal combustion
engine and electric motor on board capable of driving for extended periods) as are rigid trucks
and buses. Articulated trucks were limited to mild hybridisation (for example, engine stop and
fast start capability). The fuel efficiency section outlines what this means in performance terms
FCVs use fuel cells to convert the chemical energy contained in hydrogen into electricity, which
is used to power an electric motor that drives the wheels and support other vehicle functions.
FCVs are currently available in some jurisdictions overseas in limited numbers.
As fuel cell systems improve and FCVs are proven technically, the refuelling and fuel
infrastructure issues are likely to become the main barriers to commercialisation. Fuel cell
system costs have declined but are still very expensive compared to conventional ICE vehicles
(see Section 12.5.1).
Table 12-2 maps the allowable road mode and engine combinations for road transport in ESM.
Table 12-2: Allowable road mode and engine combinations
PASL

PASM

PASH

LCVL

LCVM

LCVH

RGT

BUS

ART

x

x

x

x

x

x

x

x

x

HYB

x

x

x

x

x

x

x

PHEV

x

x

x

x

x

x

ICE

EV

x

x

x

x

x

x

x

x

FCV

x

x

x

x

x

x

x

x

12.5

Ro a d tra n s p o rt c os ts

One of the key functions of ESM is to determine the uptake of fuel and engine technologies.
These can be imposed but the default process is for the model to choose the least cost response
to whatever drivers are in force (such as carbon pricing). In order for the model to give a
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plausible answer it must, as a minimum, be provided with data to compare the relative
economic merits of the vehicles that would be under consideration by the consumer (or
investor).

12.5.1 Ve h ic le c os ts
Table 12-3 sets out the major categories of non-fuel costs and sources of data for them. Basic
vehicle costs are representative of the median vehicle in their vehicle category. There is a wide
margin of error. However, it cannot be easily avoided given the need for aggregation (see
previous section). Maintenance costs are calculated via bottom up analysis of the minimum
maintenance expenditure required to renew registration of the vehicle (e.g. tyre change every
two years, minimal oil and battery replacement). In addition to regular maintenance, major part
replacement is assumed to become part of the maintenance cost of older vehicles (greater than 5
years).
For some alternative fuels, there is little or no information available about additional vehicle
requirements and costs for the alternative fuel to be incorporated. In these cases, estimates have
been made based on the ratio of costs in a closely relevant vehicle category.
In constructing non-fuel costs, the data has relied on a wide variety of predominantly web based
sources and may be poor in some cases. To test the validity of the data it is compared with
NRMA (2011).
Table 12-3: Non-fuel cost categories in total road travel cost
Non-fuel cost category

Data source

Basic vehicle cost

ICE (Passenger and light commercial): NRMA
Open Road.
ICE (Trucks and buses): Manufacturers websites.
EVs/PHEVs: IEA (2009); Electrification Coalition (2009).
FCVs: IEA (2009); ANL (2009).

On-costs above basic vehicle cost to

Various manufacturer websites

accommodate alternative fuel
Insurance – third party and comprehensive

Insurance companies (e.g. AAMI, NRMA)

Registration

State government transport authority/department websites

Maintenance

Web sources on tyres, oil, batteries and servicing

The comparison is shown in Table 12-4. To simplify the comparison we have used the same
fuel costs as quoted in the NRMA report which was an unleaded petrol price of 125.8c/L.
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Table 12-4: Comparison of whole of life transport cost estimates for Australian petrol passenger vehicles
(c/km)
Category

NRMA estimate

CSIRO estimate

Small/light

39.3

41.9

Medium

60.5

60.6

Large/heavy

79.7

76.3

NRMA has based the above estimates on a small car of less than $40,000, a medium car of less
than $60,000 and large car of less than $70,000. The CSIRO estimates differ in absolute terms
mainly in the light and large vehicle categories but are of similar magnitude. Our estimates
represent an average of vehicle costs in defined weight categories.
Costs of rigid trucks are 95-140c/km. Costs for articulated trucks are 100-180c/km. Costs for
buses are 175-250c/km. There are fewer references for comparison of these costs.
It is assumed that all internal combustion vehicle purchase costs and all other non-fuel costs rise
with the level of inflation and therefore remain constant in real terms. This assumption is
justified on the basis that increased costs associated with fuel efficiency improvements of 15-25
percent are assumed to be offset by reductions in costs elsewhere on the vehicle.
For other vehicles, notably hybrid vehicles (HYBs), plug-in hybrid electric vehicles (PHEVs),
fully-electric vehicles (EVs) and fuel cell vehicles (FCVs), costs are assumed to fall. This is
discussed in Section 12.6.

12.6

Tre a tm e n t o f te c hn o lo g ic a l c h a n g e in th e tra n s p o rt
s e c to r

There are significant uncertainties in terms of the timing and extent of the assumed reductions
in the costs of non-ICE vehicles. Achieving these cost reductions relies on adequate supply of
minerals and other raw materials, successful further development of battery and other
technologies and realisation of global production economies of scale.
The cost assumptions for three points in time, 2010, 2030 and 2050 are shown in Table 12-5.
The assumption regarding hybrid vehicles (HYBs) is that over two decades mild hybridisation
of vehicles will become standard and will not involve significant additional cost.
Similar to HYBs, PHEVs are expected to always cost a premium over a standard internal
combustion vehicle in the same vehicle category. Starting from a relative cost gap of around
$14,000 to $18,000 for passenger and LCVs, costs are expected to narrow to less than an
additional $3,000 by 2030.
For light EVs the price gap is around $22,000 in 2010 meaning that the vehicles are around 2.5
times more expensive than an equivalent ICE. Furthermore, global deployment is limited and in
Australia only retrofitted EVs are available. Therefore, we assume no improvement in this gap
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until mass production built for purpose vehicles are available. This is assumed to occur during
the next two decades. By 2030, the price gap has halved and reaches around $4,000 by 2050.
For FCVs, the vehicle cost in 2010 is notional as no FCVs are currently available in Australia,
and the estimate is based on a relative cost to an ICE reported in ANL (2009). Although the
costs of FCVs decline over time, the rate of decline to 2030 is significantly less than that for
EV/PHEVs. FCVs face greater technical hurdles than EV/PHEVs including a lack of fuel
distribution and production infrastructure. Accordingly, the likelihood of FCVs emerging as a
future low carbon option is less evident than that of EV/PHEVs (IEA, 2009).
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Table 12-5: Assumed current and future representative vehicle costs, $,000
Passenger vehicles
Light

Medium

Heavy

LCVs
Light

Medium

Trucks
Heavy

Rigid

Art’d

Bus

2010
ICE*

14

25

41

14

25

41

61

300

180

HYB

N/A

28

44

N/A

28

44

100

370

260

PHEV

N/A

39

59

N/A

39

59

107

N/A

271

EV

36

N/A

N/A

36

N/A

N/A

121

N/A

300

FCV

51

85

140

51

85

140

209

N/A

616

2030
ICE*

14

25

41

14

25

41

61

300

180

HYB

N/A

26

42

N/A

26

42

63

305

185

PHEV

N/A

27

44

N/A

27

44

67

N/A

193

EV

20

N/A

N/A

20

N/A

N/A

77

N/A

212

FCV

30

52

84

30

52

84

124

N/A

362

2050
ICE*

14

25

41

14

25

41

61

300

180

HYB

N/A

25

41

N/A

N/A

41

61

300

180

PHEV

N/A

26

43

N/A

26

43

67

N/A

192

EV

18

N/A

N/A

18

N/A

N/A

73

N/A

204

FCV

22

40

50

22

40

50

98

N/A

288

* The standard internal combustion engine (ICE) vehicle is considered to be a representative base vehicle
for the category and weight class given.
Sources: NRMA (2011); IEA (2009); Electrification Coalition (2009); ANL (2009).

113

APPENDIX G: ESM STRUCTURE AND ADDITONAL ROAD SECTOR ASSUMPTIONS

12.7

Ro a d fu e l c o s ts

The oil and natural gas price assumed in each scenario determines the changes in retail prices
for the fossil fuel categories (petrol, diesel, LPG) with some differences according to relative
energy content.
The electricity price is also set externally by an electricity model which forms part of the
modelling framework.

12.7.1 S yn th e tic fu e ls
The IEA (2008) estimates the production cost of coal to liquids (CTL) and gas to liquids (GTL)
liquid fuels in the range of $US60-110/bbl and $US40-110/bbl, respectively. Shale to oil (STL)
production costs are assumed to lie within a similar range. The cost of CO2 capture and storage
for CTL and STL diesel is assumed to be $20/tCO2e. STL, CTL diesel and GTL diesel are
assumed to be available only after 2020.

12.7.2 Firs t g e n e ra tio n ro a d b io fu e ls
For first generation biofuels, biodiesel and ethanol, the cost is based on the volume of demand
as per the cost-quantity curves in Figure 12-2 and Figure 12-3. These curves are derived from
O’Connell et al. (2007) and have been since updated to take account of recent price movements.
Due to competition with the food production industry, it is assumed that only 5 per cent of this
volume is available over the next decade for most food feedstocks. The restriction to 5%
availability excludes used cooking oil and tallow not exported, all of which is assumed to be
available for biodiesel.
180

160
Canola (1013 ML)

Production cost (c/L)

140

120

Tallow (447 ML)

100

80

60

40

Waste oil (105 ML)

20

0
Fuel volume (ML)

Figure 12-2: First generation biodiesel cost-quantity curve
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120

100

Production cost (c/L)

Sugar (2800 ML)
Grain (4083 ML)

80

60

40

20

C- Molasses (280 ML)

Waste starch - wheat (2967 ML)

0
Fuel volume (ML)

Total = 10130 ML

Figure 12-3: First generation ethanol cost-quantity curve

12.7.3 Ad va n c e d g e n e ra tio n ro a d b io fu e ls
Figure 12-4 and Figure 12-5 shows the cost curve as a function of biomass availability and
component costs for the production of advanced generation road biofuels respectively. The
charts use advanced generation biofuel supply data based on detailed feedstock assessment
(Farine et al., 2011).
It should be noted that the timing of the availability of advanced generation biofuel is subject to
considerable uncertainty.
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Figure 12-4: Cost curve for advanced generation road biofuels
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Transport
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$A/L

Feedstock

0.60

O&M

0.40

0.20

Capital

0.00
Biodiesel

Ethanol

Figure 12-5: Component costs for advanced generation production of ethanol and biodiesel

12.8

Ro a d fu e l e ffic ie nc y

The efficiencies of fuels not currently in use and therefore not reported in ABS (2007) were
calculated based on the relative energy content which is shown in Table 12-6. In some cases
there is considerable uncertainty since energy content can vary due to different feedstocks,
particularly for biofuels.
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3

Table 12-6: Properties of selected fuels (/L, or /m for CNG and H2)
3

3

LHV (MJ/kg)

Density (kg/L or kg/m )

LHV (MJ/L or MJ/m )

Petrol

42.7

0.75

32.0

Diesel

42.5

0.84

35.7

LPG

46.1

0.53

24.4

CNG

45.1

0.78

35.2

LNG

49.3

0.42

20.4

B100

40.2

0.84

35.3

B20

42.0

0.84

35.3

E85

29.2

0.78

22.8

E10

41.1

0.75

30.8

H2

120.0

0.09

10.8

GTL diesel

40.0

0.84

33.6

CTL diesel

43.0

0.84

33.6

STL diesel

43.0

0.84

33.6

Note: The Lower Heating Value (LHV) is used in deference to Higher Heating Value (HHV) as the latent
enthalpy of vaporisation for water vapour exhaust gas is not recovered in useful work.
Source: Graham et al. (2008)

The energy content of reported fuels was used to determine generic energy consumptions for
Spark Ignition (gasoline) or Compression Ignition (diesel) internal combustion engines. Each
alternative fuel was associated with the energy consumption of either the SI or CI combustion
process, and alternative fuel efficiencies were then determined according to the properties of the
individual fuel.
The assumed relationship between fuel type and combustion process is presented in Table 12-7.
For light duty vehicles, buses and rigid trucks, all variants of diesel fuel were assumed
applicable to CI engines, the remainder to SI engines. For articulated trucks it was assumed that
all fuels with the exception of gasoline and E10 were applicable to CI engines. This is because
performance requirements in this sector determine that CI diesel is dominant, and alternative
fuel programs accordingly rely on this architecture.
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Table 12-7: Combustion process according to fuel
Petrol

Diesel

LPG

CNG

LNG

B100

B20

E85

E10

H2

S,C&GTL

Light

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Medium

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Heavy

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Light

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Medium

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Heavy

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Rigid

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Art’d

SI

CI

CI

NA

CI

CI

CI

CI

SI

CI

CI

Buses

SI

CI

SI

SI

NA

CI

CI

SI

SI

SI

CI

Passenger
Cars

LCVs

Trucks &
Buses

Note: Articulated trucks using LNG

In some instances it is recognised that alternative fuel characteristics will adversely or
beneficially affect the combustion process and in such cases the energy consumption is
subjected to a correction factor. The correction factor is adjusted over time, as both the
properties of alternative fuels and the deployment of appropriate engine technology are assumed
to evolve.

12.8.1 Gre e n h o u s e g a s e m is s io n fa c to rs
For the main fuels in use today, direct and fugitive emission factors have been calculated from
values provided in National Greenhouse Accounts (NGA) Factors (DCC, 2009) with some
adjustment for upstream or indirect emissions. For less common fuels CSIRO internal data have
been used. The full fuel cycle emission factors (direct plus indirect emissions) gives the quantity
of emissions released per unit of energy for the entire fuel production and consumption chain.
The full fuel cycle emission factors in grams per kilometre for road vehicles are shown in Table
12-8. It can be expected that estimates of upstream emission factors will change over time. For
example, the science of estimating the impact of extracting fuels from biomass is still being
developed. The emission factors for biofuels in Table 12-8 are drawn from DCC (2008).
Furthermore, the conversion process for coal and gas to liquids are still being actively
improved. Finally, some fossil fuels, such as oil, may become more difficult to extract, therefore
requiring more use of energy upstream. Ideally these changes should be incorporated. However,
currently there is not enough reliable data to do so. Downstream or direct emission factors can
be expected to improve because of improvements in fuel efficiency - this is incorporated in the
modelling.
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Table 12-8: Full fuel cycle CO2-e emission factors for each fuel and road vehicle category (g/km)
Passenger Vehicle

LCVs

Trucks

Bus

Light

Med.

Heavy

Light

Med.

Heavy

Rigid

Art’d

Petrol

215

240

329

245

274

375

NA

NA

NA

Diesel

175

196

268

200

223

306

800

1493

738

LPG

195

218

298

222

248

340

836

NA

NA

CNG

203

227

311

232

259

355

873

NA

806

LNG

NA

NA

NA

NA

NA

NA

NA

1426

NA

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

NA

NA

NA

E10

213

238

326

242

271

372

NA

NA

NA

BTL Diesel

42

46

64

50

52

72

208

396

202

GTL Diesel

175

196

268

200

223

306

800

1493

738

CTL Diesel

191

214

292

217

244

333

872

1627

804

STL Diesel

185

207

284

211

236

324

847

1529

781

Hydrogen

0

0

0

0

0

0

0

0

0

(ren.)
Note: Electricity fuel is not assigned an emission factor here because its emissions are determined by the
emission intensity of electricity generation which varies by scenario..
Source: DCC (2008); Graham et al. (2008).

12.8.2

Effic ie n c y im p ro ve m e n ts o ve r tim e

The change in fuel efficiency over time is based on judgement of the balance of two competing
factors. The first is improvements that have already been, or are likely to be, achieved
internationally where fuel excise rates are several times those in Australia. The second is the
historical lack of improvement in fuel efficiency owing to:
•

Greater non-propulsion use of energy within the vehicle, for amenities such as air
conditioning (itself a function of growing wealth and consumer expectations)
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•

The trend towards large vehicles within some weight categories (particularly
4WDs/SUVs in the large vehicle category), and

•

The robustness of household expenditure to fuel price changes owing to the small
proposition of fuel costs in the household budget (amounting to no more than 2-3
percent of average adult annual income).

It is assumed that vehicles equipped with SI engines will improve in efficiency by 25 percent
and CI engines by 14 percent from 2006 to 2050, independently of changes related to fuel type
and hybrid drive-train. These improvements are proposed to arise from increased efficiency of
vehicle and engine technology in new vehicles, and the extent to which the existing fleet is
modified by the addition of new vehicles.
Whilst equivalent vehicle improvements are assumed for both SI and CI vehicles, it is proposed
that there is significantly greater scope to enhance the operating efficiency of the SI engine and
that by 2050 the efficiencies of SI and CI engines will converge, with differentiation according
only to the combustion characteristics of alternative fuel types. The efficiency of the SI engine
is proposed to be increased through the following:
•

Optimisation of engine gas exchange processes and reduction of pumping work,
through the deployment of advanced valve-trains

•

Increase in compression ratio towards optimum values, enabled by the use of direct
injection and advanced valve-trains

•

Reduction in engine friction and the operation of engines in regions of highest
efficiency, enabled by down-sizing, in turn achieved by higher specific output with
boosting, and

•

Operation at extended lean and dilute limits, facilitated by advanced combustion
processes, and enabled in part by the availability of lean emission after treatment and
low-sulfur fuels.

For the reference scenario, it is implicitly assumed that all improvements that are technically
feasible, but costly to introduce in the near future, will come on line slowly toward 2050, once
the costs have been reduced sufficiently to make them competitive.
Table 12-9 presents assumptions about road vehicle fuel intensity by fuel type for conventional
ICE vehicles.
Combined with non-engine efficiency improvements, fuel intensities for ICEs are assumed to
decline up to 37 percent between 2006 and 2050. Hybrid electric vehicle fuel intensity
assumptions are developed based on their performance relative to ICE only vehicles.
It is assumed that the mild hybrid category has a 5 percent improvement in fuel efficiency
starting in 2006 increasing to a 30 percent improvement by 2050 for all road categories except
for articulated trucks. Articulated trucks improve to only 10 percent better than conventional
articulated trucks. Mild hybrids draw no electricity from the grid.

120

APPENDIX G: ESM STRUCTURE AND ADDITONAL ROAD SECTOR ASSUMPTIONS

The assumptions for PHEVs, which do draw electricity from the grid, are more complicated.
Total fuel efficiency is calculated on the basis of the percentage of time in which it uses the
electric drive train. When using the ICE drive-train it has the ICE-only efficiency for that year.
When using the electric drive-train it has the following efficiencies:
•

Light passenger: not applicable

•

Medium passenger: 0.18 kWh/km

•

Heavy passenger: 0.27 kWh/km

•

Rigid truck: 0.85 kWh/km

•

Bus: 0.8kWh/km.

These electric drive-train efficiencies are held constant over time on the basis that any
improvements are used up to provide better amenity (passenger and luggage room, safety,
comfort, performance and instruments) rather than fuel savings.
The percentage of time using electric drive-train in total annual kilometres is assumed to be 50
percent initially in 2006, increasing to 80 percent by 2035 as battery technology improves and
allows for greater use of the electric drive-train. For the remainder of kilometres the ICE drivetrain is in use. As such, a weighted average of the efficiency of these drive-trains gives the
average annual efficiency for any given year.
In order to calculate fuel intensities in intervening years, constant compound growth rates were
derived from the two end points. For each class, the implied annual growth in fuel efficiency to
2050 thus calculated is observed to be slightly slower than that over the last 30 years (consistent
with an apparent slowdown in this growth since the 1980s).
EVs are used within the categories light vehicles, rigid trucks and buses only and assumed to
use the electric drive-train 100 percent of the time at 0.16 kWh/km, 0.85 kWh/km and 0.8
kWh/km, respectively. Again, these efficiencies are held constant over time on the basis that
any improvements in electric drive-train efficiency are used up to provide better amenity.
Note, at an off-peak residential electricity price of 15c/kWh, the cost of electricity as a fuel for
light vehicles is 3c/km. However, we assume that charging takes place at off-peak rates closer
to 9c/kWh resulting in a fuel cost of 1.4c/km. This is 12 percent of the 11.5c/km, the cost of fuel
for a petrol vehicle in the same weight class at a petrol price of 128c/L. Note that both
electricity and petrol prices will change over time depending on the scenario being modelled.
The fuel efficiency of FCVs is approximately double that of an ICE vehicle.
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Table 12-9: Assumed fleet average fuel efficiency by engine type (L/100km), conventional vehicles
Petrol

Diesel

LPG

CNG (m3) &

B95

B20

E85

E10

H2 (m3/100km)

LNG (L)

BTL/GTL/CTL
/STL diesel

2006

2050

2006

2050

2006

2050

2006

2050

2006

2050

2006

2050

2006

2050

2006

2050

2006

2050

2006

2050

Light

9.1

6.8

6.3

5.4

12.1

8.6

8.0

5.5

7.7

6.3

6.5

5.6

12.8

8.6

9.5

7.1

36.7

23.3

6.6

5.7

Medium

10.2

7.6

7.1

6.1

13.6

9.6

9.0

6.2

8.6

7.1

7.3

6.3

14.3

9.6

10.6

7.9

41.1

26.1

7.4

6.4

Heavy

14.0

10.4

9.7

8.3

18.6

13.2

12.3

8.5

11.8

9.7

10.0

8.6

19.6

13.2

14.5

10.8

56.3

35.7

10.1

8.7

Light

10.4

7.8

7.2

6.2

13.8

9.8

9.2

6.3

8.8

7.2

7.4

6.4

14.6

9.8

10.8

8.0

41.8

26.6

7.5

6.5

Medium

11.6

8.7

8.1

7.0

15.5

11.0

10.3

7.0

9.8

8.1

8.3

7.2

16.4

11.0

12.1

9.0

46.9

29.7

8.4

7.2

Heavy

15.9

11.9

11.1

9.5

21.2

15.0

14.0

9.6

13.5

11.0

11.4

9.8

22.4

15.0

16.5

12.3

64.2

40.7

11.5

9.9

Rigid

39.2

29.3

28.9

24.9

52.2

37.0

34.5

23.7

35.2

28.8

29.8

25.6

55.1

37.0

40.6

30.3

157.8

100.1

30.1

25.9

Art’d

73.1

54.6

54.0

46.4

85.2

69.7

83.4

68.3

65.7

53.8

55.6

47.8

89.9

69.6

75.8

56.6

257.6

199.4

56.2

48.4

Buses

36.2

27.0

26.7

23.0

48.1

34.1

31.9

21.9

32.5

26.6

27.5

23.6

50.8

34.1

37.5

28.0

145.6

92.4

27.8

23.9

Passenger
Cars

LCVs

Trucks &
Buses

Sources: Graham et al. (2008); BITRE and CSIRO (2008).
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12.9 De fa u lt p o lic y s e ttin g s
This section briefly discusses default policy settings that will be applied in the reference
scenarios, and remain active in the comparative scenarios unless otherwise dictated by the
scenario definition. While comparative scenarios explore policy development in various areas,
the default settings include policies that have been announced or are currently in place. City
planning and infrastructure investment are implied by the assumptions in the section on
transport services demand and fuel efficiency. This section outlines three additional polices.
These are the cost of vehicle registration, excise rates, and the New South Wales ethanol
mandate.

12.9.1

Ve h ic le re gis tra tio n

Most states provide vehicle registration fees on stepped scale with lower fees being for smaller
vehicles. Victoria is an exception (based on postcode). Pensioners and other groups also receive
rebates. Victoria provides a $100 rebate for hybrid and electric vehicles. It is assumed these
policy settings remain in place and the cost of registration is maintained in real terms. Trucks
and buses registration costs are set nationally and also increase with size.

12.9.2

Exc is e ra te s a n d le vie s

The fuel excise rate for petrol and diesel is 38.143 cents per litre. Heavy road vehicles are
entitled to a fuel tax credit of 38.143 cents per litre. However, they are liable to pay a road user
charge of 23.1 cents per litre making their effective excise rate equal to the road user charge
which is adjusted upwards each year.
National road excise rates applying to alternative transport fuels have recently been re-designed
and are set in nominal dollar terms. Biofuels remain exempt. However, LPG and natural gas
will experience a gradual phase in of excise rates based on energy content. As a result, these
alternative fuels will be more costly than currently but will remain discounted relative to
conventional fuels. The phase-in period is to 2015. Ethanol imports also attract a duty of 5
percent. The excise rates for alternative fuels are shown in Table 12-10.
It will be assumed that the level of excise remains constant in nominal terms from 2015
onwards. As a result, excise rates are assumed to decline in real terms.

123

APPENDIX G: ESM STRUCTURE AND ADDITONAL ROAD SECTOR ASSUMPTIONS

Table 12-10: Road excise rates for alternative fuels to 2015-16
LPG

Natural Gas

Biodiesel

Ethanol

$ per litre

$ per kilogram

$ per litre

$ per litre

2011-12*

0.02500

0.05224

0.38143

0.38143

2012-13

0.05000

0.10448

0.38143

0.38143

2013-14

0.07500

0.15673

0.38143

0.38143

2014-15

0.10000

0.20897

0.38143

0.38143

2015-16

0.12500

0.26122

0.38143

0.38143

* LPG and natural gas rates introduced from 1 December in 2011
** Ethanol and biodiesel excise is in some cases offset by other grants. Under the Ethanol Production
Grants Program, grants of 38.143 cents per litre are provided for domestic production of ethanol. The
Energy Grants (Cleaner Fuels) Scheme provides 38.143 cents per litre grants for the domestic production
and import of biodiesel and renewable diesel

12.9.3

Ne w S o u th Wa le s b iofu e l m a n d a te

Under the Biofuel (Ethanol Content) Act 2007, which came into effect on 1 October 2007,
primary petrol wholesalers must ensure that ethanol makes up a minimum of 2 per cent of the
total volume of NSW sales. Not all fuels sold will contain ethanol but the consumer has the
choice of filling up with E10 petrol (contains a blend of 10 per cent ethanol).
The Biofuel (Ethanol Content) Amendment Act 2009, which came into effect on 1 October 2009,
does the following:
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Renames the original Act to become the Biofuels Act 2007



Increases the volumetric ethanol mandate to 4% from 1 January 2010



Further increases the ethanol mandate to 6% from 1 July 2011



Requires all regular grade unleaded petrol to be E10 from 1 July 2012



Establishes a volumetric biodiesel mandate of 2% (this requirement has been suspended
until 1 January 2010)



Increases the biodiesel mandate to 5% from 1 January 2012



Amends the definition of primary wholesaler to include diesel as well as petrol
wholesalers



Applies the volumetric mandates to major retailers (those that control more than 20
service stations) as well as primary wholesalers



Provides for sustainability standards for biofuels, and
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Provides for exemptions from the requirement for all unleaded petrol (ULP) to be
E10, for marinas and small businesses suffering hardship.

The Amendment Act provides that the implementation dates may be delayed or measures may
be wholly or partly suspended under certain circumstances, for example, if sufficient feedstock
or production of biofuels is not available.
The New South Wales biofuels mandate is directly applied in the model as a constraint on the
minimum use of biofuels in fuel consumed by vehicles in NSW.

12.9.4

LP G Ve h ic le s c he m e

The following grants for LPG conversions of registered vehicles are assumed to be available.
Table 12-11: Grants for LPG conversion
Grant

Conversion Completed

$1,250

Between 1 July 2011 and 30 June 2012

$1,000

Between 1 July 2012 and 30 June 2013

$1,000

Between 1 July 2013 and 30 June 2014

The following grant for the purchase of new vehicles fitted with LPG before first registration,
are assumed to be available.
Table 12-12: Grant for new LPG vehicle
Grant

Vehicle Purchase Complete

$2,000

Between 1 July 2010 and 30 June 2014
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13. AP P ENDIX H: ALTERNATIVE FUELS S TRATEGIC IS S UES
GROUP
The following list provides details of the participants in the Alternative Fuels Strategic Issues
Group:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
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Tania Constable, Head of Resources Division, Department of Resources, Energy and
Tourism (Chair)
Paul Barrett, Deputy Executive Director, Australian Institute of Petroleum
Sean Blythe, Treasurer, Natural Gas Vehicles Australia
Heather Brodie, CEO, Biofuels Association of Australia
Michael Carmody, CEO, LPG Australia
Dr John Carras, Director of Coal Research, Energy Technology, Energy Group, CSIRO
Alex Dronoff, General Manager LNG Business, BOC
Bruce Godfrey, Board Member, Australian Centre for Renewable Energy
Greg Haustorfer, Corporate Consultant (Finance and Investment)
David McInnes, Group Manager, Environment and Climate Change, Linfox Australia
Pty Ltd
Andrew McKeller, Chief Executive, Federal Chamber of Automotive Industries
Anthony McMullan, CEO, Truck Industry Council
Andrew McNee, Assistant Secretary Strategic Advice Branch, Department of
Sustainability, Environment, Water, Population and Communities
Richard Marshall, Energy and Environment Director, GM Holden Ltd
Craig Newland, Director Technical Services, Australian Automobile Association
John Parsons, Director Marketing, QER Pty Ltd
Dr Susan Pond, Adjunct Professor, Dow Sustainability Program
Ash Salardini, Economist, Australian Railway Association
Stuart Sargent, General Manager, Policy and Research Division, Department of
Infrastructure and Transport
Stephen Schuck, Manager, Bioenergy Australia
Stuart St Clair, Chief Executive, Australian Trucking Association
Alison Terry, Head of Automotive and Corporate Affairs, Better Place Australia
Cynthia (C.J.) Warner, President Sapphire Energy
Dale Weber, Director, Gas and Energy Market Development, Energy Network
Association
Brad Wheatley, Independent Specialist, Aviation
Tony Wheelens, Government Relations Manager, Qantas (representing International
Air Transport Association)
Alex Wonhas, Director, Energy Transformed Flagship, CSIRO.
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14. AP P ENDIX I: ADDITIONAL S CENARIO 2 ROAD S ECTOR
DETAIL
This appendix provides four figures which illustrate additional detail about the way in which the
light and heavy duty sectors of the road transport sector use fuel in Scenario 2. Scenario 2 was
chosen to display extra detail as it is the most central scenario in terms of where various
outcomes are projected across the scenario range.
The light duty sector charts include passenger and light commercial vehicles. The heavy duty
sector charts include rigid trucks, articulated trucks and buses.
The first two figures show fuel consumption by fuel. The second two figures show fuel
consumption by kilometres travelled.
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Natural gas
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Figure 14-1: Road sector light duty vehicle fuel consumption by fuel under Scenario 2
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Figure 14-2: Road sector heavy duty vehicle fuel consumption by fuel under Scenario 2
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Figure 14-3: Road sector light duty vehicle kilometres travelled by fuel under Scenario 2
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Figure 14-4 Road sector heavy duty vehicle kilometres travelled by fuel under Scenario 2
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15. GLOS S ARY OF TERMS
Term
Advanced biofuels

Alternative Fuelled Vehicles
Alternative Fuels
Alternative Transport Fuels
Strategy

Articulated trucks

B100
B20
Bio-derived jet fuel
Biodiesel

Biogas

Biomass
BTL - Biomass to liquids

Bio-SPK
Butanol
Carbon Pricing

Clean Energy Future Plan
CNG
Compressed air

Conventional fuels
CTL
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Description
Biofuels that are produced using non-edible feedstocks of
lignocellulose (such as crop residues, wood) and tree or
plant oils. Generally require alternative processing
technologies. Includes lignocellulosic ethanol and
Fischer-Tropsch fuels
Vehicles that do not use petrol or diesel as their fuel
Fuels other than petrol or diesel
An initiative lead by the Department of Resources, Energy
and Tourism to identify the potential barriers to increasing
investment, production and use of alternative transport
fuels
Articulated trucks are larger and longer than ordinary
trucks and as a consequence have a pivot point which
allows them to turn sharply enough to be able to use the
road system. The rear section is called the trailer.
100 percent biodiesel containing no other diesel blending
stock
A blend of 20 percent biodiesel and 80 percent diesel
A synthetic jet fuel manufactured via the conversion of
biomass into jet fuel
A diesel fuel substitute made from tree or plant oils or
animal fats. Those biodiesels produced using the
transesterification process are often called Fatty Acid
Methyl Esters (FAME) whilst those biodiesels produced
using deoxyhydrogenation or Fischer-Tropsch gasification
are call ‘renewable biodiesels’. Here we use the term
biodiesel to cover both types.
Natural gas (methane) and carbon dioxide harvested from
the decay of biomass in the absence of oxygen such as at
urban waste facilities
Organic material derived from recently living material
including crops, trees, urban waste and animal wastes
Process of turning biomass to syngas and syngas to
liquid fuels and chemicals using Fischer-Tropsch
synthesis
Synthetic paraffinic kerosene produced from tree or plant
oils via the deoxyhydrogenation process
One of several higher alcohol liquid fuels that can be
produced from carbon based resources
Any mechanism that places a positive price, penalty or
tax on the hitherto free right to emit carbon dioxide into
the Earth’s atmosphere
A policy document which describes the Government’s
plan to introduce a price on carbon
Compressed natural gas is the storage of natural gas
(methane) at pressure, for the purposes of using it as fuel
Compressed air is a means for storing electricity. Air is
compressed via an electric pump. When the air is
decompressed the pump drives the electric motor in
reverse creating propulsion for the vehicle
Petrol and diesel
Coal to liquids is the process of converting coal into a
liquid fuel such as diesel or petrol via the Fischer-Tropsch
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Deoxyhydrogenation

Diesel
Direct transport sector
greenhouse gas emissions
Drive-trains

E10
E85
Electric Vehicle (EV)

Ethanol
Fisher-Tropsch

Freight sector
Fuel Cell Vehicle

Fuel Self Sufficiency

Fuel supply chain

Full fuel cycle transport sector
greenhouse gas emissions

Gasification
Greenhouse gas emission (GHG)

GTL

Hybrid Vehicle

gasification process
A refining process which removes the oxygen from
vegetable oils and animal fats using various catalytic
reactions at temperature and pressure. Hydrogen is a key
input
A petroleum derived fuel suitable for use in compression
ignition internal combustion engine vehicles
Only those emissions associated with the combustion of
the fuel in use
The collection of all components in a vehicle, including
the engine, which convert the fuel source into wheel
propulsion
A blend of 10 percent ethanol with 90 percent petrol
A blend of 85 percent ethanol with 15 percent petrol
A vehicle which uses electricity stored in batteries and an
electric motor in place of an internal combustion engine
and a liquid petroleum fuel tank. Other elements of the
drive-train may also be modified or removed
One of several alcohol liquid fuels that can be produced
from carbon based primary energy sources
A process for refining a purified syngas over a catalyst at
controlled pressure and temperature. The syngas can be
sourced via processing of natural gas or syngases
produced from gasification of solid primary carbon fuels
such as biomass and coal
The part of the transport sector concerned primarily
concerned with delivering non-passenger cargo
A vehicle which uses a stored primary fuel such as
hydrogen or natural gas, converts it to electricity via a fuel
cell which is used to drive an electric motor in place of an
internal combustion engine. Other elements of the drivetrain may also be modified or removed
The share of our total annual transport fuel consumption
that could be supplied from our annual domestic
production of transport fuels
The collection of processes beginning from primary
energy source extraction or harvesting to transport of the
energy source to a processing, refining or conversion
plant, to transport of the refined fuel the point of sale
Combustion emissions plus all emissions associated with
the production or extraction of the fuel primary energy
source or feedstock, transportation of the primary energy
source, refining or conversion of the primary energy
source into a transport fuel and distribution of the
transport fuel to its point of sale
Conversion of solid fuels such as coal and biomass into a
combustible gas rich in hydrogen and carbon monoxide
The physical amount of gaseous materials that have been
classified as having a climate warming effect that have
been transported into the atmosphere
Gas to liquids is the process of converting gas into a
liquid fuel such as diesel or petrol via the Fischer-Tropsch
process
An internal combustion vehicle that has been augmented
with batteries and an electric motor which store electricity
generated from the internal combustion engine and then
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Hydrogen fuel cells
Internal Combustion engine

Lignocellulosic biomass
LNG

Low carbon fuels
LPG

Methanol

Mild hybrid internal combustionelectric

Natural Gas
Non conventional supply
sources
Non-OPEC

non-road transport
Partial Equilibrium Model

Plug-in Hybrid Vehicles (PHEVs)

Pongamia
Rigid trucks
Saccharification
Second generation biofuels

Sensitivity analysis

STL

Switching Costs
Synthetic fossil diesel
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make it available at various times during the drive cycle
when it is most efficient to use the electric motor
A fuel cell that use hydrogen as the energy source to be
converted into electricity
An engine that uses the combustion of fuels via either
spark or compression ignition to drive pistons and create
wheel propulsion
The woody, non-food parts of crops, plants and trees
Liquefied natural gas is the storage of natural gas
(methane) at a low temperature, thereby creating a liquid
which can be stored more readily than compressed
natural gas
Fuels with a lower net carbon profile than petrol or diesel
Liquefied petroleum gas is a mix of propane and butane
stored a pressure to create a liquid fuel. It is extracted
from oil and gas reservoirs or created as a by-product of
petroleum refining
A single carbon alcohol liquid fuels that can be produced
from carbon based primary energy sources. Also known
as wood alcohol
A Hybrid Vehicle where the electric components are
relatively small and only designed to be used in a
narrower set of circumstances (for example to stop and
start the engine when stationary)
The colloquial name for methane
Non-petroleum energy sources
Petroleum supplying countries who are not a member of
the Organisation of Petroleum Exporting Countries
(OPEC)
Aviation, marine and rail transport
A type of economic model which finds the market
equilibrium level of demand, supply and prices for a given
market sector but not for the whole economy
Hybrid vehicles that draw electricity from the grid in
addition to using their on-board internal combustion
engine to charge the batteries
An oil seed tree naturalised to Australia
Relatively smaller trucks which do not have a pivot point
to assist turning
The conversion of lignocelluloses into sugars
Biofuels that are produced using non-edible feedstocks of
lignocellulose (such as lead, stems, wood) and tree or
plant oils which are currently available but not yet used for
that purpose
Exploration of alternative scenario modelling outcomes
implemented by varying the parameters in the modelling
that the results are judged to be the most sensitive to
Shale to liquids is the process of converting coal into a
liquid fuel such as diesel or petrol via the Fischer-Tropsch
gasification process
The additional cost to the consumer of purchasing and
operating an alternative fuel vehicle
Diesel that is not produced from petroleum sources but
from other fossil sources such as coal, shale and gas via
the Fischer-Tropsch gasification process
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Synthetic Fuels

Synthetic Paraffinic Kerosene
(SPK)
Transport Sector
Treasury's Government Policy
Scenario
Upstream CO2 capture and
storage

Fuels that mimic the chemical composition of petroleum
based fuels such as petrol, diesel and kerosene but are
produced from non-petroleum energy sources
A jet fuel produced from the conversion of biomass via
either Fischer-Tropsch gasification or
deoxyhydrogenation
The aviation, road, rail and marine sectors
The Government policy scenario described in Strong
Growth, Low Pollution – Modelling a carbon price Update
Capturing (via a gas separation process) and storing (in a
reservoir coal seam or aquifer) carbon dioxide gas that
has been emitted during the process of refining a primary
energy sources into a transport fuel

133

