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ABOUT US

Climateworks Centre bridges the gap between research and climate action. We are climate transition
specialists, working in Australia, Southeast Asia and the Pacific with decision-makers who have the
power to reduce emissions at scale. Climateworks develops evidence-based solutions to accelerate
emissions reduction in line with the global 1.5°C temperature goal and shared climate safety.

Co-founded by philanthropy and Monash University, Climateworks is an independent not-for-profit
working within the Monash Sustainable Development Institute.
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REPORT STRUCTURE

The Transport assumptions and methodology report serves to provide the inputs, assumptions and
limitations of the technical modelling, including the development of scenarios and an outline of the
modelling tools that underpin our transport decarbonisation report.

The report is structured as follows:

1. Glossary and abbreviations: outlines commonly used terms from the modelling process and
transport sector more broadly.

2. Introduction: outlines the purpose of Climateworks’ transport modelling.
Transport scenarios: defines the scenarios, their purpose and high-level assumptions.

4. Modelling methodology: sets out the relationship between the model components and
provides an overview of the modelling methodology. The four main components are:

1. AusTIMES model: sets out the key assumptions and process of the AusTIMES model.

2. Transport demand: defines the transport demand projections used as inputs for two
scenarios.

3. Zero emissions vehicle uptake: outlines the rates of zero emissions vehicle uptake,
which serves as a constraint in the model.

4. Analysis and results: includes the results and additional analysis that provides further
details of the transport scenarios.

CLIMATEWORKS CENTRE 8
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1 Glossary and abbreviations

A list of terms and abbreviations commonly used in this report are included in Table 1.

TABLE 1: EXPLANATION OF TERMS USED IN THIS REPORT

CATEGORY | TERM OR EXPLANATION
ABBREVIATION
Transport net A transport system that operates with as close to net zero greenhouse gas emissions
zero as possible (albeit with some residual emissions).
Transition of the transport sector towards net zero greenhouse gas emissions by
Transport Ao L oo
L utilising lower emission transport modes or zero/lower emission technology such as
decarbonisation - : ) : ;
battery electric vehicles, hydrogen fuel cell electric vehicles, biofuels, etc.
Frztr:mays Pathwavs The possible emissions trajectory of the Australian transport sector to reach net zero by
9 4 2050. The pathways are established through different modelled scenarios.
s . The transport scenarios are a modelling tool to determine the transport decarbonisation
cenarios
pathways.
Sensitivities Additional tests to improve the robustness of the modelled scenarios and to explore
further modelling insights and analysis.
Zero emission vehicles are vehicles that do not emit greenhouse gas emissions from
ZEV the tailpipe. The term can be used for all road vehicles, rolling stock and other vehicle
types, although it is most commonly used for cars, trucks and buses.
Battery electric vehicles (or electric vehicles) are vehicles that exclusively use energy
BEV / EV stored in a battery that can be charged using household power or at a charging station
Vehicle (or charging depot).
technology
FCEV / HECV Fuel cell electric vehicles are vehicles that convert fuel to energy through onboard fuel
cells. They are typically powered by hydrogen and are often referred to as HFCV.
Hybrid electric vehicles (or plug-in hybrid electric vehicles) are vehicles powered by both
HEV / PHEV an internal combustion engine and an electric motor. HEVs do not plug in to recharge
whilst PHEVs can be charged using household power or at a charging station.
Vehicles that transport passengers including cars and motorcycles. In this report it
Passenger ; . : .
- extends to Light Commercial Vehicles that are undertaking a passenger task rather than
vehicles ;
a freight task.
Light commercial vehicles (LCVs) are vehicles constructed to carry goods that are less
LCV than 3.5 tonnes gross vehicle mass. Includes sports utility vehicles (SUVs), panel vans,
goods vans etc. In this report LCVs which are undertaking a passenger task have been
reclassified as a passenger vehicle.
. Passenger cars, motorcycles and LCVs. In the Decarbonising Australia's transport
Light-duty ' . . f ) A
sector report, this vehicle category is referred to simply as ‘light vehicles’.
Heavy freight Articulated and rigid trucks that have a combined truck and freight load weight of more
Vehicle (articulated + than 4.5 tonnes. In the Decarbonising Australia's transport sector report, this vehicle
types rigid trucks) category is referred to simply as ‘trucks’.

Public transport vehicles that transport passengers by road, both urban and intercity

Buses routes.
Includes rail for freight and passengers.
Rail For passenger rail, this extends to both urban and regional rail, as well as light rail and
tram services.
Domestic Vessels for coastal sea freight transport service between domestic ports. This report
shipping includes domestic shipping only.
Aviation Aircraft for the transport of passengers and/or freight through airspace. This report only

includes domestic aviation.

CLIMATEWORKS CENTRE
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Modelling
terminology

tCOse

Tonne of carbon dioxide equivalent, which is a unit that expresses an amount of
greenhouse gas that has the equivalent warming potential of 1 tonne of carbon dioxide.

ZEV uptake

This typically refers to the proportion of ZEV technology that comprises new vehicle
sales of a particular vehicle type in a given year.

Occasionally, it refers to the proportion of ZEVs within the total vehicle fleet (the report
explicitly notes which version is used).

VKT

Vehicle kilometres travelled is a measure of transport demand, expressed as the
number of vehicles multiplied by the distance travelled.

pkm

Passenger kilometres travelled is a measure of the total distance travelled by
passengers within a traffic system. It is expressed as the number of passenger trips
multiplied by the length of the trip.

tkm

Tonne kilometres travelled is a measure of the total distance travelled by freight within a
traffic system. It is expressed as the weight of freight (in tonnes) multiplied by the
distance that the freight travelled.

Mode share

Mode share (also called mode split, modal-share or modal split) is the percentage of
journeys using a particular type of transportation, measured by the number of trips
completed on each transport mode. Mode share is measured in terms of mass for
freight transport.

PJ

Petajoule is a unit of energy that is equal to one million billion (10°) joules. It is
commonly used to express large amounts of energy provided by fossil fuels and
hydrogen.

TWh

Terawatt hour is a unit of energy that represents one trillion (10'?) watt hours. It is
commonly used to express large amounts of electrical energy.

Common
datasets

BITRE

Bureau of Infrastructure and Transport Research Economics — part of the Department of
Infrastructure, Transport, Regional Development, Communications and the Arts —
provides economic analysis, research and statistics on infrastructure and transport
(across aviation, maritime, road and rail) issues to inform Australian Government policy
development and wider community understanding.

NTC

National Transport Commission is a body that develops, monitors and maintains
uniform or nationally consistent regulatory and operational reforms relating to road, rail
and intermodal transport. The Carbon Dioxide Emissions Intensity for New Australian
Light vehicles is a dataset used in this report.

ANGA

Australia’s National Greenhouse Accounts are datasets compiled by the Department of
Climate Change, Energy, the Environment and Water (DCCEEW) which include
greenhouse gas emissions inventories and projections for Australia.

ABS

Australian Bureau of Statistics, the national statistical agency for Australia with datasets
covering economic and societal topics. Commonly used datasets in this report include:
Journey to work (JTW) — information collected in the national census about the transport
mode used by Australians to travel to their workplace on the day of census taking.
Survey of motor vehicle use (SMVU) — estimates of distance, freight, vehicle and fuel
use sourced from motor vehicle registration authorities.

VISTA/HTS

The Victorian Integrated Survey of Travel and Activity and the New South Wales
Household Travel Survey are randomised household surveys of travel patterns for a
single, pre-selected day.

ASI (Avoid,
Shift and
Improve)
framework

Avoid

Avoid the need for or reduce the length of motorised trips based on proximity and/or
accessibility to employment, education, services and recreation.

Increases the efficiency of the transport system, e.g., through land-use planning, transit-
oriented development, digital services and transport-demand management.

Shift

Shifting trips from carbon-intensive modes (e.g. private vehicles) to lower emission
modes (e.g. active or public transport). Increase trip efficiency and sustainable mode
share, e.g. through the provision of quality public and active transport networks, better
provision for rail freight, road pricing schemes and parking management.

Improve

Increase the energy efficiency and optimise the design of transport modes to reduce
their carbon intensity. Transition vehicles to zero or low emission technology.

CLIMATEWORKS CENTRE
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2 Introduction

Climateworks Centre undertook analysis across 2023-24 to examine new scenarios that explore
different pathways to decarbonise Australia’s transport sector. The scenarios and analysis build on
Climateworks’ existing modelling, in particular, our Decarbonisation scenarios 2023 (Climateworks
Centre 2023a). Climateworks uses the AusTIMES model, which is designed as a technology
transition model considering solutions such as zero emission vehicle (ZEV) uptake and lower carbon
fuels. Our current modelling, set out in this report, expands this scope. It considers the emissions
impact of incorporating mode shift and avoided travel as solutions to achieve decarbonisation, as well
as the emissions impact of different rates of technology uptake, such as ZEVs. In undertaking this
analysis, we have examined new scenarios for Australia to reduce emissions in line with limiting
global warming to 1.5 degrees Celsius.

This work answers the following research questions:

+ What are the different decarbonisation solutions that can be applied in the transport sector?
Here, we drew on the commonly used Avoid, Shift and Improve (ASI) framework to set out
what we refer to as a ‘diverse solutions’ approach.

+ What is the impact on emissions of scenarios that combine different suites of decarbonisation
solutions and different rates of uptake of zero emission vehicles?

+ Are there additional benefits from incorporating a diverse suite of decarbonisation solutions
beyond emissions reductions?

Throughout this modelling, Climateworks worked with a Technical Reference Group (TRG). The TRG
was set up to provide input and feedback and to co-design modelling outputs that are fit-for-purpose.
The TRG included government and other stakeholders who will be responsible for transport
decarbonisation planning, including representatives from state and federal governments, the Electric
Vehicle Council and Monash University. The participation of these organisations does not imply
endorsement of the ideas, assumptions and methodologies as set out in the report.

CLIMATEWORKS CENTRE 11
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2.1 Pathways to decarbonisation

Since its foundation in 2009, Climateworks has played an important role in defining decarbonisation
pathways backed by credible analysis and modelling. Decarbonisation pathways help decision-
makers in government and business to understand expectations on how their emissions reduction
ambition contributes to global climate agreements and to plan ahead for the transition to net zero
emissions. The AusTIMES model is used for this analysis. Climateworks co-developed and co-
manages the AusTIMES model with CSIRO, to provide a long-term, least-cost view of
decarbonisation pathways that underpin much of the advice Climateworks provides to its
stakeholders. Figure 1 below shows the scope and key aspects of the AusTIMES model.

Climateworks’ primary application for AusTIMES is to model scenarios that can be used to advise
decision-makers regarding actions and enablers for the transition to net zero. For the purposes of this
report, the scenarios we examine here can be used to plot a pathway to transport decarbonisation.

FIGURE 1: THE SCOPE OF AUSTIMES MODELLING OF THE AUSTRALIAN ECONOMY

Covers all states and territories: ACT, NSW, NT, QLD, SA, TAS, VIC and WA

Models the economy in increments from 2021 to 2050 (every two years in
Climateworks Centre decarbonisation scenarios 2023)

— Represents annual operations of the supply-side of the electricity sector:

+ Models 16 load blocks — these represent demand variations resulting from
changes to seasons and time of day.

+ Includes all of Australia’s major electricity grids. Off-grid modelling is limited

to particular zones in Western Australia.

Models existing generators including lifetime and retirement plans

Covers 31 generation and storage technologies for possible deployment

Accounts for availability of renewable resources, including solar and wind

Models distributed generation and storage, for example rooftop solar

+ + + +

Segments Australia’s economy into five end-use sectors:

agriculture (7 subsectors)

industry (43 subsectors across mining, manufacturing and ‘other’)
buildings (14 building types across residential and non-residential)
road transport (10 vehicle types)

non-road transport (rail, sea and aviation).

+ + + + +

Includes all major fuel types and energy feedstocks across end-use sectors,
including coal, diesel, biomethane, renewable energy and hydrogen.

CLIMATEWORKS CENTRE 12
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CLIMATEWORKS CENTRE DECARBONISATION SCENARIOS 2023

Climateworks Centre decarbonisation scenarios 2023 was published in November 2023 and follow
previous Climateworks’ modelling published in 2020, called Decarbonisation futures_(Climateworks
Centre 2020, 2023a). This work charts the pathways to net zero by 2050 in the transport, buildings,
agriculture and industry sectors. In the transport sector, the scenarios modelled examined
technological change solutions such as the transition to electric vehicles (EVs) and new fuel sources
like hydrogen and biofuels. Figure 2 summarises key findings from Climateworks Centre
decarbonisation scenarios 2023 for the transport sector.

FIGURE 2: KEY FINDINGS FOR THE TRANSPORT SECTOR IN ‘CLIMATEWORKS CENTRE DECARBONISATION
SCENARIOS 2023’

Transport: In the medium term until the 2030s, higher assumed
demand for transport cancels out the emissions benefits
of shifting to electric vehicles (EVs). Our 1.5°C scenario
sees a higher uptake of EVs, which make up 73 per cent
of new passenger car sales by 2030, compared to 56 per
cent in the well-below-2°C scenario. This EV uptake is the
main difference between the two scenarios in this sector.
Our scenarios don't yet account for the benefits of mode
shifts like public transport, cycling, walking and shifting
from road to rail freight.

Up to now, our modelling has not investigated the impact on emissions from mode shifts —
shifting to public transport, cycling, walking and shifting freight from road to rail — or greater
transport efficiency, including reducing the length of trips and need for travel.

Our new, transport-focussed modelling builds on our previous modelling and tests the outcomes of a
wider mix of solutions, including mode shift and reduced total transport activity.

CLIMATEWORKS CENTRE 13
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3 Transport scenarios

Four scenarios were defined to answer the research questions outlined in section 2.
The scenarios combine:

+ different suites of transport decarbonisation solutions,

+ different uptake rates of zero emission vehicles.

The impact on transport emissions that result from each scenario has then been assessed. Aside
from the changes described in this report, all other assumptions remain unchanged from previous
Climateworks’ modelling (i.e. Climateworks Centre decarbonisation scenarios 2023). The four
scenarios are set out in Figure 3 below and are discussed in more detail in Table 2.

The scenarios do not model individual policy interventions, but rather broad solutions such as the
uptake of ZEV or mode shift.

FIGURE 3: CLIMATEWORKS’ FOUR MODELLED SCENARIOS

M

RAPID

PACE OF ZEV UPTAKE

MODERATED
I
|

H————TECHNOLOGY ONLY it DIVERSE SOLUTIONS ——

MIX OF DECARBONISATION SOLUTIONS

To create each scenario, different inputs and assumptions are used to explore the impact of different
transport decarbonisation solutions. Key inputs explored:

+ Changing future transport demand projections

- Including assumptions related to ‘avoid’ and ‘shift’ related decarbonisation solutions,
such as greater efficiency in freight operations, shorter or avoided transport journeys
through improved land use planning or working from home, and moving people and
goods onto more sustainable modes of transport such as freight on rail or public or
active transport.

- Reducing the amount of vehicle-based travel to explore the impact to emissions of
people and goods moving via lower emission modes and reduced overall demand.

+ Changing the pace of technology transition

- Changing the pace of change at which road vehicles switch from internal combustion
engines (ICE) to ZEV technology from ‘rapid’ uptake to ‘moderated’.

- Noting that all scenarios include a high pace of change whether ‘rapid’ or ‘moderated’.
Current road vehicles are predominantly ICE and are required to transition to only ZEV
by 2050 for the transport sector to reach net zero.

CLIMATEWORKS CENTRE 14
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TABLE 2: DEFINING THE TRANSPORT SCENARIOS

JUNE 2024

SCENARIO

SOLUTION MIX

Technology only

ZEV UPTAKE

DEFINITION

No changes to future transport demand. The
demand is based on historical transport
patterns and projected to a future demand
based on population and gross domestic
product (GDP) growth. Includes the most
ambitious ZEV uptake rate.

PURPOSE

This scenario reflects the same
inputs and assumptions as
Climateworks Centre
decarbonisation scenarios 2023,
published in November 2023.

Diverse solutions

ambitious mode shift and avoided travel
across passenger and freight modes.

A ZEV uptake that is high but less ambitious
than the ‘rapid’ uptake.

Modifications to future transport demand to
model ambitious mode shift and avoided
travel across passenger and freight modes.

Includes the most ambitious ZEV uptake
rate.

Technology only | Moderated No changes to future transport demand. To understand the pathway
A ZEV uptake that is high but less ambitious | implications if ZEV uptake is slower
than the ‘rapid’ uptake. than previously modelled.

Diverse solutions | Moderated Modified future transport demand to model To understand the pathway

implications if ZEV uptake is slower
than previously modelled but
includes a diverse decarbonisation
solution mix to drive further
emissions reduction.

This scenario provides the most
ambitious decarbonisation pathway
with the most ambitious ZEV uptake
and accounting for a diverse mix of
transport decarbonisation solutions.

CLIMATEWORKS CENTRE
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AVOID, SHIFT AND IMPROVE FRAMEWORK

The ASI framework is a commonly used framework for transport decarbonisation (SLOCAT 2023;
IPCC 2022). It offers a holistic approach to transport decarbonisation linked to creating an overall
sustainable transport system. This framework was used to inform the types of solutions modelled in
our scenarios, as shown in Table 3.

TABLE 3: AVOID, SHIFT, IMPROVE FRAMEWORK

AVOID SHIFT IMPROVE
D A * Avoid or reduce the level of » Shift to lower emissions « Improve the energy efficiency
escription - .
transport activity modes of transport of vehicles and fuel

e prioritising network and » making active travel, public » transitioning to ZEV (all
route optimisation to reduce transport and shared vehicles and rolling stock
emissions and distances mobility more attractive and e.g. cars, trucks and buses)
travelled efficient » reducing the emissions

» undertaking activities at » making low-carbon transport intensity of fuel

E home or locally modes for freight (e.g. rail, » supporting efficiency
xamples ; . ) : .

» enabling shorter distances to e-cargo bikes) more improvements for existing
destinations and activities attractive and efficient vehicles, ships and planes
through land use planning e reduce incentives for
and transport integration vehicle-based travel

e prioritising demand
management

» reduced transport demand » shifts in private car use to » sensitivity analysis of
across all modes (assumed public and active transport different rates of ZEV uptake
shorter trips or less trips) o shifts from aviation to

Application regional rail, where possible

to » shifts from road freight to rail

modelling « shifts from road freight to
lower emissions, emerging
technology (e.g. e-cargo
bikes)

Technology Only

Diverse Solutions

The modelling assumptions relating to the ‘avoid’ and ‘shift’ pillars were developed during the course
of the project. They were developed through extensive research, underpinned by an evidence
hierarchy (more details in Section 4.2). Furthermore, the Technical Reference Group (TRG) provided
input during the development of the assumptions. The assumptions relating to the ‘improve’ pillar
were included in the AusTIMES model, which has been jointly developed by CSIRO and
Climateworks Centre.

CLIMATEWORKS CENTRE 16
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INFORMATION BOX 1: CARBON BUDGET

Transport scenarios use a 1.5°C carbon budget

In Climateworks Centre decarbonisation scenarios 2023 the two scenarios modelled
represent the range of ambition defined in the Paris Agreement and relate to aligning the
decarbonisation of Australia’s economy with limiting global temperature rise compared to
pre-industrial levels:

+ The 1.5°C scenario aligns with limiting global warming to 1.5 degrees Celsius.
+ The well below 2°C scenario aligns with limiting warming to 1.8 degrees Celsius.

However, in the transport modelling presented in this report, the scenarios are aligned
with limiting warming to 1.5°C only. The reason being:

+ Limiting warming to 1.5°C reduces the worse impacts of climate change (IPCC
2022). This is identified as a key factor in developing a credible transport
decarbonisation plan in our Decarbonising Australia's transport sector report.

+ The primary purpose of this modelling is to explore the impact that the transport
sector can make on Australia’s decarbonisation. By keeping all other inputs
unchanged, results can be more clearly interpreted in relation to the actions
taken in the transport sector. Analysis relating to the differences between a
1.5°C and well below 2°C scenario can be found in Climateworks Centre
decarbonisation scenarios 2023 (Climateworks Centre 2023a).

Therefore, all four scenarios presented in this work are aligned with Australia’s carbon
budget shown in Table 4.

Note that the ‘Technology only —rapid ZEV uptake’ scenario contains the same
assumptions as Climateworks Centre decarbonisation scenarios 2023 modelling for
consistency and comparison. There is no defined transport sector carbon budget, as
other sectors can contribute more or less to the decarbonisation efforts to stay within
Australia’s carbon budget defined in Table 4. However, the transport emissions under a
1.5°C scenario from 2025 to 2050 are 1,330 MtCO:e. This quantity of emissions is used
as a benchmark of the transport system decarbonising in line with 1.5°C.

TABLE 4: CUMULATIVE CARBON BUDGET USED

SCENARIO | TEMPERATURE GLOBAL BUDGET | AUSTRALIAN MODELLED
OUTCOME AND (from 2020-2050) BUDGET TRANSPORT SECTOR
PERCENTILE (from 2021-2050) | EMISSIONS
1.5°C LEE el Grlln 400 GtCOe 3.02 GtCOse 1330 MtCO,e
percentile

CLIMATEWORKS CENTRE 17
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4 Modelling methodology

This section provides an overview of the different processes and tools that underpin the transport
modelling. While the AusTIMES model was the main model used for this work, extensive analysis and
modelling was required to inform the inputs and create a clearer understanding of the modelling
outputs. The four main components of the modelling are:

1. The AusTIMES model: The methodology and key assumptions relating to the transport
sector in the AusTIMES model

2. Transport demand: The methodology used to project future transport demand for both
scenarios which serves as a major input of the AusTIMES model.

3. Zero emission vehicle uptake: the constraints and technology uptake which is a key
transport input into the AusTIMES model.

4. Additional analysis of outputs: The inputs and outputs from the model required additional
analysis to clearly understand of the benefits and challenges of each scenario.

Figure 4 provides an overview of the model components and the assumptions that were modelled for
the transport sector.

CLIMATEWORKS CENTRE 18
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FIGURE 4. MODELLING METHODOLOGY FOR THE TRANSPORT SECTOR
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4.1 AUusTIMES model

The AusTIMES model explores how the whole of the Australian economy could decarbonise in a way
that reflects the lowest overall cost between now and 2050. Climateworks and CSIRO have been
developing the model since 2018, based on the globally recognised TIMES model from the
International Energy Agency’s Energy Technology Systems Analysis Project (ETSAP). It
approximates Australia’s current and future energy and emissions across all sectors of the Australian
economy (i.e. electricity, buildings, transport, industry and land).

The model solves for the whole of economy to stay within the defined carbon budget. Within this
transport scenario modelling project, we have focused on the inputs, assumptions and outputs that
relate to the transport sector only. All other assumptions remain unchanged from our previous
modelling in Climateworks Centre decarbonisation scenarios 2023.

INFORMATION BOX 2: CLIMATEWORKS CENTRE DECARBONISATION
SCENARIOS 2023

Methodology and assumptions report

The Climateworks Centre decarbonisation scenarios 2023 methodology report,
AusTIMES modelling assumptions and methodology report, details the approach
and inputs to Climateworks’ latest decarbonisation scenarios (Climateworks Centre
2023a, 2023b).

The focus of the Decarbonising Australia’s transport sector report is the transport sector
and does not cover other sectors. Details of other sectors can instead be found in
Climateworks Centre decarbonisation scenarios 2023. The scenarios discussed in this
transport report use the same methodology, assumptions and inputs to those used in
Climateworks Centre decarbonisation scenarios 2023 for all sectors other than the
transport sector.
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INFORMATION BOX 3: METHODOLOGY AND ASSUMPTIONS REPORT —
TRANSPORT SECTOR

AusTIMES modelling of the transport sector

Under the AusTIMES model, the transport sector includes all domestic transportation
modes, while international passenger transport and freight are considered out of scope.
Transport activities are categorised into road transport and non-road transport. Road
transport is modelled using ten vehicle types, each with appropriate fuel and energy
options. These include three classes of passenger vehicles, three classes of light
commercial vehicles, motorcycles, buses, rigid trucks and articulated trucks. Non-road
transport is categorised into three subsectors: rail (passenger and freight), domestic
shipping and domestic aviation.

Energy consumption in the transport sector is estimated by multiplying vehicle kilometres
travelled by a fuel efficiency factor specific to each transport mode. For passenger
transport, vehicle kilometres are estimated based on activity levels and average vehicle
occupancy.

For freight, vehicle kilometres are estimated based on activity levels and vehicle weight
carrying capacity.

The transport sector’s decarbonisation is primarily driven by ‘fuel switching’, which
includes uptake of technology such as battery electric vehicles (BEV) or hydrogen fuel
cell electric vehicles (HFCV). Road transportation can decarbonise using biofuels,
hydrogen or electrification. Non-road transport has similar options for decarbonisation but
uptake does not progress as quickly due to slower technology availability and the slow
stock turnover of trains, planes and ships.

The uptake of different types of biofuels is limited to particular vehicle types. For
example, high ethanol blends are only available for use in new internal combustion or
hybrid vehicles, whereas biodiesel blends can be used by existing internal combustion
vehicles as ‘drop-in’ fuels. The use of hydrogen as a fuel requires new or upgraded
hydrogen fuel cell vehicles. Hydrogen is available to passenger and light commercial
vehicles, buses and heavy road transport. Hydrogen is also available for use in the
domestic shipping, aviation and rail subsectors, along with biofuels and synthetic fuels
(kerosene and diesel).

The adoption of zero emission vehicles is based on modelling conducted by CSIRO as
part of inputs to the Australian Energy Market Operator (AEMO) Inputs, assumptions and
scenarios report (Graham 2022).
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Transport sector classification

Climateworks modelled the following transport modes:

+ motorcycles + articulated trucks
+ small, medium and large passenger + buses
vehicles i
+  rail
+ small, medium and large light + aviation
commercial vehicles (LCVs)
+ shipping

+  rigid trucks

In addition, AusTIMES considers a subsector grouped as ’other transport’, as classified in class 50-53
of the Australian and New Zealand Standard Industrial Classification. This includes sectors such as:

+ 501 -scenic and sightseeing transport
+ 502 —pipeline and other transport
+ 510 - postal and courier pick-up and delivery services

+ 521 — water transport support services

These sectors are represented in AusTIMES as ’other transport’. However, they have been excluded
from the transport sector’s scope in our modelling as the emissions from ‘other transport’ are small
compared to other transport modes. Furthermore, the decarbonisation solutions for this classification
are highly varied, making the research and analysis effort disproportionate to the impact.

Note: In the Decarbonising Australia’s transport sector report, the term ‘other transport’ has been
used to refer to buses, rail, shipping and aviation, with light vehicles (passenger, LCVs and
motorcycles) and heavy freight vehicles (rigid and articulated) making up the other two categories.

Transport sector assumptions

The AusTIMES model determines the transport sector’s emissions trajectory based on different
transport demand scenarios (see Section 4.2) and carbon constraints, which guide the rate of ZEV
uptake (see Section 4.3).

Additional assumptions that affect the uptake of zero- or lower-emissions vehicles and fuels include:

+ vehicle scrapping rates

+ technology costs (i.e. capital, operating and maintenance costs)
+ vehicle subsidies, taxes and registrations

+ fuel and energy prices and supply

+ transport demand (discussed further in Section 4.2)

+ policies related to scrapping of ICE vehicles

+ efficiency increase of electric vehicle technology

+ efficiency of fuel advancements.
Transport sector outputs

The AusTIMES model provides the following outputs relevant to the transport sector:

1. Scope 1 and 2 emissions for the transport sector as a whole and its subsectors.
2. Energy demand of the transport sector for electricity, hydrogen, biofuels and fossil fuels.

3. The technology transition for the national vehicle fleet and resulting new car sales.

These outputs are explored in greater detail in Section 4.4.
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INFORMATION BOX 4: LIMITATIONS OF APPROACH

Transport sector emissions — scope 3

Climateworks’ analysis for the transport sector examines scope 1 and scope 2
emissions. The analysis of transport emissions in the AusTIMES model does not include
scope 3 emissions. The industry and resources sector emissions would contain a large
proportion of emissions for the manufacturing of materials required to construct transport
infrastructure. However, it is not possible to easily isolate these within the current model
set up or to consider the scope 3 implications in exploring different transport
decarbonisation scenarios.

Transport infrastructure contributes to carbon emissions during construction,
maintenance, operation and decommissioning phases of the asset, as categorised in
Figure 5 below.

As the operational sources of carbon emissions decrease over time (i.e. scope 1 —
tailpipe emissions and scope 2 — electricity emissions), embodied emissions become a
more significant source of emissions in the transport sector and are increasingly
important to address. Unlike operational carbon emissions, which can be reduced over
time, embodied emissions are ‘locked in’ within the production and construction phases.

FIGURE 5: EMBODIED CARBON IN TRANSPORT INFRASTRUCTURE

Embodied carbon

Beyond building

Benefits
and loads

Reuse
Recovery
Recycling

Maintenance
Material transportation
Waste processing

Refurbishment
Deconstruction/demolition

Upfront carbon Circular economy

Operational carbon

Source: Materials and Embodied Carbon Leaders Alliance (MECLA 2022)
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Furthermore, there are emissions associated with vehicle manufacturing, also referred to
as scope 3 or embodied emissions. However, as there is no domestic vehicle
manufacturing in Australia, the emissions associated with manufacture are not
accounted for in our modelling. This is important to avoid double counting other
countries’ emissions at the global scale. However, more emissions can be reduced if
Australia considers how all sources of transport emissions can be reduced in deciding its
transport decarbonisation approach.

It is recommended that further analysis be completed to understand the impact of
different transport decarbonisation scenarios on embodied emissions, to identify
solutions that reduce emissions from all sources. The different transport scenarios are
expected to have varying impacts on the types of infrastructure required in the future,
and therefore on future embodied carbon of new transport infrastructure:

+ ‘Technology only’ scenarios — further road construction to accommodate the
increasing transport demand.

+ ‘Diverse solutions’ scenarios — further investment in public and active transport
as well as continued investment in freight rail projects.

Based on the efficiencies generated under the ‘Diverse solutions’ scenarios, through
reducing some travel, and moving people and goods by more sustainable modes, it is
likely that this scenario would have lower total lifecycle carbon implications.

No further analysis of infrastructure requirements, costs or carbon implications of the
scenarios has been completed by Climateworks at this stage.
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4.2 Transport demand

The AusTIMES model requires transport demand projections to 2050 as an input. These transport
demand or activity projections have been developed by Climateworks for the two scenarios:

1. ‘Technology only’ scenarios: This is the base transport demand that was also used in
Climateworks Centre decarbonisation scenarios 2023 (Climateworks Centre 2023a).

2. ‘Diverse solutions’ scenarios: This is a modified future demand where ‘shift’ and ‘avoid’
assumptions are applied to the ‘Technology only’ scenario’s transport demand to represent
a future with a more sustainable travel demand profile; lower emission modes and
avoided travel.

Figures 6 and 7 below show the road and non-road transport activities used as inputs in the
‘Technology only’ and ‘Diverse solutions’ scenarios. Growth in non-road demand is largely based on
an increase in rail.

FIGURE 6: ROAD TRANSPORT DEMAND PROJECTIONS (CARS, TRUCKS, BUSES, MOTORCYCLES AND LCVS)
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FIGURE 7: NON-ROAD TRANSPORT DEMAND PROJECTIONS (RAIL, SHIPPING, AVIATION)
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4.2.1 BASE DEMAND IN THE ‘TECHNOLOGY ONLY’ SCENARIO

The base transport demand used in the ‘technology only’ scenario was developed using the
methodology below. This demand was then modified for the ‘Diverse solutions’ scenario
demand input.

Methodology:

1. Historical Bureau of Infrastructure and Transport Research Economics (BITRE) data was
used to determine the base demand by reclassifying the BITRE data into the transport
categories required for the AusTIMES model (BITRE 2022). Specific methodologies for each
mode are discussed in more detail below.

2. The base demand for 2023 was classified for each of the eight states and territories using the
Australian Bureau of Statistics (ABS) population data (for passenger modes) and gross state
product (GSP) (for freight modes) as shown in Table 5 (ABS 2019; BIS Oxford Economics
2022).

3. Growth trends from 2016 to 2019 were included to reflect existing transport trends. Growth
trends from 2020 to 2023 were not considered in setting the trend due to the impact of the
COVID-19 pandemic on travel patterns.

4. Passenger transport demand was inputted into AUSTIMES in passenger kilometres travelled
(pkm) and tonne kilometres travelled (tkm). Passenger transport demand was further
converted into petajoules (PJ) for non-road transport modes. Analysis of vehicle kilometres
travelled (VKT) of the modes was also undertaken.

The above steps are consistent across all transport modes. Additional details are provided in the
mode-specific sections below.

Transport demand projections

The transport demand for each mode was projected to 2050 using assumptions based on household
growth for passenger modes and economic growth (i.e. GSP) for freight modes. See Table 5 for
more information.

TABLE 5: TRANSPORT DEMAND PROJECTIONS TO 2050

MODE ASSUMPTION USED TO GENERATE FUTURE DEMAND DATA SOURCES

Passenger | + Data source was the household growth data from ABS Household and
ABS (3236.0 Household and Family Projections, Family Projections
Australia, 2016 to 2041) (ABS 2021).

+ Series Il has been used as the historical rate of
change in propensities from 2001 to 2016.

+ Compound Annual Growth Rate (CAGR) was used
to project from 2042-2050.

Freight + Economic growth estimations are taken from AEMO | AEMO Macro-economic
macro-economic projections of GSP. Outlook FY2023 (BIS
Oxford Economics 2022).
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Future transport trends, such as changes to macro-economic conditions or individual behaviour, were
not accounted for when projecting transport demand to 2050. These changes within the transport
sector may impact future demand; however, due to their unpredictable nature, they could not be
easily modelled.

Examples of transport trends that were not considered but may affect future transport
demand include:

+

+

future exports and their impact on rail freight

increasing vehicle size

increasing car ownership for households

household income and its effect on future travel patterns
autonomous car use

increasing use of electric vehicles due to perceived pricing (also referred to as induced
demand or rebound effect).

Light-duty vehicles (passenger and LCVs)

+

+

+

Passenger transport demand (represented as pkm) was derived directly from BITRE data
(BITRE 2022). Vehicle occupancy from the Australian Transport Assessment and Planning
(ATAP) guidelines was used to convert pkm to VKT for use in the AusTIMES model
(ATAP 2021).

LCV demand was derived from the BITRE transport demand using tkm data (BITRE 2022).

The proportion of demand for light, medium, and heavy passenger and LCV vehicle splits was
based on vehicle mass from 2022 National Transport Commission (NTC) data of new car
sales and correlated to the ABS Survey of Motor Vehicle Use dataset (NTC 2021; ABS 2020).

- For passenger vehicles: light vehicles are less than 1,401 kg, medium vehicles are less
than 2,000 kg, and heavy vehicles are above 2,000 kg.

- For LCVs: light vehicles are less than 1,600 kg, medium vehicles are less than 2,000kg,
and heavy vehicles are above 2,000 kg.

LCVs’ non-freight activity is also included in passenger vehicles (heavy) using ABS Survey of
Motor Vehicle Use (SVMU) estimates as shown in Information box 5 (ABS 2020).

CLIMATEWORKS CENTRE 27


https://www.climateworkscentre.org/

TRANSPORT DECARBONISATION PATHWAYS

INFORMATION BOX 5: LCV METHODOLOGY

Splitting LCV demand between passenger and
freight tasks

The LCV category includes utes, vans and SUVs, which are used for both freight and
personal use. Climateworks has chosen to reclassify the proportion of travel completed
for personal use as a ‘passenger mode’ rather than a ‘LCV mode’ to better understand
the emissions related to passenger and freight transport.

The methodology to split the LCV category into freight and passenger tasks:

+ ABS Survey of Motor Use data classifies LCV activity into four categories
(ABS 2020):

Business use laden
Business use unladen
Personal and other use

To and from work use

+ From the above classification, laden and unladen business use were classified
as freight activities, whereas ‘Personal and other use’ and ‘To and from work
use’ were considered passenger activities.

+ The percentage of both activities was calculated; for the LCV classification of
2020 ABS Survey of Motor Use data, this is approximately 60 per cent freight
and 40 per cent passenger task.
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Heavy freight (articulated and rigid trucks)
+ Articulated and rigid truck demand was derived from BITRE freight road (tkm) data after
calculating the share of truck distances based on ABS VKT share (BITRE 2022; ABS 2020).
Buses
+ Bus demand was derived directly from BITRE’s dataset using pkm (BITRE 2022).

+ Vehicle occupancy was estimated using BITRE data and ABS SMVU data (BITRE 2022; ABS
2020).

+ The occupancy rate was dynamic, increasing by 25 per cent by 2040 to reflect route
optimisation and densification of bus routes.

Rail, aviation and shipping

+ Rail, aviation and shipping demand (PJ) was derived from energy consumption in Australia
Energy Statistics (Department of Industry, Science, Energy and Resources 2021).

+ Arelationship between energy demand (PJ) and pkm/tkm was developed using a BITRE data
correlation (BITRE, 2022). The AusTIMES model are in the form of PJ, whilst the correlation
to pkm and tkm was for analysis outside of the AusTIMES model.

Active travel

Active travel is not inputted into the AusTIMES model as there are no emissions associated with
these transport modes. The ‘Diverse solutions’ scenario reallocates some of the base transport
demand to active travel modes (e.g. walking and cycling); however, this is not directly considered in
the model, it is simply reflected as an absence of private car use in the transport demand inputted
into AUSTIMES.
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4.2.2 MODIFIED DEMAND IN THE ‘DIVERSE SOLUTIONS’ SCENARIO

INTRODUCTION

The ‘Diverse solutions’ scenario consists of a modified transport demand, which includes ‘Avoid’ and
‘Shift’ assumptions applied to the base demand that was used in the ‘Technology only’ scenario. The
purpose of these assumptions is to reflect the outcome of ‘Avoid’ and ‘Shift’ transport decarbonisation
solutions broadly. They do not help to assess the impact of individual policy interventions or
investments. For example, the transport outcome of more freight being transported on rail, instead of
on trucks is modelled. However, the impact of individual interventions such as investment in freight
infrastructure (i.e. intermodals or expanded rail networks), pricing mechanisms or other regulations
which might lead to this outcome, are not assessed.

The assumptions applied are ambitious, reflecting the scale of the challenge.

The assumptions applied aim for ambitious transport decarbonisation, recognising the scale of
emissions that need to be abated from the sector. That ambition should, however, still considered the
types of change possible in the Australian context. It is recognised that achieving this ambition in the
current context requires a significant step change to current transport practices. Striving to balance
ambition and giving consideration to the Australian context, a research methodology and evidence
hierarchy were established to inform the assumptions.

The first draft of the assumptions was developed by drawing on a range of transport expertise and
insights from a diverse body of evidence, including existing government targets, case studies and
academic literature, where available. These assumptions were then presented to the Technical
Reference Group and revised based on its as well as other expert feedback. The consensus from
the expert group was that these assumptions would require a significant step change in current
transport demand patterns and transport investment in Australia. There was interest from this group
in understanding the impact of these types of assumptions and the level of change through

our scenarios.

ASSUMPTIONS METHODOLOGY

The assumptions were grouped into seven transport outcomes based on the types of ‘Avoid’ and
‘Shift’ assumptions included in our ‘Diverse solutions’ scenario:

Avoided travel across:

A. all passenger modes

B. all freight modes

Mode shift from:

C. private vehicles to public transport (e.g. buses, trains, light rail and trams)
D. private vehicles to active transport (e.g. walking and cycling)

E. aviation to regional rail

F. road freight to rail freight

G. LCVs to micromobility (e.g. cargo e-bikes).

The assumptions were implemented gradually. This is due to, for example, shifts between modes not
occurring instantaneously but over time. The implementation was structured around two target years,
an interim target and a final target year by which the full transition has been realised. Linear growth
was applied for the years prior to the interim and final target years. The two target dates were typically
2028 and 2035. However, to increase the granularity of the assumptions some adjustments were
made if longer or shorter timeframes better suited the specific category (e.g. longer timeframes for rail
infrastructure, shorter for active transport uptake).
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The assumptions were considered at a state and territory level to better account for regional
differences. The states were classified into three distinct groups based on urban characteristics, such
as scale and population. The assumption was generally directly applied to group one (New South
Wales (NSW), Victoria and Queensland) and then scaled down for group two (South Australia and
Western Australia) and group three (Northern Territory, Australian Capital Territory and Tasmania).

The assumptions were formatted in two ways:

1. Asadirect conversion of transport demand with the travel demand simply removed from
one mode and reallocated to another (or removed altogether in the case of avoid
assumptions).

2. As an estimate of pkm increase or decrease from assumed mode shift changes, which was
undertaken with additional mode share modelling before converting to a pkm shift.

Direct conversion of transport demand

For certain transport outcomes, assumptions were developed for a shift from mode to mode using
pkm or tkm as an indicator, as the trip can be directly transferred. For example, a portion of pkm
travelled was removed due to the ‘Avoid’ assumption. Similarly, a portion of the tkm associated with
rigid trucks was reduced and the resulting portion was reallocated to rail.

The direct conversion of transport demand occurred in the following categories:
Avoided travel across:

A. all passenger modes (pkm)

B. all freight modes (tkm).
Mode shift from:

E. aviation to regional rail (pkm)

F. LCVs to micromobility (tkm)
G. road freight to rail freight (tkm).

Mode share modelling

To apply a mode share assumption, we considered that average trip lengths for different modes are
not the same. For example, replacing one car trip with one by cycling may not always be appropriate.
Therefore, applying a direct pkm conversion would risk incorrectly accounting for the types of journeys
completed at different trip lengths.

The methodology in Information box 6 was used for:

C. mode shift from private vehicles to public transport (e.g. buses, trains, light rail and trams)

D. mode shift from private vehicles to active transport (e.g. walking and cycling).

The assumptions were applied initially using an estimated increase in mode shift for active and public
transport modes. Further analysis was then undertaken to determine the pkm implications of different
modes, as pkm is the input metric for AusTIMES. Using mode share as the assumption metric
recognises that a trip cannot be replaced exactly. For example, replacing a long car journey with an
active transport journey is not appropriate. Using mode share gives more confidence to the way trips
can be realistically reallocated onto different modes.
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INFORMATION BOX 6: JOURNEY TO WORK METHODOLOGY

ABS Journey to Work mode shift tool

To input mode shift assumptions into the scenario modelling, we calculated how much
private vehicle travel would reduce as a result of shifting to lower-emissions modes. We
worked with the Institute for Sensible Transport with their mode shift assessment tool.
The tool draws on ABS Census data for journeys to work for 2016 (ABS 2018). Data
from the 2021 census was not used due to COVID-19 disruptions to usual travel
patterns. It uses Census data to estimate how changes in mode shift affect the total
distance travelled per mode of transport.

Journey to work data was scaled from a daily figure to an annual figure for all transport.
The scaling was calibrated using Victorian Integrated Survey of Travel and Activity
(VISTA) data (Department of Transport and Planning 2020). The observed person
kilometres travelled in Melbourne’s ABS journey to work data and Melbourne’s VISTA all
trips data are almost identical (78.4 per cent private vehicles in journey to work and 79.1
per cent private vehicles for all trips), giving confidence to this scaling.

Journey to work mode shift tool methodology:

1. The target mode shift assumptions for each mode (e.qg. rail, light rail, tram,
walking, cycling, and bus) were defined.

2. The tool calculated the corresponding mode shift of public and active transport
based on trip length by shifting trips of similar distance to existing trips from one
mode to another.

+ The model also outputs the corresponding decrease in private car use.
This is possible as the underlying dataset contains the number of trips per
area, by mode and by distance. As such, the average trip lengths for
modes remain stable. For example, when the mode share of bicycles is
increased, this shifts short trips by all other modes to bicycles, maintaining
the average distance for bicycle trips, while reducing the number of short
trips for other modes

+ The strength of this method is that trip distances for active transport align
with what is currently observed, and the model only allocates short trips to
walking or cycling to trip lengths that are currently observed using these
modes.

3. The resulting mode share is capped by the dispersion of trips of different trip
lengths.

4. The model then determines the pkm shift for different modes based on existing
trip lengths, which is used as an input for AusTIMES.

The resulting mode share and the pkm changes to the baseline demand is reported in
Section 4.2.2.C.
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ASSUMPTIONS

The assumptions represent future transport outcomes that would be the effect of numerous
government policies and new infrastructure and services changing travel behaviour. The sections
below expand on why Climateworks focused on seven specific assumption categories and the types
of change required to see them realised.

The assumptions were developed with input from transport experts as well as from drawing on case
studies and government targets. The research used a diverse range of sources (both global and
local), considered in terms of their relevance for Australia. For example, research showed that in other
international jurisdictions, micromobility in freight has been adopted, often in countries with denser
urban forms. Given the lower density of Australia’s urban areas, a reduced shift to micromobility was
applied as compared to those observed internationally. Conversely, the ‘Shift’ assumption for freight
rail remains consistent with international observations as rail freight in Australia is well serviced.

The development of these assumptions was completed through an iterative approach with a wide
range of transport expertise, technical modelling and best practice research.

A. Avoided travel across all passenger modes

The ‘Avoid’ assumption reduces transport demand across all public transport, active transport and
private passenger vehicles. The pkm inputs for each passenger mode were decreased by ten per
cent as shown in Table 6.

TABLE 6: AVOIDED TRAVEL ASSUMPTION (PASSENGER)

ASSUMPTION YEAR | CHANGE IN PKM

Avoided travel across all passenger modes

-50, - 0,
» reduction in pkm compared to the base By 2025 | -5% By 2035 | -10%

This assumption reflects planning practices such as integrated land use planning approaches aimed
at locating key destinations (e.g. home and work, business to business) closer together, as well as
initiatives such as work-from-home, e-services, or road user pricing.

Reduction or avoidance of transport is a function of trips not being taken or a reduction in the length of
trips. With higher density and/or an increase in integrated land use, the length of trips decreases as
well as the ease of using other modes such as active or public transport.

B. Avoided travel across all freight modes

The ‘Avoid’ assumption reduces transport demand across all freight modes, representing efficiency
gains in the freight and logistics sector and improved land use planning. The tkm inputs for each
freight mode were decreased by five per cent (Table 7).

TABLE 7: AVOIDED TRAVEL ASSUMPTION (FREIGHT)

ASSUMPTION YEAR | CHANGE IN TKM

Avoided travel across all freight modes

-20, -50,
» reduction in tkm compared to the base By 2030 | -2% By 2035 | -5%
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This assumption represents optimising the existing freight activity. This assumption does not suggest
that goods are not being transported as this would affect Australia’s economy. Instead, the
assumptions suggest that routes can be optimised to be shorter or more direct, which can improve
productivity and reduce costs for businesses and consumers. This can be reflected through efficiency
gains for freight routes and vehicles by increasing load factors, establishing freight distribution
centres, consolidating goods at first or last mile, implementing road user pricing and optimising routes.
This outcome can also be supported by improved land use planning. For example, well-located freight
distribution hubs and even parcel lockers can reduce inefficient trips.

C & D. Mode shift from private vehicles to public transport and active transport!

The ‘Shift’ assumption increases the share of public and active transport modes, consequently
decreasing the share of private vehicle travel. A target mode share for bus, rail (including light rail and
trams), walking and cycling modes were developed.

An additional transport tool was used to convert the future mode shares to the pkm input change
required for the input to AusTIMES, taking into account trip length. This tool is based on journey to
work data,? see Information box 6, which reallocates existing trips based on trip length, ensuring that
journeys that are switched to a new mode can feasibly be undertaken by that mode (e.g. cycling is
generally not a mode used for very long trips based on existing transport patterns).

Figure 8 shows the existing mode share and trip lengths of passenger transport journeys in Victoria
for reference.

FIGURE 8: EXISITNG MODE SHARE IN VICTORIA

5.9, 17419~ Average trip length (km)

Private car 11.0

Car sharing 8.9

Walking 1.0

Bicycle 4.6
Train 23.1
Tram 6.4
Bus 11.0

Data source: State of Victoria Department of Transport and Planning 2020

1 These two assumptions have been combined in this discussion as they were both developed based on mode share shift to
determine pkm shift.

2 There is no national dataset which includes active travel data, hence journey to work data was used to model the shift in
mode share of public and active transport modes (ABS 2018). Some states and territories have regular travel surveys such as
Victorian VISTA data or NSW Household Travel Survey (HTS) data (Department of Transport and Planning 2020; Transport for
New South Wales 2022). The Journey to Work data was calibrated with VISTA data and found that the average trip length and
mode share patterns were similar across datasets with the exception of a greater active travel mode share in the VISTA data.
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By 2035 the mode share of car trips was assumed to decrease to approximately 50 per cent (private
car and car sharing combined). The resulting mode shift increase for active and public transport
modes was 15 and 22 percentage points respectively.

The model then converts the resulting mode share to pkm shifts for inputting into the AusTIMES
model as shown in Table 8.

TABLE 8: MODE SHIFT ASSUMPTION (CARS)

ASSUMPTION — MODE SHARE YEAR | CHANGE IN PKM

Mode shift from car to public and active transport
» decrease in car pkm compared to the base

» the decrease in car pkm is reallocated to public transport (~75% of the By 2030 | -27% By 2035 | -35%
decrease in car pkm is shifted to public transport)

» the decrease in car pkm is reallocated to active transport (~25% of the
decrease in car pkm is shifted to active transport)

The assumptions for public and active transport vary state by state and by target year, based on existing travel patterns and
availability of different modes; the pkm values included above are a national approximation.

Public transport

To achieve a lower mode share of private vehicles, the mode share of public transport needs to
significantly increase across all services, including rail, light rail, trams or buses. To achieve the
change assumed in our modelling, a comprehensive suite of interventions would be needed to make
public transport more attractive and efficient. Some examples of this are listed below, noting that the
impact of individual interventions is not explored in our modelling.

+ Improve public transport quality:

- Provide an expanded transport network that offers a ‘turn up and go’ frequent and
direct service.

- Improve transfer experiences, for example, through short waiting times and short
distances between stops.

- Improve public transport information, for example through campaigns, welcome
packages for residents relocating and an easy-to-understand network.

+ Expand and improve transport networks:
- Develop bus service strategies that include direct, frequent services and local services.

- Increase average public transport speeds, for example, through prioritising public
transport, adjusting stop positioning, revising route alignments, implementing off-board
payment (or ticket machines on-board), enhancing signalling.

- Develop feeder public transport that improves access to mass transit, such as rail.

- Dedicate right of way for buses and trams, for example, through priority lanes and
priority at traffic lights.

- Provision sustainable transport choices early in new communities.
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Active transport

The active transport mode share was assumed to increase. Active transport includes walking, cycling
and other forms of micromobility, such as wheelchairs, skateboarding and scooters. There are cities
around the world that have significantly improved their active travel infrastructure, coupled with a suite
of policies to achieve an increase in active travel that Australia can learn from. Achieving the mode
share outcome reflected in our assumptions would require a step change in Australia’s efforts.
Examples of ways to increase active mode share:

+ Invest in infrastructure to prioritise active modes, for example, footpaths, safe crossings and
separated cycle paths.

+ Reallocate road space to active modes and improve road safety through lower speed limits
and highly visible, safe crossing and lane infrastructure.

+ Review regulations and opportunities for encouraging the use of e-bikes and e-scooters.

+ Improve walkability through improved urban planning, locating key destinations close by,
street-scaping and urban design.

To encourage the uptake of active and public transport, policies and subsidies that encourage car use
over these modes also need to be reconsidered.

E. Mode shift from aviation to regional rail

The assumption was to shift intercity air travel to regional rail services where an appropriate rail
network exists or could exist in the future, reducing the overall demand in the aviation sector. The
aviation demand was decreased by seven per cent with the resulting pkm demand reallocated to rail
(Table 9).

This assumption was supported by a tool used to estimate the potential for trips to be shifted to rail in
Australia (further details can be found in Information box 7 below).

TABLE 9: MODE SHIFT ASSUMPTION (AVIATION)

ASSUMPTION YEAR | CHANGE IN PKM

Mode shift from aviation to regional rail

» decrease in aviation pkm compared to the base By 2040 | -3.5% By 2045 | -7%

» the decrease in aviation pkm is reallocated to intercity rail

Achieving this mode shift requires significant investment in Australia’s intercity rail network.
Internationally, intercity travel is heavily utilised. For example, in France, the government banned
domestic flights where a journey can be completed by train in less than two and a half hours
(The Guardian 2023).

Aviation travel could also be shifted to zero emissions road journeys to further decrease the
emissions from Australia’s domestic aviation. This mode shift was not modelled within this scope
of work.
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INFORMATION BOX 7: AVIATION

Aviation to rail mode shift modelling

The top fifty air routes in Australia account for 89 per cent of passengers and revenue
passenger kilometres travelled (RPKSs). For each route, the average flight distance was
calculated and total journey times were estimated.

For each journey pair, it was determined if there was a viable rail alternative (that is, a
rail line which currently has, or could have, a passenger service operating). Rail travel
times between cities were estimated by using an average speed of 200 km/h on journeys
along the Adelaide, Melbourne, Canberra, Sydney, Brisbane corridor, which assumes a
significant but achievable upgrade of speed. All other journeys are assumed to average
110 km/h (estimated to represent 160 km/h top speeds).

To estimate a mode shift rate (i.e. the percentage of passengers that would use rail), a
rail to flight times ratio was calculated, and a shift rate applied. These assumptions are
shown in Table 10.

TABLE 10: LEVEL OF SERVICE ASSUMPTIONS

LEVEL OF SERVICE DAYTIME RAIL NIGHT TIME RAIL SUBSTITUTION
SERVICES SERVICES TO RAIL
Excellent Equal or quicker Equal or quicker 40% of passengers
Good 1.5 times flight time 1.8 times flight time 30% of passengers
Acceptable 2 times flight time 2.5 times flight time 20% of passengers
Poor Over 2 times flight time Qver 2.5 times flight 10% of passengers
time

Once these assumptions were applied, it was estimated that 7 per cent of air travel
passenger kilometres could be shifted to rail through the increased use and selected
upgrading of the existing rail network.

F. Mode shift from road freight to rail freight.

The assumption is to shift a portion of road freight to rail freight. It recognises that key freight routes
will need to accommodate a higher share of rail through improving and expanding the efficiency of
existing rail networks, or those under development. The assumption included a reduction in the
demand of both articulated (15 per cent) and rigid trucks (5 per cent), with the demand reallocated to
rail (Table 11).
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TABLE 11: MODE SHIFT ASSUMPTION (ROAD FREIGHT)

ASSUMPTION YEAR | CHANGE IN TKM

Mode shift from articulated truck to rail

» decrease in articulated truck tkm compared to
the base By 2028 | -8% By 2040 | -15%

o the decrease in truck tkm is reallocated to rail

Mode shift from rigid truck to rail

» decrease in rigid truck tkm compared to the base By 2028 | -1% By 2040 | -5%

o the decrease in truck tkm is reallocated to rail

Achieving this level of mode shift assumes a range of policy and network improvements to make rail
attractive and convenient, including improved rail infrastructure, both track and intermodal hubs,
leading to more servicing, higher capacity and faster trains. It also incorporates gains from lowered
handling costs, increased data and efficiency and reduced costs of rail comparative to road freight.

G. Mode shift from LCVs to micromobility

The assumption is to shift a portion of road freight from LCVs to micromobility (Table 12). This
includes replacing some service and delivery operations in urban areas, from vans to bikes and cargo
bikes (electric or human-powered), or even emerging last mile delivery technology such as drones.

TABLE 12: MODE SHIFT ASSUMPTION (LCVS)

ASSUMPTION YEAR | CHANGE IN TKM

Mode shift from LCVs to micromobility

-20, 49
» decrease in LCV tkm compared to the base By 2030 | -2% By 2035 | -4%

Achieving the shift incorporated with this assumption can be realised through a range of measures
including, urban distribution hubs, low emissions zones, protected cycling infrastructure and
incentives for purchasing and using micromobility modes (e.g. e-bikes and e-cargo bikes).
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RESEARCH AND EVIDENCE BASE

To inform the development of the assumptions, an evidence base was established. This provided a
database of existing case studies, targets, modelling and academic research. The research assisted
in forming the assumptions, for example as being feasible or in line with existing targets, with sources
specific to Australia where available.

An evidence hierarchy was used to increase the effectiveness of the research, by focusing on the
evidence types that would add the most confidence to the assumption values (Figure 9). Future
ambition, reflected in existing government targets, was prioritised as it reflects current policy
commitments. Australian-based evidence was prioritised over international evidence to ensure its
relevance to the Australian urban, land and transport context.

Intervention-based evidence, such as specific case studies assessing the impact of an individual
policy or piece of infrastructure, were deprioritised due to the influence of the surrounding context and
the modelling scenarios explicit focus on overall transport outcomes, not specific interventions.
International evidence was used where no domestic evidence or targets were available. Figure 9
below provides a sample of the types of evidence used to support the ambitious assumptions.

FIGURE 9: HIERARCHY USED TO PRIORITISE EVIDENCE TYPES

Evidence base to define assumptions for mode shift and avoided travel:

Evidence
type:

Future ambition
(e.g. Government reports and policy papers)

Scenario/ predictive modelling
(e.g. Government and industry modelling)

Future ambition
(e.g. international best practice targets)

Practical cases of a positive mode shift/avoided
travel outcome (Australian or international
case studies)

Practical cases of individual actions
(e.g. individual intervention case studies)

ot...a---oa..c&---.-...a---......a--o..)
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TABLE 13: EXAMPLES OF EVIDENCE USED FOR DIVERSE SOLUTIONS TRANSPORT DEMAND (MODE SHIFT AND AVOIDED TRAVEL ASSUMPTIONS)

24

ASSUMPTION

TITLE

DESCRIPTION

SOURCE TYPE

A. AVOIDED TRAVEL
ACROSS ALL PASSENGER
MODES

Choosing Victoria’s future: Five urban
development scenarios (Infrastructure
Victoria 2023a)

Exploration of five possible urban development scenarios for Melbourne
and analysis of the possible impact of each on housing, economic, social
and environmental measures. Policy recommendations for transport,
infrastructure and other sectors are included.

Scenario analysis

Greater Sydney Region Plan: A Metropolis
of three cities — connecting people (Greater
Sydney Commission 2018)

Urban plan for the greater Sydney region, which encompasses transport,
housing and infrastructure with a particular emphasis on achieving
accessible or walkable communities with reduced travel demand.

State government region plan

B. AVOIDED TRAVEL
ACROSS ALL FREIGHT
MODES

An ex-ante analysis of transport impacts of
a distance-based heavy goods vehicle
charge in the Netherlands (de Bok et al.
2022)

Simulation of the impact of distance-based heavy-vehicle pricing on tkm,
in the Netherlands. These distance-based pricings were announced in
2017, to be introduced in November 2023.

Simulation models of different
pricing scenarios.

C. MODE SHIFT FROM
PRIVATE VEHICLES TO
PUBLIC TRANSPORT
(BUSES, TRAINS, LIGHT
RAIL AND TRAMS)

Fast, frequent, fair: How buses can better
connect Melbourne (Infrastructure Victoria
2023b)

Discussion of the challenges of the Victorian bus system and an
exploration of potential policy interventions across frequency, priority and
technology.

Discussion paper

Effective ways to grow urban bus markets —
a synthesis of evidence (Currie and Wallis
2008)

A metanalysis of policy interventions and their relative impact on bus
patronage and activity.

Academic study

Improving Sydney’s Future Transport
(Committee for Sydney 2021)

Suggestion of a possible future transport mode-share split for Sydney,
along with a suggestion of 12 policy interventions that could achieve it.

Policy proposal

Public transport use in Australia’s capital
cities: modelling and forecasting (Bureau of
Infrastructure, Transport and Regional
Economics [BITRE] 2013)

Historical modelling of Australia’s capital city transport demand and
mode share, with predictive modelling into the future.

Transport demand modelling

Cities for the future report (Roads Australia
2018)

Review of public transport design, operation and mode share in Japan,
South Korea and Singapore, with potential policy interventions to
similarly increase Australia’s public transport mode share.

Policy proposal
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ASSUMPTION

TITLE

DESCRIPTION

SOURCE TYPE

D. MODE SHIFT FROM
PRIVATE VEHICLES TO
ACTIVE TRANSPORT
(WALKING AND CYCLING)

Brisbane active transport strategy 2012—
2026 (Brisbane City Council,2012)

Historical and future trends in Brisbane -based active transport, as well
as a vision for a future transport system.

Council transport strategy

Bike now: exploring methods of building
sustained participation in cycle commuting
in New Zealand (O’Fallon 2010)

Exploration of a suite of bike-uptake policy interventions (e.g. bike
parking, leasing and education) and their subsequent effect on active
transport mode share.

Academic study

Transport sector emissions reduction pledge
(2021-2025) (The State of Victoria
Department of Environment, Land, Water
and Planning,2021)

Detail the Victorian government’s ambition to achieve 25 per cent active
transport mode share by 2030.

Government policy

E. MODE SHIFT FROM
AVIATION TO REGIONAL
RAIL

Due to the unique nature of aviation and rail in Australia, no further research was undertaken. The assumption was based entirely on the
modelling outlined in Information box 7 and input from the TRG.

F. MODE SHIFT FROM
ROAD FREIGHT TO RAIL
FREIGHT

A review of public policy instruments to
promote freight modal shift in Europe:
Evidence from evaluations (Takman and
Gonzalez-Aregall 2023)

Evaluation of various policies (mostly subsidies or grants) applied to rail
and/or water. These policies were implemented at the national level in
different European countries.

Policy review

Freight modal shift - mode
shift impediments and opportunities
(Australasian Railway Association 2022)

Detailed list of recommended actions required to shift road freight to rail

Australasian Rail Association
document

G. MODE SHIFT FROM LCVS
TO MICROMOBILITY

Electric cargo cycles - a comprehensive
review (Narayanan and Antoniou 2022)

Consolidation of policies on infrastructure and safety, regulatory
measures, incentives, awareness creation and mobility plans to improve
biking (both passenger and commercial)

Literature review

Cargo bike action plan (Transport for
London 2023)

Consolidation of various strategies to make cargo bikes a leading option
for last mile freight and servicing trips in London.

Transport for London strategy
document
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4.3 Zero-emissions vehicle uptake

Zero emission vehicle uptake input assumptions are based on CSIRO’s Electric vehicle projections
2022 (Graham 2022). Climateworks undertook further analysis to understand the impact these
projections have on future emissions in the transport sector.

These projections were developed for use in AEMO’s 2023 Input, assumptions and scenarios report.
The projections are based on economic, infrastructure and policy drivers and cover four scenarios.
The two most ambitious projections were used in Climateworks’ analysis. CSIRO have referred to
these as ‘Hydrogen export’ and ‘Step change’ scenarios. For simplicity, we have referred to these as
‘rapid’ and ‘moderated’ ZEV uptake.

The uptake projections cover all road vehicles nationally, including electric vehicles (EVs) and
hydrogen fuel cell vehicles (HFCVSs).

+ Motorcycles

+ Passenger vehicles
+ LCVs

+ Rigid trucks

+  Articulated trucks

+ Buses

The ‘rapid’ and ‘moderated’ scenarios apply to all of the road vehicles above. Additional constraints
and assumptions are also applied to guide the transition of non-road transport sectors. The following
sections outline the scenario implications for different vehicle types.

The precise timing of technology uptake across all transport modes is inherently uncertain and
requires significant research, investment and policy change to drive the ambitious uptake required for
transport decarbonisation. The AusTIMES model and ZEV projections are guided by knowledge of the
current context and are subject to change as new technology and opportunities emerge or,
alternatively, as barriers to uptake are identified.

The AusTIMES model is solving for a 1.5°C future, which as Figure 10 shows, takes rapid change in
the transport sector to see this future eventuate. It is recognised that the below rates of uptake are
ambitious, but, with the right policy mix are achievable to keep Australia on a 1.5°C-aligned emissions
reduction trajectory.

Figure 10 shows the uptake of all road vehicles. The following sections outline the assumptions and
inputs to the model broken into light-duty vehicles and heavy freight vehicles. Further analysis on the
resulting new vehicle sales share for different vehicle types is included in Section 4.4.

The following sections are technology agnostic and refer simply to zero emission vehicles, which
could be electric vehicles or hydrogen fuel cell vehicles. There is further explanation of the types of
technology provided in the results in Section 4.4.
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FIGURE 10: ‘RAPID’ AND ‘MODERATED’ ZEV UPTAKE ACROSS ALL ROAD VEHICLES
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Light-duty vehicles

Climateworks have presented the ZEV uptake in terms of light-duty vehicle sales proportions so as to
compare them with government projections as shown in Figure 11. The light-duty category includes:

+ motorcycles
+ passenger vehicles
+ LCVs.

It is worth noting that the federal government sales projections include battery electric vehicles (BEVs)
and plug-in hybrid electric vehicles (PHEVSs) for the light vehicle category. The AusTIMES model
includes battery electric, hydrogen fuel cells, hybrids, plug-in and ICE vehicle technology types.
However, the model results show technology uptake is limited to only BEVs and HFCVs aligned to
meeting a 1.5°C carbon budget.

Both rates of ZEV uptake are high, with all new vehicle sales of light-duty vehicles being zero
emission by 2038 (‘rapid ZEV uptake’) and 2042 (‘moderated ZEV uptake’). Both uptakes are higher
than the 2023 government projections, which have been developed based on current policies only
and are not aligned with a specific emissions target.

FIGURE 11: ZE LIGHT-DUTY VEHICLE UPTAKE
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Note: Federal sales projections shown in green include BEVs and PHEVs. Australian aggregated targets come from
Climateworks’ 2022 analysis: ‘New South Wales, Victoria and Queensland have targets of 50% of new light vehicle sales to be
zero emissions by 2030. The Australian Capital Territory has set a target of 80-90% by 2030. These official commitments cover
80% of the national EV market, and are equivalent to Australia committing to achieve 46% of new car sales by 2030. Other
states and territories are seeking to make EVs the dominant vehicle type by 2030, without yet setting formal targets. For those
without targets, the national projected EV uptake has been used as the default target.’ (Climateworks Centre 2022)
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Fleet turnover

The model considers the average asset life-span of a vehicle to account for fleet turnover. The normal
vehicle fleet scrapping rate is 5-6 per cent per annum or around 20 years for replacement.

This asset life guides the uptake of new vehicles; however, as it progresses closer to 2050, it may be
necessary to switch to a ZEV before the full lifecycle of an ICE vehicle is complete to stay within the
1.5°C carbon budget. Thus, incumbent ICE vehicles may need to be scrapped earlier than the
inputted scrapping rate. CSIRO’s projections assume this occurs through a commercial-led
withdrawal of ICE maintenance, parts and refuelling services rather than any specific

government policy.

INFORMATION BOX 8: NVES COMPARRISON

New Vehicle Efficiency Standard (NVES)

Climateworks has compared the model outputs from Climateworks’ modelling of a 1.5°C
scenario (including both ‘rapid’ and ‘moderated’ ZEV uptake) with the emissions
abatement provided in the federal government’'s NVES (Department of Infrastructure,
Transport, Regional Development, Communication and the Arts 2024).

This comparison presents a challenge as public data on the NVES is limited and the
target is only set until 2029. Furthermore, Climateworks’ emissions measurement is not
in the form of abatement, instead its modelled in cumulative emissions over time to allow
comparison to a national carbon budget. This does not allow for a direct comparison
between the two methodologies.

Based on available information and assumptions replicated from the NVES
documentation of the design, Climateworks’ analysis indicates that the proposed NVES
targets will result in higher emissions from light-duty vehicles over the next 25 years
compared to Climateworks’ transport modelling (either scenario). Once the NVES s fully
in operation, further and more detailed analysis will likely be possible.

Heavy freight vehicles

It is difficult to confidently determine the uptake projections for the freight sector through to 2050. The
transition to ZEVs for light-duty vehicles is more certain with uptake growing and policies such as the
NVES continuing to support a clear transition.

Climateworks released a report in August 2023, which explores the opportunities and challenges for
freight decarbonisation (Climateworks Centre 2023c). Extensive industry engagement was
undertaken as part of this work. This engagement indicated that there is still uncertainty regarding the
pace of the transition and the technology choices for heavy freight vehicles.

The assumed zero emissions (ZE) truck uptake is based on the same ZEV uptake projections
developed by CSIRO (Graham 2022). Heavy freight vehicles follow a similar pattern of uptake.
To support the transition, the AusTIMES model adopts both battery electric and hydrogen fuel cell
vehicles for rigid and articulated trucks. There is also the option for biofuels as a decarbonisation
option in the AusTIMES model. In all scenarios, the utilisation of this fuel is minor (less than 1 per
cent) by 2050.
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INFORMATION BOX 9: FREIGHT SENSITIVITY

Sensitivity analysis on delayed uptake of ZE heavy freight

Due to the uncertainty around a fast uptake of ZE heavy freight vehicles, Climateworks
conducted a sensitivity analysis that looked at the additional emissions from the heavy
freight sector if uptake is delayed by five years (while light-duty vehicles achieved a
‘rapid ZEV uptake’). The aim of this is not to propose delayed uptake of ZE trucks,
instead it provides a simplified way to visualise the impact of slower uptake, decoupled
from a rapid ZEV uptake of light vehicles.

For simplicity, the sensitivity analysis was only conducted on the outputs of the
AusTIMES model. The following approach taken was:

1. The emissions trend for the previous years were projected forward for the
delayed five-year period.

2. When the transition starts occurring after the five-year delay, the emissions from
the original year are applied to the delayed year.

3. The original emissions reduction trend under the ‘rapid ZEV uptake’ were then
applied starting five years later.

Figure 12 shows the additional emissions over time due to a delayed uptake of zero
emission freight vehicles. The intention of this sensitivity was to understand the
additional emissions if the freight uptake deviated from the fast uptake in both the ‘rapid’
and ‘moderated’ scenarios. This could include a five-year delay (as modelled here) or
more likely simply a slower rate of uptake.

FIGURE 12: ANNUAL EMISSIONS FROM HEAVY FREIGHT OVER TIME
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The technology uptake for both hydrogen vehicles and electric vehicles (for rigid and articulated
trucks) is represented in Figure 13 alongside the delayed freight sensitivity.

FIGURE 13: ZE HEAVY FREIGHT VEHICLE UPTAKE
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Buses

Buses have not been included by Climateworks within the heavy vehicle category as their uptake will
be driven by separate policies and infrastructure investment compared to the freight industry.

The bus transition rates are guided by the same zero emission vehicle uptake projections (Graham
2022). Governments control ZE bus uptake given their ownership and/or contracting of major fleets.
The projections developed by CSIRO attempted to incorporate all announced government zero
emissions bus programs.

No separate analysis was conducted on the bus sector transition. The bus transition technologies
include battery electric and hydrogen fuel cell buses.

Rail, shipping and aviation

The non-road transport sectors — rail, shipping and aviation — are not constrained by the same ZEV
uptake projections. Instead, the transition of these sectors is dictated by assumptions and constraints
on electrification or hydrogen technology uptake to create a steady transition, as well as costs of
various technologies, which inform the lowest cost approach. This includes the use of ‘drop in’ fuels
and new technology for locomotives, ships or planes which support electrification or hydrogen (and
hydrogen derivatives).

Historical trends for improvements in fuel efficiency for rail, aviation and shipping sectors are
also applied.
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4.4 Further analysis and outputs

Additional analysis of AusTIMES outputs was completed to understand the full impact and
opportunities from the two scenarios (‘Technology only’ and ‘Diverse solutions’):

+ Emissions (including scope 2 emissions)
+ ZEV uptake (investigated new vehicle sales)

+ Energy demand on the national electricity grid to support the transition

Further analysis of the inputs was also completed to better represent the differences between the
sensitivities and scenarios:

+ Vehicle kilometres travelled (VKT changes across scenarios)
+ ZEV uptake (total fleet)

EMISSIONS

Scope 1 and 2 emissions from the transport sector were analysed, as shown in Figure 14 and Figure
15. The emissions have been categorised as light-duty vehicles (passenger cars, motorcycles and
LCVs), heavy freight vehicles (rigid and articulated) and other transport modes (buses, rail, shipping
and aviation). Figure 14 shows cumulative emissions from each scenario emitted from 2025 to 2050.

FIGURE 14: COMPARISON OF CUMULATIVE EMISSIONS FROM OUR TRANSPORT SCENARIOS (2025-2050)
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Figure 15 shows the emissions pathway of each scenario to 2050. Under the scenarios with a ‘rapid
ZEV uptake’, the emissions reach a point in 2046 where no further emissions reduction is possible.
For scenarios with a ‘moderated ZEV uptake’, this is only reached in 2050. The residual emissions in
the transport sector are primarily from domestic aviation. Other modes in the model have largely
transitioned to zero emission technology by 2050 under all scenarios.

FIGURE 15: COMPARISON OF ANNUAL EMISSIONS FROM OUR TRANSPORT SCENARIOS (2025 — 2050)
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Electricity emissions (scope 2)

The AusTIMES model outputs include electricity emissions. However, further analysis was required to
calculate the proportion of the electricity emissions generated by the transport sector. The electricity
demand required for the transport sector is an output and this was converted to scope 2 emissions
using the following methodology:

1. The average emissions per electricity unit generated in Australia on a state-by-state basis
was estimated (from AusTIMES data).

2. The average emissions rate was then applied to the energy demand of the transport sector.

Figure 16 below shows only scope 2 emissions from the transport sector. These emissions are a
small fraction of the total transport emissions, as the national grid consists mostly of renewable
energy by the time there is significant ZEV penetration.

FIGURE 16: EMISSIONS FROM ELECTRICITY USE
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ENERGY DEMAND

Figure 17 shows that in the “Technology only’ scenario, the transport sector requires 25 TWh of
electricity in 2030 and 228 TWh in 2050. This figure also includes the electricity required to produce
hydrogen which powers the transport sector. Transport’'s hydrogen demand is provided by AusTIMES
in PJ. The hydrogen demand is converted to an electricity requirement based on the following
assumptions:

+ The range in energy consumption for hydrogen production via electrolysis reported by
manufacturers is 42.2—65.6 kWh/kg of hydrogen (Aghakhani et al. 2023). An average of
53.9 kWh/kg is assumed.

+ The energy produced by 1 kg hydrogen is assumed to be 33.3 kWh (Aghakhani et al. 2023).

FIGURE 17: ELECTRICITY DEMAND GROWTH IN THE TRANSPORT SECTOR (TWH)
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ZERO EMISSIONS VEHICLE UPTAKE

The methodology of the analysis of zero emission vehicle uptake can be found in Section 4.3. The
two ZEV uptake scenarios (‘rapid’ and ‘moderated’) were run for both the ‘Technology only’ and
‘Diverse solutions’ scenarios.

Under the ‘Diverse solutions’ transport demand, the reduced demand impacts the new vehicle fleet.
This is due to significant changes in the fleet numbers to service this reduced demand. Whilst the
number of new ZEV sales is similar between ‘Technology only’ and ‘Diverse solutions’ scenarios, the
‘Diverse solutions’ scenario results in fewer ICE vehicles being sold, leading to the uptake percentage
being noticeably higher. If these percentage figures are considered as uptake targets, fewer vehicles
sold lead to uptake targets being easier to meet with the same number of EVs sold.

All results shown in the following tables are for the ‘Technology only’ scenarios.
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ZE light-duty vehicle uptake

Tables 14 includes the modelled results of the uptake rate of light-duty vehicles, both in terms of new
sales share and fleet share.

Battery electric vehicles make up the majority of the light vehicle sector in 2050, with a very small
proportion of hydrogen vehicles in the modelled results.

TABLE 14: ZE LIGHT-DUTY VEHICLE UPTAKE

2030 2040 2050
. . Rapid ZEV uptake 72.6% 100% 100%
Proportion of new vehicle
sales that are ZEV
Moderated ZEV uptake 57.3% 94.6% 100%
. Rapid ZEV uptake 22.5% 76.0% 97.0%
Proportion of total fleet that
is ZEV
Moderated ZEV uptake 17.7% 68.3% 93.7%

ZEV heavy freight vehicles

Tables 15-17 include the modelled results of the uptake rate of heavy freight vehicles, both in terms
of new sales share and fleet share.

In the modelling results, heavy freight vehicles are represented as a mix of BEVs and HFCVs by
2050. Rigid truck results indicate a higher proportion of BEVs and articulated trucks indicate a higher
proportion of HFCVs making up their ZEV fleet. However, given uncertainties about the dominant
form of technology for articulated trucks, the results should be treated with caution.

TABLE 15: ZE TRUCKS UPTAKE (RIGID AND ARTICULATED)

2030 2040 2050
Rapid ZEV uptake 59.9% 100% 100%
Proportion of new vehicle o o o
sales that are ZEV Moderated ZEV uptake 21.6% 100% 100%
Delayed (Rapid ZEV uptake) 0.8% 100% 100%
. Rapid ZEV uptake 13.4% 74.8% 93.2%
Proportion of total fleet that P P ° ° °
is ZEV
Moderated ZEV uptake 49.2% 64.26% 89.5%
TABLE 16: ZE TRUCKS UPTAKE (RIGID)
2030 2040 2050
Rapid ZEV uptake 64.8% 100% 100%
Proportion of new vehicle
sales that are ZEV Moderated ZEV uptake 23.2% 100% 100%
Delayed (Rapid ZEV uptake) 0.4% 100% 100%
Rapid ZEV uptak 14.2% 74.9% 94.7%
Proportion of total fleet that an Hptake ° ° °
is ZEV
Moderated ZEV uptake 9.8% 64.4% 89.9%
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TABLE 17: ZE TRUCK UPTAKE (ARTICULATED)

2030 2040 2050
Rapid ZEV uptake 21.0% 100% 100%
Proportion of new vehicle

sales that are ZEV Moderated ZEV uptake 8.9% 100% 100%
Delayed (Rapid ZEV uptake) 3.2% 100% 100%
Rapid ZEV uptak 5.8% 73.5% 88.9%
Proportion of total fleet that an Hptake 0 ° °

is ZEV
Moderated ZEV uptake 7.2% 63.5% 86.1%

Buses

By 2050, the bus sector is fully decarbonised in both scenarios, with the predominant vehicle type
being battery electric; hydrogen buses make up a small proportion.

Rail
The rail sector experiences three transitions:

+ Existing diesel rail transition to hydrogen powered locomotives.3
+ Existing electric rail is decarbonised as the grid transitions to renewable energy.

+ Some existing diesel rail networks are electrified.

Shipping

The domestic shipping industry transitions from fossil fuels to hydrogen in the model. Although
represented as hydrogen in the model, it is recognised that this may take other forms in the future, for
example, as ammonia.

Aviation

In the modelling results, the domestic aviation sector transitions from fossil fuels to biofuels as the
current option for decarbonising the sector. Fossil fuels remain a significant energy source in 2050 for
this subsector.

3 Climateworks and CSIRO investigations have shown there is a rapid hydrogen uptake in the rail and domestic shipping
sectors in the AusTIMES model, likely in excess of the pace of uptake that would be realistically expected. Further modelling
work is expected to provide greater constraints on the way hydrogen is adopted in the model, however, this work was not
included in this report.
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VEHICLE KILOMETRES TRAVELLED

Transport demand (pkm/tkm/PJ) by different modes are an input into the AusTIMES model.
The methodology to project the transport demand can be found in Section 4.2

Analysing the vehicle kilometres travelled (VKT) is useful in understanding the differences between
the scenarios once all assumptions are applied. Figure 18 shows the increase in vehicle kilometres
over time due to population and economic growth (for the ‘Technology only’ scenario) and the impact
of the assumptions applied (for the ‘Diverse solutions’ scenario).

VKT of all road vehicles in the ‘Diverse solutions’ scenario is reduced by approximately 25 per cent as
it is assumed that people and goods travel more efficiently by shortening trips, avoiding trips and by
using lower emission modes (e.g. rail, public transport, walking and cycling).

FIGURE 18: COMPARISON OF VKT ACROSS SCENARIOS
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The approximate distribution of passengers onto more sustainable modes is shown in Figure 19 and
20, showing the significant changes to passenger mode share and the changes required to movement
of freight via rail. The mode share in Figure 19 is an approximation only. It is used to calculate the
assumptions of shift of passenger kilometres shown in Table 8 and uses estimates from both VISTA
data and Journey to Work data (State of Victoria Department of Transport and Planning 2020; ABS

2018).

FIGURE 19 MODE SHARE DISTRIBUTION ACROSS SCENARIOS

FIGURE 20: FREIGHT DISTRIBUTION ACROSS SCENARIOS
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INFORMATION BOX 10: URBAN AND REGIONAL METHODOLOGY

Urban and regional transport in Australia

Climateworks analysed the ABS Survey of Motor Vehicle Use 2020 data to understand
the proportion of vehicle kilometres occurring in urban versus regional areas in Australia
(ABS 2020).

In classifying the data, areas of operations in ‘capital city’ and ‘other urban areas’ are
classified into urban transport. Areas of operations in ‘other areas’ and ‘interstate’ are
classified into regional transport. Figure 21 shows the majority of vehicle kilometres are
concentrated in urban areas based on this analysis.

FIGURE 21: COMPARISON OF VKT IN REGIONAL VERSUS URBAN AREAS
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