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1 Introduction

Australiafds transpor tMt-E@eintthe 201%geeenbause gas (GHE) inventdryfDISER,

2021b). This is appo xi mat el 'y 19% of Australiaf6s total GHG emi ss
consistent over recent years. Indeed, absolute transport sector emissions have steadily risen over recent

decades. The majority of transport sector emissions can be attributed to on-road motor vehicles (84.2%),

which highlights Australiabds significant reliance on mo
(8.4%), rail (4.1%) and water transport (2.3%) contribute less to transport sector GHG emissions, but each

sub-sector has its own challenges in mitigating GHG emissions.

The Net Zero Australia(NZAu) project has modelled pathways to the decarbonisation of the transport sector,
through a transition of on -road vehicles to battery electric (BEV)and hydrogen fuel cell vehicles (HFCV)and
for aviation, rail and water transport through pursuing energy efficiency gains, fuel switching to electricity,

hydrogen and ammonia, and in some cases through the supply of synthetic liquid fuels. In this report, we
explore the net-zero transition across these four transport sub-sectors (on-road, aviation, rail and water
transport), providing detail on transport sector decarbonisation, as well as associated costs and geospatial
implications.

2 Transport system modelling

The modelled transport system spans on-road, air, rail and water transport sub-sectors, with the
representation of energy-service and final energy demands across the range of sub-sector components
listed in Table 1. For each of the sub-sectors, current and projected future final energy demands, by final
energy type, are determined with a bottom -up stock-rollover model named EnergyPATHWAYS (EP)
(Williams et al., 2021) The methodology for projecting final energy demands by region and time ha s been
presented in the NZAu Methods, Assumptions, Scenarios and Sensitivities(MASS) document (Net Zero
Australia Project, 2022) and is therefore only briefly outlined here.

The final energy demand for the on-road transport sub-sector by the vehicle classes shown inTable 1 is
calculated from:

1 the current vehicle stock, i.e. the number of registered vehicles of various classes and fuel types;
1 current vehicle fuel economies; i.e. the fuel consumption per distance travelled,;

1 the current vehicle energy-service demands in vehicle kilometres travelled;

1 projections of population and associated freight task; and

1 exogenously specified vehicle sales shares of different vehicle types.

The modelling accounts for the lifetimes of all existing and new vehicles and determines the annual vehicle
replacements of a type consistent with the specified new vehicle sales shares.

In contrast, the final energy demands for the air, rail and water transport sub-sectors are more simply
characterised by their current final energy consumption and projections of future demand tied to
population, income and gross state product, as well as energy efficiency and specified fuel switching
measures. The prescribed technology type sales shares for ofrroad sub-sectors with stock representation
and the prescribed fuel switching and energy efficiency measures for the air, rail and water transport sub-
sectors are detailed in the NZAu MASS document(Net Zero Australia Project, 2022)and are explored later
in this report.
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Table 1| Composition of the transport sector model led in the Net Zero Australia project and summary of
the emissions abatement strategies modelled.

Transport sub-sector Modelled components of the Summary of emissions abatement strategies
sub-sector

On-road transport Passenger vehicles Specified battery electric and hydrogen fuel
Light commercial vehicles cell vehicle shares of all new vehicle sales.

Rigid and other trucks
Articulated trucks
Buses
Motorcycles
Air transport Domestic air transport Energy efficiency improvement, drop -in fuels.
International air transport
Rail transport Rail transport Fuel switching to electricity and hydrogen.

Water transport Domestic water transport Energy efficiency improvement, fuel switching
International water transport ~ to electricity, hydrogen and ammonia.

Figure 1 presents the modelled final energy demands for each of the four transport sub -sectors considered

and for the Reference (REF), E+ and EIT Sc eectdcityiamds . The r
hydrogen 9 particularly in the largest on-road transport sub-sector & results in a significant reduction in
absolute final energy demand, such that by 2050 transpo

of 2020 levels, despite the growing need for transport services.

We note that energy-service demands are the same across the three scenarios shown irfrigure 1, so that

the different scenarios explore the effects of the different uptakes of electrification and other emissions

abatement strategies. The rapid electrification E+ Scenario sees transport final energy demand peak earlier

than the slower electrificat i sohutefhbl endrgyedensandiby2050riTtis r eac hes
highlights the greater tank -to-wheel efficiencies of battery electric (and to a lesser extent hydrogen fuel cell)

vehicles than those of internal combustion engines.
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Figure 1| Transportatio n sector final energy demand, organised by (a) different sub -sectors of the

transport system and their final energies; and by (b) mode of transport. We show only the demand  -side

Scenari os, REF, E+ and EI, here. The ©N3 bavettecame Scenar
final energy demands as E+. Note independent vertical axis scales.

(a) Final energy demand, by sub-sector and final energy type
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To determine how final transportation energy demand is served over the years 2020 to 2060 and the GHG
emissions associated with its supply, we use a supplyside model, the Regional Investment and Operations
(RIO) modelling tool, to determine the least-cost technology mix and operations to serve the demand shown
in Figure 1. The supgy of this final demand is optimised alongside the supply of all other sectorsémodelled
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finaldemand, and subject to the pr oj eTbatis, saoonevinglividudl $ectlbut ssi ons
all sectors combined must reach net-zero emissions.

Note, however, that the RIO optimisations do not represe
transport task since the uptake of different vehicles and their propulsive energy (i.e. their fuel or electricity)

is imposed over the transition. Thisis consistent with how all end-use appliances in all sectors are modelled

with the EP tool. If true, least cost solutions are sought, then vehicle and propulsive energy choice would be

part of the optimisation. This, however, requires a much more demanding optimisation to be solved, and

this is beyond the scope of the present study.

Figure 2 presents the annual GHG emissions associated with supplying transportation secor final energy
demand. GHG emissions reductions are driven by declines in the use of gasoline, diesel, and fuel oil across
all the Core Scenarios. The modelled uptake of BEVs and HFCVs displaces diesel and gasoline internal
combustion engines across the on-road, rail and transport sub-sectors. It is also noteworthy that the supply
of final electricity to on -road transport has minimal associated GHG emissions during the intermediate
transition years, while rail transport electricity supply is decarbonised by 2030. Interestingly, air transport
sub-sector emissions grow during the transition to 29 -35 Mt-CO,e/year by 2050 in most Scenarios, which is
lower than is projected to be the case without energy efficiency improvement (REF), but nevertheless is
retained as residual emissions that need to be offset elsewhere. Only the 100% renewable Scenario E+RE+
exhibits abatement in the air transport sub-sector, through the modelled supply of synthetic aviation drop-
in fuel. This suggests aviation is the most costly transport sub-sector to decarbonise.

Figure 3 presents the levelised annual transport system cost over the net-zero transition for the Core
Scenarios and disaggregated by transport sub-sector. This shows that the transport system cost increases
from a total of $95 billion in 2020 to $154 6184 billion by 2050 for the net -zero Scenarios, which is 19$42%
greater in 2050 than the Scenario without emissions abatement (REF). This increased cost of decarbonisation
is attributed partly to increased capital costs of decarbonised transport options (the demand side in Figure
3), which are 10-13% greater in 2050 for net-zero Scenarios than for REF. Also, the cost of supplying low
emissions fuels to the transport sector in the net-zero Scenarios is 35118% greater than fuel supply in REF.

Across the net-zero Scenarios, it can be seen that E+RE+ has the highest energy costs in the air transport

sub-sector, due to the need replace all fossitbased jet fuel in this scenario with a synthetic drop-in fuel. On

the other hand, the energy costs of the on-road, rail and water transport sub-sectors are highest in the

E+REIT Scenario, which reflects the Scenariods greater ¢
precursor to the final electricity, hydrogen and ammonia consumed in these sub-sectors in 2050.

These transport sectoral trends are explored further in the sections below.
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Figure 2 | Annual GHG emissions associated with transport, by (a) different sub -sectors of the transport
system and their final energies; and by (b) mode of transport. We show all supply -side Core Scenarios,
except for E+ONS, which has similar trend to E+. Note independent vertical axis scales.

(@) Annual GHG emissions, by sub-sector and final energy type
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Figure 3 | Levelised annual transport system cost. Costs are disaggregated by the levelised cost of
supplying sub -sectoral final energies and levelised demand-si de cost s. 6Demand
levelised vehicle and charger capital costs and levelised costs incurred in air, ra il and water transport sub -
sectors by fuel switching and improving energy efficiency. We show all supply -side Scenarios, except for
E+ONS, which has similar trend to E+.
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3 On-road transport

The on-road transport sub-sector modelled in this work includes the following classes of vehicles:
1 Passenger vehicles,

1 Light commercial vehicles,

1 Rigid & other trucks,

1 Articulated trucks,

1 Buses, and

1  Motorcycles.

The modelled transition of these vehicle classes is presented below.

3.1 Energy-service demand, vehicle stock and final energy use

We project demand for energy -services across the NZAu modelled regions and over the 40year modelling
horizon using the EP modelling tool. For the on-road transport sub-sector, these energyservices are
expressed in annual vehice-kilometres, with 2020 levels based on data from the Australian Infrastructure
Statistics (Bureau of Infrastructure and Transport Research Economics, 2020)The projections of on-road
vehicle energy-service demand out to 2060 are shown in Figure 4 and exhibit growth across all vehicle
classes, driven largely by population projections and corresponding projections of increased freight
demand.

We have not accounted for a large-scale modal shift in mobility services, such as an increasing uptake of

public transport, micromobility and ridesharing, or shifting of road freight to other transportation means.

Each of these may serve to decrease future demand ér transport services, relative to the projections shown

in Figure 4. However, with Australiads popul ation projected
Austral i ads | arge | and ar ea acadtradspowis [kaygordmain thedangestiseibmr-s i t vy,
sector within the transport system.
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Figure 4 | On-road transport projected energy -service demand by vehicle class.
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In addition to projecting demand for transport energy -services, we also specify the share of new vehicle
sales of different vehicle technologies across the six vehicle classes out to 2060. These sales shares are
presented in Figure 5, showing a transition from internal combustion engine vehicles (ICEVs) to electric
drive vehicles 8 battery electric (BEVs) and hydrogen fuel cell vehicles (HFCV€) with proportional uptake of
BE\s and HFCVs dependent on the vehicle class, and with the speed of the transition dependent on Scenario.
That is, emissions reduction in the on-road transport sub-sector is driven by the sales of vehicles with zero
tailpipe GHG emissions.

The rollout of BEVs and HFCVs is fastest in the rapid electrification E+ Scenario, where the imposed sales of
electric-drive vehicles are projected to reach 69% of all vehicle sales by 2030, 94% by 2035 and >99% by
2040. To explore the implications of a demand-side uptake of low-emissions technology that lags the E+
Scenario, the slower electrification B Scenario projects uptake of electric-drive vehicles reaching only 12%
of new vehicles sales in 2030 and 61% in 2040HFCVs are projected to play a minor role in serving lght-
duty transport needs, with a 10% share of zero-emissions passenger vehicles sales and 20% of light
commercial vehicle sales.

For heavy-duty transport, up-time, volume and mass constraints of freight-carrying vehicles mean that in
many cases hydrogenfuelled vehicles will be preferred over battery-electric vehicles. This is reflected in the
imposed greater share of HFCVs forthe heavier duty vehicle classes inFigure 5, with 30% and 50% shares
of zero-emissionsrigid & other trucks and articulated trucks vehicle sales, respectively.

Downscaling d Transport sector energy transition | 19 April 2023 | 8]



Figure 5 | Specified new sales shares of different vehicle propulsive energy types across the six vehicle

classes modelled for the on -road transport sub -sector, and the demand -side scenarios. The other Core
Scenarios, E+RE+, E+REI and E+ONS, have the same sales
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While the modelled transition of new vehicle sales shown in Figure 5 is relatively rapid for E+, the timeframe
for decarbonisation of the on -road transport sub-sector is constrained by the existing transport system. That
is, the existing fleet of ICEVs comprises vehicles with a wide distribution of ages, many of which will not be
retired until reaching the end of their useful lives. EP accounts for this by tracking not only the composition
of the on-road vehicle stock by vehicle fuel, class ard geography, but also retains a representation of vehicle
age distribution from current vehicle age distribution data for 2020 and throughout the modelled period
This enables determination of the rate of vehicle stock rollover, where vehicles are retained within the
operating stock until they reach the end of their assumed useful life, at which point they are replaced with
a new, more efficient vehicle, of a propulsive energy type consistent with the sales shares inFigure 5, also
incurring a vehicle capital cost.

Figure 6 then presents the projected number of vehicles of different types across the six vehicle classes

modelled, resulting from the stock rollover model and the prescribed sales shares in Figure 5. This shows

that, in the E+ Scenario, ICEVs are progressively replaced by electridrive vehicles from 2025, such that by

2050 the on-road vehicle fleet is almost entirely comprised of BEVs and HFCVs. By 2050, out of 26 million
passenger and light commercial vehiclesmor e t han 22 million are BEVs. I n the

Downscaling & Transport sector energy transition | 19 April 2023 9



occurs at a slower rate, with a third of all vehicles in 2050 still fuelled by hydrocarbon fuels. This slower
transition highlights the potential value of low -emissions liquid fuels supply i

n

t he

ET

Figure 6 | Projected number of vehicles of different vehicle types across the six vehicle classes modelled
using the stock rollover model for the on -road transport sub-sector, and the demand -side scenarios. The
E+RE+,

ot her
different vertical axis scales.

Number of vehicles

Passenger
vehicles

Light
commercial
vehicles

Rigid &
other trucks

Articulated
trucks

Buses

Motorcycles

Cor e

20M

10M
oM

4M

2M

oM
1000K

500K

0K

200K

100K

0K
150K

100K
50K
0K

1000K

500K
oK

Scenari

2020
2025

0s,

REF

Gasoline ICE

Gasoline ICE

Gasoline ICE
O 1n o 1n o un
N o - Y nown
o o o o
N NN NN N

Hydrogen FC

2060

Gasoline ICE

2020
2025
2030
2035

[l Battery electric M LPG ICE

[ Diesel ICE

E +vRHicle nuanheds a& E+ONW® the h a v e

E+

Ay

2040
2045

Hydrogen FC

2060

o un
n wn
o o
N
|

o
(o)
o
[eV

E-

Gasoline ICE

Gasoline ICE

n O mn O
N N o <
o O O O
NN AN

Gasoline ICE

2045
2050
2055
2060

Also, we assume a 1% per year efficiency improvement in new vehicles. By tracking the age distribution of
vehicles in service, he average vehicle fleet efficiency and final energy demand can then be determined
across the different vehicle classesFigure 7 presents the projected final energy demand for various transport
energies across the six vehicle classes modelled for the oproad sub-sector. This shows the significant energy
productivity benefit of switching from ICEVs with energy efficiencies of ~30% to BEVs with efficiencies of
~80%. As each of the vehicle classes transitions to higher penetrations of BEVs, the absolute final energy
demand then reduces significantly. The efficiency benefits of HFCV vehicles are not as pronounced as for
BEVs, and therefore the reduction in absolute final erergy demand for rigid & other trucks and articulated
trucks shown in Figure 7 is less significant than the lighter vehicle classes.
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Figure 7 | Projected final energy demand by various final energies across the six vehicle classes modelled
for the on -road transport sub-sector, and the demand -side scenarios. The other Core Scenarios, E+RE+,
E+REIT and E+ ON@nefinhl anergy dentaeds as E+ Note independent vertical axis scales.
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3.2 Emissionsstandards of the light -duty fleet

The modelled transition for the light -duty fleet, which includes passenger vehicles and light commercial
vehicles, entails a rapid switch of new vehicle sales from ICEVs to electridrive vehicles that do not produce

tailpipe GHG emissions. As mentioned peviously, this transition to vehicle fleets dominated by BEVs also
results in significant energy-service efficiency gains. Tailpipe emissions and energyservice efficiency
improvements will be first apparent in the average new vehicle, as is shown inFigure 8. The average light

duty fleet efficiency and tailpipe emissions will then lag the average new vehicle, due to the remaining

lifetime of the current vehicle stock.

We note that the current average new light vehicle efficiency and tailpipe emissions shown in Figure 8 is
based on data for historical fuel consumption and consumption r ate from the ABS86 Survey
Use (Australian Bureau of Statistics,2020b). These data are presented inFigure 9 for light -duty vehicles and
show that petrol (gasoline) consumption has remained relatively constant over recent years, while diesel
consumption has grown. Significantly, fuel consumption rates across both passenger vehicles and light
commercial vehicles, and across gasoline and diesefuelled vehicles has shown no decline in the last 1315
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years. This stands in contrastto global trends in passenger and light commercial vehicle fuel consumption
rates, which have generally decreased over the last decadegYang and Bandivadekar, 2017)

Figure 8 presents the average new vehicle tailpipe emissions which gives rise to the modelled light-duty
vehicle transition. This can be considered analogous to a vehicle emissions standard, which has been
proposed as a means of regulating emissions from light -duty transport in Australia and globally. Such
regulation could require the average emissions of all light-duty vehicles sold by a particular vehicle
manufacturer across the country in a given year to meet some specified standard, with that standard being
lowered in subsequent years.

We find in our rapid electrification E+ Scenario that average new vehicle tailpipe emissions quickly reduce
from high current levels (>250 g-CO,e/km) to 73 g-COe/km in 2030 and 14 g-COxe/km in 2035. These
tailpipe emissions trends for the E+ Scenario are similar, but lag by a few years, the proposed light vehicle
emissions standards recently published by the Grattan Institute (Terrill et al., 2021)and Climateworks Centre
(Lynskey et al., 2022) They propose emissions standards to be implemented in 2024 with upper limits of
143 and 95 g-CO.e/km, respectively. The Grattan Institute then proposes that limit be reduced to 100 g-
COse/km in 2027, 25 g-COse/km in 2030 and both publications recommend 0 g-CO.e/km by 2035.

It should however be noted that light -duty vehicle fuel-economy or GHG emissons standards are sensitive

to the test procedure used to measure vehicle performan
European Driving Cycle), as well as the categorisation of vehicles into (and potential differentiation between)

passenger vehicles and light commercial vehicles (Yang and Bandivadekar, 2017) Furthermore, it has also

been shown that real-world LDV fuel-efficiencies and emissions diverge from those specified by various

implemented vehicle standards, in some cases by more than 30%(Tietge et al., 2017) These are potential

reasons for the current average fuel consumption rate (Figure 9) and modelled current tailpipe emissions

(Figure 8) being significantly higher than recent global experience, but also highlights the need for any

potential LDV emissions standard to seek vehicle testing procedures that accurately represent reatworld

LDV performance (Yang and Bandivadekar, 2017)

We note that our slower electrification EI Scenario ex|
new vehicle tailpipe emissions reached in around 2055, with significant residual tailpipe emissions in 2050

when the domestic net-zero constraint binds. This implies that slower rates of EV uptake will require either

residual transport sector emissions to be offset or to be made carbon-neutral by the use of synthetic drop -

in fuels made from renewable energy sources.
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Figure 8 | Energy-service efficiency (fuel economy, L -gasoline-eq./100-vehicle-km); and tailpipe emissions
(g-COselvehicle-km) of the light -vehicle fleet (passenger vehicles and light commercial vehicles). Here
we assume tailpipe emissions only occur from ICEs with gasoline: 69.6 g-CO.e/MJ .y, diesel:
70.4 g-COe/MJ hy, LPG: 61.53-COe/MJny; and noting that 1 L-gasoline-eq. = 32.0 MJ_nv.
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Figure 9 | Historical total fuel consumption and average fuel consumption rate for light
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While the decarbonisation of road transport at the tailpipe is critical in the net -zero transition, it is also
important to ensure decarbonisation of the supply of the road transport final energies. This aspect is
optimised in Net Zsdemodélingacrosa laiioasGsenagos gng diven the systerwide
emissions constraint. Figure 10 presents the primary energy compositions that were found to supply the five
different light -duty transport final energies: electricity, hydrogen, LPG, diesel and gasoline. This shows that
electricity and hydrogen used in light -duty transport are largely supplied by renewable electricity generation
in each net-zero Scenario, with some biomass and natural gas used to produce hydrogen in the E+ and
E+RET Scenarios. Thi sutyBEg¥sandtHECVs ai the eheegy traasibn beinggsupplied
with largely emissions-free energy, as is shown in the emissions panel ofFigure 10.

The primary energies supplying gasoline, diesel and LPG final lightduty transport energy demand are shown

in Figure 10, and are largely imported in their refined form (denoted as refined fossil liquids) or as oil that is

domestically refined. This primary energy supply reduces as transport energy switches to electricity and

hydrogen. However, itshouldal so be noted for the slower electrificati
for gasoline, diesel and LPG in 2050 and beyond, that some of this demand is also supplied by renewable

primary energy, which is then converted to synthetic liquid fuels via hydro gen electrolysis and Fischer

Tropsch processes. This has the effect of reducing the emissions from the liquid fuel final energy demand

for EI with only low levels of residual emi ssions needi
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Figure 10| Light-duty transport (a) primary energy supply for various final energy types, (b) total final
energy demand, and (c) annual GHG emissions in final energy.
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3.3  Spatial distribution of the light -duty fleet

Geographic distribution of the 2020 stoc k o f model |l ed vehicles of all
Motor Vehicle Census (Australian Bureau of Statistics, 2020a) which provides registered vehicle data by
Australian postcode. During energy-system modelling, the initial stock postcode data was aggregated to
the 15 modelled NZAu zones. Here we have now disaggregated the modelled vehicle stock over the
modelling horizon from the 15 NZAu zones back to postcode level. This is done usingthe assumption that,
for a given zone, the proportional distribution among constituent postcodes of vehicles of each vehicle class
is constant over the modelled horizon. Because of the very granular nature of postcode level data, we
present vehicle stock data below aggregated at higher geospatial levels.

Figure 11 presents the modelled light-duty vehicle stock by state of registration, showing that each state
exhibits a similar transition to battery electric LDVs. It can also be seen that total LDV growth is highest in
VIC and WA, whose populations are projected by the ABS to experience the highest growth rate. In contrast
LDV growth is lowest in those states with lowest projected population growth, e.g. SA and TAS.

Figure 12 shows the total number of light -duty BEVs by ABS statistical area level 4 for the E+ Scenario and
selected years. Maps are also included in Appendix A showing zoomed in selections of certain regions. These
show that light-duty BEV growth is greatest in SA4 regions closest to capital cities, as is expected with
Australiads popul at i aso that the prajectdd spatiabdistributite of BEYS does not
account for income by post-code and corresponding higher BEV uptakes in those with higher average
income. However, this is not expected to have a significant influence on the macro-scale, spatidly
aggregated trends examined in this report.
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Figure 11| Light-duty vehicle stock by state of registration and vehicle propulsion type.
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Figure 12| Number of light -duty BEVsin the E+ Scenario, by selected year and SA4 region. Postcode level
stock numbers are shown here aggregated to ABS statistical area level 4 (SA4). Zoomed in maps are also
shown in Appendix A.
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To explore the distribution of light -dut y BEV gr owt h f ur Remetenessvuctwesvehict he ABSS®S
designates 5 classes of remoteness based on measures of relative access to servicgdustralian Bureau of

Statistics, 2021) Here we assign each postcode a remoteness, as shown ifrigure 13, based on the majority

l and area overlap with the ABBoDL4then shoves she malelledinumbes mot ene s
of light -duty BEVs registered in postcodes across the 5 classes of remoteness. Across the scenarios and years

modelled 64% of light -duty BEVs are located withinMajor Cities, with a further 22% located in Inner Regional

Australia. This suggests that the vast majority of BEV enabling infrastructue could be located in capital cities

and their surrounds. We provide estimates below of the required number of public BEV chargers and

enabling infrastructure, however we do not attempt to specify the spatial distribution of this infrastructure.
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Figure 13| Theremotenessof Austr ali an postcodes, based on the ABSS?S
objective measure of relative access to services using the Accessibility and Remoteness Index of Australia

(ARIA+), produced by the Hug o Centre for Population and Migration Studies at the University of Adelaide

(Australian Bureau of Statistics, 2 021).
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Figure 14 | Number of light -duty BEVS, by the remoteness of their postcode of registration, and by
Scenario and year.
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3.4 EVcharging

3.4.1 Electrical energy demand

The uptake of BEVsimplies significant growth in final demand for electricity, which is presented in Figure
15. Transportation is the end-use sector undergoing the greatest increase in final demand for electricity in
all Scenarios, with the largest and most rapid growth occurring in E+. Across the country, the final electricity
demand of the transport sector in the E+ Scenario increases from 6 TWh in 2020 to 137 TWh in 2050.Figure
15 also shows that this increased transport electricity demand growth occurs in all states and territories.
Transport grows to account for a final electricity demand share between 17% (in TAS and NT) and 34% (in
VIC) of total final electricity. Such a significant growth in electricity demand characteristics will require
detailed consideration of many things, including electricity network augmentation (particularly distributi on
networks); the change in time-dependent demand profile and any potential flexibility afforded by BEVs; and
other required enabling infrastructure like public BEV chargers.

Figure 15| (a) Final electricity demand by end -use sector modelled for the demand -side scenarios, REF,
E+, and ET:; and (b) final el eusé¢sedtocandsiate/tbeiorand f or
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NZ Au d s -dsde paguélligg considers hourly operations of the electricity system and the role of electricity
storage in balancing electricity supply and demand. However, the role of flexible loads, such as flexible
electric vehicle charging has not been considered in the present work, but could potentially have an
important impact on hourly electricity system operations. Previous similar modelling in the Net Zero America
project, allowed up to 70% of passenger and light commercial vehicle charging volume to be shifted by up
to 8 hours, relative to typical consumption profiles at a small cost penalty, if the model finds that to be least -
cost optimal. This potential shifting of BEV charging load can have the effect of avoiding demand for more
costly electricity generation at certain times, and may avoid need for network (transmission and distribution)
augmentation, while incurring a small opportunity cost associated with diverging from typical consumption
patterns. More detailed modelling that is outside the scope of this project is required t o test such
assumptions further.

Figure 16 presents the hourly domestic electricity load profiles in 2050 for th e E+RE+ Scenario across a
subset of modelled days. This shows hat transport final electricity demand has a significant influence on
daily domestic final electricity load profiles, but that final electricity fluctuations are small relative to the load
shape of electricity storage. Similar results are found for the other supply-side Scenarios modelled.
Nevertheless, the transport final electricity load is shown in Figure 16 to peak in the evening, which is
approximately coincident with, and therefore exacerbates, the peak final electricity demand. Here it is clear
that the potential for flexible BEV load shifting could play a role in shifting load from these evening peaks
to earlier in the day, when solar generation is significant. Shifting BEV charging away from evening demand
peakscould serveto ease loads on distribution networks, as distribution network capa cities and any required
augmentation are driven in large part by peak demand. Shifting BEV charging to day-time hours could be
enabled through roll out of workplace and destination public charging infrastructure.
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Figure 16| Hourly domestic (all regions) load profiles in 2050 across a subset of modelled days, by load
type, modelled for the E+RE+ Scenario. Intermediate electricity consumption in conversion and storage
technologies is shown on the top band, while the bottom band shows final electricity load across
disaggregated end -use sectors.
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3.4.2 Estimating the number of charging stations nationally

A large degree of optionality exists in the modes and locations of BEV charging during BEV rollout. Much of
the future BEV charging task will be performed at home with Level 1 (~2 kW charging power from standard

AC power point) and Level 2 (~7 kW dedicated AC unit) chargers.Terrill et al. (2021)showed that nearly 90%
of Australian households live in detached or semi-detached houses (around a quarter of whom are renters),
suggesting that a majority of Australian households can install home chargers. However, it has also been
shown that investment in non-residential charging infrastructure is needed to support and even incentivise

the transition to BEVs (Hall and Lutsey, 2017) particularly:

1 if workplace and destination charging is able to relieve pressure on distribution networks (Szinai et al.,
2020y,

1 for households without home charging availability, such as apartments, those without off -street parking
and some rental properties (Hall and Lutsey, 2020; Terrill et al., 202%)and

1 to assuage (at least initial) public concern about BEV range.

The required number of public chargers per BEVappears to be highly region specific, and dependent on a
number of conditions and behaviours (Bauer et al., 2021; Hall and Lutsey, 2017; International Energy Agency,
2022), namely:

1 access to private and workplace parking;

1 housing and population density;
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1 commuting patterns; and
1 the penetration of BEVs, among others.

Notwithstanding uncertainties in the importance of each of these factors and limited BEV and charging
infrastructure experience in Australia, we here provide estimates d the number of non-residential BEV
charging plugs that may require investment in unison with the modelled rollout of electric light-duty
transport.

Public charging can include:

1 urban fast charging and motorway charging stations with dedicated DC fast chargers of 50-150 kW
charging power, or even up to 250 kW in ultra-fast chargers;

1 destination charging, e.g. consumer and public interest locations with car parking, such as supermarkets,
museums; and

1 other curb-side chargers open to public use.

In addition, workplace charging may be included along with public charging in a broadly defined non-
residential charging category, however these classifications of public and workplace charging categories are
not entirely exclusive, due to some workplace charging also being availade to public.

The Net Zero America Project estimated the numbers of non-residential EV chargers using charger
deployment rates sourced from (Wood et al., 2017), which differentiate between requirements of cities,
towns and rural areas. However, those rates were calculated for vehicle fleets that containé a substantial
proportion of plug -in hybrid EVs. In another study & Charging Up America & Bauer et al. (2021)assessed
charging needs in the USA through 2030. They found that by 2030 with 26 million EVs on USA roads 41
public EV chargerswould be needed per 1000 B/s (17% of which are DC fast chargers), supplemented by
an additional 51 workplace chargers, to total 92 non-residential EV chargers per 1000 &s. They also showed
that this need for public EV chargers decreases as EV penetration increases, due to network effects that
mean demand and supply of EV charging can be more easily matched.

Here we use the same rate of charger deployment as was found for the USA average Table 2), and consider
that this rate is constant across all modelled regions, due to the relatively similar modelled speed of BEV
uptake across the country, and with no variation across different remoteness regions. However, we
acknowledge that while Australia has a similarly high-share of single family dwellings (with car parking) to
the USA (International Energy Agency, 2022; Terrill et al., 2021) public and workplace EV charging
requirements in Australia will be specific to Australian circumstances and differ from those of the US.
Nevertheless, we expect these to provide a reasonable first approximation.

Table 2 | Estimated number of non -residential EV chargers required per 1000 BEVs, across different
charging modes and power ratings. The values are adapted from those of Bauer et al. (2021)

Charger type Chargers per 1000BEVs

Public level 2 34
DC fast charger 7

Workplace level 2 51
Total non -residential 92
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Figure 17 presents the estimated number and total installed charging capacity of non-residential EV
charging plugs rolled out alongside the light duty vehicle transition. In E+, with 24 million BEVs on Australian
roads by 2050, we estimate that 2.1 million non-residential EV charging plugswould be required, comprised
of 1.2 million workplace charging plugs, 810 thousand public level 2 chargers and 160 thousand DC fast
chargers. Figure 17b and Figure 18 show that the majority of these chargers would be located in the most
populous regions of Australia, following the regional distribution of BEVs. We note that the cost of EV
charging infrastructure has been incorporated in the energy system modelling, as is outlined in the project 6 s
MASSdocument (Net Zero Australia Project, 2022) and is presentedas combined total residential and non-
residential BEV charging costs as part of the demandside costsin Figure 3.

Figure 17 | Estimates of national LDV non -residential charging infrastructure: (a) number of non -
residential EV charging plugs and total EV charging capacity, by charger type; and (b) number of plugs
for the E+ Scenario, by state/territory.
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Figure 18| Number of public EV charging plugs (Level 2 public and DC fast charger) in the E+ Scenario,
by selected year and SA4 region. Postcode level charging plug numbers are shown here aggregated to
ABS statistical area level 4 (SA4). Zoomed in maps are also shown in Appendix A.

2020 2030

2040 2050

No. of public EV charging plugs

30,000

3.5 The heavy-duty fleet

Figure 6 above shows that heavy-duty vehicles (HDVs,which include the classes:rigid & other trucks ; and
articulated trucks) comprise 4% of the on-road transport vehicle fleet, but account for 21% of GHG emissions
and a disproportionate amount of other pollutants (NSW EPA, 2019; Terrill et al., 2022)Ve have also shown
previously (Figure 5) that the HDV fleet is decarbonised by phasing out the sales of diesel ICEs and replacing
those with sales of battery electric and hydrogen fuel-cell vehicles. The E+ Scenario implements this phase

Downscaling & Transport sector energy transition | 19 April 2023 25



out by 2040, which is in line with other international heavy -duty transport decarbonisation plans, such as
the UKd®&ds recent pledge for the sales of all heavy good
emissions vehicles by 2040(Department for Transport, 2021).

Figure 19 then shows the evolution of the HDV fleetby st at e/ terri tory for the E+ an
implemented decarbonisation strategy results in the majority of HDVs being battery electric or hydrogen

fuel-c e | | vehicles by 2050 in the E+ Scenari o, cemeéwrio.l e t he
Figure 19 also shows that the fleet of HDVs is relatively distributed across the country, with the largest

populations in eastern Australia, but with SA and WA also having significant HDV stock.

Figure 19| Number of heavy -duty vehicles by state/territory of registration, and by Scenario, year and
fuel type.

Austr al i a0 BDVsferlraadfireightis demonstrated in Figure 20, which presents domestic freight
trends over the last 40 years(Bureau of Infrastructure and Transport Research Economics, 2021afigure 20
presents trends in bulk and non-bulk domestic freight by mode of transport, where : bulk freight comprises
large quantities of homogenous product, characterised by low unit value but high volume ; while non-bulk
freight comprises containerised or otherwise unitised heterogeneous goods, being moved between diffuse
origins and destinations. Bulk domestic freight is dominated by the rail transport of iron ore and coal
commodities from extraction points to ports because rail transport integrated into extractive industries
offers economies of scale for transport of such bulk commodities over long distances. On the other hand,
non-bulk freight is dominated by road transport with HDVs, much of which is intrastate 0 particularly within
capital cities 0 transport of goods over shorter distance, as also shown in Figure 20.

Downscaling d Transport sector energy transition | 19 April 2023 26

















































































