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Executive summary

This report was commissioned by AEMO to provide a record of the methodology, assumptions and
outputs of electricity vehicle projections provided by CSIRO to support their planning and
forecasting tasks. Electric vehicles projections have been provided for five scenarios: Slow Growth,
Current Trajectory, Sustainable Growth and Export Superpower and a Rapid Decarbonisation
sensitivity case. Compared to previous projections by CSIRO, this forecast set has a stronger
emphasis on net zero greenhouse gas emission targets for Australia of which the road sector
would be expected to contribute. The set reflects the outcomes of an updated scenario
development process by AEMO with strong stakeholder engagement and recognition of the
widening embrace of net zero targets at different levels of government and in the corporate
community.

Another major change in the external environment is the announced plans of a significant
proportion of global vehicle manufacturers. In recognition of the collective emission targets of
many countries, the vehicle manufacturers have outlined plans for the eventual discontinuation of
the design or manufacture of new internal combustion vehicles with dates ranging from 2030 to
2050.

These two developments have meant there are more scenarios (Net Zero, Sustainable Growth,
Export Superpower and Rapid Decarbonisation) where the fleet completely transforms to either
battery or hydrogen electric vehicles. This is driven by a combination of a global reduction in the
availability of internal combustion vehicles for sale and the possible removal of internal
combustion vehicles from the fleet to meet local targets. The scenarios explore the significant
uncertainty in the timing of this fleet transition.

While the projected share of hydrogen vehicles is generally low reflecting their higher cost, lower
energy efficiency and less developed fuel supply chain, the Export Superpower scenario presents
an opportunity to explore a deeper level of uptake of hydrogen vehicles. In this scenario, hydrogen
is assumed to be the dominant fuel for large long-haul trucks and make the greatest inroads into
the lighter vehicle market.

Projected electricity consumption from battery electric vehicles is lower in these projections than
previous projections by CSIRO. This reflects two COVID-19 related impacts. The first is lower
immigration, driving lower population growth, reducing the number of vehicles required in the
fleet relative to projections based on pre-COVID-19 population projections. The second is the
development of working from home arrangements during COVID-19 and the role of telepresence
more generally in reducing greenhouse gas emissions. Under these developments, lower travel
per day is assumed (although this still represents a recovery relative to 2020-21).
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1 Introduction

Each year, AEMO requires updated projections of electric vehicle adoption and operation of
electric vehicle chargers for input into various planning and forecasting tasks. CSIRO has been
commissioned to provide electric vehicles projections for five scenarios: Slow Growth, Current
Trajectory, Net Zero, Sustainable Growth and Export Superpower and a Rapid Decarbonisation
sensitivity case. These are described further in the body of this report.

The report is set out in five sections. Section 2 provides a description of the applied projection
methodology. Section 3 describes the scenarios and their broad settings. Section 4 outlines the
scenario assumptions in detail and the projections are presented in Section 5.
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2 Methodology

2.1 Adoption projections method overview

The projections undertaken are for periods of months, years and decades. Consequently, the
projection approach needs to be robust over both shorter- and longer-term projection periods.
The longer term adoption projections are based on a fundamental model of relevant drivers that
includes human behaviour and physical drivers and constraints. While these models are sound,
long term adoption models can overlook short term variations due to imperfect information,
unexpected shifts in key drivers and delays in observing the current state of the market. To
improve the short-term performance of the adoption models, the approach should ideally include
a second more accurate shorter-term projection approach to adjust for short term variations in
the EV market.

Short term projection approaches tend to be based on extrapolation of recent activity without
considering the fundamental drivers. These include regression analysis and other types of trend
analysis. While trend analysis generally performs best in the short term, extrapolating a simple
trend indefinitely leads to poor projection results as fundamental drivers or constraints on the
activity will assert themselves over time, shifting the activity away from past trends.

Based on these observations about the performance of short- and long-term projection
approaches, and our requirement to deliver both long and short term projections, this report
applies a combination of a short-term trend model and a long-term based transport demand and
technology adoption model.

Other than population, economic growth and assumptions about road vehicle demand, CSIRO
made no special allowance in the projections for COVID-19 pandemic impacts. Historical data

suggests electric vehicle sales were not impacted in 2020 (despite national vehicle sales of all

vehicles falling significantly).

2.1.1 Trend model

For the period between June 2019-20 and June 2021-22, trend analysis is applied to produce
projections based on historical data. The ABS motor vehicle census? is applied and is considered
the most appropriate data set to capture current vehicle numbers, as alternative data sets appear
to contain missing data. CSIRO adjusts the sales data from other sources (e.g. the FCAI VFACTS) to
align with the identified ABS EV fleet.

The EV trend is estimated as a linear regression against a minimum of 3 years of state annual sales
data or up to 5 years for regions where the sales were too volatile to rely too heavily on only
recent data. A separate regression is run for plug-in hybrid and battery electric vehicles (PHEVs

! Available at: https://www.abs.gov.au/statistics/industry/tourism-and-transport/motor-vehicle-census-australia
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and BEVs). Figure 2-1 shows the projections from the trend analysis. The ACT has experienced a
recent jump in sales reflecting its introduction of the largest stamp duty rebates available in
Australia for electric vehicles.

The trend model also applies some variation between scenarios in the short-term to capture
uncertainty during this period. The Current Trajectory and Net Zero scenarios assume the
underlying trend remains unchanged while the trend for Slow Growth is adjusted downwards by
10% and the trend for the remainder of the scenarios is adjusted upwards to a maximum of 20%.
This captures the potential for stronger non-linear growth trends in the short term. The ranges are
based on the author’s judgement of the degree of upside and downside uncertainty in the trend.
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Figure 2-1 Historical and projected electric vehicle sales by state to 2022, Current Trajectory scenario

2.1.2 Transport demand model

An overview of the process of projecting transport demand is shown in Figure 2-2. Growth in
passenger (passenger kilometre) and freight (tonne kilometre) transport demand is driven by
growth in population and GDP. GDP historically has been the stronger driver of both types of
transport, but more recently population has been better at explaining growth in passenger
transport. This is because most forms of transport are now affordable under current average
household income. That is, the demand for passenger transport per person has reached a
saturation point as cost of transport is not a significant barrier. New passenger transport demand
is therefore driven by growth in population (immigration assumptions therefore becomes
important).

Future mode share assumptions are developed based on an observation of historical trends and
consideration of the future of cities in Australia that includes specific government programs to
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extend airports, rail and road infrastructure. For the non-road sectors, fuel consumption
projections are based on multiplying projected demand by long term trends in fuel efficiency. In
the past CSIRO would include some changes in mode shares over time . For example, historically,
aviation had been steadily capturing more of the passenger share market. However, the COVID-19
pandemic has interrupted and reversed some of these trends. As a conservative approach, the
mode shares for passenger transport are mostly held constant at their current levels with only a
slight leaning towards previous trends. Freight transport mode shares were less impacted by
COVID-19 and so their historical trends in mode share are allowed to continue (Section 4.8 shows
the impact of these assumptions).

Figure 2-2: Overview of transport demand model

Apply macroeconomic drivers

Passenger — population growth Freight — GDP growth

Apply mode share assumptions

Passenger — active, road, rail, air Freight — road, rail, air, shipping

Additional sector calculations

Road: Cost of travel elasticity and changes in Non-road: Future trends on fuel efficiency and
passengers/tonnes per vehicle and trip length fuel shares

There are several more steps in projecting road sector transport demand. The first additional step
is that the demand model takes cost of travel information from the adoption model and applies a
price elasticity to demand of -0.22. That is, if the cost of road transport (passenger or freight) is
expected to fall by 10% this will lead to 2% increase in road transport demand. Conversely a 10%
increase in cost of travel would lead to a 2% decrease in transport demand. Cost of travel is
measured in dollars per kilometre and includes the whole cost of vehicle ownership and operation.
The main driver of rising transport costs in the future is expected to be fuel prices. However,

2 Transport demand elasticities have been studied for many decades. This site summarises available evidence:
https://www.bitre.gov.au/databases/tedb
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improved fuel efficiency and higher vehicle utilisation from vehicle electrification and autonomous
vehicles respectively could see costs fall.

The second additional step is to take account of changes in the vehicle load. For example, a
decrease in passengers per vehicle implies more vehicle kilometres will be required to meet total
demand for passenger kilometres. Similarly, an increase in tonnes per vehicle capacity would
mean fewer vehicles were required to meet freight tonne kilometre demand. Tonnes per vehicle
are held constant over time for freight vehicles. Passengers per vehicle increases if the adoption
model projects greater adoption of rideshare services.

The final step takes account of changes in trip length which is measured in aggregate by kilometres
per vehicle. Kilometres per vehicle is varied to take account of changes due to the impact of
COVID-19 and of autonomous vehicles and ride sharing. COVID-19 has reduced average kilometres
per vehicle for passenger vehicles. Alternative assumptions are imposed, depending on the
scenario, about how much kilometres per vehicle recovers. In some scenarios, where there is a
strong greenhouse gas abatement imperative, it is assumed that kilometres per vehicle remains
lower in the longer term to support greater use of telepresence as an abatement measure.

The model projects the uptake of autonomous vehicles and ridesharing and their impact on
transport demand. Ride sharing increases the number of passengers per vehicle which on face
value reduces the amount of vehicle kilometres needed to meet passenger kilometre demand and
this is taken account of in the previous step. However, the most convenient service: would pick up
and drop off each passenger at their destination meaning that each passenger takes a longer trip
than if they had used a non-ride sharing mode. These extra kilometres associated with ride sharing
trips are considered in this step.

213 Consumer technology adoption model

The consumer technology adoption curve is a whole of market scale property that is exploited for
the purposes of projecting adoption, particularly in markets for new products. The theory posits
that technology adoption will be led by an early adopter group who, despite high payback periods,
are driven to invest by other motivations such as values, autonomy and enthusiasm for new
technologies. As time passes, fast followers or the early majority take over and this is the most
rapid period of adoption. In the latter stages the late majority or late followers may still be holding
back due to constraints they may not be able to overcome, nor wish to overcome even if the
product is attractively priced. These early concepts were developed by authors such as Rogers
(1962) and Bass (1969).

Over the last 50 years, a wide range of applications seeking to use this as a projection tool have
experimented with a combination of price and non-price drivers to calibrate the shape of the
adoption curve for any given context. Price can be included directly or as a payback period or
return on investment. The adoption curve is developed by applying a payback period and a

3 Note that the Australian version of UberPool currently does not directly pick up and drop off at your desired points. Rather it includes some
walking to connect you with the route an existing vehicle is travelling and may include some walking after drop-off. However, some overseas
version include point to point drop-off and pick-up. https://www.uber.com/en-AU/ride/uberpool/
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maximum market share assumption. Data on these two inputs are required to calibrate the shape
of the logistic curve function.

Payback periods are relatively straightforward to calculate and when compared to price also
captures the opportunity cost of staying with the technology substitute. The formula for the
payback period, expressed in years, is expressed as follows:

Capitalcost, , s — CapitalCostICE,, ,

PaybackPeriod =
AyDaAcKeriotomst AnnualOperatingCostICE, ,, . — AnnualOperatingCost, , ms¢

Where:

AnnualOperatingCost, , ;m s+
= AnnualFuelCost,, , s + AnnualMaintenanceCost,, ,,
+ AnnualRegistrationCost, ,, ,, + AnnuallnsuranceCost, , ;s

AnnualOperatingCostICE, , ¢+
= AnnualFuelCostICE,,; + AnnualMaintenanceCostICE,,
+ AnnualRegistrationCostICE, ,, + AnnuallnsuranceCostICE, ,, +

ris the region
v is the five electric vehicle type: battery electric (short and long range), plug-in hybrid, fuel cell,

m is the ten road modes or vehicle types: passenger (3 sizes) , light commercial vehicle (3 sizes),
rigid truck, articulated truck, bus,

s is the five scenarios,
t is the financial year (to 2051-52).

The CapitalCost for internal combustion vehicles (ICE) varies by mode and time. The CapitalCost
for electric vehicles also varies by the vehicle type and scenario and is net of any subsidies.

The AnnualFuelCost for ICE vehicles is calculated as the petroleum price multiplied by average new
vehicle fuel efficiency and kilometres travelled per year. The assumptions for these factors change
by mode and over time. The AnnualFuelCost for electric vehicles is the same formula but varies by
vehicle type and scenario to recognise the use of different fuels (electricity and hydrogen) and
changes in electricity prices between scenarios.

A more difficult task than calculating the payback period is to identity the set of non-price
demographic or other factors that are required to capture other reasons that influences the
maximum market share assumption. CSIRO previously investigated the important non-price
factors and validated the approach of combining payback periods and non-price factors that
provides good locational predictive power for rooftop solar and electric vehicles (Higgins et al
2014; Higgins et al 2012).

In Figure 2-3Figure2-3;the general projection approach is highlighted that includes examples of
demographics and other factors that are considered for inclusion. An important interim step is
also included, which is to calibrate the adoption curve at appropriate spatial scales (due to
differing demographic characteristics and electricity prices) and across different customer
segments (differences between customers’ travel needs, fleet purchasing behaviour and vehicle
utilisation).
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Once the adoption curve is calibrated for all the relevant factors, the rate of adoption is evolved
over time by altering the inputs according to the outlined scenario assumptions®. For example,
differences in technology costs and prices between scenarios will alter the payback period and
lead to a different position on the adoption curve. Non-price scenario assumptions such as
available charging infrastructure or highest educational attainment in a region will result in
different adoption curve shapes (particularly the height at saturation or maximum market share).
Data on existing market shares determines the starting point on the adoption curve.

Customer / fleet model

%
Customer/
Technology adoption Sales and S O]
curve calibration market size Existing and
retiring capacity
t
Calculations Payback period Non-price factors

Multiple representative customer loads; Vehicle types and utilization rates ; ABS spatial categories

Segmentation

Technology cost
and electricity
tariff

Type/ownership Educational Discretional
of building attainment income

Key inputs Existing and new

electricity load

Figure 2-3 Adoption model methodology overview

The methodology also takes account of the total size of the available market and this can differ
between scenarios. For example, the total vehicle fleet requirement is relevant for electric
vehicles, while the number of customer connections is relevant for rooftop solar and battery
storage. The size of these markets is influenced by population growth, economic growth and
transport mode trends and this is discussed further in the scenario assumptions section. While a
maximum market share is set for the adoption curve based on various non-financial constraints,
maximum market share is only reached if the payback period falls. The applied maximum market
share assumptions are outlined in the Data Assumptions section.

All calculations are carried out at the Australian Bureau of Statistics Statistical Area Level 2 (SA2)
allowing the forecasts to align to the available demographic data. This also allows the conversion
of the data back to postcodes for aggregation to the state level as required. The Australian Bureau
of Statistics publishes correspondence files which provide conversion factors for moving between

4 Note that to “join” the short- and long-term projection models the trends projected to 2021-22 are seen as historical fact from the perspective of
the long-term projection model and as such calibrate the adoption curve from that point.
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commonly used spatial disaggregation. Each spatial disaggregation can also be associated with a
state for aggregation purposes.

2.14 Commercial vehicles

It may be argued that commercial vehicle purchasers would be more weighted to making their
decisions on financial grounds only. That is, commercial vehicle sales would rapidly accelerate
towards electric vehicles as soon as the whole of life cost of owning an EV falls (which also occurs
sooner than for residential owners because of the longer average driving distances of commercial
vehicles). However, it is assumed that infrastructure constraints including the split incentives or
landlord-renter problem which can be captured using adoption curves are also relevant for
businesses noting that many commercial vehicles park at residential premises. For business parked
vehicles, if the business does not own the building, installing charging infrastructure may not be
straight-forward. Hence, the applicability of vehicle range to a business's needs is just as relevant
as whether vehicle range will suit a household's needs.

2.2 Demographic factors and weights

The projection methodology includes selecting a set of non-price factors, typically drawn from
accessible demographic data to calibrate the consumer technology adoption curve in each SA2
region. CSIRO assigns different weights to each factor to reflect their relative importance. The next
section outlines the factors and weights chosen for electric vehicles.

2.2.1 Weights and factors for electric vehicles

Previous analysis by Higgins et al (2012) validated several demographic factors and weights for
Victoria. A similar combination of factors and weights is applied and outlined in Table 2-1. These
weighting factors provide a guide for the adoption locations, particularly during the early adoption
phase which Australia currently remains in. However, adoption is allowed to grow in all locations
over time. It is likely that some of the factors included act as a proxy for other drivers not explicitly
included (such as income).

The weights and factors are used to calculate a score for each SA2 region to indicate relative
propensity for electric vehicle uptake. After a general level of maximum national electric vehicle
adoption is set, for example 50%, the SA2 weights and factors are used to score to adjust the local
level of adoption up or down by a maximum of plus or minus 25%. In this case the best scoring SA2
region achieves a maximum adoption of 75% and the worst scoring region 25%. The maximum
national electric vehicle adoption assumptions are outlined in Section 4 Table 4-4.
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Table 2-1 Weights and factors for electric vehicle ownership

Factors Weight ranges

Share of ages (in 10-year bands) 0-1 with the 35 to 54 age bands receiving
highest scores

Share of number of household residents (1- 0.3-1 increasing with smaller households

6+)

Share of educational attainment 0.25-1 for advanced diploma and above, 0
otherwise

Share of mode of transport to place of work 1 for car, 0 otherwise

2.3 Role of economic growth in projection method

Economic growth closely tracks changes in residential and business income and the general health
of the economy. This provides an overview of how changes in economic growth impact the
projections.

Income influences the electric vehicle adoption model only through the size of transport demand.
Economic growth is not considered in the demographic score for calibration of the electric vehicle
adoption curve. Passenger transport demand is a larger component of transport and this is driven
by population growth. However, demand for light commercial vehicle and truck transport is driven
by economic growth. This means while stronger demand for EV means more vehicle sales, it
influences only a small proportion of growth in vehicle sales. A large proportion of sales is car
replacement, this makes up about 80% replacement of vehicle stock.

Changes in economic growth only impacts around 20% of the sales of a minority of vehicle types.
As such, alternative economic growth assumptions only has a marginal direct impact on EV
projections. Indirectly, if higher economic growth occurred due to higher population growth, that
mechanism would broaden the impact of higher economic growth because the whole of transport
demand is experiencing higher demand. In that case, the impact would still affect approximately
20% of sales increasing in line with increases in GDP and population.
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3 Scenario definitions

The five scenarios are Current Trajectory, Slow Growth, Net Zero, Sustainable Growth and Export
Superpower. Rapid Decarbonisation is a sensitivity of Export Superpower. The AEMO scenario
definitions are provided as short narratives and settings for key drivers in Table 3-1. For the
electric vehicles projections, this section provides an extended scenario definition table based on a
deeper consideration of the economic, infrastructure and policy drivers. The section then
describes each of the financial and non-financial drivers in more detail.

Current Trajectory scenario

The Current Trajectory scenario reflects a future energy system based around current government
policies and best estimates of all key drivers. This scenario represents the current transition of the
energy industry under current policy settings and technology trajectories, where the transition
from fossil fuels to renewable generation is generally led by market forces. Uptake of DER, energy
efficiency measures and the electrification of the transport sector proceeds in line with AEMO’s
current best estimates. The relevant purpose for this scenario is:

e To provide a basis on which to assess the development of the system under currently funded
and/or legislated policies and commitments, using the most probable value/best estimate for
each input.

Net Zero scenario

This reflects a world that is like Current Trajectory in the first decade but with a shift in policy
towards achieving Net Zero emissions economy wide by 2050.

Sustainable Growth scenario

Higher decarbonisation ambitions are supported by rapidly falling costs for battery storage and
variable renewable energy (VRE), which drive consumers’ actions and higher levels of
electrification of other sectors. Economic and population growth are similar to Current Trajectory.
The main differences to Current Trajectory are:

e Economy wide Net Zero emissions by 2050

¢ Increased cost-competitiveness of VRE and batteries relative to fossil fuel generation.

e DER uptake is driven by consumers seeking to take a greater degree of ownership over their
consumption, choosing when and how to consume energy. This is also aided by continued
technological advances that extend the strong uptake in DER technologies. Participation in
virtual power plant (VPP) aggregation schemes is higher.

e There are high levels of electrification of transport and energy efficiency
The relevant purposes for this scenario are:

e To understand the impact of strong decarbonisation and DER uptake on the needs of the
electricity system, and in particular to explore the potential risk of under-investment in the
infrastructure required to facilitate this transition.
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e To explore the system security impact of high penetration of DER and potential issues and
challenges in distribution and transmission networks, and what investments could address
these.

Slow Growth scenario

This scenario includes the lowest level of economic growth following the global COVID-19
pandemic, which increases the likelihood of industrial load closures. Decarbonisation at a policy
level takes a back seat, but strong uptake of distributed PV continues, particularly in the short-
term in response to a number of incentives.

e The rate of technological development and cost reductions stagnates, as falling private
investment reduces the speed of cost reductions in technologies such as battery storage.

e In search of cost savings and in response to low interest rates and government incentives to aid
the recovery from COVID-19, consumers continue to install distributed PV at high rates,
continuing the trends observed during 2020, where uptake has held up and in many regions
increased, despite adverse economic conditions. Over time these impacts dissipate and
distributed PV uptake moderates.

Key differences to the Current Trajectory scenario include:

e Lower levels of decarbonisation ambitions both internationally and domestically.

e Very low economic activity and population growth.

e Lower levels of electrification.

e Stronger level of DER uptake in the near term

The relevant purposes for this scenario for these consulting services are:

e To assess the risk of over-investment in the power system, in a future where operational
demand is much lower, and some less certain policy drivers do not proceed.

e To explore operational and system security risks associated with falling levels of minimum
demand

Export Superpower scenario

This scenario represents a world with very high levels of electri