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Executive Summary

Australia ign the early stages of electrifying road transpatprocess which is broadly seen as one
necessary part of reducing greenhouse gas emissions to safer Elegification is a complex

process involving new technologies, infrastructures, practices, stakeholders, business models, and
interactions betweerall of them.

This report aims to describe the current state of this landscape and recommend actions that can be
taken by innovation funding bodies (such as ARENA) to enhance this uptaape includes road
vehicles with plugscharging and enablingechnology This report does not include policy
recommendations, although they are an extremely important jdithe transportelectrification

puzzle.

Sociotechnicdransitionstheories provide insight intbow innovationmoves from niche to
normality. These theorieemphasiséhe importance oftonsidering change across multiple
dimensions andaking a socigechno-economic approachlhereport has implemented this using a
mixed methods approacimcorporating data, qualitativeiscussion, and expert febdck.As well as
considering technology and cogtalso considers how users are currently, and could be, inveived
creating the transport electrification future.

It is important to take a strategic approacWe have developed a framework ¢o-ordinate actions
shown inAgurel. This framework is in three stages: define, build, and test.

Definerefers to the fundamental bas on which transitions are btjisuch as who or what are
regarded as important, and what settings are in place from which change can be scaled up. Policy
measures (outside the scope of this report) are very important in this phase, however projects can
also create definition through viation in visions and participation.

Testis technologyfocused, in that it aims to cultivate and embed new solutions and avoid the
creation of new problems.

Buildis focused on scaling technologiegrown from good fundamentals and incorporating
foresight and ensuring that insights and lessons are shared across a very broad and diverse range
of stakeholders.

Our recommended actions in each area are shownhaiblel.
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Define

Put users first when
designing projects and
initiatives

[

Build scaling model into
projects at the beginning

Test Build

v &

Supercharge knowledge sharing
to accelerate learning

[

Scale technologies as they
reach readiness

Cultivate niches to test
less commercially ready
technologies

o

/

Bake in VGI to products,
standards, and projects

Figure 1 Recommendations framework

Table 1 Summary of recommendations

Whatis therecommendatior?

Many existing projects have been led by, and focused on, the needs of
energy system. Projects that focus on the visions and needs of end usel
localised groups have greater potential to motivate adoption.

What does success look like?

Success irhis group looks like initiatives that aim to solve problems for e

|
User first, Grid
|
second
|
|
1

users, such as:

Projects that focus on hastb-reach groups such as renters,
apartment dwellers, and disabled drivers

Projectsdefined by geographically contained groups such as use
communities and councils

Solutions that encourage substitutiavith smallerscaletransport
options

Projects that implement an agile approach anddssign solutions
with users

Inclusion ofsocial science researa projects
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Whatis therecommendation?
Technology follows a path from concept to implementation. Scaling is w
technologies become part of busineasusual. This features twice on the
framework:

1 Before niches ardeveloped

1 As technologies become ready for expansion
What does success look like?
Success in this group focuses on using trials and projects to establish th
right set of fundamentals and providing support for technologies to build
momentum once they mature. This could include:

For earlystage innovation
|//)' 1 Endging prospective financiers in innovation projects prior to
starting
Scale up 1 Involving more transport sector stakeholders in trials, for better
innovation and avoiding unintended consequences
1 Encouraging greater experimentation from netwarks
9 Building processuicomes into projects
Scaling
1 Expanding infrastructures and supply chains to address known
barriers to uptake, whilst also directing public funding to less vial
projects (such as regional charging).
Building a clear exit path from innovation to operarket funding.
Crossorganisation collaboration to remove roadblocks and
encourage uptake.
Whatis the recommendation?
Niches are protected environments that enable testing of technologies.
Importantly, how niches are defined and what is tested in them strongly
influences how technologies are taken up (or are not taken up).
What does success look like?
Success ithis group looks like diverse niches being tested that address
existing gaps in EVs availability and adoption. A number of vehicle types
\’ especially specialised ndreight carrying vehicles, heavy freight and buse
‘/ have negligible uptake of zero emisssaiechnology to date. Equally,
however, there is uncertainty regarding what technology (usually betwet
hydrogen fuel cell and EV) is fit for different purposes. Projects are neec
to test the gamut of implementation factors and reduce uncertainty for
potential users. This could look like:

1 Projects devised in partnership with organisations that are poten
users, such as councils, public transport agencies and logistics
companies.

Systematic infrastructure planning for logistics or public transpor
Agik approaches to project design.

1
1

Cultivate
niches

=a =
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Whatis the recommendation?
Knowledge sharing is the most important part of innovation projects (like
those funded by ARENAurrent knowledge sharing for ARENA funded
projects may be missing a significant portion of stakeholders (particularl
those outside of the energy industry) who stand to benefit from learning
from these projects.
What does success look like?
Success in this is described in two streams: translatioroped data
Translationmeans bridging the gap between knowledge and action throt
the analysis and communication of project data. Because EVs and VGI
ﬁs involve technical, economic and social diraems, it is essential that
translation efforts are fluent in these fields, up to date with the most
Supercharge | pressing questions, and able to deal with their complex interactions. A
knowledge | robust approach to knowledge translation would also consult stakeholde
sharing directly an their most important challenges and opportunities, and draw ¢
international research and experience.
Open datameanscultivating an accessible and trusted data resource tha
serviceghe EV landscape in Austratiad works towards filling data gaps
Fa example, vehicle usage and charging dataot generally available
outside opaque facts and figures quoted in repoAs open data resource
allows users to generate insights that are relevant to their own innovatio
and research needs, and to be comdfid they are reliableData needs
curation and to contain metadata to be useful, but the sort of data requir
depends on the use case.
Whatis the recommendation?
Vehicle Grid Integration (VGI) is expected to be needed in the future,
regardless of the electrification journey. All EV projects should include
consideration of the most appropriate VGI, which can then be implemen
@ to avoid creating problems. Charging infrastructure projects in particular
/ could benefit from this approach
Bake in VGI = What does success look like?
{dz00S&aa Ay GKAA AYAGAFOGAOS Aa 6K
products in the Australian market. In the short term this requires trialling
VGI in more contexts and assessing the customer interface of this VGI.
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1 Introduction

1.1 Background and purpose

Australia is in the early stageseadéctrifying road transporta process which is broadly seen as one
necessary part of reducing greenhouse gas emissiosafar levelsElectrificationis a complex
processnvolving new technologieifrastructures practices, stakeholdergusiness modelgnd
interactions between all of thenDne key aspect of this is the question of grid integratioale€tric
vehicles Although some argue that thelectrification ofat leastlight passenger transport te a
certain degreeanevitable,the speed, form anextent of the transition remainsincertain which
complicates grid integratiarAs a resultirials and new technology projects aa@ essential part of
understandingexperimentation planning and implementation.

This report aims to analyse tleirrent state of road transport electrification and grid integration in
Australiaacross multiple dimensions in orderittform future demonstration andommercialisation
projects.lt takes a socidechno-economicperspective in thatfirstly,it considerghe multi-levelled
nature of transitiong1], andsecondlyjt considers not just the technicahallenges but also end
users anchow they participate irco-creating the future The report adopts mixed methods
incorporating data, qualitative discussion and expert feedbad#datify gaps andorm
recommendations intended for fundirggencies

Introducing the Realising Electric Velgeto-grid Service (REVS) trial

This report has been developed as part of RIEVS trialn an Australian first, the Realising Eleci
Vehiclesto-grid Services (REVS) project demonstrates how commercially available electric v
(EVs) and chargecsn contribute to energy stability by transferring power back and forth into
grid, as required.

EVs will inject power back into the grid during rare events (to avoid possibility of blackouts) ¢
owners will be paid when their vehicles are usedtfos service.

Employing 51 Nissan LEAF EVs across the ACT as part of the ACT government and Actew
the REVS project seeks to support the reliability and resilience of the electricity grid, unl
economic benefits making electric vehicles a engiable and appealing transport option for fle
operators.

The REVS consortium covers the whole electricity and transport supply chains including Act
Evoenergy, Nissan, SG Fleet, JET Charge, ACT Government and the Australian National

Tagether the consortium will produce a roadmap with recommendations that will accelerate
deployment of V2G nationally.

The project has been endorsed by the Australian Renewable Energy Agency (ARENA)
NEOSAQPSR FdzyRAYy 3 | & dnbwildlesPragrah.w9b! Qa ! RJl y

REVS is underway and will publish a final repdetmm2022.

https://secs.accenture.com/accenturems/revs/
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1.2 Scope

The scope of this report is limited to technicatonomic and social aspects of road transport
electrification and grid integration. It is limited to battery electric vehi¢Egswith plugs of all
vehicle classesanging from light to heavyThe report alsonentions other associated technologies
andinfrastructures such as hydrogen fuel cell vehicles and public transport wheyere of
relevancelt is also limited to road transport, therefore excluding other modes such as aviation or
shipping and specialist vehicles such as those used in minthggaiculture.

It must also be noted that this report is limited to projects such as trials and does not extend to
policy issues. The policy response requii@dransport decarbonisation is by far the most
important roleof governmentsProjects alone cannot achieve the change required, and therefore
the recommenations herein should be considered just one parveficlegrid integration(VGI) For

a recent review of Australian policy options, we direct readers to transportfacts.org

The report will review the following issues with referenceramsitions and commercial readiness:

I Road ehicles of different classes

1 Charging and grid integration technologies, including managed charging (V1G), vehicle to
grid (V2G) and others

9 Grid services and enablers

1 Partners to VGI projects and their visipimecluding community and markelriven
approaches

1 Enduser sectors such as fleets, private users, freight, and others

1 Participation nedels for VGI projects.

1.3 Energy and transport transitions

Transitions toward more sustainableays of livingare explained by theories such as tnalti-level
perspective 1], which explainkiow longterm changeand new innovations can alter sociefyhe
multi-level perspectivelescribeschange as occurring through processes interactirityrae
different levels niches, regimes and landscapas shown ifrigure2.

Electric Vehicles and The Grid | 10



v - rules,standards, conventions. Influenced by
nichesand the landscape

Regimes

\,‘

Niches are mwtected environments for testing
and learning. REVS is an example of a niche

Technology flows through multiple levels
to become part ofregimes

Niches

0= . A R
2 [ FYyR&aOILIS I NB 40A3 L
;é change slowlguch agolicy, climate change,
values, culture
Landscape
V — Regimes are established waysnadrking like
D

Figure 2 Multi-level perspective

Existing systems withstablished ways of doidgfor example, the vehiclespnventions of private
ownership, engine technologyefuelling stations, road rules, standards and so on that make up
automobilityd are calledegimes Transitions are essentially the process of regitm@nge either by
regimes adaptinghemselves, or being disrupted by innovation and outside pressure.

Regimes are influenced by the bigger picturelamdscapewhich represents thatructural, long
term trends which exert pressure on regimes. Landsdapel changes are large and beyond the
control ofindividuals Examples includelimate changendclimate change policyrban form,
societal valuegigitalisation,or more sudderpressuresuch aghose arising fronthe coronavirus
pandemic omglobal financial crisis.

At the smallest scal@ichesare protected spaces for novelty and innovatidliches can gain
momentum, influence and change regimésgood example of this is electric vehicles, which after
many years of development have stalgtisinto a dominant design, gained legitimaapdare now
being produced bynost or all major auto manufacturers

This report aims to reflectthe muiti S @St LISNBRLISOGA GBS 2F GNIYyarAGA2Yya
road transport regime with regard tdextrification, and describing the trends and activities that can
influence this regime, at both the large and small scale.

1.3.1 Nurturing niche innovations in vehicle grid integration

Vehiclegrid integration can be considered a family of related nilheslinnovationsthat are related
to innovation in bothEVsanddistributed energy resourcd ®ER)Niches can be nurturely
focusing orthree important, interlinked processesf niche developmenf2]:

1 Learning which includes both problersolving towards a known goal (firstder learning)
and the questioning of assumptions leading to a change in expectaimhgoalgsecond
order learnng).

1 Network developmentof a constituencydrivinga new technology that includes users,
producers and regulators and whose sarobrdinated actions can bring about a shift.

Electric Vehicles and The Grid | 11



1 Expectation buildingwhich is the development of stable, shared conceptions of a niche in
order to build coalitions, generate urgency and grow cultural legitimacy.

The ARENA model focuses heavily on all of these fronts through its knowledge and innovation work,
including Kowledge Bank, Aab and the Distributed Energy Integration Program (DEIP). VG,
however, involves not just the energy system but the transportation system too, creating new
opportunities and challenges for collaboration and new ways for Australian pengdleanpanies to

not only become involved in the transition, but to influence the direction it takes.

With the new involvement of the transport sector in the energy transition (and vice versa) efforts
should be redoubled in knowledge sharing, collaboratandg bringing different perspectives into
technology development and innovation. This will be reflected in the recommendations.

1.3.2 Seconeébrder effects and unintended consequences

LG A& AYLERNIFYyd G2 FOly26f SR3I3SE eeielWhign theyafedpat (A 2y a
of sustainable transitions. A shift to EVs, while reducing emissionsentiggnch andead to greater

reliance on private vehicld8] and its associated negative impacts on road congestion, naiban

heat islandsland use and so on. Further in the future, shifts to autonomous vehicles could

undermine public transporas sane research has suggestpl]. For this reasorit is essential that

stakeholders outside of the energy sectpsuch as urban planners, stainability experts and

communitiesg are involved ideadingtransition activitiesWe haveincluded some of these

stakeholders in ouengagement as part of developing this repdotit this can only be considered

the start of this journey.

Similarly, transitions have the potential to reproduce and exacerbate inequalisesill be

discussed later in this repgrustralianVGl projects have largely left out renters and people without
off-street parking, and EV infrastructure is being bwithout standards for disabled acce3$e

energy sector igeither equipped nor necessarily motivated to deal with these issues, hence a
greater range of stakeholders needs to participate.

Electric Vehicles and The Grid | 12



2 Approach

The electrification and grid integration landscapédiigerse and complexnvolving change at

different scales and speeds as well as a great deal of uncertainty about what ought to be done. This

report aims to make sense of this complexity by asking where Australia needs to be in terms of
transportelectrificationtowards the reduction of greenhouse gas emissjastimating how far

away Australia currently is; examining what has been done locally to date, and what the most
LINBaaAy3d 3AFLA FNB® ¢KS FTANRG RRRIY ¢ 2dke bdékihgsat | LILINE |
0KS ySSRSR U(NIryaridazy 2F (KS OSkWOI9S NEH 9SGEA & § R2
trials and projects that are completed or underw&ygure3). This chapter outlines the data sources

and methods used in each section of the report.

Transport world Energy world
)
o
© e
2 “ Climate change and global trends
©
c
©
—
Vehicles and their Vehicle grid integration Grid services and S'
diverse use cases (VG enablers -g_
o
2N
o § L 0N m u@ ZEn >
: —
] 8 r!:% O™o r.-%
S5 R ~
8 R &
=)
£2 B o =
Other partners;
Transportindustry finance, property, Energy industry
charging s
o =
o) = N e 3
£ i vz m B -
@ =1
a e

How is change envisaged and who is included and excluded
(d

Participation
=,
=)o

)

boa, B 7MW § 4,

Figure 3: Combining top-down analysis (examining where Australia is and needs to be) with bottom-up
analysis (of what has been trialled in Australia so far).
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2.1 Top-down analysis

The first section of the report begiry examining road transport electrification and grid integration
with a landscapdevel view of global change across energy and transpditerature review of
relevant climate change plans and policies is usdddatewhere Australia should be in ters of
transitioning different vehicle classes in the coming years. FollowingviRieview and discusthe

key drivers and constraints in the energy and transport transition in Australia.

The remaining parts of the tegown analysis focus on vehicle,dyand grid integration technology.
These form an opportunity assessment that aims to survey progress across the different
technologies and determine what segments are more promising or require more development. This
analysis is based on statistics, reylans, and policies. It:

9 Buildsa list of areas of investigation (such as vehicle type, charger location)
1 Presensthe applicable taxonomy within areas (such as vehicle classes)
1 Investigatesthe current status and impact of effort to accelerate uptakiehim this class.

The analysis in this section mixes qualitative and quantitative methods. Where there is data
available, quantitative analysis provides numerical evidence of progress and priority areas.
Qualitative analysis provides insight where pubhtadis not available, not processed within the
scope of this report, or where the factors are not quantifiable. Examples of the data that has been
assessed qualitatively and quantitatively are showmable2.

Table 2: Approaches used in top-down analysis of technology segments.

Quantitative Qualitative
Statistical data Analysis of plans, strategies, reports
Vehicle usage data Commercial readiness index

Assessment of priority areas

2.2 Bottom-up analysis

The second analytical section aims to identify and characterise what has been done to date in terms
of recent projects and trials in road transport electrification and gridgréédon, focusing on, but

not limited to, ARENAunded projects. This section uses participation as a framework for
understanding the breadth of what is possible in terms of visions for the future and potential
solutions, and crosgeferences with the diffrent technology domains of transport, grid integration

and energy. Key to this proceiss consideration ofvhat groups are currently left out, or likewise

types of projects that are overlapping. The analysis aims to determine where Australia is gurrentl
placing efforts, what gaps this creates, and whather efforts could be made.

2.3 Forming recommendations

Thetop-down and bottomup analysis was combined to identify gaps and form recommendations
for directing support for future projects. A draft setreicommendations was created and tested in a
series of 25 halhour interviews with Australian and international energy and transport stakeholders
so that they could be further refined. The final recommendations are presented in the report. A
summary ofintervieweesis shown irnrable3.

1Seehttps://arena.gov.au/assets/2014/02/CommerciRleadinessndex.pdf
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Table 3: Demographics of interviewees

Sector Location Gender
EVCharging 4 | Australia | 23 | Men 22
Education/Research 5 | Overseas| 3 | Women | 4
Energy 4
Government 3
Transport 10
Total 26

Electric Vehicles and The Grid | 15



3 Top-down analysis

3.1 Landscape and global trends

The progress of EV adoption and VGI in Australia is subject to skewgesdcale influences thanay
havecomplementingor disruptive effects. This section outlines these to understaoa they might
affectthe Australian transition

\)
] Keytakeawaysfrom this section
w

9 There idow uptake of EVs in Australia nog/far behind other jurisdictions worldwide.
But EVs form a key part of our decarbonisation journey

9 EVs could causacreasing demangdbut also promises to enhance tflexibility of the
energy system

9 There are few vehicle manufacturers in Australia thereteahnology available in
Australia isstrongly influenced by worldwide trends

3.1.1 Climate change targets

Various experbodies and Australian state governments have modelled the change in the vehicle
stock required to limit global warming to manageable levélsese studiesniformlyindicate that a
very rapid change is requiredhis sectiorsummariseshe change requiredjrawing on publications
from the NSW and Victorian Governments, Infrastructure Victoria, ClimateWorks and the
International Energy Ageng§]c[9].

t NBaSyiafesx tSaa GKFry m: 27F | dzild]Nlhecohder®ussthAtS ¢ f A I K {
at least 50% of light vehicle sales (including passenger and commercial vehicles) shelalttrime

Vehicles V) or Zero Emissions VehiclegRY by 2030[5], [7]¢[9]. At that time, the total light vehicle

stock should be comprised of 15%8%EVH8], [9]. Motorcycles are transitiang more quickly and
canachieve50% electripenetrationby 2030[8]. Theseadoption curvesare summarised ifrigure4.

The IEA and Infrastructure Victoria recommend that all light vehicle sales should be zero emissions

by 2035[6], [8].

In terms of heavy vehiclethe studies suggest th&5%- 59%0f new trucks sold should be zero
emissions by 2030 to avoid more dangerous warn@jg[9]. Public transport buses have been
particularly targeted by governemts, and it is proposed that all new buses in Victoria will be ZEV by
2025[5]. The IEA foreshadows a slower transition for trucks and buses, with ZEVs reaching 59% and
79% of respective total stogg].

In some cases, technologies other than battery EV will be most suitable for heavy vehicles. In
addition, ClimateWorks recommends optimising/consolidating freight routessaritthing
transport modes in order to reduce emissions through better product[@ly

Electric Vehicles and The Grid | 16
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Figure 4: 2030 targets and target ranges for different vehicle classes

3.1.2 Energy transition

Driven by costompetitive renewable energy, the retirement of old cdiaéd generators and sub
YEGAZ2YEFE OtAYFGS LREAOASAT ! dzZAGNI A QA St SOGNKOA
indicated that thefuture grid will be dominated by a diverse mix of behthé-meter and grid scale

renewable energy supported by dispatchable firming resources and enhanced grid and service
capabilitieq11].

En masseEV adoptiorrepresens both a new demand for electricity and a new source of a wide
range of grid services, particularly at the shallow and medium scale (up to 12 hthesjcale oEV
power consumptionand the flexibility of this demand, suggests thame level of VGI witle
essentialdiscussed if). As a source of services, EVs represent a potentially large opportunity to
facilitate the energy transition and usxistingassetgdiscussed i3.5).

VGltechnologes areat varying stages of development in being able to provide different solutions

and servicesTheydepend on system rules, lingas, costs, and reasons why EV owners might

participate in VGIThe necessity of VGI will vary depending on the localgnd example one study

of EV charging in distribution networks found that some existing networks were ahtest@an EV

penetration of 80% withouVGI measures, whereas other networks could be expected to encounter
problems at up to 20% penetration. Rural networks generally had lower capacity to accommodate

EV charging than urban netword®].5 dz§ (2 | dz&d G NI A I r@a@ netwarksS G KSNB | N
therefore these issues may be felt more keenly than other jurisdictions (such as UK).

3.1.3 Automotive transition

Most Australianvehicles aremported although niche manufacturers remaifihis makeglobal

trends particularlyimportant push faabrs for Australia. Globally, automakers are trending towards
electrification, with many now seeing it as crucial to competitiveness and consequently are making
AAAYATFAOLI Yl Ay@SadtGqySyida FyR O2YYAUYSyidaced ! & | NE
by the carbon reduction policies of other governmenthis external influence means that our

Infrastructure, rules, technology development and participation frameworks need to catch up.
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Australia, howevethasnot implemenedthe types of fuel and éitiency stadards that favour EV
uptake in other countries, whicmeans there is an absence of disincentives to sell |efiéciency
vehicles to the Australian markeSimilarly, policies that reduce the capital cost to purchase an EV
are of modestimpact (in terms of savings to buyers) and administered at the State and Territory
level, making them fragmented.

3.2 Vehicles

Transport electrification is in its early stages. As of January 2021, there were over 20.1 million

registered motor vehicles in Austral@af, whichless than 1% were electiit3]. Vehicles fit a variety

2F F2NXVAZ FdzyOlGA2yas FyR Ldz2N1IR2aSad ¢KAa OKIF LI SNJ
determine the gaps and opportunity areas.

We examind statistics on vehicles in Australia and how they are used. This tells us at a high level
which classes may be more beneficial to transition to zero emissions due to their relative impact,
andrelative progress towards decarbonisatidhis important to note thatvehicle classes discussed

here are very broad. Within each class there is significant diversity in vehicle type and use cases. For
example, the needs of a taxi differ significantly to that of a private vehicle, although both are
passenger vehicles.

\
] KeyTakeawaydgrom this section
w

Passenger vehiclesre the highest impact class of vehicles, and the most developed
Motorcyclesare promising because they are close to price parity with internal
combustion engine vehicles and potentially caducecongestion
1 Heavy vehiclegtrucks, articulated trucks) have low upta&gelectric vehicles and

high emissions per vehicle
I Buseshave momentum to uptake, and similar substitution benefits to motorcycles

1
)l

3.2.1 Vehicle classification

Vehicles have a broad diversity of classes, ranging from motorcycles to large trucks. This chapter
considersvehiclesby class as defined by the Australian Bureau of Statiatidshown inTable4.
Thecompositionof the Australianvehicle stoclby classs shown irFigureb.

Table 4: ABS classes of motor vehicle [13]

Class Description
Motor vehicles constructed primarily for trearriage of persons and containing t
ﬁ to nine seats (including the driver's seat). This category includes cars, station
N ) wagons, fouwheel drive passenger vehicles and forwaahtrol passenger

vehicles. Campervans are excluded.

Passenger vehicles
Two and thre wheeled motor vehicles constructed primarily for the carriage o
4 one or two persons. This category includes two and three wheeled mopeds,
ﬁ scooters, motor tricycles and motorcycles with sidecars.

Motorcycles
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Class Description
Vehicles primarily construet for the carriage of goods, and which are less tha

B or equal to 3.5 tonnes GVM. This includes utilities, panel vans;itadsis and
®) O forward-control load carrying vehicles (whether fewheel drive or not).
2
Light commercial
vehicles

Motor vehicles of GVMreater than 3.5 tonnes, constructed with a load carryin
- area. This includes trucks with a tow bar, draw bar or other-aiculated
r.-B coupling on the rear of the vehicle.

Rigid trucks
Motor vehicles constructed primarily for load carrying, consisting of a prime
m mover having no significant load carrying area, but with a turntable device wh
can be linked to one or more trailers.
2

Articulated trucks
Specialist motor vehicles or motor vehicles fitted with special purpose equipmm

m and having little or no load carrying capacity (e.g. ambulances, cherry pickers
) trucks and tow trucks).

Nonreight carrying
trucks
Motor vehicles constructetbr the carriage of passengers. This category includ
m all motor vehicles with 10 or more seats, including the driver's seat
() ()
Buses

2]cons courtesy of Freepik fromww.flaticon.com
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Figure 5: Composition of Australian vehicle stock by vehicle class [13]

EV uptake amongst these segments is uniformly Kigure6 shows uptake across the classes,

clearly illustrating the scale of the electrification challenge. Most of the uptake is across the lightest
vehicles (passenger vehicles and motorcycles). All alassespart from articulated trucks have

some uptake, &leit verysmall.

m Percentage m Absolute

[y
o

0.16% 12,650 0.15%

o
o
o
e

Absolute number of vehicles

0.14% 12,000
0.12% 10,000
0,

0.10% 0.09 6,000

0.08%

0.06% 6,000

0.04% 0.03% 4,000
305 0.01% 0.01% 2,000

0.02% 0 0.01%m2 56 0.009 10 34 ’

0.00% - = 0

PassengerMotorcycles  Light  Rigid trucks Articulated Non-freight  Buses
vehicles commercial trucks carrying
vehicles trucks

Percent electric vehicles

Figure 6: EV uptake across vehicle classes [13]

3.2.2 Electric vehicle afability and commercial readiness
A major inhibitor of EV adoption is the availability of suitable vehicles at an appropriate price. This
section will detail what is currently available to potential adopters.
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For zero emissions vehicles there are cutisetwo fuel types under consideratiobattery electric
andhydrogen.For most classes (except for articulated trucksgre are morebattery electric
vehiclesavailable within the segment

This reportfocuses on battery electric vehicldts aim is to span the energy/transport nexughich
is more relevant for battery electric vehiclbecause they rely on energy infrastructure to provide
their energy needs at the time and place of charging. Hydrogéitles, on the other hand, use a
more conventional fuelling method that is less reliahithough there may be significant grid
services capabilityrdm hydrogen electrolysers it is not in the scope of this project. Hydrogen
vehicles arenentioned where elevant.

Passenger vehicles

Thereare an increasing number of electric passenger vehicles available today. e
reportedthat there were 31 models available in Australia in 2024], while in 2020 there were 28
[15]. This is reflective of a growing market but still behind other jurisdictifimsexample there are
over 130 fully or partially electric models available in the] 1&{

EVs still come at a price premium compared to their internal combustion counterparts. Although
models are not always directly comparable due to differences in standard features, an indication of
the remaining gap is shown Trable5. EVs are cheaper to run, which can close this gap significantly.
The economics for an individual use case depend on its driving pattaththeenergycost

compared to thecombustionfuel costs Breakeven distance based on energy costs only, as shown in
Tableb, remains around 200,06250,000km over the lifetime ofhe vehicle.

While the new market for vehicles is increasing, there are stiliuesd electriovehicles available.tA
the time of writing of this report, carsales.com.au lists over 35,000 used diesel and-figtitgd
vehicles available in Victoria, boly 35 electric (0.1%)Thereis workto increase this supply
through importing vehicles from overse@ich as The Good Car Comgar§imilarly initiatives to
encourage fleet uptake increases used vehicle suaplihese vehicles are cycled fromefls[17].

Table 5: Pricing for selected electric and comparable internal combustion vehicles

Manufacturer and Price: Internal Price: Electric Eledric Approximate
model Combustion premium breakeven
Engine drive
distance
MG ZS $21,996 $44,990 $23,000 228,352 km
Hyundai loniq $45,440 $54,415% $8,975 202,104 km
Mini $42,564 $61,479 $18,915 238,143 km*°

3 https://www.carsales.com.au/cars/used/victoristate/ (accessed 10/11/2021)

4 https://www.goodcar.co/(accessed 10/11/2021)

5 Calculated using Combined cyclelfefficiency (1/100), WLTP combined cycle range (km), EV battery capacity
(kwWh), Average Melbourne metro fuel prices as ppgps://www.racv.com.au/onthe-road/driving-
maintenance/fuelprices.htmld  OOS&daSR MAKMMKHAHMUODEISH YR IR sCRENER S 10 Id3
https://www.powershop.comau/app/rates/victoria/electricity/residential/ev/ausnet/combined
all.pdf?v=1.1.{accessed 10/11/2021)

8 https://mgmotor.com.au/models/mezs/ (accessed 10/11/2021)

7 https://mgmotor.com.au/models/mezsev/(accessed 10/11/2021)

8 https://www.hyundai.com/au/en/cars/eco/ionic(accessed 10/11/2021)

9 https://www.mini.com.au/configuratoraccessed 10/11/2021)

10 Efficiency data fronhttps://www.drive.com.au/comparespecs/#compare[498726,4986Pccessed
10/11/2021)
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Overall, the CRI is assessed: Multiple commercial applicationsFor passenger vehicles the
largest challenggare encouraging uptakand reducing cost differential.

Successes Gaps

1 Increasing availability of vehicles 1 Price premium

1 Standardisation of performance 1 Poorly developed secordtand market
information 9 Availability of supporting infrastructure

T Industry supply chain arskills
Motorcycles
Motorcycles vary greatly in size and performance. Smaller electric motorcycles such as scooters are a
low cost and flexible form of transport for city dwellers. The price gap for electric motorcycles can be
small or negligible. For exaie, the Fonz Arthur is advertised at $3,990hile theHonda MW110
Benlysmall ICEENngine scooters advertised a$4,541'2 Electric performance motorcycles are
beginning to become available, such as kHarley Davidson Livewimhich at $49,995 is still
significantly more expensive than similar internal combustion engine bikes from the same
manufacturer. For example, thidarley Davidson Sportst&is advertised at $26,49%

There are examples of largecale deployment in this class. For exden Australia Post has
integrated2,100Kyburz 3vheeled delivery vehiclesnd2,500electric bicyclegto their fleet since
2017[18].

Unregistered ebikes and escooters overlap with small, registered scootg8]. These light vehicles
are seeing increasing popuity amongst commuters who may previously have had difficulty using
pedal bicycle$19], but along withmotorcycles they also haveotential to substitute for passenger
vehicle travelWorldwide mode shift to lighter or shared transport is a centrepiece of strategies to
reduce emissions. For exampleinsportplans in the Australian Capital Territq0] and London

[21] both state plans to encourage mode shift frosingleoccupancy vehicleg® activeand micro
modes oftransport such as-bikes.

Overall, the CRbr motorcycleds assessed & Multiple commercial applicationsThere are
vehicles available, although relatively few from established manufacturers.

Successes Gaps
1 Vehicles close to cost competitive 1 Low availability from established
1 Potential for mode shiffrom passenger manufacturers

cars T Industry supplychain and skills

Light commercial vehicles

The Ight commercial vehiclelassconsiss of vans and utility vehicle&lectric vehicles are beginning
to become available in this segment. Vamsludethe Renault Kangoo Z&mall delivery van or the
SEA Electric conversiofithe Ford Transit®. More have been announced, particularly utilities

11 https://www.fonzmoto.com/product/arthur(accessed 10/11/2021)

12 https://motorcycles.honda.com.au/models/onroad/scooter/mw1dienly, price for Melbourne, Vic
(Accessed 10/11/2021)

13 https://www.harley-davidson.com/au/en/motorcycles/livewire.htnfaccessed 10/11/2021)

1 https://www.harley-davidson.com/au/en/motorcycles/sportstes.html (accessed 10/11/2021)

15 https://www.renault.com.au/vehicles/kangoae/ (accessed 10/11/2021)

16 https://www.sea-electric.com/products/transitev/ (accessed 10/11/2021)
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(utes) such as th@esla CyberTrutkand Rivian R1*f although it is unclear when they might

become available in AustraliACEEVaims to manufacturesmall delivery vans and utilities

Australid®. There is still a significant price premium for electric vehicles in this segment. The Kangoo
Z.E, for exampleis advertised at #091 with anelectricengineand $29,709with a dieselCE

engine®.

Overall, the CRI is assesse@dfommercial scaleip. Vehicles are becoming available but are yet to
see significant penetratioim the market.

Successes Gaps
I Several models available on the market | § Fewcurrent examples ofargerscale
deployments
1 Availability of supporting infrastructure
1 Industry supply chain and skills

Rigid trucks

Rigid trucks are a diverse group of raiculated vehicles over 3.5T GVM. There are growing
examples of electric vehicles available in this cl8&3 Electrifor example primarily provides

vehicles in this class, with a diverse rangevdilabledrivetrains?. Other new entrantssuch as

Nexporé? are also importing vehicles into Austral@imilarly, stablished manufacturersuch as

Volva?® are offering electric versions of their traditionally diesel vehicles. Public pricing information is
difficult to locate for vehicles in this class due to the diversity on body styles and specifications, few
available modeks, and low uptake.

Some organisations have begun to integrate electric trucks into their fleets. These are more
commonly thelarger fleet orgaisations such asinfox[22], and Australia Pog23].

There are fewer hydrogen vehicles available in this classever there are vehicles under
development. Foexample Hyundai have announced a strategy to use hydrogen-éadllvehicles in
the transport sectot*.

Overall, the CRI is assesse@dfommercial trial, small scalé/ehicles are becoming available but
still have niche or demonstration use cases.

Successes Gaps
1 Some vaicles are beginning to become | I Price premium
available 1 Few current examples of largscale

deployments
1 Availability of supporting infrastructure
T Industry supply chain and skills

17 https://www.tesla.com/en_au/cybertruckaccessed 10/11/2021)

18 https://rivian.com/rlt (accessed 10/11/2021)

19 https://www.ace-ev.com.au/(accessed 10/11/2021)

20 https://www.renault.com.au/buitl-and-price/build/selectvehicle/ (accessed 10/11/2021)

21 https://lwww.sea-electric.com/productsf{accessed 10/11/2021)

22 https://truegreengroup.com/tranportnews/ (accessed 10/11/2021)

23 https://lwww.volvotrucks.com.au/erau/trucks/trucks/volvefl/volvo-fl-electric.html (accesed 10/11/2021)
24 https://hyundaitrucks.com.au/news?view=article&id=67:hydrogstiackson-the-cards&catid=§accessed
10/11/2021)
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Articulated trucks

Articulated trucks are the only class with no current uptake of electric vehithese are currently
no advertised vehiclegsvailable in Australia that serve this segme®wme manufacturers are
beginning to offetbattery electricvehiclesoverseasn this segmentsuch ad/olva® and Tes|&®,
however, theseare not currently available in Australia.

Hydrogen vehicles are getting relatively more traction in this class. Seeanglanies such as
Hyuna#*, Nikol&’, and Hyzoff are developing vehicles in this class.

Australidd OdzNNBy i  Immividetriicks2osopeFae Ndrestpctedion Australian
roadg24], althoughAustroads has supported increasing widths to 26%6 [25]. Thisis narrower
than both U§2600 mm) [26] and Europg2550¢ 2600mm) [27], and is a barrier to uptake of
international models in Australia.

Overall, the CRI is assesse@:d@maltscale trial There is a lack of available vehicles and
demonstrated use cases in Australia.

Successes Gaps
1 International vehicles beginning to be 1 Price premium
available 1 No Australian deployments
1 Barriers in standards
1
1

Availability of supporting infrastructure
Industry supply chain and skills

Non freight carrying trucks

Non freight carrying trucks includes specialised vehicles such as tow trheky, gickers,
ambulances, and fire engineBhesevehicles araisuallyconverted from more standard vehecl

types (such as light commercial or rigid truck®)e to the diversity in thislassjt cannot be
discussed at theop-down levelwith fidelity. However, there is existing interest in converting some
non freight carrying trucks used in local council fleets (such as rubbish ttacdes)p emissions, and
therefore potential to provide visible demonstrations.

Buses

Buses have the higeeEVuptake of all larger vehicle classes. Several manufacturers are offering
electric buses, including Australian manufactutustecl® and Custom Denning. Public transport
authorities are among the largest purchasers of buses. Many States anafiesrliavestatedtheir
plansto replace diesel buses with electric in the near td28], [29] Overseas electric buses are
also becoming common. For example, Shenzhen has emglyced their fleetvith electric buses
[30].

Hydrogernbusesare alsabeing developedn Australia, for example TrueGreen and Foton have
announceda partnership to develop hydrogdiuses™.

25 https://iwww.volvotrucks.com/enen/trucks/trucks/volvefh/volvo-fh-electric.html(accessed 10/11/2021)
26 https://www.tesla.com/semi(accessed 10/11/2021)

2T https://nikolamotor.com/motor (accessed 10/11/2021)

28 https://hyzonmotors.com/vehicle{accessed 10/11/2021)

29 https://bustechgroup.com.au/products/#powertraitaccessed 11/11/2021)

30 https://www.custombus.com.au/category/electribus/ (accessed 11/11/2021)

31 https://iwww.busnews.com.au/industinews/2101/fotonbus-australiapartnerswith-truegreen(accessed
11/11/2021)
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Overall, the CRI is assesse@dafommercial scaleip. Electricbusesare beginning to be rolled out
in Australia in several locatioasid are forming part of plan3his is restricted to larger public
transport organisations such &ate governments

Successes Gaps

1 BAU rollouts beginning tbe undertaken 9 Price premium

1 Australian manufacturing ramping up 1 Scaling to extend uptake smaller
operators

1 Availability of supporting infrastructure
1 Industry supply chain and skills

3.2.3 Usage and emissions by vehicle class

This section presents an analysis based on public statistica]kBjtd31]to determine which

classes of vehicles may be higher priorities for electrification. These surveys present information on
vehicle usage by location and typétrip. The aim of this analysis is to direct efftmvardsvehicle
classes or sublasseghat would be most impactfulThis analysis usésustralian Bureau of Statistics
(AB3data on segment fuel usage and distance travelled to estimate the emissions impact of
individual vehicles and classes.

The hicle class emissions showrFigure7 are calculatedaccording to the process set out[BR2].

This figurellustrates that passenger vehicles are by far the higlessitting classThis issimplydue

to the numberof vehicleg 74% of vehicles in Australia aressanger vehicles. Passenger vehicles
emit 42.9Gt CF per year. Commercial transport (light, rigid, and articulated trucks) is also a large
emitter, emitting 37.7Gt C®per year collectivelyMost ofthese vehicles are diesel, which emits
more particulates, nitrous oxides, and particulate matigan petrolengineg33]. Buses are a
relatively low emitterin total, although they can be major contributors to public transport agency
emissions Motorcycles and noffreight carrying trucks are small emitters because of their very low
numbers.
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Figure 7: Total emissions by class

Figure8 breaks emissions down into per vehicle/year and per kilometre for each Eligsse9
shows the average daily trip length by class. This gives an indication of the impact of individual
vehicles and travel kilometres. Articulated trucks are large vehicles and hence have hsgloesi
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Similarly, they drive long distances per day: more than three times the distance travelled by the next

highest class (buses). Rigid trucks and buses are overall similar in emissions and round out the top
three emitters on a per vehicle basis. Smallehicles emit less, particularly motorcycles which are

small, light vehicles thain averageonlytravel short distances.

mmm Emissions/vehicle (t CO2e) === Emissions per km of travel (g CO2e)
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Figure 8: Emissions per vehicle and per km
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Figure 9: Average daily trip length by vehicle class

The ABS also gives statistics on the types of trips different vehicles make, broken down into several
categoriesasshown inTable6. This provideshte opportunity to consider how the length of a type
of trip might affect the suitability of an electriehicle Current generation electric vehicles have

shorter range than their ICE counterparts.-@unite charging is possible but is stibarrier,

especially for heavy vehiclédiscussed further in chapt&:3). For this analysis, trips are spilt into
GAK2NI ¢ 2N af 2y 3¢ o [equiyeRithér MigdrkbatteridsBr oryude NBargiigh 1 S f
On route charging requires infrastructure to provide the chargindrequires vehicles to stop to

w

e

charge Figurel0shows trip length across vehicle classes. The obvious standout is articulated trucks.

Most of their trips are long, as expected with their bulk transport role. Light commercials and rigid

trucks also have somewhat longer trips than other classes.
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Table 6: Trip types and classifications

Trip type Classification
In the capital city Short
Between the capital city & other parts of the State/Territory Long
All outside the capital city within 1200 km of base Short
All outside thecapital city- beyond 100 km of base Long
Between the capital and another capital city Long
Other interstate- within 100 km of base Short
Other interstate- beyond 100 km of base Long

m Short trip m Long trip
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Figure 10: trip length by vehicle class

3.2.4 Findings anactions
This section has described vehicle classes and their current electrification status as well as their
environmental impact.We nownominate the best actionfor eachclassbased on two factors:

1 How developed is thelass
1 Howmuch impact is there in electrification

Development is defined by CRI. A high CRI indicatlesswith goodEVavailability and lower
barriers.

Impacthas diverse meaningSomestrategiesK | @S dzaA SR a St SOGNARO YAt Sag 2N
f A 1 Sacemddbdsla measuf84], [35] These strategies focus orhicleclasseshat have higher

absolute emissions such as passenger vehiGlter stategies takead ¢ K2 f S apgroadi & €

consider impacts on congesti@md liveability{7], [20], [2L]. This report looks at both dimensians

1 Clasemissionsindicates the total emissions of th@ass Higher emissions indicate higher
impact

1 Individualvehicle emissionsndicatethe impact of each vehicle in theass Higher
emissiongndicate higher impact

1 Crosssectorbenefitsindicatesa classegotential to reduce emissions from othelasses
(such as through substitution
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Class and individual emissions are based on statistical data presented in this <&xigssector
impact is based oan analysis of plans, such as those listed above.

The intent of this chapter is not to prioritise classegherit is to identify theactions that can be
taken in each class to encourage electrification witlirsummary of the findings from this analysis
is shown inTable7.

Table 7: CRI and emissions reduction priority for vehicle classes

Factors Action
Class CRI 3
o s 22
& 5 S 3
@ o =
CRI 5 Continue to encourage
% Vehicles are widely uptake
N ) a\(ailable,_ alt_h_ough High Low Low Foster a second hand markel
still at a significant
Passenger | Price premium.
vehicles
CRI 4 Encourage established
Vehicles are manufacturers tdancrease
e becomin ilabl delavailahlit
g available, modelavailahlity.
ﬁ and price is Low Low High | Investigate initiatives to
competitive with encourage substitution of
Motorcycles | internalcombustion other, higher emission,
engine vehicles. vehicle classes
CRI 3 Encourage vehicle market
B Relatively immature growth and trials that draw
@) @) market. Vehicles through commercialisation
have been High Medium | Low | pathway.
Light announced and have
commercial = Smaltscale
vehicles adoption
CRP Encourage vehicle
- There are vehicles development and test use
R beginning to be . . cases
Toumi’e adopted but largely Medium High Low
. still in niche
Rigid trucks applications.
CRI1 Encourage vehicle
m Currently no vehicles development and test use
in thls cla_ss are Medium High Low cases
available in
Articulated | Australia.
trucks
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Factors Action
Class CRI 3
o s 83
D c = 3
7 o Sw
Unrated: vehicles of Investigate specific use case:
m this class are in line with vehicle type
M M modifications of availability.
vehicles from other Low | Mediumlas Low  Engage with system
Nonfreight | classes integrators
carrying
trucks
CRI 4 Encourage vehicle market
Widespread growth and trials that draw
overseas. Similarly, through commercialisation
m stated goals from pathway;
® ® public transport Low High High
companies, make
Buses this class the most

3.3 Charging landscape

commercially ready
of heavy vehicles.

EVsarea technologythat sitsat a nexus betweethe energy and transporsystemg36]. They are
primarily a transportevice butare poweredby electricity and their charging requires integration
into existing electricity infrastructurd=nsuring vehicles can charge easilyoimmonlycited as one

of the most critical factors to enable electrificatif®d]c[37].

This section explores:

9 The current state ofehicle charging across vehicle classes
1 The suitability of existing infrastructure, including charge needs, across vehicle classes
1 Crosscutting themes

In considering charging it is important¢onsiderthe expected needs of the vehicles. This is drive
by battery capacity, use cases, and daily drive distaricdde8 shows indicative specifications for
range and battery capacity, together with ABS data on vehide us

Table 8 Approximate specifications of vehicles across classes

Class

Charging needs

Vehicle use$31]

=

Approximate tattery capacity% 30-
100kWh(200-600km)
Average daily drive distanc&80km

Passenger vehicles

Business use 19%
Personal use 54%
To and from work use 27%

32 https://rac.com.au/carmotoring/info/electric-carsaustralia(accessed 11/11/2021)
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Charging needs

Vehicle use$31]

Motorcycles

P

Light commercial
vehicles

—

Rigid trucks

Articulated trucks
¥ 2
Non-freight carrying
trucks

ey

Buses

Charging needs are driven by use cabes.this report barginghas beerbroken up into two

Approximate tattery capacity: 1-
20kWh (50-200km)

Average daily drive distance:
5km

Approximate kattery capacity* 40-
180kWh (200-600km)
Average daily drive distancet2km

Approximate kattery capacity?®:
100-700kWh (200-800km)
Average daily drive distancet2km

Approximate kattery capacity®:
400-1,00kWh (200-800km)
Average daily drive distanc&15%m

These vehicles will be like light
commercial and rigid trucks

Approximate kattery capacity’:
200-600kWh (150-800km)
Average daily drive distancdi7km

groups private and publicThese aralescribed irTable9.

Business use
Personal use
To and from work use
Personal use
To and from work use
Commaodity transport

Other work use

Personal use
To and from work use
Commodity transport

Other work use

Commodity transport

Other work use

Other work use

Personal use
To and from work use
Route service

Dedicated school bus service

Charter service
Tour service
Other bus services

33 hitps://www.fonzmoto.com/arthur/overview https://www.harley-

davidson.com/au/en/motorcycles/livewire.htnfaccessed 10/11/2021)

34 https://rac.com.au/carmotoring/info/electric-carsaustralig https://www.drive.com.aunews/rivian-

electricute-and-suv-arrive-in-australia/(accessed 11/11/2021)

35 https://www.electrive.com/2020/06/14/dpdswitzerlandgetselectrictruck-with-680-kwh-battery/,

https://www.sea-electric.com/products/seadrivel0qaccessed 11/11/2021)

36 https://en.byd.com/wp-content/uploads/2018/07/8tt_redesign&®3-18.pdf(accessed 11/11/2021)

37 https://www.proterra.com/vehicles/proterrapoweredvehicles/bistechtransit-bus/,

9%
59%
32%
24%
15%
44%
17%
1%

2%

70%
27%

2%

28%

100%

3%
1%
37%
17%
18%
4%
21%

https://www.electrive.com/2018/03/05/daimlefreleasesspecelectriccity-bus-citaro/ (accessed 11/11/2021)
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Table 9 Types of EV charging

Charging that is available to one, or few users. For example:
A 1 Home charging for personal vehicles

1 Work charging for employees or fleets

9 Limited access charging such as taxis, bus rchegeging

Private charging

Charging that is opeaccess. For example:
1 Destination charging at shopping centres or car parks
1 Fast charging on transit routes

Public charging

3.3.1 Private charging
Most reports indicate that private charging is the most common charging[8&le[40]. Private
charging varies significantly depending on application, speed, cost, and effort, as sHeéigural l.

Increasingcost, speed, and complexity
’ ;s
( — 38

Standard 240V outlet, Simpl Dedicated(closed)fast

AC charger charging network, battery
swap stations

v

Figure 11 Spectrum of private charging
Private charging may be used for multiple reasons:

1 Cost:Private charging is often cheapgarticularlyif the location has access tow cost
energy[36], [40], [41]

1 Sustainability:Private charging can make use of locgiynerated energy36], [41]

1 ConveniencePrivate charging may be more available or fit better with vehicle usage
profiles (e.g. overnigh{8], [41]

1 Usage requirementsyVehicles mayiéher not travel to public chargersequire full charger
availability or require specialised charge equipmergarticularly for heavy vehicld42],
[43].

There are several contexts in which vehicle owners may use private chargesgp are summarised
in Tablel0.

381con courtesy of smallliket from www.flaticon.com
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Table 10 Private charging locations and factors

Home charging is where vehicles charge at hafeeeralfactors impact home

charging:
ﬁ 1 Energy needs such as grid connection requirements, grid services relations

tariffs, and tie in with existing generation (such as [@¥)[47],
1 Physical installation constraints such as quality and safety of home wiring,
Home maximum demand limits, distardo parking48], [49]
1 Revenue and cost implications of charging worivided vehicles at homi@é],
[50],
1 Home ownership or access to parking (e.g.rapants)[50], [51]

Workplace charging is where vehicles (either company owned or private) charg
ﬂ workplace. This includes fleet vehicles and employee vehicles. Fleets can inclug

vehicles fromacross the spectrum of classes. These will each have unique charg

requirements. There is significant diversity in charger types, relating to vehicle U

The key issues are:

Energy needs such as grid connection requirements, grid services

relationshps, tariffs, and tie in with existing generation (such as[#¥{)

[52]¢[54],

1 Physical installation constraints such as wiring adequacy, maximum den
limits, distance to parking placeand access limitatiorjd 7], [54], [55]

1 Cost and recovery of costs from employee chargfid,

T Building and parkingccess and ownershg7], [57]

Private charging networks may existpmblic areas for several reasons:
$ 9 Vehicles on scheduled route services (suchwseg may need to charge en

Workplace f

route [30], [53]
1 Vehicles which have high usage factors (such as taxis) may not tolerate
congestion at public chargels8]¢[60],
Public area 1 Vehicles which normally park estreet (such as ride share or apartment
residents)61],
1 Vehicles may have specialised charging needs such as pantograplesswi
charging, battery swap, or hydrogesspecially heavy vehiclfg2].
There are several influential factors:
1 Energy needicluding distribution network requirements and metering
[47], [63]
1 Physical installation constraints such as locating and protecting d43gts
[63].

Tablel0shows there are several common issues, as well as unique ones for each segment. These
relate to energy costs, and phical installation.

Chargingpite considerations can be complb]. The Rocky Mountain Institute found that installed

costs for chargers were8times the hardware @is. Much of the additional cost could be
FGOGNROdzG SR (G2 aa2Fd O02ai0aé¢ &adzOK | a O2YYdzyAOl GA2y
complex codes and permitting proces$4g]. Leased buildings or installing chargers in shared

spaces are particularly compldye to multiple stakeholders, responsibilities and split incentives

Similarly, there are no consistent standards between different energy stakeholders and councils

around how chargers are to be installed in shared spaces. The Rocky Mountain InstinateHfat

these soft costs are commonly a reason why a particular charging site may be abapifined
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Physical installation constraints may based over timdy improved building codes. The National
Construction Code 2022 update draft has included provision forre&deathicle charging for class92
buildings which includes apartments, commercial and institutional build[6g$ These
NBO2YYSYRLI (A2 JetacHe®@ayideinidétagh@dreditfe®es based on the assumption
that the barriers to installing private charging are lower for these buildings

Overall CRI for private charging is showmaiblel1.

Table 11 CRI private charging

Overall Successes Gaps
CRI
5 i Standard chargers are 1 Lack of standard processes,
available offthe-shelf tools, and products to enable
1 Custom energy pricing work vehicles to charge at
products beginning to becom: home
available 1 Rentedhomes, apartments,
Home and homes with no driveway
havebarriers
4 1 Light vehicle charging 1 Heavy vehicle depot charging
available off the shelf poorly understood
i Established organisations 1 Revenue/billing models for
offering services to employee charging not well
organisations defined
Workplace f Retrofit is expensive
2 1 Overseagxperience provesit | Few examples
$ can be done
Public area

3.3.2 Public charging

Public charging accounts for a smaller total percentage of charging. However, it is critical for
widespread uptake of E\34]¢[36], [65] Vehicles will need to charge -waute duringlonger trips.
Similarly, some EV owners will not haaeeess to home charging. A suitable charge network has:

1 Chargers at appropriate locations
1 Chargers of sufficient capaci§5], [66]

There arewo common classifications of public chargers, showhablel2. This report considers
on-route and destination charging separately.
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Table 12 Public charger types [66]

On-route chargers provide quick tepps of energy during a trip. They are

A )A analogous to petrol stations.

Onroute

Destinationchargers enable vehicles to charge while vehicles are parked at
locations for longer times. For example, public car parks or shojgimges.

Destination

On route charging

Onroute chargers aim to minimise charge time so that vehicles can continue their journeys. These
chargers generallgave a power capacity 80kW orgreater[34], [35], [66] Today, most public en
route chargers are between 3@W and 35K&W [67]. Figurel2 shows the frequency of the power
ratings of current fast chargers in Australiablel3illustrates how well common current fast
chargerssizes suitvehicle classelsased on theoretical charge time

70
60
50
40
30

20

. l
o 1l — -
>=0kW, >=50 KW, >=100 kW, >=150 KW, >=200 kW, >=250 kW, >=300 KW, 350KW-+

<50kW <100kW <150kW <200kW <250kwW <300kW  <=350kw
Charger Power (kW)

Number of chargers

Figure 12 Histogram of public fast charger power capacities [68] as of 16/9/2021
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Table 13 lllustrative® charge times for common on-route public charger sizes

Size ®
==Y & M = owes
Passenger | Motorcycles Light Rigid trucks Articulated Buses
vehicles commercial trucks
vehicles

50kW 1-2h <lh 2-4h 4h+ 4h+ 4h+

100kW <lh <lh 1-2h 4h+ 4h+ 4h+

350kW <1lh <lh <lh 1-2h 2-4h 1-2h

Smaller chargers (in the 8MOKW range) are only suitable figght vehicles. Trucks arldlisesmay

require very long charge times at these chargeparticularly models with large batteries.

Developers of these vehicle types expect to construct dediceltging networks to support these

larger vehicles. For example, a report by igropean Automobile Manufacturers Association
AYRAOFGSR GKFG mMnZnnnmmpInnn OKAIKSNITLR ¢ SND  LJdzo f
vehicles would be required in Europe no later than 2[B5.

There is an increasing number of-myute chargers in Australia. The Eduncil indicates there are

around 470 public fast chargers in Austr§fi]. Figurel3 shows the density of fast chargers across
Australia by population and area. Chargers by population gives an indication of congestion at charger
sites, and chargers by area gives an indication of coverage. Tasmania, WCantl¥ictoria have

the largest number of chargers by area. This list contains both the smallest and the most populous
states. Larger and less populous states such as NT, SA, and WA are more challenging to provide
charge infrastructure in and thus haveguificantly less coverage than the smaller or more populous
states.

Figurel4 shows the distribution of fast (>=50kW) and ulfesst (>=150kW) chargers on a map. The
uneven density of fast chargers is especially apparent on this map. Currently the only interstate
routes with complete coverage are between Victoria, ACT, NSW, and QLD. Tasmania has the most
complete coverage of fast chargers, due to its smaller size arefgoentgrant programg71].

3% Charge time is based on battery capacity and charger speed. twoela environments there are many
20KSNJ FI OG2NB GKIG Ay TtdzsSyOS OKI NBGE ynd staiefofvcBarga. €K | & (K
charge times will be longer than stated here.
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m Chargers per 100,000 people m Chargers per 100,000 square km
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Figure 13 Fast charger density by area and population [70], [72]
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Figure 14 Major freight routes and current Australian fast chargers as of 22/09/2021: 50kW+ on left, 150kW+ on right [68], [73]
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As described above, the current EV chamngewvork is unlikely to be suitable for heavy vehicles. For

long distance transport it is more unclear whether battery electric or hydrogen fuel will become

more commor|74]. Either way the fuel supply network will require rapid development as the
transport industrydecarbonises. Freight commonly travels between hubs along specific routes.
These are shown iRigurel5® / £ S NI &8 GKS Y2aid 0O02YY2y HBmHBAIKI{
seaboard: MelbourneBrisbaneand Sydney. The most common freight routes are the Hume

Highway (SydneiMelbourne), Pacifitlighway (Sydnefrisbane), and Newdlighway (Melbourne
Brisbane). While studies have been completed (such as by BJRE&n establising low emissions
refuelling (recharging) networks along these routes, there are no active projects to deliver them.

Darwin g

Brisbane

Volume (Mt) R -
- {0
N 20
Hl 3o

Okm 250km  500km

Source:  ABS (2002) and BITRE estimates.

Figure 15 Road freight movements in Australia [75]

Destination charging
Destination charging enables vehicles to charge where they are parked away from home. This for

N2

SEFYLX S YIe 68 i akK2LLAyYy3I OSy i NB waorwdrdhdides | Yy R NX

(for heavy vehicledy7]. Commonly thesapplicatonsuse lower power, cheaper chargers than-on
route chargerg76]. Although experience with REVS has still shown that installation of chargers in
commercial propertie can be complejb5]

In interviews as part of thRealising Electric Vehidle-grid ServicesREVEproject, several

participants suggested destination charging (famdizf + NI @ g2 NJ LJX | OS | yR & LJ NJ

would be promising resources for grid servicBsis was because of the high density of vehicles, and
because vehicles will clustelose to load centres (e.qg. in city centres during the dHyis is
discused further in0.
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Readiness index
Overall CRI for public charging is showmablel4.

Table 14 CRI public charging

Overall Successes Gaps
CRI
On-route ¢ 4 1 Significant rollout of chargers| Stillsignificant gaps in
Light already on some major routes coverage, particularly in
vehicles regional areas
Onroute ¢ 1 1 No current heavy vehicle
Heavy focusedEV charging
vehicles infrastructure
Destination 5 1 Chargers are relatively cheap § Complexity ofnstallation in
charging and available commercial properties

3.3.3 Findings andctions

This chapter has summarised the current state of EV char§isgmmary of charging related
segments and their findings is shownTiablel5. These recommendations do not prioritisetween
charging typsas all types are important: one is not a replacement for the other.

Table 15 Charger segment analysis CRI and importance

Segment CRI Recommendation
CRI5 Continue initiatives to enable home
/\ Home charging is readily available for, chargingNotable gaps exist in
ﬁ people with a location to install the apartments, rented properties,
chargers. properties with only orstreet parking,
Home and charging worprovided vdnicles at
home.
CRI4 Future initiatives should investigate:
Chargers are technically like home 1 Depot chargingparticularly for
ﬂ chargers for light vehicles, but heavy heavy vehicles
vehicle charging is still a barrier. 1 Workplace charging of private
Workplace | |stallation and billing can be complex  vehicles
CRIZ2 Work should focus on working with
$ There are few private charging local planning bodies and DNSPs to
networks in public areas today. build rules and regulations to enable.
Public area
private
network
) CRI4 Work should focus ofilling signficant
A ) There are an increasing number of gaps in coverage in regional areas.
these chargers installed across Similarly, density of chargers in urban
Onroute | Australia areas will need to improve.
(light
vehicles)
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Segment CRI Recommendation
CRI1 This gap must be filled before bulk
=R There is currently no heavy vehicle | transport emissions can be tackled
eTe charge (or hydrogen) infrastructure. | therefore should be considered a
Onroute priority.
(heavy
vehicles)
CRI5 Continue initiatives to enable
m This type of charging uses similar destination charging
technology to home or workplace
Destination | charging.

3.4 Grid services

EVs are a mix aoisks andopportunitiesfor the electricitygrid. They are a risk due to peak demand
and congestion impacts of éncident charging. Buwith the right settings in plagehe flexibility of
this demand and the potential of utilising theeetricity stored in EVs could generatersfgcant
benefitd36]. This enables them to not ordywoidharm but also to generate wider value for the
energy sector.

The transportation grid services landscape has several factors that inflitefibey are discussed
here infour dimensions:

1 What services could a vehicle provide?

What underlying technology could provide it?

What is the potential of different classeswghicles?

What is the potential of different charging types (suchlastination, fast, ohome
charging)?

= =4 =4

\
4R Key Takeawayfrom this section
w

1 Local peak shavingndcontingencyFrequency Controfncillary Service FCAP
services are most developed in Australia curren@$her services such adiability
are promising.

9 Chargerbasedservice deliverys actively being triallegvehiclebasedservice delivery
is an opportunity to be further explore®/2Gis early in thedevelopment curve

1 Home, Workplaceand Destinationchargingare promising source®r grid services
Home and workplace are actively being trialled, however destinati@rgng is an
unexplored opportunity.

3.4.1 Types of services

At its core, grid services involve shiftidgmandfrom times where there is insufficient capacity to
times where there is excess. This can be over long or short time periods and can be automated or
manual response. A listing of grid service types iEdhlel6.
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Table 16 Types of grid services [36], [78]

Type Description Potential Services
These are traditionally longgerm services that |  Local peak shaving
optimise generation and demand. For example, | § Intra-day balancing
shifting consumption out dfigh-cost times or
demand to lowcost times.

Energy and
capacity
Reserves are capacity that can respond quickly { § Regulation FCAS
events. These can be continuous (e.g. regulatior § Contingency FCAS
f‘\ FCAS) or evetitased (e.g. contingency FCAS) ' Virtualsynchionous
services. machine
Reserves
¢tKSaS INBE aeaidsSy aSNBAY Reliability

Other services

energy and capacity or reservdheyinclude
services such as reactive power, black start, or
reliability/resilience.

1 Reactive Power

Grid services have different patterns that define when and where they can provide value. For

example, demand shifting services are most valualiien they are located near areas of constraint
[36]. This needs to be overlaid with the availability, capacity, and capability of the vehicles which are

providing services.

Similarly different services have differentctical requirements. Energy and capacity are the

simplest services to implement and can be as simple as timing demand to occur during typically
unconstrained periods, for example as is done with time of use tariffs. Other services require more

active contol or additional hardware capabilities.

Grid services are built on a framework of technical, economic, and commercial factors. A summary is

shown inTablel7, includingan estimated CRI for each grid service when provided by EVs

Table 17 Services and current state [36]

How value is realised

CRI: EVs

Service Who benefits?
Distribution,
Local peak L
: transmission
shaving
networks
Energy retailers,
Intra-day generators,
balancing distribution
networks
Regulation Energy retailers,
FCAS generators
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Through regulatory
processes (RID, RITT) or
passed on to customers
(operating envelopes,
dynamicpricing)
Through better realised
market prices for
generators, lower energy
costs for energyetailers,
and better capacity
management for
distribution networks

FCAS market revenues

4: Has been demonstrated
overseas and is being
demonstrated in Australia

4: Has been demonstrated
overseas and is being
demonstrated in Australia

3: Has been demonstrated
widelyoverseas



Service Who benefits? How value is realised CRI: EVs
4: Has been demonstrated
FCAS market revenues widelyoverseas and is bein
demonstrated in Australia

Virtual . Procured by transmission | 1: Emerging service that is
Transmission

Coningency Energy retailers,
FCAS generators

synchronous networks in response to yet to be demonstrated on
machine networks, AEMO AEMO identifying shortfall | EVs
2: Yet to be demonstrated,
but some chargers are
capable at a hardware leve
Reliability Distribution Through regulatory [79]. Similarly vehicles such
networks processes (RID, RITT) as the Hyundai loniq 5 offel

V2L capabilityvhich can
provide reliability services
to individual customer§30].

Distribution :
1: There is not yet a clear
: networks, Through regulatory o .
Reactive Power L monetisation path for this
transmission processes (RID, RITT) .
service.
networks

3.4.2 Technology
The services described3m.1all have different implicationfor the technology of EVs and their
chargers. In this report capabilities are deked in three dimensions: Contrdiardware and speed.

Control refers to how the charger is controlled. This can be manually, through timers, or via an API
(remote control)[36]. Manual charging is the simplest. Users can enact this control by choosing
when their vehicles are connected. Similarly, many vehicles and chargers are equipped with timers
that enable charging to be scheduled tovier cost times of day. API enables remote control of
devices. Currently there is no single standard for API control of EV ch@BgjeSpen Charge Point
Protocol QCPPis a common standard that defines control between the charger and control system
[82], while other standards cover other parts of the chargentrol stack (such as between charger
control services and the energy system). Currently communication direct to vehicles is achieved by
manufacturerspecific protocols. Interoperability will be important to enabling grid services from EVs
[83].

Hardware is the physical topology of the charger. Most chargers have a simple internal topology that
only allows vehicles to cenme active power (charge). Bidirectional chargers can generate or
consume active power and unlock more services, or the ability to do existing services better. Some
bidirectional chargers can provide reactive power; however, this is not true of all ¢tidinal

chargerd84], [85]

Services also have different speed requirements. Some of these can be implemented with longer
lead times (for example using tirgd-use tariffs for network capacity management). Some (such as
virtual inertia) require millisecond contr{®6], [78], [86] This has imjiations forthe charger

control method. High speed is more likely to require specialised local metering and d86irol

A summary of services and their technology requirements is showabiel8.
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Table 18 Technical capabilities and services (adapted from [78])

Minimum charger technology

Service Control Hardware Speed Description
—> @ Energy pricing that incentivises
Is_ﬁ;\allilnpeak @ Single consumption at unconstrained
g Timer Direction Day times.
Intra-da - —> @ Controlling charging in realitime
balancirzl o= Single to balance with variable
g API Direction Minute generation or market price
: o —> .
Regulation - Single @ Highspeed response to power
FCAS AP Direction Minute control setpoints
Contingency = Slng'le @ Fast local response to locally
FCAS AP Direction Second measured frequency
i [--- ]
\Si;:wucilronous - <“—> @ Millisecond response to locatly
\ - Bidirectional | . . measured frequenc
Machine API arect Millisecond ) quency
Reliability & 4%» @ Operation when connected to

small/islanded power system

Manual 4 Quadrant Second

)

Reactive power provided on
request or tolocallymeasured
uadrant Minute parameters (e.g. voltage

I
xR
)

Reactive Power o=
API 4

Q

The above capabilities can be implemented either as part of a charging system or through hardware
in the vehicle. Currently chargéased control has seen more uptake in Austr@diacussed further
in sectiond.2). Internationally, catbased control has also seen usage.

Most vehicles do not yet support V2@&ither at a hardware or manufacturer support leye6].
Nissan Lefas currently the only vehicle with explicit hardware and manufacturer warranty support
for V2G and is thus the vehicle used in all V2G trials in Australian currently.

Forthe CRhssessmenthe capabilities inrablel8 are simplified to three levels: VO@anual
control), V1G(managed or smart charginggnd V2G. Each of these has a different CRI depgodin
whether the control is implemented as part of a charger or the car. This is summariSedl@i9.
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Table 19 Levels of charge control

Level | Control | Hardware = Speed CRI: Charger CRI: Car
] _— . :

O O —» 6: Most dedicated 6: Most cars have timer
= = Single chargershave atimer

VOG Timer | Directionall Day | functionality. functionality built in

4:00fGKS aKSf

—> E STgTe hardware is being used g;(iss?:gi(;:;”@?nsmg
VG TAP_I Directional Second In several trials across some vehicle makes
Australia
- 4%» @ 2: Small scale trials such 1: Has beertrialled
o= as REVS are proving overseas but yet to see
V2G API 4 Second technology application in Australia

Quadrant

3.4.3 Vehicles
For EVs to provide grid services they must be pluggadhén called uporand have sufficient
battery capacity.

These variables are difficult to generalseross fleetshoweverthere is publicly available data on
availability and capacityf privately owned EVBom Ukbased project$87] and the REVS2G trial

in Ganberra will provide analysaf vehicles in the ACT government fleet. Many gaps remain,

however. Future projects should focus on generating additional public data sources to fill these gaps.

3.4.4 Locations

The location othargeisis another keyvariable in providingrid services. Some are more suitable

for provision of grid services than others. The value for grid servitagelya question of flexibility
which is influenced by location as well as the charger spéedvehicle is expected only need a

small percentage of its pldg time to charge, then it is flexible and has good grid services potential.
Vehicles using slowehargersand vehicles with higher daily travel requirements gfiend most of
their plugin time chargingmakng themless likely to be good grid services resources due to low
flexibility.

There have been some efforts to quantify flexibility for different charge contextsihdthstralia

and internationally. For example, Develderktefined flexibility for hore, (near) workplace, and
destination charging for passenger vehicles, finding more scope at home and workpBjc&viw
Ay@dSadadariSR FTESEAGAtAGE i YdAf GALX S €20 dGA2ya
that drivers had significargpportunity to increase the number of times and locations they charged

at, enhancing flexibility furthein addition todwell time,flexibility relies orincentives to increase

plug in rates at critical times and plad&9].

To date, overnighthome, workplace) charging is most studied internationally and in Australia. This

is not unexpected: vehicles do most of their charging and have the longest dwell time at these
locations. Daytime charging (such as parktride destination charging) was sleribed as a

promising grid services resource in discussions with several stakeholders as part of the REVS project.
Other charge types such as fast charging may be less likely to be suitable because vehicles have only
a short dwell timeg, typically around25 minuteg[90] - and require large amounts of energy in this

time.
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Table20 shows the current understanding of grid services from the ghdocations described in
3.3

Table 20 Suitability of different charging types for grid services

Class Assessment
Vehicles have a long dwell time at home. There is significant optimisation

potential during this time, as has been shown in several Australian and
ﬁ international projects (se section4 and[36], [91).

Home
Workplace charging coukkrveemployeesor fleet vehicles. Employee chargir
coincides with high building demand and high PV generation periods. Fleel
vehicle charging is more likely to be overnight.
Workplace

Public area, private networthargers have a similar function and purpose to
on-route charging and thus must focus on maximising energy transfer in a ¢
time. Others in this group, such as apartments or+gtare services may have
more potential. More work is required to quantifiie scope in this area.
Public area

private network

Chargers in this group must focus on maximising energy transfer in a short

A ) time. It is unlikely chargers in this group will prioritise grid services.

b

Onroute
Destination chargerare potential grid services prodérs. Parking garages hav
many vehicles in a small area and can have critical mass of vehicles to me
market thresholds.
Destination

3.4.5 Summary: grid services
Grid services is a diverse area. In considering where gaps and opportunity lies it is important to
consider technology, vehicles, and charge contexts as well as the services themselves.

Some service types are more developed than others. Local peak shatriaglay balancing, and
contingency FCAS being actively trialled in Australi@ther services such as regulation FCAS are
being trialled oversea®ackup services are still conceptual, however V2L capability is becoming
available.

Charger control and hardware are critical enablers of grid services. This can be accomplished
through chargeror vehiclebased control mechanism€urrently chargebased control is much

more developed. More projects are based on this sort of controlthece is more standardisation

in control methods. Vehictbased is increasingly becoming available on vehicles. V2G is still early in
its development; especially when based erehicle.
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Current projects have mostly focussed on passenger vehicles in Aadgtradre is not enough public
data available to assess the potential of vehicles across classes

Most currentgrid servicegprojectsare based on home or workplace charging. These charging
contexts have longer dwell times so are highly suitable for semiovision. Other chardecations
are less studied. Destination chargingssuggestedn our consultatioras having good grid services
potential, but is not well studied.

3.5 Grid enablers

While there is much potential for EVs to provide grid servicedigasissed i), there are many
studies that also indicate that EVs may also cause constraints in the nddudrko2], [93]
Likewise, rigid network constraints may impede the connection of new charging infrastruthise.
chapter assesses this through two dimensions:

1 The potential for different vehicle and charger classes to caube impeded byhetwork
constraint
9 Theenablerscurrently being proposed by industrgnd their CRI.

Currently in Australia, d@dentified inthe grid services chapté), there is a lack of data on vehicle
usage. This gap is particularly largerfon-passengevehicles as there is also little international
data to call on.

\
4R Key Takeawayfrom this section
w

1 EV charging is well understood to impact the gMidst work to date has focussed on
home andworkplacecharging.The ability ofast chargingo manage demands not
well explored

Grid impacif heavy vehicless poorly understood
Operatingenvelopesandtime-of-useprice signals arbeing trialled and entering
mainstream Dynamic pricesre an unexplored opportunity.

= =

3.5.1 EV impact on the grid

The key detrimental impact EVs may have on the grid is on congestion, as demonstrateefzy
studies, projects, and tria[g4], [92)[94]. EVs charged simultaneously or during peak periods may
cause constraints that require investment to relieve. The risk of constraint can be indicatiee by
charging demad relative to local network capacignd the probability charging will occur at times
the network is already constrainetarger chargers connected telativelyweak networks aralso
more likely to cause constraints. During interviews to test findindhis report participants

described challenges this variability created in connecting chargers to distribution networks.

In line withsection3.3, the following will consider grid enablers for fast, home and workplace/fleet
charging.

Fast charging

Fast chargers are commonly expected to have little flexibility available for demand nmasiaigdut
a large impact on distribution network85], [96] Some studies hay&oposedcharge management
that prioritisesfast charger needs. For exampiéhalkhaliet al proposed managing fast charger
demard using residential load flexibilifp5] while DominguezNavarroet al suggested use of local
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storage and renewable generati¢@6]. As discussed Bection4.2, current fast charger rollouts in
AustraliahavenoBELX A OAGf & F20dzaSR 2y INAR AyidiSaNtdrazy S
site, has implemented a battery coupled with a local dynamic operating envid@pe

Home charging

Home charging has been the target of m@&lwork so far. This is with reason: Many studies have
shown that large, uncontrolled loads like EVs can lsayeificant impact®n distribution networks
[44], [92k[94]. Potentially as EV batteries get larger th@spactswill increase Therefore work on
enabling the grid to accommodate home chargsimguld continue, with increasing focus on
operationalising and commercialising enabling technologies

Workplace charging

Workplace charging spans both fleet and employee use cBsdantially sites can have large

numbers of vehicles in a small plaseich aslepots and warehouse$Vhile not aprimary focus of

the project, REVS is investigating operatimyelopebasedcongestion management in fleets.

SimilarlyOrigin Energ & a Y| NI OKI NHAy3 LINR2SO0 Aa O2yaARSNA
fleet as well as private EY238]. Similarly larger overseas trials suchGpgimise Prime[52] and

Bus2Grid99] can provide insight that is relevant to Australia. Heavy vehicle electrification is at a

much earlier stageand there is limited information available, but istentially an important area

for enabling charging as well as providing grid services

3.5.2 Enablers
Much like grid services, mitigating EV impact on the grid will require technical, commercial, and
operational solutions.

At a technical level, solutions asgnilar tothose described isection0 in terms ofshifting charge
demand outside of periods of constraimih. addition, technologies such as operatamyelopes can
help accommodate high local demands when overall network capacity alangenablersthough
are likely to be much more widespred#itn grid servicesAs described in projects and studies that
have focused on distribution network impactgithout VGI measuregVs are likely to cause a wave
of network investmentmuch of which is avoidabley application oenabling technologj44], [92)
[94].

From a technology standpoint thechnology required iike that required for grid services.
However, because participation grid impact managements schemissvidely expected to benuch
more ubiquitousA G Q& Y2NB AYLERNIFyYydG (2 a0l yRFENRAASO

There are several projects underway that can provide insight todgrahvimpactcould be managed
These largely fall under two categories:

1 ExistingPhotovoltaic P\) integration technologies such as operating envelopes can be
repurposed for EV&s currently being trialled in REM80]and EVGrid[101]).

1 Price signals provided to customers or energy retailers encounag®priate charging
behaviour(as trialled by Austin Enerfi02] and Octopus Enerd¢03]).

Operating envelopefor PVare currentlybeingcommercialisedn Australia Leading networks, such
as South Australian PowBletworks, are beginning to offer these as businassisual products
[104]. Some trials, such as REVS anGEY are implementing operating envelopes for EVs in
demondration. Notably there are gaps publicsharing of learnigs forheavy vehicles and emute
charging.
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VariouspN\A OS aA3dylta INB @FAflrofS (2RIF& | aofSySNBe@
use energy tariff105]. Timeof-use pricing can be managed simply on EVs today using tifrterse

tariffs arehoweverbased on existing networkariffs. No distribution networks currently offer EV

specific newvork tariffs.As EV uptake increases it is likely that these stigicals will need to evolve

to more dynamic signais order to avoid creating new peaks

Table21 shows theCRI for grid management mechanistescribed in this section

Table 21 CRI for grid management

Mechanism | CRI

@ 4: Beginning to be deployed BAU for PV, with indjgblication to EVs underway i

. trial.
Operating

envelopes
—

5: ExistingeVispecificretail products are availabjalthough based on no&\

L specific network tariffs
Staticprice

signals

I— 2: Hasbeen dore overseas but not currentlgvailableor beingtested in Australia
Dynamic
price signals
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4

This sectiorexaminesthe development in E\grid integration through the lens of the various recent
trials and projects around Australia. These include ARENA projects, other relevant projects funded

Bottom-up analysis

through the Future FuelBund, and State and Territofed projects.

The projectsare discussed in three groups: gf@tused projects, which are primarily concerned
with the optimisation of the grid via new technologies; chargiogused projects, which expand
charging infrastructurgand vehiclefocused projects working on introducimgw vehiclerelated

technologies Table22). There aralsoprojects that involve consumer research or desktop stidy

whichare considered where relevant.

Table 22: Project groupings.

Grid-focused Chargingfocused Vehiclefocused
REV$100] Chargefox (2 project$109], [110] | Energy Freedom Solar EM7]
Origin EV Smart Chargifid6] Evie Networks (2 projectf)11], | ACEEV[118]
AGL EV Orcheation [107] [112] State and Territory Bus Trials
Jemena EV Gr{d01] Electric Highway Tasmarjl3] [119]c[121]
SmartCharge Queenslafitb8] Ampol Fast Chargir{@14]

ENGIE Fast Chargidg 5]

Jolt (ad revenue, AusGrifl)16]

4.1 People

\
] Key Takeawayfom this section
w

T

T

There is strong representatiasf networks, technology developersandenergy
retailersin current projectsCommunityand end-usergroups are poorly represented
Although there is a strong presence of networks in projects in gerfasticharging
projectsgenerally lack these partners

Projects so far have mostly focussedpassengerehiclesthat charge at homeand
are not part of dleet, although there is some developing focus on fleet vehiciser
vehicle classe$such as trucks and buses)use cases (such as taxis) are gaps.
Projects so far haviecluded participation only from vehicle owners widss complex
charger instdation. There are gaps in projects that aim to resolve barriers that make
charger installation complesuch aspartments fleets, and people wh&R 2 y Q (i
currently own an EV

Fast charger projects do not typically invite participation from tleegntual end users
as part of the project.

4.1.1 Partners (stakeholders)

The partners to a project or trial set the terms. They define their own vision for the future and

express ithrough the project, and likewise decide which visions are excl{it22]. For example,

40 Other projects include Charge Togethbttiis://fleets.chargetogether.orgf and CANET
(https://c4net.com.au)).
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many trials envisage the seamless integratioEUBA y (i 2 LIS 2[128]S Q@K S MBASE 2 (1 K S N& ¢
visions for the future might be reduced reliance on automobijli®4]. Trials therefore look very
different depending on who is party tq ias this section will demonstrate

Projects also conceive of how system change is produced; for example, a more efficient distributed

grid is achieved throughdhaviour change in endsers, or EV adoption is accelerated by building

more infrastructure and lowering barriers. Project partnalso decide who can participate in the

GNRALFE YR ¢gK2 OFlyQid LG Aa GKSNBT2ne@grdupsard NI I y i
represented, and which are not. Partners and project makiaflpencespossibilities for the future

and trajectories for technology development

Figurel6 showsthe types of partners projects couldcorporate, based orexistingresearchon VGI
[125]andothers identified as part of this reparfhisis not necessarily an exhaustive.lisSigurel6

also showdiow many current projects include these partners. Unsurprisingly;fgddsed projects
always include networks as partners, as well as the developers and installers of haahdare

software for grid integration. Retailers are often partners, but only REVS includes the vehicle owner
(ACT government) as a partner.

Chargingfocused projects nearly always involve a charging network and often a property partner
such as a council or petrol stations. Only Electric Highway Tasmania has the users of the charging
infrastructure as partners. Similarly, only Jolt includesgfidsan electricity network, as partner
despite the potentially high local network impacts of fast charging and potential for innovative
solutions like dynamic operating envelopes (discuss&din However, it should be noted that

many projectgsuch as Jolfring on network, retailer and other partners as they progress.

Passenger vehicliocused projects include a more diverse group of partn&nsiouncedprojects
include networks, technology developers, and vehicle manufacturers. As of the ttimréing of
this report electric bus projects are yet to be fully announced.
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Electricity networks |

Technology developers i 00 |
Retailers, aggregators
Vehicle manufacturers
Fleet providers
Fleet owners
Universities
Public transit operators

- |
I
Grid-focused
Charging networks [N
1

[

[

[

. B Charging-focused

Local councils
m Vehicle-focused

Advocacy groups
Fuel companies
Generators
Car dealers/importers
Maa$ providers
Finance, investment
EV owners
Community groups, co-ops

Property industry

Figure 16 Estimated count of projects by partner type and project grouping (refer Table 22). The list is
based on that proposed in [125].

There are commonalities within the three project groupings and limited crossover. Networks and
technology developers, @nto a lesser extent retailers, are most represented in projects. These grid
focused projects tend to envisage systemic change through the demonstration of economic value.
They achieve more efficient use of network and vehicle asseitscbytivising holdes to optimise
(lower) their energy billThey are therefore consistent with the talown economic logic of the grid
and tend to conceptualise people as consumers.

Community or eneliser groups are not well represented in projects, but those that do exist provide

an interesting contrast. Only the Electric Highway Tasmania project is built around the end goal of EV
users, which is to achieve statégde coverage of fasthargers. The Charging the Regions project, a
charging project by Victorian Councils, provides another example that is aiming for charger coverage
over a specific geographical area. These projects aim to make owning an EV a more feasible
proposition for bcal peopleln contrast, fast charging networks such as those built by Chargefox and
Evie Networks are designed to connect capital cities via major highyaysoubtedly improving
infrastructure for locals, but not serving local trifgsxamples of locaéd perspectives can also be

seen in community micrgrid and battery projects.

Chargingfocused projects have limited partner involvement from grid stakeholders, despite
potentially significant local grid impacts. There is therefore room for more intedrapproaches
adzOK |a w2fidQa LHMLYSNARAKALI gAGK ! dZADNRR

Project are yet to engage potentially important and influential groups such as rnpesig-service
(MaaS) providers (many of whom are comprised of owdrarer sole traders), car dealers and
importers who operate at the crucial point of sale, property developers, and financial service
providers.In addition to those represented in the fige, otherimportant groups could include
tourism and retail operators, and logistics organisations.
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4.1.2 Sectors

This section examinegsustralianprogress in terms of the main use of the vehicles that are included

in the project. The use is linked to the vdhiclass light passenger vehicles are used for private and
business transport, including for passenger transport such as taxi services. Light commercial vehicles
have a greater range of uses in different business sectors and are also popular as pra/ateaay
vehicles are generally not used for private purposgsjther detail of these distinctions is also

discussed in sectio®.2.

Figurel7 shows how sectors are represented across all proj&ydar most projects are aimed at
vehicles that charge at home and are not part of a flediich corresponds to private vehicles and

other light passenger and light commercial vehicles that are used in a similaihiayis partly

driven by the fact that light passenger EVs form the most available class of vehicle, and because high
speed public charging networks are generally orientetbng distance private travellers who

infrequently use fast charging (s8€2and3.3).

REVS antthe Origin EV Smart charging projects cater to business pool veQiREYS solely involves
fleet, whereas Origin is open to both these and private vehidlbe bus anlusinesgassenger
vehicleprojectsshown inFigurel? refer to upcoming public transport electrification projects and
the Energy Freedom Solar EV which is envisaged as an awiaagrassenger vehicl&hee are no
projects serving the commercial passenger vehicle sector @i and ridehailing services).

0 2 4 6 8 10 12 14

Private/sole trader -
Business - pool vehicle Grid-focused

Business - passenger Charging-focused

I
Buses N m Vehicle-focused
Business - freight

Business - other

Figure 17 Estimated count of projects by the main use of the vehicle envisaged by the project.

When viewed in tandem with the prioritised vehicle classes showralnle?, it is clear that vehicle
availability is a major factor driving project design. However even within sectors that use light
passenger vehicles, projects focus on the private sector which is more reliant on home and
workplace charging. There is therefone @pportunity for projects that take advantage of availability
in light passenger vehicles but require busingsised charging solutions such as depot charging
and solutions that suit vehicles that have minimal downtime and/or no degekicle uses suds

taxis and ridehailing are further complicated as the vehicles are largely owned by small businesses
and sole tradersinternationally projects such as Optimise Prime have fodosefleets and home
charging of vehicles used for business [i4.

The current lack foprojects targeting buses is also a major gap, though some States and Territories
have announced funding for electric bus projects. Freight is a major gap limited by vehicle
availability.

4.1.3 Participation
Participation is central to realising a clean endrgysition that is democratic, sustainable, socially
shaped, responsible, just and responsive to public values and human [i@2jsThe purpose of
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this section is to describe the participation framorks currently represented in EV and VGI projects
and to identify gaps.

Participation frameworks tend to be defined by the project partners. As discussed in sgdtien
partners define the vision for the future and the change they deem necessary for getting there. They
also define who can participate and by extension, who is excluded, and how that participation is
orchestrated. Frameworks and collective parti¢ga practices more broadly are hence comprised

of the model of participation (how), the subjects (who), and the objects (what) as shdvigure

19.

Models of participation

wWhat worldview is it based on and
hence how is change envisaged?

oHow is participation orchestrated?

Objects Subjects

WW\hat is the issue? WWho participates?

wWWhat technology is wWho is excluded?
involved?

\/

Figure 18: Defining participatory frameworks and practices (adapted from [122]). The discussion in this
section focuses on the subjects.

Previous sections have already discussed worldvigmd envisaged change and the sectors
included, and the following section will discuss technology. Therefore, this section will consider how
participationby the subjectss orchestrated: who is included and who is excluded.

In general, only griflocused projects invite participation from people who are not partners. The
Origin, AGL, Jemena and SmartCharge QId trials all invited expressions of interest via a landing
webpage, and offered inducements such as free chargergréidits or cash. Of these, only the
Origin trial allowed businesses to participate. All were limited to EV ownerénatidthe exception

of REVS3xcluded premises where installation would be difficult or expensive, effectively limiting
participation to esidents of detached or serdetached houses with driveways. This reveals
potentially important gaps in participation in gifidcused projects: EV owners living in apartments,
fleets, and others. Projects aimed primarily at overcoming installation chakengearly a major
barriert would help. Another gap is prospective EV buyers. If grid integration aims to improve the
lifecycle cost of EV ownership, projects could produce interesting outcomes by targeting the point of
sale (and partnering with car dealéips, for example).
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Participation in REVS was only offered to ACT Government fleets. Inducements included cheaper
vehicle leases and chargers. Fleets based in more difficult premises were not excluded, which
resulted in some extra challenges to projectidety [55].

Chargingfocused and vehiclocused projects have not focussed on inviting participation from their
eventual end users as yet. As a result, there are opmitiees to bring different end user

perspectives into infrastructure design. For example, designing charging sites that are accessible for
disabled drivers. An example of how participation can facilitate better design is the Jolt Ad Revenue
Funded Chargingrojects, where participating local councils have influenced site design so
inappropriate advertising can be preventg®7].

4.2 Technology

\
] Key Takeawayfom this section
w

9 There is relatively little variety in the technology being trialled in Australia at the
moment. Potentiabpportunities includeneavy vehiclesmore expansiv®&1Gand
V2Gitrials,and grid services frorfast chargers

Figurel9details the technology configurations used by projects in terms of vehicle classes, charging
levels and VGI. All projedse intended and designeahly lightvehicles (primarily light passenger
vehicles) except for State and Territory bus trials. Cha#fgiogsed projects are limited to erute

fast charging and, in the case of Jolt, mked opportunistic or destination charging, and none
incorporate VGISections3.3, 0 and3.5also provide a detailed discussion on the different
technologies and their applications, coirey charging, grid services and grid enablers.

Gridfocused projects involvprivate charging in homes or fleet bases. They include VGI methods
that provide services to the gridthe Origin, AGL, Jemena and SmartCharge Queensland projects
utilise V1G whiclprovidespeak shaving and intrday balancing in the form alemand response

The AGL project also providgsasiV2Gin the form of FCAS, but not bidding into FCAS markets.
REVS will provide V2G FCAS with market bidNiogridfocused projects are usddr behindthe-
meter energy managementhe ACEEV project plans to be more expansive, encompassing behind
the-meter and grigfocussed value streams, though this is yet to be demonstrated in practice.
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Figure 19: Technologies included in projects to date. *Note that vehicle-focused projects include bus
trials with details yet to be confirmed.

There is therefore space for more technological variety in projects. The greatest gaps are in heavy
vehicles across the board, although brials should go some way to closing this gap dependant on
the level of public data sharing. Gifidicused projects involving faster chargers could apply dynamic
operating envelopes and other new forms of grid integration. Likewise, expansions to the ghargin
network could investigate grid services and pass on benefits to users in places like, for example,
commuter car parks or shared charging facilities in apartment buildings.

4.3 Summary

This section hademonstrated that there is limited variety in projectsdate. Variety needs to be
considered not only in terms of the technology being offered, but whose perspective and vision the
project is based around, including how they envisage change, and how participation in projects is
limited and orchestrated. Varigtand experimentation are essential to developing more appealing
and equitable solutions which will contribute muokeded certainty and should lead to overall

better solutions.
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Table 23 Summary of gaps existing projects.

Few projects incorporate the visions and perspectives ofesats, local groups,

Partners | automotive industry, and so on, mainly restricted to projects based on energy
market logic.
Opportunities to focus on ownedriver fleets, including Maas, as wellmsjects
Sectors | centred around space and car parking such as tourist destinations, retail centr

public parking and property developers.

Participation

Participation models have focused the easiest to reach groups. This neglects
important groups with particular charging needs such as disabled drivers, regi
drivers, apartment dwellers, fleets, and renters.

Technology

Chargingfocused projects rarely incorporate VGI.
There are majoopportunities for VGI collaboration in heavy vehicles such as
buses.
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5 Gaps and recommendations

This report has used a tegown and bottomup approach to mapping the landscape of BN@ VGI
In doing so it has defined many opportunitiessiohance uptake. Uptake of EVs is not a series of
discrete actionsa strategic approach will provide better outcomes. The framework for
recommendations in this repaorshown inFigure20., is structured around three broad phases:

Definerefers tothe fundamental bases on which transitions are built, such as who or what are
regarded as important, and what settings are in plxoen which change can be scaled up. Policy
measures(outside the scope of this repgrare very important in this phase, however projects can
also create definition throughariation invisionsandparticipation.

Testis technologyfocused in that it aims to cultivate and embed new soluticarsd avad the
creation of new problems.

Buildis focused on scaling technologiegrown from good fundamentals aridcorporating
foresight and ensuring that insights and lessons are shared aerossy broad and diverse range
of stakeholders.

Our review suggestive groups of recommendation¥hese arsummarisedn Table24 and
expanded upon in the following sectians

Define Test Build

Put users first when

designing projects and
initiatives ( 6- . Sg

Supercharge knowledge sharing
to accelerate learning

[~

Scale technologies as they
reach readiness

Cultivate niches to test
less commercially ready
technologies

[

Build scaling model into
projects at the beginning

o

/

Bake in VGI to products,
standards, and projects

Figure 20 Recommendations framework
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Table 24 Summary of recommendations groups

Group

Description

Userfirst, Grid
second

[

Scale up

Y
> 4
Cultivate

niches

s

Supercharge
knowledge
sharing

2

/

Bake in VGI

Many existing projects have been led by, docusedon, the needs of the
energy systemProjects that focus on theisions andheeds of end users or
localised groupbave greater potential to motivate adoptioRotential
focusses for new projects could bardto-reach groups such as renters,
apartment dwellers, disabled driversr geographically contained groups
such as EV user communities and coun8imilarly, slutions that
encourage replacement of journeys with shared or smaller modes of
transport.
Technology follows a path from concept to implementation. Scaling is w
technologies become part of busineasusual. This features twice on the
framework:

1 Before niches ardeveloped

1 As technologies become ready for expansion
In the initial partaside from policy measures (which are essentsaiy)ing
involves determining the key risks and factors that will enable uptake. Tl
may includdinandng options and reducing uncertaintysing trials to get
the fundamentals righénsuresthey leave their niches as ready to scale a:
bestas possible.
In the later part, scaling involves activities that encourage uptddeld
momentumandtransition awg from relying on public funding
Niches are protected environments that enable testing of technologies.
Importantly, how niches are defined and what is tested in them strongly
influences how technologies are taken up é&oe not takenup). This means
it is important to survey the landscape and determine which potential
YAOKSE SEA&G odzi I NByQild o0SAy3a Ay
Knowledge sharing is the most important partmmfiovation projects (like
those funded by RENA)Most current knowledge sharing for ARENA
funded projects involves reports and presentations. These products may
missing a significant portion of stakeholdé¢psrticularly those outside of
the energy industryyvho stand to benefit from learningdm these projects.
In addition, project data is often not rda public in a usable format.
Vehicle Grid Integration (VGI) is expected to be needed in the future,
regardless of the electrification journeill EV projectshould include
consideration of the most appropriate VGI, which can then be implemen
to avoid creating problem&hargingnfrastructure projects in particular
could benefit from this approach

5.1 User first, grid second

It is important to start with the user in any initiative, and vehicle electrification is no exception. Most
EV projects to date havecusedon marketbased aproaches to resolving grid issues with EVs.

These projects have targeted easier to reach customer grqQlggelyprivate EV ownerthat

already have an EV, and a place to park and charge it. This group of recommendations aims to bring

users to the centref electrification efforts.

Fair access to new technologies and their bengéisswell as variety in technological solutioiss,

imperative to a successful transition. Puttingers first leads to greater variety of solutions that suit

more people.
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Q What does success look like?

Success in this group looks like initiatives that aim to solve problems for end users, such as:

91 Projects that focus on hastb-reach groups such as renters, apartment dwellers, and
disabled drivers

Projecsdefined by geographically contained groups such as user communities and councils
Solutions that encourage substitutiavith smallerscaletransport options

Projects that implement an agile approach anddesign solutions with users

Inclusion ofsocialscience researcim projects

=A =4 =4 4

E Example initiatives
1

Public charging projects that address needs defined by local grpGparging the Regions

and Electric Highway Tasmania are good examples

Exploring the benefits and barriers to EV ownershiplfeabled drivers

VGI to meet customer defined behitlde-meter goals (such as net zezaergyor certain

pricing outcome}

1 Meeting the charging needs of owneperated commercial passenger vehicles (taxis and
similay).

1 Innovative charging solutions foWEBwnership without driveway ownership

=a =4

r- What people told us

Feedback on this group had two themes: Specific actions and projects that would provide useful
tools for groups of users and process feedback that could improve how projects are scoped and
delivered.

The common themes were:

T LYLNRGAY3I OKIFNBAY3I SELISNASYOS o6Sov3d ailGl LI I YR
1 Increasing uptake of customémcusedtechnology (such as behirtie-meter optimisation
towards customeidefined goals
1 Do projects in a more agile way where timeds and outcomes are explored as part of the
project
1 Focusingn values beyond financial
9 Focusingpn midsized organisations
1 Focusingn disabled and disadvantaged customers

5.2 Scale up

Technology often has a fraught path between trial sargie scale adoption. There are many
mechanisms that must operate successfully for this to happen. Two of these are the focus of this
group of initiatives:

9 The transition from grant to standard funding models
9 Business processes and standards

Grantfundid ¢ 4dzOK | & LINPQPARSR o0& !w9b! 0 A& AYLERNIIYH
occur. However, technologies need to be able to procure funding from standard sources to scale. It
is important to consider how this will occur early on in niche coratlhis may mean including key
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risks from financiers in project scope, so that the project outcomes address fundability risks.
Business processes similarly need to integrate technology as it reaches mainstream. This means that
processes become smootherc&more integrated.

Q What does success look like?

Success in this grodpcuses on using trials and projects to establish the right set of fundamentals
and providing support for technologiés build momentumonce theymature. This could include:

Forearly-stage innovation

1 Engaging prospective financiers in innovation projects prior to starting

1 Involving more transport sector stakeholders in trials, for better innovation and avoiding
unintended consequences

1 Encouraging greater experimentation fromtwerks.

1 Building process outcomes into projects

Scaling

1 Expanding infrastructures and supply chains to address known barriers to uptake, whilst also
directing public funding to less vialjpeojects (such as regional charging)

1 Building a clear exit path from innovation to open market funding

1 Crossorganisationcollaboration to remove roadblocks and encourage uptake

@
E Example initiatives

Early-stage innovation

1 A process to engage with financiers to determine key risks and factors that should be
considered in trials to ensure fundability
9 Crosscutting analysis of existing trials to find common roadblocks and enablers

Scaling

1 Expand public charging infrastructure to the levels required for mass usage, including on
route, destination, commuter parking and other forms of charging

9 Projects hat increase choice and supply in the new and seduwartt light vehicle markets

1 Reduce fragmentation such as plug standards

1 Innovative charging solutions for EV ownership without driveway ownership

r- What people told us

Feedback in this group had two themes: What was ready for scaling, and how scaling could be
encouraged.

1 Charging in general (home, destination, and fast charguag)felt to be ready for scaling

9 Tools to help auditing or selecting vehicles for electifan.

1 Considering other nomonetary things that could enable uptake (e.g. access to facilities)

1 Baking in scaling early in niche development so that technologies are funding ready as they
leave trial

1 Networks need to be more willing to engage witimovation
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1 Involvement of transport and urban planners is essermtidle energy industry does not
understand transport

People also identified very strong need for policy leadership in the EV transition, for example in
building standards, Australian DgsiRules regarding truck dimensions, and reforming fuel excise
and EMfoaduserchargedor fairness and encouraging positive change.

5.3 Cultivate niches

Niches are the engines of eadyage technologies. They create a safe space which allows
demonstration with more room for innovation that is insulated from normal business processes.
Much of this report aims to define which potential niches exist butyeteuntested.Consultations

then discussed what the most important new projects in developing EV and VGI technology might
be.

Q What does success look like?

Success in this group looks like diverse niches being testedddagss existing gaps EVs

avdlability and adoptionA number of vehicle types, especially specialisedfin@ight carrying
vehicles, heavy freight and buses, have negligible uptake of zero emissions technology to date.
Equally, however, there is uncertainty regarding what technologwally between hydrogen fuel

cell and EV) is fit for different purposes. Projects are needed to test the gamut of implementation
factors and reduce uncertainty for potential usefis could look like:

9 Projectsdevised in partnership with organisatiotigat are potential users, such as councils,
public transport agencies and logistics companies

1 Systematic infrastructure planning for logistics or public transport

1 Augile approaches to project design

Specialiseé@nd high-visibility vehicle electrification (such as rubbish trucks)

Freight vehicles and depot/eroute charging

Projects that directly compare hydrogen fuel cell and EV heavy vehicles
Conversion ointernal combustion vehicle® zero emissions rather timescrapping them
Initiatives that focus owlevelopingsubstitutionoptions(e.g. cars to electric scooters)

ié Example initiatives
1
1
1
1

r- What people told us

Common feedback in this group was around risk appetite. Currently projects funded by ARENA must
have a relatively low riskrpfile, which makes morancertain or novel technologidsard to fund.

Other feedback was around which vehicles make the best niches to build. Feedback indicated high
mileage, visible vehicles such as buses, freight, gaxside-hailing servicesnay male good

targets.

5.4 Supercharge knowledge sharing

Knowledge sharing igghtly an important part of the ARENkAowledge and innovatiomodel.
However,our consultations revealed that there is a widespreaudi strong feeling that it is currently
not meeting itspotential to engage, connect and inspire across a broad audidimeedata
generated through projects is not published in a form that industry can make good udg®fs

Electric Vehicles and The Grid | 61



especiallyan issue foEV and VGI projecthat involve the transport sector, wbih has not previously
been involve in energy projects.

Q What does success look like?
Success in this is described in two streammanslation andopen data

Translationmeans bridging the gap between knowledge and action through the analysis and
communication of project datdBecause EVs and VGI involve technical, economic and social
dimensions, it is essential that translation efforts are fluent in these fields, upt®wlith the most
pressing questions, and able to deal with their complex interactidnebust approach to

knowledge translation would also consult stakeholders directly on their most important challenges
and opportunities and draw on international resech and experience

Universities engaging with multidisciplinary energy research are well placed to produce such
outcomes. Investing in translation will ensure that projects feed into broader innovation processes
and produce generalisable results.

Genealisability is about generating practical, d@yday advice for stakeholders that is useful
beyond the project it came from. For example, providing the tools to evaluate thevaéd
impacts of grid participation on batteries would empower fleet managerassess and make
decisions. This provides a resouthat promotes action and isustworthy.

Open datameanscultivating an accessible and trusted data resource that sertfieeEV landscape
in Australisand works towards filling data gapsor examfe, vehicle usage and charging datanot
generally available outside opaque facts and figures quoted in repamtspen data resource allows
users to generaténsights that are relevant to their own innovation and research needs, and to be
confident they are reliableData needguration andto contain metadata to be useful, but the sort
of data required depends on the use ca8e.opendataresource would beiseful fora wide range

of stakeholders, ranging from staups tolarger organisations and resechers with analytics
capability.

.
E Example initiatives

1 Use of multidisciplinary and trustedhwledge sharing agenfecusedon answering
pertinent questions and generating generalisable insigising a consultative approach.

1 Open dita platforms and greater emphasis in generating public data in projects

1 Engaging knowledge sharing events that are accessible and tailored toleniitipstry and
community groups

r- What people told us

Knowledge sharing had widespread support amongst participéutsalsofrustration thatit was

not meeting its potentialFor manya better resultmeant knowledge sharing products that are
framed Dr the benefit of the users of information, rather thameeting the reporting obligations of
currentprojects. Foinstance A Y F2 NXY I G A2y GKIF G oNBF{1a G§KNRdIdAK
impartialinformation that helps in decision making processes. Foresosers, raw data allows them

to generate their own insight. This requires appropriatgation andmetadata, but these needs
depend on the use case. For example, distribution networight require location datand/or

energy consumption profiles
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Some participants suggested overseas initiatives, such as those from the UK that intends to build
public charger data availabj@28] as good examples of the sort of data platforms that were
valuable.

5.5 Bakein VGI

Vehicle Grid Integration is widely expected to be required in the futuregeetons0 and3.5). VGI

is a commorelement ingrid-focused projects todaywhichusually focus on overnight ctging of
passenger vehicles, most commonly using the charger to manage the charging primesser,

VGl is not a central element in many other projects, significantly charging infrastructure projects.

Gaps in this space are around:

{1 Standardisation of chhge management mechanisms

1 Extending the applicability of V2G

1 Integration of VGI into further contexts (such as microgrids and public car parks)
1 Vehicle based VGI

This expansion of VGI must be tempered with its additional cost and impact on custon. dfee
cost of VGI may be unjustified if its ultimate use is too distargpeculativeSimilarly,a poorly
defined VGI standard can reduce customer choice, or prevent them from interacting with their
vehicle in a way they prefer.

Q What does success ti like?

Success in this initiative is whappropriatet DL A& LINRP JARSR aaidl yRI NRE
market. In the short term this requires trialling VGI in more contexts and assessing the customer
interface of this VGI.

ﬁ Exampleinitiatives

9 Initiatives to assess the appropriate architecture (e.g. locus of control, consent) in
collaboration with customers, and the energy and transport industries

Trials of VGI at public fast chargénat prioritise charging needs

Trials of resilience services from EVs (e.g. microgrids)

Trials of destination and loAgrm parking V2G or VGI

V2G trials that are more expansive of use case (e.g. within buildings or standalone.power)

=A =4 =4 =4

r- What people totl us

VGI was universally felt to be important amongst stakeholders. Key term@asound how control
ought tobe implemented. Some stakeholders felt that the locus of control needed to remain with
the customer, while others felt the energy system neéde retain ultimate control.

VGlwas feltt@urrentyd S 6 S@2y R Y2aid Odzaid?2YS nmlreew® pdogelld 9 +

never mind VGIStakeholders felt that people would be in a better position to understand VGI when
they had experienced livingith an EV for a while.

Stakeholders noted that projects should be careful of unintended consequences, such as
encouraging use of public parking (as opposed to leaving the car at home).
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