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Abstract

Over thelong run, heelectric vehiclemarketseemgpoised to proliferate, driven by
pressursto decarbonise the transport fleet, rising fossil foietes improving
operating efficiencieand falling costs dbatteries Thesepressures will impact
vehicle manfacturers, battery producers, governments, regulators, utility companies,
fleet owners anthdividual drivers.In thisarticle, we assess the implications of
passengeelectric vehicle development on the National Electricity Market (NEM).
Our analysis show/that hemedium term aggregatepact on the electricity grid is
likely to berelativelyminor, although there may Ispecificchallenges at a
neighbourhood level. The correct mix of pricipglicy and regulatory settings
shouldensure a smooth transith tothe decarbonisation of the transport fleet

1. Introduction

Australia is a relatively small country in relationth@ worldpopulation andyy implication,
global influence As energy policieareoftengeopolitical in naturesome components of
Australian policymakingcould be arguedto iep o | i cby, tnacktmadgp.dligidc y
this context thathe electric vehicle (EV) markét likely to develop in AustraliaGlobally,
there are sigiposts that point towardslang runshift in transprtation policy away from
liquid fossil fuels andtowards electricityThe reason for this is straigbtward; while the

CO; intensity ofthe existing power system may present only modest environmental gains
from consumerswitching from internatombustion engines to EVover the very long run,
the gains are potentially very significant compared to business as litgasuccess or
failure of EVsto imbed within transportation paradigmsdikely to be decided globallyand

so we believe thakustraliais likely to be an adopter of policies that are consistent with the
rest of the world.

There are two main public policy drivers which are likely to resuthéincreased uptake of
vehicles that are not powered conventitnéle. by petrol anddiesel). These relate to

constraining anthropogenic greenhouse gas emissions with a view to reducing carbon dioxide
equivalent concentrations in the atmosphere to limit climate change; and reducing the reliance
of economies on imported liquid fuels whiale becoming scarcer and sourced from volatile
regions in the world. Policies aimed at achieving these objectivéeag increasingly
adoptedVivid Economicg2010 found that there were 32 operating greenhouse gas

emissions trading schemes in different countries in 2010. Renewable portfolio standards are
also common with policies established in regions as diverse as Texas and China.

Transportation comprisaroundhalf the global emissions producedthg combustion of

fossil fuels(Baumert, HerzogndPershing, 2005)t is clear that reducing emissiofilem the
combustion of fossil fuels bgny material amount 2050 is not compatible with simply
improving the diciency of petrol and diesel engines. The ldagn solution to reducing
emissions within the transportation sector reqsustitution of the internal combustion
engine with alternative power systems. This is evidenced by the decision of the European
Union to include transport in its renewable energy requiresmémiember nations by 2020.
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andDr David Brockway. Any errors or omissions rémthe responsibility of the authors and do not necessarily represent the

views of AGLEnergy Ltd Correspondence to be addressed to Justine Jarjjar@imen@agl.com.au

Pagel


mailto:jjarvinen@agl.com.au

AGL Applied Economic and Policy Research Working Paper No.27 Electric Vehicles

Energy security willalsoremaina primary concern of policy makers. Figure 1 outlines the

distribution of global energy reserves by geographic re@drand gasare primarily located

in two regions: the Middle East and Russia (Eurdpéih 61% of oil used for transportation,

the geographic distribution of liquid fuels creates significant risks for developed and

developing economieSupply dsruptionsmay arisedue to regional conflict and price

pressures due tartelstructures. Around the world, countries are beginning to establish
policies to reduce their reliance on 6foreign

Figure 1: Distribution of global energy reserves
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The physical distribution of global energy reserves is not the only concern of policy makers in

relation to energy security. Fossil fuels are finite resources and will be depleted at some

unknown point in the f ut eenaroundifdidecadesyeisept of Op
impossible to accurately predict when supplies will eventually runResterve to production

ratios can be used to accurately determine temporal supply capacities based upon current
consumption rategroduction technologs and known resegs. In relation to oil and gas

estimates:

. Oil T There are currently known global reserves of 1d@Bibn barrels of oil. Based
upon production rates of around 80 million barrels of oil per day, there is around 45
years of supply left. However, production of oil has increased by only 7% over the past
10 years wheredsownreserves have increased by 20%&r the same time period
(BP, 2010)

. Gasi There are currently known global reserves of 187 trillion cubic metres. Based
upon current production rates of 2,987 billion cubic metres per year, trereuts2
years of supply remaining. Both productidrgas and known reserves have increased
by around 20% since the year 2qQ8®, 2010)

While production to reserve ratios of 45 years and 62 years for oil and gas respectively seem

to be far enough in the futuéaot to worng policy makers in developed¢@omies are

acutely aware of the rising consumption of the
has roughly doubled over the past 10 years and
50% over the same time peri@@P, 2010)

Australiaisnotam e ner gy secured nation in relation to |
Australian policy makers considered whetBdss houl d be encouraged to re
reli ance o mvauéterm&usygalia ingports &s.much oil &sexportscoal

Figure2 outlines the value of coal exports and oil imports since 1980. The significant

increase in value associated with coal exports and oil imports over the last decade is largely

due to commodity prices increasing substantially due to unprecedéuitedl demandit is

clear that Australia faces the same physical supply risks associated with oil supplies as other

nations.
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Figure 2: Imports of oil and exports of coal since 1980
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Another significant implication of Figurgrelaingt o Aust r al i acdslicymacr oecono

objectivesst he structure of our international tradi

export income comes from coal (18%) and minerals such as iron ore B0#terselyhalf

of Au st rimgdoitsaré elated to household consumptiod4Band liquid fuels (20%).
Accordingly, our international trading position is highly exposed to commodity price
fluctuations and global demand for commodities. Furthermore, our ability to pay for imported
household items depends upon the continued suotesss mining and energy sectors. Policy
makers are generally not concernéth international trading positions (even large current
account deficits) if they are enhancing the productive capacity of the rndtomver
Australi ads torsane degrestrupturalyi ptobleonatibecausdt is notbiased
towardsenhancinghe productive capacitpf the economyReducing our reliance on

imported liquid fuels would be an important step in improwngstructual tradeposition.

Basedupomnanal ysi s of gl obal ener ghereimaverthet s and

medium to long term, our view is thavlicy makersare likely toincreasinglyfavourforms of
transportation that are not reliant upon Aih obvious substitute for oil is th€V. The world

has around 120 years of coal supply left based upon current production rates and electricity
can also be sourced frdaow emissions gasiuclear and renewables. &YV that is cost
comparable with current internal combustion engine vehiclesdwmmia solution to many of

the concerns of energy policy makers around the wBdded upon this macroeconomic

policy environment, various international governments have introduced targets for EVSs:

Table 1:Global government EV targets

Electric vehicle targets
Country Vehicles % of total Date
us 1,000,000 0.4% 2015
China 500,000 0.3% 2012
UK 100,000 0.4% -
France 2,000,000 6.2% 2020
Germany 1,000,000 2.2% 2020
Spain 1,000,000 4.4% 2014
Israel 500,000 25.0% -
Japan 34,583,670 50.0% 2020
Denmark - - -
Netherland$ 200,000 2.6% 2020
Ireland 250,000 10.3% 2020
Australia -

Source: Energia (2010)

! Data sourced fromustralian Bureau oStatistics, 2011
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Australia does not have a government imposed EV mandate. However, the fact that targets
and mandates exist in other countries should help to drive technology improvements and cost
reductions elsewhere, andteris paribushelp facilitate adoption in Austlia over time If

the international situation is any guide, it is probable that local, state or Federal governments
may pursue EV targets, mandates or incentivegidress climate change, energy security or

to stimulate domestic automotive manufacturing explorethis further in Sectior®.

The purpose of thiarticleis to review the electricity loahpactsarising fromgrowth in the
passengeEV market, thamplications for the NEMandto begin to explore the role that
policies, regulations and companies can play in the EV marketpha8ection2, the
dominance of the internal combustion engine vehicle market is examined and various
alternatives to the current vehicle fleet, including EVs, are introduced. S8stimws how

the barriers to EV adoption are being overcome. Sedtiiscusses the opportunity for
decarbonising thedansportation fleet. Sectidnexplores scenarios for EV adoption and
forecasts the potential additional electricity load, angtissibleshape othat load

depending onvhenEVs are charged. Sectidhdiscusses whthesescenarios could be too
pessimistic, considering the likelihood of government incentives to accelerate the EV market.
The difficulties of using EVs to feed electricity badoko the grid at times of peak demand are
reviewedin Section7. Section8 explores neighbourhood level iss@esl how best to deal

with this. Sectior9 puts the discussion into context fovlicy and regulatory settjs and
highlights how governments and companies mighirsttte interests of the market and
electricity consumersand concluding remarks follow

2. EVs: substitutes and complements

The vast majority of vehiclesn the roadodayhaveconventionalinternal combustion
engines (ICEs)fuelledby petroland dieselAlternatives tdhese fuelssuch as compressed
natural gas (CNG)iquefied natural gas (LNGynd liquefied petroleum gas (LP&ave
found a limited place amongsbmmerciafleet and frei@pt vehiclesandarenot & popular for
passenger vehicle®nly 3% of all vehicles registered in Australia aretfuelled by petrol or
diesel(ABS, 2010) To date EV adoption has beererylow: only 112 EVsweresold in
Australia in 2010comprisingd.02% of new vehicle sal¢®ttley, 2011) There are several
types of E\&.

e Hybrid Electric Vehicles(HEVs) combinea conventional ICE systemith an
electricmotor. Adding the electric power trairto an ICE vehicle can booftel
economy oenhancegerformanceThe battery is chargeashly internally, by the
vehicle, not by an external sourée exampleof this type of vehiclés the Toyota
Prius.

e Plug-in Hybrid Electric Vehicles(PHEVS) can use dier fuel or electricityboth the
fuel andelectricity may be nglenishedrom sources external to the car. Depending
on how they are configuredhese cars are either regardethasery electric vehicke
(BEVs) with a driving range that isoostecby an ICE, orasan HEV with a battery
that can kb recharged from the gridn example is the Chevrolet Volt.

e Battery Electric Vehicles(BEVs) are propelleanly by an electric motaorBatteries
store chemical energy and can be recharged by the electricitiEgaichples include
the Mitsubishi-Miev, Nissan Leafind the Tesla Roadster.

The focus of thisrticleis onpassengeelectric vehicles that may be charged externally by
the electricity grid (PHEVs and BEVs), and hence may imircNEM Henceforth, the
term EV in thisarticle will refer to plug-in electric vehicles (PHEV and BEV), not to hybrid

2 Some EVs may have a battery that is charged by a solar photovoltaic cell (PVEV) or a fuel cell (FCV), although ittigadifficul
find sources that indicate these vehicles would have a significant market share in the timeframe ddysibisreaper (to

2030). For the purposes of this paper, we assume that commercially available EVs will not be powered by fuel cell&/or solar P
internal to the vehicle
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electric vehicleswWe donot consider the adoption of electric bicycles, scooters or
motorcyclespr thecommercialheavy/freight vehicle market

Given the dominant incumbent position of existing transportation technolegidslieve
thatICEs are likely tacontinue to hold significant market shdioe decadeso come Despite
ICE vehicle technology being mature, there is scope for improventemeiuce fuel
consumptiorand lower emissionsy manufacturindighter vehiclesvith more efficient
enginesHowevere nvi r o n me nt peak ofbwilkstillcampel fiadnga 6
replacement for petroleuaterived fuels

There is enormous investmentpetroleurbased infrastructure in Australia. Around $1tr is
invested in pipelines, refineries, tankers, service stations, and vehitisssunk cosis

driving the searcfor a sustainablungible replacementor fossil fuels such as synthetic
fuels and biofuelsFinding a substitute fguetroleumbased fuels is not straightforward
starchbased ethanol competes with food production, cellulosic ethanol is not yet economic,
andethanol itself is more corrosive to engines and nenasgydense apetroleumderived
fuels. Nextgeneration lgaebased fuetubstitutesthe so-calleddrop irbfuels are
promisingbecause they are completely substitutable for fossHderied hydrocarbonsut
arestill in the early stages of developme@il majors aviation companies, venture capitalists
and a raft of stastip companis are working hard tdevelopalgae fueldo the point where

they can compete commercially with fossil fuels

Japan is progressing trials involving hydrogewered vehicledHoweve, hydrogen vehicles
would requirdnvestment in an entire value chain of new infrastrucasrevould the
widespread adoption of CNG or LN@assengevehicles Theonly infrastructure that is
currentlyas widespread as fossil fuellated assets is tmational electricity gridhencethe
mass adoption gfassengeEVs seemsprima facie an easier proposition thaeveloping a
hydrogen CNG, LNG or LPGpassenger vehicle fleit meet policy objectives

Factors contributing to EV uptake include thaitability of modelsn the Australian
marketplacevehicle cost, fuel and servicing costs, and convenience of refuelling/recharging.
Large conventional automobile manufacturers have hypothdblis@dmmercialisation of
various passenger vehicle technaésgcouldpotentiallyprogress as follows:

Table 2:What will we drive in future?*

20102020 20202030 20302040 2050
Fuel efficiency WidespreadBEVs H>-EV Zero emission fleet
Engine technology and PHEVs (Social change to
Hybrids Advanced biofuels reducetravel
BEVs & PHEVs (Smart grid

3. Supply side EV market developments

Ananticipationof t he adoption of EVs is readily appar e
Currently the @ginal EquipmentManufacturer¢OEMs) areproducingabout 30 electric

vehiclemodek (mostly hybrids). Tis is expected to expand to about 120 HEV, PHEV and

BEV vehiclemodek by 2012andto more than 150 models by 20(i4acheet al 2009)

Firmsrolling out such vehicles in 2012 includeter alia, BMW, Chrysler,Ford, General

Motors, Honda, Hyundai, Nissan, Peugeot, Renault, Suffasia, Toyota, Volvo and/W.

According to NissaiiNissan, 201Q)the Leaf BEV is currently manufactured at the Oppama
plant in Japan, on the same production line asE\models the key productiondifferences
beingthe installation othe battery instead of a fuel tank, and the electric motor instesd of

® Private industry briefing at the invitation of Alchemy Growth Partners, 2011
* Derived from Toyota Motor Corporation Australia, What will we be driving in 2050? Presentation to Australia Japan Society of
Victoria, Japanese Chamber of Commerce and Industry.
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engine During 2011 Nissan planned to ramp dyeaf productiorat the Oppamaplantfrom

one in six vehicleto one in threeife. 4,000 Leaf vehicles per monthh 2012, Leaf
manufacturing will commence in the United Stat@sc@ 150,000 Leafs per annum) and in
2013, manufacturing will commence in the United Kingdenca50,000 Leafs per annum).

All facilities will produce Leafs alongside other r&V models allowing the flexibility to

adjust production upwards or downwards to meet regional and global déiiamthis
production flexibility, global supply shortag are unlikely to be an ongoing problem in the
medium termHowever, it is unclear when OEMs intend to import EVs into Australia in large
volumes As a small vehicle market, Australia may not be a priority in the short term and all
models of EVs may ndie available here immediately.

As the volume of manufactured EVs increases, costs, and hence gaités, expected to
fall. Research into paybagleriodsfor EVs versus ICEs isften derivedn US dollars or
Euros and theeportedeconomics vary depemd) on assumptions about oil pricesectricity
pricesand other factorsSuffice to saythat, at the momengVs cost more than ICE vehicles,
even ignoring battery costs. However, th&l ownership cogif EVs is expected to reach
parity with ICEs witlin the next decadé& hiswould be driven by the production of EVs at
scale (compared with ICEs that are algeBdingmanufactured in the milliopsby

fuel/power costs antthe simplicity of EV$which have few moving parte servicecompared
with ICE vehicles(Lacheet al,2009) The US Department of Energy has announced that the
funding distributed under thieecovery Adis on track to achieve EV battery costluctions

by 70% between 2009 and 2015, putting lifetime EV costs on par witk¥Xen

Figure 3: Total cost of ownership: BEV vsICE
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Basedon an &eragecar, owned for 4 years, driven 15,000km/y:

Source: Wyman (2011).

The UKCCC (2010 x pect s t hat the significant roll out
EVs will be cost effective compared with ICER Australia, AECOM has suggestethat in

2010, the lifetime cost of small EVs was about the same as for ICEs (due to the fuel cost

savings over the vehicle life?.

A key consideration in relation to the competitivenesg\é is not just the purchase price

but the performance and aftability of battery technologyelectric katteries have lower

energy and power density than fossil fugiEA, 2009) Key battery challengdsr EVs

include cost, ranggeak power andurability/longevity includinghow many

charge/discharge cles arepossible These issues are being addressed by OEMs and battery
manufacturers.

5 UK Committee on Climate Change, 2010
® Department of Environment ai@limate Change, 2009
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Batterly costs have beenmaajorbarrier to thevidespread adoption of E\e date
Researchers are in wide agreement that battery costs will fall dramaticaiy) by bette
battery configuration, density, and scale of manufacResearch suggests current lithium
ion battery pricesost upto $1000/kWh in 2010, althougdreperhaps selling at volume at
prices much lower than thislemry, Leduc, &ufioz (2009) noted that théS Department
of Energygoal is $250/kWh in 202\ possiblebattery cost trajectorig shownin Figure 4.

Figure 4: Declining battery costs
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Sources: UKCCC (2010), Lache, Galves & Nolan (2009), IEA (2009).

Assuming a miglange batteryrice trajectory, the costf a 25kW battery system for a mid
sized EV with a 100 mile rangeould fall from US$16,250 to US$8,125 including
packaging, battery management system, warranty cost and 30% gross(lreriyaet al
2009. Such price trajectdgs, if achievedshouldhelp EV markepenetration, evewithout
any dreakthroughdin battery technologysuch as ultra&capacitors)Another aspect of
battery affordabilityand hence EV affordabilitys financing. The high ufront costs of
batteries could be avoided if they weeparatedrom the vehicle purchase price, for
example, if batteries were leased=d owners.

Thecharge network provideBetter Placeplansto providea pool ofbatteriedirectly to
consumes using a financing arrangement structured \thigtn companysE, andrecoupng the
battery andngoingrecharging costs through a fixed subscription fee. These batteries could
be recharged by the EV owner, or exchanged foll dditery at a battery swap station.
However, sme OEMs have been critical dfattery poolin@ citing safety and warranty
issuesAn issue here is thatlttery technologgppears tte key IP fosomeOEMs, and this
IP maycover not just the manufacture of batteries, but thmirbattery management system
for charging and discharging the battea®EMs may thereforepe hesitant to embraee
commoditisation of batterigbit involves giving away IP advantag@egardlesgjiven that
vehicle financing is commonplace, itrsasonable to expetttat OEMs could providetheir

own batteryfinancingalongsideheir existing vehicle finance deal&ither way, such
developments should help to overcome the upfront cost.

Range anxietys a key issuén relation to the adoption @&Vs, that isthe fear of running out

of charge migourney This can be overcome by several meamgroving battery
performancethe availability oftvisually reassuringpublic recharging infrasucture in-

vehicle displaysandpublic education about the fit betweenvitrg patterns and vehicle

range To demonstrate the variable nature of potential raingeMitsubishi-Miev can travel
100km on a full chargehile the Tesla Roadster can trad@€lOkm on a chargén fact, the

Tesla Roadster has driven from Alice Springs to Coober Pedy, 501km, on a singl€ charge.

"Tesla, 2009
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These vehicles could provide for @veragémotorist in Australiafor example,n 2008/09
theaverage motorist iBydneytravelled55km per dayNSW Government Transport, 2010)
Xu and Milthrope (2010) noted that f2006, the average Sydney commuting distance was
17km (one way), with around two thirds of commuters having a daily roimtb work of

less than 75knGiven theseavelage journey distances travelled in Australian cii&s range

is unlikely to be an issue fonost driverson most daysInternationally, the situation is

similar. In the UK, 97% of motorists drive less than 80km/day; in Europe 80% of motorists
drive lesghan 25km/day; in the USA, 85% of motorists drive less than 100knilidAy

2009)

While supplyside market developments hawercome many barriers to EV adoption, other
issues remain. These include a lack of stand&wdexample, different vehicles have

different plug types, hich createsa recharging issuy¢here is also uncertainty about whether
charging cables should come with the car (as they do with EVs now) or whether they should
be part ofa charging unitOthe potentialissues involveheinteroperability(or otherwise)
between different charge network staticamgilability of battery materials (rare earths and
lithium), and vehicle and battery safety concerns

4. How green areEVs?

The arerage petrol vehiclen Australian roads today prodwsasver 25 kg C@e per 100 km.
New vehicles tend to be more efficiefdr examplethe new Holden Commodore and the
new Toyota Corolla prode@3 and 18 kg Cé per 100 km, respectively. Very efficient
petrol cars€.g.Honda Insight) and hybrid petrol/electric cars (e.g. Toyota Prius) produce
around 10 kg C@ per 100 kmaround60% lower thartheaverage petrol cér

The greenhouse gas emissions associatedBM#will vary depending on how the electricity
isgenerated Char gi ng EV s20l0a/érageggentmaton nmvdl prodacé s
around 18 kg Cé&2 per 100 km of drivingabout35% lower tharanaverage petrol carlhis

is roughly equivalent ta newmidsize petrol sedan or hatch such as the Toyota CoBoita.
this is beside the pointthekey issuéhereis switching travel from petrol into electricjty
because wer thevery long run, electricity is likely to decarbonise at a faster rate than the
petrol fleet. To be surdowever, this should be considere@entennial visiod not a

problem to be solved in the immediate teRegardlesdrigure5 shows the estimated
greenhouse gas emissions fronarging EVs using grid electricity in 2020 (approximately 10
kg COse per 100 km of drivingBeyond 2020 it is difcult to project the greenhouse
intensity of grid electricity; howevaet is reasonable texpect generation intensity to continue
to declineover the very long run

EVs that are charged usiagcredited AGLGreenPowe(asat 2010)would produce 2 kg
COse per 100 km due to losses from electricity transmission and distribution, a saving of over
90% compared to the average vehicle.

8 These figures have been derived friural consumptiordatafor new cargpublished by the Commonwealth Government on the
Green Vehicle Guide websigand by the ABS (for current average petrol vehiclasjithescope 1 ad scope 3 greenhouse gas
emission factors for gasoline published by the Commonwealth Department of Climate Change and Energy Efficiency in the
National Greenhouse Accounts Fact@ialy 2010).
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Figure 5: Greenhouse gas emissions from driving various vehicles
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SomeEV supporters argubat policyshouldbe set to require some, or all, of the electricity

used to power EVs to be sourced from renewable generation in order to achieve the maximum
greenhouse emissions saviktpwever, ve do not believe tha mandatorgpproachmakes

sense when RenewableEnergy Target (RET)and other mackevel carbon policies exist

There may be other ways to significantly reduce the carbon emissions associated with
transportwithout adopting EVsFor example, igsel derived from algae hasichlower

carbon emissions thatiesel derived from petroleurA. uniqueenvironmental advantage of

EVs is that they have zero tailpipe emissions, and therefore do not contribute to air pollution
or Gmog Over time, high EV uptake could significantly improve air quality in urban areas.
While thermalelectricitygeneratiorhasair quality impacts, these are concentrated at the
places of generatiomhich typically have low population densities.

5. Modelling electricity demand from electric vehicles

There are currently around 11.5 millipassenger vehicles on Australian rqadsh afleet-

average age of 10 yedisBS, 2008, 201Q)Figure6s hows t he age profil e
passengevehicles. Around 40% of passenger vehicles are more than ten years old and 8%

are more than twenty yesold.A u s t r stowvelsctewirnover rataneanghat any

technology improvementatroducedn new arswill take several years to show noticeable
change acroghe general vehicle population.
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Figure6:Age of Australia6s’® passenger vehicle

Proportion of

Vehicle Fleet
25% -«

20% §-

15% {---

10% 4

5% 1

0% -
Lessthan4 4to8 8tol12 12to16 16to20 20to30 Morethan
years years years years years years 30years

Age of Vehicles

SourceDCCEE (2011).

New car salesary from year to yeareflecting broademacraconomicconditions In 2009,

newpassenger vehickalesn Australiadroppedby over 9% yearon-year, beforerebounding

by 9% in 2010.0Over the past ten yeaitsend growth in aw vehicles has been running at

aboutl% per annunfABS, 2011) Thisreflectsi ncr eases i n Awowthial i ads poc
vehicle ownershipas well as turnover aktiring vehicles

Availableprojections ofEV sales vary enormously, from remaining very low, to making up

surprisingly largeproportiono f  Austr al i ads pass¥enfgesastngehi cl e f
the uptake of a new technology is always fraught and, to complicate matters, some published

outlooks have been carried out by parties wditect andvested interests. We do know,

however, that all of the major car companies are develdpifgyandsomehave business

plans for EVs to comprise 1Z6% of total sales by 202With this in mind, wenitially

modelthreescenarios

e Ourigh UptakéscenarichaskEV sales ramping up to 20% all thewdpassenger
vehicle sales 2020 and continuously growing to 5082030, which translates to
about2.7 nillion EVs on the road in 2030;

e Our@ediumUptakéscenarichaskEV sales ramping up more slowly to 25% in
203Q which translates td million EVs on the roadly that time; and

e Ourd ow UptakeédscenarichasEV sales remaining below 5% until 2030 which
just 250,000 EVsare expected to bmn the road.

For all scenariosye assume that new car sales continue to incraaisistoric trend growth of
1% per annuno 2030 Thespecified proportion of these new car s¥lase assumed to be

EVs (BEV and PHEV), with the remainder assumed ta bembination o€onventional ICE
vehicles, HEVs andny other nofEV technologies. All EVs are assumed to have a useful life
of 10 years(i.e. retired in theid 1th year)which is consistent witthe currentaverageage of
Australian passenger vehiclested inSection5. Some parts odEVs may last longer than

ICEs because they have fewer moving pdmtsvever, battery performance may suffer before
the10-year markThe uptake and turnover, and hence legacy issues dtviaars isbeyond

the scope obur analysis

° Data correct as of mi009
10 Excludng Sports Utility Vehi¢ e s , utilities, vans, trucks and buses (and all ve
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Our modelling has only considered talp ratesof passengeEVs. While some car
manufacturers are developing small commercial EVs (e.g. vans), the vast majérity of
wheeledEV models currently available or in development are passenger velideto not
consider this as fatal to our subsequent results bepassenger vehicles comprise almost
80% ofthe vehicle fleeandso in early years, EV uptake is likely to be driverttoy
passenger vehicle sector.

Figure 7: EV uptake scenarios in Australia
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ABS datareveals thain 2007, business vehicles compriseder3.5 million cars on
Australian roads or 31% of the total passenger vehicle flbetAustralasian New Car
Assessment PrografANCAP) estimates thajovernment and corporate vehicle fleets
account foraround 50% of new car salesAustralia As a result, fleet vehiclprocurement
decisionsare likely to play avitally important role in EV uptake for a variety of reasons
including business and goverant environmental targeésxdeconomic savingPecisions
onwhether government fleet cars will be EVs will affect onlynew car salegut will also
flow through to the used car market. For example, the Goverroh&#t (2010) notedhat
over onethird of the registered 1,600 hybrid vehicles in SA were once part of its fleet.

Our scenarios need to be consatbwithin the context of @sting researchwhich suggests
that ICEscouldrepresent less than half of new vehicle sales from the middle néxte
decade, and that the currently popular hybrid vehiclesiwiteality, onlybe an interirsstep
technologyas Figure 8 notes

Figure 8: Possible introduction of Electric Vehicle*
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Other research backs theview thatHEVs will continue todominatethe nonlCE marketto

2015 givertheacceptance of current modé¢ésg. Toyota Priu¥. After 2015 thegrowth in

HEVs couldslow, giving way toEVS, driven by fallingbattery costaind arisein fuel prices.

By 2020,Lacheet al 009 argue thatEVs couldrepresent 1112% of US market sales, and
20% of European sale@ttley (2011)arguedhat while only 112 fully electric vehicles were
sold in Australia in 201Gherecouldbe 109,000EVs on Australian roadsy 2020, and 3.4m

by 2030, in line withour Hgh Uptake scenaricAnalysis byESAA (2011)forecasthat there

will be up to 7,000 EVs on Australian roads by 20413d that globally by 202&Vs will

comprise around 5% of cars on the road, increasing to around 15% by 2030. These figures
track betweemur Medium andHigh Uptake scenarios for Australia.

In addition to forecasting sales of new vehicles, a critical variable requiring estinsatien
amount of power each EV is likely to requi@EMs are developing a variety of EV models
with differentpower requirement€Compact and hatch cars tend to be small and light and, as
a result, are more efficient than fsized sedans. For the purposeswfanalysis, we have
assumed that a mix of large and small EVs will be taken up in Australia, with an average
energy consumption of 170 Wh/krh

Table 3:Battery specifications for a range of EVs

Vehicle Battery  Energy E:\rnge Annual A”Zﬁrggge 0

Vehicle tvoe capacity consumption charge electricity Off-
yp (KWh)  (Wh/km) (km)% use (MWhj?® ceak  Peak

. ... Plugin

:\_"l\'}nsé‘\tj'ﬁh' Electric 16 125 150 1.8 $189  $798
(BEV)

Tesla Plug in

Roadstel? Electric 53 231 394 3.3 $349  $1475
(BEV)
Plugin

Chevrolet  Hybrid

Volt™? Electric 16 224 80 3.2 $338  $1429
(PHEV)

Nissan Plug in

Leaf® Electric 24 211 161 3.0 $319  $1349
(BEV)

We noted at the outset that w&pectthe EV market will consist of a mixture of BEVs and
PHEVs.Regardless of the typ# EV, it is likely that the vast majority of all kilometres
driven in EVs will be electric, since the daily use of vehicles in Austratiauallywell
within the electric range of most EMs. this analysis, we have assumed that 90% of all
kilometres travettd in any type of EWill be electric gvhich in turnallows for thenon
electric component adll PHEV vehicleswithin the EV flee}.

According to ABS data, the average passenger vehicle in Australia travels 14,300 km per
annumWithin this aggregate rivately owned vehiclegypically drive furtherthan business
vehicles {(e. 15,900 km vs3,900 kmpa). When considering systemide effects of EVdor

the purposes of assessing future thalfirly electricity load impactsve have assumed that

2 This figure is based on a 50/50 mix of large (approx 220 Wh/km) and small (approx 1R@)\E#V adoptionlt takes into
account the likely improvement in battery efficiency that EVs will achieve over the scope of this paper (t@f2038sumption

is conservative as we did not want to estate the impact that EVs would have on the NEM.

13 Rates of energy consumption, ranges and battery capacities for each vehicle have been sourced from Australian and US
Government Fuel Economy labels, and manufacturer specifications, respectively.

1 Maximum range per single charge as published by OEMsahdtiving conditions may not achieve these ranges.

> Based on driving the Australian average distance for passenger véhiglestric modé14,300 km per annum)

6 Based upon 2011 electricity regulated tariffs in NSW; Peak electricity: 44.66 centafid\dffpeak 10.56 cents/kWh

7 Mitsubishi Motors, 2011

'8 Tesla Motors, 2011

Y General Motors, 2011 based on city driving (may be | ower than the O6theor e

2 Nissan USA, 2011
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they will bedriven the average distance of 14,300 km per annum to account for the mix of
business and private vehicl&®ghen assessing the impaatsdbasis of individual residential
electricity consumers, we have assumed that their vehicles will travel an avet&g@06f

km, since they are likely to be private vehi¢lesmarily charged at home.

For an average private EV travelling 15,900 km per year, we have assumed that, on average,
EVs will travel 45 km per weekday and 41 km per weekendrdagh has beeaxtrapolated

from NSW Government travel survey datéis means househokVs will consumean

average of 7.6 and 6.9 kWh per day, respectivelys isequates to an additional household

load ofapproximately 2.7MWh/year.

The volumes and costs of electyciequired to operate each EV for a year includetaible

3 compare favourably to ICE vehicldsutonly when EV charging occuduringoff-peak

periods (we assume, quite crucially, that all EV owners are required to install a smadtmeter
the home andefault to a Timeof-Use Tariff’). An averagmew Toyota @rolla requires
approximately 1,000 litres of petrol per annum, which at current petoals$1.44 per litre)
would cost around $1,500his cost is comparable to charging EVs at peak tibasng off-
peakperiods however, significant savings can be achieved with all of the listed EVs having a
fuel costat least75% lower than the new Toyotaotblla. Put another way, for one Australian
dollar spent orfuel/chargingcosts (not capital costs) Toyota Corolla can travel 10km, but a
Mitsubishi EMIEV can travel up to 7&m usinganoff-peaktariff (or 18km assuming peak
tariffs).

To complete our analysis on how EVs will impact on the electricity market, assumptions
about when chargingccurs athe household levélave also been developelh particular,
our analysisconsidergawo charging scenarios:

e 0Conveni en omeredtivars ogn recigaége their vehicles at any time when
they are not drivindi.e. charging patterns are the inverse of driving patteiie
6convenience chargingd scenario has been co
Government 2002009 Household Travel survey, which represents driving patterns
that are broadly applicablerass Australia.

e Off-p e a k ¢ h which ¢ouldyafise ifirivers are incentivisethrough Tinme-of-
Use tariff structuresupported by smart metering technoldimgeluding dynamic, or
Critical Peak Pricing structur&sto charge their E¥during oftpeakelectricity tariff
hours or at the very least, to avoid charging during critical system evemts
simplicity,the -pefhk chargi ngd alEWdhargingwilllles sumes t ha
evenly distributed across tléf-peakhoursbetweerilO pm and 7 andaily.

2 Time-of-Use (ToU) is an electricity pricing structa which allows customers to be charged different prices depending on the

time of day the electricity isconsumédo U pri ci ng encourages electricity users to shi
demand periods when electricity is more expensive,lve cheaper -pseh&dl ger 6 odthsffsare®f mpl e ToU
already in use in parts of Australia (including New South Wales and Victaiigye there are set prices charged at defined

6 p e askhdo,u | & e rpde aakndd poeorfifdalp rofci mlge iday.aci |l itated by the installati
which measure electricity consumption on a-aléirly basis.

2 Critical Peak Pricing (CPP) is a specifioU price structure, whereby for most of the time, simfoé) tariffs apply (i.e. peak,
shoulder and ofpeak), except for certain days during the wehen demand is exceptionally hi¢drenerally very hot or cold
days) when (sometimes much) higher prices are impad$exdcritical price can occur for a limited number of daysyloen the
system/market meets certain conditicd@BP intends to strengthen the reale price link between the wholesale and retail
electricity markets to strongly encourage electricity users to shift load from critical peak periods where, pdssibie turn
will reduce demand during periods of system stress, and avoid electricity shortages (i.e. black outs).
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Figure 9: Electric vehicle charging timeassumptiors
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An average residential customerAru s t r NEM istates surrently uséetween &and7

MWh of electricity per yealWe noted earlier that wheeam EV is driveriL5,900 km per year

the average distance for privately owned passenger vehicles in Australia, it will consume an
additional 2.7 MWh each year. Ownership of andevildtherefore increasanaverage

h o u s e klectrigtycensumptiorby up to40%*

We have made use of theusehold load data from Simshauser and Downer (20Fiyume

10, and have combined this with EV loadstwow how daily household electricity demand is
likely to change for EV drivers, assuming th#tEV charging is done at hongat 10 or12
amp®), and that charging is conductedmarily duringoff-peak periodsis consumers

respond to price signal¥helight section of the chart shows existing consumption for each
period throughouan averagéay. The darksection shows additional usafge an irdividual
householdrom anEV, for charging beginning at midnight with the battery requieingund
3hours to fullyrechargef r om t h e a v e r Bhgdarklideashovstheexistingi n g
demand for each period of the daythe daywhen the householdak its maximum demand
during the year (typically a very hot or cold day).

While it is true that b an average day, charging is likely to create a new daily peak for
individual household with an EV, of critical importance is the fact ttids newaverage

daily peakremainsbelow the maximunpeakdemandor an individualhouseholdluring the
year. Additionally, this incremental demand would only apply to those households with an
EV, which even in a high scenario would only account for roughly one household in four.
Thesedfindings arevery significantand underscore the notitimat thereshould bemore than
sufficientexistinggenerationtransmissioranddistributionnetwork capacity to managech
spikes, providedthat the combination of smart meters and critical peak pricing form part of
the energy market policy fabric for EV ownef® be sure thagh, such an outcome is
dependentipon households with EVs installing smart meters and adoptibigoricing, and
even with this, there may well be localiséat-spot®in streets where EV uptake is
concentrated at rates greater than societal avehages an asidecommercial andndustrial
loads have verystrong influence ovesiggregatesystempeak demandn an average day

% Esaa (2011) quotes estimates that a Chevy Volt and a Nissan Leaf would increase average US residential consumption by 13%
and 19% respectivel According to the US Energy Information Administration, the average US household uses 11 MWh per
annum. Drivingl5,900km in a Chevy Volt (in electric mode) and Nissan Leaf will consuré&®Vh and 34 MWh,
respectively, increasing US household consuomptiyaround30%.Hence the data quoted in esaa (2011) must refer either to
annual driving distances well below the Australian and US averages, or to households with much higbéy émangy
consumption than the averageassume the bulk of EV chargingl occur outside the home
% The Smart Grid Smart Cityroject has found that MitsubishMIEVs are drawing 12amps from a 15 amp plygresentation
given at the National Smart Grids Forum, Sydney, September.2011)
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which is whyour subsequent modelling demonstrates tieat household pealarenot a
materialproblemin aggregatéor generatbn and transmission capacity

Figure 10: Individual h ousehold demandvith EV charging®
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Typical private drivers will not require faster home charging in excess-d2 Hinps (2.4

3kW). The analysis that follows assumes faltanecharging does not occudowever,

charging in excess of 3kW cannot be ruled out, since OEMs and charge service providers are
making such vehicles and infrastructure availaigher charge rates could obviously

adversely impadhe individual household load curvekigure 10 Corversely, if for example

only 1 in 4 households has an EV, then in reality, the incremental EV load could be reduced
by ¥ when assessing whole of power system capacity impacts.

Following the analysis through to the whole of system lekeljritroduction oEVsis

unlikely to have anynaterialeffect onthe load duration curve for the NEM by 2030, even if
EV adoptionfollows our Hgh Uptaketrajectory. Total energydemand in the NEM in 2020
would beonly 0.3%higherand less that.®6 highe in 2030asa result ofa High EV Uptake
scenarioln short, yeaon-year fluctuations in weather are likelyitopact future expected
energydemandmuchmore significantly than EVever the medium term

Theload duration curvein Figure 11showour projections oNEM aggregate demand under

a Hgh Uptake of EVs in 203MNon-EV demand in 2030 has been predicted by extrapolating
underlyingdemand in 2002010 by 2.1% per annum (in line with the medium growth
scenario in AEMOOs ri@dnlis) St atement of Oppo

When charging is conducteldiring off-peakperiods EV charging does not contribute to
peak demand, but insteasl concentrated during periods when demand is loviég in turn
has quite a beneficial effect; it improvd® overallutilisation of electricity infrastructure in
the NEM by around percentage pointn other words, the adoption of EVs may lower unit
pricing through an improvement in the capital utilisation fa¥hendonvenience chargiig
occurs the additional demand $pread more evenly throughout the yaad marginally

% Underlying load dta sourced frorBimshauser & Downer (2011).

% simshauser &owner (2011) found that an increase in household load factor by 11.5% could reduce residential electricity
bills by up to 12% due to improved system utilisation. In 2030 the High Uptake trajectory for EVs could improve thealesidenti
load factor in th&NEM by over 2.5% (assuming off peak charging) which coeéderis paribusnoticeably reduce unit prices

for all electricity consumerBased upon a wholesale energy market saving of $1.50/MWh, total savings to electricity consumers
could be as high as 8 million per annum by 2025.
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increagspeak demand. In this case, the utilisation rate improvements are still present, but are
lower than wherff-peakcharging(as may be incentivised by ToU pricirig)employed.

The results ifFigures 11 and 12 would occurEV charging wasvell distributedacross the

specified hours for either offeak or convenience charging (as per Figure 9), rather than the
coincident charging that would occur if all electric vehicles were switched @hdoging at

the same timdf in 2030, all electric vehicles in the High Uptake trajectory were charged at

the same time (commencing at 10pm wherpefk tariffs begin), the charging would not

create new annual peak demand, however the chargingwoulddes f i cant l 'y &dpeaki e
shown in the Figures 11 and This would be a worstase scenario, assuming complete

coincidence of all vehicle charging, and that neigrets nor households become any

6smarter® at managi ng d &hsaemduniikelyelnthegshoge next 20
term, the issue of coincident charging will be less probleraatim aggregate levdiecause

there will be fewer EVs requiring charging, and hence a lower power demand during

coincident charging.

Figure 11:Impact on the NEM load duration curve in 2030 of high EV uptake (L:
convenience charging; Roff-peak charging)
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Stripping out nofresidential demandhé followingFigure 12shows how residential demand

in the NEM may be affected by théigh Uptake of EVs in 2020 and 2030.2020,High

Uptake of EVs would increasggregateesidential demand in the NEM by 1%, increasing to
5% by 2030. In 203V edium and_ow EV Uptakescenariosncrease residential demand by
approximately2% and (6%, respectively.
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Figure 12: Impact on the NEM load duration curve (residential demand only)of high EV
uptake (Clockwise from top left: 2020 with convenience charging; 2020 with offeak
charging; 2030 with offpeak charging; 2030 with convenience charging)
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Table 4Summary of EV impact on NEM and resicential demand in 2020 & 2030

2020 2030
Scenario EC\(/)EE;::';% Increase in| Increase in| EV Electricity | Increase | Increase in
per ann?Jm NEM Residential | Consumption| in NEM Residential
* *
(GWh) Demand Demand (GWh) Demand | Demand
High 790 0.3% 0.9% 5,300 1.7% 5.1%
Uptake
Medium o o o o
Uptake 260 0.1% 0.3% 2,100 0.7% 2.0%
Low
110 0.05% 0.1% 500 0.2% 0.5%
Uptake
* In NEM regions
6. What i f weThe shocksceaania

Acknowledging that forecasting the uptake of any new technology is often wragséful

to consider what factors might artificially alter the pure -tstefit analysis when buying an
EV to see ifsuch actionsvould materially impact our view of the impact of EVs on the NEM
Factors that might alter the economics of EV ownerdbgpond technological advancement,
might arise frongovernment policy or mandates

¢ The Federal Government might introduce EV subsidies or tax bieaitsas
removing import duties or sales taxes on electric vehi€les.US government
provides a federal tax credit of up to US$7,500 for eneffjgient carsandthe UK
government announced a US$8,200 subsidy for the purchase of EVs from 2011
(Credit Suisse, 2009)
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¢ The Federal Government could introduce strict vehiclesgion targets or mandates,
not only for CQ but for ICEparticulateemissions that reduce air quality, accelerating
the turnover of the vehicle fledturthermore, government cowdtimulateEV uptake
by mandating that all government fleet vehicles leetdk. The Chinese government
provides a subsidy of US$8,800 to public services and taxi companies for purchasing
EVs; Paris and London also have E¥dt plangCredit Suisse, 2009)n May 2011,

US President Obamaissuedamor andum stating that, by the
light duty vehicles leased or purchased by [government] agencies must be alternative
fueled vehicles, such as hybrid or (Thel ectric,

White House, 2011)

e Governments are also offering research funding for electric vehicles: the Chinese
government is providing US$1.5bn to auto companies to develop new EV engines;
the US government granted US$2.4bn to support next generation EVs andflopns
to US$8bn to various compani@redit Suisse, 2009)

e Market incentives could combine with government incentives to encourage EV
adoption. For example, an oil shock would drive up petrol and diesel;prices
electricity retailers could offer very attractive gfeak tariffsto households with EVs

If anyor a combinatiorof these incentivearosea 6 s h o ¢ kmayg bee@mealausibkzid

addition toour High, Medium and_ow Uptake scenario®©ur shock scenario h&d/s

makinguparound2 0 % of Australi ads pa(andeontigungtovehi cl e f |
grow to over 50% of the passenger vehicle fleet by 2@313 to the existing vehicle fleet,

EV sales would need facreasadramatically to around90% of new carales by 2020 to

achieve thiswWhile this may appear unlikelgand difficult due to vehicle supplythis

scenario is within the envelope of predictions that have been made by consultants and

technology proponents for Edftake.

Figure 13: Electric Vehicle uptake inAustralia, including a shock scenario (R EV as a
proportion of new car sales; Number of EVs on the road)
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The shock scenario would change the shape of demand in the NEM in a much more
significant way than any of the other scenariBy.2020, total daand in the NEM would

increase by 1.8% and residential demand in the NEM would increase by 5.5%. These figures
increase to 4.2% and 12.7% respectively by 2&%@n with EV chargingccurring only in
off-peak periods, the load duration curve for residential demand will have its shape changed
considerably by 2020, and completely by 2030.
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Table 5:Summary of EV impact on NEM and residential demand, shock scenario only, in 2020 &

2030
2020 2030
Scenario %\éiﬁﬁg”;g Increase in| Increase in| EV Electricity | Increase | Increase in
per annpum NEM Residential | Consumption| in NEM Residential
* *
(GWh) Demand Demand (GWh) Demand | Demand
SShOCk. 4,600 1.8% 5.5% 13,200 4.2% 12.7%
cenario

* In NEM regions

Figure 14:Impact on the NEM load duration curve under the shock scenaripin 2020 & 2030

EV uptake is unlikely to require significant investment in new generatidtransmission

network capacity, so long as EV drivers can be sufficiently incentivised nbatgectheir

vehicles at peak timgbecause at the aggregate system level, EV charging will not create a

new peak demand (even for this 6shockd scenar.i

Even if all EVs from the shock scenario (6.8m vehicles by 2030) were to hit the NEM on the
highest winter demand day in 2009/2010, residential demhardg EV chargingvould still

have been lower than the peak that day, prouwnbecharging occurred dugreritical peak

times. This is demonstratenl Figurel5, for whichwe have assumed that the charging of the
6.8 million EVs(for their average daily drivindgs evenly spread across npaak hours

(10pmto 7am). Furthermore, the utilisation rate of thigrastructure would increase, which
would help to drive down the unit price to the benefit of all electricity users. This is a positive
market externality that should be considered by policy makers.

Pagel9












