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Executive Summary

TheAEMCElectricity Forecastimgjghts repgatovides electric vehsdesumption forecast205@or the
National Electricity Market (NEM), and for each NEM region.

While electric vehicle uptake in Australia is still vemplomasghy 0of annual vehicle sglethe
combined impact of price declines in battery technology, the increasing introduction of new EV models int
market and both government and industryisegpedted tiverisinguptake over the ngftyears.

AEMO has commissioned Energeia to prepare an Electric Vehicles arsigiatsipaibesscenario
assumptiorsf AEMOO& s r e cr/ElectridityForpocadhirlg insighte sgptbe basis for an impact
assessment of the introducfi@lectric vehicteBAu st r al i ads el ectricity sup

Over the course of ZAEMO will monitor feedback on this repootitane: a wgokograno enable the
inclusion of el ectric ndelanninglpwloatin0IA EMO6s maj or

Scope and Approach

The Electric Vehicle Insiggyer providésn e r g e i a 0 s forecastsofeEN uptake ioaeach degion of
the NEM and the corresponding impactuzh electricity consumptiarimum and minimum demand
becausefcharging of EVs from the grid.

Energeia has usedaisrttgeneration EV forecastingmogield at ed t o scenaripbasedi t h AE
assumptions regarding electricity prices as well as market and policy settings, to derive the results.

Results

The fotiwing sections reports on the restksnaddle scenario. Results for the high and low scenarios are
provided iBection 4

EV Uptake

EV sales within the National Electricity Market (NEM) are fored@3D@0xedities per annunbgp
or36.50fnew vehickkalesundeA E M @déusasensitivifyincreasing to 1.58 million or 90% of new vehicle
sales by 2058 a resytbtalEVson the road are forecast to i@asl.56million at3.26 oftotal new sale
vehicles by 2683noving to 13.68llion or 61.5% of all new vehicles sales bg 206@/n Rigurel.

Figure 17 EV Uptake (NEM, Neutral)
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1ClimateWorks Australia; The state of electric vehicles in Australia; June 2017
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The difference between the perceniagesold anthe percenta@®s on the road is due toatrerage
length of time before Australians retire their vehicles, which currently stan@yexdrjgst over 2

The main drivers of increasing adapti®over tinage risingVmodel availability, elimination of purchase
premiums and falling bastienage costs.

The variation in vehicle stock forecastsrdhigure? isdue tdhe relative differential between petrol prices

and electricity prices in each si#t®LDhaving the greatest differeht@to its relatively low cost
controlletbad targf

Figure 217 EV Uptake by Region (Neutral)
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EV Consumption

Energeiabs consumpti on f BVsteconaume arowdtdd@Vh ofgrile mi d d |
electricity per year by 2088easingtal consumptionby ar®@®@ compared t o AEMOOGs
primary load under the nasgreditivitygs shown in Figikelow.

Figure 31 EV Electricity Consumption Compared to Insights Forecast (NEM Operational, Neutral)
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2 AB39208.0 Survey of Motor Vehicle Use, Australia, 12 months ended 30 June 2016
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EV Maximum Demand

Energeia forecashoficoincidergggregateVmaximum demaloygl regiors shownn Figure 4 below.
Ener gei adpsnsesftexibéelectric welycle load to avoid contributing to network and system load.
This means tHgxibleslectric vehicle peak demand is likely to occur after the typical evening peak.

Figure 417 EV Maximum Demand by Region (NEM Operational, Neutral)
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Electric vehicle charging optimiappbes to home charging of passenger vehicles and workplace charging ¢
commercial vehicles. Fast charging is not assumed, via the charge control system, to manage demand, &
valueof the service is the speed of the recharge.

Impact on Maximum and Minimum Regional Demand

Despit¢he increasen consumption and |l oad from electric v
demand impacts as being limited to fast chaiggggnemb only. Flexible home and workplace charging load
is able to be orchestrated to avoid contributing torrststerk peak demasshown ifrigures below.

Figure 5 - EV Charging Load by Charge Type (NEM, 2036)
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With respect to the impaceofrig vehicle loadmimimum demand Ener gei ads model | in
chargingncreasinginimum denreven as it shifts to the middle of the day due totdotae BWarging

of nocommuter vehicles is also expected to increasedamiamgimWorkplace charging of commercial
vehicles is not expected to impact minimum demand once it shifts to the middle of the day.
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1 I ntroducti on

1.1 Background

TheElectricity Forecasting Insights pepuides electricity consumption forecasts epeard@ecast

period for the National Electricity Market (NEM), and for each INRULegEFR considered the
impact of uptake of electric vehiclesdiE¥s)first time&a the Emergifigchnologies Paper accompanying
the 2015 NEERO016 was the first year that an Electricity Forecasting Insights report4was prepared.

AEMO has commissioned Energgidate thElectric Vehicles Insigbport in 201@take account of key
developmentn the electric vehicle market since the 2016 report was published, including unforeseen change
in the availability of the most poputasdeléncluding the Mitsubishi Outlander and the Nis$aisLeaf

year, the scope has also been expandedi®donimercial and DC fast chaetiittes

AEMO usghe Electricity Forecasting Insightsaregdgsis as the starting point for monitoring the emergence
and use of electric vehicles in Ausssaliall aan input to its modelimeggration stedand the 2017
Electricity Forecastimgjghts

AEMO will monitor feedback on this report, and will contprnog@amddkdevelop this analysis to enable

the inclusion of electric vehicl esl7iAfutheE MOG6 s maj
objective is to provide recommendations as to how the EV forecasts may be better iEtegrasitst into the
Forecasting Insights repdttture years to continually improve forecasting accuracy.

1.2 Objectives

The primary objectbféhisElectric Vehicles Insights papaneduce the potential forecasting uncertainty
within the maftEMdoreasts with respect to EV uptake by providing a specialist forecast of EV uptake and
charging demand over time.

Specificallyhe papgurovidsfarecasts of EV uptake for each region of the NEM and the corresponding impact
on annual electricity consumption and maximum and minimdue dehengihg of EVs from the grid.

1.3 Scope and Approach

The EV forecasts cdasimpacts frdeVs taken up wittlie passenger veharheicommerciakctaos,
excluding (heavy) articulated trucks and speciality vehicles such as buekeasaager sector includes
passenger cars ambrt utility vehicl&@hecommercial sectocludslight commercial (vans and trucks),
busesand rigid vehicl&V forecasts include both battery electric vehicles (BEVis) laytariplvghicles

Battery Electric Vehicle (BEPowered only by energy stored in batteries with batteries charyg
plugging into the grid.

Internal Combustion Engine Vehicle ([IGpresents most private vehicles, powered by a sta
internal combustion engine using petrol, diesel or gas.

Hybrd Electric Vehicle (HEMombines both an ICE with an electric engine. The electrical ef
stored in a battery that is charged by the internal combustion engine. Battery capacity is ge
Vehicle propulsion is a mix of the ICE aiwezlgate, but is predominantly powered by the ICE
not take energy from the electricity grid.

Plugin Hybrid Electric Vehicle (PHEZpmbines both an ICE with an electric engine. Electrici
is stored in batteries by plugging into tWelyjalkk propulsion is a mix of the ICE and electric en
is predominantly powered by the electric engine. The ICE is used to extend driving range b
capacity for longer distances and to recharge the battery itself.

3Emerging Technologies Information Paper, National Electricity Forecasting Report Published: June 2015
4 AEMO Electricity Forecasting Insights 2016
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(PHEVS) to the extent that they utilise the grid for charging. Theliotedadis@electric veh({el&y/s)
whit do not charge from the grid.

Energeia has usedatsrtigeneratioBV forecasting mo@kedscribed furtheSiectior2), updated to align
with AEMOOG6s assumpti ons r e gnapoticy setngsdérieedhe resultsi t y pr
Further specific EV assumptions were set in conjunction with AEMO as desc3ibed in Section

1.4 Limitations

The EV forecasts contained throughpapthése independent of the BasklTorecasts. That is, there is
no feedback loop between the forecasted EV uptake and the corresponding response from networks, retaile
the wholesale market.

Furtherthereare a range of future possibilities asEYhoads will be priced andhe®&V market will

integrate withe electricitgarket and it is foreseeable that tariff products could evolve to encourage increased
charging of EVs during solar gendraéisithis analysis assumes initial EV tariffs for home and workplace
charging reflect controlled load tariffs, which will be orchestrated to ensure they minimise peak demand imp

There is also likely to be some degree of interaction betwestatolari¥attery storage and EVs at
residential and workpjaenises. While AEMO has separately undettelRe¥rnand battery storage
forecasts, these have not been integrated with the ENhfthriscpafer

The forecast®veEV chargirigadsat homéor passenger vehicles and at bukinagsnfor commercial
vehicles. They also c@@&fast chargirigads to serve lamgul commercial vehicles like busses and
articulated trucks, as well as passenger vehicles that are expecteattessthatizeet parking based
home chargers, such as second and third vehicles in a given household.

Thehousehold transport model upon which the EV forecast raatidrieidsSrom the Queensland

Household Travel SuravayVictorian Managifgyiff Congestion Reptnat is, while the model reflects

different average driving distances between states, it assumes that travel patterns (origins, destinations, arri
times and departure times) in all regions of Australia are cottsistariQuitienslandtiverdor

passenger vehicleish access to private parihde travel patterns for commercehdVeshicles without

access to private parkirggconsistent wdlttivers in Victaria

TheEV uptake modedriven in part by fihancial return on investment to vehiclesbaseemsn tHev

vehicle premium and reduced operational costs. The model does not consider anywibisasassociated
required upgrade to the houssWiitth board and/or service, which could agdatbesidstiowever,

this is not expected to be a material number of households based on anecdotal evidence from pilots, etc.

While all due care has been taken in the preparatiapefEmisrgeia has relied upon stakeholder
provided informatiomadl apublichavailable data and information. To the extaetiteshave been
made, Energeia does not guarantee nor warrant the accyoaggréittireermore, neither Energeia nor its
Directors or employees will accept liability fseanmglated to thepemarising from these reliances.

The forecasts derived from Energeiads EV forecas
expertise and experience of the consultants involved. Energeia does not wacsaot the axlel nor

accept any responsibility whatsoever for any loss occasioned by any person acting or refraining from action
result of reliance on the modein®tiel and this reportfareeducational purposes only.
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section provides overview

ader e rirnitedyithis stuglysotidentify timo{niegrated) b u t
impacts of electric vehicles on the energy systenmbDeddlileglssumptions are provided in Apgendix

forecasting model

Figure 6 1 Energeia EV Forecasting Model
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The EV uptakeoduldorecasts EV uptake for each category otigatgebhicle model availability and the
| e o wn er O6asinputdlhedorecast & allodatadwe@fardmssoteach state based
2 0 1 6 sed dn ABSalat@ihé EVcleatgingeduléhen applies at h e

vehic
on th

e stat

eds

chargingegimeo each vehicle adopted baséd:on

1 charging type,

9 arrival and departure fiosnéiome and workplace charging or transportation profile for DC fast

charging

9 the number of kilorasttravelled and

9 grid load to optimise workplace and home charging.

Themodel considesategories of vehicle types including:

1 Vehiclelass

o0 Passenger Car Large-(pC

0 Passenger Car MediumiRC

o0 Passenger Car Small-@C

5 ABS9208.0 Survey of Motor Vehicle Use, Australia, 12 months ended 30 June 2016
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Sport Utility VehibediuniSUW)
Sport Utility Vehicle Large{SUV
Light Commercial (LC)
Rigid Truck (RT)
o0 Bus(B)
Each of these categories have specific charastaokdicge both uptake and charging, including:

o O O O

1 purchase premium,
1 energy consumptjmr kmand
1 Dbattery ge
Fuel costs and average daily driving are based on state level factors.

2.2 EV Uptake

EV uptake is determinedtiyeparametdunction thaescribes vehicle uptake over time based on:
1 Model Availability: The percentage of models within a gislkaisvekalable in EV form

1 Return on Investment: The/&sstretunto the vehicle owner investing in iandWsfreduced
operational costs (fuel and costs) on the premium paid compared to a conventjor@ldCE vehicle
any purchase incentives

This functional faawtordingly considers the supply side constraints (lack of model availability) as well as
demand sidlriver§ r educed operati onal c oalopsThe funotisst he vehi c
derived froanalysisf diesel védie and hybrid electric vehddetion patterimsAustraliahich showed

uptakevas bestxplainetly a combination of these parameters. The historical relationship between vehicle
uptake and model availability in the Australia market foredtarobtgies is showRigure? below.

Figure 71 Relationship between EV Uptake and Model Availability
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Source: VFACTS, Energeia

Detailed assumptions driving the EV Mpti{eare provided ipekuliA
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2.3 EV Charging

The EV charging profile is determiagdrbgating the charging proéisebfelectric vehicle addpyed
charging type and stdgment as follows

1 Whether the vdriis assigned B&home charginigzcommerciaharging (charges at work or
depot locatiqrgr Direct Current Fast Charging (IdGiER)s defined as the EV equivalent of a gas
station (LMW station with 5 min charbg 2685

1 The average expeadtedy travel distarimestateyhictdeterminethe amount of charge to be
suppliethy day typea the charging profile (i.e. the area under the curve).

1 Average expectadivatimeby houfdrawn from a database of lamimommerciakrivals timgs
which dictates when charging isténts absenod any other tariff restrictions

1 Average expectddparture tiny hou(drawn from a database of lameommercidleparture
time3$ which dictates when charging must cease in the absence of any other tariff restrictions

1 The optimised home wodkplace charging profiles that deliver the required level of charge within the
arrival and departure times, without impacting on grid peak demand. The DC Fast Charging profile is
based on transportation demand as no flexibility is assumed due ¢ the sextvice.

Detailed assumptions driving the EV charging profiles are provided.in Appendix

3 Sensitivities

Threeforecassensitivitiesere modelled thepresent trexpecte@athway for Australia across weak,

neutral (considered the tilasy), and strong econamatinicalnd consumeutiooks | i gned wi t h A
broadeforecassensitivitieFhe resulsfthe neutrakensitivitsrereported on in the main botthyspaper
howevefprecast uptake, consumption and peak denrapdréed for all sensitivities in Appéndix

3.1 AEMO Sensitivities

A E M Q@138 Electricity Forecast Insightsyseisethé¢ e r ms fAweako, fAneutral 6, ar
reporto identify the three sensitivitthghaeutral sensitivity considered the moét likelyP5@.tThee 6

weak and strong sensitivities are based on dynamics affecting the total energy lconsehgbtis and

businesses and are not necesshilyasmd high outcome for the consuohgtiisbupplied enerdyut

rather an internally consistent set of assumptions aligned to strong and weeakhewmognidaraye

consumer sentimdlite key characteristics of thesdigiesf relevance to EAfe shown ifablel.

Table 17 201 AEMO Insights Sensitivity Drivers

Driver Weak Sensitivity NeutraSensitivity Strong Sensitivity
PopulatioGrowth ABS projection C ABS projection B ABS projection A
Economic Growth Weak Neutral Strong

Electricity Network Charge

Current AER determinations, fixed after 5 years
Years

Electricity Retail Costs a Assume current margins throughout

Margin
I UD30/bbl (BR) over 5 ye{ UD60/bbl (BR) over 5 ye{ UD90/bbl (BR) over 5 ye
Oil Prices . . :
glide path glide path glide path
Climate Policy Assume Australiadsd Paris conf

3.2 EV Sensitivities

In addition to the AEMO Electricity Forecast Insight sendiWimecdmhkightsnclude the additional
assumptioristed iffable2.
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Detailed assumptions underpinning the EV sensitivities are provided.in Appendix

Table 21 Additional EV Sensitivity Drivers

Driver Weak Sensitivity NeutraSensitivity Strong Sensitivity
EV Incentive $1,500 $2500 $5,000
Year Incentive Applies 2023 2021 2019
EV Vehicle Parity 8 6 4

Tariff Settingd@gme and

Current controlled load tariffs (generally allowing overnight charging only

(Models/Yr)

Depot Charging

Tariff SettingdCFQ Vehicles without private parking available charge using DCFC charging stg
Upper EV Limit 80% 90% 100%

Model AvailabiRgmp 2 506 5% 750

Vehicle Emission Standal

Commonwealth Governm
introduceimternational bes
practice emission stadgar

(as fleet wide target) 382(

Commonwealth Governm
introduces international b
practice emission standar
(as fleet wide targetp@B1*

Commonwealth Governm
introduces international b
practicemission standard
(as fleet wide tatpyby2019*

* A fleet wide standard has been assathedthan a minimum performance stasdhedmost economically efficient means of

achieving best practice greenhouse gas emission
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4 Resul t s

The results showelow descrifiecasEV uptake over the period @260and the corresponding
contribution émergy consumption bothmaximurand minimudemanet the NEM level and by state
The results are presented for the neutraityansgigisstherwise indicated

Detailed forecasts by scenario andaegieported AppendiB.

4.1 EV Uptake Forecasts

Section 4 presentgptake dEVsin terms of both annual sales and number of vehicles ¢stde&)road

4.1.1 NEM

EV sales (both BEV and PHEfpi@ecast to reat®i,000vehicles per annum byeB@reasing to 1.58
million annual new vehicle sales byPBEBoand 90%f salesespectives shown iRigure3i Annual
EVSalesNeutraFigure3 below.

Detailed EV modelling shows a relatively steady increasetm &vwsale®)% @emum bg036 driven
by.

9 falling EV prices supported by falling battery prices,

9 increased model availability by original equipment manufacturers (OEM), and

1 anincreasing differential between electricity and petrol prices.

Sales are forecast to setep change in sales #6086 wherthe firsEVssegments begin to sseyear
payback reacingamarketipping point. Fr@@36&o 2042, annual sajeswth is higher mainly due to
falling battery costs2043there is another wave ofé&nents reaching thear payback threshold

triggering a rapid market share increase up to the sensitivity limit. However, from this point, sales growth be

to taper off as the market reaches saturation.
Figure 81 Annual EV Sales (Neutral)
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Source: Energeia

As a result, total vehicles on the road are forecas.&bneidlicin by 268r13.26 of vehicleBy 2050,
EV uptake reaches 13.62 million vehicles, or 61.5% as shown in Figure 8.
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Figure 91 EVs on the Road (Neutral)
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4.1.2 Regions

Uptake varies by regiershown ifiable 3predominantly due to market size, but also the relative differential

between petrol prices and electricity prices experienced in each statesirs {hdtba@lydnaving the
greatest differential due to its relatively low priced controlled load tariffs.

Table 37 Annual EV Sales and Vehicles on the Road (Stock) by Region (Neutral)

2017 2020 2080 2060
Keghn SYarIIZs SYarIIZs (‘;’)tggz) SYarIZs SYarIZs (%88; SYarIIZs SYarIIZs (%885) g;:é,s g;:é,s (%885)
(%)  (®00s) (%)  (®00s) (%)  (@0s) (%)  (@00s)
QLD 0.1% | 0.1789| 0.8852| 1.4% | 3.438 | 6.262 | 16.8% | 46.0 | 199.0 | 89.8% | 440 3750
NSW 0.1% | 0.3320| 1.5539| 1.4% | 5.765| 10.573| 17.7%| 81.0 3509 | 89.8%| 672 5824
VIC 0.1% | 0.1655| 1.2073| 1.4% | 3.055| 5.992 | 17.0%| 44.3 189.6 | 89.7%| 338 2879
SA 0.1% | 0.0567| 0.2819| 1.3% | 1.003 | 1.856 | 17.2%| 14.4 60.6 | 89.8%| 114 961
TAS 0.1% | 0.0171| 0.0741| 1.4%| 0.328 | 0.588 | 16.7% 4.3 18.8 | 89.8% 33 293
NEM 0.1% | 0.7292| 4.0439| 1.4% | 13.265| 24.794| 17.3%| 182.8 | 791.5| 89.8%| 1585 | 13627
WA 0.1% | 0.1211| 0.4666| 1.4% | 2.224 | 3.946 | 17.0%| 30.2 | 130.8 | 89.7%| 308 2593
Source: Energeia

4.1.3 Charging Segment

EV Uptake by charging segment for the neutral scenarioksgshed@n in

The residential home charging segment is the largest market in terms of EV uptake, followed by the DCFC
market and commercial markets respectively. By 2050, over 10 million of the 16 million EVs on the road will
private chargers available viheyeeach their destinatieither home or at waitke remaining 6 million

vehicles will use DCFC stations as a means to charge their vehicle.
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Figure 10 - EVs on the Road by Charging Segment (Neutral)
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4.1.4 Sensitivities

EV uptakirecastsary significandgross sensitivity scerasishown ifiable delowfor the NEM
Detailed results by region and sensitivity are presented i Appendix

In the strong sensitivity, EV sales initially increase at a faster rate thatndbathwieakeensitivity due to
thelarge EV incentiyavhiclapplies earli@ndthe earlieEV price parififhestrong sensitiviigles rate
accelerates from 2024 due to a fastarpafhmodel availability ditvpart by higher incentisa

result, forecast EV stock under the strong sensitivit 9ealtioesvehicley 20362.7 times higher than
the neutral sensitivity, and reaches 23.67 milliohy@08Ris7 times higher than the neutral scenario.

In the weak sensitivily, sales increas®re slowlyver time mostlye ta slower decline in EV price
premiumand model availahilitpder the weak sensitivity, the first EVs to reach the twWiagkatopsy

in2042 five years later than the neutral scésagioedt) forecast EV stock in the weak sensitivity reaches
almost 27million vehicles by 208&s [B8ssthan the neutral sensitivity. Looking further ahead, the EV stock
under the weak sensitivity reaches 5.42 million vehicles byeX38tar60% neatrscenario.

Table 47 EV Uptake by Sensitivity (Neutral)

2017 20D 230 260

Sens. Yrly Yrly Yrly Yrly Yrly Yrly Yrly Yrly
Sales Sales (‘;’)tggls() Sales Sales (‘;’)tggls() Sales Sales (‘;’;[882) Sales Sales (%[ggls()
(%)  (®00s) (%)  (@00s) (%)  (@00s) (%) (®s)

Strong | 0.1% | 0.7454| 4.0600| 1.9% | 18.990| 32.368| 40.8% | 456.7 | 1839.8 99.8% | 2510 | 23666
Neutral | 0.1% | 0.7292| 4.0439| 1.4% | 13.265| 24.794| 17.3%| 182.8 | 791.5| 89.8% | 1585 | 13627
Weak | 0.1% | 0.7135| 4.0281| 1.3% | 12.068| 23.130| 9.5% 95.3 465.8 | 65.9% | 855 5422

Source: Energeia

4.2 EV Consumption Forecasts

Section .2presents the forecasts for grid electricity consumptionofrom A B\stockclatgingnd s
assesses the impact of thesleeoP0T Insight$orecasts prepared by AEM@f the forecast®in terms
of @perationdequiremen{sicluding losses defined by AEMO

6 AEMO Electricity Fastimg Insights 2017
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42.1 NEM

Energei abs forecasteestlVb cossanyasourntyi02TWH of electricity per yg@03%, and
37.08 TWh of electricity by 285%hown in Figure T!2e increase in EV consumption over time is directly
related to the change in EV uptake as discussed #iSection

Figure 111 EV Electricity Consumption (NEM Operational, Neutral)
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The additional EV consumption is forecast to increase total consump8@loy asoonmdp ar ed t o AE
Insight$orecasts faperationddadin 203&inder the neatsensitivitgs shown in Figureb&Bow.

Figure 121 EV Electricity Consumption Compared to AEMO Forecast (NEM Operational, Neutral)
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4.2.2 Regions
Electricity consumption sigEfdrecast to yduy region as showifrigurel 3below.

The differences in regions are driven primarily by market sizgdN8VWABdving the largest market for
new vehicles. The consumption aligns closely to EV uptake berépiargi@$egment

EV Uptake by charging segment for the neutral scenarioFgshedM@n in
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The residential home charging segment is the largest market in terms of EV uptake, followed by the DCFC
market and commercial markets respectively. By 2050, over 10 million of the 16 million EVs on the road will
private chargers available viheyaeach their destinatieither home or at wadithe remaining 6 million

vehicles will use DCFC stations as a means to charge their vehicle.

Figure 10 - EVs on the Road by Charging Segment (Neutral)
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). Notwithstanding, EV consumption per vehicle does vary slightly by state due to the differences in average
travel distances and tariff rates which in turn influence relative uptake of vehicle types (PHEV or BEV) and
associated charging requiresment

Figure 131 EV Electricity Consumption by Region (Neutral)
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4.2.3 Charging Segment
Electricity consumption by charging segment for the neutral scenarfogarsh®wn in

Unlike EV uptake, energy consumption between residentiil, @odhDEFC is similar throughout the

modelling period. Although the commercial market has around half the number of EVs on the road as the
residential and DCFC market, additional distances travelled by commercial vehicles and the consumption
requirementd these vehicles results in around double the energy needs of the other markets. The modelling
shows that on average, residential and DCFC vehicles require 2.2MWh of electricity annually, while comme
vehicles require 4.4 MWh.
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Figure 14 - EV Electricity Consumption by Charging Segment (Neutral)
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4.2.4 Sensitivities

EV electricity consumgdboscastsary significantly forwleakandstrongensitivities as showhRigurel5
below for the NEM a result of the facta&iledh Sectiod.1.2onuptake

Detailed results by region and ggnsite presented in Appendix B
Figure 151 EV Electricity Consumption by Sensitivity (NEM Operational)
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Under the strong sensitivity, EV electricity consumptid8 .@Zishbsper year and equates to around
9.166 o f HK&ghiiesasts faperationddadin 208 as shown irigurel6belowThis is around
266%above the neutral scenario, consistent with differences in uptake rates between the sensitivities.
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Figure 16 1 EV Electricity Consumption (NEM Operational, Strong)
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Under theveaksensitivity, EV electricity consumption i&&dh#éh per year and equatesaion®.68/%
of A Idgbtosecasts for primary ioa2D3&s shown Figurel7below This is arous@%helow
the neutral scenario, consistent with differences in uptake rates between the sensitivities.

Figure 171 EV Electricity Consumption (NEM Operational, Weak)

240
220
200
180
160
140
120
100

80

Annual Consumption (TWh)

O O o
PP PP
D S

T RO AN N R S S AN R I
D S S S S S S S S S I S S S
m Operational consumption (excl. Evs) EV Consumption

Source: Energeia

4.3 EV Maximum Demand Forecasts

Section 4.3 presehts e r fpeecastsdfa maximum detrogmegiofrom EV charging and assesses the
impact of these on 2047 Insightsnaximum demand forecasts prepared by AEMO.

Section 4.3describeE n e r fpeedast GiggregateEV demandcluding controlled chargirand
uncontrolled DC fast chargimgimpact @oincidersystem maximum demand isigsamibdin Section
4.3.2 bydding coinciddf¥ demand tgstem demand for each half hour.

All of the forecasts presatimum demand in terms of operational requirements (including losses).

4.3.1 EV Maximum Demand
Energei abds maximeivdemantyordgioemah sensitvity presentad Tables below
Halthourly avera@®/ chargingrofiles bsegioncharging type asaknario aggovided in Appenlix

The differencedamecastegioal resultare driven primarily by EV uptake and EV consumption as discussed
in Sectiod.1land Sectioh?2 respectively. In addition, maximum demand is also influenced by the
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characteristicsofach st at e6s peak de rhaavalable number df loyrs aweilable h ¢
for recharging flexible residential and workplace b&sedEdaple, although EV consumption is
significantly higher in QLD compared to VIC, there is only a minor difference between EV maximum demanc

This is dui differencespeak demand prafilei t h QLD6s peak demand profil

over which to recharge EVs compared to VIC.

Table 517 EV Maximum Demand (Non-Coincident) by Sensitivity (Operational)

2017 2@0 20 20
Region EVMax Demand (MW EV Max Demand (MW) EV Max Demand (MW| EV Max Demand (MW
Strng Neut Weak| Strng Neut  Weak [ Strng  Neut Weak| Strng  Neut  Weak

QLD 0.39 0.38 0.38 5.92 4.44 4.04 | 301.27| 104.90| 61.08| 4,320.3 2,321.2| 943.32
NSW 1.21 1.21 1.20 | 14.08| 10.59 | 9.95 | 643.18| 278.30| 169.4| 5,659.2| 3,612.7| 1,536.0
VIC 0.52 0.52 0.52 491 3.96 3.75 | 224.48| 94.52 | 58.31| 3,424.9 2,173.1] 619.06
SA 0.12 0.12 0.12 1.45 1.09 1.09 58.20 | 25.61 | 16.01( 1,119.5 591.81| 187.97
TAS 0.03 0.03 0.03 0.50 0.37 0.33 23.86| 8.92 | 5.20 | 273.57| 129.68| 59.72
WA 0.19 0.19 0.19 3.51 2.60 2.32 | 175.67| 66.46 | 38.00( 2,658.8 1,415.1 624.97

Source: Energeia

Figure 18 1 EV Maximum Demand by Region (Operational, Neutral)
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Figurel8 Figurel9andrFigure20show EV maximum demand by senBiivddg, forecasEV maximum
demand under the strong sensitivity is #8aedd.2times greatdranunder the neutral sensitivity,
depending on region, due to the higher E\ByR@k€EV maximum demaeduces tbetweené%
and 80%argeundethe strong sensitivity when compdinedeatrasensitivity
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Figure 191 EV Maximum Demand by Region (Operational, Strong)
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By 208, EV maximurerdand under the weak sensitivity is b&@e@mmb3% less than the neutral
sensitivity, depending on region, due te\laypéakeBy 2050EV maximum demand shifts to béi@éen
and6246 smaller under the weak sensitivity when compared to neutral.

Figure 20 1 EV Maximum Demand by Region (Operational, Weak)
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4.3.2 Impact on Maximum Demand

Ener gei abs EMohdrging managgmestlawwidirsg inareesmgm demaindny of the
regions over the pe@0d o203, based on our forecast of underlying operationaFiumegigure?1
toFigure29show the contribution of EVs on the maximum demand day for each regiosdasithvityreutral
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Figure 211 Contribution of EVs on QLD Maximum Demand Day (2036, Neutral)
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Figure 22 1 Contribution of EVs on QLD Maximum Demand Day (2050, Neutral)
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Figure 23 1 Contribution of EVs on NSW Maximum Demand Day (2036, Neutral)
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Figure 24 1 Contribution of EVs on NSW Maximum Demand Day (2050, Neutral)
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Figure 251 Contribution of EVs on VIC Maximum Demand Day (2036, Neutral)
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Figure 26 1 Contribution of EVs on VIC Maximum Demand Day (2050, Neutral)
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Figure 27 1 Contribution of EVs on SA Maximum Demand Day (2036, Neutral)
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Figure 28 1 Contribution of EVs on SA Maximum Demand Day (2050, Neutral)
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Figure 291 Contribution of EVs on TAS Maximum Demand Day (2036, Neutral)
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Figure 30 1 Contribution of EVs on TAS Maximum Demand Day (2050, Neutral)
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4.3.3 Impact on Minimum Demand

Energei ad6s mioichien demasiigws ahift frdmuovetnigbdhe middle of the day b@iR03

all stateas solar PV penetration increases. As, dags8mittV charging forecast tncreas¢he

minimum demand for all of the régi@@SEDCF®f vehicles slightly increases minimum demand, although
the effect is almost insignifilzento the majority of charging still ocmerimight as showirigures
Figure81toFigure39Fig(although the effect on minimum demand is too small to be seen).

Figure 311 Contribution of EVs on QLD Minimum Demand Day (2036, Neutral)
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Figure 32 - Contribution of EVs on QLD Minimum Demand Day (2050, Neutral)
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Figure 33 1 Contribution of EVs on NSW Minimum Demand Day (2036, Neutral)
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Figure 34 1 Contribution of EVs on NSW Minimum Demand Day (2050, Neutral)
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Figure 351 Contribution of EVs on VIC Minimum Demand Day (2036, Neutral)
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Figure 36 1 Contribution of EVs on VIC Minimum Demand Day (2050, Neutral)
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Figure 37 1 Contribution of EVs on SA Minimum Demand Day (2036, Neutral)
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Figure 38 1 Contribution of EVs on SA Minimum Demand Day (2050, Neutral)
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Figure 39 1 Contribution of EVs on TAS Minimum Demand Day (2036, Neutral)
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Figure 40 1 Contribution of EVs on TAS Minimum Demand Day (2050, Neutral)
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While the aboresultsuggesan opportunity to encourage d&Noferginga whole of system analysis is
required to determthe optimal EV charging plofiey issue to be addressed is whether higher charging in
the middle of the day will increase peak demand and augwsenfatidistribution networks, especially in
commercial areas where peak demand is already set in the middle of the day.
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5 Recommendations for Future Model

The EV forecasts contained throughpapthigve been prepared to provide insighe pritetitial impact

of future EV uptakeAdtMQorecastE n e r g efaregadts hake Ween prepamsdd on existing publicly
available datin future years, it is understood that AEMO intends to integrate EV foreédsttrigityto the
Forecast Insiglpiocess to allow for greater feedback between the primary forecast and EV uptake drivers.

Accordingly, there are a ranggy africertainties and limitatibich Energeia recomménaiddress
and/or improv in future mogell

5.1 Key Uncertainties

The EV forecasts withinpdyigicontain a number of key uncertainties which affect the precision and accuracy
of the results. These include:

9 The structure of tariffs to be applied to EV charging and changes in these tinec{Bezs ove
Section 2belowy

9 Policy uncertainty, with respect to:
0 The mechanism and timing of introduction of a vehicle greenhouse gas emission standard
0 The application of a broader carbon price to vehicle emissions.

9 The rate at which vehicle manufacturers make EV models available within the Australian market
(nominated as model availability withaptyis

1 Thelocatiomumber and duty cycle of fast charging
9 Original Equipment Manufacturer (OEM) response EonigsiicieStandards (VES)
1 Government policy or subsidy to incentive EV uptake

Further, the nearm EV forecasts are subject to a high degree of uncertainty datutiytiod fhem
market anttheshortermactions thamay be taken by the private sector to accelerate uptake. For example,
there is the potential for early action by industry to promote EVs via heauitiffsubsidised

In addition, there are likely to be further drivers, external to the ntodebsttatadgew emission

technologidsy OEMdncluding natural gasifuel cell vehicles. Consideration of the potential impacts of

these hae nobeen considered within the model in terms of the extent to which new technologies are likely to
limitEV model availability. That is, the model assumes that a wholesale transition of the Australian vehicle fle
to EVs will ocalue to logroperating costs, better vebimlzonmental and accelena¢idormance and

higher safety ratings for EVs edmpared to their counterparts

The impact aglédriving camrwireless induction charging have not been considered by the model.

5.2 Changes in EV Charging Tariffs over Time

The EV forecasting model assumehdnging managemehdnge over tineecomensate for shifting
peak demand times from DER and increased penetratidinhohte/sh@rgingdcommercial vehicle
charging is assumed to be managed by 2036

Whether or not managed EV charging is operating during the middle of theedtagde gehgadtion of

solar PV will depend on the net benefits across the industry, including the distribution, transmission and
generation sectors. Whésystem cosd-serve analysis is needed to determine what the optimal shape will
ultimately be ovine.

’See for example, Vesey, Andy (@AndyVesey_ AGL) dA$1 a
2016. $365 pa max for all your EV trips #AEW160 5: 3
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It is recommended thafutoire EV modelliAgEMO considenodelling a whole of systent@sstve to
enable the least cost demand profile for EVs to be identified and incorporated into future EV load forecasts.

5.3 Integration with Primary Load

The forecasts assume that the decision to adopt an EV is made independently from any other decisions
regarding primary energy consumption. In reality, there will be a subset of customers for whom the decision
purchase d@aV could be made moredtteif combined with a solar PV system depending on the tariff
arrangemengmd individual driving patterns.

Further, theresenimodelling assumes that the EVdapadil®f any vehicle to home or vehicle to grid
(V2Grharging. Where this is tle o@egration with the primary load becomes critical to residential forecasts
andinteracts with the stationary storage uptake.

While AEMO has separately undertaken solar PV and battery storage forecasts, these have not been integr
with the EV foratsin this paper

It is recommended that for future EV modellingtédidehe EV uptakend chargirdecisiosiwith the
broader customer decision making with respect tasdlatavhary battery storage uptake and operation.
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AppendiDetAi |l ed Assumptions

A.1 Overview of Model Approach

Energeiabs EV forecasting model i s coFigpelli sed of
below.

Figure 411 Energeia EV Forecasting Model
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Source: Energeia

The EV uptakeoduldorecasts EV uptake as a percentage of annual vehicle sales for each category of vehicle
typeby stateThisibased on vehicle model availability and

The EV charginppdulehen applies a charging regime to each vehicle adopted based on the arrival and
departure time of the vehicle at the point of charge, the iumdteeoiravelled #melleast cost demand
profile (managed charging.only)

A.2 EV Uptake

EV uptake is determinedtinyeparametdunction thaescribes vehicle uptake over time based on:
1. EV premium payback more than two years:
0dYN 6 OQWE OIdRE WQOY R QY YO 'O® 0 € QRa dQa doQd Qo w
2. EV premium payback less than two years (tipping point):
0dYR 6 OQYE 0TdRE WY RN Qb "OFYR ) 'Qtd QD QB a & Qa O w'Qa QO &
Where:
T "Yé oli@w WQO'Y &a H)Total new vehicle sales within a given vehicle class in year t

T 0¢QBa wQa worEacsage of models withimemgehicle class available in Einform
year tThis inclusion of this factor reflectertttad mass markagpyimary driver of vehicle
purchasesthe availability of that model in EV form. This factor effectively places an upper bound on
EV adajion which is determined by a scenario based parameter

Versiod.0 Page300f52 September 2017













































