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development issues, forecasting services, technical evaluatiegsjatory analysis, and expert
evidence.

Further information about Concept can be found at www.concept.co.nz.
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Executive summary

What is this report about?

Concept and the three network companies who have sponsored this report, think electric ve|
(EVshave the potential to be a fantastic opportunity for New Zealand, both in terms of mass
gains to the environment, and in terms of delivering genuinely cheaper transport services.

However, we believe that current electricity supply arrangementsfruiditrate realisation of
these benefits; and will also result in EV uptake causing unnecesszsts.

There is the potential to change our electricity supply arrangements to maximise the good
outcomes from EV uptake and minimise the bad. However, there are some real challenges
overcome before we get there, with some difficult choices and ingushordination challenges.
Further, with mass EV uptake just around the corner and greenhouse reduction targets getti
evermore urgent, there is a real time imperative to resolving this issue.

We hope this report will be a useful contribution to theohder industry and consumer / political
discussion about how we can make the changes to deliver the best outcomes for New Zeald

A continuation of current electricity pricing approaches will result in higher costs and emissions

Largescale uptake of lovemission vehicles is arguably the single most important element required
G2 YSSG GKS 32 @S NafogightioDse gas enisBidhsi by 2050. Fulthier, it looks
increasingly likely this need will be met by electric vehicles (EVSs), as falliagyliatsts offer the
prospect of genuinely cheaper transport compared to internal combustion engine (ICE) vehicles.

However, the current approach for charging for electrigity @S ® LINE R2 YA yprigesi f &8 WTFTE |
GKAOK R2Yy Qi @B frustr@idsBhiedemeantoBihe Rendfits aralso result in
unnecessey costs being incurred

1 EVowners will pay significantly more than they should for charging their vehicles. This will slow
GKS NIGS 27F dzLJatF 1S 27F 9+ &3 endiskighy dnd inc@asiyigiobedall A y ONB
economic costs.

f ¢K24S K2dzASK2f R4d 6K2 R2 LJZNOKFasS 9zxchargmg f t Y2ali
their batteries: i.e. simply pluggidg and starting charging as soon as they get home.
Unfortunately, the time rost people get home early evening after getting back from wagks
also the time of peak electricity demand. The scale of demand from EVs is such that this will
soon start to trigger expensive network capacity investments in many areas.aéiisonal
fossilfuelled generatiorwill be requiredf charging is done at times of peak usage.

Overall, we estimate thad permanentcontinuation of currenpricingapproaches will result in
unnecessaryncreased costs approximately $4bn (in present valuertes, or $14n in future cost
terms), andCQ emissions from internal combustion engine vehicles (I6&gsgover onethird
greater in 2050.

These financial and environmental costs are avoidable witrter, more costreflective electricity
priceswhich encourage Ebwners to charge their vehiclesnoothlyovernight in offpeak periods
Such smarter pricingyorking in tandem with the technology embedded in EVs and their chargers,
will:

1 make EV charging much cheagghereby facilitating E\dptake; and

1 We estimate that over 95% of New Zealand households are on flat rate pricing

EV Study v1.0 3 Saved7-Mar-18
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9 avoid causing a material increase in peak power demand and associated costs and emissions.

Electricity pricingoptionswhich apply to the whole of a household will likely be inadequate to
meet the special challenges of EVs

However, identifyingnd transitioning to smarter electricifyriceswill itself have some challenges:

1 W¢ ro¥dza @QU)pricing (e.g. having a simple peak /-p#ak pricing structure based on pre
set times)might be appropriate for most household electricity demand, Wit not deliver good
longterm outcomes in relation to EV demand OU pricingyill likely create new demand spikes
with a majority ofEVssimultaneouslycharging from the start of the offeak period.
2 KAfS a4dzOK A aadzsSa el dHY upfdkd) ar AYsiT QudoesBIEME 2 ¢
penetrations of 1520% and abové.e. approximately 4n-6 households owning an E\fe
peak demand arising from everyone following a TOU pricing approach woagleaeerthan if
everyone had continued to follow  WLJ 8 4 A @S Q O K the\d8ak geBHodnilllSBifiNge | OK | y
9pm, from nearer 6pm now.Aside from not avoiding the need for expensive network
investment, TOUpricingapplied to EV demancbuldalsopotentially create network stability
issueswith avery rapid step change in demadcurringat the start of offpeak periods.This
rapid step change in demand is not observed with flat rate chargind will be made much
worse if vehicle to grid technology becomes mainstréam

Thus, while TOU pricing mbg appropriate for sending efficient signals to consumers for some
of their electricity decisions, it otentially a worse solution than flat rate pricinger thelong
term when applied to EV demar@iA @Sy GKS &LISOAIf wadz2ndy 3SQ OKI N

f Wt SI1 RSYfcyukl@vercaxik tBid pfoBlem by adjusting prices based on actual
demand conditions. But this may be unsuitable for most residential consumers, due to the lack
of pricing predictability, and issues around bill shocks, fdghvinter costs, and the ability of
consumers to make good decisions in response to such complex pricing approaches.

In addition, both of theabove pricingapproaches willikely need to apply to the whole of a

K2dzaSK2ft RQa St SO0 NAE@EVdeman@ Chadgindg diods@psdngsyfitiresg dza o
gAtt AyS@oAalGlofe fSIR (2 WeAYYSNBRQ YR Wi2aSNERQX
shocks. This raises some challenging policy choices:

1 On the one hand, having a phased traiositto smartercostreflective pricing over many years
may be desirable to avoid many of the poor outcomes from bill shocks for some consumers.

1 On the other hand, delaying the transition $martercostreflective pricing, will also delay the
time when corsumers will be fully incentivised to make good vehicle decisions. This will tend to
slow the uptake of EVs which, given that vehicles tend to bge2®s old by the time they are

2Vehicle to grid, or V2G, technology provides the ability for EV battery charge to be inpacteihtothe grid.

3We characterise storage energy technologies as those where the timing of ezmrgymptioncan be

significantly altered within a day, wibut fundamentally affecting delivery of the energgrvicele.g. an EV

oFrGdGSNE OFly 06S OKIFNHSR 2@SNYyAIKG NIFYGKSNI 0KIFIYy RdzZNAYy3I L
the ability of the consumer to drive whenever they want during the ddifjo for hot water where households

can have a shower anytime during the day (including peak demand periods) but the cylinder can be heated up

outside of these periods of peak).

4We refer to this agoincident maximum demand (CMD) pricing in the maidybof the report, as that term is

more widely used in the industry.

Sp2G 2dzad Ay NBIf GAYSZI o0dzi LINAOAY3I LINBRAOGIFIOATAGE NB
time. In other words, if consumers react to a real time high price atalydesing electricity, will may create a

further peak and higher pricing later. This future price predictability is difficult to overcome.

EV Study v1.0 4 Saved7-Mar-18
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scrapped, will loclin many more higkemissions vehicles over the next feeoddes than is
necessary.

EVtspecific manageecharging pricing will likely be necessagbut with challenges to implement

A possible alternativpricingapproachto enable the adoption of emerging technologies like EVs,
whilst minimising customer bill sick and without compromising carbon goats$hanaged
OKI| N@izingad QA OK 2yfe& FLIJXASa (G2 || K2dzZaSK2f RQa 9+ RS

This would involve consumeagireeing tcanother party(e.g. retailer, load aggregatasr network
company)managingheir EV chargingn return for discountedhetwork andor energy pricingor
suchmanaged E\bad. This approach recognises the distinct nature of EV, lo#ith its storage
characteristicsand would deliver materially better outcome§smoothed oordinated charging of
bSé %S| f | yaRdbaverifgthe dost 8f Vi chargitgconsumersbut in a way which has
reduced risk of causing bhocks for consumers.

Managedcharging would be similar in some ways to the approachestakenanage hot water
cylinders, with consumers being rewarded with cheaper electricity for hot waterbeatd)
managedat times of peak network demand.

Luckily, the technology coming within EAf&l dedicated EX¢hargers, and broader interndtased
communications technology, not only provides the means to enable these smarter ways of charging
our EV fleetbut to do so in a much more sophisticated way thanthlatively cruderipple control

that is currently used fohot water management.

Thus vehid-specific management is feasible, with the ability to recogaisariety offactors¢ such
ashow empty differentEVbatteriesare, where along a lowoltage network (of approximately
50-100 houses) EVs are located, or consumer requirements for whemtexyto next drive their
EV¢ in order to coordinate which EVs should be chargediwhen, in order to meet consumer
requirements without imposing excessive supply costs.

However, to take advantage of such technology requires\&ivers toreceiveprice sgnalsor
rewardswhichare of sufficient size tencourage them to takep such managedharging options.

It remains to be seen what form such managdtdrging pricing options could or should take,
whether/how to develop NZvide standards and/or mandatopen access to the technology to
deliver EV charggmanagement.

It also remains to be sedrow many EMowners will be willing tgpasscontrol of their charging to

third parties such as retailers and networka/e believe these options should be voluntdor

consumers to choose, and it is possible that many consumers may suffer anxiety that handing over
control may mean that their vehicle may not be charged when they need it.

However, what this study highlights is that, if we are to achieve r&B&saptake without significant
electricity supply cost impacts, we will nesignificant uptake omanagede\fcharging pricing
options.

A final additional consideration around the devghoent, and extent of consumer uptake, of
managedcharging options is that consumers opt not to take up a managelarging optionye

5 A long transition to costeflective pricing will also result in distorted consumer decisions in relation to other

energy technologies in addition EVs. In many cases this will also result in poor economic, environmental and

(in some cases) social outcomes such as the costs from a technology choice being made by one consumer
0SAYy3a WaKATAISRQ 2 yideratiod of thé&sdldthdranytterdzy QUNGE sbope for ghig study.

" While these consumer concerns are reasonable, we thinkaesigned managed charging options should

SylFrofS 322R St SOGNROAGE adzZJi & 2dziO2 Yifekr ¥ehides (1 K2 dzi A Y LI
charged for when they need them.
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believethey should face any increased electricity supply costs they impose on the sysatiner
than cause suchcosts2 6S WAKATFTOISRQ 2yiG2 20KSNBRO®

This highlights a general issue with current, wwostreflective prices: Not only are they causing

higher electricity supply costs, but with the advent of hew technologies such as EVs, solar PV and

static batteries, they @ NB & dzf GAy3 Ay O2yadzySNA ¢K2 LIJHzZNOKFas
GKS St SOGNROAGE &adzllX e O2aita (GKSeé& NB NBalLRyaaoft
6a2YSGAYSa 0S0OIFdzaS GkKSe OFyQi FFF2NRO &adzOK (SOKy
Broadening and deepening the date

Addressingll ofthe abovechallengesand questionsequires coordinated pamdustry effort in
conjunction with government, regulator(s) and transport authorities.

Some of this is starting to happen, in particutarough the electricity networks asciation (ENA)
progressingts network pricing reform initiative, anthe Electricity Authority through its various
market development programmedowever to-date, nmost of this focus has been on pricing options
that will apply to the whole of aroperty, rather than the specific challenges of EVs (and other
storage technologies) whose special characteristics may require specific pricing solutions.

Further, changes to consumer electricity prie@h also require broader community and political
engagement to help make the inevitaktieugh choices which carry the risk of bill shocks for some
consumers in the shottierm, but which will help deliver better economic, environmental, and social
outcomes in the longerm.

The three network companies wh@te commissioned this studl strongly support a shift to EVs
and theyhope thatthis studywill be a valuable contribution to this broader public debate.

All are aware that time is of the essence in terms of putting in place arrangements to fathigate
most positive E\butcomes before mass uptake starts tappen, and all believe thatigingand
managed charging; be itby a retailer, aggregator, network compamyother third partyc is central
to this debate.

EVs offemnenormous positive opportoity for New Zealand the question is, how do we maximise
that opportunity?

EV Study v1.0 6 Saved7-Mar-18
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1 Introduction

1.1 Background
The New Zealand government has set a target of achievingatetgreenhouse emissions by 2050.

LY Hamp NRBIFR GNFyaL2NI I Oceydnsfaies greedhausd emissiopns2 ¥ b S &
YR NRIFR GNIyaLRNI KlFIa o6SSy 2yS 2F GKS FlradSad
CKSNBTF2NBzZ (2 | OKAS@®S (KS 3I20SNYyYSydiQa GFNBSG ¢
transport fleet away from internadombustion enginerehicles (ICEs), to alternative, legarbon

fuels.

Sy 1l

Currently, electric vehicles (EVs) are the most economiechwon transport alternative, and are
projected to become increasingly cesffective as battery costs and technology impeout

therefore looks likely that mass uptake of EVs will be the mosteffsttive means of achieving this
transport transformatiorg particularly for the light fleet.

This is a view that is increasingly becoming mainstream around the world, with goset:mand
industry bodies projecting thaVswill rapidly replace ICEs, and with governments developing
policies to facilitate this transformation. For example, some coun&iescitiesare implementing
policies which will completely ban the purchasenefv ICEs from Zb.

However, largescale replacement of ICEs by EVs has the potential to significantly increase electricity
consumption For example:

9 If all light private vehicles were changedernightto EVs, annual residential electricity
consumptionwould increase by approximately 58%

1 If all vehicles (including trucks) were changeernightto EVs, this would increase total New
Zealand electricitgonsumptionby approximately 16 TWha 41% increade

1.2 Purposeof study

Concept Consulting and the tlemetworks who have commissioned this stdignly believe that
EVs are a great opportunity folew Zealand, both from an environmental and consumer
perspective We all strongly support EVs.

However, we also acknowledge that there are likely to be sdmaienges associated with the large
scale uptake of EVs, particularly associated with the manner in which EV batteries are charged.

Our aimwith this studyis to promote debate on how EVs can be charged in a manner that is
acceptable to consumers, at lowest financial and environmental cost to the country, and ensures a
continued reliable electricity system.

In particular, while EVs and fEWargers are awing with increasingly advanced technology to enable
sophisticated charging, this study addresses concernslhigagignificant potential benefits will not

be maximisedunless consumers are sent appropriate price signals to incentivise them to charge
their @S KA Of S& Ay The & of the\@part ishbt #o Kiscauyage or dampen enthusiasm
F2N) 9+4X o0dzi NI} GKSNJ Syadz2NB 6S Fa | O2dzyidNe

as88
aAlbdz- A2y 6KSNB 6S f 22 {regietbld missedopppruditigdi @ &SI NBRQ

iy

8 Assuming: average electricity demand per residential propey50 kWh/yr; the average annual quantity

of electricity required to charge a light private EV travelling an average distance eachfy2d1d6 kWh/yr;

and the average number of vehicles per househofdlsrs.

LY HaAMpPZI FLIWINRPEAYFGStEe wnn tW 2F TFdz8¢, anllassumd@tifad dzy SR A
EVs are approximately 3.5 times more efficient on average at convettingd energy to motive power.

EV Study v1.0 7 Saved7-Mar-18
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1.3 Issues addressed istudy

1.3.1 The nature of the problem

Put simply, the key issue is that current electricity supply arrangements provide no incentive for
most consumers to avoid charging their EVs at times which will imposéicsighcosts on the
electricity system.

Thisstudya Stia 2dzi Fylrfedara gKAOK akKz2ga (GKFG GKS
priceg Af £ NBadzZ G Ay O2yadzySNA FR2LIAYy 3 | -inknd &
chargingas sooras they get home. Unfortunately, the time at which most people get hqmearly
eveningg also coincides with the time of peak electricity system demand.

Figurel illustrates that if every household hamhe EV° which was charged passively, this would
substantially increase winter evening peak demand.

Figurel: Impact on an average household demand profile of charging an EV passively
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Given that a substantial amount of network and generation costs are driven by the need to meet
peak demand, passive charging of EVs will substantially increase electricity supply costs as EV
penetration rates grow.

| 26 SAGSNE Al R2Say QétveliideS &e notdrivendetviean]th® hoiirkoghsadd
7am. This is ample time to4aharge EV batteries for the vastajority of journeys undertaken in

the previous day, even for vehicles being charged slowly using a standard domestic plug.

az

0 0One EV per household equates to approximately 57% of cars being EVs, given that the average household

owns 1.75 vehicles.
1 This profile is based on the average household demand profile, and assumes that each househaldeowns
EV.

EV Study v1.0 8 Saved7-Mar-18
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Figure2 shows that if EVs were chargedaW¥ & Y Fadhlbr® i.e. predominantly overnightith the

charging across all Estggered ONRP a a4 (G KS yAIKUG LIGthSKkenhéed ibkbe Wa Y2 2 (i K
any impact on peak demand.

Figure2: Impact on an average household demand profile of charging andE¥ Y I NIi f & Q
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Section2 of this reportestimatesthe likely nature and scale of electricity system cost impacts from
large-scale EV uptake under:

' current consumer electricity supply arrangemeqtwith most EVsch&@ SR WLJ 44 A @St & Q

T FfTGSNYIFGAGS O2yadzyYySN) St SOGNAROAGSE &dzZllLX & F NNI y3
This analysis is the principal purpose of this report, and is intended to demonstrate that this is a

significant issue for New Zealand.

Sectio2l f a2 F RRNB&aasSa GKS 7T Olpricéskructire whictSis ekdgNEey G YT €
2F WL 34aAPSQ OKI NBEwngfgpaying sighidantly-nfore thanMiByshiatildifor A y 9 +
charging their vehicles. This will likely frustrate the rate of uptake of EVs, significantly increasing

bSé %S| I yRQza&duBeYiiedverall EcgnamideyeRts possible from EVs

1.3.2 How do we encourage consumers tharge their EVs in a smart fashion?

DA@SY (KFG (KS O dgpibestyidiureliSNgd praolém gfiving poorEWttomes @
is likely that changes to consumgricesto make them more costeflectivewill be a necessary part
of the solutionto drive better EV outcomes

However, changing consumpricesA & Y S@SNJ Sl aéx gA0GK AYyS@AillofS Wg
potential for unintended poor outcomes.

The secondary purpose of this stydietailed in SectioB, is to start to explore the options for
achieving betteEVchargingjn a way which maximises the good outcomes and minimises the bad

EV Study v1.0 9 Saved7-Mar-18
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In particular, it explores whether the special characteristics of EVs may mean that more cost
NEFf SOGAGBS St SOGNROAGE LINAOAY3A | LIINRIF OKSA 6KAOK
electricity consumption, may not be appropriate for Edgchmight require EVspecific pricing
approaches.

1.3.3 Public chargingssues

Although®KS LINAYOA LI f F20dza 2F GKA& addzRén Aa 2y OKI NJ
undertaking this study Concept gained better understanding of issuedation to publiachargingg
i.e. charging of EVs away from home using commercial public chargers.

These issues couddfect the rate of EV uptakend thus the extent to which the benefits of EVs are
realised SectionO briefly outlines these issues, but does not address them in any detail.

EV Study v1.0 10 Saved7-Mar-18
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2 Estimation of the costs of largecale EV uptakdzy RS NJ WLJ & & A
YR WaYlINIQ OKIFNBAYy3I 7FdzidzNBa

This section of the report presents the resuwfsConcept modelling on the outcomes relating to
large-scale EV uptakender different EV pricing and charging approaches.

Section.1to 2.4 estimate the likely cost and emissions consequences from-4srgke uptake of
EVsunder two different EV charging approaches:

T Wt aaA@dSQ OKINHBHAY3 ¢ Kisandbatge thed vehidey &Ndon a8 theg LI & LI
get home. This charging approach is likely to occur based on current congriossr

T W{YIFINIQ OKINBAY3AZ ¢KSNSDOidasthaotied fadhiBrihiOugh theH SR LINBS R
night

Section2.5F RRNBaasSa (GKS FIF OG  Kpridestrict® whihzslNBycauseddf f | (G Q
passive charging, will also result in@Whers paying significantly more than they shofdd

charging their vehicles. This will likely frustrate the rate of uptake of EVs, significantly increasing

bSé %SIflyRQa SYAaarzya YR AYyONBlFraAy3a 2@0SNItf ¢
2.1 How soon might largescale uptake of EVs occur?

Appendix Apresents the results of the modelling Concept has undertaken to projeqidtential
level ofEV uptake. Two main projections are presented:

1 Projections consistent with the central Matiy of Transport (MoT) projection in its recent
NELIR2NI abSg %SEHflFYyR ¢NIyalLl2NI hdzif 221Y Cdzidz2NBS

1 Projections consistent with New Zealand seeking to achieveeret greenhouse gas emissions
by 2050.

Figure3illustrates the differences between these two projections in terms of the proportidhef
light private fleet (i.e. cars) which are EVs.

Figure3: Proportion of lidht private fleet which are EVs
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It is understood that the projection developed by MoT reflects current policy settings and expected
levels of EV cost reduction that will anyway occur. i.e. the MoT projection recognises that EVs are
likely to become incrasingly coskffective transport options for New Zealand, irrespective of
specific climateelated policies.

Under this projection, the level of uptake is such that0% of the overall vehicle fleet is electric by
2040 (with the proportion of the lightdet being much higher than for the heavy fleet). By 2040,
almost all light vehicles entering New Zealand will be EVs.

The second projection reflects the fact that the New Zealand government has recentinfiened
its ambition of achieving netero? emissions by 2050, and is in the process of developing and
consulting on policies to achieve this goal.

We have used our models of the New Zealand transport sector, plus our models ofafihddey
Zealand greenhouse emissions, to estimate the leveVafifiiake required to meet the target of
net-zero greenhouse emissions by 2050.

This NZnet-zero-by-2050 projection has a very rapid uptake of EVs, such that by 2030 almost all new
light vehicles (private & commercial) entering New Zealand will need td&/be E

The reason why there is a need for such a rapid transformation of vehicle purchasing patterns is
because vehicles entering the NZ fleet remain in the fleet for many years: the average age of a
vehicle scrapped in New Zealand is 20 years. ThusEarelticle purchased in 2030 could still be on
the roadand producing exhaust emissioims2050.

While thisrate of uptakemay have seemed fanciful a few years ago, rapid reductions in battery
costs mean that EVs are close to purchase cost parity withgI@Bking rapid uptake of the scale
projected here plausible.

Further, this is consistent with projections and policies in other countwéh,a growing number of
countries implementing policies which will effectively ban new ICE vehicles from aroutichinis

For example: 2025 for Norway, 2030 for the Netherlands, 2032 for Scotland, and 2040 for France
and the UK. Other major countries and economies such as China, India and California are also in the
process of developing similar policiegth many aher European and Asian countries, and some US
states, setting evemore ambitious targets for EV uptake

That said, it should be noted there is a significant degree of uncertainty around the projections set
out in Appendix Agiven that the rateand scaleof EV uptake wibbe significantly affected by
number of factors which are subject to significant inherent uncertainties, including:

9 future battery cost reductins, which will in turn be significantly affected by future international
L2t AOASAE o0& GKS g2NIRQa YI22N) SO2y2YASa 2y Of A

1 the development of autonomous vehicleghichmay also materially affect outcomes in artia
to-predict fashiont*

PypSiQ Syraarazya NB OFfOdzZFiSR Fta bS¢ »%SIHtlyRQa 3INRA
forestation.

Bwr LIy Qa LlearbdnBikgSta tragsgort feSt may have a particular effect on New Zealand, given that
averylar§ LINB L2 NI A2Y 2F bS¢g ¥%ShaddfrghRigean. DeK ik JagasheadOddwnS 4 S02
the hydrogenfuelled vehicle route, whereas America and Europe head more down the battery EV route, this

gAff o0S fA1Ste G2 YI GSodddedafbanisatioh abditesi b S¢g %SFf Il yRQa NI
1t is hard to know whether autonomous vehicles would materially decrease overall light passenger travel by

car. However, it would almost certainly reduce rates of car ownership, and consequent impacts on household
electricity demand.

EV Study v1.0 12 Saved7-Mar-18
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1 the rate of NZ population growth, whiahill also significantly affeche scale of EV uptake and
associated impact on national electricity demand

All ofthesefactorsare very hard to predict.

Nonetheless, these uncertainti@sound future EV uptakare considered differences degree

rather than fundamental uncertainties over the nature and scale of outcomes. Thus, we have a high
degree of confidence that, to dearbonise our transport fleet to me@tur emissions reductions

targets, the rate and scale of EV uptakesr the next few decadesill belargeand rapidg of a

magnitude consistent witthe projections set out idppendix A

Further, the purpose of this report is not to try and accurately forecast EV uptake, but to use order
of-magnitude forecasts to highlight the nature and broad scale of outcomes arisingefeatnicity
sector settings which will apply to EV chargiand also to highlight the nature and scale of issues
which could emerge from rapid largeale EV uptake.

2.2 What would be the impact on electricity demand of such largeale EV
uptake?

EV ptake d the scaleset out inthese two projectionsvould materially increase electricity
consumption Figure4 below shows that on an annual energy basis, lascge EV upke would
give rise to significarglectricity consumptiorgrowth.

Figure4: Projected New Zealand electricisonsumption(GWh}®
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15 The projections for noeV demand are for illustrative purposes, and not based on any detailed modelling.
For the years 2017 to 2026, n&V demand is projected to grow at the rate projected by Transpower for its
basecase in its 2017 Annu&écurity of Supply Assessment, and then continue at the same rate beyond then
(1% per annum).
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This increase in consumption will inevitability give rise to a need for increased electrivéiatgen.

Crucially, the type and cost of electricity generation to meet this consumption will be strongly driven
by the pattern of EV charging:

f EV charging which occurs at times of peak demand will give rise to incrédsi&il { A y 3 Q
generationg i.e. generéon which is required relatively infrequently to meet peak demand. In
New Zealand (and indeed all countries around the world) this is predominantly from fossil
fuelled gas and codired generation.

1 EV charging which occurs during-p&ak periods will ggdominantly be met by increased
Yol asSt 21 RQieBéngr&ididwiidhdpérates almost continuously. In New Zealand, the
most economic form of new baseload generation is renewable power in the form of wind or
geothermal power stations.

The patternof EV charging will also determinigetimpact on network costs (i.e. tl@sts of building
and operating théransmission and distribution wires):

1 Anincrease in peak demand will, over the ldagn, give rise to a need to invest in additional
network cagmcity.

1 Anincreasén demand in offpeak periodsif Y¥moothedacross the offpeak periodswill not
have any material impact on network costs.

Subsection2.2.1below estimates the likely pattern of charging which will occur based on current
electricity supply arrangements, with siglection2.2.2estimating the potential impact on demand if
9+ OKINHAY3 46SNB (G2 200dzNJ AYy | WaYINISND FTlFaKAZ2y

2.2.1 What pattern of EV charging is likely to emerge?

Appendix Bresentsthe results of modelling undertaken by Concept to estimate the likely pattern

of residential EV charging undertaken by consumers if they face no price signal as to when they

should charge their EV. This is curretttly case fothe vast majority otonsumergwe estimate

over5%Ry GKIFG GKS@ FIFOS | W¥Fpride ioxhad@ind\ibielr Bvhiér Pk 1 2 K O
R2SayQi OKIFy3aS o6& GAYS 2F RIe&o

Experience in NZ and overseas indicates that a significant propaeftiadividuals will simply pluin

their vehicles to start charging as soon as they get hqm&harging approach we refer to as

WL & & A @S Onfo@ubataNdEniost Beople tend to arrive home in the early evegingpich in

winter is the time of sytem peak demand.

With the capacity drawn fromesidential EV changgranging froml.8kW (for charging through a
standard domestic socket) through to 7 kW (from installing a dedicated EV residential charger), this
has the potential to significantly increaaverageresidential peak demandbove its current levels.

Howeverthe modellingin Appendix Bndicates that there is a significant amountdiersity
associated with EV charging. In particular:

1 Diversity of when people arrive home. i.e. the majpof people arrive home over35hour
window.

1 Diversity of how empty their batteries are when they arrive home. Based on typical travel
LI GGSNYyazx vyzaid 9+ olFGiSNARSa 2y Qi o0S GKIFG SYLI
chargingg particulaly if they are using ZkwW charger

EV Study v1.0 14 Saved7-Mar-18
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This combination of diversity factors means that thexeeducedoverlap of people charging at the
same time. Oumodellingprojection of a likely aftediversity’®*WLI- 8 4 A 3SQ NBAARSY G AL §

profile is shown irFigureb.

Figure5: Modelled'passive'after-diversity average peiEV residential chargg profile

Demand (kW)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

00:00
02:00
04:00
06:00
08:00

o o
e
S N

14:00
16:00
18:00
20:00
22:00
00:00
02:00
04:00

~— i

Weekday

06:00
08:00

10:00

o o
e
NS

= i

Weekend

16:00
18:00
20:00
22:00

Despite the diversity effectan increase iafter-diversitypeak demand of approximately 0.8 kW per
EV is a substantial amount when compared with average residential peak denfdridss

illustrated in the following diagram(Note, thisis in a situation of one EV per househwldich,
givenaverage car ownership in New Zealaid..75 vehicles per househgldquates to an EV
penetration rate of approximately 57%rhis is the penetration rate forecast to be reached by
around 2040 if Newealand is to achieve netero greenhouse gas emissions by 20B@ll vehicles

in New Zealand were converted overnight to an B, EV charging impaper householdould be

up to 1.75 times greate)

By FRIASMINBEAGEQ YSFya

iKS

fI NBS ydzyo$S
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Figure6: Impact on armaverage household demand profile of charging an EV passively
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Figure7 shows our projecteanodelling of thempact on national peak demand
Figure7: Projected New Zealand peak MW demaimpact of EVsvith passive chargingf
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" The norEV demand projection is not based on any detailed modelling, but ibustrative purposes. It
uses the simple assumption that peak MW demand will grow at the same rate as annual GWhcareergy
using the Transpower figures for GWh growth.
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Thus,if EV uptake occurs at the levels projected, and the majority of consumers continue to face
noncostNB Tt SOGA GBS WFE I GQ St SO0 Néandpeak dddiadoSTauldT 2 NJ OK |-
grow by approximately 3,000 My around 205y F RRAGA 2yt pr: 2y (2L) 2
levels.

This matters because, as set anutmore detailin section2.3, an increase in peak demand will give
rise to a need to build generation and network capacity to meet this peak, which can be very
expensive.

Further, as first mentioned on padd, peaky demand growth will likely increase the proportion of
generation fromfossilstations These emissions impacts of EV charging are explored in more detail
in section2.4later.

222 /1y 9+Qa 0S OKIFNHSR AY | WAYINISND Tl aKA?2
| 26 SGSNE Ay ONBLFaASR LISH1 RSeelfERupfakey QG |y Ay S@AGL ¢

AsFigure6 above show, the periods of loweston-EVdemand on the system are overnight when
most people are asleep. This atswncides with whemost people are not using their vehicles.

If peoplecharged their vehicles overnight ¢ A ( K & dzOK OKIF NBAY 3 dzy RSNI | 1Sy
across the nightthere need not be a material net increase in peak demand. Our modelling indicates

that, even with using a standard domestic pltiggre is plenty ofime to re-charge vehicles during

the hours betweer®pm and 7anfor the vast majority of daily journeys undertaken by private

vehicles.

Figure8 shows a simulation dhe impact on average residential demandWswvere charged
W3 Y I (NA. préddminantly overnighand smoothly through the nightThis shows that such smart
charging would not result in any material increase in peak demand.

EV Study v1.0 17 Saved7-Mar-18
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Figure8: Impact on an average household demand profile of charging andE¥ Y | ‘NI £ & Q
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Figure9 shows the revised impact on peak demdndthe two projectionsif all vehicles were
OKI NHSR Ay & dzO Rhislshowsahdistedil Of pehk deriahd2dyedo EV charging
growing by approximately 3,000 MW by 2060k ( K WL & &pdesk 8enand €oulNENy y 3
increase by approximately 500 MA (iKI NUBQ &K NBAy 3

18 This analysis is based on an average of one EV per household.

19 Figure8 shows no impact on peak demand. However, this assumes that all vehicles have complete flexibility
around charging times. In reality, there will be some (relatively smalfgstion of vehicles who absolutely

must recharge during earbkgvening peaks in order to meet driving requirements later in the evening. The
analysis irFigure9 attempts to reflect this scale of need.
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Figure9: Comparison of pjected New Zealand peak MW demand for high-Eptake between
passiveand smart EMchargingapproaches
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2.3 Estimatingthe cost of meetingeVdemand fromthese different approaches

Appendix Gets outour analysis on the network and generation costs of meeting demand growth. It
highlights that

1 Network costs ardargelydriven by growth in pak demand, with the combined transmission
and distribution network cost estimated to be approximately $E0/KW/yr

' Generation costs are driven by a combination of kWh energy and peak kW requirements. A
NBfFGAGSt e WLISI 1 @8Q LiniRghrbfileds estimaiel to todt approxidlatdhg A @ S
$90/MWh on average, whereas a smart EV charging profile would cost approxima@i\gh
on average.

Tablel below shows the results of bringing all these various modetlorgponents together. i.e.
1 Projections of EV uptake, and associated GWh electricity demand.
T tNe2SOlA2ya p&alkP8 QUWENERHRNEHEDpréaghesy

9 Estimates othe electricity system costs of meeting the associated peak demand increase (for
network costs) and GWh profiles (for generation costs) for the different projections and charging
profiles.
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Tablel: Projectedelectricity systemcostsof meeting EVrelated demand growth under different
EVtuptake scenarios, and Passive vs Smart charging approa($tmg?°

EV demand-driven cost projections for 2018 to 2050 (Shn)
Uptake Cost Non-discounted Discounted PV
scenario Component| Passive  Smart Diff. Passive  Smart Diff.
EV - MoT base proj. |Generation 11.4 9.0 24 2.9 2.3 0.6
Network 7.1 1.0 6.1 1.8 0.2 1.5
Total 18.5 10.0 8.5 4,7 2.5 2.1
EV - Net-zero-by-50 |Generation 17.0 13.4 3.5 4.8 3.8 1.0
Network 10.6 1.5 9.1 3.0 0.4 2.6
Total 27.6 14.9 12.6 7.8 4.2 3.6

EV_Study CostCalcs_w01.xlsm

This highlighg that largescale EV uptake with passive charging approaches is likely to cost New
Zealandbf the order of 812 billion dollars inadditionalelectricity systentosts(2 to 3.5 billion in
present value termsj largely through causing significant extra network investment.

As noted previoushthere is a reasonable degree of uncertainty as to these estimates, due to

uncertainties over the timing and scale of network investments (including the extent of cost impact

on the lowvoltage parts of the distribution networks), and uncertainties over the rate of uptake of

EVs for different parts of the transport fleeThusA &G A& Ll2aairoftsS GKIFG GKS WGN
or lower than the estimates presented here.

Nonetheless, these uncertainties are considered differences in degree, rather than fundamental
uncertainties over the nature and scale of outcomes. Thus,ave h high degree of confidence
that, if non-costreflective electricity pricing for charging EVasato continue over the next few
decades, the consequent passive charging of EVs would result in many billions of dollars of
unnecessary electricity systeoost impacts.

2.4 Emissions impacts of different EV chargiapproaches

As first mentioned on pagk4, the pattern of EV charging will also affect what type otgieity
generation meetthe increase in consumption:

T 9+ OKIFINBAY3a 4gKAOK 200dzNE 4 GAYSA 2F LISI]1 RSY!
generationg i.e. generation which is required relatively infrequently to meet peak demand. In
New Zealand (andhdeed all countries around the world) this is predominantly from fessil
fuelled gas and codired generation.

1 EV charging which occurs during-p#ak periods will predominantly be met by increased
Yol &St 21 RQi.eHyéngr&ididwhichdpératesrabst continuously. In New Zealand, the
most economic form of new baseload generation is renewable power in the form of wind or
geothermal power stations.

This issue was explored in some detail in a 2016 Concept régbettric cars, solar panels and
batteriescK2 g gAff (KS& FFTFSOG bS¢g %BlIflyRQa IANBSYK?2d:

The key results from this analysis were that, in the mediarongterm, an increase in EV demand
would largely be met by increased renewable generation (largely wind, but someayewl), but

20The discounted present value numbers, use a discount rate of 6% to bring back costs which occur in the
future to a present value.
21 This report is available for download fatp://www.concept.co.nz/publications.html
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with the extent of renewable versus fossil generation varying between passive and smart charging
approaches:

1 Under a passive EV charging approach, approximately 20% of the generation to meet the
demand would be from increased fossil generatiauith the remainder from renewable
generation??

1 Under a smart EV charging approajcist over5% of the generation to meet the demand would
be from increased fossil generation.

Figure 23 othat 2016 reportindicatesthat the longterm emissions intensitgf generation to meet
a passive charging profile would be RJCG/kWh, whereas that of a smart charging profile would
only be 0.03%gCGQ/kWh.

Therefore, not only woulgassive EV charging have signifiq@md unnecessarygconomic costs, it
would give rise tounnecessargnvironmental costs.

That saidjt should be noted that, even for the passive charging regime, the overall environmental

effect of EV uptake is strongly positive due to the electrigigperationrelated emissions being

more than offset by the avoided exhaust emissions from ICE vehithes is illustrated ifrigurel0

below (which is taken from Figure 24 in the 20&ports0 ® 0b2GAy3 GKFG WLI aaA@S
NEFSNNBR (2 I athel2dlbepsitSQ OKIF NHBAY3I Ay

Figurel0: Estimatedlongerterm emissions impacts of EV uptake
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2The reason that passive@ K NASR 9+ RSYlIyR R2SayQd 3IAGS NRaS G2
because on a withiiyearbasis, EV demand is effectively baseload. This substantigbisathe type of

generation required to meet an increase in demand. Further, the modelling assumed that over the medium
to-longterm CQ prices would rise above current levels. This lowers the threshold capacity factor below which

it is more costeffective to use fossil stations rather than renewables.

B¢KS WAYONBYSyillt SY02RASRQ SyAaarazya AYRAOFGS GKS KA
manufacturing an EV compared with manufacturing an ICE vehicle (noting that battery production is very
energyintensive), but spread over the typical number of km travelled by a vehicle over its lifetime. The
WESOU2ND SyYAaaaizya NBLINSD sighedgetefaton St roxehdrge F\abatleneR. Y | y& 7
¢CKS WIF@2ARSR (I Af Liehidided KK dxbadsh etnissionsNitatlwbliti otSeynise have

occurred from driving an ICE vehicle.
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2.5 The cost and emissions impacts of passive versus smart charging are likely to
be evengreater thanset-out above

The above analysis compares tlstand emissions impacts of passive versus smart chafgimg,
given level of EV uptake

Howeverthe price signald N2 Y (1 KS OdzNNE ypilicesiod® B2 AR WISY NAWSBE HI2Q Wi
charging approaches will also result in@vhers paying more tol@arge their EVs than they would if

they charged overnight and paid a (low) cosflective price for such overnight charging. The

current lowfixed charge regime exacerbates this effect.

This is illustrated ifrigurel1lwhich shows therice paid/received by consumers for
using/generating electricity for four different consumer appliances including EVs (and also solar PV
which is a generation technology).

Figurell: Demand (or generationveighted average price seen by different consumer
technologies*
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Current tariffs tell consumers that the value of investing . - but a cost-reflective tariff

in different technologies (e.g. generating solar, insulating would tell the true story

your house, buying an efficient fridge) are the same...

These distorted price signals will harm the economics of EVs relative to ICEs for vehicle owners, and
likely result in EV uptake being supressed relative to what could be achieved.

Appendix Adetails how a projection was developed which estimates the extent to which EV uptake
would be frustrated if all other factors which gave rise to the-neto-by-2050 projection were in

place €.g battery cost reduction€ZQ price increases), but consumer electricity prices continued
with a noncostreflective structure.This is illustrated ifrigurel2 below.

21 C/ FFABSRe OKI NBSQ
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Figurel2: Projectedmpact on the proportion of the light private fleet which are EVs due to
delayed uptakedue to a continuation of norcostreflective consumer electricitprices
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Table2 below illustrates how this altered rate of uptake translates into a significant increase in
SYAaarzya F2NI bSg %SIHfFyRQa fAIKG LINKADldetS Ff SSid
will be 37% higher if uptake is delayed due to a continuation ofcustreflectiveprices. This is

due to:

9 Higher exhaust emissions from the increased number of ICE vehicles

1 Electricity generation emissions being higher due to a higher proportifwssil generation to
meet the peakier demand profile of EVs.

Table2: Projected difference in emissions outconige to a continuation of norcostreflective
consumer electricityrices (MtCO2e)

2018-2050 cumulative 2050
ICE exhaust EV elec-gen ICE exhaust EV elec-gen
Projection scenario emissions  emissions Total emissions  emissions Total
EV - Net-zero-by-50 144 3.7 148 1.3 0.2 1.5
EV - Net-zero-by-50 delayed 156 9.3 165 1.5 0.6 2.0
Difference MtCO2-e 12 6 18 0.2 0.4 0.6
% 8% 154% 12% 15% 177% 37%

EV_Study_CostCales_v01.xlsm

This delayed uptake due to narost-reflective electricity prices will also deliver poor economic
outcomes:

9 Higher electricity system costs due to EV demand being significantly peakier from a passive
charging profile. (This significantly outweighs the impact from reduced GWh from dél&yed
uptake)
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1 Higher vehicle costs, principally from increased oil purchtsésel the greater number of ICE

vehicles

Table3 sets out the estimates of this econoninapact.

Table3: Projected economic impact of delayed EV uptake due to a continuation ofcust
reflective consumer electricitprices ($bn)

Non-discounted Discounted present value
Vehicle Total Vehicle Total
Projection scenario Capital Maint. Qil Gen. Capital Maint. Qil
EV - Net-zero-by-50 99.2 35.6 46.1 | 195.9 49.8 16.6 26.0 96.5
EV - Net-zero-by-50 delayed 99.6 36.0 50.1| 210.0 49.5 16.8 27.6| 100.4
Difference 0.4 0.4 4.0 14.2 -0.2 0.1 1.6 3.9
EV_Study_CostCalcs_w01.xlsm

EV Study v1.0

24

Saved7-Mar-18



(&

cdnce pt
3 Options for incentivisingpetter outcomes

3.1 Introduction

The precedingectionhasidentified thatthe currentpricingapproach for electricity; i.e.
predominantyW? ¥ £ | ( @riccak pKK OK R2y Qi @I Nl reSukiNBodeEXK 2 dzi G KS |
outcomes:

1 EVowners will pay significantly more than they should for charging their vehigles. willslow
GKS NIGS 2F dzLJiF 1S 2F 9xa3 aAA3IYATFAOLyidte AyON
costs.

f ¢K24S K2dzASK2f R4 6K2 R2 LJ2NOKFaS 9zxchargmg f t Y2ali

their batteriesg i.e. simply pluggingn and charging as soon as they get hogresulting in a
significant increase in peak demand and associated costs.

&

These outcomes have been identified by the Electricity Authority (and qthmedsiding the
Electricity Networks Associatipas being symptomatic of the curremtedominantelectricitypricing
approach not being coseflective.

This section starts to explore what opportunities may exishtwve to more costeflectivepricing
approachess KA OK Y I & | QKAMySQD SasEil RASyiptikid, buyf withVcharging
dzy RSNIF {Sy Ay | ¢l & gKAOK R2SayQid YFGSNARItfte Ay

The purpose of this section is not to identsfyecificsolutions, but tostart to highlight
1 the range of possible options
1 the types of challengeassociated with each option

9 possible areas fahe industry to progress to resolve such challenges.

3.2 Time-of-use pricing

One potential optiorto encourage EV owners to charge their vehicles away from peak pésitus

use of timeof-usepricing: i.e. having timeifferentiated variable c/kWh consumptigorices with a
Yealperiod and andff-peakperiod. This is a form of coseflectivepricethat seeks tasignal to
consumers the periods where increased demand will resultdreased cost of supptyand is one

of the three main families of options that the ENA has identified as potentially being appropriate to
deliver more costeflective prices®

Experience overseaand with trials in New Zealafftlindicates that this doegesult in a substantial
shift in EV charging behaviour, with people usinglibat-in functionality within their EVer wall
chargergo programcharging to begimvithin the off-peak period.

25 The other two main options are peak demabdsed, and capacity & SR LINA OS & @ ¢KS 9b! Qa
these issues is available hehdtp://ena.org.nz/newsand-events/news/finalpricingguidancereport-

published/

26 For example, sedttp://www.energynews.co.nz/newstory/electricvehicles/35753/overnightariffs-drive-
ev-chargingshift-mercury
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For examplea United States study on EV charging pattérhighlighted the significant differences
in charging behaviour between

9 customers who faced a timef-use electricity price (as shownkigurel3below for San
FranciscowherePacific Gas & Electriéfered EVVowning customers a timef-usepricewith an
off-peak period starting at midnight.

1 customers who faced a flat electricity price. (as showFidgurel4 below, for Nashville)

Figure13: Weekday EV charging demand for San Franc{tate: xaxis starts at 8am)
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Figurel4: Weekday timeof-day EVcharging demand for NashvilléNote: xaxis starts at

midnight)
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While TOU pricing has shown to $ieccessful in shiftingV demand out of the current peauch
success is a doubkxlged sword in thait creates dikelihoodof a new, greater peak:

1 Asalmost all EVs have the funatiality to set the vehicle to start charging at a certain time,
there is a risk that large numbers ofBWners will set their vehicles to start charging at the
start of the offpeak period(As has been observed in the San Francisco case sh&iguiel3
above) This is becauseyen if vehicle technology allows a later start time for charging, there is
no economic advantag®er a driverto se the start time of thér vehiclecharging at any time
later than the start of the TOU periodndeed given thgalbeit smallyisk of electrical outage
there is disadvantage to doing.so

1 Such a charging approach would lose all the diversity benefits associated with people starting
their EVcharging at different times.

Figurel5illustrates the potental chargingoutcomein New Zealandf everyEV owner who arrives

home prior to 9pm were to start charging their vehicle at 91 2 YS ¢ h! Q0 02 YLJI NBR
previously estimategbassive chargingutcome for consumers who pltig whenever they get home

bed dza S G KSeprigel OS | WTFf Il GQ
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Figurel5: Modelled afterdiversity EV charging pattern for 'passivélat price) and 'simple TOU'
charging approachegaverage impact per EV)
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If such an outcome were to occur from T@ticing(noting thata proportion of consumers may not
respond to this signal and continue to charge passiyétgn our analysis suggests it would only
require 9% of households to have an EMifer peaksystem demando shift to 9pm, from the
current 6pm systenpeak

Further,because each additional EV operating under this pftihgparadigm adds 3.6 kW to 9pm
demand, whereas under a flatice paradigm each EV only adds 0.8 kW to system [z to
diversity effects)the rate of increase in peak with EV uptake is much greater.

Therefore, for EV penetrations of 2% and above, the peak demand arising from everyone
F2tf206Ay3 ( gikidgappraakhviraiilddegréaketth@n if everyone had continued to
follog | WLI 3aAPSQ OKINABAY3I | LILINRI OK®

Clearly, not everyone wibllow I Wa A Y piiciGgapprodchl.e. start charging at 9pm as in the
example)as some will disregard price and simply charge their vehicles when they \WMamtever,

the experience of trils, such as that illustrated iRigurel3, and a significant portion of customers
wishing to save money suggegitisit a large proportion willlt is thus consideredKely thatlarge
scaleEV uptake with TOpFricesis likely toresult in the type of adverse outcomes described above.

Further, largestep-changeincreases in demand at the same time create additional voltage and

frequency impacts on networks. ThismeantBa A YLX S ¢h! Q | LIINRBIF OK Yl & St
issues (at locabr regionally/nationallyif neighbouring network companies TOU periods start at the
sametimé® GKIFG I NBYyQO SELISNASYOSR AT LI 43aA0S OKIF NHA
Such network stability issues may reduce the confidence of homeowners to convert to EVs and slow

the rate of adoptiong with consequent impact on carbon reductions.

One possible option to addressetphenomenornof a new larger instantaneous pegkto irtroduce
stepped TOU pricingd dzOK a |y AYUSNN¥YSRAI OGS WAK?2dediteRSND LIS NJ
period between 9pm and 11pm.

However, his is not considered likely fandamentally resolvéhe problem. This is because there is
no incremental effa or loss of utility for an EV owner programming their car to start charging at
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11pm compared to 9pm. As such, it is considered likely that we will get the extreme demand step
change at 11pm rather than 9pm and with similar consequences.

As evidence thastepped TOU pricing is unlikelyresolve this issueOrion in the late 20 century

had this approaclior the management of hot water cylinders. Over time, as the number of hot

water cylinders increased, they found stepped TOU pricing to cause the negative effects discussed

KSNB o /| 2yaSldsSyidtes Ay GKS 1 3GS wwhdenvddaséddNA 2y Y2
approach wherehe start time of charging of hot water cylinders waslitégked from a specific

period.

Another option that has beesuggesteds to have the TOU time periods being different for different
consumers. For example, one hebsld having ofpeak starting at 9pm, another at 9.15 pm,
another at 9.30 pm, etc.

While this would certainly reduce the demand stelpange phenomenon, it is considered this
approach would introduce high transaction costs to implement, as this dispeytiimes would
need to be for all customensithin each LV network.g. the groupof approximately 5a.00
propertiesserved by the same LV transfornefThis would impose high cetst-serve for networks
andelectricityretailers (which would be passemh to consumers) and would also tend to act as a
constrainton electricityretail competition. In this respect, it is worth noting thalectricityretailers,
based on feedback frotheir customershaverepeatedly suggestd that network pricing needs to
get simplerg not more complicated.

The last potential issue associated wiingTOU pricing tancentivise offpeak E\charging is that

it may raise additional issues once®d f f S R-to# BEVRE}EchrBlogy(i.e. EVs injecting
power back intohe grid at timespecomes more prevalent. With potential casfflective timeof-
use price differentials between peak and-ptak periods of approximately 15 ¢/kWh, there would
be strong financial incentives for vehicle owners to use their vehiclepagst batteries: i.e.
vehicles injecting power back into the grid at times of high price, a#illirey the battery at times of
low price. Such behaviour would tend to significantly exacerbate thediapges in demand
between peak and offeak periodsllustrated inFigurel5above until such a point when night time
becomes the new pealand customerpricing needs a dramatic orgaul

In summarywhile TOU pricings an excellent means of shifting EV chargmgeriodsOf | 8a SR | & W3
LJS | {dEeE nofoirercome the fundamental other requireméilS |j dzA NBR T2 NJ WA Y NI Q
namelysmoothing EV charging across usarerthe off-peak period

Indeed,for the reasons set out above, TOU is so good atispiV charging patterns that it wglve
rise to anew (and faster growing) peak at relatively low levels of EV penetrdteomwould occur
with passive charging undére current flatpricestructure. As set out previously in secti@such a
higher peak will deliver adverse economic and environmental outcomes.

Further, the sharp steghange indemandat®h a G NI 2F GKS {AYSS {10S NI22AR RO
potentially create network stability issues

Clearly, as such outcomes start to emerge, it would be likely that the industry would move away
from TOU pricing. However, it is not considered desirabiatroduceTOUpricing, only for
consumers to go through the upheaval of moving to anotbrézing approach as undesirable
outcomes from TOU pricing for EV charging start to emerge.

It is considered that these poor outcomes in relation to TOU pricing/aqgpto EV load is because
EVs arestoragetechnologies. Hot water cylinders are also storage technologies.

By their very nature, storage technologies offer significant flexibility to alter the timing of energy
consumption without materially impacting atelivery of the underlying energy servicée.
transport in the case of EVs, hot water in the case of hot water cylindensexample, whether an
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9+ A& OKFNHSR Fd cLlY 2NJolyY R2SayQid FFFSOG GKS d
work at 9am

It is potentially the case that TOU pricing may be appropriate to deliver improved consumer

decisions in relation to other, nestorage energy teafologies (e.g. incentivising leasbst

investment in efficient lighting, or home insulation) withtaesulting in the significant stephanges

in demand associated with storage technologifiss beyond the scope of this report to consider
the suitability of TOU pricing for these other consumer demands.

3.3 Coincident maximum demand charging

An alternative more costreflective pricingoption could be to introduce coincident maximum

demand (CMD2 NJ WpdSrgdAQpS o I WAGA 01 Q 2F LISyl fide LINAOSa 7
demand, to incentivise people to charge thEXoutside of periods whichra likely to be peak
periods.

The key differencebetween CMD and TOU priciage:

T ¢h! LINAOAY3 Aa Ypedkpéribdd &e detériiSed iN8dvancald ik 2 T F
relatively low peak prices

T /a5 LINAOAY3 Aa WReyl Y aspenksismét knovwh inlai/ahpeRhR a | NB  Of
relatively high peak prices:

For example, a simple peak & -giak TOU structure may have the peak period being four hours in
the morning and four in the evening (2,920 hours in total across the year), with thenpéakrk
price being 15 c/kWh and the gffeak network price being 0 c/kWh.

Conversely, a CMD pricing approach may only have 125 hours in the year classed as peak with

9 periods only classed as peak either shortly in advance (e.g. a couple of hours paite) thre
event (sometimes several months after)

1 the peaknetwork price applying during such periods beamhigh a$2.50/kWh (i.e. fifteen
times greater than the TOU peak price.)

While CMD pricings likely todeliverbetter demand outcomes than TOU @rigg i.e. it is much less

likely to deliverthe sharp stepchanges in demandssociated with the start of a TOU -piéak period

¢ there are other agects of CMD pricing which may prove challenging arising from the fact that the

CMD pricing would need tapply to all electricity consumed at the property (not just the EV

charging)

T 14 GKS SELISNASYOS 6AGK ¢KS [AySa /2YLIyeQ
clearthatmas’ NJ S O2yadzYSNARA KI @S (GKS Waathéddea ( A
of such extreme, and dynamic prices.

A Y L

a Y L.
Ol G Az
1 CMD pricing inherently imposes relatively high transaction costs on networks, retailers and
consumers in terms of signalling, monitoring, and responding to thetiraal peak price signals.
For customersit is generally hard to predict when peaks will occur. And with the emergence of
fIrNBS O2yUNRftflIofS f2FR& 6adzOK | a 9+a IyR K2
Kdzy G Ay3Q OFly 200dzNJ 6KSNBo6e& I NBS ydzYIptS§ NE 2F Od:
cause the peak to shift to another period if this load movemenhisoordinated between
customers. This causes costs (and stress) for customers seeking to minimise their bills.

1 ApplyingCMDpricing can raise some social welfare issues for consusodiering income
deprivation, particularly:

- managing much higher winter / summer bill differentjaad
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- undesirable incentives on people to undeeat their home, particularly at times of greatest
need (i.e. during periods of extreme cold weatlgerhich tends to drive peak demand).

For the above reasons, it is not clear that Cpteingwould be a desirable approach to incentivising
households to undertake good EV charging approaches.

3.4 General issues with TOU and CNdidces

3.4.1 The potential for bill shock

The above analysis highlights the significgereralchallenge with usinghore costreflective prices

to incentivie good EV charging approache&sostreflectiveprices which reward nightime charging

will also penalise pealime charging. Thialteredpricing approachwill also apply to the rest of

household demand.

t NE@A2dza +ylfeara dzyRSNIIF{1Sy o0& /2yO0OSLIi KFa ARSy
aK201aQ oA lcklibeit gD éthel- considn&rSenjoying countbalancingpill reductions?®

Given the uncertainty that most consumers facdia2 ¢ KS G KSNJ 6§ KS@ ¢g2dzf R 6S Wg
from moving to such coseflective pricing, it is possible that most consumers will elect to continue

with their current pricing approacheggiven the choice. Indeed, that is the overwhelming

experience tedate for those networks who have offered tinné-useprices for several year.

Howeverifl  aA3IYyAFAOFY (G ydzYoSNI 2T O2 ycosefedidepri&d, SO0 G 2
oneof two undesirable outcomes will likely occur:

f LT GKS® R2 LIJz2NDOKIF &S |y 93 (GKSe& gAft fA1Sfte OK
in system costs identified above.

1 They will be less likely to purchase an EV in the first place, giveththabsts of charging their
vehicle will be significantly higheAs set out in sectioB.5, this will increase the costs ofl
purchases, plusausesignificarly higher greenhouse emissions.

The alternative approach is to makestreflectiveprices compulsory This wouldn principle

deliver improved EV outcomes in terms of higher uptake for lower costs. However, many consumers
g2dZ R 0SS Wi 2 8l $hotRdtdom bughRa mbwizalFeib dffdedwith other consumers being
WGgAYYSNEQO®D DAGSY (GKS SELISNASYOS 2F ¢KS [AySa /2
rapid introduction of compulsory coséeflective prices would be desirable.

Rathe, a more considered, phased approach is regarded as preferable, particularly as there are

some complex design issues to resolve with moving to-ikctive pricing, with difficult tradeffs

to resolve. For example

1 Atthe moment, a lot of network and retail costs which are not driven by kWh consumption are
currently recovered via variable c/kWh consumption charddsving to recovering a higher
proportion of costs from fixed chargéslikely to deliver better econmic, environmental and, in
many cases, social outcomesger the longterm. For example, it would improve the economics
of owning an EV, thereby facilitating EV uptake and improved environmental outcomes.
However high fixed charges angrohibited for mos residential consumers under the lefixed
OKI NHS NB3dzZA FdAz2yas FyR Ndzy O2dzyGiSNJ (2 Ylye LIS

28{ S Fhectrik cars, solar panels, and batteries in New Zeajdhe social impacs = a |l NOK HAMT @ L aI
for download atwww.concept.co.nz/publications.htmll- £ 2y 3 A GK | &dzKe NBE LINBaSyal
technologies + Old tariffs = Problem!

22While some EV owners in New Zealand have shown a greater propensity for moving to TOU prices, it is

considered that these early adopters (who tend to be engaged in the elggtmarket to an unusual extent)

are not representative of the general public.
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1 There are some design choices for the approach to recovering those network costs not driven by

demand (seO £ £ SR WNEB &ost’) dzartic@arlywihirégardlo cesliocation between
consumer groups, and issues such as rural / urban pricing.

3.4.2 Limited ability to deliver verysmart charging approaches

The other general issue with TOU and CMD pricing isiglier option is conidered very good at
FOKASGAY3A (KS Wavz22(iKAyYy3aQ eleymoReStyvels/oREVip&hetriatiomm A £ £ 0
to prevent an increase in peak demand.

An example of smoothing in demand is shawfrigurel6 for hot water demand in Christchurch.
This shows how the proportion of hot water load shed was varied in a highly coordinated fashion
throughout the course of the day so as to give a flat overall demandec

Figurel6: Orion's network load and management for 12 Jul 2017
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While both TOU and CMD are good at avoidingent systenpeaks, neither TOU or CMD is
considered capable of delivering this highly coordinateargng approach to fill umight-time
troughs in a way which prevents new peaks emerging with lacgde EV uptake.

3.5 Managed charging

A third option which may avoichanyof the above undesirable outcomes from TOU and CMD pricing
is for EV charging to beanagedby an electricity retailer, aggregatpor network company.

Suchmanagementivould involve interrupting EV charging during periods of peak demand, and

managing EV charging over the rest of the period to prevent new peaks occuvhitgf ensuring

that the EV battery is fully charged by the time a customer needs it for the start of their daily

commutingd CKAA ¢2dAf R FIOAEAGIGS GKS KAIKE & O22NRAY
currently achievedy some network$or hot-water demand whilststill providing customers with a

service level they are happy with
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Thekeyquestiors with managed charging are

1 How toincentivisethe majority ofconsumers to grardnother partythe right tomanagetheir
EV charging

§ Can such incentives lagrangednt ¢ & KA OK R2SayQi OFdzasS oAff a

Mandated approaclt?

In the past, eme networks used a form of mandatapproacr(to varylng degrees) to secure the

ability to managethe hot water cylinders on their network. i.8.KS G SN¥Ya Ay I OdzA (2 YS
granted the network theability to managea hot water cylinder that is connected to the network

Generally, this was explicitly rewarded in the foofrlower pricingfor hot water cylinders

recognising the costs savings to the network through not havirmiia as much network capacity

to meet peak demand

However, 1 is considered that these mandated approaches for hot watere historical legacies
which reflecedthe circumstances of the time. It is not considered that mandatiag a third party
must be able to manageinome devicess a desirable approach to take for new consumer energy
technologiesincluding EVsThis is particularly because mandate risks:

9 The relative value that different consumers place on a service not being properly reedgn

1 Managementhrough mandate being used only for the part of the supply chain associated with
the mandate (e.g. provision of network services), and not being effectively used for delivering
value for other parts of the supply chain (e.g. generation).

Further,mandates are only likely to be practicable if the mandate can be associated with the
Ayaulrttlrarzy 2F I RSOAOS Ay | 02y &vHirBididdde LINB YA & S
case for hot water cylindersi.e. they require a qualifiedlectrician, and the installation of a

cylinder which meets New Zealand standagdsis not the case for E\(gven that EVs can be

charged from a standard domestic socket.

It is possible that a mandate could be associated with installatiatedicatedchargers.This

F LILINEF OK FLIJSEFNAR (G2 0S 060SAy3a LzNRIdzZSR o6& (GKS 'Y
+ SKAOf Sa . Aits $eéonddading. NEnbngsk dhigr thingsis Bill will allow regulations to

be easily introduced, if they are determined necessary in the futan@ynd the technical

requirements for EV charging points.

301n some cases there was no explicit recognition through a discounted hot water price, but rather the benefit
to consumers was implicitly achieved through the networks notrmgtd build as much network, and thus bills
generally being lower than they would otherwise have been.
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12 Smart chage points
(1) Regulations rmay provide that a person must not sell or install a charge p cint
unless it complies with prescribed requirements.

(2) The requirements that may be imposed under subsection (1) include 20
requirements relating to the technical specificaions for a charge point,
including for example the ability of a charge point—

(a) toreceive and process infamation provided by a prescribed persaon,

(b) to react to infarmation of a kind mentioned in paragraph (a) (for
example, by adjusting the rate of charging or discharging), 25

{¢) to transmit infamation (including geographical information) to a
prescribed person,

(d) to monitor and record energy consumption,

(e) tocormply with requirements relating to security,

(f) to achieve energy efficiency, and 30

(g) tobe accessed remotely.

(3) Regulations under subsection (1) may also prescribe requirerrents to be metin
relation to the sale or installation of a charge point.
{4) Inthissection—
{a) "“sell" includes let on hire, lend or gve; 35
(b) references to a prescribed person include references to—
(i) aperson of a prescribed description, and
(ii) adevice operated by one or more prescribed persons.

It is not clear how appropriate or successful such an approach would be in terms dahiisieg
managemenbf EVs in New Zealamdarticularly as it is possible that most consumers may elect to
charge their EVs from a standard domestic socket, rather than install a dedicated charger. This is
becausehere is an ugront cost to consumersdém installing aledicatedcharge?!, and nany

consumers may perceive no real need for such charging, as slow charging overnight using a standard
socket will be more than adequate for the vast majority of journeys undertaken by drivers.

Where it mightbe mae achievable to use mandate to incentivisanagedeV charging is in relation
to managing vehickéo-grid (V2G) dynamiasi.e. managing the potential for EVs to inject power
back into the grid.Because ere are significant safety aspects with injectpagver into the gridlit
ismore likely that regulations could be introduced which mandate particular approaches by
consumers wishing to inject power from their vehicle into the grid. Such regulations could include
mandate that injection can only be vig@roved charging pointehich are subject tonanagement

However, it is not considered desirable that such a mandate should move beyond the safety aspects
of V2G, to also using such control to address the economic aspects of V2G.

In this respect, V2G haise potential to deliver significant additional economic benefits through
reducing peak demand. However, as set out previously on p@géere is the ptential for

inefficient outcomes if consumers use their batteries to respond to a static TOU price signal. If a
network, retailer or aggregator were to manage the charging and injection of the battery, much
more costeffective outcomes would be achievabl

However, mandating such control may risk inadvertent outcomes, rather than an approach which
enables EV owners to ot in return for sharing the economic benefit.

In summary, it is not considered that using a mandate is a desirable approach teiaghietter EV
charging outcomes.

31The up front cost for many households may include an upgrade in the electricity wiring both to and within
their home.
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Reward?

The other approach to incentivise consumers to grant networks or other partiese(eaticity
retailers) the rights tananagetheir EV charging is a financial rewatd. consumers are offered
some form of dicounfreward in return for grantinga third partythe rights tomanagethe charging
of their EV.

This is the approach currently taken by many networks in terms of incentivising consumers to grant
networks the rights tananagetheir hot water cylinder. Typically, consumers witimanagecdhot

water cylinders pay a discounterbtwork price on their variable consumption, or sometimes pay a
lower fixed daily chargeThis recognises the costs savings to the network through not having to
build as much networkapacity to meet peak demand

A similar value proposition is likely to be appropriate for incentivising consumers to grant parties the
rights tomanagethe charging of their EVThis also has the potential benefit of incentivising smart

EV charging but inway which minimises the bill shocks for consumers from introducing cost
reflective pricing to theiother, nonEVconsumption.

In addition, there may be other value propositions to incentivise consumers including:

1 Improved battery management. garty (electricity retailer, networkor other party) could
charge the battery in a way which extends the life of E\é¢battery

1 Payment for injection back into the network during periods of peak dengairal vehicleto-grid
¢ or to provide other ancillary servicasich as frequency keeping, voltage support etc.

General challenges with developing la&hagement

In practice there are likely to be a number of implementation challenges associatechasitaged
EV charging

f Designing a EVpricethat supports managed Ehargingwhichhask & dzZF FAOA Sy (it & f I N
to incentivise uptake, but which eonsistent with other costeflectiveprices (such as TOU)
which mayapply tounmanagedoad. This may require thelectricity supplyfor managedeVs to
be separately metred ¢ increasing the costs for such an approach. This contrasts with hot
water managementt the moment, whereby many properties havsiagle meter, with the
discount formanaging hot water loadiven to all consumption at the property.

1 How to incentivisenanagedoutcomes that recognise the value managementcross the
whole of the electricity supply chairn other words, there may be certain times when
managemenmay be economic to avoid generation costs, but not local distributistscand
which takes priority if say managing network load is not what retailers want at that point in time

Currently, this wholef-supply chairmanagemenis not well achieved by hawvater

managementue to limitations in thesignallingnfrastructure such thaindividualconsumers

OFlyQt 0SS a¢A0O0OKSR 2FF (2 RAFTFSNBylu fS@Sta I 002
cannotelect to have their loathanagedvhen generation costs rise above $200/MWh, while

another chmses a threshold of $400/MWh

To achieve wholef-supplychainmanagementwill likely require the ability tananageloads at

an individual property level. Under such an arrangement, a household could elect whether to
signup formanagemenfor network purposes (potentially to varying levels (e.g. no more than
50 hours a year, or 150 hours a year), and also for generation purposes (again, potentially to
varying levels). The level mianagementhey opt for would determine the level of
discownt/reward they receive.This would recognise variations in individnahsumer

preference, and also facilitate targeted management varyingyisgem need; e.g. a network
company may only need to manage load in one part of its network.
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Further, to make th challenge even more challenging, it is likely that truly smart management
will needEVtspecifiomanagement. This meansiot justproperty-specificmanagementbut also
the ability for such managemeiu recognise a variety of factogssuch as how emptglifferent

EV batteries are, where along a lewltage network (of approximately 5000 houses) EVs are
located, or consumer requirements for when they need to next drive theit lB\order to
coordinate which EVs should be chargaddwhen, in order to neet consumer requirements
without imposing excessive supply costs.

The internet and ubiquitous home iiraises the potential fomanagemenexercised at an
individual property levebr EV level Further, many of the latest EVs are being produced with
the ability to interface with externahanagemensystems in order to provide information about
the state of the EV battery to enable Epecific management.

However, to achieve wholef-supplychainmanagementequires the ability for different parties
e.g.networks, retailers, specialist loabgregators to be able to contract with consumers to
delivermanagementnd then access the technical infrastructure (and associated metering data)
to execute sucimanagement This may require some degree of coordioa to facilitate the

best longterm outcomes, including tamanage the tradeoffs between:

- Ensuring there is sufficient opertcess to systems and data to facilitate competition, while
not creating digncentives for companies to invest in technolognthis respect, vehicle
manufacturers are starting to emerge as new players in this space, with tensions emerging
internationally regarding allowing third parties access to the data collected by, and control
interfaces with, vehicles.

- Ensuring thatechnical arrangements faccessing and interfacing withanagement
infrastructure (and metering) data are standardised where appropriate, while not stifling
innovation or closingff possible better approaches

- Ensuring that any management is availableewlruly needed.For example, if there is a risk
that internet may not be available due to an outage (e.g. due to something affecting a region,
or all customers of an ISP) how large does this risk of outage need to be before the internet is
deemed too uneliable to deliver electricity demand managemetit?
hNJ AaK2dzZ R aidl yRINR& 0SS -RISOBD 2YBERS & N2 2ANIRI INISHj XA
event of an internet outage? E.g. a{fadlck arrangement for EVs could be that managed EV
chargers do not chargeeshicles between the hours of 5pm to 10pftis may require tricky
evaluations given that the outcomes to a consumer from a flat EV battery could be more
costlythantemporary loss of service for hot water

These challenges are not specific to EVsyratler apply to all appliances which have the potential

to be remotely controlled; which is rapidly growing to include most enemgynsuming appliances

Fa 0KSe@ 0S02YS LINIL 2F (KS WAYGSNYySid 2F GKAy3IaQd
CKSNB A4 y2 AYKSNByYy( NBIBtbaé aeyeloged githidtde@dmpetitNaN v I SY Sy
market construct which is at the heart of the New Zealand electricity system. However, it is likely to

require a significant degree of industry coordination and regulatory oversight.

321n this, early result from teaiology trials suggest that home Wi has a material degree of unreliability

02 YLI NBR @AMNG RSWIzORyNINE A y T dninalinfieN tehibrdeN®idrops @2iNd SE Y LI S
properties, or people change passwords / modems / suppliers, etc. wHiett éhe ability of utilities to be

able to communicate to managed devices. What this suggests is that utilities will need to apply some form of

Wdzy NBf Al oAfAGeE FFEOG2ND G2 GKS F33aANBIFGS FY2dzyld 2F NB3
managed through home \ARi.
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Thus, the opportunities are liketo be much greater than the relatively crude (but reliable) form of
control that is applied to hot water, but the challenges to achieve good outcomes are likely to be
much greater.

It also remains to be seen how many-&Wnhers will be willing to hand @v control of their charging

to third parties such as retailers and networks. We believe these options should be voluntary for
consumers to choose, and it is possible that many consumers may suffer anxiety that handing over
control may mean that their veble may not be charged when they neeit.

However, if we are to achieve maB¥ uptake without significant electricity supply cost impacts, our
analysis indicates we will need significant uptake of managechBkging pricing options.

A final additionatonsideration around the development, and extent of consumer uptake, of
managedcharging options is that if consumers opt not to take up a manadeuaging option, they

should face any increased electricity supply costs they impose on the sgstgher than cause

adzOK O2ada G2 0S WAaKAFISRQ 2yiG2 20KSNAO®

This highlights a general issue with current, wwostreflective prices: Not only are they causing

higher electricity supply costs, but with the advent of new technologies such as EVs, solar PV and

statiO 601 GUGSNASasS GKSe& | NB NBadzZ GAy3a Ay 02y adzySNE
0KS St SOUNROAGE &adzld) & O2ada GKS& I NB NBaLRy&aAo
6a2YSUGAYSa 0S0OldzaS (GKSé OlFyQd FFF2NRUO &adzOK (SOK
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3.6 Other emergng energy technologies face similar issues

As highlighted throughout this text, the root cause of the problems identified in this work is the fact
that consumer electricity prices are not cds®S ¥t SOG A FS @ Ly LJ NIAOdz I NE W3
consumptionprices.

Similar urdesirable outcomefrom non-costreflectiveprices are starting to occur with other
emerging technologies such as solara®din-home batteries.

A previous Concept study has identified that the lack of-cefs¢ctive pricing is restihg in
9 higher economic costs through consumers facing price signals which

- encouragehe uptake of some technologies which are not leagst from a whole of NZ
perspective (e.g. solar PV and/oflinme batteries, rather utility scale wind & geothermal
delivered over the grid)

- frustrate the uptake of other technologies whiahe leastcost (e.g. high efficiency lighting,
home insulation, and smart appliances).

1 poor social outcomes, through some consumers shifting the costs of supplying them with
electricity onto other consumers. E.g. consumers who install solar PV shifting the costs of
providing them with network and retailer services onto remiarowning consumers. Given
that the poorest consumers are least likely to live in a property witargmanels, this has a
social as well as equity dimension.

A continuation with norcostreflectiveprices will not only affect EV uptake and outcomes, but also
iKSaS 20KSNJ 6SOKy2f23ASao LG Aa y23 O2yaAiARSNEBR
outcomes arising with EVs. Rather, it is considered that the undesirable economic, environmental

and social outcomes will largely be additive across these different technologies.

33 While these consumer concerns are reasonable, we thinkaesligned managed charging options should
SylFrofS 322R St SOGNROAGE adzli & 2dzid2YSazr gAlGK2dzi A YL
charged for when thg need them.

EV Study v1.0 37 Saved7-Mar-18



G

concept

| 26 SOSNE Al aKz2dzZ R 0S hefldciNgafor th&Rdifferant §  KS WNR I K
technologies may differ. In particular, technologies which have significant storage characteristics

(e.g. EVs, hot water cylinders;hinme batteries) may require managed pricing as set out in this

study, whereas other energy technolegimay be more appropriately addressed via simpler forms

of pricing (e.g. simple TOU structures).

3.7 Conclusion on incentivising better EV charging outcomes

A move to more costeflective approaches for charging for electricity is going to be necessary to

avad the pooreconomic and environmentalutcomes identified in sectiof (i.e. frustrated levels of

9+ dzLJilF 1S YR WLI aaA@dSQ Ofed ldHIAgYoSign#fidant indteasesSin 9 + & ¢
peak demand).Technology alone will not solve this issue.

Electricity pricing options which apply to the whole of a household will likely be inadequate to
meet the special challenges of EVs

However, identifying andr&nsitioning to smarter electricity prices will itself have some challenges:

T WeAKBRASQ o6¢h! 0 LINAOAY3A 0 Pebdpticing $tra@cfung Hasdd ondpre Y LI S LJ
set times) might be appropriate for most household electricity demand, but wiltletiver good
long-term outcomes in relation to EV demand. TOU pricing will likely create new demand spikes
with a majority of EVs simultaneously charging from the start of thepedk period.

2 KAfTS a4dzOK A aadzsSa Hewl kY pdkelolrandlysk uydedsSoNEY 2 ¢
penetrations of 1220% and above (i.e. approximatelrit6 households owning an EV), the

peak demand arising from everyone following a TOU pricing approach wougleaeerthan if
SOSNER2YS KIR O2yliAydzSR G2 F2fft26 | WLI aairodsSq O
9pm, from nearer 6pm now. Aside from not avoiding the need for expensive network

investment, TOU pricing applied to EV demand could also poterdiatiye network stability

issues with a very rapid step change in demand occurring at the start-péakf periods. This

rapid step change in demand is not observed with flat rate charging, and will be made much

worse if vehicle to grid technology beconmasinstream.

Thus, while TOU pricing may be appropriate for sending efficient signals to consumers for some
of their electricity decisions, it is potentially a worse solution than flat rate pricing over the long
term when applied to EV demand giventhe€pe | £ Wa G2 NI 3SQ OKI NI OG0 SNAR &

f Wt SF1 RSYFIYRQ LINAROAY3A O2dz R 20SNO2YS GKAAa LINRO
conditions. But this may be unsuitable for most residential consumers, due to the lack of pricing
predictability, andssues around bill shocks, higher winter costs, and the ability of consumers to
make good decisions in response to such complex pricing approaches.

In addition, both of the above pricing approaches will likely need to apply to the whole of a

K 2 dza S Kl&fridRyransugnption, not just the EV demand. Changing consumer pricing structures,
gAft AyS@OAllofe fSIR (2 WHAYYSNAQ |yR Wi2aSNRQX
shocks. This raises some challenging policy choices:

1 On theone hand, having a phased transition to smarter aeslective pricing over many years
may be desirable to avoid many of the poor outcomes from bill shocks for some consumers.

1 On the other hand, delaying the transition to smarter eaeftective pricingwill also delay the
time when consumers will be fully incentivised to make good vehicle decisions. This will tend to
slow the uptake of EVs which, given that vehicles tend to bge2ds old by the time they are
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scrapped, will loclin many more higkemissons vehicles over the next few decades than is
necessary

EVtspecific manageecharging pricing will likely be necessagbut with challenges to implement

A possible alternative pricing approach to enable the adoption of emerging technologies like EVSs,
WKAfA&d YAYAYAAdAy3d Odzad2YSNIoAft akKz20] -IyR gAGK2d:
OKI NHAY3IQ LINAOAY3I GKAOK 2yfte | LILXASa (2 | K2dzaSHk

This would involve consumers agreeingatwther party(e.g. retailer, load aggregator, or network
company)managingheir EV chargingn return for discounted network and/or energy pricing for

such managed EV load. This approach recognises the distinct nature of EV load, with its storage
characteristics, and would deliver materially better outcomesmbothed coordinated charging of

bSs »%SIElyRQa 9+ FES88G FyR t26SNAy3 (GKS O2ad 27
reduced risk of causing bhocks for consumers.

Managedcharging would be similar in some ways to the approaches takeratage hot water

cylinders, with consumers being rewarded with cheaper electricity for hot water load being

managed at times of peak network demand.

Luckily, the technology coming within EVs and dedicatedravgers, and broader interndtased
communi@tions technology, not only provides the means to enable these smarter ways of charging
our EV fleet, but to do so in a much more sophisticated way than the relatively crude ripple control
that is currently used for hot water management.

Thus vehiclespecific management is feasible, with the ability to recognise a variety of fagtsush
as how empty different EV batteries are, where along avoltage network (of approximately
50-100 houses) EVs are located, or consumer requirements for when theytmeedt drive their
EV¢ in order to coordinate which EVs should be charged, and when, in order to meet consumer
requirements without imposing excessive supply costs.

However, to take advantage of such technology requires\iivers to receive price sigrsabr
rewards which are of sufficient size to encourage them to fagesuch managedharging options.

It remains to be seen what form such managdthrging pricing options could or should take, or
whether/how to develop NZvide standards and/or mandatgpen access to the technology to
deliver EV charging management.

It also remains to be seen how many-&Wvhers will be willing to pass control of their charging to

third parties such as retailers and networks. We believe these options should be voliantary
consumers to choose, and it is possible that many consumers may suffer anxiety that handing over
control may mean that their vehicle may not be charged when they ne¥&d it.

However, what this study highlights is that, if we are to achieve rE&saptakevithout significant
electricity supply cost impacts, we will need significant uptake of manageath&ging pricing
options.

A final additional consideration around the development, and extent of consumer uptake, of
managedcharging options is that if ceamers opt not to take up a managetiarging option, we

34 A long transition to costeflective pricing will also result in distorted consumer decisions in relation to other

energy technologies in addition EVs. In many cases this will also result in poor economic, environmental and

(in some casegocial outcomes such as the costs from a technology choice being made by one consumer

0SAYy3 WAaKAFOISRQ 2yi2 2G3KSNJ O2y adzySNa ® /| 2y AARSNI GA2Y
35 While these consumer concerns are reasonable, we thinkaesligned managed charging options should

SylFrofS 322R St SOGNROAGE adzli & 2dzid2YSazr gAlGK2dzi A YL
charged for when they need them.
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believe they should face any increased electr|C|ty supply costs they impose on the gyrstityer

GKFYy OFdzaS adzOK O2aida G2 0SS WakKAFTAISRQ 2yid2 24G§KSN

This highlights a general issue with currentnwostreflective prices: Not only are they causing
higher electricity supply costs, but with the advent of hew technologies such as EVs, solar PV and

aitiAO0 orGGSNASAas (KS& I NB NBadAf GAy3a Ay O2yadzySh
thS St SOGNROAGE adzli e O2ada GKSe |INB NBalLlRyaArof S
6a2YSGAYSa 0S0OIFdzaS GkKSe OFyQi FFF2NRO &adzOK (SOKy

Broadening and deepening the debate

Addressing all of the above challenges and questions requires coordinatadgustry effort in
conjunction with government, regulator(s) and transport authorities.

Some of this is starting to happen, in particular through the electricity networks association (ENA)
progressing its network pricing reform initiative, and the Hietty Authority through its various
market development programmes. However;date, most of this focus has been on pricing options
that will apply to the whole of a property, rather than the specific challenges of EVs (and other
storage technologies) wdse special characteristics may require specific pricing solutions.

Further, changes to consumer electricity prices will also require broader community and political
engagement to help make the inevitable tough choices which carry the risk of bill shosksrfe
consumers in the shottierm, but which will help deliver better economic, environmental, and social
outcomes in the longerm.

The three network companies who have commissioned this study all strongly support a shift to EVs
and they hope that thistudy will be a valuable contribution to this broader public debate.

All are aware that time is of the essence in terms of putting in place arrangements to facilitate the
most positive EXdutcomes before mass uptake starts tappen, and all believe thatigingand
managed charging; be it by a retailer, aggregator, network compasyother third partyc is central

to this debate.

EVs offer an enormous positive opportunity for New Zealatite question is, how do we maximise
that opportunity?
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4 Policy isses around public charging infrastructure

The earlier sections have identified thaintinuing withcurrent pricing approaches 2 y Q lead® dza
to high system costsom poor EV charging approaches, lill also likely slow the uptake of EVs

The other areavhere electricity system arrangements may significantly affect EV uptake relates to
public charging infrastructure.

QELISNASYOS FTNRY 2@SNASI ¥ieKhe éoncarkthasaf EVividlirun ouvoil y 23S |
battery somewhere where there is no plic charging facility nearbyg a considerable factor

affecting consumers propensity to buy an EV. Having a-spdead network of public charging

stations has been shown to be a significant factor in overcoming such angiatyanalysis in

Appendix Dalso suggests this is likely to be a significant factor in incentivising commercial and

freight uptake of EV technology.

However, there are somiicky issues to@dress in relation to the development of such charging
stations.

Our provisional analysis indicates that a significant proportion of charging stations will have a very
low utilisation factor. i.e. most of the time they will not be used, but when theyuassl they could
place significant demands on the system.

Some of these infrequentlysed charging stations may simply be in remote parts of the roading
ySGig2N] @ hiKSNR YIe 6S 2y LINIa 2F GKS NRIRAyS3
intravel ¢ e.g. along routes to, or at, major holiday locations. These can experience major increases

in demand at the start and finish of public holidays.

Some of these infrequentlysed charging stations may also be in places where there is a relatively

weak electrical network. To install public chargers may require significant network investgnents

either the development of additional wires, or the installation of local batteries or diesel getoset

manage the spikes in demanid. this respecit should be noted that charging stations are being

developed with capacities d20kWin New Zealand, and overseas they are trialling 350kW

chargersOn an individual basis, some of these public charging investments fartilisation public

charges mayot appear coseffective. However, when considered as part of a broamwork of

LJdzof AO OKFNHBAY3AS GKSANI @l fdzS Aa tA1Ste G2 oS I f
FYyEASGE ® CKA& A& Fylf232d2a0d4d2N)0KSTLRARIQ oSy SEGE
whereby the value of a product or service increases according to the number of others using it.

This raises a number of interesting issues:

1 Who should plan, and pay for, this public charging infrastrucfiire?

1 How should users &fuch charging infrastructure be chargedoting that, while similar
considerations apply with regards to incentivising users to avoid peak periods as apply to home
charging, there are other factors to considercluding not driving additional forms ohziety for
EV drivers in terms of potentially having to pay penal prices-tthezge their vehicle while on
the road.

It is beyond the scope of this report to address such issues. However, they are raised as an example
of another issue that will likelyegquire a coordinate@pproachg including between network

companies, electricitgpecific regulators, and transport agencies (including the Ministry of

Transport, and the New Zealand Transport Agency).

36 1n New Zealand, there may be a particular dimension in terms of thinkingt sossible disaster
management in the immediate (and ongoing) aftermath of a major earthquake, and the need for people who
wish to leave an area to be able to charge their vehicles.
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Appendix A.  Projections of EV uptake

This Appendix presestmodelling which estimates the potential nature and scale of EV uptake
with such projections forming the basis of the cbsinefit estimates of such uptake.

Three projectionsof EV uptakdnave been developed:

91 Projections consistent with the central Mitrg of Transport (MoT) projection in its recent
NELR2NI abSg %SHfFYR ¢NIyalLl2NI hdzif 221Y Cdzidz2NB

1 Projections consistent with New Zealaseekingio achieve netzero greenhouse gas emissions
by 2050.

1 A projection based on the second projection, ktich simulatesthe effect ofconsumers
continuing to face theurrentpredominant, norcostreflective electricity pricing structure.

Projection consistent with &se Ministry of Transport projection

The projection developed by Concept for this scenariosgimachieve broadly the same level of

dzLJi - 1S Fa LINB2SOGSR o0& (KS a NegwzaalahNErasgort ¢ NI y a LJ2 NI
Outlook: Future State ® is understood that this1oT projection reflects current policy settings and

expected levels of\Ecost reduction that will anyway occur. i.eetRloTprojection recognises that

EVs are likely to become increasingly esfétctive transport options for New Zealand, irrespective

of specific climataelated policies.

Under this projection, which is illustrated figurel? to Figure20 below, the level of uptake is such
that £ 40% of the overall vehicle fleet is electric by 2040 (with the proportion of the light fleet being
much higher than for the heavy fleetBy 2040, almost all light vehicles entering New Zealand will

be EVs
Figurel7: Vehicle numbers by class and engine, based on base MoT projegtian chart (,000)
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Figurel8: Vehicle numbers by class and engine, based on base MoT projettina chart (,000)
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Figurel9: Vehicleentering N2Zby class and engine, based on base MoT project000)
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Figure20: Projected CO2 emissions by class, based on base MoT projection @e)CO2
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Projections consistent witlseeking to achievgreenhouse emissions reduction targets

The New Zealand government has recentkgoefirmed itsambition ofachieving nezero”
emissions by 2050

As chartsn Box1 indicate,the scale of current transport emissions are such tatieving this

GFNBSG Aa 3F2Ay3 (2 NBIAANB | GNIYaAF2N¥IGAZ2Y 2F ¢
the inherent challenges of moving to lesmissions options for many sectéfour New Zealand

sectoral emissions models indicate that the transport sector is going to have to deliver some of the

greatest reductions.

Box1: Historical transport emissions as a share of overall NZ GHG emissions

As the followingi KNBS OKI NI & AffdzZAGNI 0SS bSg %Skl
since 1990, with the transport sector being responsible for the majority of the increase in
emissions between 2000 and 2015.

¥YpSGQ Syraairzya | NB OF t Odz I ( Sriy seguestratiGhéachigd@d throughReQa I NP &
forestation.

38 For examplethere are likely to be inherent limits to the reduction in methane and nitrous oxide emissions

from agricultureg other than a complete shift away from dairy and meat farming to horticuland forestry

Likewise, many industrial process emissions are an inherent feature of the industrial process giving limited

options for reductiong other than shutting down the industrial process (which itself will only reduce global

emissions if the redwed NZ production is not offset by increased overseas production from a producer with a

similar, or greater, emissions intensity).
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