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What thisreport is about

The energy sector stands on the verge of a revolution. Advances i
solar panels, electric vehicles and batteries are making these
technologies much more affordabéed accessibleo consumers

Thisreport looks at thecosts and benefits afhese technologs,
both for consumers, and society as a whole

It addresses questions such as:

i Doelectric vehicle make financial sense for consumers, and
for New Zealand?
f What impact willsolar panelhave ont K2 dza SK2f R

bill, and the overall cost of electrigisupplyto New Zealand

Suite ofreports

This report is thesecondof three ina wider study looking at the
broaderimpacts of new technologyAn earlier report examined the
likely impact  greenhouse gas emissions of these technologies
and is available herettp://www.concept.co.nz/publications.html

The third report will look at social impacts, and will address
guestions such as:

1 Wil uptake of these technologies affect pagiother than
the consumers who purchase thém

1 Where technology uptake has positive or negative impacts
on other parties, what if anything can be done to promote
the ideal level of uptake

The report on socialissueswill be released in the nextouple of

Project support

Concept acknowledges the following organisatiomiso have made
this study possibléy providing financial suppagrtiata, or technica

assistance.
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This reporthas beemprepared by Simon Coatead David Rohan aft
Concept.

The opinions in this report are those of the autho@nd do not
necessarily reflect the views ofganisations irthe project support
group.

Any errors or omissions are the responsibility of the authors.
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Summary emissions and electricity system benefits. O_r] the other hand, EVs
OdzNNBy uf & R 2shaditowaitl ®madingkcGsts,NllieTodtite

Overview road user charge (RUC) exemption.

Prices for electric vehicles (EVs)as@hotovoltaic (PV) panels, and  These two sets of factors appear to broadly offset each other, thus
battery storage devices are falling rapidly. This report analyses the nullifying the impact of the RUC exemption as an uptake incentive.
cost effectiveness of each technology based on recent price Further, the RUC exemption is due to expire wikdrs account for
information. 2 percent of the light vehicle fleet. From that time, EV owners will
effectively be penalised relative to their true costs if existing
electricity and carbon pricing arrangements continue. In that
I For consumersg we examine whether purchasing an EV, solar PV sjtuation, EV uptake is likely to tsower, relative to a situation

and/or battery will save them money relative to conventional  where the full benefits and costs are signalled to consuridsir

alternatives, such as petrpowered cars and gridupplied analysis suggests the cost to society from igsvingof EV uptake,

electricity. and the resulting increase in public costs could be of the order of
hundreds of millions ofdollars including the cost of increased
greenhouse emissions (among others)

We assess cost effectiveness from two different standpoints:

1 For societyg we build on the consumeevel analysis, and also
consider thermpact of any hidden benefits or costs to society that
are not currently being signalled to consumers. Our analysis indicates that the cesffectivenesdof solar PV isery

aSyardAgsS G2 S| O&beitgsyoaglyfedtdddy a A G dzl

Our analysis of EVs indicates their lifetime cost to the consumer is , _
their level and pattern of power use, cite of panel size, and

similar to conventional cars, and in some cases EVs are expected to ! ,
save money ovetheir lifetime! However, EVs currently suffer from household location. We analysed an array of over 1,000 potential
higher upfront costs than conventional vehicles and have lower combinations of these factors. The analysis indicates that solar PVs

ranges in the case of pure electric vehicles. Looking ahead, EVs arg?'® unlikely to provide consumer cost savings in most situations at
likely to become progressively more atiractive as prices decline Present. However, under exiag electricity tariff structures, PVs are
further, and range improves. likely to become increasingly attractive as panel prices decline

further.
For society as a whole, we find that EVs offer some benefits that are

not being signalled to consumers at preseritom reduced tailpipe

LIn particular, plugin hybridstravelling longer annual distances. 3 This comparison focuses solely on financial benefits and costs. Some consumers
2 Arguably, the reduced rate of uptake is already occurring because of the planned may also gain nomonetary benefits from installing PV, but these are not
withdrawal of the RUC exemption. quantifiable.
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For society as a whole, current arrangements generally create signalsthat are emerging with new EVs, may be a better option in the

G2 Ayadrtt az2ftFNt+ GKFEG NS afukRy 3ISNI GKIYy 2dz2a0AFASR o0& az2flk Ntz
benefits. In particular, existing electricity tariff structures typically
make prices too high during summer and during the day, and not
high enough in winter and in the evenings, when the costs of Capturing the full benefits from these new technologies reitjuire
generation and electricity lines are at their highest smart choices about when, where and how to use them. And
because uptake decisions will generally be consudmefen, it is

vital that consumers have access to clear and unbiased price signals.
Our analysis shows work is needed to improve priceadsgn

Price signals are important

This is likely to encourage swiptimal decisions, such as installing
solar PV in situations where it is not truly cesdtective, and/or
discouraging the orientation of solar PV panels to capture winter
energy which is more valuable. We estimate theseaitigaed signals In the case ofCQ emissions,current CQ prices under the New
could result in additional costs of approximately $1.8bn over the Zealand Electricity Trading Scheme are much lower than the likely
next 20 years (even allowing for the ongoing cost reductions cost ofCQ emissions to society.

projected for solar PV panels). In the case of electricity, it is not the general level of prices, but the

Our analysis of batteries shows that theye unlikely to save structureof prices. As the following graph highlights, frevailing
consumers money Is2d on existing prices. But battery prices are flat-tariff pricing hides the fact that the cost oproviding power
coming downand they are expected to become attractive in some varies significantly between summer and winter, abdtween
situations over time. eveningpeaks and other times

From the wider perspective of society, batteries offer the prospect
of material benefits from avoiding the cost of providigeneration
and network capacity to meet brief periods of critical peak demand.
This benefit is likely to be maximised if they are used to reduce
network peaksilt is difficult to quantify this benefit, but itould run

into the hundreds of millions of diars or more.

However, current electricity tariff structures typically provide poor

signals around the true costs of meeting peak demand, making it

difficult to capture these benefits. Further, household batteries may

not be the best energy storage opylod . G G SNASaA Ay O2yadzySNEQ

P Y
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Figurel: Conparison between average flat tariff, and underlying
incrementalcosts of meeting demand at different times
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Poorelectricity andCQ price signalarealso likely to beslowingthe
uptake of otherusefulconsumer technologieS.hese includehome

insulation,wood burners efficient lightingandWa Y I NI Q

As well as imposing an economic cost on society, this is likedgbdt

4Note: This graph only shows thiariablecosts incurred from increased electricity
demand at different times. There are also some fixed costs of electricity supply

which are not shown hey, as these do not vary with increased kwh demand.
5 There are two sultypes to PHEVs. Those which have a second, pdinan

drive-train powered by the combustion engine, and those which only have the

Www.concept.co.nz

<

concept

AY bSgs wSItlyRQa 3INBSYyK2dzaS 3IFa S
otherwise would be.

The balance of thisummary discusses each new technology in more
detail.

Electric vehiclescost effectiveness for consumers
There are two main types of EV:

1 Battery Electric Vehicles (BEVs) which are charged from the
mains, and are entirely electrically powered

1 Plugin-Hybrid ElectricVehicles (PHEVS) which are charfred
the grid but also have a combustion engine to extend their
range®

EVs currently cost more to buy than their internal combustion engine
(ICE) equivalents. This is due to the relatively bagt of batteries

and, for PHEVs, the extra cost of having a combustion engine (and
often a second drive train) as well as an electric motor.

Offsetting this higher wfront cost are lower running costs. EVs have
lower fuel bills due to their inhereht superior energy efficiency:
electric motors are approximately four times more efficient at
convertingchemicalenergy into motive powefi.e. kinetic energy)

I LILdhah ihtefrficénmBustion engines.

single drive train powered by the electric motortbwith a small combustion
engine that is used solely to charge the battery and extend its range. This second
type is typically referred to as an Extended Range Electric Vehicles (EREV). For the
purposes of this study, EREVs have been grouped under ribeédér PHEV
heading.

20-Junl6
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EVs also have much lower servicing costs. The lifetime servastsy

(&

concept

With projected significant further falls in battery costs and

of BEVs are estimated to be less than 20% of equivalent ICEs. Electrienanufacturing scale economies, this lifetime cost equation is likely

drive trains are simpler than combustion engine drive trains, with
lower wearandHear.

Figure2 shows that this balance of high dnt costs versus lower
running costs mean that EVs are already starting to become
economic for consumers who drive longer distangés.

Figure2: Lifetime cost of vehicke(at 10 & 20 kVKf
- Elec tariff = $0.21/kWh
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to increasingly tip in favour of E\fis¢reasing the savings for vehicles
with higher VKT and becoming economicdamers of vehicles with
lower VKT.

Electric vehicleg cost effectiveness for New Zealand

While Figure2 shows the consumer cosienefit, it hides the fact

thattheret NB aA3IYyATFTAOFIY (G YAalfAIyYSyda
O2y adzyYSNE &4SS>s @SNARdzaz (GKS dzy RSNI &
to New Zealand as a whole. We have identified four areas where
significant price misalignments occur relative to the true leviel o

costs:

1 Three areas where EVs are likely to be penalised relative to ICEs:

- The electricity cost from charging EVs at off peak times (e.g.
overnight) generally being too high;

- The payments which future EVs could earn from injecting
power back into the elddcity grid at times of peak demand
being too low;

- TheCQ price that ICE owners pay from tailpipe emissions
being too low?

8 This can also be seen overseas where electric vehicles are becoming prevalent in® ICEs also have other environmental costs relative to EVs which are not being

urban taxi fleets which have higher daily travel distances and are sensitive to fuel
costs.

" Costs incurred in future years have been discounted abhnate of 6% to allow
for the time value of money

8kVKT = thousands of vehicle kilometres travelled. 10 kVKT = 10,000 km/yr.

Www.concept.co.nz \)

correctly reflected into pricing decisions, amthich damage human health /
welfare. These include higher particulate emissions and noise relative to EVs.
However, we have not been able to reliably quantify the scale of costs associated
with such factors.
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1 One area where EVs are currently receiving an advantage relative two percent of the light vehicle fleet, and changes for PHEVs may be

to ICE¥”: made at the same time.

- avoiding paying the same roading charges (collectedati@l Figure3 presents the estimate of the net impact of these different
excise and (fodiesel vehiclesRoad User Charges) used to factors on the average annual cost of driving a vehicle for 15,000
fund the road infrastructure. km/year.®* The chart shows low, medium and high estimates,

because some factors vary by circumstance (e.g. electricity tariffs in
some areas are clos¢o the W i NJzS far nigH:tiné electicity)

and some factors are subject to inherent uncertainty (e.g.4h& NHzS Q
cost of carbon emissions to society)

In relation to electricity pricing, as discussed in Chagtezurrent
arrangements are not effective at signaling the true cost of
electricity. EVs charged at ggeak times will typically pay too much
for power, and be underewarded for the value of power injected
into the grid at critical peak times.

With respect toCQ emissions, as discussed in sect®B.3 the
effective CQ price incorporated into petrol and diesel costs is
currently around NZ$3CQO ¢ which translates to tent/litre.
However, the true cost is expected to be much high&e have
adopted a midpoint estimate of $0/tCQ!!, but also considered
other sensitivitycases

In terms of roading charges, BEVs currently pay no charge, whereas
we have estimated thaPHEVs pay roughly 12% of the amount paid
by ICEssince theyconsume proportionately less petrol This
effectively means that EVs receive a concession, relative to ICE
vehicles!? The BEV exemption is due to be removed when EVs reach

10 This ignores any existing distortions in thrent Road User charges such as 12 This assumes that petrol excise is used solely to fund road infrastructure costs,
more efficient petrol vehicles paying materially less excise compared to the RUC and does not address any differences in environmental costs between EVs and ICE

levied on an efficient diesel or EV. vehicles, and that EVs and ICEs give rise tsdnee average infrastructure cost
U¢KAE Aad o0laSR 2y (GKS . dzaAySaa 9y SNHBénape didebds®a 2+ 1 a0SyFINA2d 2S5 KI @S | faz
considered sensitivity cas with lower and higher carbon prices. 315,000 km was chosen as a representative range of the distances travelled by

drivers who first purchase vehicles that are imported into New Zealand.

Www.concept.co.nz Vi 20-Junl6
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Figure 3: Summary of current price misalignments for a 15,000
km/year vehicle
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While the current roading charge concessotentially more than
counter-balances the other factorthat penalise EV4 once that is
removed, our medium estimate is thaEVs will be penalised by
approximatey $600/year for PHEVs and $@3&ar for BEVs.

1 This ignores any distortions that may existveeen Road User Charges and
Petrol Excise Duty.

15 The graph also shows two additional costs: replacing the inverter roughly half
gl & GKNRdJAK GKS LI yStQa fAFTS:
wash dirt off the panels.
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These ongoingpricing misalignments are expected ®&low the
uptake of EVs relative to optimal levels, with two main negative
outcomes for New Zealand:

1 New Zealand spending more on transport than it should (largely

in the form of imported fuel, rather than &v Zealanejenerated
electricity)

1 materially greater C&emissions.

Overall, we estimate the associated economic costs to be between
$300mand$700m The large range reflects inherent uncertainty in
factors such as the scale of some of the price misalegris) and the
pace of international development in EVs.

Solar P\t cost effectiveness for consumers
MY | O2yadzYSNRa LISNELISOUGAGBS
front purchase and installation cd8t These costs vary according to

panel size. Thenonetary benefitsof solar P\éome from two value
streams!®

GKS

1 avoiding paying the variable electricity tariff when the panel is
ASYSNIGAYy3 | yR NBRdzSapgliad pawerS
(selfconsumption)

TSFENYAYy3 WSELRNIQ NBOSY deankliseé YSy 2
generating more than household demand.

K 2 dza

16 Consumers may also value noronetary benefits, such as a preference to

generate more of their own power. It is not possible to reliably estimate such non

monetary benefits, and they have not been included in this analysis.

0SAYy3 NBIdz I NI Of SI yAy:
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The overall amount of electricity produced by a solar PV installation Figure4: Variation in solar PV exported across differemiodelled
is affected by the panel size and household location, among other consumer situation¥’

factors.The export proportion is also influenced by panel size, dis we
as thelevel and pattern ohouseholdpower use.

100%
90%

To analy® the net impact ofall of these factors, wemodelled % a0% RIS ETIRY .

approximately 1,000 different combinations of consumer situation & 79% Bl o

(usage level and patteghand PV panel sizes, using twearsof > 60% -t

hourly sunshine and temperature data for three different locations. & *%* . + 6 kW
Figured4 shows theestimatedproportion of P\butput that would be % :2: ' jtx
exportedfor different combnations ofconsumer situatiornd panel £ on

size It indicates that there is considerable variation in export 0%

proportion, and that even for households with higher than average 0%

power consumption and smaller 2 kW panels, some export is likely. ° g2 g g8 g g g8 g8 g8 8 g 8

(kWh/y

(=9

Gross consumer deman

)

To analys¢he potential financial attractiveness of installing solar PV,
the data for ~1,00@ituations vasevaluated againstrange of retail
electricity pices that consumers face across the country. The
resulting estimated distribution of the financial attractiveness of
solar PV tdhe modelled householdgituationsis shown irnFigureb.

The chart shows a wide range of potential financial outcomes, with
relatively few situations yielding a positive net benefit. The wide
spread arises because the financial outcome from installing solar PV

7We do not have detailed infaration on the extent to which solar consumers Electricity Authority data indicates that the average residential solar PV installed
are sizing their panels to match their individual level and patterns of consumption. capacity is approximately 3.5 kW, and MBIE data indicates that the average
We have modelled what we understand to be typical consumption patterns, and household electricity consumption is approximately 7,300 kWh/yr.
a range of different solar panel sizes and caonption levels. For reference,

viii
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is strongly influenced by eacl?hdzda SK2 f RQa LJ2 ¢ SNJ OPh¢ dedsyrLJorAtidsyis th&d @dtigeholds for whom the financial
FYR LI GAGSNYyZ GKS LI ySt &AT SI | yaRractivEn®ss Kf aotabRYdEs rdlagively highe? (ifedthose in the-right
KFYR WilFAftQ 2F GKS RAAGNA @i A2y 0
adopters, all other things being equal. So for example, early adopters

are more likely to reside in sunnier regions, have lower export
proportions because they use power throughout the day, and have

Figure5: Modelled variation in current consumer net present value
(NPV) of solar PV

7% sought to optimise the panel size to their power gsaetc.
6% Looking ahead, vexpect panel costs to continue to fall at significant
S0, rates, due to ongoing technological improvement. Efficiencies are
also expected in installation costs, as has been achieved in Australia.
4% : . .
Based on our central coséductionassumption®®, Figure6 shows
3% how the distribution of net present values woutthange from the
2% 2016 distribution (shown irFigure 5) for the ~1,000 modelled
situations over the next 1620 years assuming that retail tariff
” “ | 1% structures continue unchanged
1 I | | blul il . .
RGN i O = I

Net presentvalue (S, incl. GST)

ConsumerTech_v17 xdsm

It is important to note thafFigure5 shows the estimated distribution
of outcomes for the ~1,000 modelled household situatidnthey
installed solar PV It does not provide information about the
distribution of outomes for households thdtaveactuallyinstalled
solar PV.

18 Our central projections are for panel prices to fall at 7% per annum, inverter
prices to fall at 3% per annum, and installation costs to fall at 3.5% per annum.
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Figure6: Change in consumer NPV of solar investment
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Thisanalysigndicates that solar PV would become cost effective for
around 40%of the modelled household situations withitD years.
l'YR AY un &@SIENBEQ GAYS &az2f loNbet *
modelled household situatioA%c if retail tariff structures continue
unchanged

191t is likely that a significant proportion of houses will not have roofs which are
suitablefor solar PV, plus rental properties may also be less likely to have solar PV
installed. These factors may mean that the above proportions need to be
multiplied by approximately 2/3 to arrive at estimates of households for whom
solar is likely to be finecially attractive.

20Unlike EVs, the distortion in carbon prices does not have a major impact on solar

(&
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Solar P\t cost effectiveness for New Zealand

The previous section discussed solar PV benefits from a consumer
perspective. However, under current arrangements, there are
AAAYATFAOL Y
aAdylrffSR (G2 O2yadzYSNBRI OSNAdza
solar PV to New Zealand as a wholéhe main source of the
difference is the structure of retail electricity tariff$.

The lefthand portion of Figure7 shows the reward signalled to
consumers for installing PV. It shows the variable residential tariff
avoided via sel€onsumption of P\generated powef! and the
export tariff for PV outptithat is not seKconsumed.

In both cases, the average level of reward to the consumer is
indicated by the circle at the top of the bar. Because there is some
variation across the country in tariffs, the high and low values are
indicated by dashe®.

A

0S

e

g 2 dzf R Oz2aid S

www.concept.co.nz/uploads/2/5/5/4/25542442/new_technologies_emissians
eport_final.pdf

21 Which may be based on a standard or {oser variable rate, depending on
circumstances.

22The High / Low variation in tariffs is due to factors such as whether consumers
have a one or twaneter configuration for billing for hot watemnvhether the

PV, because our analysis indicates solar PV is effectively a substitute for other low network and/or retail company is relatively higher or lower cost, and whether the

emission generation technologies, such as geothermal and wind rgéne,
rather than fossHueled generation. For a fuller explanation, see

Www.concept.co.nz X

network and/or retail company has chosen to recover a greater proportion of their
costs from fixed versus variable charges.
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Theright-hand portion of the chart shows the estimated true value
that solar PV provides to societg a wholen terms of avoided costs
of grid-supplied powerFigure7 indicates that:

1 the reward for seHgenerationis significantly higher than the
actual value of PMdenerated power

1 the reward for PV export is broadly similar to the actual value of
P\tgenerded power.

Figure7: Consumer reward for installing solar PV versus benefit to
society
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The key reason for this difference is that the variable residential tariff
contributes to recovery of three main cost components: grid

23 As discussed in sectioh4.3 assolar PV uptake increases, this will tend to
reduce the size of the benefit from displaced grid generation. As a result, the value
of additional solar is likely toettline at higher levels of uptake, all other factors
being equal.

Www.concept.co.nz Xl
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generaton, network, and retail operating costs (metering, billing,
etc.). By using solar PV to reduce their demand, smharing
consumers reduce their contributions to all of these cost
components. This would be appropriate if satinsumption of PV
power actwally reduced these costs.

| 26 SOSNE | a GKS Ww@grtdzS 2F az2f
generationcomponent ofcostsis expected to be reduceét Solar PV
generation does not materially reduce network or retail operating
costs?* This may seem surprisirg first sight, but:

1 a high proportion ofelectricity network costs are driven by the
capacity needed to meet peak demand periods. In New Zealand,
these are generally on cold winter eveningsvhen solar PV
makes little or no contribution to supply.

fretail2 LISNF GAy3 O2aida R2yQi
of consumption. Instead, they tend to be related to customer
specific issues, such as whether bills are pdy@sed or online,
the degree of complexity in the metering setup, etc.

Because customenwith solar PV will make lower contributions to
recovery of network and retail operation costs under current pricing
arrangements, ultimately these costs are likely to be shifted toward
non-solar PV owning consumers. The potential social consequences
of such costshifting will be addressed in the third report in this
study.

24 Indeed, analysis indicates that solar PV is likely to slightly increase both retail
and network costs.
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The assessment of the value of solar PV across the ~1,000 different next decade, because consumers will see increasing financial
consumer situations was repeated, but this time based on the rewards from installing PV.
estimated true value of solar PV to New Zealand. Tkealtewere

then compared to the private benefits shown earlier. 1 But based on underlying true benefits, much of the PV uptake is

likely to be inefficient.
Figure 8. Comparison of distribution of private and public net

: : We estimate that the misaligned signals in existing elecyrtaitffs
present values of solar PV across different consumer situations g g g eleayrt

could encourage inefficient PV uptake costajgbroximately$1.8on

on the relative differencesin the cost of producing electricity

35% over the next 2Q/ears. This compares with the estimate of costs
f 30% 2016 Private compiled by NZIER, which was $2.7bn to $5.@bhars (present
E : . value)?6
s | 2016 Public
: i 209 —— 2026 Private FigureQillustrates why the costs are likely to be significant. It shows
L e 2026 Public the annualised cost of power on a liker-like basigto the extent
N 2036 Private possible)f four potential new generation options for New Zealand:
SRS 2036 Public three gridscale technologie$ (wind, geothermal, and combined
: NA cyclegas turbines), and solar PV (split between residessiale
1 A SR WNR2F02L) a&A01 KIS WER AT ANBS dokly | NQO @
o o 2 o o o o 2 o o 9 oo g o 9 . o g o g o 9

233333323 3332333535353332323 delivered to the point of consumptiorfincluding the emissions

=\ g oo M W o o ol o e I IS s DT MY N ' M ) = p p g

Net presentvalue of solar PV investment made in year () Consumerach_v17.xsm 'mpaCtS Captured via carbon charges).

Because none of the technologies are expected to avoid or reduce

the need for tranmission and distribution to be built, there is no

_ o o ~ difference ascribed to network costs. However, rooftop solar PV

T Assuming consumer decisions are based on existing electricity goes have the benefit (albeit very small) of avoiding losses incurred
tariff structures, uptake of PV is likely to grow strongler the from transporting electricity across such netwarks

The combined public and private ansily is shown irFigure8. It
indicates that:

BgKS GKNBS WaLmA1SaQ (2 UKS RAAGNROdzOA Py BB DA ONB D UzRA2 A OKBEANBSE 8 §ORBRIZpIKEZL R Ky
only considered three sizes of PV panel: 2kW, 4kW and 6kW. These pubic benefit to the Electricity Authority, 30 September 2015

distributions take no account of the progressive reduction in the avoided grid 2" Hydro is not included in this comparison because there are not many significant
generation value of solar with progressively higher levels of solar penetration. new hydro schemes that are likely to be able to receiveiremmental consents.
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Figure 9: Current generation, and relative
implications,for new generation technologie’
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Figure 9 showsthe direct costs of such technologidsapital &
operating costs, fuel, andCQ) for electricity generated and
delivered to a point of consumption. Howeverighoreslikely wider
system costsvhich are likely to progressively increase for high levels
of penetration for some technologies:

1 backup generation for periods when the generator may not be
operating forless firm generation such &/ and wind

28 The levelised cost of energy (LCOE) captures all costs to produce electricity like comparisons. FOM =

(( C
concept

1 distribution network reinforcement costs to cope with reverse
power flows with high levels of solar PV.

Figure 9 shows that ooftop solar PV is currently approximately
$0.125kWh more expensive than wind and geothermal. When this
$0.125kWh is multiplied by the generation from a typical 4kW solar
panel over a 20year life, this results in a present value cost of
approximately $7150 per panel. This $750 represents a cost to
New Zealand from a suiptimal technology choice building a 4kwW
solar panel, when we could have supplied that power more cheaply
over the grid from renewables such as wind and geothermal.

If this $7150 is multiplied by the estimated number of households
for whom solar PV could be attractive by 2026 based on current tariff
structures and PV coseduction rates (estimated to be 4/of all
households)this gives a total cost of $30.

This is larger than the 1$8bn noted above because the more
detailed modelling exercise takes account of projected future
reductions in the cost of solar PV, whereas this illustrative calculation
has not. Nonetheless, it is a similar order of magnitude and
illustrates how New Zealand may incur significant costs by
encouraging consumers to make inefficient technology choices.

The economies of scale of utiligplar result in it being significantly

cheaper than rooftop solar. However, because it is currently more
expensive than wind and geothermal, it is not being developed
because the potential utility developers of such solar projects do not

Fixed operating & maintenance, VOM = Variable

(capital and operating), and spreads them evenly over the expected annual kWh operating & maintenance.

of generation for each technology to give a $/kWh measure. This allowflike
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face the same distorted price signalsat consumerscan take However, even if such battgrcost reductions resulted in batteries
advantage of for rooftop solar PV. being economic from a New Zealand perspective, the economics of

_ o storage2 Yt & O0APSPd y20 Ay O2yedzyQliArzy ¢
Solar in remote rural situations LISNBELISOGA DS g2dA RyQid &Gl O1 dz2d ot

One area where PV may offer net economic benefits is in some off structures. This isdzause a flat alRl & GF NAFT g2dzf Ry Q
grid applications. For example, for some rural customers, it may be peak/offpeak differential signal to make battery use financially

lower cost to implement offyrid solutions usindocal generation attractive. Even where day/night or day/night/peak tariffs are
such as PV when existing lines serving few connections need anOdzZNNBy uf e 2FFSNBRIZI UKS RAFTFSNBYUAL
upgrade or replacement. reflec the true scale of cossaving that could be achieved from such

However, again, these benefits are unlikely to be fully realised under within-day load shifting.

current electricity price structures. A move to more costeflective tariff structures (e.g. timef-use
_ _ and/or other peak demand pricing approaches) could help change
Batteries and other storage technologies this situation, and make batteriestart to become economic from a

The principal benefits of battery storaifeare the avoided costs of O2Y adzYSNRa LISNBELISOGA GBSO

providing infrequentlyused generation and network capacity t0  \jjth future enhancements in inverter technology, customer owned
meet the }2% of periods that currently make up the critical peak patteries will also enable customers to provide security of supply
system demand. Although the costs of battery storagecareently (while their storage lasts) for their own use when the network is
greater than this benefit, further reductions in the cost of batteries  gown. This may be a benefit to customers who experience frequent
could bring them to the point where they deliver positive net  jnterruptions (e.g. some rural users), but it is not expected to be a
benefitsg particularly in situations where peaking capacity costs are material benefit for urban customers where outages are typically

significant® fewer (and shorter).

2% Hot water cylinders are not considered as a stafmhe storage technology in few estimates found in New Zealand (noting that such estimates are not generally

this section as they are a mature technology. on a lke-for-like basis).

30 There is significant vatian in the range of potential avoided peak capacity 2) Variation in the extent of spare capacity on different New Zealand networks

costs. This is due to a variety of factors including: (spatially and over time).

1) Uncertainty of the Long Run Marginal Cost of network capacity investmentto o0 ! YOSNIF Ay de 2@0SN) 6KS SEGSyid G2 6KAOK b
meet peak demand growth. This is due to relatively little analyaisng been generation capacity will persist or reversthough changes relating to the

undertaken of this matter in New Zealand. Australian LRMC estimates using an potential retirement of the Huntly Rankine units, loss of major sources of demand
Australian regulatonprescribed methodology are significantly higher than the  such as the Tiwai aluminium smelter, or other generation or demand changes.
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However, evenvhere there are significant dayight electricity price
differences and/or reliability benefitst is not clear thathousehold
batteries would behe bestsolution for New Zealantbr a number
of reasons

Firstly, there appear to be economies of scalehviaatteries, and a
few larger, utilityownedbatteries located at strategic points around
a distribution networkcould deliver exactly the same (if not slightly
more) electricity system benefitsas would be achieved from having
large numbers of smallezonsumer batteries; but at lower cost.
This is illustrated ifrigure10 below, which also indicates the wide
range of battery costs and benefits.

Even more importantly, targeted distributor battery installation in
areas of constraint (as opposed to wide scale customer deployment
including unconstrained areas) will ensure thah immediate
economic benefit will be achieved. This demonstrates that although
pricing with a LRMC approach would be more cost reflective than the
current arrangements, it does potentially suffer from signalling to
customers in unconstrained areas thavestment in technologies to
avoid peak is more useful than it really is at the current time. A
balanced approach is required to ensure that some form of long term
price signal is used to encourage useful long term changes in
customer behaviour and invement but not drive large scale
unnecessary customer investment in areas where the network is
unconstrained.

31 This is due to multiple effects such as load diversity (which means that a smaller
utility battery is required compared to distributed consumer batteries), that the
utility will seek to reduce real costs (i.e. not simply minimise consumer costs), and
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FigurelO: Projected societal codtenefit of batteries
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Secondly, utilityscale batteries may themselves be more expeasi
than an evercheaperalternative ¢ namely the batteries in electric
vehicles (EVs). These too have the potential to inject power back
into the grid at times of peak demand. However, theremental

cost of such batteries could be much lower than statbuseholdor
utility-scale batteries. This is because EV batteries would largely
already be being paid for to provide another serwiges. transport.

We have also considered the combination of batteries and solar PV.
Therelative attractiveness of sat to consumerdased on current

there is the ability to relocate utility batteries over time parts of the network
with greatest need.
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tariff structuresis strongly influenced by their consumption pattern However, hot water cylinder storage improves the cost effectiveness
and, by extension, the amounts of solar power they export or-self of solar PV from a consumer perspectiybut still not to the pont
consume. of delivering an overall net benefit for an average household with a

LT O2yadsySNE O2dzf R Y2NB NBF RAt a*KWEUKBEChy 5 daNLIt dzaQ 226 NI LR sSNE +yR
it later when their demand exceeds their solar generation, a greater Figure 11: Current financial benefit of storage for 4kW solar PV
proportion of their PV output would be rewarded at the variable owning household%

residential tariff.
Export revenue over

Two main storage technologies are available to enable $dlar lifetime

owning consumers to capture this benefit: m Value of avoided retail

q Lithium-ion batteries (e.g. the Tesla Powerwa&¥anasonic home tariffover ifetime

battery etg. The current cost of a househeddale battery with
an 8 kWh storage capacity is approximately $9,400 (including -$300
installation and GST).

9120 @1 G§SNJ Oef Ay RS NEreledrikity 0 khe Wa
form of hot water, reducing the need to heat the water later at
peak demand times. If a house has an existing hot water cylinder,
the only cost is a diverter estimated to cost ~$900 incl. GST. If
a new hot water cylinder is requide this can add an additional Only-solar Solar + battery  Solar + HW
$2,300 cinder Cans ume Te ch_wlS xlsm

B Storage purchase and
installation costs

W Solar PV purchase &
installation costs

Lifetime maintenance
costs

Mid-life inverter
replacement cost

O Net present value

Figure 11 shows the estimated impact of storage on the cost
effectiveness of solar PV for households with a 4kW panel. It
indicates that the upfront cost of a lithiwmon battery outweighs the
financial benefits from increasing setbnsumption of PV outpu,
making the overall impact worse than for a-BMy household.

While solar + storage does not appear eeective br the majority
of consumers at present, ces¢ductions in both technologies raise
the potential for solar + storage to beconmgcreasingly attractive to
consumes.

32 Although the impact on the altered proportion of export is roughly the same for
batteries and hot water storage, the value is different due to the fhat in many
network areas, hot water is charged on a specific hot water tariff.

Www.concept.co.nz XVi 20-Juni6


http://www.concept.co.nz/

(G

<

concept

In principle, consumers with solar + storage could reduce their grid needs, the resulting storage operating profile is expected t¢eks

demand during winterevening peak periods, by using stored PV STF¥FSOGA GS |

energy that was generated earlier in the day. If PV + storage was used

YAYAYAAAYI bSé ®wSHtly

. . . . 1 Instead of filling up the storage at timed greatest wholeof-
in this way, the reduction in network costs over time would be a 588GS8Y AdNLYX ddz 0S03Id 2PSNYAIKG 6|
7 : 23
potentially important public benefit supply to grid demand is highest), a significant amount of storage
To test the potential for this effect, @analysed the data on the will be filled up during the middle of the day at times of peak solar
~1,000 consumer situations discussed earlier, to examine how PV +  output.
storagg gffgcts peak demand and net.work requwements.. The f1tGK2dAK Y2 sdémard 2eyids dz¥oSoMENa! of the
analysis indicated that storage technologies were only operating at T o -
) . S : whole system, there is significant individual variation. Storage
20% of their capacity on average dwgiwinter peak periods. In 21JSNF SR G2 27T7aS80 SFOK AYRAGARG
many cases, this was due. o sustained cloudy weather resulting in profile will, across the wide variety of consumers, be less effective
insufficient solar power to fill up the storage during the day, for later at reducing system peakan if batteries were operated to
release during the peak periods. YAYAYAAS bSo wSItlyRQa 2@SNI tf &a¢
Ifgvldgpg Triiisccle?ju?o?r?ytsﬁ;her?éor?r?ee vr\:]aos dt;ﬁgpdgﬁé?cj;%e?ﬁese Taken together, these effects mean that storage operated to reflect
P P grid, g AYRAGARdDZ £ Odzai2YSNEQ ySSRa s2vyQl

solar+ storage customers would achieve greater demand reductions
(and network savings) at peak times.

However, this points to a deeper truth: it is not solar + storage that
is enaling system cost savingsit is the storage alondghrough its
ability to store power at times of surplus to be released at times of
relative scarcity.

Operating storage technologies in combination with solar does not
make the storage technology more efte®. Indeed, if a solar
consumer is incentivised to operate storage to reflect their own

33While storage technologies are expected to reduce network costs, they are not
expected to reduce retail operating costs.
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approach which operated storage based on when New Zealand as a
whole had greatest renewables surplus and scarcity.
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The third report will examine the potential adverse social
1 Purpose consequences of new tt_echnology uptékencluding t_he potential

flow-on effects from revised tariff structures thatre intended to
1.1 What the broaderstudy is about deliver better environmental and economic outcomes.

Electric vehicles (EVs), solar photovol{@¥) panels, and batteries 1.2 What thisspecificreport is about

offer the promise of cheaper, cleaner energy and transport. This report analyses in detail the economic implications of new

| 26 SOSNE (GKSaS GSOKyz2ft23ASa 27 techibBgied. Nd\Bricélar, It AFesseS Wied ey Are likelydokbd v
GeSaliSNRI&Qa¢ A yRazEulaNyBwith réépett yoI S W&ug (ifédr money, and whether current electricity pricing

how electricity is priced to end consumse Coupled with potential arrangementsare likely to deliver the besbutcomesfor New
under-pricing of CQ emissions, current arrangements may lead to Zealand

undesirable outcomes in three key areas: For each technologyve examine

T Undue C@emissions 1 What are the direct costs of the technology? i.e-ftumt capital

1 Increased energy and transport costs & installation costs, and ongoing maintenarcsts.
| Poor social outcomes. T2KFEG A& GKS OdzNibBe consiielind@iei SQ Jt
Each of these issu¥ss examined in onefdhree separate reports operation of the technology based on current electricity and fuel

prices?

which make up this overall study.
Whatis the financial reward faa consumer frona rooftop PV

This report is the second in the series, and examines the economics L ,
panel, based on current electricity tarffructures?

of these new technologies, particularly whether they are likely to be

leastcost options for New Zealand. - What is thefinancial rewardto an electric vehicl®wner of
The first repor®> examined the emissions consequences of the avmdecfi) petrol costs less the electricity costs of charging the
uptake of these different technologies. battery"

34 The issues identified in this report may also 3pfl some other consumer http://www.concept.co.nz/uploads/2/5/5/4/25542442/new_technologies _emiss

energy technologies e.g. space heating options (wood vs electric vs gas), home ions_report final.pdf

insulation, efficient lighting. These are not addressed specifically in this study, as ¢ Poor social outcomes amot just from higher national energy bills generally,

it focuses on new consumer energy technologies. but additionally fromaspects such as RivningO2 y a dzY SNE WAKAFUOA Y 3IQ
35 The report an be downloaded here: other consumers.
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T2KFEG Aad GKS WLIz f A OQ séldctinoisiesti 2  Ib 8dalitiovt, Sakthbugly Re priNdipat fagus 3s on houseksidle

¢ i.e. what energy and transpogector costs are reducddaused technologies, for solaPV and battegs we have examinedhether

by the technology, and how might this differ to the private value largerscale implementations of these technologies may be more or

to the consumer? less economié’

- What electricity sector costs (generation, netwprktail) are Lastly, much attention has been given overseas to the implications
actually avoided from rooftop PV gendien, and what costs of these new technologies for existing utilitigsboth gridscale
may be increased by PV generation? And how does this generators, and transmission and distribution network companies.
compare with the benefitsolarP\fowning consumers see This is also currently being considered by the Commerce Commission
based on their current tariffs? in New Zealand in its review of the economic regulatory regime for

- . . network companies.
- What electricity sector costs arise from charging an EV battery P

at different times of the dagnd year, and how do these costs
compare with the prices consumers are currently paying?

TLT GKS WLINAGIFGSQ oSySTAG (G2 O2yadzYSNE A& RATFT
benefit to New Zealand, what is the likely scale of economic cost
arising from:

G2 (KS WLz

(@p))
=z
&
<,
[etN

- too little uptake oftechnologies whose costs to New Zealand
are lower than the value which consumers can currently
realise; and

- too much uptake of technologies whose value to consumers
based on current electricity tariffs exceeds the value to New
Zealand.

As well as considarg each of the technologies separatelg have
consideed whether combinationsof technologies (e.g. PV plus
home batteries) will alter the outcomes.

57 j.e. for PV panels: either warehouseoftop implementations or even larger for batteries: utilityscale versions which are hundreds of times larger than
utility-a OF £ S aRNaNIT tty RT | householdscale versions.
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2 Setting the scene ¢ the importance of AsFigurel2 belowshows, having a flat tariff means that consumers

. . . are typically paying much less than it costs for consuming electricity
electricity tariffs for consumersrhoices during winter peak times, and more than it costs for other times.

Electricity pricing structures have remained largely unchanged for i re 12: |ilustrative comparison between current flat tariff and
almost a centuryg being based typically on a daily fixed charge . o cost of power at different time¥
KIFNHS ¢

OPKkRIFI@0OX YR I WTtl i SWoIRthiapmnelliA2v O Obk12KOOD
structure isrelatively simple, it is not very effective at signalling the 1.00
true cost of supplying electricity which can vary significantly at 0.90 m Network cost
different times of day and year. 0.80
. mmm Generation cost
For example, there is generally more than enough renewable — 70
electricity (hydro, geothermlaand wind) to meet nightime & 0.60 Average current tariff
demand, and so niglime generation costs are typically very low. I
However, on cold winter evenings costs can be much higher when = 920
infrequently-used fossifuelled generators are needed to meet peak Z 040
demand periods. & 0.20
Demand duing peak periods also strongly influences transmission 0.20
and distribution network costs. This is becaadarge proportiorof 0.10
such costs are associated with building sufficient capacity to meet 0.00 Bl - ] .

periods of peak demand. Because other network costs areliarge
fixed, or driven by factors other than the volume elfectricity
flowing along the wires, increased demand outside of peak periods Summer Winter
will not result in any material increase in network costs.

Night Day Night Day Peak

umerTech_v15.:dsm

These pricing misalignmentand A & 02y adzYSNARQ (G SOKy
¢ encouraging oveuse of some higher cost technology options, and

38 As discussed later, the electricity tariffs offered by some suppliers are more supply which are not shown here, as these do not vary with increased kWh
WINT ydzf F NRE gAGK OKFNBS&aetd.KIG @I NE o0&deman¥S 2F RI &% 2N aSlazy

3% Note: This graph only shows theariable costs incurred from increased

electricity demand at different times. There are also some fixed costs of electricity
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holding back uptake of some technology options with lower overall
costs.

In particular, under current arrangements, we expect:

1 There will be oveinvestnent in technologies that use power at
times of peak demand (e.g. electrian heaters), and under
Ay@SaayYSyid Ay 2LIA2ya GKFG R2y QG FRR (G2 LSKF] R
0dzNYySNE 2NJ I+ a FANBAEAYX K2YS AyadzZ GA2y>S STFFAOA
appliances). This expecte to encouragehigher peak network
and generation costs than is ideal.

YR 0S®3ad g22R

%
Syid tAIKGAYIZT Way

1 There will be undemvestment in technologies whose
consumption is dominated by effeak demand, such as electric
vehicles that are charged overnight. This will resultafative
under-utilisation of such technologies, and increased costs for
substitutes, such as fuel codts imported petrol.

1 There will be undemvestment in technologies (e.g. batteries and
home energy management systems) that use off peak power to
avoid using peagower.

1 Lastly, appliances whidhnject electricity(e.g. PVs) willend to
earn too little fromproviding electricityin winter peak periods,
and too much at other times. This is likely to result in technologies
that generate predominantly outside of winer peak periods
being paid too much, andill encourage technology choices that
are moreexpensivehan the\gridQ

In the next three chapters, we explore these issues in more detalil,
looking at electric vehicles, solar PV and storage technologies such
ashousehold batteries.
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3.2 Electric veliclesc cost effectiveness foconsumers

3 Electric vehicles The costbenefit equationfor a consumer considering purchasing an

EVversusits internal combustion engine (ICE) equivalents is:

3.1 Introduction _ ]
1 EVscurrently havehigherup-front capital costs; but

Although batterypowered vehicles have been around since ¢laely
20" Century, it is only in the last decade that significant advances i
battery technology have reached the point where the costs of storing § BEVs suffer from inferior range relative to ICEs and PKie¥s
electrical energy to power an electrical motor is approaching that of Appendix Aor more detail)

storing chemical energy (i.e. petrad) power a combustion engine.

n T EVs benefit from lower runningpsts.

The higher ugront capital cost is due to the relatively high cost of
There are two main types of EV: batteries and, for PHEVs, the extra cost of having a combustion

1 Battery Electric Vehicles (BEVs) which are entirely electrically €"9ine (and often a second dritrain) as well as an electric motor.

powered The lower running costs adle to.
 Plugin-Hybrid Electric Vehicles (PHEVs) whicHs@ have a 1T9+3Q AYKSNByI SYSNEBe& STFAOASYO
combustion engine to extend the range of the vehicle beyorad th approximately four times more efficient at converting stored
of the battery.There are two sultypes to PHEVS. energy into motive power, than a combustion engine.
- Those which have a second, petdslven drivetrain powered  Lower servicingosts: The lifetime servicing costs of a BEV are
by the combustion engine; and estimated to be less than 20% of an I@&ectric drive trains are

simple than combustion engine drive trains, and the weend-
tear on an electric motor is much less théor a combustion

used solely to charge the battery and extend its range. This engine.Potentid _savings on PHEVs are not as great due to the
second type is typically referred to as an Extendedg®a greater complexity of PHEVs and the fact that they also have a
Electric Vehicle (ERE\Bor the purposes of this study, EREVs combustion engine. However, savings can still be significant, with

have been grouped under the broader PHEV heading. szgzséie:gognsi\gggg gfelianl_?Ei\r} the range 40% to 70% of an ICE,

- Those which only have the single drive train powered by the
electric motor, but with a small combustion engirhat is

Further, as tcussed laterEVs currently avoid paying the majority
of charges leviedia petrol excise téund the road network.
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Figurel3 shows theestimated|lifetime cost to consumers fahree a range in prices pending make model and specification level)
different W Y-NR y*3\lilcles ¢ a petrol internal combustion However, there is significant uncertaintyb@ut capital cost

engine (ICEp), a PHEWMd aBE\( for two different average annual estimatesfor PHEVs and BEVs dueditfering pricing aproache4?
travel distances (expressed as thousands of vehicle kilometres and market positioning for thenodelscurrently available in New

travelled kKVKT).4 Zealand.
Figure 13: Lifetime consumer transport costs farew mid-range Running costs are based on recent data for petrol prices, electricity
vehiclebased m current prices tariffs etc. The lower running cost of EVs medheir relative

100 economics improve for longer traveistiinces.

ssumptions: W Fuel: CO2 . .- .

90 e price = US$40/bbl Figure 13 indicatesthat based on current price;yew ICEs have

B0 i e — Fuel: Electricity whole-of-lifetime coststhat are between those of PHEVs and BEVs,

20 B B mrucl Petrol where vehicles travel10,000 km/year. For vehicles travet

- . 20,000km/year, PHEVs and BEVs have lomteole-of-lifetime costs
60 Roading charges

than ICEs. That said, current BEVs are less suitabéppdications

*0 Tyres with higher annual travel distancesparticularly if this is comprised
4 _ of a nunber of very long journeys, rather than relatively high journey
Rego, licence, ACC . . —
3 + WOF distances undertaken every daybecause of their more limited
2 W Insurance range As set out more i\ppendix A continued battery technology
1 = Servicing improvements means that range issues will become progressively
0 less for BEVs.

ICEp  PHEV  BEV ICEp  PHEV ~ Bevy  WCapital

o o o o

Present value of lifetime cost (Sk incl. GST)

10 kVKT 20 kVKT

The capital cost premium & newmid-range PHEVs and BESYSs
estimated at $15k and $12k, respectively, on top tfe ICEp
equivalent price of $3Qkbased orrecentvehicle price dat#éthere is

401 WUMARISQ GSKAOES Aa FaadzYySR (2 KI OIS approxiddtey A& kiVKIJfornedbveniclEshetéringihe ffeet,iardd 12-kVKT Bruged |
Corolla. A discount rate of 6% is used to take account of the time value of money. vehicles entering theldet (i.e. imported seconttand, typically from Japan).

41 The values of 10 kVKT and 20 kVKT were chosen because ana&lpsisridix A 42 This can be seen in the different prices for the same vehicle across various
demonstrates that the average distance travelled by a new vehicle in New Zealand countries (i.e. even when allowing for taxes and exchange rates etc).

www.concept.co.nz 6 20-Junl6



Inall casesEVs have a higher upfront cost tH&€Es based on current
prices. Howeverpoking forward, theupfront purchasecosts of EVs
are expeted to fallfor two reasons

1 Firstly, ag-igurel4 shows battery cosisare expected to continue
to decline

Figurel4: Historical and projeted fall in battery cost§US$/kWh of
storage)

1.000

Source: Bloomberg New Energy Finance

1 SecondlyEVsare likely to benefit frommanufacturing economies
of scale (as ICEs currently enjdy This includes the likely
emergence of a greater number of H¥ly vehicle modek, as

43 Sourcehttps://ecotricity.co.nz/electricvehicles

(:( C
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opposed to the manufacture of Bxérsions of conventional ICE
vehicles.

EV prices have alreadyarted to showsignificantreductions with

the price of the Nissan Leaf falj from $69k to $39k in
approximately 5 year$ These reductios, which are not specific to
New Zealand, may be more reflective of manufacturers seeking
market share than true underlying production cost reductioné&\s

EV sales accelerate worldwide, these cost reductions are expected
to continue, with anumber of vénicle industry analystsxpectingeVs

to reachpurchaseprice parity within 5 to 8 years although others
@& Al O2dAZ R 060S wmp &8SINRQ ¢l &
Once purchase price parity is reached, and coupled with expected
improvements in the range of EVs, EV vehicle sabegdcgrow
rapidly. However, his uptake could be tempered by the glut of
existing ICE vehicles with significant remaining life which would likely
reduce in price

3.3 Electric vehicleg cost effectiveness foNew Zealand

The rate of EVuptake will beinfluenced by the price signalshat
consumers face for vehicle purchase costs, electricity, petro] etc.
since thesesignals determine the private benefits andstsof EVs

to consumers

If the price signals do not reflect the trie2 NJ W lelasdaof cas® Q U
andbenefits this willencourageover- or underinvestment in EVt

will also mean that New Zealand ends up with a vehicle mix that is
less than ideal, with higher overall costs.

www.concept.co.nz 7
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Under existing arrangementshere are four key areas where  While some variation in pricis expected due to different network
significantmisalignments imprice signalsare occuring: circumstancesmost of the variation appears to bedue to other

1 Three areas where EVs are likely being penalised relative to ICEs:faCtorS Thesenclude

- The electricity cost from charging EVs overnight generally T The meter sewp for the property- specifically:

being too high; - Whetherthereisatwer SGSNJ 6 a O2y iUNRff SRE b
- The payments which future EVs could earn from injecting 2 ':IJ aAy3ts YSUSN) 0aAyOtdzargdsSev |
power back inb the electricity grid at times of peak demand water.
being too low; -  Whether there is a separate nigbnly meter (or for
householdswith advanced meters, whether the network

- The price that ICE owners pay for the pollution from their company offers a nighanly tariff).

tailpipe emissions being too lgwelative to BEVs or PHEVS (to
a lesser extent) 1 There is also variation in the extent to which retailers recover
their retail costto-serve costs (metering, billing, marketing, etc.)

M One area where EVs are currently receivirmpacessin relative i : i
y @ via the variable or fixed component of atges

to ICEs: avoiding paying the same roading charges used to fund
the road infrastructure. 1 Lastly, there is variation according to whether a household

This section addresses each of these issues in turn qualifies for a lowuser tariff, or not.

o _ _ _ The scale of observeadriationis summarised ifrigurel5.
3.3.1 Electricity charging costs for EVs being too high
¢CKS LINAYOALIf WFdzSt Q dft@ dhlrdgeyhe 9+ A a GKS St
battery. For most EV owners, the main place they will charge their
battery is at home, where they will be charged the standard $/kWh
variable rate.

A

OGNAOAGeE dza s

At present,there iswide variation in the pricearound the country
which vehicle owners Wibe charged for charging their laty, with

the GSiinclusive price ranging from13 cents/kWh to

30.5cents/kWh.

www.concept.co.nz 8 20-Junl6
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Figurel5: Variation in charging prices for EVs Figurel6: Variation in electricity fuel bill for BEV
0.35
$5/tC0O2 assumed effective price of CO2 1’200
0.30 E
: ¢ 1,000
0.25 E
' '~ 800 Annual VKT
> |
p
2 020 mGST 2 600 m 20,000
§ M Retail E |
Y015 m Network - N W 10,000
£ 400
mCO2 iz
0.10 W Wholesale E
@ 200
(TN)
0.05
0
0.00 Low tariff H lgh tariff ConsumerTech_v1E.xsm
Low Avg High )

A truly costreflective $/kWh variable tariffivould reflect the costs
' that are incurred from meeting increased kWh demand. This would
better signal theresource cost®f increased consumption in terms
of increased wholesal&€Q, network, or retail costs.

The impact of this variation is significant for the economics of an EV
as illustrated inFigurel6 below. Thus a BEMvner driving 20,000
km a year may pay $1,100 in electricity charging costs, or they may
only pay $470, depending on where they lared which supplier they L . i . B i i i
choo=. hiKSNJ O2aua ¢6KAOK R2yQu Ol NE G6AUK

should ideally be recoveredbased on their relevantost-drivers.

And costs which are entirefixedshould be recovered by via charges

that have the lowest effect on consumer decisions

With respect to the retail component of costs, these do not vary
muchwith the kWh consumett - it costs mucththe sameto meter

44 The only retail costo-serve item which is likely to vary with kWh consumed is
bad debt writeoffs. However, this is not a major component of retail operating
costs.

www.concept.co.nz 9 20-Junl6
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andbill a customer who consumes 2,000 k\ahit does for one who Figure 17 Comparison between current electricity prices for
consumes 20,000 kwh. Rather, some proportion of retail costs tend charging EVs and coseflective tariffs
to vary with the number of customers, with others being completely 040
ﬁXEd . $5/tCO2 assumed effective price of CO2
Accordingly, a fully coseflective $/kWh variable charge would not o .
have any retail costecovery component, with such costs instead 030
being recovered via a fixed $/customer charge.
As discussed in Chapt2rnetwork and generation costgry across 0 e
the dayand year Demand during a winter evening peak period is =, . - ; et
likely to result in significantly greater network and generation costs ; ; |  Network
than off-peakdemandin the early hours of the morning 0.15 : ' f m 02
This igmportantbecause the analysis set outAppendix Asuggests oo = holesale
that:
1 the majority of EVs could be chargddring the lowest demand o I I
periodsover-night; but 0.00
High Smart Simple

1 without any pricesignal to encourage this, thgreatest amount
of EV chrging would likely occur in the early eveningrhich in
the winter, are the periods of greatest overall system demand. As can be seen, tauly costreflective night-only smart tariff would

be even lower in cost than the curretdwest cost available to EV

owners. This is because it woulbt have any network cost

component within it, as such overnight demand would not result in
any increase_in network costsior wouldit have any retail cost

Current . Cost-reflective FmaTE A

Figurel7 below builds orfFigurel5 previously, but also includes an
estimate of the costeflective tariff that would apply for two
different EV charging regimes:

A

TWY{YINIQE 6KSNBoeée | OSKAOES Aad rKeénNBSR 2SNy A IKI
TW{AYLE SQF gKSNBo&é& | GSKAOtS aConddisdly, QK todbRedtiyed ta@fy forS a AvéhicldlBuhidaNys & K2 Y
each evening. predominantly charged in the early evening, would have a very large

network cost component much larger than current tariffs.

www.concept.co.nz 10 20-Junl6
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Experience both overseas and iniNZealand suggests that where  This is $164ear lower than vehicles charged via the current lowest
consumers face a price signal for EV charging, they generally respondtariff, and $56@year lower than vehicles charged via the average

to it and concentrate their chargingtimlower-price periods*® tariff shown inFigurel7.
Figure 18 builds onFigure16 previously, and includes the annual ~ This $30fyear 6 A f f O2 YLI NBa @AGK ofy L/ 9¢
electricity cost of charging a BEV if it were to face a-pef#ctive approximately $1,70Qear based on the current world oil price of

tariff and be charged predomigali f @ 2 GSNY A IK{G 0 A daPppoxiHatelylI$ADMbI. QKoH PiiEes wWeRettabrise to USOMbI,

i i 46
Figure 18: Variation between current and coseflective cost of this would rise to $200/year.
charging a BEV The reason why a doubling of world &iJINA OSa R2Say Qi NJ
doubling of the norroadingcost element of petrol prices, is because

- 1,200 the pump price also incorporates a significant amount for the so
% 1,000 OFf ft SRNWNXYNHANY & ¢ CKAA A& F2N GKS
h the building and operation of the petrol station network, plus the
g 800 LISGNRE O2YLI yeQa LINRTAOG YINBAYO®
a’“ 600 Annual Vit Analysis published by the AA showrFigurel8illustrates how the
= 00 20,000 G2NI R 2Af LINAOS O02YLRYSYy(l 27F LISUNZ
. m 10,000 the figure, is a relatively small component of petrol prices. The
S 200 NREI RAY3 023034 IINB GKS YIAye¢e{O2 YLRY
E o . ] component.
- Low High . Smart

Current . Cost-

reflective . .,memee i sem

The fuel cost for a BEV travelling 20,000/%ear that was charged
via a costreflective smart tariff could & as low as $30Qear.

%5 Technology is increasingly facilitating such smart charging, including through Ly 62 G K Ol aSaz LISGNRt SEOA&S GlFESa KI @8
vehicle owners being able to simply program a vehicle to not start charging until this excise isntended to fund roading infrastructure a cost that is common to
after a certain time (e.g. 11pm, or some other time when night rates start). both EVs and ICE vehicles.

www.concept.co.nz 11 20-Junl6
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Figure19 - Petrol cost breakdowff The principaldriver behindenablingd dzO K W@&BNM FO@ S2 LIS NI (i
overseasis the ability forvehicles to inject power into electricity
AA Price components of a litre of petrol ($1.89) gridsat times of peak grid demangland therefore reduce the need
as at 27 April 2016 for network and/or generation infrastructure to meet peak

demand*® Similarbenefits couldarisein New Zealand, with EV
injection reducing the exnt of future investment required in
generation and network assets meet peak demand

19%

2%
However, agliscussed in Chapté, electricity tariffs aregenerally
not structuredto providecostreflective price signals at present

Value of avoided generation costs

13% Refined fuel The potential generation benefit is avoided investment in
m Fuel excise & ETS infrequently-used generation assetg principally opercycle gas
GST turbines (OCGTS) required to meet the few periods of highest
Shipping demand. The upper value of such avoided investmeirhtei;ost for
36% . new plant. This is currently arounfil45/kWyear ¢ being the
O Warrying codibf building and maintainingn OCGT.
Solurtie: y http://www.aa.co.nz/cars/maintenance/fupticesand-types/how-petrol-pricesare- At times of peak demand, Wholeleepricesare Iikely torise to levels
caloutate to recover the cost of building such a peaking generator. Therefore,
3.3.2 Potential payments for injecting back into the grid beingdo in theory, a battery injecting at times of peak could capture such
low prices and in so doing avoid the need for building such peaking
As well as drawing power from the grid to charge a battery, a number generators.
of more recent EV models have the abilitjectpower back into the However, to the extent that the system is in a situation of relative
grid. over-capacity (as has been the case in New Zealand for some time,

471t is understood that the crude oil price used for this analysis was approximately 8 Interest in vehicleo-grid also grew after the Fukushima disaster in Japan, and
US$45/bbl. the increased resilience that EVs provided in terms of providing a mobile source of
electricity generation for consumers facing power outages.

www.concept.co.nz 12 20-Junl6



4 (( C

concept

and is expected to be so for a further 4 to 5 years) wholesale prices However given that peak electricity demand periods, by definition,
will not rise to such levelgery often only occur for a relatively short amount of time each year, it is not

_ considered thasuch costs would be significant.
Value of avoicdd network costs

The potential network benefit is avoided future investment in assets Summary value of EV grid injection

to meet peak demandThis accounts for a large proportion of total  Costreflective electricity tariffs to consumers should reflect the
network costs. longrun cost of peak generation and network assets that will be
required to meet growth in peak deman@hese are expected to be
the drivers of costs for the foreseeable futuréHowever it is not
clear that an EV injecting into the grid will be able to capture all such
value, as it isinlikely to be available for all the periods where such
injection is required.

Over time the value of reducing peak demand growth is the long
run marginal cost of network expansionAppendix Csets out
analysis which shows there is a very significamge of potential
network LRMC values reflecting:

1 Inherent variation in network circumstances in particular

variation This could particularly be the case for avoided network investment

in situaions where there is already significant network load control
- In the cost of network expansion driven by rural/urban  such that the period requiring load control in high demand days
circumstancesnd other factors extends to many hours during the déye. a broadf £ | i . @hdS| | QU
example of this is the Orion network where significant exgsioad
control means that on cold winter days, load control is required for
many hours during the day as well as the evening. It is unlikely that
1 Differences iiethodologiesusedto estimatenetwork LRMCs. EV injection could materially contribute to meeting such a load

These variationgive rise to a range in network LRMCs of between control requirement.

$30 to $300/kwWyear depending on specific situations and  This points to anotheissueg being the interaction with other load
methodologies control, and the potential fooversupplyof load control assets if
large amounts were to come forward. i.e. beyond a certain point

there is likely to be diminishing returns from additional peak demand
Lithium-ion batteries currently have fnite number of cycles their managenent.

economic life Ly 2SOGAyYy 3 LI26SNI ol OfzLiay
another battery cycle, bringing forward the time when the battery
will need replacing othe car being sold.

- In the extent to which the network is close t@quiring
additional investment in capacity

Battery costassociated with grid injection

%\Iﬁn aIIl,J tﬁerse is sE{gNi?i\caRnt ur?cé\rtfairfmyer tﬁg Ze"%(tgnt of value that
could be captured from peak injection. A npdint value of

www.concept.co.nz 13 20-Junl6
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$110/kWyear has been used, but with high/low ranges of 3.3.3 Pollution costs levied on ICE owners being tioov
$320/kWyear to $15/kWyear.

For PHEVs and BEVs witliadtént sized batteries, this translates into o , , )
the following estimates of the overalannual net benefit of grid The principal area where foséilelled vehicles are not facing the
injection. costs they impose on society relates @O emissions which are
generally acknowledged to be a key cause of global warming. The
effective CQ price incormrated into petrol and diesel costs for the
1,600 first quarter of 2016 was NZ$®&Q ¢ which translates to

1 cent/litre.°

Greenhouseelated pollution

Figure20: Estimated range of value from EV grid injection

1,400
1,200 Benefit of avoided However, there is a growing consensus that the societal cost from
' peak elec costs: High global warming is likely to be much greater than reflected in this
g 1,000 B :Med current price.
= 800 _ . o .
g The first report in this study used the emissions prices produced by
T 600 - I - low the Business Energy Council (BEC) in 2015. For this study we have
S 400 : : ot of rediced used the same prices for our low and medium estimates,
| ] B Cost of reduce H 0
200 ...................... | battery life respectively?
0 _________ — However, agrowing number of interngonal studies are estimating
200 PHEV BEV uKS Wu NBoremissibBsddibsignificantly greater than these

ConsumerTech_wl6.xlsm

levek. For example, one of the most comprehensive recent statlies
on the impact of global warming suggested the price required to
prevent significant han from global warming will likely need to be
in the range US$5CCQ to US$L6SICOH (NZ$75iCQy to

NZ$235(CQ).
49 During Q1 2016, the price afNew Zealand Emissions Unit was approximately  °The averag€Qpricefor KS . 9/ Qa WY I & | Qeaam@®ogodf NA 2 2 @€
NZ$10tCCQ. However, with the current onfor-two surrender requirement that this evaluation is approximately $20Q> @ KSNBFa GKS W2 {1 Q 3
is part of the NZ Emissions Trading Scheme, this halves the effective price faced byaverage prices of approximately $50C over this period.
emitters of CQ. 51 ¢Better Growth, Better Climate. The New Climate Economy Repuet@lobal

Commission on the Economy and Climate, Nicholas Stern et al, September 2014
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We have adoptedthe midpoint of these two values (being
approximately NZ$1®/tCQ) as our high estimate of the true
societal cost otarbon. Thidgranslates to an addition on thepetrol
price of 42 cents/litre (incl. GST).

If this high CQ price were reflective of the true cost o€Q, this
means that a PHEV or BEV driviiagD00 kniyear is disadvantaged
compared to petrol vehicleby approximately 870 or $30/year,
respectively.

Other vehiclerelated pollution

There are also human health consequences from degraded local air
quality from tailpipe emissions from combustion engines
(particulates, SOx and NOXx). In addition, the regativs braking of

EVs means there lissswear on brake pads and much less associated
particulates released compared to ICE vehicles.

Lastly, electric motors are a lot quieter, which can therefore reduce
0KS y2AaSwhishicknfinipaetioh pepple Ing near roads.
Offsetting this noise benefit is a potential noise cost associated with
accidents where pedestrians have not heard an EV approaching and
stepping out into the road without looking.

However,we have not identifiedeliable estimates of the cale of
emissionrelated human health costs. Further, these are likely to be
very location specific. Thus, the human health costs of vehicle
emissions in some of the Chinese cities are understood to be very

52 Electric and hybrid busses are also becoming more widely available, and starting
to be adopted (e.g. the Wrightspeed bus drivetrain for Wellington City).

<
concept

high, whereas those in many New Zealand towms aities are likely
to beless

Lastly, the most significant humdrealth related costs are
understoodto relate to diesel emissions, particularly from theght
commercial and heavy transport fleet Currently the main
competition for new EV purchases relates to petiaven light
passengervehicles.Once light commercizgd 9 + Qa 06S02YS
widely available and adopted, there could be significant health
benefits for peoplewho are exposed to unfiltered ain the urban
centres.

However, gven all of the aboveno estimatehas been included in
this study as to the potential additional nédQ pollution costs
relating to combustion engine vehicles.

3.3.4 EVs avoiding paying for the road transport network

bSg %S roading rfet@drk is not funded from general taxation,
but by levies collected from vehicles. There are two main such levies:

1 Petrol excise duty (PED) charged via a $/litre charge on petrol
sales;

1 Road user charges (RUCs) chargedanpetrol drivenvehicles
(i.e. generally diesglowered, for combustion engine vehicles)
with vehicles having to purchase RUCs in advance.

Although PED is a $/litre fubkhsed charge, and RUCs are charged on
a $/km basis, the level of the PED is set so thteol-drivenvehicle
with an average fuel efficienayill pay a similar amount of roading

www.concept.co.nz
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charge to alight dieseldriven vehicle travelling an equivalent  Figure21: Variation in roading charges between vehicle tyjés

distance.
2,200
However Figure21 below shows that extremely fudfficient petrol 5 000
vehicles such as PHEVs will pay a much lower contribution to the = 500
road infrastructure. z -
_ _ 1,600
BEVs, although they are classed as-petrol driven vehicles, are < L 400
currently exempt from paying RUCs as an eiplconcessionto g —CEp
encouragetheir uptake. This exemption islue to expire once g 1200 e
electric vehiclesnake up 2% of the vehicle fleet £ 1000
:1:5 200 PHEV
35 —BEV
S 600
400
200
0

0 5000 10,000 15,000 20,000 25,000 30,000
VKT (annual distance driven) Consumerach_vig.dsm

Assuming that RUBased chargeare a reasonabRé reflection of
roading costsFigure2l indicates that a PHEV or BEV driver who

53 ICEp and B4 represent petrol and diesel vehicles, respectively. A more fuel 5* It is likely that congestiogharges and the like are more casflective
efficient petrol vehicle will have a lower gradieqss illustrated by the very low approaches to recovering some roading costs. However, consideration of such
gradient for a PHEV which consumes very little petrol per km driven, whereas the issues ideyond the scope of this analysis. Furtham, average the RU&hased
distancebased natureof Road User Charges (RUCSs) used to recover roading costs approach will deliver roughly the right apportionment between vehicles that travel
from diesel vehicles, means their fuel efficiency has no bearing on how much they different distances.

pay.

The nonzero intercept of the graph is because in addition to PED and RUC, the

road charges also shows the arahdixed costs associated with collection of fees

for licencing, ACC, and WOF certification.
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travels 15,000 kniyear is currently receiving an annuabncession Figure 22: Summary ofcurrent price misalignmens for a 15000
of $875 or $930, respectively. km/year vehicle
3.3.5 Summary ofmisalignmens to EV economics 2200
_ m Other ICE pollution
Figure 22 summarises the net effect of the differing price 2,000 Assumed VKT = 15,000km/yr . impacts not priced
misalignmens facing potential purchass of EVs. 1,500 m CO2 price too low
On balance, it appears that for the central estimate of the costs and - , .
benefits, thecurrentavoided roading charge benefit largely balances  © B Elec *ﬂJ.eTtiOH
out the cost relating to the other factors f@EVowners,and gives g 50 B porentiinet
PHEV owners a net advantage by apimately $250/year % 0 . . | ' ltE'eciclhfrgiﬂ% cost
e D L 00 high
However, once the roading chargeconcessionis removedwhen w0 Lo b 0 R ing charge
electric vehicles make up 2% of the vehicle flest currently (S T O 5 O B  avoided
planned it will result in EV owners suffering a cost penalty relative -1,000 B T | e Comrent not
to ICE vehicles of approximately $@&@€ar for PHEVs and 500 )

$1,250year for BEVs.

Low Med High Low Med High

PHEV BEV

umerTech_u17 xdsm

3.4 Overall economic impact of current pricing
misalignmens

Assuminghe roading charge exemption is removasi planned the
other pricing misalignments are expectedstowthe uptake of EVs

relative to optimal levels, with two main negative outcomes for New
Zealand:

1 New Zealand spending more on transport than it should (largely

in the form of imported fuel, rater than New Zealandenerated
electricity)

1 materially greater C&emissions.

www.concept.co.nz 17 20-Junl6



concept

An estimate was undertaken of the scale of economic cost that
would be incurred if thesenisalignmens were to result in 2% of
vehicle sales each year being ICE vehicles rathear #Vs. This
resulted in an NPV figure o660m over 20 years.

To the extent that the actual extent of frustrated EV uptake being
higher or lower than this 2% figure, the scale of economic cost will
scale accordingly.

www.concept.co.nz 18 20-Junl6
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4 Solar photovoltaics (PV) Figure24: Growth in PV installation
4.1 Introduction Solar PV Total Global Capacity, 20042013
As Figure 23 and Figure 24 illustrate, rapid improvements in the s 155 Gigonil
performance and cost of solar photovoltaic techogy has resulted o
in strong growthin the amount of P\¢apacitybeing installed around ! m
the world. i
75 70 — =3
Figure23: PV cost reductions - i 8
40
25 2 = =
U.S. Installed Cost of Solar Power ($/kilowatt) o AT
$12,000 =~ * 2004 2005 2006 2007 2008 2009 2010 2011 2012 . 2013
REN21&5,
REN21. 2014. Renewables 2014 Global Status Report (Paris: REN21 Secretariat). BLLO]~ ]
$9,000
Source: IEA
In New Zealand, less thddo of households currently have solar PV,

$6,000 2 but there has been growingptake, as shown irFigure25.

$3,000

%0 Source: Lawrence Berkeley Labs

1998 2000 2002 2004 2006 2008 2010 2012 2014H
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Figure25: Residential slar PV uptake ilfNew Zealand 1 The costs oihstallingthe system. This includes the cost of labour
o and other materials (cablingnd metering), and the costs of
NZ residential solar uptake . . .
6 0.6% getting council and electricity network company approvals

1 Goods and services tax (GST).
0.5%

Most of these costs broadly scale with the size of system, while some

—C lati . .z
_s 04%  average sive (e.g. council approvals, and some aspects of the labour caatg) @ i
z A NS (kw) varymuchwith the size of the system.
g3 0.3% __ : Figure 26. Estimated 2016 wpront costs of rooftop solar PV
- verage size
. installed in systems
32 0.2% month (kw)
25,000 5
. —9% of Replacement
1 0.1% customers inverter
(r.h.s.) 20,000 4 =mGST
0 0.0% . Installation
OO ISIIIIANGY Y0
%(n g é E E:- —g, .%o g é E EL —g, %D g é E 315’000 - 3 Inverter
g Panel
SourceConcept analysis usitiectricity Authoritydata S [ e
| 10,000 2 __¢/wirhs)
4.2 Solar P\t cost effectiveness for consumers —
There are four main components to the 4ont costs of a rooftop 5000 m— 1
PV system for consumers:
9 Thecosts of thepanels 0 0
1 2 3 4 5 6 7 R
1 The costs of thénverterused to convert the direct current (DC) Systeminstalled capacity (kW) S

power generated by the panel into the alternating current (AC)  Figure26shows the estirated overall cost to consumers of installing
powerth- 4 Aa adzlJJ ASR Ayu2z 02y a dzYdibknisizdd 2o¥ftoP® systems, based on current prices. fact

that some costs are fixed means that there are economies of scale
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with rooftop solar P\, as indicated by the downward sloping nature  Figure27: 2016 Grietie PV advertised retail costs in New Zealand
of the curve which expresses the costs on a $ per Watt basis.

tKS WNBLX I OSYSyid Ay OSNISND O2al
that most systems will need their inverter replacing approximately
halfway through their life. The replacement inverter cost ig th
SaidAYlIGSR WLINBaSyild @lFtdzSQ 2F G¢F
8SI NA® (GAYSO

The costestimates shown irFigure26 are based on advertised retalil
costsforseD | £ f SRA SPA Nih £ TaedeadvBrisadeosts are
shown inFigure27 below 5’ 10,000

2016 Grid-tie PV Advertised Retail Costs in NZ
40,000

C\
S
w»

30,000

2 OO0 dzNJ

20,000

System Retail Cost (inc GST)

1 2 3 4 5 6 7 8 9 10 11
System Installed Capacity (kW) New tech costs w2

The above estimates are based on installing a solar panel on an

existing property andbased on currenindustry scale If a solar

panel is installed at the time the property is baltdthe PVindustry

has the benefits oEcale the installation costs will bsignificantly

lower. If 50% of installation costs were avoided, this would result in

the installed cost being approximatel$% less for a 2kW system and

10% less for a 4kW system.

55 This calculation takes into account the likely continued reduction in inverter inverters to convert the DC power into the AC power that is transported across the
costs (assumed tbe [3.5%)] per year), and uses a [6%)] discount rate for the INA R Ay G2 LIS2LX SQa K2YSao

present value calculation. 57 As can be seenhéreis asignificantvariation in pricing de to factors such as

51 WHANBRQ t+ A2aG8Y A& 2yS GKFG Aa O2ysten@uatywhaticeassiinfedto 1§ in@uded maciGitios tio af Myefter sizeé 6 SA G
being wiredAy (G2 || K2dzZaSK2f RQa ¢ A NdmsIar © totpEnkl ZcapaOify and Jditignal instal costs (fdr dodg travel distance, atypical

consumers who are completely effid. Having a gritle system requires roof, etc) Concept has chosen a baseline estimate of solar Big wdich are at

the lower end of this observable range.
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There are no variable operating costs to speak of (sunshine is free!), the panel were generating at full output 24 hours a day, 365
odzi GKSNB Aa F+ ySSR G2 Of SIy {KSdaydlayeativiould hav® & cahdtit$ fackorof iD0% Slawavert & St
remove any dust, bird droppings and the like. Not clearimgy asFigure28 A f f dzZa GNJ GS&asx (GKS adzy R2Say
panels will reduce their effectiveness, and in some cases may there is significant withirday and withiryear varidion in the
actually damage ther?f Some people may be able to clean their amount of sunshine (including due to cloudy periods).
panels on their own without too_much effort, wheregs others may Figure28: Averagesolar PV output profile
need a window cleaner do the joRQur basecase estimate of the
annual maintenance costs of a rooftop panel is $25/year. 7o J
—lan

In order to more readily compare the dpnt purchase costs and 60% - Feb
annual maintenance costs with the benefits from solar PV (i.e. the = Mar
avoided cost of purchasing power plus anpex sales they may g 0% Apr
makec both of which are expressed in terms of $/kWh) these fixed ¢ May
O2ata KF@S 08Sy wisgsStrasro a2E2™ gl 0Ny e wn 2 gy S NE |
(LCOE) expressed in $/kWh. E Som —Jul
This involves: £ - ::pg
) W{ LINB I R Afs6rl gurcliag&eSostsahder the life of tipanel Oct

using a cost of borrowing to come up with a resultant annualised 10% Nov

capital recovery amount /B w7 Dec
i) Adding the annual maintenance costs 0% S -
iii) Dividing these annual costs by the annual kWh production of the e

solar panel. This means that the capacity factor of a typjeedlloriented

panel in New Zealand is likely to be approximately 14.5%

This compares witlsunnier climates such as Queensland in

Australia where capacity factors are approximateR/5%>°

1) How sunny itis, and thus how much will be produced. Asimple |t should be noted that the variation in average sunshine
YStya 2F SELINBaaiAy3d (GKAa Aa 0KS &K thIudhduiinew ZedladdindiNBult id Fvarlatfopin thdh Yy S

In calculating the annual kWh production of thanels, two factors
need to be taken into account:

%8 For some technologies, having a cell within a panel permanently shaded (e.g. by ° Based on average daily output of 8.4 kwWh for a 2kW panel in Brisbane.
a bird dropping) can damage the whole panel over the long term.
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likely capaity factors,likelyrangingfrom approximately 13% shorter peiod. This wuld increasethe required $/kWh benefits of
to 15% solar PV to breakven.

Further, this assumes that the roof is wetiented (i.e. For the costenefit analysis discussed later, we have assumed
north-facing) and not shaded by trees, hills or other consumers evaluate costs and benefits over the next [20] years.
buildings. The majority ofresidential properties arenot

expected to be undulgffected by poor orientatior(noting
that somec i.e. apartments; are inherently unsuitable Figure29: Estimatedlevelised costs of rooftop PV installed in 2016

2) The output of solar panels will degrade over time irrespective of 0.50
how well they are cleaned. Different panels degrade at different
rates. Our basecase assumptionis that there will be no
degeRI GA2Y F2NJ 6KS FANBRG FAODS 040 dzi

0.45

there will be a steady rate of degradation from that pginitil % 0.35 Capital
by year 20 their output is 87.5% of the original installed output. & o030 recovery
=
Taking all these factors into account results in thefrgmt costs G 025 — 10yrs
shown inFigure26 being translated into the $/kWh levelised costs .E‘ 0.20 — 15y
show inFigure29. The downward sloping nature of the curve § 015 20yrs
reflects the economies of sleaassociated with household RV.e. if -
the fixed costs of installing a panel can be spread over a greate 0.10 (Amortisation using 6.0% discount rate)
number of kW, the effective $/kWh cost will fall. 0.05
It should be noted that the levelised costs indicatedFigure29 0.00
belowdoesy 2 i NB LIND a4 $ywB yi €8 SWai MB IO] i ¢ ! 2 o4 s 6 !
meedh_v0.xism System installed capacity (kW)

PV becomes cheaper than grid electriditye YreakS @Sy Q G F ».277" 0 L
higher) This is because consumers will almost always be exporting

someelectricity to the gridsee sectior.3below). 4.2.1 Possible future reductions in the cost of solar PV

The three different hes in the graph show the effect of three
different periods for recovery of the capital cost of the panel.
Although PV panels wallmost certainlylast 20 years, it is possible
that consumers may seek to recover the costs of the panels over a

As well as evaluating solar PV based on current costs, we have
considered thebenefits of installing solar PV in future yeajisen
that solar PV costare expected taontinue to decline
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Our central estimatsfor further costreductions are: Figure 30: Pojected (real) rate of declineof costs of installed
1 Panels = 7% p® rooftop solar PV systems
1 Inverters = 3% p.a. 100%
1 Installation = 3.5% p.4! 90%
Q,
Asshown inFigure30, these assumptionmeanthat the cost of a 80%
rooftop solar panelinstalledia Sy & S| NBR Q UcbhuiBe 6 A 70%
40% les¥than the cost of a panel installed this yeand will roughly 60%
halve by 2030
50%
40%
30%
20%
10%
0%
o es] (=] o =t o o8] (== o <t 0 w0 o
— i ~l ~ ~ ~ [} o o o o o <
o o o o o o o o o o o o o
~ ~ e~ e~ ~ ~ ~ ~ o~ o~ o~ i~ o~

80The rate of cost reduction in panels is based on an observed learning curve factor inverters), it is considered that there are in fact significant potential opportunities

of 20% (i.e. the cost reduction achieved from a doubling of global installed for reducing such costs. In this, the experience of Australia points to large scale
capacity), and a continuation of the 25% p.a. rate of increase in installed global uptake of PV resultinop considerable innovation in installation.

solarPVcapOA e ® LF GKS NIGS 2F 62NIR &2 {FeNIAELIRIA] DA BVSY (OB il Ky de§ RBLISYREY (1t § SO
this is likely an oveestimate of the future rate of cogteduction in solar PV. WeNFyaYAaairzy ¢2Y2NNRgQ R20dzyYSyd o

611 f G K2dza3K Ayaibdrttrdazy O2ada NS I NBSte& flF02d2NJ 6FyR (GKdza 2aiGSyarofte R2y Qi KI £
same potentialfor technology and manufacturing improvements as panels and
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4.2.2 The cost of commercial and utilitgcale PV

While a lot of the focus has been on residentiabftop solar PV,
there is also growing interest in developing much largealesolar
PV facilities:

1 On warehouse / factory roofsresulting in implementations of
hundreds of kWs to several MW

1! & Waz®k f Skdunted Implénentations of tens of MWSs.

Implementations of these sigegan capture significant economies of
scale, though sourcing panels and inverters at lower cost, and
having much loweinstallation costs on a $/kW basis.

Further, utilityscale landmounted implementations have the
potential to have more sophisticated mountings including tracking
technology whichmove G KS LJ ySta a2 GKI
of the sun in the sky. While these are more expensive, they result in
a greater solar yield.

Taken togetherpverseas experience indicates thifiese types of
large-scale solar installation are estimated tesult in a$/kWh cost
of solar PV which spproximately onehalf to two-thirds the cost of
residential rooftop solar systes

B 2YS O2yadzYSNE YlIe& Fftaz2 LISNOSAQZS
environment, @ improved reliability in terms of being more resilient to power cuts
(although this latter factor requires them to also have a battery). These more
intangible factors are not considered in this economic evaluation.

(j( C

concept
4.3 Value of PV generation to consumers

For a PMowning consumer there are two principalonetarybenefit
stream$=:

1. Avoiding the costf purchasing electricity from the grid to meet
their household electricity needs.

2. Earningmonef N2 Y WSELR NI AY3IQ &dzNLI dza t
from times when the amount of power generated exceeds the
K2dzaSK2f RQa O2yadzyLliazy 27F St SO

If the weighted average of these two benefit streams is less than the
levelised costs shown iRigure29, investing in solar PV would be
costeffectivefor a consumer

WKAES OFfOdA FdAy3a GKS t S@StAasSR
sir&ightborwaid, dstinGfjn@thelvaud of PY2gerferatiorety’ consumers

is more complex and subject to variatiom. this respect, the key
complicating factors are:

1 Hectricity purchas tariffs vary significantly around the country,
andbyaO2 yadzySNRa aiaidda 6A2yT

1 The mix of PV export and selbnsumption varies across
consumersg noting that the export tariff is typically much less
than the avoided electricity purchase tariff.

6 S yFRifhar(i ash yhe GfifsNXYeport2 il thisR@dy yHghlighted A(Mdilable a2 T 2 NJ

www.concept.co.nz/publications.htyl solar PV in New Zealand is unlikely to
materially reduceCQ emissions, and may actuallycreasethem in the long run.
Secton 5.1, considers the specific issues relating to households combining solar
PV with batteries.

25
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1 The extemnto which the purchase and export tariffs are likely to  Figure31: Variation in typical residential electricity purchase tariffs

change over the lifetime of the PV panel. that could be avoided from installing solar P/
Each of tlese factorsisdiscussed below 0.40
4.3.1 Variation in the tariff that can be earned by solar PV 035
The greatest value a consumer can currently achieve frotaliims =030
solar PV is through avoiding the costs of electricity purchased to 30.25
meet their own demand. 2
=.0.20
=
2015
&

High

However, ag-igure31shows, there is considerable variatianross Avg

New Zealand regarding the costs that electricity consumers face for ' B Low
their electricity purchasesand thusthe valueg KA OK Ol y 6 S 010
by sef-consumption ofolar P\butput. 0.05
0.00

Standard Low-user Standard Low-user

Uncontrolled tariff Inclusive tariff

ConsumerTech_v17 .:dsm

2YS 02y adzySNAR Yl & gokivBfordhSirselaxt S (2
electricity, whereas others can achievgerdouble thd by avoiding

a 3 c/kWh tariff ¢ which, with reference td-igure29 previously, is

greater than the 26year leveliseccost of a mediunsized solar PV

system.

This variationin retail tariffs has a major impact on theost
effectivenesdo consumers of installing solar PV.

There are a number of key factors behinds such variation:

64 All of this analysis assumes consumers pay their billsnom¢ i.e. these tariffs Late paying consumers will be penalised by the loss of the PPD, which can increase
assume consumers will receive the-called prompt payment discounts (PPD). their bills by between 5% to 22%.
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1 Variation in how the network company meteelectricity. The 1 Variation in appoach by networks and retailers as to the
principal variation (which is illustrated Figure31) is whether the LINELR2NIGAZ2Y 2F GKSANI 02ada NBO2@SN|

network company meters on a twmeter®>-basiso W/ 2 y (i NB f  BeRagbiddsl by installing solar PV) versus variable charges (which
W! v O2 yYidR 6irigleyFsQ SNJ ol 4Aa 6 WLy Of dzadbg Svaidedby solaryPV).l (i 4 2
meter setup the discount for controlled hot water is separately

identified & | WO2 y  WhBréas fBria Sngieh&rdr SNJ 1 Some variation in the actual costs of building angemting

dJ Al A3 Wodzy Rt SRQ 640 khayis |y "ORFETUREPEE (1 naTrO ¢ KAa

consumers who are charged via an inclusive tafféctivelyearn The most significant drivers behind this variation in the prices to

less for their solar PWutput than those whose main electricity consumers is not driven by fundamental differences in the actual
demand is charged via an uncontrolled tarififfsetting this tariff costs of supplying consumers with electricity, yet this variation is
dis-benefit for singlemeter setups is the fact thathe entire having a majorY LJ- Ou 2y O2 Yy a dmchdidg RhetRes OA a A 2

household electricity demand can be offset against solar PV to install solar PV. This dislocation between cost and price is

generation for single meter setps, whereas only the  €xamined in sectiod.4.

Wdzy O 2ZYUNBE T SRQ YS _U S NDa RSY ' Y Rrhef@ lisYalso C_\/a?riatio%‘nTtI_fe"3‘b§)}{‘)ack"ra@eg thatt detailers &brl NJ

generation for twemeter setups. As is illustrated later, this consumers for purchasing any PV power that is exported onto the

means that two-meter setups typically result in greater amounts  petwork. However, aSablel illustrates, the scale of shovariation

of solar PV export. is not as significant as the scale of variation in electricity purchase
T¢KS NBJdANBYSY(d FT2N ySiganaisSantayfik NBGFAf SNB (2 2FFSNI I W24

charging option. Such an option has a low fixed charge, but a

higher variable charge. As shownFigure31, one effect of this

is for consumers on a lewser tariff to earn significantly more

than they could if they were on a standard tariff. discussedn

section4.4, having solar PV means that it is much more likely that

consumers net consumption will fall below the 8,000 kyéar

thresholdto qualify asa lowuser.

B 2YS O0dza 2 YSNRA ¢ A fef, buKtiwad&jisters/ But rédgarfldsNI Q Y S i
of metering technology, the outcome is the same.
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Tablel: Solar PV buypack rate$® WS NYSRQ oObat, as $héwn iBigyfe2d previously, with a
penalty in terms of the levelised cost of such panels.

To examine this panel size trad#, we simulaed the operation of
different-sized PV panels fowarying household consumption
situations. These consumer situations sought to refleetrimge of
levels and patterns of household consumption based on:

1 Whether the household has electspaceheating, or not;
1 Whether the household has electric water heating, or not;

1 Whether the household isccupiedduring the day, or only in the
morningand evening;

432 tt NRFGA2Y Ay GKS ol ttyos o0SibEBYUKSNLFKeyQRAAIESM FRR fr¥{ YT
solar PV generation of consumptiorf
Figure 31 and Table 1 highlight that the value a consumer can Taken together, this results arange oflifferent consumedemand

achieve from avoiding electricity purchases (oatly of the order of s?tua_lt_ions for the various combinations of the_ above factor_s, with a
26 c/kWh, incl. GST) is over three times the value that could be Significant range of restant total demandc as illustrated byFigure
earned from selling surplus PV power (typically 8 c/léxi. GST). 32,

For reference, MBIE data indicates that average household

Accordingly, the size of panel and the level and wittany -~ _ : X
electricity demand in New Zealand is approximately 7,300\r.

consumption patterns of the consumer caave a major effect on

the economics of solar PV. If a consumer installs a large panel and/or
GKSe R2y Qi O2y adpasculdfligaidfing thanid@ G NKX OA G &
of the dayin summerwhen most solar PV is generategithen the

majority of their power wilearn a lover value. Conversely, a smaller

panel which results in less export will improve the average amount

66 Source: https://www.mysolarquotes.co.nz/abousolar 57 The levels of consumption for space heating in particular were varied according
power/residential/solarpower-buy-backratesnz/, as at 2iMar-2016. GST is G2 GKS O0O2yadzySNIDa cé Be@ingiderdayiddfor antAakiand G KS & |
only paid to consumers who are registered for GST purposes. consumer was modelled to be a lot less than for a Christchurch consumer.
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