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The Whakamana i Te Mauri Hiko Monitoring Report indicates how

New Zealand is tracking against our energy futures

Our monitoring report series

In 2020 Transpower launched Whakamana i Te Mauri
Hiko (WiTMH). This work took a scenario-based
approach to consider what the future may look like in
the year 2050 and the actions required to get us there.

The Monitoring Reportis designed to identify, within

the key drivers of Whakamana i Te Mauri Hiko, those
factors that are consistent (or vary) from the expected
course of our scenarios.

By publishing these six-monthly reports, we want to
share with the rest of Aotearoa the trends we observe
on our journey to decarbonise our economy. We aim
for this to be a discussion and an industry resource, so
we welcome feedback and suggestions on how to
improve our monitoring. If you have comments please

send them to: communications@transpower.co.nz

For all our reports in the Te Mauri Hiko series, visit
h ://www.tran wer.co.n -

us/transmission-tomorrow

This edition

As we get a better understanding of the underlying
electrification and decarbonisation trends, and have
access to richer, more comprehensive data, we are

continuously improving this report to bring readers
newer, and more relevant insights.

What you might notice is that some of the data may
not be refreshed every edition, and for some sources,
the latest data refers to previous years. This is
because some data sources are only published
annually. However, the indicators we've chosen help
tell New Zealand's story.

Since having published Whakamana i Te Mauri Hiko,
we have seen other scenario work emerging across
the industry. If they are looking at different aspects of
the energy sector, they are broadly consistent with
our findings: by 2050, demand for electricity will
increase as we decarbonise Aotearoa’s economy.
However, the way to get there might be differ,
especially as technology, costs, and policy

Our Whakamana i Te Mauri Hiko scenarios

The base case: Tiwai Exit;
Accelerated Electric Tiwai Exit
Electrification

A realistic yet aspirational future,
that anticipates large-scale

transformation of energy in New
Zealand 2025

A variation of Accelerated
Electrification where the Tiwai
Aluminium smelter exits around

Higher demand:
Mobilise to
Decarbonise

Higher demand for electricity is
driven by significantand rapid
efforts to mitigate climate change
after years of ‘sitting on our hands’

Slower case:
Measured Action

A variation of Accelerated
Electrification where transport
electrification is slowed by factors
such as policy or technology

considerations continue to evolve.

In this edition, we continue to highlight
the progress thatis being made towards the
decarbonisation of our country through electrification.
This progress manifests through innovative new
technologies and market trends; but it also reveals
itself in challenges that face the industry as we shift
away from a reliance on fossil fuels.

This report also highlights the tight balance between
rising peak demand and sufficient generation to meet
it. We highlight a challenging balance between the
two, noting that the next winter remains a concern. We
also draw attention to the amount of generation that
is consented and consider how quickly this will need to
progress in order to stay ahead of demand.

This reportis high level and, as for all our Whakamana
i Te Mauri Hiko work, intended to start a discussion.
Feedback is most welcome.

Lower case:
Business as usual

Significant electrification fails to
eventuate and other climate
change mechanisms such as
forestry abatement are prioritised
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At a glance: New Zealand stays on course for the Accelerated Electrification

scenario, supported by positive signs of electrification growth

Summary

In our last update, we reported New Zealand continues to
exhibit signs of a new period of electrification growth. Since
then, our key indicators continue to point towards growth in
electrification of transport and process heat, and this time
are also supported by signs of life in the base drivers of
growth such as population. Connection enquiries continue
to convert into committed projects on the supply side, and,
equally importantly, a strong response from the demand
side with a significant pipeline of new customer load
connections. We expect this trend to continue as investors
and developers invest in decarbonisation and we push to
meet our energy and decarbonisation targets.

We continue to see slower than expected overall electricity
demand notably with lagging industrial consumption, but
signals remain strong that growth is imminent. Data centre
developments, process heat conversion, and the possibility
of very large demand arising from hydrogen are all
potentially on the horizon.

Turning our attention to the near-term raises concerns
around teething issues as the sector copes with the
challenge of peak demand increases. At the same time, the
sector will also be managing increased variability from
intermittent generation and increased outages for peaking
plant. This will be particularly evident in winter 2024.

Together, these signs confirm that we are still in the stages
of a push towards a more renewable electricity system and a
new period of electrification growth. For this reason, New
Zealand could remain on the base case 'Accelerated
Electrification' trajectory.

How our indicators are tracking against our forecasts

Generation is covering peak Uncertain
demand, but the margins are close

with next winter a key concern

Capability to meet energy demand A Consistent
and peak demand is being

challenged, with support needed to

ensure supply in time

Renewable utility scale generation A Consistent
interest continues well on track to

meet 2050 forecasted energy

demand from electrification

Emissions reduction continues to @ Inconsistent
be a concern for New Zealand and
the rest of the world, with

uncertainty stifling progress

Electricity demand is slow due to Uncertain
industrial load reductions, but there
are strong signs of potential new

growth on the way

Drivers of base demand are
beginning to rebound after a period
of uncertainty with strong growth in
population especially

Uncertain

Overall energy efficiency and
energy intensity continues to
improve, with electrification offering
clear efficiencies

V' Consistent

Industrial energy users are still

Uncertain

relying on fossil fuels, but clear
signals abound for significant growth
in industrial electricity demand

Process heat decarbonisation
continues to increase with

Uncertain

government support, but the future

is uncertain

Electric vehicle numbers continue A Consistent
to push higher boosted by transport
policy, but hybrids continue to

dominate uptake

Battery technology and flexible A Consistent
demand is building momentum with
new products and technologies on

the way

Distributed solar installations A Consistent
continue to increase with long term
costs falling, with growth consistent

Electricity affordability needs to

be maintained, as the transition to a

Consistent

highly renewable energy system to

meet targets is underway

Progress against the ten

Whakamana i Te Mauri Hiko

industry themes is ongoing and

A Consistent

may shift further with future energy

policy
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Generation is covering peak demand, but the margins are close with
next winter a key concern

Uncertain A Consistent Uncertain

Winter margins continue to be
tight, but generation is sufficient

On the evening of Wednesday 2 August 2023, national
electricitydemandreached 7122 MW. Thisis only 7 MW short
of the highest everdemand, whichwas 7129 MW on 9 August
2021. On thatevening, electricity supply was insufficient to
meetthe peak demand, resultingina grid emergency.

On 2 August 2023, electricity supply was s ufficient to meetan
almostidentical load while also providing instantaneous resene
and a residual of 244 MW. The reason for this was 552 MW of
additional offered generation. Most of the additional
generationwas hydro, with 518 MW more hydro generation
offeredon 2 August 2023 than was offered on 9 August 2021.
There was also 131 MW more thermalgeneration offered on 2
August 2023 than was offered on 9 August 2021.

This shows that theindustryis workingwell together to ensure
sufficient generation, and thatincreased information provided
toindustry by Transpower as System Operatoris effective; but
equally, it shows that margins remain tight with similar or worse
pressure expected in 2024.

Offered generation vs load
MW, comparing two very similar load profiles
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Peak demand continues clear
upward trend of strong growth

Peak electricitydemand growth continuesto raise concerns for
potential capadtyissues during peak demand periods. Six ofthe
highest peaks onrecord occurred in 2023, with the maximum
peakof7122 MW on 2 August 2023 comingjust 7 MW short of
the record seton 9 August 2021.

Peak demand growth hasrisen 2% annually on average since
2021, with anotherincrease of 122 MW this winter. Thisrise in
demandcanbe attributed to the growingelectrification of
transport, processheat, and space heating. Itis also attributed
to the removal of RCPD charges, with analysis published by the
Electridty Authority confirming that this is associated with a 157
MW increase inaverage peaks —or2.2% of national demand.

However, a moderate winter, above average hydrological
inflows and market coordination (seeright panel) hasseenthe
systemcope withthis increased peakdemand. Looking forward,
demandis expectedto continue to grow as electrification mmps
up.This growth will largely be met with new renewables such as
wind andsolar, but firmingcapacity will alsobe needed at peak
times, as well as non-network solutions like demand response.

20 highest daily peaks each year
MW, 2015-2023
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Generation capacity exists to meet
peaks but some growing concerns

Initsrole as System Operator, Transpower has been warning for
some time ofthe challengesthe industryis facingmeeting
increasingwinter peakdemand. With intermittent wind
generation up more than 50% since 2019, electricity supplycan
be squeezed whenthe wind drops at the same time as cold
weathersends peakdemand soaring.

Around half of NewZealand’s thermal generation capacityis
slow-startand not designed for these peakca pacity
requirements. This means thermal generators need early notice
thattheywill be needed sothattheycanbewarm andreadyto
offer. With around 700-800 MW of baseload ge neration
capadity, oraround 10% of peak demand, progressively on
outagethiswinterdue to equipment faults, the industry has
had to workincreasingly hard to make sufficient thermal
generationavailable. The graph below shows increasing thermal
commitment throughout winter as outages have grown.

With winter capacity challenges set to persist, we have signalled
anurgent need forinvestmentin flexible resourcesincluding
faststartgeneration, storage, ordemand response.

Committed thermal generation
Percent of total available thermal generation in Winter 2023
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Capability to meet energy demand and peak demand is being
challenged, with support needed to ensure supply in time

Uncertain

More rainfall needed as record
hydro inflows have been depleted

The industry needs to ensure there is enough fuel storage and
generation units available to meet electricity demand,
particularlyduring dryyears when lowrainfall impacts hydro
generation. Transpower regularly assessesNewZealand’s
securityof supplyoutlookto help the industry with decision
making to avoid shortages.

Earlierthis year, above average inflows in autumnensuredthe
hydro catchments were topped up to the highest recorded lewel
in May, since 2009. However, this healthy hydro storage was
rapidlydepleted overthe course of winter, helped along by low
winterinflows, which were about 30% | ess thanthe average
winterinflows seeninthe last five years. Current storage sits
below the historicaverage forthistime ofyear, but despite this
remains above the risk curves. New Zealand hass hifted towards
El Nifio climate conditions, bringing anend to the La Nifia
conditions which have persisted for the last three years. While
generallyEl Nifloyears bring drier conditions to most of the
country, we are, however, expecting normalto above average
inflows inthe Southlsland (where our hydro lakes are).

Electricity risk status curve
Available storage, GWh
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Source: Transpower. Last updated September 2023.

Uncertain

Solid pipeline of consented
generation, but delays are risky

Te Waihanga, the Infrastructure Commission, recently
published a report on Infrastructure Consenting for Climate
Targets, which analysed the impact of different consenting
scenarios onachieving NZ's carbon targets. The report found
thatfrom 2028, consent processing times would need to be 50%
quickerthantheyare projected to be under the Resource
Management Act, without which NZ would likely fail to meetits
climate aspirations.

Transpower currently has just under 1.2 GW of consented
generation projectsinits connection pipeline (defined as
projects which have reached application stage orlater). Of this
~600 MW is currentlyin deliveryacross 7 projects, with the
remaining 600 MW split between both applicationand
investigation stagesevenly. Beyond this, thereis more than2.2
GW eithercurrentlyinthe consenting process, partially
consented, orcurrentlyunderappeal(totaling 16 projects). The
majority of this (64%) is solar, which has the lowest average
consentingtime according to Te Waihanga of<lyear. Nextis
wind with 29% and average consent times of around 2-4 years.
The remainderis geothermal, with consent times of 1-2 years.

Connection pipeline consent status
MWs, by technology. Project in application stage or later.

Rejected I 450MW (4%)
Not Yet Consented _
In Process l 1610MW (14%)

I248MW (2%)

7384MW (65%)

Partially Consented

Consented (Appealed) 400MW (4%)
Consented . 1190MW (11%)
0 2000 4000 6000
B Geothermal W Wind H BESS M Solar + BESS Solar

A Consistent

Renewable Energy Certificates can
supportnew renewable growth

As NZ moves toward a fullyrenewable future, generators and
energyconsumers are seeking assurance in theirinvestments.
We’re seeing theinstruments of PPAs provide this assurance,
which can be supported through accounting tools such as
Renewable Energy Certificates (RECs). RECs provide legitimacy
to the renewable energy claims of businesses, whichis
increasinglyvalued as climate-related disclosures are now often
eitherrequiredbylaworatleast expected byinvestors.

Globally, demand for RECissuances have grown exponentially,
from just27in 2015 to almost 11,000 in the first half of 2023,
accordingto the International REC Standard Foundation (FREC),
aninternational provider of RECs recognised by major reporting
frameworks such as the Greenhouse Gas Protocol (GHGP), CDP,
and RE100.

In New Zealand, Transpowerthrough EMS hasjust launchedthe
I-RECissuerservice to support decarbonisation through
investmentinrenewables. Transpower is well-placed to issue
RECs givenits market-independence as the System Operator,
transmission grid owner, and metering services provider.

IREC issuances over time
Number issued by technology type with 2023 share

eotherma‘!‘a%
ioenergy 4%

9000 Hydro 28%
Note: Only half
of 2023 so far
6000 0 ;
3000
ind 36%
0

2015 2017 2019 2021 2023
Source: IREC. Last updated July 202:
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Renewable utility scale generation interest continues well on track to
meet 2050 forecasted energy demand from electrification

A Consistent

Strong generation pipeline
continues to progress

In the lastthree years, there hasbeen a significantincrease in
the volume ofannouncements from potential developers of
new generation. The 2023 financial year was another strong
yearof connectionenquiries, with 104 intotal, 72 of which
pertained to generation. This was 20 fewerthan FY 22, but still
significantly higherthan previous years.

Transpower’s view of the total potential ca pacity of generation
in the pipeline reveals 30.4 GW of projects at various stages. In
the pastsixmonths, another 1,200 MW has progressed from
earlystageintoinvestigations, lifting the total amount at this
stageto 8.2GW.Thereis also a further 480 MW under
construction. Overall, thissignals strong and growing interestin
renewables, large enough to meet the Accelerated
Electrification demand forecast of 22 GW and 70 TWh by 2050.

The keychallenge is that the overwhelming majority of this new
generationis windandsolar (see panel right). As thisis variable
renewable energy, it mayrequire firmingto produce enough
capadtyatanyonetimeto meetthe peakdemand (MWp)
needs of the system.

Forecast utility scale generation pipeline
GW, includes generation decommissioning by the end of 2024.

Installed -

Decommissioning |
Under construction

Investigation

0 10 20 30 40

Source: Transpower. Last updated September 2023.

Early stage

A Consistent

Solar and wind continue to make
up the bulk of the pipeline

Of the new generationinthe pipeline, approximately half of this
interestisforgrid scale solar with 15.2 GW (50.6%), followed by
wind generationwith 12.7 GW (42.5%). Solar still makesup the
largest share of advanced projects with 76.8% of projects at
investigation stage or later.

Both the amount of solarand wind in the pipeline is now
significantly greaterthanthe original amounts projectedinour
Accelerated Electrification scenario, which projected 6.5 GW of
wind and 6 GW of solar by 2050.

However, the keychange between this reportandlastis less
the total GW inthe pipeline and more the progression from
earlyto advanced stages. Presently, 8.2 GW of the generation
pipeline has progressed to the investigation stage or later,
representing 27.4% of the total potential pipeline. All
technologytypes except 'Other' have seenstrong increases in
the amount of advanced projects. Of the advanced generation,
Transpower currently has 478 MW in delivery with Transmission
Works Agreements contracted.

Breakdown of enquiries by generation type
GW. Excludes projects in delivery.

15
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9
6
3 B fggneed
ol [

Wind BESS Other Geothermal

Source: Transpower. Last updated September 2023.

Solar

A Consistent

Generation enquiries still high,
with demand beginning to peak

In the last several reports, we've observed significant growthin
the numberofconnection enquiries we receive both for
generationand demand-side. In the financial years (FY) 15/16
through to 18/19, we sawan average of 5 generation enquiries
each yearandnodemand-side enquiries. FromFY 19/20,
however, thisbeganto increase exponentially.

Itappearsthatthe peakof our generation enquiries has now
passed, with 107 inFY 21/22, declining to 72 last FY (which, it
should be noted, is stillvery high relative to historical averages).
However, onthe demand-side ofthe equation, we are still
seeinggrowthinthe number of enquiries. This was around 18
in FYs 20/21and 21/22 but almost doubled in the last FY to 32.

The graphbelow illustratesboth the number of enquiries
Transpower hasreceived bytype and the demand-side
proportion of those. This proportion hasrisenfrom0% inthe
first4yearssince FY 15/16 to just under 50% of the enquiries in
this FY sofar. Overall, this suggests that the demand-side of
growth is beginning to accelerate as more large industrials
beginto electrify their processes.

Generation and demand customer enquiries
Count by financial year, excludes GXP enquiries from EDBs.
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Electricity demand is slow due to industrial load reductions, but there are
strong signs of potential new growth on the way

Uncertain

Electricity demand remains flat,
driven by lower industrial load

When we referto demandwe are referringto the volume of
energyrequiredto meet consumerand system require ments
and ensure reliability. In the chart below, electricitydemandis
metfrom both generation thatis grid connectedand
embedded, such as rooftop solar.

Electridtydemandhasbeen relativelystable in recent years,
decreasing atan average of 0.1% per annum from 2012 to 2022.
Whakamanai Te Mauri Hiko estimates a 68% increase in
electricitydemand by 2050in the ‘Accelerated Electrification’
scenario. Thisdemandis expected to come primarily through
the electrification of private vehides and process heat.

Although we’re notseeingarampup in annualdemand yet,
otherindicators suggest thatitisimminent. EDBs are also
reporting very different ratesof growth in their regions,
includingsome quite substantial increases expected. However,
as weexplaininthis report (see our coverage on peakdemand
inslide), the energysystem’s capability to meet peak demand is
alreadybeing challenged, as peak demand continuesto rise.

Annual electricity demand
TWh
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Source: Electricity Authority. Last updated September 2023.
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Uncertain

Industrial load continues to fall,
offset by residential and transport

Electricty demand across the different sectors had been stable
overthe pasttenyears upuntil 2020. However, since 2020, the
industrial and agriculture, forestry and fishing sectors have
declined indemandlargelydue to closure of plant, curtailed
operations due to higher electricity prices, and the effect of
COVID-19. These sectors have fallen 4.2% and 12.4%
respectively, butthere areindications oflikely step changesin
loadinthe future from switchingto electricityand/or dual fuel
such as biomass, as well as the increasing electrification of
farming.

On the flipside, residential demand has been growing by around
2% perannum overthe priortwoyears, due to a higher number
of ICP connections and higher electricity consumption per ICP.
Residential consumption now makes up 35% of totaldemand,
which isthe same share as industrial (for the first time since the
1980s).Transport electricitydemand has also grown
significantly, increasing73% since 2020 —an average of ~13%
peryearsince 2014. However, this comes offa very small base
(0.5% of total demand), so this growth is yet to have a material
impacton overall demand.

Electricity demand by sector
TWh quarterly, rolling 4 quarter average, CAGRs 2014-2023

Industrial
0.9%
Residential -0.9%

Commercial

~— e — e (%

Agriculture, Forestry, & Fishing
-— e — % 05%

Transport 12.8%

2014 2016 2018 2020 2022
Source: MBIE. Last updated March 2023.

A Consistent

Data centres on the rise in NZ
could significant boost demand

A flurry of recent announcements fornew hyperscale data
centresinAuckland and Southland hasraised the possibility of
NZas a hubforgreendata centres. NZ hasmany of the features
thatmakeitan attractive place for this investment, including
high connectivity with Australia and the US, anabundance of
potential renewable energy, and lowambient temperatures.

An important factor to take into accountis the Power Usage
Effectiveness (PUE) score ofeach project, which refers to the
total power consumption used over the computational energy
required. The global average PUE scoreis 1.5, meaning for every
1 kw of computation, 1.5 kw intotalis required by the centre,
while 1.2 is achievable by highly efficdent hyperscale centres.

Including the average PUE scores for each company (or 1.2
where unavailable), around 600 MW has already been
announced, orapproximately 5,000 GWh of energy annually,
assuming 95% uptime. And this could just be the start:
international experience has shownthat wherever big
companies start building data centres, others soon follow.

Possible new hyperscale data centre load
Total MW, including overheads using estimated PUE

Whenuapai
NextDC

B nitial MW
B Announced Additional MW
B Overhead MW

Spark
Microsoft
DCI

CcDC
AWS
Datagrid

o

50 100 150

Source: Various media sources.. Last updated September 2023.

WHAKAMANAITE MAURIHIKO EMPOWERING OURENERGY FUTURE



Emissions reduction continues to be a concern for New Zealand and the
rest of the world, with uncertainty stifling progress

| Inconsistent

Global climate action is
progressing, butstill insufficient

Countries and companiesaround the world are increasingly
recognising the needfor climate action, sothat the globe awids
the catastrophic consequences ofinaction. Since the last report,
sevenmore countries have committedto net zeroinpolicy,and
a further 7 have now committed this to law.

However, Climate Action Tracker is cautious to note that none
of the countriesittracksis yetdisplayingaction compatible with
the 1.5°CParis agreement. It also describes NZ’s action as highly
insufficient due to the present failure to include a working
agreement on methane emissions, which remain exempt from
the NZ-ETS. Anew proposal to reduce e missions from
agriculturehasnowbeentabled, butithasyetto be adoptedor
fullyendorsed.

Note alsothatin the following chart, the number of nations that
have achieved their climate commitments has decreased, as
Cambodia and Madagascar have now changed their self-
reportedstatus to In Policy Document and Proposed/In
Discussionrespectively.

Countries with policies committed to net

zero carbon by 2060 or earlier
Number of countries

12 (-10)
Declaration / Pledge
3 86 (+6)
In Policy Document - he
31 (+9
L ' e

) 6 (-2)
Achieved
B Last Report
M This Report

Climate Action Tracker. Excludes countries with targets under discussion.
Some European countries do not have a separate target from the EU.

Uncertain o

Emissions Trading Scheme
struggles amidst uncertainty

NZUs peaked at $88.50 | ast year before tumbling to around $35
inJuly. This was largely caused by the Government's decision
notto follow the Climate Change Commission's (CCC)
recommendations to stiffen up the supply of NZUs, as well as
uncertaintyaroundthe ongoing integration of forestryin the
market.

The uncertaintyled to all three carbon auctions this year failing
to clear, with one auction remaining in December. Experts now
expectthisauctionto fail also, owingsimplyto the volume of
credits that must be sold, which will reach around 17.9 million
NZUs in December. If thisauction should fail, those credits will
permanently be removed from the market.

However, the Government has recently reversed its decision
nottoimplementthe CCC's recommendations. As of December,
a two-tier cost containmentreserve trigger price will also be
introduced. The Tier 1 cost containment reserve trigger price
willincrease from $82 to $173. This has had the impact of
raising the price of carbon on the secondary market to around
$70.

New Zealand Carbon price
Dollars per NZU on the secondary market since 2020
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$60

$40

$20
2020 2021 2022 2023

Inconsistent

Greenhouse gas emissions are still
rising

Since 1990, NewZealand’s net GHG emissions have grown an
average of0.7% peryear, with a total increase of 25%. This
growth in net emissions was due to anunderlying increasein

gross emissions of 19% while the amount of emissions offset by
forestryreduced.

In the energy sector s pecifically (including transport), e missions
in 2021 were 31% higherthanin 1990, with an average growth
rate of 0.9% peryear.

In terms of recent change, totalgross emissions decreased 1%
between 2020 and 2021, but net emissions increased by 3% due
to reductionsin forestryandland use offsets.

Between 2019 and 2021, emissions from the energy sector
decreased by 7%. However, this decrease was primarilydue to
impacts from COVID-19, which saw decreases in emissions from
road transport, domesticaviationand manufacturing. The latest
reportshows little differe nce between energy emissions in 2020
and 2021, however energy emissions are expected to increase
againasactivityresumes.

New Zealand emissions by sector
Mt CO.e, annual, with 1990-2021 CAGRs

e W Net 0.7%
40 B . . PR L B . B o L B ‘.A.gricu"ure 0-45/0
/_/\/—mm Energy 0.9%
20
IPPU 0.8%
.- —=® Waste -0.7%
-20 W LULUCF 0.1%
1990 2000 2010 2020

Source: Ministry for the Environment. Last updated September 2023.
IPPU: Industrial Processes & Product Use
LULUCF: Land Use, Land Use Changes& Forestry
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Drivers of base demand are beginning to rebound after a period of
uncertainty with strong growth in population especially

A Consistent

Population returnsto pre-COVID
level growthin 2023

Because each New Zealander consumes electricityintheir day-
to-daylife, populationis animportantdriver of base demand.
When excludingthe impacts of increasing energy efficiency, we
can expectbase demandto increase with population growth.

Priorto COVID-19, the New Zealand population was growing at
1.6% perannum since 2010. However, during the time when our
international borders were closed due to COVID-19, our
populationgrewatjust0.3%.

However, these restrictions were lifted in August 2022 and since
then, NZ's population hasregainedits upwardtrend, with a
CAGR rate presentlyeven exceeding the pre-Covid average at
2.1%.

According to Stats NZ population projections, New Zealand’s
population growthis expected to slow inthe longterm, due to
anaging population and a low birth rate. We expect North
Island population growth to grow faster than the South Island
with the population of Auckland reaching 2 million by 2040.

Estimated NZ resident population

Millions of people

5.25M . :
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I

1
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Source: Stats NZ. Last updated June 2023.
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Uncertain

The New Zealand economy slows
with rising unemployment

Economicactivityis also a driver of base electricity demand as
businessesuse energyto deliver their goods and services.

We can expect base demand to increase with economic growth,
althoughsome ofthis is offset byincreases in efficiency. The
changing composition of the economy (e.g. increasing share of
services)will alsohave animpact on base demand as some
industries are more energyintense than others.

The chart below compares the previous HalfYear Update 2022
to the Budget Update 2023. The forecast technical recession
during 2024 has now s oftened to a forecast of low growth at 1%
throughout 2024 andrising unemployment, led by the rebuild
followingthe NorthIsland weather events, a quicker return of
tourism, andless contractionaryfiscal policy.

The outlookis uncertain because ofthe range and scale ofthe
challengespresent, including persistent domestic and global
inflation and sharply higherinterest rates.

Historical and forecast real production GDP
NZD billions, 2009/10 prices, quarterly

80 :

= Budget Update 1
= HalfYear Update |
I

2010 2015 2020 2025
Source: Treasury. Last updated May 2023.

A Consistent

Growth in ICP volume steady in line
with historic average

Installation Control Points (ICPs) are the physical points of
connectionon alocalnetwork. When new |CPs are added—for
example whennew houses are built—itis likelythatthereis an
increaseinelectricitydemand.

As with populationand GDP growth, any growthinbase
demandwill notbe directly proportionate to ICP number
growth due to energy efficiency and the specificconsumer
behaviours associated with those new ICPs.

Overthe pastyear, the totalnumber of ICPs has not changed
significantly. The residential sector, which has 85% of the ICP
count, grew by 11,430 (+0.6%) compared with an average of
+0.9% peryearsince 2014. Decreases were observedin all other
sectors. The agriculture, forestry and fishingsector dropped by
388 (-0.4%), the commercial sectorby 3,115 (-1.6%), and the
Industrial sectorby 417 (-0.8%). Ineach of these three sectors,
this runs against the long-term average of moderate annual
increases.

Number of ICPs

Millions of ICPs, quarterly, 2014-2023 CAGRs
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Source: MBIE. Last updated March 2023.
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Overall energy efficiency and energy intensity continues to improve,
with electrification offering clear efficiencies

v Consistent

Energy intensity is decreasing at a
national level

Energyintensityis a measure of the energyinefficiency of an
economy. Itis calculated as energy use divided by gross
domestic product (GDP), andittellsus the amount of energy
requiredto produce goods and services. High energy intensity
means more energyis required perdollarof GDP.

In MBIE’s latest Energyin New Zealand data, energyintensity
improvedslightlyin 2022, withthe national average energy
intensityindicator falling 2.5% in 2022. This was driven by
improvements in keysectors across NZ including Agriculture,
Forestryand Fishing (5%) and Commercial (excluding Transport,
0.2%). However, the Industrial sector (including Che micalsand
Metals) saw a slightincrease (0.4%). However, with the mowve by
NZ Steel (discussed on page 11) to shiftto anarcfurnace in their
processes, we expect to see efficiencyimprove inthis sectorin
future reports.

This decrease hasbeen driven by both effidencyimprove ments
in the industrial sector and continued economic growth inthe
commercial sector which, beingservice based, is relatively | ess
energyintensive than other parts ofthe economy.

Energy intensity across New Zealand
MJ/$ GDP in real 2009/2010 prices, annual. 2000-2022 CAGR
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Source: MBIE. Last updated September 2023.

v Consistent

Residential electricity consumption
per ICP declines

The average electricity consumed at a residential ICPcanbean
indicator forimprovements in energy efficiencyin New Zealand
homes.

Between2010and 2017 average consumption fellbyan
average of1.3% peryear, reachingits lowest point at 7,055 kWh
perICP. Thisreversedduringthe period between 2017 and
2021 where itincreased byanaverage of 1% peryear. This may
be explained byincreased working from home due to COVID-19,
however, the trend was apparent before the first lockdown,
suggestingitis drivenbychanges in electricity consumption
more broadly.

However, in the year 2022, average residential consumption
reversed and was3% lower. Changesinconsumption trends
will become evidentin future data releases. Energy efficiency
remains anextremelyimportant driver of household energy
trends, howeverit’s likely that residential consumption per | CP
will continue to increase with electrification along with EV
uptake and increasing electrification of space heating.

Average residential consumption per ICP
KWh, annual. 2000-2023 CAGR
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Source: MBIE. Last updated December 2022.

o Inconsistent

EVs are getting better, but not
necessarily more efficient

The fleet-weighted average efficiency of New Zealand's EV fleet

has remained surprisingly staticoverthe past decade. In 2012,
the average watt-hours per kilometre (Wh/km) wasjust 142,

largelydueto the limited availability of EVs and the consequent

popularity of the Nissan Leaf. Overthe past decade, this figure
has creptupandis now 166 (the same as last year), though
there is nowa much greater range of efficiencies to choose
from as the graph below s hows.

The keyreason for this shiftis the popularity of more powerful
EVs. Forexample, the first-generation Nissan Leaf had an
efficiency of 142 Wh/km, but the second-generation model sits
at171Wh/km (andis stillNZ’s most popular EV by registration
count).

Fortunately, current models now include highly efficient EVs

thatalsohave the benefit of greater power and range. The most

efficient EV on the markettodayis the HyundailONIC38 kWh
modelat 138 Wh/km —even betterthanthe original Leaf. Two
otherverypopularEVs arethe TeslaModel 3 (149Wh/km) and
the Tesla ModelY (157 Wh/km).

NZ EV efficiency over time
Distribution of EV efficiency by year of registration
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Source: EVDB and NZTA. Last updated August 2023.
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Industrial energy users are still relying on fossil fuels, but clear signals
abound for significant growth in industrial electricity demand

Uncertain

Electricity is the largest industrial
fuel while overall use declines

New Zealand’s industrial sector relies on both fossil fuelsand
renewable energysources. Inthe future, greater electrification
should see some fossil fuel demand replaced by electricity.

In 2022, el ectricity moved ahead of natural gas as the primary
industrial fuelforthe first time since 2013. El ectricity now
makes up 30% of industrial energy consumption, vs 28% for
natural gas, whichhadbeen the primaryfuel. While some fuel
switching accounts forthis, the wood, pulp, paperand printing
and chemicals sectors were the largest contributors to the
decrease, due to lower production from Methanexin 2022 and
recent closures of mills. The food product manufacturing sector
was lower, potentially driven by lower milk processing and meat
productionvolumes.

All otherfuelshave largely remained constant, except for the
categoryof 'Otherrenewables’, which has beenincreasing since
2020 and includes fuels such as biomass and biogas. Coal is
anotheralternative to electricityinindustrial use, andthis has
been steadily declining since 2010 at a rate of around 1% per
year.

Industrial energy consumption
Petajoules, with 2010-2023 CAGRs
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Source: MBIE. Last updated September 2023.

Uncertain

Energy prices remain volatile and
elevated across the board

Carbon: The NZU spot price reached highs of $88in Nove mber
2022, butfellaslow as $37 inJulyaftertwo failures ofthe NZU
auction. Ithassincerisen againto around $70due to the
Government's decision to adopt strengthening measures.

Coal: Although Newcastle coal prices have fallento around half
theirSeptember 2022 peak of $440/tonne USD, they continue
toremain elevated due to geopolitical tensions and the
strength of Chinese demand.

Gas:Supplyhas lifted with new infill drillingat Maui, Pohokura,
Mangahewa, Kapuniand Turangi. Thiscoupled withanoutage
atMotunuioverthe winteris contributing to less supplystress
and consequently prices have fallen off their 2022 peak.

Electricity: Above average hydro inflows led to suppressed
prices over winter, buta major outage atthe Huntlyand
Stratford power stations hasincreased pressure onthe system
as itcopes with growingpeakdemand.

Change in fuel prices

Monthly average price incl. carbon indexed against 2014
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Source: Electricity Authority, emstradepaint, theecanmole, & investing.com.
Last updated September 2023.

Uncertain

Large energy users signal shifts
towards new energy futures

NZ Steel —has enteredinto a partnership with the Governmentto
jointly investtotal capital and transition costs of around $300 million to
build an electricarc furnace at its steelworks at Glenbrook. The deal
involves 30MW of renewable electricity supplied by Contactin a flexible
off-peak arrangement that will enable production tobe scaleddownin
times of peak demand or supplyshortages.

Fonterra—is forecasting an investment of $790 million, including a
government contribution of up to $90 million through the Government
Investingin Decarbonising Industry (GIDI) fund to reduce Scope 1 and 2
emissions 50% by 2030, from a 2018 baseline. To achieve this, Fonterra
has a requestfor proposals (RFP) for 1.3TWh of new electricity, for
deliveryin 2026 or2027.

Tiwai Aluminium Smelter —The smelter consumes about 12% of the
country’s electricity perannum. Rio Tintohassignalled that the
planned closure datein 2024, when its current electricity contracts
ends, isnot final. They have entered negotiations to cover their energy
needs, howeverno agreement has beenfinalised yet. The smelter might
enterinto a long-termcontract and could play a role in dry-year cover,
or alternative demand sources for the electricity could emerge such as
green hydrogen ordata centres.

Channel Infrastructure —andAustralia's Fortescue Future Industries
(FFI) are investigating the financial, engineering, and commercial issues
of turning green hydrogen into green jet fuel. Ifitwere to proceed, a
new production facility would be needed, possible making as muchas
60 million litres of sustainable aviation fuel (SAF), which would be
stored at the formerrefinery and then pipedto Auckland Airport.

Air New Zealand —has entered into a partnership with two US-based
firms —Lanzalet and Fulcrum BioEnergy - and will work through toearly
2024 on the technical, economic, supply chain, and environmental
feasibility of establishing and operating a SAF production facility in New
Zealand. Air New Zealand have also opened an EOIl toairports tobe
home to nextgeneration aircraft, which theyexpect tobegin flying from
2026.
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Process heat decarbonisation continues to increase with government
support, but the future is uncertain

A Consistent

Policy is accelerating process heat
decarbonisation

Decarbonising processheatis alarge opportunityfor New
Zealandasitcontributes 10% ofgross emissions and 27% of
energy-related emissions.

A keydriverforprocess heat emission reductions is the
Government Investmentin Decarbonising Industry Fund (GIDI)
administered by EECA. The fund enables partnerships between
Government and businesses to accelerate emission reductions
through energy efficiencyand fuelswitchingprojects.

Collectively, the totalreductionin lifetime emissions of the GIDI
fund is 9.5 million tonnes. Collectively, 45 electricity projects
were awarded $64.3m ingovernment co-funding, equating to
an expected4.2m tCO2e (45%). Recently changesto GIDI
include operating the fundonan ‘always on’ opendoor
applicationapproach, rather than previous set application
rounds. In addition, EECA has signed GIDI partnerships with NZ
Steel for $140 million foran electricarcfurnace and up to $90
million for Fonterra to fund a mixture ofbiomassand electricity
fuel switching and energy efficiency projects.

Lifetime abatement of GIDI projects
Tonnes of COze and project count by type
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Uncertain

GIDI industrial programme
continues to drive electrification

The government’s $1bn GIDI Fund was set up inJuly 2022 and
used Climate Emergency Response Funding to fund five
separate co-investment programmes. The fifth programme was
known as GIDI Industrial which invests in large ind ustrial
decarbonisation projects. Inthefive completed rounds
includingbothiterations 1.0 (Rounds 1-3) and 2.0 (Rounds 4 -5),
the GIDIIndustrial programme hasinvested in 81 projects with
a totalincremental capital cost of $308m. Foreachroundthe
incremental capital cost has increased from approximately $25
pertonneinRound1to $152 pertonneinRound5. Total
increment means the capital (not operational) cost difference
betweenthe BAU andthe cleanenergyproject—i.e. excluding
the changein operational costs acrossthe life of the

asset. Basedon the average private applicantand Government
fundingratio, for every $1 co-invested by Government, the
private sector contributes $1.70. In its latest September 2023
marketupdate, EECA provided guidance around the uncertainty
for GIDI programme funding through ETS revenuesinits current
form and assured the industry that existing contracts and
approved co-funding would remainin place.

GIDI CAPEX Marginal Abatement Costs
Dollars per tonne of CO.e abated by round (CAPEX only)
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Source: EECA. Last updated December 2023.

A Consistent

High temperature heat pumpsare
the most common GIDI technology

Looking across the five rounds of GIDI funding so far, high
temperature heat pumps have provento be the most common
decarbonisation technology with 19 projects in total. The
government hascontributed over $16 millionin co-funding
towards these projects, achieving a lifetime abatement of 1.3
million tonnes of CO, (implying a marginal abatement cost of
$12.60 /t). Biomass boilers follow this with 14 projects, while
electricand electrode boilers have 9and 6 projects respectively.
Fourofthe top 7 technologies so far utilised rely on electricity
as theirenergysource.

High temperature heat pumps are increasingly of interestin
process heat decarbonisation due to theirvery high efficiency
relative to othertechnologies, especially fossilfuels. These heat
pumps can efficiently provide high-temperature heat for
industrial processes, often reaching temperatures as high as
160°C(320°F) oreven higher. Unlike fossil fuel-based heating,
high-temperature heat pumps use electricity to ca pture
ambient heat, making themhighly energy-efficient. There are
alsooperational efficiendies gained through re moving the need
forfuel storage.

Most common technologies funded
Count of project across 5 rounds so far

High temperature heat pump
Biomass boiler
Electric boiler

Electrode boiler

Wood hoiler
Electric heat pump
Biogas boiler
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Source: EECA. Last updated September 2023,
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Electric vehicle numbers continue to push higher boosted by transport
policy, but hybrids continue to dominate uptake

A Consistent

Light EV uptake continues to climb,
but hybrids still lead

There are currentlyaround 85,000 plug-invehiclesin NZ, or2%
of the total light vehicle (LV) fleet. Around 2700 plug-in ve hicles
are being addedto the fleet each month (1889 EVs and 812
PHEVs) overthe lastyear. On a percentage basis, 13% of all light
vehicles entering the fleet each monthare plug-ins. As of
February 2023, 54% of vehicles entering the fleet have a battery
of somekind (including hybrids). This compares to only 6% in
2019.

This growthinEVs hasbeen supportedbythe CleanCar
Discount (CCD), through which new zero emissions ve hides are
eligible forarebate proportionate to their emissions. As of July
2023, this was reduced froma maximum of $8,625 to $7,015.
Meanwhile, highly emitting ve hicles in contrast are charged a
fee whichsince July2023 has increased from $5,175 to $6,900.
Non-plug-in hybrids continue to be be eligible for a rebate;
however, the threshold has dropped from 146 g CO,e /km to 100
g CO,e/km. Whileit'stoosoonto see theimpact ofthese
changes, inthe past sixmonths the trend ofhybrid vehicles

vastly outstripping plug-ins hascontinued unabated, while plug-
in vehicles continue to growat a moderate pace.

Light low emission vehicle registrations
Percentage of registrations, rolling 3 month average
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Source: NZTA. Last updated August 2023.

A Consistent

Small but consistent increase in
numbers of heavy electric vehicles

The rate ofnew electric trucks entering the fleetis beginning to
pick up andis currentlysitting at 3.3% of all trucks onarolling 3-
monthly basis.

In the past 12 months, there have been 236 heavy el ectric
trucks addedto the fleet, or 1.4% of all trucks. This compares
with 130electrictrucks inthe 12 months prior to that. Unlike
light vehicles, the number of battery-electric vehiclesstrongly
eclipseshybrids —of which there were only 48. The number of
new electricheavytrucks per month has increased significantly
inthe lasttwoyears. [t now averages 12 trucks per month
(compared withonly five from 2018 - 2020).

Hydrogen fuel cell technologyis also expectedto be a potential
competitor to batteryelectric trucks; however, hydrogen has
notemergedinNZ as yet. Budget 2023 included $30 million
overthree years to establish a Clean Heavy Ve hicle Grant for
zero emissions heavy vehicles, includinghydrogen fuel cell
heavyvehicles as well as electric. However, if hydrogen
becomes more common in heavy transport, this will still result
inincreased electricitydemand to power the electrolysis.

Heavy low emission vehicle registrations
Percentage of registrations, rolling 3 month average
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Source: NZTA. Last updated August 2023.

A Consistent

EV purchase price parity still higher
than ICE but has narrowed

Upfront purchase priceis a key barrier to adoption ofelectric
vehicles. EV purchaseswill start to growsignificantlyonce the
purchase price of EVsis on par with internal combustion engine
(ICE) vehicles.

Since the March 2023 report, many more EVs have entered the
NZ market, butthe average cost of an EV (including PHEVs)
remains markedly higherthan an|ICE or hybrid equivalent,
suggesting price parityhas notyet been reached. Research by
Bloomberg suggests global price parity with petrol and diesel
equivalents between 2025-2028.

The all-time most popular EVin NZ continues to be the Nissan
Leaf with 20,129 currently registered —almost three timesthe
next most popular,the Tesla Model 3. However, in the past 12
months, the Tesla ModelY has overtakenthe Leafas the
current bestseller, with 6,396 registeredinthe past 12 months.
Butat$67,500 (excl.rebate) this model is still considerably
more expensive than anaverage ICE vehicle. The cheapestEVis
now the GWM Ora at $42,990 (excl. rebate) but there are now
sevenEVs within $5,000 of this price point.

Distribution of vehicle prices
Top selling vehicle prices, including rebates
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Source: NZTA for vehicle registrations. Genless, Turners, & Toyota for price data.
Last updated September 2023.
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Battery technology and flexible demand is building momentum with
new products and technologies on the way

A Consistent

Battery Energy Storage System
(BESS) interest is surging

New Zealandis beginningto see signs of growinginvestmentin
Battery Energy Storage Systems (BESS). Transpower currently
has 410 MW of dedicated BESS in its connection queue, and a
further 3,035 MW of solar with BESS firming (330 MW of which
is consentedand 230 MW of thisis currentlyin delivery). An
additional 500 MW is now under investigation and expected to
be completed within 12 months. Note that the MW size pertains
to the maximum appliedforand, in the case ofsolar, it relates
to the total size ofthe plant which willbe greater than the size
of the battery. Also, some BESSwill be added as a | ater stage.
Nevertheless, thisgives anindication of the interestin BESS and
firmed solarin the pipeline.

This is consistent with other countries around the world such as
Australia, inwhich BESS is increasingly being seen as a useful
and economic wayto maximise output fromintermittent
resources like solar as well as ca pitalise onincreasingvariability
in wholesale prices. BESS also canalso provide valuable demand
response to assist the System Operatorin managing peak
demand. As battery costs continue to fall, BESS is expected to
playa keyroleinproviding firm flexibilityin the future.

BESS and BESS-firmed solar in the pipeline

MW (maximum) by connection queue stage

2000 M Solar + BESS
W BESS
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Application Application Investigation  Delivery
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Source: Transpower analysis. Last updated September 2023.

A Consistent

Non-network solutions are
progressing at all system levels

Non-network solutions in the context of the electricity system
involve decentralised, off-grid power generationand storage
options, such as solar panels with batteries, as alternatives to
relyingsolelyoncentralised grid infrastructure, which can
enhance resilience and sustainability. Severaloptions are being
soughtand progressedacrossalllevels of the power system.

Wel Networks through Infratec have now builtand are currently testing
their 35 /33MWh battery energy storage system located on Rotowaro
Road, Huntly, Waikato. This battery Energy Storage System (BESS) is
nearing completion and is expected tobe fully commissioned by late
2023.

Meridian Energy's Ruakaka BESS is well underway at their renewable
energy parklocated near Marsden Point. The 100 MWp (200 MWh)
capacity grid-connected battery is scheduled tobe completed by 2024,
with future construction ofa 130 MW solarfarm.

Contact Energy continue to progress their BESS plans (100MW /200
MWh) to FID (expected this coming FY) but are now considering a site
near Glenbrook as theirpreferredlocation instead of their consented
site atStratford. They believe consentto be straight-forward, andthe
northern location offers more advantages.

SolarZero enteredthereserves marketin late 2022 with a staged
enrolment of its 30MW of virtual power plant load from 10,500
household battery systems. Itisalsocollaborating with Powerco ona
1MW distributed battery system for network support in Coromandel.

Vector utilise BESS as part of their broadsuite of options to manage
network capacityand quality. To date, Vector has batteries connected
toits 22 kV and 11 kV networks at sevensites across the Auckland
region.

EEA/EECA’s FlexTalktrialis currently evaluating the processes that need
to be in placeto apply the OpenADR 2.0 communication protocol to
achieve actively managed EV charging, enabling flexibility services to be
utilised inthe NewZealand electricity sector.

A Consistent

New Dispatch Notified Load
productunlocks new flexibility

As System Operator (SO) we traditionally facdilitate demand
response participation via a Dispatchable Demand (DD) product,
which is the fullscale demand-side equivalent of generation.
However, it requires SCADA indications are provided tous and
24hrcommunications available. Itis intended for large
industrial consumers, or potentiallythe load side of Battery
EnergyStorage Systems (BESS).

As part of the recent real-time pricing changes, the Electricity
Authority has developed a new product called Dispatch Notified
Load (DNL), whichis like Dispatchable Demand, but it requires a
lowerlevel of compliance, so itis intended to allow smallerload
stations to participate in the wholesale market. As SO we have
implementedthe enabling changes in our systems earlier this
year. Participatingload stations are expected to have a total
capadtybetween 1and 10 MW (above thiswe require realtime
consumptiondata through Transpower’s SCADA system.)

Demand-side organisations mayactively participate as DD or
DNLin the wholesale market. This means that participants
signal theirload quantitiesand price responsive ness through
theirbids, andtheirloadis optimised and scheduled by the
marketsystem. Although DDand DNL are dispatched similarly
to generation, theyare fundamentally differentin thattheyare
reducing theirloadto avoid high electricity s pot prices. DDand
DNLare notdirectlycompensated like generation, but
participants benefit by gettingbetter cost certaintyinthe spot
market.

Importantly, the DNLproductis also available to flexibility
aggregators. Solarand batteryaggregatorSolarZerohasbegun
participating ina pilot supported by Transpower and Ara Ake to
demonstrate the ability of distributed energy resources to use
market mechanisms to provide capacityinlowresidual
situations throughthe DNL product. As part of this pilot,
SolarZero are alsoaiming to integrate a pproximately 11,000
individual homeswith Virtual Power Plant technology to
provide ~30MW of distributed generation into the market.
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Distributed solar installations continue to increase with long term costs
falling, with growth consistent

A Consistent

Residential solar installations run
slower than record 2022

More New Zealand households are installing solar photovoltaic
(PV) systems on theirrooftops to take adva ntage of lower
electricity costs.

Overthe pastdecade, the totalnumber of solarinstallations
have grownbyanaverage of36% peryearto reach 45,910 ICPs
bythe end of July 2023 —this equatesto approximately 2.5% of
households. Almost all of these installations are below 10 kW,
howeverthe average size of a newinstallation has been
increasing, from 3.5kW to 5.7 kW.

Growth has generallybeenincreasing, with a marked uptick
since 2020. The amount of residential solar has more than
doubledinthe past three years. Priorto 2020, residential solar
grew ataround 14 MW peryear. In2021, this more than
doubledto 32 MW and a record 48 MW of residential solar was
installedin2022.2023 appears to be running at a slightly slower
pace, however, with only 18 MW installed to July. Despite this,
atthe currenttotal installed capacity of 212 MW, we are well on
track against the Accelerated El ectrification projections to have
300 MW by 2025.

Residential Solar in New Zealand
MW, total installed distributed capacity
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Source: Electricity Authority. Last updated July 2023.

A Consistent

Commercial solar installations
continue strong growth

As with residential sites, commercial and industrial solar
installations have also been increasing. These installations are
embeddedanddonotinclude anygrid-connected solar
installations.

Overthe pastdecade, the totalnumber of solarinstallations
have grownbyanaverage of50% peryearto reach 3,454 |CPs
bythe end of July 2023. The majority of installations are still
under10kW, butthe proportion oflarge installations hasbeen
steadilyincreasing: from 11% in 2013 to 36% sofarin2023. The
average capacity fornew installations is a pproximately 32 kW in
2023.

Like residential solar, the pace has beenincreasingfor
commercial solar. Priorto 2020, onlyan average of 3 MW was
added eachyear. However, since 2020, atleast 12 MW has been
added eachyear, with 20 MW addedin 2022, the largest annual
increase sofar. 2023 is tracking well at 13 MW as ofJuly.
Although commercial solar lags behind residential, it is ra pidly
catching up, with anaverage annual growth rate of 50%
(comparedto 36% forresidential).

Commercial Solar in New Zealand
MW, total installed distributed capacity
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A Consistent

Distributed solar costs forecast to
continue sharp decline

The National Renewable Energy Laboratory (NREL) releases
industry updates onforecast solar PVlevelised cost of energy
(LCOE). Betweennowand 2030, the cost ofsolaris expected to
fall by 58% and 43% for residential and commercial respectively.

Recent movements inglobal PV module priceshave started to
stabilise, afterrising significantlyin the prioryear. Recent cost
pressures were driven by the higher cost of polysilicon, a key
feedstockto most PV modules, supply chain disruptions ca used
bythe global pandemic, andinflation. Overall, the installed
price of a3 kW system in New Zealand is about $10,000in 2022
which hasincreased from $8,000in 2021. InAustralia, an
installed 6 kW system is 31% cheaperthan a 3 kW system
installedin New Zealand.

As a result of supply chain shortages and component price
pressures, price increases in PV systems were seen for the first
time. Despite this, analysts expect that the pace of installations
will continue to increase, buoyed in part by the United States
Inflation Reduction Act which analysts expect willmore than
double annual US solarinstallations between 2022 and 2025.

Levelised cost of energy for distributed solar
$/MWh (USD)
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Electricity affordability needs to be maintained, as the transition to a
highly renewable energy system to meet targets is underway

Uncertain

Average household electricity bills
fall, but consumers are concerned

Energyaffordabilityis a core pillar of the energy trilemma.
Electrificationis onlylikelyto occurif electricityis affordable
and competitive against other forms ofenergy.

At a household level, the average price per kWh slightly
decreasedfrom $0.31in 2012 to $0.30in 2022. Overthe same
period, the average household consumption per ICP has fallen
6.0%.1n 2022, the average household used 7,146 kWh peryear,
down from 7,602in2012. Consequently, the real average
household bill hasdecreased andis now$2,194 peryear—a
average annualreduction of 0.6% since 2012.

However, the Consumer Advocacy Council recently found that
65% of households were concerned about the cost of electricity
—this compared with 58% in 2022. Similarly, 28% of small
businesseswere feeling the pressure of power bills on their
financesin 2023 compared with21% in 2022. One factor that
may be impacting perception ofelectricity prices is the phasing
outoflow user maximum daily charges which beganin April
2022 and will continue rising annually until 2027.

Average annual residential household cost
NZD (real)
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Source: MBIE. Last updated December 2022.

A Consistent

Renewable electricity generation
reaches new record

Forthe majority of the past decade, NewZealand’s electricity
systemhadanaverage of 82% renewable generation. The past
couple ofyears have setnewrecords. In 2022, a rise in hydro
inflows andincreased wind ge neration saw re newability of the
electricity systemincrease to 87% for the year, including the
December quarter which reached 95% renewable, the highest
quarterlyrenewable share since 1980. This resultedina
decreasedreliance oncoalandgas for electricity generation.

The first halfof 2023 has continued strongly, with the the
systemoperatingon 99% renewables for prolonged periods of

time. Overall, electricty was 88% renewable inthe first quarter,

and significantly higher than average hydro inflows led to 91%
renewablein the second quarter. However, hydro storage has
sincereverted to normal levels once again, and the third
quarterlooks set to fall backto historiclevelsonce again inthe
low 80s. NIWA have alsonoted that the El Nifio Alert criteria
continuedto be met during August, leading to forecasts of
below normal rainfall in some key hydro catchments and
unusuallylong dryspells, whichmayput pressure onthe
renewability of the system.

Renewable share of electricity generation
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Uncertain

Renewable energy consumption is
still a long way short of the target

In 2022, NZ reachedits highest share of renewable energy
consumption, reaching 30.3% compared withan average of
around 28%. 23% of this came from renewable electricity. The
remaining 7% was made up ofaround 1% Geothermal and 6%
from otherrenewables, such as biomass. These proportions
have remained remarkably stable forthe past fewdecades, but
both otherrenewables and renewable electricity sawincreases
this year. However, as the total electricity used has not
increased significantly, the main driver of this increase can be
attributed to above average hydrological inflows (see Panel
left).

The Government has posed anambitious target of 50%
renewable final energy consumption by 2035 to deliver on its
decarbonisation goals. This targetisinline withWiTMH’s
Accelerated Electrification scenario. Toachieve it, renewable
electricitywill needto increase from 23% of total consumption
to 36%. The remaining 14% will come through other fuel
switching possibilities such as gas to hydrogen, and the use of
biomass/ biofuel.

Renewable energy percent
Annual, total final consumption
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Renewable
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Source: MBIE. Last updated September 2023.
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Progress against the ten Whakamana i Te Mauri Hiko industry themes
Is ongoing and may shift further with future energy policy

* Grid-scalegeneration and flexible BESS projectsare being
built.
* SO releases information highlighting issueswith winter

» Our Connection Management Framework is working as
intended; theaverage size of generation applications has
increased.

Streamlining our
connections
process

Integrated system
planning

Getting the
incentives right for
electrification and
renewables

Removing barriers
to low carbon
infrastructure

Demand-side
management of
peaks

Transpower has extended ouronline publication of
customer worksto includeall typesof projects as wellas
generation connections.

Transpower is increasing our investigation and delivery
capacity, e.g. by combining projectswhere possible.

Transpower submitted its first Major Capital Proposalto
the Commerce Commission as partof its Net Zero Grid
Pathways (NZGP) project, which aimsto ensure New
Zealand cantakean integrated view of futureinvestment
needs.ltincludesinvestment to strengthenthegrid
backbonein theCentral N.I, Wairakei and the HVDC.
Work is beginning on the next stage of the NZGP project,

whichwill forma view onwhat an optimal decarbonization

pathway might look likeand thetransmission required to
getthere.

The Governmenthasaccepted therecommendations from
the Climate Change Commission to strengthen the ETS to
ensuretheNZETS and aligned ERP actions prioritise gross
emissions reductions.

EECA-managed fundingand support available to transport
(LETF) and processheat (GIDI) electrification.

The NZ Energy Strategy is underway, due in 2024. The
Governmenthasrecently released a series of related
consultations to inform this work.

Nationaland BuiltEnvironment Act (NBA) and Spatial

Planning Act (SPA) have been passed intolaw as partof the

Resource ManagementAct Reform.

transmission anddistribution infrastructure upgradesto
support fuel-switching.

New legislation now requiresan emissions planto bein
place for RMA approvals, both for new consents and, from
2025 onwards, existing.

EECA's /EEA's FlexTalk projectto investigate for flexibility
services for smartdevices and use of Open ADR.
MoThave published a draft EV Charging Strategy for NZ.
FlexForumreleasea Flexibility Plan 1.0.

Distribution businesses conducting various projects:. WEL
Networks'innovative transformation to a Distribution
System Operator(DSO) model and Ara Ake EDB
decarbonisation challenge partneringwith EDB's.

EECAGIDI fundexpansion to includefunding for electricity

Ensuring
generation meets
peaks

Managing dry year
risk

Protecting system
stability

Access to skilled
workforce

Collaboration

peak challengesand Electricity Authority releases paper on
peak demandimpactsfromremoval of RPCD.

New issues paper released by MBIE on Electricity Market
Measures as part of the Energy Strategy consultations.

MBIE's NZ Battery Project moves to next phase with two
options to be progressed: Lake Onslow and a portfolio
approach.

Genesis Energy successfully trials Huntly biomass bum.
Flexibledemand projects arebeing investigated to assist
with dry-yearmanagement, e.g.: Southern Green Hydrogen
project, Tiwai and Methanex flexibility.

Contactagreea 30 MW demand responsedeal with
Glenbrook smelter to provideboth peakandenergy
flexibility.

Transpower continuesto monitorrisks to system stability.
Transpower published updates to several sections ofthe
2022 systemsecurity forecast (SSF) in June2023 as part of
its ongoing cyclic reviews.

Transpower is working with the Electricity Authority on
understanding the future security and resilience of the
electricity system. An issue paperon Part8 of the Code
relatingto common quality was published and consulted
on. Workhas commenced on developingand evaluating
options as part of developingan options paper for
publishingearly next year.

As an Accredited Employer Transpower continues to recruit
and build our talent pipeline of migrant employees with
knowledge and experience not availablein New Zealand
Developed and usinga compelling 'employmentvalue
proposition'to promoteand recruittalent.

Commitment to theWonder Project Power Challenge has
deepenedand continued for a second year.
Graduateand Internship Programmesprovides a talent
pipeline (16 and 30 placements in 2024, respectively).
Head of SectorWorkforce Development role appointed to
work with Service Providers to ensurefuture workforce.

Boston Consulting Group (BCG) released a 'Futureis
Electric' report forwhich Transpower provided data.
Transpower is currently working with EECAand EDB'son
collecting data on process heat end useandtheRegional
Energy Transition Accelerator (RETA).

Transpower is investigating the concept of Renewable
EnergyZonesin New Zealand.

Transpower is supporting MBIE on theregulatory settings
for offshorewind energy.
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