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APERC Theme for this conference

“Exploring the Potential of Technology to Enable the
Energy Transition”

This is a New Zealand view that covers the topics and questions posed
« Context

» Key barriers to the energy transition

The effect of increased Variable Renewable Energy on electricity affordability and grid stability
» Potential for hydrogen production and Carbon Capture & Storage cost reductions

» References



Context Matters




How is Aotearoa’s electricity system structured

* New Zealand is horizontally split industry
* Open wholesale generation (12) and retail (45)

* Regulated transmission (1) and distribution (29)

« Energy only market, with realtime dispatch and i cone Transmi ) |

Genera tion

settlement

« Transpower is a Regulated State owned
Enterprise with own Balance sheet and Board

» All Transpower costs recovered from
transmission system users

» Shallow connections costs are user paid, deep Ensuring system security Running the electricity market
costs are apportioned across all users



Who is Transpower NZ

 Owner and operator of New Zealand's national
electricity transmission system

 We provide the infrastructure and market system
that connects electricity generators to major
electricity users and the distribution network

« Over $5 billion in assets positioned across some
30,000 properties

e 175 substations, 40,000 transmission towers and
poles representing more than 11,000 km of lines

Palmerston North Office

Waikoukou (Wellington Office)

* Operate the electricity market system in real
time, 5minute dispatch and settlement

« Offices in Wellington, Auckland, Hamilton and
Christchurch

* Around 1,100 staff

« All design, construction & maintenance is
outsourced

Transpower Transmission Network

Transmission lines Substations
— 66kV AC Substations

— 350kV HVDC
400kV AC

Transpower Offices

i .
s
} Regional Offices NCC (National NGOC (National

Coordination Centre)  Grid Operating Centre)



Energy Mix matters

Aotearoa New Zealand is an island system with no interconnection
to other countries, a population of 5.4m people in 2 million
households comprising 1.4million stand alone homes

Renewable electricity approximately 36% of all energy used.
Electricity will be 98% renewable by 2030. It was over 96%
renewable for four months this summer.

Installed generation base 11,000MW

42TWh, Peak winter demand

 Primary energy supply in New Zealand

oil. 299 pJ
Geothermal 206 PJ
Fossil gas 149 PJ
Hydro 96 PJ @4
Biomass 44 PJ
Coal 38PJ

wind 12P) @ 1%

Biogas 4 PJ <1%
Solar 2 PJ <1%
Waste heat 1PJ <1%

Liquid biofuels <1PJ  <1%
TOTAL 851 PJ

. Renewable energy . Fossil fuel

Source: Ministry of Business, Innovation & Employment, 2024 (2023 data)

Electricity generation in

New Zealand in 2025

Other: 0. l%
Qil: 0. 2%

Gas: 12.2%
Coal: 2. 7%,’ \

Biofuels: 1.1% \v
85%

LowCarbon

Hydropower: 51.6%

Geothermal: 22.2%

Solar: 0.8%
Wind: 9.1%

Japan in 2025

Other: 1.7%
Unspecified Fossﬂ
Fuels: 2.4%

Qil: 2. l% Nuclear: 9.3%

.‘/dropower 8.6%

Wwind: 1.3%

Gas: 31.3% 3 5(y
0 Solar: 10.6%
LowCarbon
.\ Geothermal: 0.3%
Biofuels: 4.4%

Coal: 27.9%

lowcarbonpower.org/r/JP



Our Future Grid Blueprint Te Kanapu

Electrification and decarbonization of the economy, in particular process heat and land transport
drives growth under all scenarios

Figure &: Electricity demand breakdown by driver at 2050
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Our Connection Pipeline

An additional 20% of generation is in delivery with 68% of it being renewable intermittent
Future developments consistently above 90%

Connection Pipeline — March 2026

(Generation and energy storage)

Total pipefine = 32 projects (24,407 MW)

Application

Investigation % Delivery
stage stage 0 stage ] ,
i
22 projects - 52 projects i 18 projects .
(8369 MW) (12905 MW) (3133 Mw)
b — o | e o i dh % ) & == i i — - =
'j\gﬁ?n.-wtm ’ﬁ:\@gmmLa 'j}mwm_ln
] 14 11 0 1 15 17 36 2 1 2 8 13 0 1
1739 3470 3160 o o 3206 3457 6136 16 40 243 s 1396 o L)
Application stage Investigation stage Delivery stage
Mar
I projects 40 projects 15 projects

(7219 Mw) (6009 MW) (2018 MW)
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Dry Winter is the 10TWh challenge (2050 Supply mix)

Challenges & Barriers 2y el R s e
Like the 1950s-60-70s will be Consumer lead N -

Managing the disconnect between consumer pace and > e
infrastructure pace 4 ol

Regulatory and investment structures of last 20 years not Zz

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

suitable for the next 20

Increasing traditional supply costs further drives consumers
to increasing VRE options

Community acceptance site suitability and routes are a
limited resource

Renewable “Dry Winter” cover
Mitigations

* He Tangata, he tangata, he tangata, involving the consumer, =
in real conversations e

 ldentify what consumer really wants or needs and how much B
can VRE provide for themselves 2

» Adjust regulation to identify and invest early in low regret
high optionality solutions



Industry Responding | 98% Renewable electricity by 2030 and pan
system collaboration frame (Energy Transition Framework)

xhibit 3: Renewables as proportion of total electricity generation, 2000-2028

enewable electricity generation
% of total electricity supply, 2000-2028F)
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@ E TRANSPOWER Energy Transition Framework | Build rate | Generation and Peak Capacity

New generation commissioned (GWh)!
Renewable Build
ONon Renewable Build

S 20 5 Renewable Commissioning

——— Annual build needed (1150 GWh) °

1212 i
s - = = ave 3 year basaline
BT 085
== = ave, 3 year current
AT - e
w8 2019 2020 202 2022 023 02 2025 2026
New peak capacity commissioned (MWF
36 Peak Renewable Gapacity
(QPeak Non Renewable Capacity
27 ® Peai Capacity Commissioning
Annustsule need (151 1) °
151 3
- - - ‘ave.3 year baseline
91
5 = = = ave.3 year current
20 2021 2022 2023 2024 2028 026

Update

Generation build rate growth

Compares current annual ave. build rate
(2023-2025) with baseline build rate
(2018-2020)

x3.63 +1K

Build rate change
Build rate growth o

Peak capacity build rate growth
COMparescurrem annual ave. build rate
(2023-2025) with baseline build rate
(2018-2020)

x4.94 +207

Paak bulld rate growth Peak hdl»[ﬂ Mrv-‘:- growth

Explanation: Generation and peak capacity build rates compare current (2023-25) and future (2026-30) periods to assess progress toward electrification targets of annual build
needed (CCC) and ensure the North Island Winter Capacity Margin maintains a two-year buffer befere breaching the Electricity Authority’s security standard.

Notes: 1. Energy are pa [ ype- Includes snly greter than 10MW.2
winler in the Fespective year.

Sources: Trans power dala: Transgower ¥ Risk Curve and Trajectaries Assumptions Spreadsheat. Transpower analysis

Our work programme

year s adjusted I

Exploring the future of the gas system

How finance can help businesses switch to electricity

Powering Change — sharing clear information about the transition

Reviewing system cost and affordability

tlel+ls




Government Responding | Government to establish a (LNG) import
facility to strengthen energy security and support economic growth

Government LNG infrastructure
announcement in February.

15 year underwrite for LNG infra investor to
firm rapidly declining local production.

Commitment to be made this year (prior to
election).

Forsyth Barr analysis demonstrates both the
need (the supply gap) and the immediate
impact on forward electricity prices as the
risk of shortage is traded out of the forward
price. Forward prices for electricity traded
down materially post the announcement.

Government considering further measures to
ensure security of supply is maintained.

Figure 13. Forecast gas supply vs estimated 2025 gas demand. The top of the demand stack is the demand most likely to exit first
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Figure 16. Rolling five-day average OTA prices have declined
sharply since mid-February
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Transition Underway | While all transitions are messy NZ has many
advantages and the big rocks are clear

* NZ attractive investment destination: Clactricty damand growth drtvers

* Transition will be largely private capital ' 5
funded e 1o 4

. Hi%h degree of political alignment on the 235043
substance

+ Stable political environment and strong
Institutions

* Abundance of renewable energy

* The transition big rocks are clear: . — I
2024 demand? Industrial process Data centres? Electric vehicles* Residential and 2030 demand

® Bund renewables heat electrification? commercial®
* Develop flex

 Batteries for daily firming % @W\ % &= ﬂ %

® Coal and gaS (LN G) for Seasonal for a « 40.3TWh total « Electnfication « Existing base of + Growth over « Core demand = Total electncity
period electricity of gas/coal- data centres to next five years growth among demand growth
demand at in fueled heat ramp up from 2.8% to households and expected at 3.2
° Some a nticipato ry infra build 2024 processes capacity 8.4% of light commercial —4.0TWh by
» Demand » Key industries « Several large Yehlclg fleet, Usels 2050
effectively flat include dairy, sites under including PHEV. | 115 sehold and « 8-10% increase
since 2010 meat, food, construction or « Initial wave of commercial on 2024
horticulture, in pipeline heavy transport fuel switching demand

* Industry focussed on getting on with it sl electrification
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Consumer economic impacts

Consumer electricity spend may rise but total energy
spend will fall

Electricity costs will rise until marginal generation
displaced

Security of domestic supply will be more highly valued

Mitigations

» Greater deployment of distributed BESS to reduce
generator -ve price periods/spilled energy also
increases reserves and reduces need for Grid build
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VRE System impacts

Its becoming more complicated and variable

Increasing asynchronous non-linear intermittent
generation increases variability of power flows, peak
constraints and harmonic production while reducing
system strength

Mitigations

Deployment of Remedial Action Schemes in both
SCADA and Protection (SPS) systems

Move from Fixed to Variable circuit ratings

Increasing circuit ratings with HTLS conductors and
reconductoring

Harmonic monitoring and allocation process
Change in hydro dispatch to greater flexing

Creating value with mtegijrated system solutions to
solve more than one pro

Improved and greater forecasting

of RAS commissi

Count

2001 2002 2004 2007 2008 2010 2011 2012 2013 2014 2015 2016

m-Defer

tection mmmEnable higher level of generation

Multi-stage
reheat turbine

STABILITY ISLAND

Clutch Flywheel
(option) (option)

of RAS

Cumulative count

Generator

H_J

Active power
Inertia

Enhanced inertia

©

Reactive
power
Inertia

Short-circuit




Grid stability and system limits

Greater dynamic power flows and system

movements System Voltage Limits

System Frequency * Increasing range +/- 5-6-10%

* Accepting wider more dynamic range

* Developing protection & control response

Contingent event (CE) and Voltage support AOPOS

extended contingent event Each generator with a point of connection to the grid must at all times ensure that its
(ECE) (Poiicy Statement clause assets—

20.1 and Part 8 Schedule 8.4] (a) when the voltage at its grid Injection polnt is within the applicable range of
- nominal voltage, are capable of exporting (over excited) when synchronised and
51 Block 2 made available for dispatch by the system operator, a minimum net reactive
Over frequency,, power which is 50% of the maximum continuous MW output power as measured
= rwas at the following generating unit terminals:
53
Nominal grid Voltage range for which reactive
voltage power is requi
(kV) ini (kV) i (kV)
220 198 -10.0% | 242 10.0%
110 9 -10.0% | 121 10.0%
06 62.7 693
50 47.5 52.5
33 31.35 34.05
50.75 2 21.45 055
11 10.725 11.275 | 2

(b) when the voltage at its grid injection point is within the applicable range of
nominal voltage, are capable of importing (under excited) when synchronised
and made available for dispatch by the system operator. a minimum net reactive

e I power which is 33% of the maximum continuous MW output power as measurcd

at the generating unit terminals as st out below:

Nomuinal grid Voltage range for which reactive

voltage power is required
478 . (kV) Mimmum (kV) | Maximum (kV)
. : 220 209 [.5.0% |242_ ] 10.0%
NI Block 182
475 | ekl 110 1045 |-5.0% [121__[100%
- o0 037 |-5.0%
e 50 373 0%
AUFLS blocks 33 31.35 o
[Part 8 Schedule 5.3 = 3145
and TechCode B clause == =
1 10.725 | -

Sl Block 2

17



VRE System Impacts

Greater dynamic power flows and system
movements

* Improving immediate and longer term
forecasting capability

« Geographical distribution reduces
variability exposure

* Increasing 2-4 day energy storage
minimises “Dunkelflauter” effect

% of Total Installed Capadity

== Mean Solar Power ---- 10th/90th percentile

LI

All NZ Solar Power Forecast - Max Observed Cap 234MW
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Last updated 10:58 NZDT 13/03/2026

Region
Nationwide

500

400

300 [\J
200

100

0 s e S AAAAN e

-100 ‘
06:00 10:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00 22:00

Actual generation Generation forecast

Cleared wind gen. &4 Discrepancy

Fri Sat Sun Mon Tue Wed Thu

20 Mar 21Mar 22Mar 23Mar 24Mar 25Mar 26 Mar

234

2n

i 164

140

94

i47

23

Solar Generation Forecast (MW) (e} I s

Last updated 10:58 NZDT 13/03/2026

06:00 10:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00

Actual generation Generation forecast

Cleared solar gen. % Discrepancy

Expected Generation (MW)







Hydrogen Applications & Challenges
Applications

New Zealand application will be niche

* Energy Carrier & Feedstock

* Long distance transport, road, marine & aviation
» Sustainable Aviation Fuel, Methanol, Ammonia

Challenges
* Requires renewable energy production to produce

* Round Trip Efficiency & resulting cost disadvantage
compared to direct use of electricity

* Price/Performance cost reductions of competing
technology solutions, eg heavy road transport BEV

* Much larger infrastructure deployment required than BEV




CCS Applications & Challenges

Applications

New Zealand application very limited A “ v

* New Zealand drivers different, most greenhouse gas (GHG) & Geibin
emissions from sectors where CCUS is not viable, such as ey (all sives) 52
agriculture (40 Mt CO2 a year) and transport (17 Mt CO2 a Stratford Power Station
yea r) Fonterra (all sites) 2,100kt

« Potential deployment sectors include energy (22 Mt CO2 a
year), industrial (5 Mt CO2 a year) and waste (3 Mt CO2 a
year), approximately 36% of NZ gross emissions

Challenges
. . . . . . Emissior!s Intensive
» Cost compared to reducing primary emissions or biologic S
, a e
processes

* Energy required to process and compress is diverted
renewable energy opportunity

@ NZ Aluminium Smelter 630Kt

* Suitable geologically stable structures limited in NZ

* Longterm fiscal liability



H,0 AND CO, CO-ELECTROLYSIS OF H,0 AND CO,
INPUTS Electrolyte

Potential for more integrated solutions £3 N

\COZ+H20
to reduce costs e g8
Stacking value streams of new plant, eg SYNOAS / co+H,
« co-electrolyisis of seawater for desalination, O, @

production and syngas output

* Cryogenic Air Separation/LAES O,, CO,, N,,
production, inertia, and energy storage
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