Onslowpumped storage: a market perspective

Malcolm Taylor. AcknowledgementsEarl Bardsley, Mohammed Majeed
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Outline
A Background of Electricity generation in NZ
A The change to a market
AThe issues
A Policy background
A The changed situation from July
A Onslowscheme configuration overview

A Onslowin the market

A Some wider impacts @nslowpumped hydro
A A response to some criticisms

A Environmental impacts
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Further development

A WaiporiFalls 1904

A Lake Coleridge 1914

A WairuaFalls 1916

A Kings Wharf 1920 (coal)

A Mangahaal924

A Evans Bay 1924 (coal)

A PalmerstorNorth 1924 (diesel)
A Tuai1929

A Waitaki 1934



Geothermal

1958



Nuclear

In 1968 Nuclear power was planned for Oyster Point orkihgaraHarbour

Project abandoned 6972
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National Grid

HVDC link established in 1965

Power generated in one part of NZ can be used in any other pa

Generators from one area can be available as backup for other :

Natural scenery spoiled by lines of transmission towers
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Wind Energy

Brooklyn Wellington 1993



Wind Power

New Zealand ha®0 wind farms either operating or

under construction. These wind farms currently have a

combined installed capacity 880 megawatts. They
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Electricity Market Concept

Generators offer energy at increasing volume and price

Purchasers bid for energy at decreasing volume and price

Where the Bid quantity and offer quantity meet the price is set

Generators offer 5 tranches, Purchasers bhid 10 tranches

Higher priced generation is not dispatched
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Electricity Market

Tﬁe Early “Wholesale Market” A Only 4 line for energy
A Only 2 lines of energy
Consumers information to and from
Isizrti:'lgcz domestic non domestic Trans p ower
Suppliers
Wholesale Buyers A Everything else is financial
Independent | Power Company
traders (Trading)
ECNZ :
(pricehedges | trading
& LT supply
contract)
i dispatch A
instruction
Generators
ECNZ 96% Obens |

Source: Wholesale Electricity Market Development Group (1994).



The Final Cut

ECNZ split into three competing SOEs announced 1998
- Take effect from 1999
- Later partially sold off as listed companies

Restrictions on Generators from also being retailers was removed
Network companies permitted to own small amounts of generation

Contact Energy privatised

22 retail companies



Cumulative price distribution at ROX2201
2017¢ 2020
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The Issues

t 2t AUAOFET RSOAAAZ2Y (G2 RSOFNDB2YyA&AS b¥»nQa 9f SO0N
Greater reliance on Intermittent Generatiaggdifficult to match supply and demand

Increased reliance on hydro as baseload generation

Increased risk of shortages during dry years

Fewer options for ancillary services
- Instantaneous Reserve
- Frequency keeping
- Voltage support



Hydro power will remain a dominant component of NZ electricity generation, going int
the future

A So how to buffer hydro against dry years in a future electrifieddomissions electrified
economy, and compensate for intermittent generation?
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*Other includes oil, waste heat, biogas, wood, and solar



Winter and peak demand is still
the biggest challenge to solve

How, with low energy storage options, does the
system reliably meet demand peaks, particularly in
dry years and cold winters?

9f SOUNARTFEeAYI bSs %S|y
represents a concentration of risk. With more and
more of the national economy dependent on
electricity, the resilience and reliability of the
electricity system becomes all the more critical to
Te Maun Hiko the country.

Transpower2018



Generation Characteristics

Hydro: Very expensive to build. Very cheap to run. Fast start. Extremely flexible.

Thermal: Cheap to build. Very expensive to run. Very slow start. Slow ramp rates

Geothermal: Expensive to build. Cheap to run. Slow start. No ramping

Wind: Very cheap to build. Cheap to run. Starts when it wants to. Ramps when it wants to

Solar: Getting cheaper. No real running costs. Starts at Sunrise. Ramps up to mid

ramps down agai
Tidal: Very expensive to build. Super expensive to run: Starts with the tide. Ramps with

the tide
Wave: Very expensive to build. Super expensive to run. Starts when it wants to, Ramps

when it wants to.




Policy position before July 2020




April 2019 ICCC report

ICCC Oiriginal briefing: seek meanadbieve 100%
NEYySglofS St SOGNAROAGE 3ASY
Accelerated KeERNRE2IAOIt &@SENE 6@ Hno
electrification

Later 100% renewable electricity downgraded to an
GFALIANF GAZ2Y LT 3J21 ¢ 0SOl dz
to get the last few % renewable electricity.
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Everybody knows there will need to be some deld in

order to get to the 100% renewable target
Megan Woods, Sep. 2019

From ICCC report: overbuild would increase electricity
price for households b¥4%and for industry bys9%
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All that happens, electricity prices go up and that's what Mislern's2 6y SELISNIia I NB (5S¢
the experts, 14 percent up for residential, big numbers for industrial and commercial.
Judith Collins, National Party leader, 22 September, 2020.



But there were also some suggestions in New Zealandribetased energy
storage capacitgould be an alternative approach to the dry year issue

Our recommendations

CLEANERENERGY 1
. Increase energy storage so we

WE’RE ASKING TH E can use more renewable electricity

Relying more on renewables means making
FROM THOSE WHO Crwiter Ou histors approsch has been
AR E PASSIO NAT E' cintratl p;lgnni:g z)r Ietti[r:g the r::rke?sort itself
WE, R E EXPL out. But if we increase renewables, we need
T H E POSS I B . more storage to ensure supply. This means a

E, R E C R EA I N G concentrated, joint effort to solve the seasonal

M OR E SUSTAI NAB L E imbalance, including exploring pumped storage
ENVl Ro N M E N TS. WE’ R E of water at scale, batteries, solar thermal and
DRIVING CHANGE hydrogen.

WITHIN OUR INDUSTRY.
WE’RE ENGINEERING A




Then in New Zealand, everything changed
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Government wants 100 per cent green Labour pledges extra S70m
electricity by adding 'battery’' power to hydro for Lake Onslow dam project

By J: Kl 255 [ 1

power o News > Decision 2020

000C

Pumped storage explicitly mentioned
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Woods has commissioned a detailed business case to see if pumped ! P 9

hydro storage stacks up in New Zealand, in particular at Qalséow of New Parliament)
in Central Otago.



Our view

From MBIE NZ Battery web page
A The business case has

NZ Battery been largely done
A Onslowwill probably go

The Cabinet has approved funding to investigate possible energy

storage solutions to New Zealand’s dry year electricity problem. ahead

on this page A You should prepare for it
< Pumped hydro storage s Where is pumped storage used? In plannlng

Jr Facts and figures for Lake Onslow project J» What services can a pumped storage project like

Lake Onslow provide?

J» What is the projected cost of a project like Lake <, How would it be funded?
Onlsow?

Jr Where is the Lake Onslow project located? J/ Project management

https://www.mbie.govt.nz/buildingand-energy/energyand-naturatresources/lowemissionseconomy/nzbattery/



Onslowoverview
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Standard overseas model of pumped storage

(Small water volumes are shifted between upper
and lower reservoirs)

A Power generated (water flows down) during
times of high power prices or low river flows

A Power used (water pumped) at times of low
power prices or high river flows




Forwater flow volumeOnslowwill be a
midget compared to Roxburgh

Roxburgh mean

water throughput
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Onslowhas much higheturbine
head

Onslow

Roxburgh
e

Roxburgh installed capacity 320 MW
Onslowinstalled capacity 1,200 MW



Onslow(8 TWhH

The real feature oDnslowis itslarge energy storage

2 2 NI RQa f I NB Sdaapacitg(@s s $equired for 100% renewable power)
by energy storage
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—a—Energy storage —8— Lake Onslow surface area
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Figure 3.11 Gravitational potential energy of the pumped storage reservoir

in the Onslow depression, showing elevation/storage and elevation/area
relationships.

Mohammed Majeed: https://researchcommons.waikato.ac.nz/handle/10289/12423



Risk Status Curves
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Updated:
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Available Storage (GWh) Available Storage (GWh)

Available Storage (GWh)
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2020 national hydro
storage, incorporating
8TWhOnslowstorage
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Onslowconfiguration

A Onslow 720¢ 780 metres
A +Manorburn 760780 metres

Tunnel to Lake Roxburgh or Clutha Rive

e
(L A P e

MckenzieBeach, Lake Roxburgh



720-780 metre elevation range at La&nslow

Requires extensive watdalasting to clean rock exposure within the rargsignificant employment (35 kfiof land)




- Maximum extent 780 masl

LakeOnslowat maximum leveht
780 metres outer contour.
Manorburncomponent not
shown)

5 LakeOnslowat maximum dry year
Soememe el drawdown(grey region, defined
{ by 720 metre contour).

40-75 knt lake area range
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Energy Storage (GWh)
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Onslow-Manorburn reservoir surface elevation (metres above sea level)
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Suggested extent of lake
level variation, with energy
storage capacity



Alexandra

Clutha River

0
SR
Manorburn Stream
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Proposed dam

.

Tunnel option to Clutha River

A Shortest tunnel (15 km)

A Smaller tunnel diameter

A Expensive works at Clutha River

A No spill reduction at Roxburgh dam

Tunnel option to Lake Roxburgh

Longer tunnel (23 km)

Larger tunnel diameter

Less expensive works at Lake Roxburgh
Spill reduction at Roxburgh Dam
Effectively increases Lake Roxburgh
storage for Contact Energy

o o o Jo I

Image fromOtago Daily Time@xtending to 800
metres rather than 780)



Dam site on Uppeanorburn
(for 780 metres)




Upper
Manorburn
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