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Executive Bmmary

Contact and Meridian are investigating the prospectsafgreen hydrogen production and export

facility at Tiwain Southland As part of that investigatiolGoncepthasbeen askedvhether

WFt SEAGT SQ 2 LISNI (dackssingotitputiatizitnks ddw hyfdto, Qvind, arcdar 6 A ® S @
generationand increasing it at times of surplug)uld enable New Zealand tlecarbonisemore
costeffectively thanalternative options.

Toassess thismve have used our proprietary models of N&#S I £ Y RQ& St SOGNAOAG @
likely outcomes from different decarbonisation options in two future years: 2030 and 2050.

In a nutshell:A flexible hydrogen production facility could kmne ofseverallower-costoptions for
achievingbroader ecammomy-wide decarbonisation

The resultsndicate that aflexible hydrogen production facilitgouldenable New Zealand to reach
100% renewablgenerationfor those years Further depending ornthe cost of curtailinguch
demandat times of scarcityit couldpotentially be one of thelower cost optiorsfor achieving this
goal.

Othersimilarlylower cost options include

1 CGontinuing with the Tiwai aluminium smelter but investing in technology to enable it to operate
in a similaly flexible manner Whether continuing withaluminium productioror developing
hydrogen productiorwould deliver greatesbverallbenefit for New Zealandill principally
depend on norelectricity sectordynamicsparticularly future world prices faluminium and
hydrogenand the extent of anypricediscount due to a varying production profile poovide
electricity flexibility and the extent otapitalinvestmentand nonfuel operatingcosts required.
Such broader considerations are outside thepsoof this study.

1 ontinuing withsome limited amount othermal peaking generation, either fuelled fossil gas
(resulting in a 99% renewable systeon)byliquid biofuel. The extent to which these options
are higher orlower cost than flexible hydrogesr aluminiumproductionis driven by factors
such as futurdossil gas, biofuel, and carbon prices, and dpportunity cost of curtailing
hydrogenor aluminiumproduction to provide flexibility.

Higher cost optiongclude

 Solely relying ol 2 @It R A ¥ 3 Qc i.NBuydiBgwind endSsalar to the extent that
there is significant spill at times of surplus in order to have just engeglerationat times of
scarcity There is ovebuild inall the optionsas it is a lowcost optionto deliver much oNew
%S| £ |y RQequifeinénts bubin thisoptirthe amount of ovesbuild would needo be
much greater.

1 Maintainingthe Huntly Rankine codired station as strategic reserve to only operate during dry
year events.

Thehighestcaost optionwe examinedsinvesting in a large South Islapdmped storagdacility.

In terms of emissions, there is relatively little difference between the optwitls regards topower
generation emissiondut potentially some greatatifferences in wholef-economy emissions

1 Power-generation emissionim 2030 areprojected to fall to betweeri5% and 18% &*020
levels. Thd5% is due tgeothermal generation which the largest source of emissions in all
future scenarios, with thexdra 3%being theoption with fossil gas peakerdn 2050 geothermal
emissions are projected to rig®y 1/3 compared to 2030 levelwhile the option withfossil gas
peakes projectsemissionsrom such plant wilalmost halve.
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9 Differences in electricity price outcomes will drpetentially greater differences in wholef-
economy emissionsas options with loweconsumerelectricity prices wilfacilitate greater
levels of fossh, electric fuel switching fotransport, process het, and space & water heating

Although not the principal focus of this analysiar modelling indicates that those options

which are best at balancing the increasingly variable renewable generation from wind & solar
will deliver the lowest average whdlale electricity prices. These options include the most
flexible hydrogen or aluminiuraperation, having some limiteamountof peakinggeneration
(either fossil gas or biofueled), olarge South Island pumped storage scheme.

However,despite deliveringelatively low wholesale pricesgcoveringthe estimated $4bn cost
of the pumpedstorage schemeneans thathis optionis likely todeliver higher consumer
electricity prices than many of the other options.

Digging deeperwe explain the keydriversbehind these results

CKA& lyrFrfeéeara KIFa KSfLSR aKSR fA3IKG 2y az2y$sS (Se
sector decarbonisation challenge, and the extent to which the different options we have considered

may help deliver costffective wholeof-economy decarbonisation.

bS¢é %SIftlyRQa OKIFy3IAy3d FtSEAOAfAGE OKItfSy3s
¢KS 1Se AyaArdakda Ayl 2setdddecatbénisdtionyhalRipe aieSy SNI £  LJ2 6 €

1 Reductions in wind & solar costs, combined with increases in carbon prices, mearighat i
0S502YAy3 SO29@NARQIRBWE@DSHI Sa (2 G(KS SEGSYd GK
LISNA2Ra 2F NBYySglofS adzNLJX dza Ay 2NRSN) (2 KI @S
This significantly reduces the need to call upon othexifiility resources to perform the
flexibility duty that is currently performed by fossil generation.

9 Projected significant increases in wind & solar generation to meet growing demand, combined
with this renewable ovebuild, will radically changethendl5 2 F b Sg %Sl t I+ yRQa ¥
challenge:

- Overbuild willincreasinglyreduce the amount of resource required to meet y¢aryear
variations in hydro generation. i.ee will still have a dryear problem, buthe size of the
dry-year problem will beeme progressivelyessover time

- The significant increase in wind & solar generation with their much greater-stront
volatility will give rise to greater need for flexibility resources that can operate over shorter
durations: withinday and withiaweek The ability taneet periods of low wind and solar
generation that could last days even weekg so-called¥dzy { St Tt | ‘dzwif Q S @Sy i a
become steadily more and more a key driver of our flexibility requirements.

Appendix Asets out the dynamics behind these changes in more detail.

9 This reduction in dryear requirements and increase in dunkelflaute requirements will change
the type of response that will most desffectively meet our flexibility needs.

- Our existing hydro fleet will be able to meet much of this challenge with altered \dtijn
and withinweek operations, but physical limitations (finite MW capacity, river chain
dynamicsfinite capacity to transér South Island generation across the HVDC, and the
NEBIljdzZA NSBYSyd G2 YFAYGFAY YAYAYdzZY NAGSNI Ft26a0
this additional demand for shoterm flex.

145dzy 1 SE FE I dziS¢€ A& | DSNIVRIYNI S 2R ROINKGEYOKE &8 A GSNI £ €& YSIy
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- Batteries (both static batteries and within electric vehicles) comtbiwith demandside
response will also be able to meet much of the challenge for very -$@ort duration
response. In doing so, they will radically reduce the need forinérgyquently used MW
generating capacity, delivering significant economic sayvf@gsough not much GWh and
associated carbon savings).

- Flexibility resources located in the North Island will deliver significantly greater benefit than
equivalent resources located in the South Island. This is because:

there is limited transmission capily between the North and the South islands, and

most of the wind & solar development will be in the North Island due to most of the
demand growth occurring in the North Island and the fact that the fossil thermal
generation that is due to exit is alldated in the North Island.

Relative merits of the options to meet this flexibility challenge
These dynamics explain the relative merits of the different options our modelling has explored:

9 Despite being located ithe South Island (and thereby having its flexibility contribution to meet
North Island dunkelflaute events constrained at tintfelrgescale flexible demand from a
hydrogen production facility or the aluminium smelter could be-mwst options because

- 0KSe R2y Qi KI@S lye AAIYATAOLYd OFLAGEE O2ad
electricity market; the cost of the hydrogen production facility or the smelter should be
recovered by the sales of hydrogen or aluminium; and

- the size of their ptential response is large relative to the NZ system.

However, the extent to which these could be lower cost solutions is heavily dependent on their
ability to flexibly reduce production without incurring significant costs, including for sustained
periods of time. If the opportunity cost of curtailing prodioo of hydrogen or aluminium to

deliver electricity flexibility is greater than the assumptions we have used, the scale of benefit
we have modelled would be less (and vice versa). We note there is significant uncertainty over
this issue of curtailment ggortunity costs, and consider this to be a key issue for further
analysis.

1 North Island peaking thermal generation run infrequently at times of significant scarcity can be a
very costeffective means of meeting the relatively small residual demand fokfiexA € A G & G KI
provided by renewable ovdouild.

- The very high running costs of thermal peakers (either due to fossil gas facing a high carbon
price, or biofuel being inherently high cost) is more than outweighed by the benefit of the
low capital cots of such options. This is particularly true given that in most cases the peaking
plant already existso their capital costs have been sunk (at least for the next few decades).

- Further, the North Island location of such peakers will reduce the extewhich highcost
batteries will be needed for periods of extreme scarcity.

However, we note that the green peaker option faces material uncertainty regarding the cost
and practicality of producing and storing sufficient biofuel to provide flexibility.

20ur modelling has been potentially optimistic to South Island options as it assumes the HVDC interconnector
between the islands can operate at 1,400 MW in all scenarios. This is materially greater than the currently
observed maximum naoin-flow of about 1,000 MW, and effectively assumes a cable upgrade plus a change to
the arrangements for the procurement of instantaneous reserves to cover the risk of the failure of one of the
G2 1 £5/ WLRESaQ0d
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The fossil gas peaker option faces far less technical uncertainty. For example, the carbon price
required for the cost of electricity to be the same as that assumed for the green peaker is
approximately $55@CQ. This price is substantially higher thanstprojections, and yet it

would deliver an equivalent level of benefit to the green peaker optiarhichitself is lower

cost than the Coal reserve, Overbuild, and SI Pumped Hydro options.

Another key advantage of the thermal peaking options is thay twe more readily deployed
AYONBYSyi(lffes IyR (GKdzaA ¢2dzZ R y20i NBadZ G Ay (K
LINE2S0GaQ RSGIFIATSR 0St2g0

1 While alarge pumpeestorage scheme in the South Isladuld provide a lot of flexibility for
the system, iappeas likely that itwould come with a significarstdditional cost If these costs
are recovered from electricity consumers (via a levy or mamnkethanism) thatould result in
higherwhole-of-economy emissiongven though this is a 100% renewable optids noted by
the Climate Change Commissiohnistis because higher electricity pricesild frustrate electric
vehicleuptakeand electrification obpace & water heating and industrial process heat.

As with flexible hydrogen/aluminium production, itsush Island location will make it less
effective at meeting North Island dunkelflaute events.

The 25% roundrip efficiency losses associated with pumping will tend to reduce the benefit of
its renewable balancing effectiveness.

Lastly, it is likely thahis option would take the longest to develop (most of the other options

already exist or, in the case of the hydrogen production facility, could be developed several

years earlier than a largscale South Island pumped hydro scheme), and give rise tréatest

I ROSNARAS 2dzi02YSa | 4aa20AFG4SR ¢gAGK WwWYS3II LINRB2SOi

t 208y dAlLt AaadsSa gAdGK wyS3ar LINR2SO0GaQ

Options which are large relative to the size of the system and cannot be readily broken into smaller
components create special challenges in the years leaging their commissioning. This is

because, upon commissioning, the system will suddenly switch into being in a situation of major
surplus relative to the period prior to commissioning.

This may tend to suppress investment in renewable generation igghes immediately prior to the
YS3lI LINR2SOiQa O2YYAadaAzyAay3ar a adzOK NBySsglofS
YFEN] SO 6KAOK Aa Ay adzNlJX dza FFGSNJ GKS YS3II LINRBa2Sc

Ly G4KS @SFNE AYYSRALF (St &issiaNdyahdkonsequendéeSareYii@fto LINE 2 &
be:

9 Higher prices; and
1 Higher levels of fossil generation.

An example of this dynamic is the uncertainty experienced over the last few years as to whether the

Tiwai aluminium smelter would exit and cause Hystem to switch to a situation of major surplus

GAGK GKS f23aa 2F mo:r 2F bSg %SIHtlyRQa RSYlIYyRO® ¢
new renewable generation over the past few years, resulting in the system being short of generation
oncethealY Ay A dzY &YSt (iSNDa & 2fyoiSW G0 (F 26NJI &F 25dEND SYySRN& | Yy R
AlG adFre 2N 32Ké dzy OSNIFAyde K2NRART 2y o

The larger andumpierthe project, the more significant the effect is likely to be on outcomes. Of the
options we have considerethe pumpedstorage scheme is likely to be most challenging. This is
because it is largest in size and because it has the additional challenge of significantly increasing
demand in the year or two prior to its commissioning when it is being filled. fillinig dynamic will
further exacerbate the relative change in the supply/demand balance upon its commissioning.

H2 Flex analysis v3.0 6
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These adverse effects will vary according to underlying levels of demand growth and associated
generation build. If demand growth is high ttieange in supply/demand balance (and associated

adverse outcomes) uponthe megdNR 2 S O0G Qa O2YYAaaArz2yAy3d gAatt y2i
compared to if demand growth is low. Similarly, if a mega project can be broken into components

and staged over timehiat would reduce the transition challenge.

It was beyond the scope of this study to try and quantify these potential mpegjact effects for the
different scenarios.

H2 Flex analysis v3.0 7
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1 Introduction

Contact and Meridian are jointly investigating the potential for a greadrdyen production and
export facility at Tiwai a key purpose being to make use of the surplus electricity generation and
transmission capability if / when the Tiwai aluminium smelter exits at the end of 2024.

Ly S@Ffdzt G§Ay3 (K Sandde@fitd dné sgaificant gaint & fodudi$ the exdedtdol &
which flexible production of hydrogen may materially lower the electricity input costs of hydrogen
production and, in doing so, enable the New Zealand electricity system to more easily movdsgowa
100% renewablgeneration

To help evaluate this, Contact and Meridian have asked Concept to use its electricity sysdein

to determine the extent to which such a facility could enable the New Zealand electricity system to
move towards 100% reneuée generation and how the economic aremissionoutcomesare

likely to compare to alternative options.

This comparison with alternatives is because a range of options are being considered by government

for decarbonising our energy system, and some are likely to be mutually exclusive to each other. For
example, if electricity decarbonisation is largely agbd through development of a major pumped

storage facility there would be little or no benefit from flexible operation of a hydrogen facility.

{AYAT NI @ AF (GKS ¢Agl A aYSEGISNI R2SayQi Oft2asS Ay
flexible goeration, there would bdimited opportunity to develop a hydrogen facility.

Accordingly, our analysis has considered the costs and benefits of a flexible hydrogen facility relative
to the key alternatives being considered for energy sector decarbonisation

As well as helping consideration of the prospects for a hydrogen production facility specifically, this
analysis of a range of alternatives is also intended to contribute to the broader public and policy

debate aboutwhichoptions which are likelytobe Sad i KSf LA yYy3a YSSG bSg ®»S
decarbonisation challenge.

H2 Flex analysis v3.0 8
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2 Methodologyand assumptions

2.1 Modelling methodology

We have used our proprietasglectricity system models to evaluate te&tent to whicha largescale
hydrogen production facilityhich isoperaed flexibly¢ i.e. reduingdemand at times of system
scarcity and increasg demand at times of surpluscould help New Zealaratchievel00%
renewableshy 2030.

To do this, we have compared the total electricity system clmsta range okcenarios:

f Continuing withsome fossil generatioo helpY $S4 b Sgé %Sl yRQ&,blitft SEA O A f
with the level of fossil generation being much smaller thaaay. i.e. achievingclose t099%
renewable generation (depending on the scenario), compared tapgpoximately 8%
achieved today. Twosub-optionshave beerassessed:

- Fossigasfired peakersusing opercycle gas turbines (OCGTS)

- (oalfired generationat Huntly, usingthree of theRankine units

1 Development of darge South Island pumped storagecheme We have evaluated a potential
schemewith 5 TWh of storage and 800 MW géneratingcapacity

f UsingYreenpeaker®) (2 YSSiG bSé mebds.tThiydptdimvoldesbGldingori f A (&
re-configuring existing@CGTs to burn biofuel

1 Flexible operation ofhe Tiwaialuminium smelterc i.e. in fundanentally the same way as the
proposed hydrogen production facility.

1 Solely relying ooverbuildng renewables All the above options wilhave some ovebuild of

renewables with the extent of such overbuild being driven by the relative economics of the
different options. In this optiothe extent of renewable overbuild will be much greater.

In all our scenarios we assume that the 2% of existing generation from fossil cogeneration will have
been retireddue tothe 100% renewablgenerationpolicy?

For each scenarioption our modelling determineghe leastcost mix ofadditionalrenewable
generationplant andshorterterm storagebatteriesto meet projected demandElectricity supply
costs are assessed from a national economic perspective we look for the mix that is lowest cost
for society as a whol&hisleastcostevaluationeffectively tradesoff:

9 theincreasing costs of building progressively more renewable generatidrbatteries versus

1 the progressiveeduction infossilgenerationcosts {uel, carbon and statiorcost9 and demand
curtailmentcosts

Thistradeoff N & dzf G a Ay GKS OflFraairld Wol iKGdzoQ NBLINBaSyi
Figurel below. As the amount of newenewable generation and kiries increases, theost of

supply rises (shown in bluefonversely, with more suppigsources on the system the cost of

demand curtailmentind any fossil generatiotecreases (shown in redidding the two curves

together giveghe total system caswhich has the bathtub shape (shown in green).

3We have excludethe 2% ofcurrentgeneraton fromfossil cogeneration frorthese % renewable numbers.
4We retirefossil cogen in théwo scenarios with fossil generation order tomake likefor-like comparisonsf
system costs and emissions between the different options.

H2 Flex analysis v3.0 9
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Figurel: lllustration of electricity systencosts tradeoff®
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Theleastcost mix ofenergy resourcewill vary between scenariosFor examplerigure2 below
illustrates two different scenarioptions, A and Bwith option B having access tesgnificant
amount of lowercostdemand curtailment. As can be seéme lowest system cost is different

between the two scenarigsvith option B also requiring less renewable generatiod battery
investment.

Figure2: lllustration of different generation cost tradeffs between two scenarios
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Fossil generation (fuel, carbon, and station) & demand curtailment costs
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5¢KS AAYIRSNENVBONBIE SSISYSNF A2y &gfRlificatoiiThesmbBel A y 3Sa G YSy
optimizes across many different investment dimensions, leading to a-imgnsional surface. The optimal
system is the low point on this surface.
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Our analysis performs this leaspstevaluationfor all the scenario options, enablitige total
system costs for the different options to be compared. Crucially, in performing this analysis we take
account of thedynamics of the New Zealand electricitystem.

Thus our approach is as follows:

1) For a given scenario optidar a given futureyeawe gt I y 1 Q G KS &aeadsSy gA0GK |
renewable generatiomnd batteries

2) We nodel how that system wouldperateover thatfuture yearin terms ofgenerationcalled
upon and demand curtailment requirednd subsequent system costs

- Weuse a hydrahermaldispatch model which simulates the storage and release decisions of
the various hydro reservoirs in the New Zealagdtem progressively over tlwwurse of the
year.

- Wemodel numerous differenéenvironmenta® S| NB& ¢  { 2 differénOdstiglei T 2 NJ
outcomesduring the modelled year

9 To accountor potential variation in hydro inflowsve include1990-2017hydro inflow
sequencedorb S & %S Ihyidro sthRef@@sThis historical inflow data is atdaily level
of resolution.

9 To account for the variability of wind and solae include historicalvind speed and
insolationd A y F £ 219982017 ®rtl 992014 respectiveljor 6 different locations
around the country. Thisistorical data is at an hourly level of resolution.

1 TheGWhtotal amountof demand is held constamietweenenvironmentalyears but the
shapewithin the year variesor each houtbased on the demand shapbserved during
19902017

1 Where possible, historical years for each input are matched to the corresponding
historical year for other inputsThis captures any correlation between the different
effects. When this is not possible, the input series is repedtedn analternativeyear.

- The model accounts for the key transmission constraint betweeritreh and the South
islandsas well as acamting fortransmission losses artle need to maintain reserves

- The model solves at an hourly resolution, in daily sté¢fs. each day it operates a two stage
solve processo account for orthe-day errors in forecastingThesystemis first dispatched
based on ainaccurate forecast, thethe level forsome less responsive or storage
constrained resources are fix¢datteries some hydro releaseand, although not relevant
for this modelling, baseload thermalThe model tha re-dispatchesmore flexible resources
onthe systembased oran accuratdorecast This approach rewards more flexible resources
and accounts for theostsof forecast uncertaintyasincreasingyuantities ofwind andsolar
aredeveloped

3) We pogressively @peatthe modellingfor a given scenario optiowith different W LIt | yhiles y 3 Q
of generation and batteries orderto plot out pointsalong the total system cost bathtub curve

4) We dentify the leastcost mix ofgeneration and batteries for the scenaoption
5) We repeat the above process for all the different scenario options.

Due to the significant computational effaassociated with this analysis, it is not practicable to do
this analysis for every year in the future. Instead,vave performed thisralysis for twduture
years: 2030 and 2050.

H2 Flex analysis v3.0 11
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This allows computational effort to be focussed on analyaiggeater number of scenarios, whilst
also exploring the implications of tleggnificant changes that are likely to ocower the space of a
coupleof decades.

In particular, electricity demand in 2050 is projected to be significantly greaterithad30 driven

by the electrification of transport and some fosiielled heatingfor homes and businesses. This
increased electricity demandill need tobe met by increased renewable generation development,
particularly geothermal, wind, and solar.

We have chosen 2030 for the earlier sample year for this analysis as:

1 Itis the year which has currently beehosen by the government fats targetto achieve 100%
renewableelectricity generationand

1 Itis the earliest practicable ye#or development ol major South Islandumped storage
scheme

2.2 Common assumptions across scenarios

In order tocompare outcomes for the scenario options on a-fielike bass, weuse a core set of
assumptionghat are common across all scenarios

1 The level and composition of demarid 2030 and 2050 The projections havsignificant
demand growthdue to a combination of:

- progressiveelectrification of transportspace &water heating, and some industrial process
heat

- general populatiorand GDP growth.

Overall, the demand for generation (which takes account of transmission and distribution losses)
rises from just under 43 TWh in 2020 to 49 TWh in 2030 and 65 TWh in 2050.

The modelling of the withiryear and withinday shape varielsetweenfour maintypes of
demand

1. Generademand Thishasthe current nonTiwai demand shape.

2. Electric vehiclesThishas a flatwithin-yeardemand profile, buts dispatchedwithin-day
by the modelto a limited degregto account for smart charging2.5 TWh of EV
demand was assumed by 2030, rising to 8 TWh in 2050.

3. BaseloadThis is a&ompletely flat demand profile. It representsdustrial processes
(other than Dairypr similar.

4. Dairy. This is seasonal load profile that is higher in spring to accountifory
processingbut which has a flat withkday profile.

Although demand assumptions are common to all scenari@sekception is with regards the
scenarios with the flexible hydrogen productibaluminium smelter operation. In these
scenarios the demanfiitom such facilitiess flexible, responding to market pries set out below
in section2.3.1, but in the other scenarios there is an equivalent level of demand (572MW
corresponding to the main three aluminium smelter potlines) which is held constant.

1 The level of future geothermal development his reflectghe fact that the extent of future
geothermaldevelopment is likely to be limited mgsource limitations rather than uncertainty
over demand growthThis isbased on thequantity of geothermal available by 2030 and 2050 in
G Cdzll dzNB IS EMSG Nivrephft pepadedidr KIBIBVe assume thageothermal
will be built up to the amount available in all scenarios.
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1 The level of rooftop soladevelopment We project significant uptake oboftop solardriven by
non-price factorsandartificial incentivescaused by (currently)on-costreflective consumer
electricity prices.

1 The carbon prices faced by the sectdrhe carbon prices amnsistent withthe Climate Change
Commission estimatgsrojectedto be requiS R (12 | OKA S Oret-zbrStargethtits f || Y RQ &
Demonstration Path scenarid-hese prices are:

- $138tCQ0;in 2030; and
- $250tC0Oxin 2050.

1 The extent of futurecost reductions for wind, solar, and batterie®Ve assumehe levelised
cost of energyl(COFforwindRNR LJA FNRY (2RI &8Q& @I fd&S 2F | LILINR
$/MWh in 2030and then52.3 $/MWh in 2050For solar we assume 62 $/MWh in 2030
dropping to 55 $/MWh in 2050. Batteriese assumed to have four hours of storage, and drop
from 1,000$/kW in 2030to 800 $/kW in 2050(all $ are real 2021 values).

1 The cost and quantity available afarious forms of general demand respongée. not from a
flexible hydrogen production facilityr flexible aluminium smelterThis varies with level of
demand andhasnumerous tranchegriced from 700 $/MWh to 20,000 $/MWh

However, while the quantity of general demaresponsewhich isavailableis common across

all scenarios, the amount of demand response tisatalled upon varies between scenario based
on the leastcostoptimisation process. For example, an option which has greater availability of
low-cost flexibility resources will have less needcétl upon demand response.

§  The amount of hydro generatioavailable. Therearenca A Ay A FA Ol yi | RRAGA2Yy & |
hydro fleetin all scenarios However, while théleet is common across all scenarios, the
operation of the fleet in each scenario can vagyvariations in the extent to which wind and
solar is developed, @dditional flexibility resources are available (e.g. pumped storage or-large
scale flexible demandill affect the optimal pattern of hydro reservoir storage and release.

2.3 Scenariespecific assumptions

In addition to these common assumptigribere areassumptiors specific to each of the scenario
options.

2.3.1 Large scale demand response from a hydrogen production facilitther Tiwai
aluminium smelter

The key assumptiorfer these demanedesponse options relate to how demamdll progressively
curtail duringperiods of tight supply This will be driven by the opportunity cost@irtailing
demand, i.e. the cost of foregorfgydrogen or aluminiunsales These costsvill be driven by factors
such as the market price of such commoditidfiere may also be sonpdysical constraints on how
quickly such plant can turn on or off.

There is material uncertainty over both the opportunggstdriven prices at which it would be
economic to curtail demanftom such facilities, and the extent to which physical constraimds
affect plant operations.Given such uncertaintiegje havemodelled three different scenarios for
how demand vould be curtailed for such a larggcale planusing demanetesponse priceprovided
by Meridan.

Firstly, we modelwo different pricingoptions:

1 Option Areflects a pattern of operation where the plant will be operational for most of the time,
but only start to curtail demand at times tght supply Demand is progressively curtailed in
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five tranches of 20% of plant outpwtith the firsttranche curtailing when prices rise above
$150/MWh,with the threshold price for eackubsequentranche increasing by $50/MWh

1 Option Breflects apattern of operation wher&0% of the plant operates in a fashion similar to
option A, with curtailment above $150/MWh happening in four tranche$5% of capacity.
| 26 SAGSNE GKS NBYFAYAY3 omx: aimesdSonifichntsysted OF LI
surplus, once market prices fall below $17.5/MWh.

This pattern of perationis illustratedin Figure3 below.

Figure3: Demand curtailment offer curves for larggcale flexible hydrogen or aluminium
production
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Both pricing options are modelled fariants which are ssumed to have the flexibility to turn on or
off on an hour-by-hour basis.

In addition, we run a third scenarighich uses Option A pricing, but assumes that the plants can
only turn on or off on a daily basiswith the scheduling decision made at might.

From an electricity system costs perspectivere is no difference as to whether this flexibility is
delivered by a 572 MW aluminium smeltar Tiwaj or a 572 MWhydrogen production facilitgat

Tiwai

Further,while we treat the costs of demandidailment as represented b¥igure3 as economic
costs for delivering flexibilitghe capitaland fixed operatingostsof the aluminium or hydrogen
plantsare not relevantonsiderations for the wholef-New Zealand cost perspective as such costs
are constantind are assumed tbe recovered from the sale of hydrogenaluminium ptherwise

the plants would not exist).

Having said that, there may be someremental costsn addition to the demand response costs
assumed aboveln particular 6r the aluminium smelter option there may be soméditional
capital costdor investing in the technology to enable flexildperation. One option for thisould
be the BnPof { S O Keleloper] ByeEnergizoRor.® Based oninformation provided by
Meridian,we understandhe scale othisinvestmentcould be of the order of $100miving rise to
roughly $B5m/yr capital recovery requirement.

8 For more details sebttps://www.energiapotior.com/

H2 Flex analysis v3.0 14



allina,
Coﬁcept

consulting

Lastly, while we note #re is significant uncertainty about the cost of demand curtailment for
aluminium and hydrogen production, we believe the above values are potentially conservative
estimates ie, the curtailment cost is likely to be lower. This is based on:

1 Andysis of the netback for aluminium smeltifay different historical aluminium prices, alumina
prices and exchange rates, which indicates brexadnelectricity prices in the mage $25
125/MWh

1 The recent McKinsegnalysis of the potential fdnydrogen expd which indicates thait would
not be competitive to produce hydrogen tite pricesindicated inthe curtailment offer curves
shown inFigure3.’

2.3.2 Fossil gadired peakers

In this scenaripexistingopencycle gas turbine (OCGJ8akers are retained, and new ones
developed as requiredand fuelled from fossil gas.

The extent oOCGTs retained / developed is determined from the least optimisatiorprocess of
our modellingwhich is driven by the relative economics of using OG&pmovide flexibility versus:

1 Overbuilding renewables

9 Buildingbatteries; and

9 Using voluntary demand curtailment
The costs of such plant include:

1 Any capital costbor OCGTSs that need to be builtVe assume thaalmost half the existing
OCGTs will have been retirdde to old agdy 2050 meaning thasome of theOCGTapacityin
2050will have come from nevbuild.

1 Gas costs of B2.6GJin 2030 andb13.0/GJ in 2050factored by the assumed heat rafhe
efficiency of the stationg)f 9.5GJ/MWh The relatively high gas prices comparetbtayrun
average wholesale gas prices is due to the flexibility prendunlS F SNNBR (2 a WagAy
the gas industrypf providing such gagery infrequently.

9 Carbon costs based on the carbon price, factored by the emissions intensity of gas
(0.053tC02/GJ) and the heat rate

1 Fixed operating & maintenance (FOM) cost$36/kW/yr.
1 Nonfuel variable operating & maintenance (VOM) costs of $10/MWh

2.3.3 Coal reserve

In this option, threecoakfired Rankine units at the Huntly power statiocomprising 750 MW of
total capacityare retainedand are only operated when South Island lake levels fall baltigger
threshold €orresponding to the $300/MWh water value curve).

Thecosts of this option include:

1 Coal tiel costsof $8.3GJin 2030 and $8.6/GJ in 205factored by the heat ratef
10.5GJ/MWh As with gagprices, a material element of the coal price is associated with
providing coafor low capacityfactor duties.

9 Carbon costs based on the carbon price, factored by the coal emissions fa@te85fC02/GJ
and the plant heat ree

" Seehttps:/lwww.datocms-assets.com/49051/16262950the-nz-hydrogeropportunity.pdf
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1 Fixed operating & maintenance costss@&5kW/yr. This higher fixed O&M requirement
compared to OCGTs reflects the higher stapusiness capex associated with thging plant.

1 Nonfuel variable operating & maintenancé $20/MWh.

2.3.4 Development of a Sath Island pumpedstorage facility

This is one of the options that the government is exploring&ping move to 100% renewable
generation

While there are a variety of possible configurations in terms of storage reservoir size and generating
capacity, we have chosensingle option for consideration, being:

1 5 Twh of storage; and
1 800 MW of generating capacity.

The scheme operates like a gidaittery pumping water ufnto the storage reservoit times of
system surplus, in order for it to be released for generatibtimes oftight supply

The model optimises thdecisions for how much to pump and generate using a similar water value
approachto that used for the storage and release decisions fordbieventionahydro reservoirs.

The costs of this scheme include:

1 Efficiency losses from the energy used in pumping the wateo the storage reservoirTotal
round-rip efficiencyis assumed tde 75%.

1 The capitahnd nonfuel fixed operating & maintenanamsts of the schemeThere is some
uncertainty over this. We hawessumed the construction cost$dbn for the analysisbeingthe
current estimatefrom MBIEfor the Onslow pumped storage@ect® We have assumeid will
take five years to constructa furthertwo years to filto an operational level (at a cost of
$200m) with the capitalcostsrecovered over &0-year periodusing a 6%re-tax, realcost of
capital and thatthe ongoing norfuel operating & maintenance costs of the schewitt be
equivalent t00.35% of the original capital casThis gives an overall annual capital + fixed cost
recovery requirement of approximatel\885m.

2.3.5 Green peakers

This option is similar tche fossil peakers option, except that instead of fossilageting $10/GJhe
fuel is a biofuetosting $£2/GJbut which has a zero emissions factor.

The $£2/GJis based on analysis undertaken by Scion in its Biofuels roadmapsamches the
feedstock ér the biofuel are pulp logs priced $115/t.

However, fithere would be a need for significant @ite storage of bialiesel (as discussed later in
section3.5), the biodiesel costfor a green peakecould be 60% greater than the cost of production
from a biorefinery. If this were the case, the $42/GJ price impligaulp log price of approximatgl
$70/t.

For reference, the price of pulp logs consumed in the domestic market is about $50/t, whereas
export pulp loghave averaged around $120/t over recent years.

Theother station costs(capital and O&M) are the same as in the fossil peakers optigrthie
guantity of green peakers different to that of the fossil peakers option, as they are each
determined by thdeastcost planting optimisation process.

8 https://www.mbie.govt.nz/buildingand-energy/energyand-naturatresources/lowemissionseconomy/nz
battery/lake-onslowoption/
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2.3.6 Summary of options

Tablel: Flexibility options modelled

Name Description 100%
renewables?
Fossil gas peaker Fossil-gas fired OCGTs N
Green peaker Biofuel-fired OCGTs Y
Coal reserve Huntly Rankine coal stations operating only when lakes are N
low
Overbuild Flexibility solely met by overbuilding renewables and Y
batteries
H2/Al Flex - Daily A Flexible large-scale demand, turning down when prices are Y

high on a day-to-day basis

H2/Al Flex - Hrly A Flexible large-scale demand, turning down when prices are Y

high on an hour-by-hour basis

H2/Al Flex - Hrly B Flexible large-scale demand. 70% turning down when Y
prices are high on an hour-by-hour basis, but 30% only
turning on when prices are very low

S| Pumped hydro 5 TWh / 800 MW South Island pumped storage scheme Y

H2_Misc_01.xlsm
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3 Results

3.1 Projected generation

In terms of general Whlevels of generation, therare similar outcomebetween thescenarios.
Figured shows the projected TWh of generation and spill by plant type for four of the scenarios for
2030 and 2050, and also actual values for 2020.

Figure4: Projected systengeneration and spifl
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Relative to the outcomes for 2028l| scenariohave:

9 asignificant reduction in generation from fossil fuel sources (Oil, Coal, GaSpged; gas,
even in the fossil gas peaker scenario

9 asignificant increase in geothermalind, and solageneration This increase is both to meet
the increase in demand and to displace current fossil generatiod

1 an increasing amount of spill from wind and hydro plént.

Figure5 below illustrates these above outcomes by showing the differences compared to 2020 for
the Fossil gas peaker scenario.

9SI_DR = demand response from the South Island hydrogen or aluminium plant. Oth_DR = Demand response
from other consumers. Bio = biofueled peaker generation. rSolar = rooftop solar. uSolar = utility solar.
At E Ad AK2g6Y | & dclredly spifedifrom hydra stafagedakas framlititeSdtima.
However mostof the current hydro spills due to physical factors at the reservoirs, rather theftecting

oversupply in the market, so is ndirectly comparable
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Figure5: Differences to 2020 for projected generati@utcomes for Fossil gas peakscenario
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While Figureb above helps illustrate thbroadchanges between 2020 and future years that will be
common to all scenariogigure6 below helps illustrate differences in future outcomes between
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these scenarios. It shows the differences for the two future years between projected generation
under the Fossil gas peaker sceaaand the other scenarios.

Figure6: Differences in generation outcomes compared to the Fossil gas peaker scenario
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The differences between the different scenarios are fundamentally driven by differences in how the
flexibility to manage demand and renewable variability is provided.

The key takeaways fromFigure6 are:

T

If fossil gas peaker generation is not allowed, the replacement flexibdiégs to come from the
alternative resource (e.g. coal reserve, H2/Al flex, SI pumped hydro) plus, gersgidlly,
resulting fromadditional renewable ovebuild.

The two exceptions to this requirement for additional renewable overbuild are SI pumped hyd
YR OSNEBE FtSEAGES I Hk!f LINPRdzOGAZ2Y &0Syl NA 2
overbuild than the fossil gas peaker scenario.

The requirement for total useful generation is approximately 0.5 TWh (approximately 1%) a year
greater in the Sl Puped hydro scenario due to the efficiency losses associated with pumping
noting that the roundtrip efficiency for the storage is 75%1owever, this requirement for

increased generation is more than offset by the reduction in spill, resulting in totalvable

ov

build requirements being least in thisscenagib & Ay RAOF G SR o0& GKS t2¢Sali

b aLRAtfQ

The increases in useful generation requirements relative to the fossil gas peaker scenatio for
the other scenarios is due to the gres transmission losses associated with the replacement
generationg noting that the fossil gas peaker locatiisngenerally closer to the main load
centres than the generatiothat would need to replace it.
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The other key difference between the scenariekates to the amount of batteriethat are
developed. The optimal level of batteries determined bythe leastcost optimisatiorprocess
Figure7 shows the reslts of the battery projections.

Figure7: Battery capacity projections

1,400
1,200
1,000
800
=
600
400
200 I
0
= - v - <« <« @ o = = v T-W <« < o o
£ 2 2 3 = > = 35 £ £ 2 3 = > > B
i § 8 2 3 : : % 5 ¢ 8 2 3 z T 2
a & o 5 o T a & ] 5 o T
¢ = 5 3 3 B8 ¥ T e ¢ — 2 x 5 3 %
@ @ © Q a = e © @ ] Q 3] = =
B0 = fre = =% B0 = — [r= o
= 2 8 = Zz = E = 2 8 = Zz = E
7] [G] & = ~ S @ [G] < ~. —~ S
[=) o "':l:“J g & © & "':l:“J E =
= T 0 = T 0
2030 . 2050 H2_fles_results_v5.dsm

The key take away is that the peaker options require the least amount of batteries to be developed.
This is because of thdWorth Island locéion andtheir consequent abilityo contribute peaking
capacity at all times. In contrast

1 TheH2/Al flex and SI Pumped hydro options are limited bycdyeacity of theHVDQink to
supply capacity adome peak times.
1 The coal reserve option ignited in its ability to supply capacity because of the constraint that it

can only run when lakes are low. However, going forward, some peak capacity requirements will
be at times when lakes aret too low but wind and solar output is low at times when demand

is high.
3.2 Projected system costs

Figure8 shows the projected total system costs for the differeptionsfor 2030 and 2050These
costs have been split into the folking main categories:

1 Plant costs.Thenon-fuel and noRCQ costs of liilding and maintaining capital assets such as
power stations and batteries. These have been split between

renewablepowerplant (hydro, geothermal, wind, and so)ar
thermal powerplant (the OCGPeakers or theHuntlyRanking

pumped storage plant

batteries
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1 Fuel costs This is split between fossil fuel (coal or gas)lzintuel (for the Green Peaker
scenario)

1 CQcosts. This is split between geothermainissions and fossil emissigmath emissiondeing
costed at themodelledcarbon price foeach year ($138CQ for 2030, and $250CQ for
2050).

f 58YFyR NBa&LRy ihd isspithem@éthe Gadts af éudailing production at the
KERNRISY FI OAf A& 2 Nantdthindamaiddesporidess massthaiked W1 n k! €
and industral consumers.

Figure8: Projectedwholesaleelectricity system costs$
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Figure9 belowis based on the same information agHigure8, but shows the differences in costs
relative to the Fossil gas peaker scenarithis has been chosen as the counterfactual for
comparison as is the option whictthe Climate Change Commissimrommended was most
appropriate for New Zealand achieving its broader decarbonisation goals.

1 The potential capital astrecovery for investing iflexibility-enabling technology for the aluminium smelter
is not shown. However, aketailed in sectior2.3.1previously, thiss likdy to berelatively low¢ adding
approximately $@15bn to the H2/Al flex columns iRigures8.
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Figure9: Difference inwholesaleelectricity systencosts relative tathe fossil gagpeaker scenario
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The key results frorthis analysis are:

1 The lowest cost optioisthe mostflexible hydrogen or aluminium productiaption: & | N&. €
i.e.30% of the plant only operating at times of significant renewable suxpitisthe rest of the
plant onlyprogressivelyurtailing productiorat times of increasing renewable scarcity.

1 Options withhigher pricechydrogen / aluminium productiofiexibility (i.e. only curtailingat
times of scarcityaresimilar cost tahe fossil gas peaker argteen peaker scenarios

1 Hydrogen/aluminium productiothat is onlyable to respond on a daily basis has higher costs
thanif it can respond houto-hour, particularlyin 2050. This reflects thahort term supply
constraints increasingly become the matmllenge for the system to meet.

9 Higher cost optiongcluderelying solely omenewableover-build (due to materially higher
costs of renewablegindthe coal reservescheme(due to thesignificant carrying costs for the
Rankine units

9 The highest cost optiois buildinga large South Islangumped storageschemedueto having to

recoverthe costs associated with building such a scherfWhich, as set out in sectich3.4 is
assumed to be &bnfor construction plus a further $200m to fill the lake to an operational

level).
Table2 belowshows he demandweightedaveragecostof the flexible hydrogen or aluminium
demand curtailmenbehindthe blueW | H k !bérs igFigude8 andFigure9. These represent the
extent to whichthe different tranches of curtailmemtepresented byFigure3 on page14 previously
were called upon
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Table2: Demandweighted average cost of assumed hydrogen / aluminiwurtailment ($/MWh)

2030 2050
Daily A 190 185
Hrly A 199 205
Hrly B 41 49

H2 flex results v5.xlsm

As can be sa® the Hrly Boption has a very low average curtailment cost. This is consistent with the
operating pattern assumed by this scenario whereby 70% of the plant operatem&irofthe time

and only curtails at times of high markatice, whereas30% of theplant only operates

opportunistically at times of very lomarket prices. Such a pattern of operation would be

consistent with the capital and fixed costs of the plant being recovered by satgsdiafgen /

aluminium from the 70% of consistent productiand the 30% ofpportunistic production only
seeking to recover the variable costs of production.

3.3 Projected emissions

3.3.1 Power-sector specific emissions

Figurel0belowshows actual power sector emissions for 2020, and the projected emissions from
different power generation sources for 2030 and 2050 for the different scenarios modelled.

Figurel0: Historical and pojectedelectricity generationemissions
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The resultshow that future direct emissions from power generation are relatively similar between

the scenarios. In all cases they are dominated by emissions from geothmwei stations, with

the scenarios that have some fossil generation (the fossil gas peaker and coal reserve scenarios) only
contributing comparatively few emissions, due to the small amounts of generation from these

sources.

The comparison with actual 2028nissions shows just how significant the reduction in fossil
generation is for all scenarios, including those which retain a small amount of fossil generation to
balance variable renewables.

3.3.2 Whole-of-economy emissions

From a wholeof-economy decarbonisain perspectivethe different scenarios are likely to have
greater variations in emissions outcomeghis will belue to differences in consumer electricity
pricesemerging fromeach scenaripand consequent differences in the degree of fuel switclfiom
fossilto electric options in sectors such as transport, space & water heating, and industrial process
heat. AsFigurell belowillustrates emissions from thesgectors will far outstrip remaining power
sector emissionsven in the fossil peaker scenario.

Figurell: Wholeof-NZ Energy emssions for 2019, plus projected power gen. emissianger
fossil peaker scenarifor 20302
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All scenariosvill facea common key driver for electricity price outcomes, nantbg/cost of
buildingnew generation(predominantly wind & solatp meet demand. In the long run, wolesale
electricity prices over the longer term should broadly reflect the costuahnew electricity supply.

Pgypraarzya FTNBY (K2aS I OinfedatidndlrSporting feduiieinéni? Adcaunts¥® y SNH & Q
nv: 2F b¥»%Qa H A vOther BIRGSESIemiSsions 2012 weie drdariculture (48%), Industrial
processes & product use (62ahd Waste (4%).
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However, despite this common key driver, there will likelydfferencesin consumer electricity
pricesbetween the senariosdueto two key factors

1. The extent to whiclthe different flexibility resources helpalance the variableoutput from
wind & solar, leading to lower wholesale prices

In generalaveragewholesalemarketpriceswill tend to behigher than theevelisedcostof
energy(LCOEyom newwind & solar. This is becausericesthroughout the yeawill tendto be
anti-correlated withthe output fromsuch variable renewables. E afttimes of high wind

output the increase in generatiosupply will tend to reduce wholesale prices, and vice versa at
times of low wind output.This will result irthe generationweighted average price (GWAP) the
wind plant earngwhichshould equal the LCOE of the marginal new wind plagit)g a discount
to the time-weighted average price (TWAP) for the marasta whole.This GWAP/TWAP
discount willget progressivelyorse as the proportion ofariable renewables on the system
grows. So, for example, if theCOE afiew wind generation wre $65/MWh, but windachieved

a GWAP/TWAP ratio of 90%, ttirae-weighted market price would b&5+0.9=$722/MWh.

However if significantflexibility resources are available which can balancevéiméable output
these will tend to improve the GWAP/TAR ratiofor variable renewablesvith consequent
improvements in theaverage market priceThus, if wind were to face a GWAP/TWAP ratio of
92% in the above example, the timeighted market price would be 68.92 =$70.6/MWh.

In this respectthe overbuld and coal reservecenariosare relativelypoor at renewable
balancingwhereasthe veryflexible SI hydogen/aluminium production, fossil gas peakgreen
peaker and S| pumped storagptions are relatively betterAs such these latter optionsill
tend toresult inlower market prices than the former options.

2. The extent to which an option has materiadditional costs which will need to be recovered
from consumer prices

This principallyapplies to the larg&outh Islandpumped storage schem@nd, to amuchlesser
extent, to the coal reserve schemd)sing thecost estimates set out in sectiéh3.4earlier,we
estimate that ecovering the costef such a schemeould add an additional &8/MWh to
consumer pricefn 2030 and $.2/MWh in 2050 (due to 2050 having higher GWh sales over
which to spread the cost recovery).

Although our study has principally focussedtotal costs rather than market pricesr
provisional estimatés that this adder to consumer prices would outweigh any potential
GWAP/TWAHIriven wholesale markgtrice benefit from the renewable balancing the pumped
storage provides. Asuch this opibn is likely to have higher consumer prices than some of the
other options which also deliver good renewable balancing

It is out of scope for this report to consider the extent to whidhole-of-economy emissionare
likely tobe greaterin thosescenariosvhichresult inrelatively higheiconsumer electricity prices
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3.4 Flexibility benefits to producers of hydrogen / aluminium

Operating a hydrogen production or aluminium smelter facility flexdbiguld deliver benefits to the
owners of sucla facility in terms ofichieving a lower demandeighted average price of electricity
consumed.

Figurel2 below shows the extent to which operating a hydrogen/aluminium production facility in a
flexible fashion will result in the facility

1 paying a lower average price for wholesale electricity

1 paying less in total for wholesale electricity codtecause consuption islower andthe
average price paid for electricity is I¢ss

It also shows the average reduction in hydrogen/aluminium production that this flexible operation
would require. The reductionn electricitycosts ignore relevant when comparing to a@jy in
production.

Figurel2: Reductions in production and average electricisice & cost relative to baseload
operation for different hydrogen/aluminium flexibility operating patterns
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As can be seen, in all cases being ablepierate flexibly reduces electricity costs significantly more
than the reduction in production.

CdZNIKSNE a SOARSYOSR o0& O2YLINAYy3I GKS W5 Afe& !¢
on an hourly basis rather than daily, will deliver sigaifit extra reductions in electricity purchase
price, with relatively little extra curtailment in production.

Having some operation which only occurs at times of renewable surplus in addition to having some

which only curtails at times of high price (aghh NI @ . Q0 @gAft RSt ADBSNI I RRAGA
LIdZNOKEF a8 LINAOS O2YLI NBR (2 2LISNI A2y SKAOK 2yfe@
materially more reductions in production.

2 KIG GKAA FylFfeara R2&soyidedwit g lgst productibrk Shisthasa & NS @ €
beensetby assumption through the curtailment offer curves showirigure3 on pagel4 above
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By definition, if these curves are true reflections of the opportunity cosbiefgone
hydrogen/aluminiumproduction then thedemand respons¢hat has been modelled will be value
enhancing for the owners of the hydrogen/aluminium production facflig. the saingsin lower
electricity costwill match or exceedthe profit onforegone sats)

| 26 SOSNE adzOK 2 FFSNI OdzNIZ S a-wdR@cgr@tiaintsi dn th&abilitfod 2 dzy (i 2 7
such plants to curtail production for sustained periods of time. To get a feel for the potential nature

and scale of this dynami€jgurel3 below shows, for the three different flexible

hydrogen/aluminium operating regimes, monthly average electricity demand (a proxy for production

of hydrogen/aluminium) for 2030:

 Fathe28RA F T Smhidnméntatyearé® and

1 Averaged across ahvironmental yeargthe solid black line).

Figurel3: Monthly hydrogen/aluminium production across differemnvironmental yeardor 2030
Hourly Flex A Daily FlexA
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In the dailyflex A scenario most months have minimal dropieduction However, during dry years
there can be substantial decreases (including no demand whatsoever during the worst month).

The monthly production profild 2 NJ 1§ KS K2 dzZNI &8 @OSNEA2Y 2F GKS a! ¢ a
daily one. This is perhaps unsurprising as the denflendility is offered at identical prices in both
scenarioswith the only difference being wheth¢he demand can flex eand-off on a daily or

13 As set out in sectiol.1, we use historical patterns of hydro inflows, wind and sunstiar 28 historical
years to simulate the range of possible renewable flows within years and between years.
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hourly basis This similarity is most apparent during the particularly dry years, as prices here remain
elevated for long periodeesulting in outcomes arising from daily dispatch whiah agry similar to

those arising from hourly dispatciihere is a higher level of demand response in the hourly scenario
during more normal years as the demand is sometimes switched off within a day to respond to
shorter duration shortage periods.

Unsurprisingly, the hourlydk B scenario has significantly lower levelproductionbecause30% of
GKS L FydQa OF LI OAGE 2yt e 2LISNIwhéricesarevety baa 2 F 3
This results in demand curtailmentati years

Figurel3not only shows that some months can have significant drops in production as the plant
scales back during dry events, but that these drops in production can be sustained for many months.

If the producer of the hydrogen / aluminium has firm sales commitments, they must either manage
these periods of sustained production from:

9 Sourcing hydrogen / aluminium from an alternative international producer; or

1 Using onsite storage / stockpiles whiacould be buikup during periods of relative renewables
surplus and then drawxdown during periods of relative scarcity.

To get a feel for the size of stockpile required if the producer had a firm sales commitment with no
within-year variation, and no ality to procure hydrogen / aluminium from international producers,
we applied a rolling stock method to the chronological sequence of production produced by our
model.

This approach calculates the difference between the avepaigductionand the actuaproduction

for every period.Any difference between the averageoductionand the actuaproductionwill

SAGKSNI O2y(iNROdzi S (232 @addcRThe differén2edbgtwednNiR Wighest a & (i 2 ¢
stock level and the lowest stock level is an intiaraof the maximum size of stockpile required

Figurel4 shows the results of this analysis foe three different hydrogen/aluminium production

scenarios.The unitsare in GWh of electricity, and the graph shows the cumulative effect of periods

of higher consumption relative to the loAigS N | @SNJ 3S ol a akKz2gy o0& (KS
FYR f26SNJ O2yadzYlLliaAzy GKFIyYy @SN 3IS 66AGK GKS wal

Figurel4 - Rolling stock analysis of flexible H2/Al demarar 2030

GWh
&
5
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The maximum size of stockpile required is shown by the difference between the maximum and
minimum rolling stock amounts. It shows that the Hourly flex B option wik laasignificantly
greater stockpile size requirement than the Hourly A and Daily A options.

The Hourly B option has an even greatativesize of stockpile when compared to average levels
of consumption.This is illustrated ifable3 below.

Table3: Comparison of stockpile size with average consumption for flexible H2/Al demand for
2030

Daily A Hrly A Hrly B
Maximum 'stockpile’ size (GWh) 2,140 2,310 3,090
Average consumption (GWh/yr) 4,860 4,790 3,880
Stockpile size relative to average consumption A44% 48% 80%

To get a feel for theoughsize of thigotential cost, fithe plant were tocarry a stockpile equivalent
to 80% of its average annual production, the carrying cost of this stockpile Wwamuéhse the
opportunity cost ofnot producing byapproximatelyl0% (assuming thestockpilecarrying cosand
increased storage vessel costere recovered ovefifteen years using a preax real discount rate of
6%). For carrying a stockpile equivalent to 50%awérage annual production, this increase in cost
would be only 5%

If the hydrogen / aluminiunproducer were able to manage some of this variability through
procuring alternative overseas production to meet its sales commitments, the size of the stockpile
would be less.

Likewise,fithe sales commitments had a withthS I NJ W& K I LIS QeF salesicinfnitrhedts SNJ g A Y
than summer, this would also reduce the size of the stockpile. This is becatsgyr@d3 above

illustrated, the periods of greatest renewableascity in New Zealand are the winter months,

corresponding to dryear events.

It is beyond the scope of this study to consider the extent to which thesewaddl effects around
the ability to manage sustained reductions in output are consistent wighdibmand response
opportunity costs set out in sectidh3.1 Potentially, this dynamic may result in varying demand
response costs according to duration of respgnsith the costs of response rising for ledgration
response. Were this to be the case, it would resuliliared benefits (to the system as a whole, and
to the owners of the facility) to those modelleeife.

3.5 Change in flexibility provision

As set out in detail idppendix Ahydro andfossilgenerationcurrently provide almost allthe

flexibility requiredto meeti KS &2 a i SYQa RSY!I| y RvarkninBémandar@A f A G &
variations in renewable productiorHow @me of thisflexibility is delivered is illustrated Figurel5

which showsaverage withirday and withinyear patterns of operation for historical years, and the

average acrosall these historical years.

1 This is not atraightforward comparison, because to some extent ithereased opportunity cost associated
with increased level of curtailmers captured within the steppediemandresponse cost profileet out in
section2.3.1 Nonethelessthis estimate should help give a feel for the scale of cost assatiaith the
storagerequirements toenable flexible production of hydrogen / aluminium.
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Figurel5: General patterns bhistoricflexibility provision by hydro and fossil generatiaipM\W)
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As can be seethoth hydro and fossil generation have average patterns of operation which match

the general patterns ofvithin-day and withiryeardemand They also illustrate thdossil

generation plays a significant role in balancing yteayear variations in hydro optut. For example

hydro output in winter 2001 was relatively low, causing fossil generation for that year to be

relatively high.

2 KIi GKSaS OKINIia R2y Qi aK2g¢ akoandthése averdgk SNB Ol y ¢
patterns for each year due tearations in demand (significantly due to extremes in weather) and
weekto-weekvariations in hydranflows andhour-to-hour variations in wind output. This variation

in output is greatest for fossil generatio

Looking forwardour modelling projects thaltydro generation will continue toneeta significant

proportion of the flexibility dutiesrequired, but with greatervariability in houtto-hour output due

to the greater proportions of wind and solgenerationand the need to balance thegignificant

variability. L0 A& KFNR (2 3INI LKAOKffeéenthdBsiidSaSyd GKAA Yd

In all scenariodiydro flexibility will be assisted laycombination ofspill from renewable overbuild,
batteries,anddemandresponse The extent to with each of thes@rovide flexible response

depends on the extent to which other forms of response are available in each scenario (e.g. pumped
storage,peaking thermal generation, hydrogen/aluminium production flexibility.).

The following charts illustratéhe typical withirday and withinyear patterns of operationf these

different forms of responseThey are in the same format &gurel5, with the individual dotte

lines representing the patterns of operation for each of the differ28tnvironmentae ST NEQ ¢ S
modelled, and thesolid line representing thaverage across ahvironmental years

The firstcharts are for the operation of the flexibility resourcaglie Overbuild scenario.
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Figurel6: Patterns of spill, battery operation, and demand resporiae2030 for the Overbuild
scenario
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Spill shows strong withirday shape. It isounter to the typicatlaily demand profile, showing

drop during morning and evening pealkdthough we have not shown 2050, th@d-day peak is
muchhigher inlater yearsdue to increaed amounts of solaon the system In addition to the
within-day shape there is significant yearyearvariability. During somenvironmental yearshere

is minimal spill during winter business days, while in otlieese is consistently more tha200 MW.
However, even in thdriestinflow sequences therera significant quantities of spill during summer.

Battery output follows the welknown daily demand shap@&he profile is particularly steeg times,
with the average outputising from-480 MW at 5am to410 MW at 8am.Note that the output can
be eitherpositive or negative, and thatverallégeneratiorf is negative, reflecting that batteries are
on averagea load on the system due to their charging inefficienthere is minimal differese
between different inflow yearas the modelled batteries onghift energy within a dayandso
aStaz2yl-& SRNE d 8BNEBtyRlevanNB vy 2 {

The quantities of dmandresponseare highly variablebothwithin day and acrossnvironmental
years The orange line represents 2008 inflows, while the biloe represents 200land these were
both dry-years.The modeproducesan averageesponseof about 150 MWduring the winterwith
2008environmentalinflows, and this is consistent with the actual response shaingthe driest
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months 0f20081° Even duing years with higher inflowthere is some demand respond during
winter peaks. This due to capacity required that cannot be met even with very high generation
from hydro stations.

Spill, batteries, and demand response also contribute to meetingdfligxirequirementsfor all our
other scenarioswith similar withirday and withinyear patterns of operatiorjut to lesser extents
as these other scenarios have other flexibility resources to call upmurel7 shows the general
patterns of flexibility provision in 2030 for these other optiofi$ote thedifference in scale for the
different options).

Figurel7: General pattern of flexibity provision in 203Gor other flexibility resources modelled
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BawSPASs 27T -httpsa/ywwweed.gbit. &zhloutus/what-we-do/our-history/archive/operations
archive/securityof-supply/winterreview-2008archive/
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