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About Concept

Concept Consulting Group Ltd (Concept) specialises in providing analysis and advice erlatesigy
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evidence.

Further information about Concept can be found at www.concept.co.nz.
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Executive summary

Introduction and purpose

This 2019 Gas Supply and Demand study is the fourth in a series of such reportssioneuisy
Gas Industry Company. These studies:

1 analyse the longerm drivers of outcomes in the New Zealarabsdndustryg both the upstream
supplyside of the industry, and the various demand segments

1 develop longterm projections of possible futures ftine sector, based on modelling of the key
sector drivers identified in the study.

For this 2019 study, new rdelling capability has been developed to explore two key issues facing
bS¢ wSItlIyRQa 3IFa asSoidz2Ny
§ The endof-life ofsome2 ¥ b S ¢ Yaestydspfdel@iag fieldoccurring within the next

10 to 15 yearsand the economitactorsandpolicy settinggriving possible development of
new fields.

1 The implications of various climatdangerelated policies including:
- Altered oil & gas exploration poy settings
- Higher potential carbon prices
- The policygoak of achieving
100% renewable electricity generaiti by 2035n a normal hydrological yeaand

net-zero carbon emissions by 2050

Modelling methodology

A model was used to project possible futarfer supply and demand. At the core of this model is
the fundamental logic that investment in the developni@md production of gas resources in a
given year is only undertaken if the cost of development is less than the willintesy by the
demandside for that gas.

This demaneside willingnesso-pay is set by the cost of alternative®eing the cost boverseas
production for the petrochemicals sector, and the cost of fuel switching for all other demand
segments. For all demand segments, Wikingnessto-pay is factored by the carbon price.

l'a bSe¢g wSItlFyRQa 31 & NBaS Nabter dtgiiativiiSai2adidSa 06 S 0?2
modelled pricing outcomes being thefuture cost of importing LNG if New Zealatmhtinues
consuming gasotthe point where it wilkeventuallyhave insufficient gas supply to meet demanés
the time when New Zealahwould have to import LNG gets closer, the tidiscounted effect on
gas prices in a given year starts to riJdisresults in- -~ W LINRK Y3 Q NBtheki§ §bikhe
demand will switch to their nofNZgas alternative if th price of gasrises aboveheir willingnesgo-
pay. This price rationingresenesa greater amount of remaininyZgas resources for highealue
gas usersand postponeshe time when LNG imports would be required.

Supply Demand Draft v10.0 4 Saved16-Sep19
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Several scenarios were run which varied ey parameters.

The first scenario sensitivity is the amount of gas reserves and resources that could be developed to
meet demand ashownin Figurel below. Four differentscenarios were run (as illustrated along the

x-axis) as to the amount of additional g&serves and resources available for developmeFtese

were based on published MBIE data regarding additional reserves and resfroroesxisting fields,
pusGNS& . L9 |yl feara 2y LI iodgdisdovefedfi@bda FTNBY WbSsQ>

Figurel: Scenarios for scale of additional reserves and resources available for development as at
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! TheCeriral scenario was based on published 2P reserves andstnees values for each existing field, with

the estimate of new (aget-undiscovered) onshore fields being based on published MBIE modelling using GNS
data. The published contingent resources values were factored by 75% to reflect other factors which wil
affect whether a resource classed as contingent will be developed.

TheLow andHigh scenarios factored th€eriral scenario, based on published data the extent of physical
uncertainty regarding the size of reserves, with scaling factors appliedléztréhe greater uncertainty over

the size of contingent resources and new fields. An additional factor was appliedliottecenario to the

Kapuni entingent resources.

The Cen resources + New off scenario is the same &&dhml scenario, but wittan additional offshore field

being discovered whose size is roughly wagly between the existing Kupe and Pohokura fields.
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The second &mario sensitivity is carbon prices. A range of different carbon prieesexamined
as set out irFFigure2 below, with the levels for the Mid and Hi scaios being set with reference to
estimates of the prices required to mettte Paris Agreement and N&eroNZ by 2050

Figure2: carbon price scenariés
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Tablel showshow the gas resource and carbon prgzenariohave been combined into
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Tablel: Composite market scenarios

2008
2011
2014
2017
2020
2023
2026
2029
2032

408y NA24O

2035
2038
2041

== Mid CO2

2044
2047
2050

Composite scenario Carbon price scenario Resources scenario
Reference Mid Central

CurCQ Cur CO2 Central

LoCQ Low Central

HiCQ High Central

Lo Resources Mid Low

Hi Resources Mid High

New Offshore Mid Cen res + New offshore

2¢ KS OCmsteNario represents a continuation of the current NZ$2& carbon price.

Supply Demand Draft v10.0
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Resultsfor Reference scenario

Figure3 below shows the summary projections for the reference scenaviich comprises the Mid
carbon price plus Central resources scenarlbidicates:

1 Petrochemicaproduction continues at cuent levels until the middle of the next decade, at
which point the sector progressively exits New Zealand over the course of the following fifteen
yearsdue to the remaining offshore gas fields reaching the end of their ldaqkura, Maui and
Kupe) andricerationing to postpone the time when higheost LNG imports would be
required.

1 Baseload gaBred power generatiorexitswithin the next five years due to displacement by
new, cheaperenewable power generatioh.Some peking generation which perfons some
seasonal / dryyear balancing is also progressively displaced over the subsequent 15 years.
However, a rump of peaking generation remains to perform verydapacity factor seasonal /
dry-year peaking.Gasfired cogereration also remainsThereplacementof baseload gas
generation causes the % of renewable generation to rise to 90%, and it steadily ridessd
98% by the end of the projection.

9 Industrial process heat and residential & commercial heating demanithiessxeome slight
decline Thepricerationingeffect of the lower-value segments of petrochemical and baseload
gasfired generatiorexiting New Zealangrevent anysignificantresource availabilitgriven
reductionsinindustrial process heatemand, bt some carborprice-driven fuelswitching starts
to occur towards the end of the projection.

1 Some new onshorfields are found and developed, driven by the tightening of gas supply with
the endof-life of the offshore fields.

3 The cost of renewables falls below thest of existing baseload géised generation due to a combination of
ongoing reductions in the price of new renewables, plus increases in the cost-fifegbhgeneration
particularly due to rising carbon prices.

Supply Demand Draft v10.0 7 Saved16-Sep19



Figure3: Reference scenario projections of supply and demand
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Sensitivity of outcomes to variaibns inresource availability and carbon price

Figured4 and Figure5 plot the total demand from each sector forehyears 2019 to 2050, and how
this varies according to the scenarios of available gas resoWips€4) and carbon priceRigure

5).
Figure4: Resourcevailability-scenariedriven variation in total demand to 2050 by sector
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Figure5: Carbonprice-scenaricdriven variation in total demand to 2050 by sector
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1 Petrochemical demandmethanol andurea)is the sector which is most sensitive to resource
avaibbility. The exit of the first two methanol trains is dnivby the timing of the endf-life of
the three remaining offshore fields, and the exit of the last methanol train is driven by price
rationing to postpone the time when higheost LNG imports wdd be requireconce remaining
onshore resources become defed. Price rationing then results in the eventual exit of the
urea-production plant in the Lo resources scenario.

Petrochemical demand positivelycorrelated with carbon pricesThis is dugo a reduction in

gas demand by nepetrochemical sectorsihigh carbon price scenarios, thereby making more

Jra FGFrAfFofS F2NJ LISGNROKSYAOFT LINRPRAZOGAZ2Y GKA
Industrial Allocation mechanisfn.

1 Different typesof gasfired generationare the most and leastensitive tocarbon price.

- Baseload gafired generation is the most sensitive of all demand sectors to carbon price,
with variations in carbon price dictating when (not whether) such generation is displgced b
renewable technologies such as wiadd geothermalwhosecosts are projected to continue
to fall (particularly for wind) Even with a continuation dlfie current $25(CQ carbon price
baseload generation is likely to be displaced by the middle ohéxt decade.

- Peaking generation is much lesmsitive to carbon price, with a rump of gaed peaking
generation that is used infrequently during dry winters being the highest value use of gas in
New Zealand Even in the high carbon price scenariar smodelling indicates it would not be
economicto go above 98% renewable generation by 2050. A rump of peakirfiygs
generation is required to balance variable renewable generation (particularly hydro). This
keeps electricity costs lower and suppogdreater wholeof-economy decarbonisation
through electrificationg particularly for transport and process heat. These quantitative and
jdzlt €t AGFGABS NBadzZ Ga I NB O2yaraidSyid sA0K (GKS L
moving towards higher proptions of renewables.

- Gasfired cogeneration fomdustrial process heatlsorequires a high carbon price for it to
be economic to switch.

Baseload gafired generation exhibits some sensitivity to scenarios around resource availability,
but peaking genett#on is largely insensitive to thiariable with other, lowewalue demand
segments performing the rationing to respond to variations in available gas.

1 Demand fodndustrial process heatindspace & water heating for residential & commercial
consumersssensitive to carbomprices above $8$100ACQ. If carbon prices are below these
levels, industrial process heat gas demand is likely to remainftate residential & commercial
demand is likely to growg driven by population growthln the high carbno price scenario, gas
demand for these segments drops to less than 10% of current levels by 2050. This is driven by
switching to lowercarbon alternatives such as biomass (for process heat) and electric heating
(for all sectors).

Demand for these segmenis much less sensitive to variat®im resource availability for the
period modelled (out to 2050), with petrochemical demand performing the bujkiot
rationing to respond to variations in resource availability.

41f the support under the Industrialllacation mechanism were withdrawand overseas methanol producers

RARY QG FIOS I 02adG 2F OFNb2ys 2dz2NJ ylFfteairda AyRAOIFGSa
of high New Zealand carbon pricesheTreduced New Zealand production wouhabst likely be replaced by

gas and coalbased overseas methanol production, likely leading to an increase in global carbon emissions.

Supply Demand Draft v10.0 10 Saved16-Sepl9
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Broader implications for consumer pges

In terms of wholesale gas priciogtcomes, as long as petrochemical production continues to
operate within New Zealand, medium to leterm wholesalegasprices are likely to be similar to
those experienced up until early 20¢£8.e. driven by MethaneQa ¢ A f-tépay Iy S a a

It is consideed that the recent situation of high gas prices is strongly driven by a-srontissue of
electricity generation capacity shortfall and gas deliverability shortfall, rather than any structural
change in the gas markefThese deliverability issues aileely to be substantially addressed over
the next couple of years by investment in both renewable generation capacity and upstream
deliverability.

After petrochemical plant has exited from New Zealand, wholesale gaspitl be driven by the
willingnessto-pay of the marginal (in a loAgin economic sense) source of demand. This is
industrial process heat demarfdoting that baseload power generation will already have exited)
Although industrial process heat demahds a much higher current willingree®-pay than
petrochemical demand, this willingness-pay for gas will fall with rising carbon pricgwith the
rate of reduction being $1/GJ for every $i®0e increase in carbon prices.

The effect of this, and #hprogressivericerationing effectirom demand defection fronthe most
price-sensitive segment ahdustrial process heat, significantly lisiihcreases in wholesale gas
prices. Accordingly, the greatest lorgrm price uncertainty facing the likes ioidustrial gas
consumers relates toarbon price, not gas pricdf carbon price remains at current levels it would
not be costeffective to switch to lowcarbon alternatives. However, our whadé-economy
modelling indicates that this would mean New Eaw would not meet its nezero-by-2050 target.

If carbon prices rise to the level which our modelling indicates is necessary to meet thsroet
target (and which are also consistent with other international studies of the international prices
required to meet the Paris Agreement tatg® then it would be economic for most industrial
process heat gas consumers to switch to biomass or electrification.

A similar dynamic applies to residential and commercial gas consupadiseit with some complex
factors which make projection of outcoraemore difficult:

1 In generalthe carbon price required for it to be economic to switch awayrfgas for
residential & commercial consumers is much higher than for industrial consurhenseverjf
the retirement of cabon-price-sensitive industrial consners results in gas pipelinewners
seekingtorecoveil KA & Wi 23a30Q NBOSydzS 6& AYONBFaAy3d LINAO!
consumersthis could magnify the effective carbon price to residential and commercial
consumers That said, our modelling indicates that there are limits to the extent to which
LIALISE AYS 26ySNRB gAff 0SS |o6fS @aIARZ f DK SFF SI0& ol K

1 Further, nonprice factors are significantly greater drivers of masgket ®nsume decisions.It
is likely that a future wittgreater climatechange sensitivity Wisee many consumers
increasingly basing their fuel choices on environmental factors as well as economic factors.

Flexibility

While baseload gas prices avaly projected to increaseamodestly (excluding the cost of carboit)is
possiblethat the cost of providing low capacity factor gasiricipally required fokvinter space
heating demandnd gadired peaking generatigrcouldrise more significantlyThis is dudo the

5 The exit of petrochemical demand will have little impact on gas network casivery as the closto-

wellhead locatiorof such demand means that the petrochemical sector contributes little to current network
cost recovery. Likewise, the exit of the Taradakated TCC baseload gired generator will not have major
impact on gagetwork revenues, but the Huntlpcatede3p baseload gafired generation will have slightly
greater network revenue impact.

Supply Demand Draft v10.0 11 Saved16-Sep19
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loss of resourcethat have historically provided a lot of energy flexibilitparticularly the Maui gas
field, and the potential exit of Huntly cefited generation. The exit of methanol production would
also remove a source of energy flexigibibleto address extreme situations of scarcity.

Offsetting thisreduction in the supply of flexible fossihergy resources could be a reduction in the
demand for flexible energy due the Wver-builddf renewable generation Depending on the
extentof over-build this could significantlseduce (but not eliminae) the needfor gasfired
generation to provide seasonal and drgarswing.

Other factors could also materially alter the supply / demand balance for energy flexibility on
different timeframes, induding:

1 Investment to improve the injection & extraction rates for the Ahuroasgfasage facility and
9 Largescale battery deploymentsparticularly in a mass fleet of EV vehicles.

9 Climate change reducing the seasonal difference between wintelifgeatd summer cooling
demand.

Our modelling has sought to capture at a highel the effect of many of these factoggparticularly
the relative costs of providing energy flexibility from dimed versus coalired generation, and the
extent to which oer-build of renewables will reduce the need for flexible energy. However,
detailed exploration of all of the above factors and the implications on the price of gas for flexible
uses, was beyond the scope of this study.

Supply Demand Draft v10.0 12 Saved16-Sepl19
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1 Purpose and structure of report

1.1 Purpose

This2019Gas Supply and Demand study is thartio in a series operiodicreports commissioned by
Gas Industry Company. These Supply / Demand studies:

1 analyse thdongterm drivers of outcomes in the New Zealand gas industogth the upstream
supgdy-side of the industry, and thearious demand segments

1 developlongterm projections of possible futures for the sector, basedhoodellingof the key
sector drivers identifiedni the study.

The purpose of these studiestisfacilitate informed decisiommaking by stakeholders in all parts of
the gas sector (upstream, midstream, downstream, consumers, regulators, and government)

Eachstudyhashada similar general purposéloweer, each study has also exploreedrtain issues
in more detaitthat have bea ofimportanceat the time The key issisexploredin this studyare:

 The endof-life ofsome otb S & S llafgéstgaRmailucing fieldccurring within the next
10 to 15 yars and the economitactorsandpolicy settinggriving possiblalevelopment of
new fields

1 The implications of varioudimate-changerelated policies including:
- Altered oil & gas exploration policy settings
- Higher potential carbon prices
- The policygods of achieving
100% renewable electricity generation by 2q8%5a normahydrological yegdr and
net-zero carbon emissions by 2050.
Theissues receiving specfalcusin the previous studies are summarisedliable2.

Table2: Issues in focus for past Gas Supphgddemand studies

Version| Issues in focus

2016 9 low oil prices

1 majorchanges in the power generation sectpofential closure offiwaialuminium
smelteror Huntly power station)

2014 1 power generation sector
1 more detailed projections of gas outcomes
2012 1 peak capacity issues
1 network investment and capacigllocation on the northern gas transmission

system

SWhBENRQ SYAaarazya [ NB OFftOdzZ FGdSR Fa 3INRaa SYAaa
planting trees.
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Although te principal focus of tils study is on analysing the key loeteym drivers of outcomes in

the gas sectotthis report alsccommentsat a elatively high levebn the supply deliverability /

flexibility issueswhich have been causing some recehallengesn the market.

1.2 Structureof this report

1 Section2 analyses the factors diivg upstream gas supply and setg possible scenarios for
additional gas reserves that could be developed to meet future demand

1 Section3 summariseshe keyfactors affecting demand from different sectors of gas users
drawing uporthe more detailedsectoralanalyses set out isection6 in the appendices.

1 Sectiord sets out projections for aggregate gas demamd supplyunder a range of scenarios
that explote possible futures fo€Q price and gas resees

1 Section5 addresses at a higlevel some of theurrentissuesassociated with supply
deliverability / flexibility

Supply Demand Draft v10.0 14 Saved16-Sep19
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2 Gas Suply

This sectioranalyses the factors driving upstream gap@y and sets out possible scenarios for
additional gas reserves and resources that could be developed to meet future deriede
scenarios form the basis of the detailed modelling described later in settion

2.1 A brief history ofb S ¢ %S lgésindastr a

Inthemtpc n Qa bSs %SIEtlFyR a0FNISR SELX 2NAY3 FT2NJ 2Af o
 the Kapuni field in oishore Taranakh KA OK ¢l a4 RAa02O3SNBR ;andR RS@Sft 2
9 the large Maui field in offshore Taranalliscoveredpproximatelya decae later.

These two discoveries were very rich in natural gas. Indeed, in energy, mppreximately 75% of
the hydrocarbons in those fields were natural gas.extract and sell the ciNew Zealand also
needed to extract and sell the gas. Howewith no physical connection to the rest of the world
(either by pipeline otiquified natural gagLNQ export facility) there were no ready markets for
such gas.

Accordingly, as partofthe0l f ft SR W¢KAY {1 . A3IQ AYAanksingasugiya 2 7F
industries were undertaken, particularly petrochemical production irsbare Taranakif¢r
methanol, synthetic petrol, and ureanpdgasfired power generation.

[atN
—

Over time, other gas demand developed, particularly for industrial procests dnd, throughthe

conversion of theoalgaso | ®1 ® I & 7 iétivérks 16 nafukabggsesidential and commercial

demand for space and water heatin@as transmission pipelines were developed to take gas from

Taranaki to the main population censén tre North Island. No gas pipelines were developed to

Gr1S 3ra (2 GKS {2dziK Laft | yaR@lgagusitgiconsuld sebtdsa dzf G (U K
are solely in the North Island.

CNRY (GKS mMpTtnQa GKNRdJzZAK (2 [pply e Armobterdirelymenoy Q&> b S¢
the Maui and Kapuni gas fields. No ngasfields were developed during this perigdrgely

0SOldzaS bSg w%SI | y-ided Tasbigal existingiderdandrvasyitetybiRMaui

FYR Y LdzyA | yRZI dzy frySasizelsimidivid Madi fvab in&le Wolild roh@ S

economic to develop additional demand through the development of additional petrochemical

industries.

In 2002 the owner$ of the Maui field undertook a technical-evaluation of likely remaining

undS @St 21LISR 31L& 6AGKAY GKS FTASERO® ¢CKA&a WNBRSGSNY
remaining reserves in the Maui field and pushed the New Zealand gas sector into apokiti

relative tightness.This tighter positionand associated higher pricis gasresulted in the

development of new gas fields, particularly the offshore Pohokura and Kupe fields, and the onshore
Mangahewa and Turangi fields.

7 Coal gas was produced by applying a orixiof heat, pressure and chemicals to coal to release a variety of

calorific gases used for lighting and heating.

8When it was discovered, the Maui gas field was the eighth largest find in the world. (It habesince

superseded from that spot by sexarsubsequent larger discoveries around the world).

Experts consider that the Maui field is likely to be the largest field in the Taranaki basin, and that any

subsequent discoveries in the Taranaki basin are likebetsubstantially smaller.

%InthisrdJ2 NIIi ¢S O2ftf2ljdAlfte NBFSNI (G2 FASER W2gySNBRQ | a
the resource. Strictly speaking the Crown is the owner of the resource.
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All but the Turangiiéld had been discovered before the Maui redetermination announcement

(notingthat exploration foroil continued throughout this periodut not developegreviouslydue

G2 bS¢ %SIflIyRQa RSYIYR 0SAy3 FdAfe &aFlGAaFTASR o0&
Although the ginificant reduction in Maui supply brought forward the development of thesg ne

gas fields, the long developmetitne for a gas field meant that New Zealahdd asignificant

reduction ingassupplybetween 2003 and 2013.

Thissupply reductiorresultedin a reduction in demand from two key demand sectors:
1 Petrochemical production, ith the significant scaling back of methanol production by Methanex

1 Power generation, with Huntly power station largely switching to coal instead of gas, plus in the
latter partof this period, some displacement of baseload-fjgsd generation through the
building of geothermal and wind power stations.

With the progressive development of new gas fields from 2006 onwards, New Zealand gradually
increased its gas supplndpetrochemical production progressively raegback up to reach full
capacity from 203/14 onwards as New Zealand®ed (i | 6 f A & FRIEE { X BR QW LIBIAAG A 2 Yy ©

Unlike petrochemicalgyasfired generation did not materially increase to previous levels
Investments in new renewable generation, as well as largely flat electricity demand2d66h
through till 2018 led to the retirement of ®me baseload gafired stations.

This history of changing supply and demand, and associated changes in gas prices, are ttgown in
following figures.

Figure6: Histarical gas production in New Zealand by fieéfd
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Source: Concept analysis of MBIEadat

0 The significant reductioim 2018was die to a technical issue #te Pohokurdield affecting production
DA@SY GKIG t2K271 dzN» Jp@ddudng field#sslied to selRtiGeishoftdgNEitE a ¢ I a
petrochemical demand scaling back until the issues were resolved.
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Figure7: Historical gas demand by key segméht
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Figure8: Historical changes ilNew Zealand's remaining 2P reserves and industrial gas prices
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Hy{ 8y T dzd the pradbidtiénnd synthetic petroWt SGNR OKSYQ NBFSNAR (2 (GKS LINBR
dzNB I © w9t SO -l pover YdeFafidihtheiit®an gibed cogeneration of electricity and heat
GKAOK A& froStftSR W/ 23S8SyoQ
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2.2 Drivers for future gas development

Every year, gas fieldperatorsare required to report how much gas (and oil) they have left. The

principal number tht is reported is the estimate of remainingserves Reserves are accumulations

of gasand oilwhich are anticipated to be commercially recovered. This includes adationsfor

which development investment has already been undertaken (both developofenprocessing

facility and drilling of wells) or where the field operator has a firm intention to make such

investment. The central estimate dhe quantity ofgas@l At F 6t S A& 2F0Sy NBTSNNI
numberwhichrepresents the 50 percentile stimate of the physical quantity of reserves in a field.

(SeeBox1 below for moredetail on this classification).

AsatlJanuary29Y (G KS (201Kt 2F bS¢g %S| fustgvRrREO0 NISGIZNI SR 3
averageannualRS Yl YR 2F ' LIWINRBEAYIFG0St& uwnn tWI GKAA AYLX
gas remaining if demand weto continue at current levels.

However, thigeservedigure is only part of the remaining gas left in existing fields. Bigddators

are al® required to report estimates afontingent resourcesTheseare additional gas

accumulations which are tsated toexistt YR OF LI 6f S 2F 06SAy3a NBEO2ISNBR
technology butfor whichinvestment in their development (e.g. in wellshist deemed

commercially viable at the current time.

When the50" percentile estimate otontingent resources areddedo (0 KS  WH / tie y dzY 6 S ND
NBYFEAYAYy3d RSOSt2LI 06fS ljdz yiAd®am@ost43003. AY bSg %St

This categorisation of aflRIQa I+ & 6+ YR 2 A O(askefdukin nivre BetabiBoR y i O 0 S
lbelow)K A IKf AIKG& GKFG LISGNRE Sdzy RSOSt2LIVSyd AayQi

I LINPOSaaAy3a Tl OAf Advaloprheit, ad keh opgening tditapiil alfitkeS FA S RC
petroleum is extracted.

Instead, development of petroleum from a field requires constant investmeaarticularly in wells.

Over the life of a field, multiple wells may be drilled as output from easdils decling, requiring

the drilling of new wells in different parts of the field structur€.dzNJi K SNE LISNRA2RA O WAy (
investment is generally required in existing wells once output levels have declined below threshold

levelsto partially restoreoutput levek.'?

The extent of welinvestmentrequired, andhe pattern of well interventiorundertaken vary

significantly between fields. For example, the reservoir characteristics of the fields in offshore

Taranaki mean that relatively few wells asgjuired, witheach well producing large quantities of gas

2PSNI AGa ftAFSGAYSOD Ly O2y N adz GKS WIAIKGQ VYI
requires five to ten times more wells to be drilled to produce an equivalent amount of gas.

Giventhis patternof requiredongoing investment, it only makes commercial sensecqimmit to
suchaninvestment if there is a ready market for ga&&ven thedemandlimited nature of New
%St f Iy RQA&, saihe develspmiddt iBvéstment will only occur onaely from eisting well
investment is no longer capable of meeting demafdch investment generally occaslightly
before it is needed to prevent situations of temporary shortfall.

2 This pattern of dedtie in well output is due to pressure die® as the petroleum is extracted, as well as
gradually deteriorating physical condition of the well (e.g. due to accumulation of mineral deposits around the
well).
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Box1: Classification of petroleum reserves angsources

Petroleum fieldoperatorsmust compile their reports of their remaining gas andmiccordance
with the internationally recognised Petroleum Resources Management Sygtetished by the
Society of Petroleum Engineers (SHEgre are three catgories undethe SPE classification
system®?

1 Reserve® Wtwkiahare known accumulations @il and gas thaare anticipated to be both
technically and commercially recoveradler G K (2 R @ Qa (SOKy2f 213
will come from wells tht have been drilled, or that field operators have a firm intention to
drill.

1 Contingent resource® W, wklahare estimates obil and gas thaare technically recoverable
GAGK G2RI&Qa (SOKy2f 238 atpresdnil The definitiacd?2 y a4 A R
commerciality for an accumulation will vary according to local conditions and circumstan

1 Prospective resourced W,\which are quantities abil and gaghat are estimated to be
potentially recoverablebut have not been diseered yet Such esmates may be based on
hightlevel statistical evaluations (effectively extrapolating based on other discoveries in g
basin), through to estimates with greater degrees of confidence based on actual seismig

Within each categorythere is further subdiision based on the assessed level of uncertainty

associated with an estimae C2 NJ NBaSNIWSa G(GKS GKNBS YI A
LISN) OSy i LINRPoOolFOAfAGEYS Wt NRoOlFOGEf SQ 0O H)tbéinga A
per cen probability. There are similar 1C / 2C / 3C and 1U / 2U / 3U subdivisions for conting
and prospective resources.

The SPE classification also defines Unrecoverable Resources as those estimated not to be
recoverable by future devefmment projects for ¢chnical or commercial reasons.

Together, these categories make up the total petroleum in place.

The matrix of categories is shownRigure9.

13 Seehttp://www.spe.org/industry/petroleumresourcesclassificatiorsystemdefinitions.php Reference
should be made to the full SPE/WPC Petroleum Reserves Definitions for the complete definitions and
guidelines.
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Figure9: Matrix of reserveand resource classifications
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At first glance, thdact that current reserves can meet current demand for ten years would imply

thatinvestmeg/ i (2 RS@St 2L O2yiAy3aSyi

NBaz2daNDSa ¢2dzZ R 2

However, the fact that production from wells shows a pattern of constant decline méahsupply
deliverability fromwells producing gas from petroleum classified as reseni$yyicallystart to

fall-short of the demand for gas far sooner than that.

This is illustrated ifrigurel0which shows a 2018 projection producedthg Petroleum Expla@tion
and Prodution Association of New ZealanBEPANDf the likely production profiles from gas

classified as 2P reserves.
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Figurel0: 2018 PEPANZ projection of likely gasguction from 2P reservés
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Figurel0 highlights gorojectedgapfrom 2020 between available supply from existing reserves and
likely demand from industrial, commercial and residential users, gais§ired power generation
operating at levels consistent with recent years and petrochemical production operating at full
capacity.

In the sameprojection, PEPANZ indicated that such a gap cpoténtiallybe addressed through
investment in the development of contingent resources frorsemng fields. Thisis shown irFigure
11 below.

Figurell: 2018 PEPANZ projection pbssiblegas production from 2P reservedus 2C resources
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“dagaé NBTSNAE Iu§ RandaKe®a fields ¥hDBhote Taranaki.
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This analysis from PEPANZ indicated,tiialemand is to continue at current levels and was willing
to pay the amount required to support delopment of contingent resources, thémvestment in the
development of contigent resources from existing fieldsulddeliver sufficient gas supply to meet
demand at current levels until the latter part of the next decade.

Howeverdevelopmentofcontin§ y i NB &2 dzZNDOS& Ol y Qi YIFAydl Ay 2dziLdd
Eventually, dpletion of reserves and resources from existing fields will reach a point where new

sources of gawill need to be found and developed if output is to continue to meet currevtlieof

demand. Figurellindicates that this could happen towards the latter part of the next deaade

albeit noting that such projections are subject to inherent degrees of uncertainty.

This raises two key questions:
1 How much unicovered gas iikely to be found and developed in future years?
1 Is future demand for gas likely to remain at current levels?

The answers tboth questions are strongly intdinked,asgas supplyvill only be developed if there
is sufficient gas demanulilling to pay a least as much as it costs to developTib unpick this
guestion, the remainder of this report addresses:

1 How much additional gas could be discovered over the next few decabaisguestionis
addressed in sectioR.3.

1 How much would it cost to develop such new discovegiaad to develop the contingent
resources from existing fieldsPhisissueis addressed in sectidh4.

T 2Atf bSgo %SIHtlyRQa 3l a Owyay fiimgasyatdhe eRi@dndrétiio 6 S 6 A
bring forward such developmeumtparticularly if rising carboprices increase the effective cost
of gas?This is addressed in secti@n

1 How will threinterplay between the scale of pential additional resource (and cost of
development) andhe scale of potential demand (and willingness to pay) drive outcomes for
bSé wSI | y Reicodingdecad&his B &ftiressed in sectidnwith modelling
undertaken to develop potential projections of supply and demand for gas out t0.2050

2.3 How much gas could be developed to meet future demand?

One of the ky inpussinto ourmodellingof LI2 6 SY G A f 2dziO2YSa Fadd bSg »%SI|
assumptions about thextent of future gas that could be developed to meet future demand.

Subsection2.3.1describesur analysis ofhe potential additional gas thatould be developeffom
existing fieldswith daub-section2.3.2setting out the analysi®f the possible gas that could come
from asyet-undiscovered fields.

2.3.1 How much additional gas could be developed from existing fields?

Figurel2 shows the latest published estimates by field ownedrgheir remaining reserves and
contingent resources for existing fields as at 1 Januar®.201
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Figurel2: Publishedestimates of remaining reserves and contingent resourcesdxisting fields as
at 1 January 209%
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Source: Concegtnalysis of MBIE data

We use the sum of the 2P and 2C numbmmoss all fieldasthe starting point for ouiCentral
estimate of the scal of reserves and resources from existing fi¢ldg could potentially be
developed to meet future demand.

However,we have also sought to take account of the fact that there may be some other factors
which impact whether an accumulation classed as cgetint will be developed or not. For example,
possible uncertainty around future consenting, or uncertainty over the of development for
accumulations which have had little or no exploratory wells developed. Based on advice from an
external geologistdvisor to Gl@ve havefactoredthe 2C numbersy 75%.

Thus, our Central scenario for the scale of additional reseamdgesources thatould be developed

from each field to meet possible future demand = 2P + 75% %2€.S A Gl f AOA &l GA2Y 2F
RSOSt2LISReé Aa G2 adGNBaa GKIFG 2dz2NJ Y2RSt A3 2yf e
the futureif the madelling of the demand side sectors (as set out in se@®)andicates that their
willingnessto-payin the future (factored by factors such as the carbon prisgjreater than the cost

of developing these reserves and res@msc

Our modelling also addresses theaertainty over the scale of additional reserves and resources
that could be developed, through developing Low and High scenarios. We use the published 1P/3P
and 1C/3C numbers as the basis for developing these sgtysiicenarios.

5 The columns have been formatted and ordered so they are additive. Thus, the 2P column represents the
incrementalgas reserves above the 1P value. 2C resources reprdsetital quantity of 2C resources (nogin

that there is no reporting of 1C resources). It is therefore appropriate to consider the top of the 2C column as
representing the total quantity of reserves and resources with 50% probability of exceedanceP Toke@in
represents thancrementalgasreserves above the 2P value. There is no reporting of the 3C value.
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The Low reserves scaro for each fieldscalculatedd @ Y dzf GALX @Ay3 GKS FTASE RQa
ratio of thetotal New Zealand P number to the total New Zealand 2P number. This is repeated for
the High scenario using the total New FEeal 3P number®

Thisgivesvalues wiich are-15% and +18% of the 2P numbienplyinga 3P/1P ratio of 1.4

1C and 3C values are not published by MBIE for contingent resources. However, it is known that
they exhibit a similar variation to that for reses albeit with the scale of varianaeaterially
greater.

Accordingly, in developinigow and High scenaria$ contingent resources we have assumed that

the percentage scale of variation relative to 2C numbers is twice the percentage variation of 1P and
3P to the 2P numbers. This gives al3Cratio of 1.9.These contingent resource numbers are also
factored by the 75% value used for the 2C estimate to reflect the other factors mentioned above
which can impact whether an accumulation classed as contingirbe developed or not.

The last pint to note relates to the Kapuni 2C numbers. Unlike the other fields, the majority of this

resource relates to a new, deeper accumulation, that is several hundreds of metres beneath the gas
deposits that are currefy being extracted as part ofthe Kaph FA St RO ¢CKAA 3IAODSE
resources some characteristics that are similar to a new field. Accordingly, in the modelling we have
aSLI N G6Steé ARSYUATASR RSOSt2LIVBQUTREE RO Lddzy A 5SS
In the absence of publicatih, we have made an assumption tie06 of the published 2C values for

the Kapuni field relates to Kapuni Deep. This is based on the significant decline in production from

the existing Kapuni field, and the assumptitat this indicates that the gas frothis accumulation

are coming to the end of their life.

One aspect of treating this like a new field is assuming that in the Low scenario no new gas is
developed from the Kapuni Deep accumulations.
2.3.2 How much gas coultle developed fromasyet undiscovered new field?

We have based our scenarios of the likely extent of future gas that could be developed fy@t as
undiscovered fields on modelling undertaken by GNS and MBIE.

In 2015, GNS published a report on the likayential for addtional gas discoveries in New
%S| f pefi¢teOribasinst’

Thisreport came up with a P50 estimate of undiscovered igabe Taranaki basiof approximately
6,000 P3® Thisvolume ofgag & SljdzA @ € Sy d (2 on d&bWHEIQbes 2 NIK 2 F

16 It would be inappropriate to use the individual 1P and 3P numbers for each field, as this would give a

cumulative probability across all of Ne8E f Y RQ& TA St Ra ifierkm tO ke 9% prabalafitg G | y i A | §
of exceedance and 10% probability of exceedance which the 1P and 3P numbers are meant to represent. For
example, the probability of exceedance of tt@mbined3P numbers for two fields would be 10% * 10% = 1%.
7gAssessmer@ ¥ b Sy %SIFflFyRQa | YRAAO2OSRBR>t BENR{ QA8 y @S 3 2 f81
2015. This updated their 2009 work for MBIE.

181n developing scenarios for the amountofgast@e?2 dzf R 6 S RS@St 21LJSR FTNRY FTASt RA
discoveredyet, we have limited our analysis to potential discoveries in the Taranaki petroleum basin. This

covers onshore Taranaki and an area of sea extending hundreds of kilometres out from Taldrisks

because, as set out in previous gas Supply / Demardiest, even though there are many other petroleum

basins in the seas all around New Zealand it would be uneconomic to develop the gas transmission pipelines to

bring any such gas to New ZeAdlR Q& O dzZNNIBseftiiccgastmarkst. yktdad, any findplaces such as

in the seas off Canterbury or the Great South Basin would Hilady either be developed by developing

petrochemical facilities where the gas comes ashore in such placiésyauld be developed through floating

LNG production vessels Withe gas being exported overseas without ever touching New Zealand soil.
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contingent resources from existing fields.

It further indicated that this 6,000 PJ would be spieamong a few discrete fields, with its P50
estimae being for six fields in offshore Taranaki, and eight in onshore Taranaki. This distribution is
illustrated inFigurel3.

Figure13: Estimated distribution of size of undiscovered gas fiéids
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SourceConcept analysiand modellingof GNS data

However, the GNS report highlighted that it was extremely unlikely that all this gas would be
discoveed, never mind developed. This was daghe significant cost of exploration
(approximately 80 million for asingleoffshore exploration wé) and the low likelihood of success
(GNS estimated-ih-10 success for an offshore exploration well).

In 2016 MBE undertook modelling which sought to estimate the likely extent of gas (and oil)
discovery and development vto 2050. This modelling was based on the analysis developed by
GNS, in conjunction with work it commissiorfeain Michael Adams Reservoir Emggringon the
costs of oil and gas exploration and development. This modelling came up wéhreestimate d
additional onshore and offshorBaranakigasfrom asyet-undiscovered fieldthat would be
discovered and developed approximately2,250 PJ700 PJrom onshore and 1,550 PJ from
offshore Taranaki

The fact that thisestimate of how much would be dewgledis only approximately onthird of the
6,000 P&GNS estimated would physilly existreflectsthe fact thatit is extremely unlikely that the
majority of petroleum reservoirs in a given basin will be discovered and developad iglue to

19To help contextualise the size of these potential fietls, estimated ultimately recoverable size of gas
reservesplus contingent resources for existing fields is as follows:
- Offshore
o Maui=4,400 PJ
o Pohokura = 1,600 PJ
0 Kupe =450PJ
- Onshore
o Kapuni (excluding / including Kapuni Deep) = 1,100/ 1920 PJ
0 Turangi =450 PJ
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the inherent difficulties of trying to locate relatively smaltcumulations of hydr@rbonsmany
1At 2YSGNBa o0SySI duhichiikofien Bsklffaditte BaitondotitneIsda O S
Then in April 2018he governmentannounced an amendment the Crown Minerés Act1991
regarding the issuing of future petroleum exploration permits.

Under thisamendment new exploration permits would only be issued for treshoreTaranaki
region. N new permits would be issuddr offshore exploratiorg either in Taranaki oelsewhere
in New Zealand but existing permits woulaot be affectedwith their conditionsremaining
unchanged?®

After this April 2018 announcement, MBIE updated its modelling of the likely extent of future gas
discoveries and developmefrom asyet-undiscovered fields This indicated a revised estimate of
approximately 850 Raf future gas being developed. Given that exploration settings for onshore
Taranaki are unchanged, this indicates that the average extent of discovery and development of
offshore Taranaki has fallen from 1,550 PJ to 150 PJ.

Further, it should be appréated that this 150 PJ represents threeanoutcome of a range of
possible outcomes. Given the distributionligely undiscovered field sizes showrFigurel3, this
150 PJ represents the probabilityeighted average of a range of possible futugesith the most
likely outcome being no new offshore gas discoveries, and a smaller number of podsitge futh
a relatively large gas discovery of hundred$J.

DA@PSY (GKAA NBfIFGAGStE & WOoOAYIFINEBQ aALISOG G2 7Fdzi dzNB
scenarios of likely future gas that could be discovered and developed

1 Three scenariosorresporRA Yy 3 G2 2dzNJ a1 A3K «k / Sihgentor23.k [ 26¢
previously. These only feature new gas developments foorshoreTaranaki discoveries. The
Central scenario has 700 PJ of additionatiscoveredyas capable of developmeq dzNJ WH | Q
number. This 700 PJ valisghe central numbe N2 Y a . L 9 (ke LdwyahdfH@a A a
scenarios have a scale of variation which is twice that of the variatioonitingent resourceset
out in section2.3.1 This gives a 3U/1U ratio of 4.3. For cangbn, the GNS report had a
3U/1U ratio for undiscovered gas in the Tararzdsin of 5.8.

T Wehavegy | RRAGAZ2YIf WhTTaKIhNShasihe GentRaivalle odhidhdr®d & OSy

Taranaki discoveries but a single additional offshore discove39®P4; a size that is roughly
mid-way between the existing Kupe and Pohakiields.

20 Existing exploration permit holders can, under some conditions, still apply to:

 make changes to a work programme

9 extend the duration or the land area under permit

9 transfer the permit to another party or another operator.

Furthermore, if parties holdingffshore exploration permits make a discovery, they will still be able to apply to
develop those towards productiobased on the same application process as previously.

For more information see the Beehive announcement and FAQ at
https://www.beehive.govtnz/release/planninguture-no-new-offshore-oil-and-gasexplorationpermitsand
https://www.beehive.govt.nz/sites/default/files/2018
04/Planning%20for%20the%20future%20%20Q%20and%20A.pdf
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2.3.3 Overall scenarios for the scale of reserves and resources which could potentially
meet future demand

Figurel4 andFigurel5 below (showing the same data but in two different format®imbine the
different scenarios for the potential extent of additional gas that could be devel@mped existing
and asyet-undiscoveredyas fields.

These four scenarios are a key input into modelling of New Zealand gas futures set out in section
4.

Figurel4: Scenarios for scale of additional reserves and resources available for development as at
1 Jan 209 ¢ Split by field
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Figurel5: Scenarios for scale of additional reserves and resources available for development as at
1 Jan 2019 Split byresource category and onshore/offshore
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2.4 How much will it cost to develop these additionabntingent resources and
undiscovered gas fields?

One of the complexities of analysing oil and gas development economics is that the costs of
development arevery situation specific.

Thus, all the following factors can have a huge bearing on the e#ebitJ cost of developingd
producing the petroleum resource:

1 the characteristics of the rocks in and above the reservoir;

1 the quantity of petroleum resource in the reservoir;

9 the depth of the reservair;

1 the location of the field (particularly onshorerges offshore, depth offshe);

1 the extent of existing onshore pipeline and/or processing infrastructure; and
1 the proportion of gas versus liquids in the petroleum resource.

The scale of this variation was highlighted in liehael Adams Reservoir Engini@g report to

MBIE orthe costs of finding and developing oil and gas fields. Thus, some fields could have

production costs orders of magnitude higher than other fields.

Il OO2NRAyYy3Ife&sx Al Aa y2d I LILINELINR I (nGgadifildsa | & G KSNB

~ “z

Rather, th&lB8 A& | O2ydAydzdzy 2F O240G& NI}Iy3IAy3I FTNRBY G&NB
F@SNIF IS 3IF & LINKROSA & S@aferiallyhighBritharSaverageyasforidés Neen t& A I K €
date).
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These vague phrases are not vaglpful in gaining an undsetanding of the economics oil and gas
exploration. However, it is possible to draw some general conclusions which are useful in
considering the likely scale and extent of future gas exploration and development in New Zealand:

1 There are significant fixecosts associated with both exploration and development, and such
costs exhibit economies of scale. The result of this is that the $/GJ development cost of a field
tends to fall in an exponential fashion with the size of tleddfi Depending on the othe
characteristics of the fields, this also means that some of the smaller fields that GNS considered
likely to exist (as illustrated previouslykigurel3) could be uneconomic to develop if their
costs of development are above tipeice of gas which consumers are willing to pay.

1 The costs of developing an offshore field are generally considerably greater than a-sipeithr
onshore field. Thimeans that the minimum economic size for an offshore field is considerably
larger thanthe minimum economic size for an onshore field.

9 There is an optimum sizing of the production assets for a fie#dls, associated extraction
infrastructure, and procesing facilities)leading to an optimum length of time for the fi€dch
productive life ¢ typically between 8 td5years, with the larger fields having longer productive
lives. Producing the petroleum resource at a lower &g smallesized productia assets
thereby extending the life of the fieJavill tend to increase the $/GJ cost developing the
petroleum resource due to losing some of the economies of scale.

One of the key corollaries from this point and the previous point is that developiegva
offshore field will require offtake rates that can only be satisfied by the sdalernand of a
large petrochemical producer.

1 Because there are significant fixed costsnaterial proportion of which are incurred at the start
2T I FTASEtRQAa tATFS

- the incremental $/GJ costs of producing resery@articularly those for which wells have
already been drilledare relatively low

- the incremental $/GJ costs of developing contingent resources from an existing producing
field are generally

higher than the incemental $/GJ costs of producing reserves, given that contingent
resources generally redre additional wells to be drilled; but

lower than the overall lifetim&/GJproduction costs of the fielthcluding the initial
upfront development costs

1 After afield has been initially developed, it is hard to materially increase the deliverabity (i
maximum production capacity) of the field without incurring significant additional capital
investment costs in production assets.

9 Fields with a higher proportioof liquids require a lower gas price to be economic than fields
with low proportions of ljuids, all other things being equal. This is because liquid sales will
O2y (iNAOdziS (2 NBO2OSNE 2F | FTAStRQaE FTAESR Ozaid
greater if the $/GJ price of oil is greater than the $/GJ price o€ gashas generallyden the
case to a material extent over the past couple of decades. This also means ttiaesteold
gas price for development of a field to be economic will teméhll as the oil price rises.

In developing the supply / demand modelling set out in E&cd, we have sought to capture the
above general dynamics, whiteting that field specifics may result in variations in outcome to that
modelled.
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3 Gas Demand

In considering the demanside of the future New Zealand supplyérdand equation, we have split
demand into four key segments:

T

1
1
T

&

concept

Massmarket (residential and commeial) use for heating energgrincipally space and water
heating)

Industrial use for heating energgr{ncipally process heat)

Power generationlqoth electricity-only and cogeneration)

Petrochemical productionafth gasused both as a feedstock and as energy fuelf*

Figurel6 shows how demand from these segments has varied over time.

Figurel6: Historical ga demandfrom different segments
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In modelling the likely outcomes for these different segments, and their interaction with the supply
side, we have adopted the following framework:

91 For the first three segmentsve project the demand for the underlyirsgrvicefor which gas
could be used. i.e.

The demand foresidential and commerciasaceandwater heating)isdriven by population
and GDP growthandassumptions as to the extent of future energy efficiencinga

The demand for industrial process heat is driven by GDP growth and projected output from
the landsector (i.e. projected dairy and meat output). Assumptions are also made as to the

extent of future energy efficiency gains.

21|n the early 1990s, gas was also used to make synthetic petbal & y T dzS f @type of pekdchiemidal a
process.
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- Overallelectricitydemandg split between generation to meet baseload demand, and
ASYSNI GA2Y (2 LINE JA R S(ndltigthe rdlefimtaded S OG0 NKX OA G &
generation plays ibbalandngvariable renewable generation on a seasonal and yearear
basig. As well as ppulation and GDHriven growth in current demand segments, we
project the uptake of electric vehicles and industrial process heat electrificatiath of
GKAOK I NBE ReylYAOFIffte fAy]l SRandigagprices&dtie2 RSt Qa
scenaio-driven assumptions around carbon price asidand gas prices.

1 In contrast the potential demand forgas forpetrochemicaproductionis represented byhe
production capacity of the existing methanol and urea production facilities.

 Weestimateeachsy Sy (1 Qa  &th-paf/ foryjas yo naed the projected underlying
demand by calculating competitivenesgasrelative to the alternative:

- Inthe case of space, water, and process heating, the principal alternatives are switching to
electric heating andin the case of process heat) biomass

- Inthe case of electricity generation, the principal alternative is renewable electricity
generation (wind, geothermal, solar and hydro)

- Inthe case of petrochemical production, the alternative is overpeadudion.

For each of these segments, we calculate the threshold gas price beyond which it would-be cost
effective to switch from New Zealand gas to the alternative.

1 The above approach effectively builds up a demand/e for gas, which is stylistically
repreented inFigurel?.

Figurel7: Stylistic representation of the demandurve for gas
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1 The modethen simulates the interaction of this demand curve with the effective supptye
for gas, being the lonterm cost of developing gasserves andesources factored by
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production capacity limits as described previously in seidn This results in a projection of
how much of the demand for the service (e.g. heating, electricibegaion, demand for
methanol & urea) is met by gas versus the alternatives (e.gtrdneating, renewable
generation, overseas production of methanol & ureRyojected gas demand for a year, feeds
into how much gas is available to be developed fdrs®guent yearsDifferent assumptions
feedingin to the supplyside of the equatiorfe.g. how much gas there is to develop and at what
cost)would alter the projections oflemand for the different sectors out to 2050.

Appendix6 sets out some detailednalyses of the dynamics of each demand segment which drive
the effective New Zealand dematdirve for gas at any moment in time. This section of the report
summarises the key aspects of these analyses.

AlthoughFigurel7is a stylistic representation, the magnitudes of the annual quantities of gas
demanded by each segment (@&presented by the-axis), and the relative values for the abitity
pay between thesegmentqas represented by the-gxis) have leen set to be broadly consistent
with current levels.As such, it is a useful basis on which to dmawsome of the key dynamics of
the New Zealand gas demand segments.

The reality of the different segmentsd G KIF G G KS& gAf f hgwhinths GapRA & ONB (G ¢
but rather a continuum representing many different gasing situationgas set out in more detail
later in this sectioh We have simply split the key segments as terciles for this gexpbpt for:

9 electricity generation which hastee blocks of peaking generation, a block of cogeneration, and
a large block of baseload power generation.

1 petrochemicals which are split into the three methanol production trains and the one urea train

Petrochemicals demand has driven much of the New [ded gas market outcomes tdate

Figurel7 highlights that he segment with the lowest willingness-pay is petrochemical
production. Thiswillingnessto-payis set by the opportunity cost of producing petrochemicals
overseas Key aspects of this NZs-oversea-petrochemicals dynamic includ#ie sunk capital
associated with NZ production, the age and relative efficiendyZoproduction, and international
shipping costs.

The fact that petrochemicals production has the lowestimghessto-pay of all the gas segments
combined with its very large siZeas resulted in two important outcomes:

1 As previously described in segti@.1, petrochemical production has scakedck at times of
scarcity (particulayl after the Maui redetermination in the early 2000sdnd has increased
duringtimesof relative supply surplus. As such, it has played adeyfor the upstream
industry in terms of helpingp monetise gas reserves aidproviding confidence that thee
would be a market for any future resources discovered from exploration / developmen
investment. It has also been important for other downstream segments in termeglating
consumption at times of scarcityhichenables scarce gas to go to higherlua gas uses.

1 aSiKI ySEQé&to-gaj tias besh A We$ driver of New Zealand walke gas pricesgjiven
that the upstream supply curve has effectively intersected the demand curve at this point. This
willingnessto-pay has varied over time as the @mics of the world methanol market (and
associated methanol prices) Y&changed?

During the years of extreme supply tightness, post the Mauiatermination and before the new
fields such as Pohokura and Kupe had been developed, the scaling back ah&etheant that
prices started increasingtg be set by the next segménf demand along the demand curve. If

232480 27T aS8ugdlyydttatisihav@ b @sharing arrangement whidink the price paid for gas
to the world price of methanol.
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future situations of supply scarcity emerdeading to the exit of Methanex, it would be likely that
similar dynamics would result in gas psdeeing progressively set by the next highest segments of
the demand cuve.

The willingnesgo-pay for other segments exhibits significant variation

Figurel7 highlights that the willingnes®-pay for the other segments (space &tenheating,
process heat, and electricity) exhibits significant variation both betweenatih these different
segments.

The fact that the willingnes®-pay for gas varielsy segmentshould be no surprisgiven the very
different characteristics oftese segmets and the nature of the alternatives to gas for each
segment.

The fact that there is significant variatienthin a segmenteflects that there are very different
circumstances for thdifferent gasusers within each segment, and which affée relative
economics of gas versus the alternative.

For space and water heating, the analysis in se@i@mof the appendixhighlights that the main
alternative to gas is electric heating. The economics of the diffexetibns are dominated by the

capital cost of the applianceasswitching out an existing workable appliance (gas or electric) is very
costly. Thus, there is significant variation according to whether an appliance needs replacing, or not.
The presence dixed costs of fuel supply (both network and retail costs) means there is also
significant variationn the effective $/kWh cost of thdifferent optionsaccording to whether a

consumer has a large or small demand for heating.

For process heat, a signdiat driver of the variation in willingnegs-pay relates to variations in the
costs of alternativeenergy source. For examplethereis significant variation in the cost of biomass,
driven by the extent to which existing process heat demands are locegadto potential sources of
biomass. There can also be material variations in the cost of electdditgn by the extent to

which electrification would require significant network investment. Another source of variation is
driven by the age of exisig gasfired boilers and when they might need replacirfgection6.3in

the appendix sets out this analysis in more detail.

For electricity generation, the biggest source of variation relates to the different duties currently
performed by gadired generatorg;i.e. & 60SU6SSYy HnkT Wol &aSt2FRQ 3
required peaking generation to provide seasonal andyargr firming. For both optionghe key
alternative is building renewable generation. However, thpital intensity of renewable
generationmeans it is not very economic for venfrequent dryyear dutiesalthough itis quite
competitive for baseload generation.

w»
<
w»

This gives rist the interesting dynamic illustrated Figurel7 that electricity generation has both
the lowest willingnesso-pay (for baseload generation) and the highest willingrtesgay (for
infrequent dryyearpeaking generation) of all the ngretrochemicals demand segmentas such,
while there is a veryeal likelihood of baseload gdised generation being displaced by new
renewables within the next decade, it is likely that some-fiyasl peaking generation will beost
effectivefor severaldecadego comeg particularly to performinfrequently-required winter peaking
and dryyear duties; even at very high carbon prices.

Section6.4in the appendix sets out this analysis in more detail.
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An increasing price of carbon will affect the willingness-pay, but to differing degres between
demand segments

hyS 2F GKS O2NB LXFyla 2F b EmissiersTrading Reheine ETEE Sy K 2 ¢
g KAOK NXBIjdzA NBa SYA ddifSeNdeir éndssidngDhjralgih MiB praeessldB RA G a4 Q
acquiring and surrendering emissis credits, emitters are exposed to a carbon pfite.

New Zealand carbon pricese currently capped at $282Qe. However, it is generally accepted that
carbonprices will need to rise if New Zealand is to achieve the reductions required under its

emissimsreduction targets. Provisional indications are that the review of the ETS will result in the
current $25/tCO2e cap being lifted to deliver higher carbongsic

Various agencies have sought to model or estimate the carbon prices necessary to achieve o
domesticemission reduction targetss well as théroader international priceeequiredto achieve

international targets Some of these estimates are sumiisad inTable3belowd 9 OK | 3Sy O& Qa
modelling has its own unique foswand uses a different approach to form its carbon price estimates,
resulting in a wide range oésults. However, the consensus is for future carbon prices materially

higher than what we have today.

Table3: Future cabon prices for emission reduction targets

International Carbon prece $NZD /tCe?*
/ domestic Target Agency
price 2020 | 2025 | 2030 | 2040 | 2050
. agreement o ﬁ5p 110 135
International Coalitio
Paris International Energy 86 192
agreement | Agency®
Business NZ Energy| 60-
agreement 111-
Westpac 147
Domestic Concept and MOTU
y 157-
for the Productivity 250
Netzero | commission
by 2050 557
NZIER 2002

The carbon content afiatural gas means that a carbon priceapproximately $14CQ increases
the effective cost of using natural gas by $1/GJe ddrollary of this is that every $1&@Q increase
in the price of carbomgenerallyreduces the willingnesw-pay of a gagonsiming sector by $1/GJ.

2 Throughout this report, we colloquially refer to the price of emissions cieditr & WOl Nb 2y LINR OSaQx
NEBIFtfte YSIy WOFINbB2y RAZEARS Sl dzA g liféredngieenhddsk tofedti€ o Gk / h H
of commonly emitted gases.

24(0.73 USD/NZD)

25 https://www.carbonpricingleadership.org/repof-the-highlevelcommissionon-carbonprices/

26 Sustainable Development Scenario from its World Energy Outlook
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Thus, $100CQ-e would add $5.4/GJ to the effective price of using (and thus willingtoepay for)
gas. Moving from the current $28CQ-e price to $100CQ-e would increase the average

residential annual bill by approximatefy 25/yr (incl. GST). This would repneisa 12% increase in
such a bill. In contrast, it would represent approximate#i8&o increase in the cost of using gas for a
very large industrial consumer.

For referenceb1004CQ-e would add approximately 2c/l (incl. GSTp the price of petrol.Given
current carbon prices of $282Q-e (which add approximately 7 ¢/l (incl. GSmving to
$100ACQ-e would add a further 20 c/l, increasing the current pump price of petrol by
approximately 9%.

Under the ETSome industrial activities which are both emissicitgensive and tradeexposed

(EITEDnly face a proportion of the carbon pritierough the Industrial Allocation mechanisnihis

mechanism is intendetb address the fact thaEITEsectors face competitiofrom oversas

LINE RdZOSNE ¢6K2 R2y Qi OHNNPRIGOEJIEAlI ORSNEO2a00G&KE QOAE
That is, there is a risk dfew Zealand productioclosingdown due tothe cost of carbon, only to be

replaced by more carbeimtensive praluctioningy 2 GSNESFa O2dzy iNE (GKIF G KI &
carbon on its industrial sectors.

The key gasonsuming sector that enjoymmeprotectionfrom a reduced carbon pricis the
petrochemical sectaor Due to the dynamics set out in Appen@i%, methanol production currently
only faces approximately 3% of the carbon price, and urea production only 10% of the carbon
price?’

The effect of a price of carbon on the willimegsto-pay of the different sectors is illustrated
Figurel8below.

The four different charts represent the willingnesspay for gas under four different 8Q-e
carbon price scenario$25,$75,$125, and$175.

For all sectors other than petrochemicals, every $C@-e increase in carbon price reduces the
willingnessto-pay by $1/G4g i.e. the demaneturve shifts downwards.

However, due to the effect of Indusal Allocation under the ETS, every $03D-e increase in

OF NP2y LINAOS& NBRdAzOS& YSa&Ké YW Qlay i Adzbipdy @y SE Rt iRy
$0.1/GJ.

As the carbon price increases, the willingnespay of gaaising sectors decreases, with the

reduction for the petrochemical sector being significantly less than for the other sectors. This
relaive Sy aA dA@GAGe YSIya GKFIG GKS LISGNROKSYAOFE asSoi
the left.

27 Methanol and Urea a both in the most emissiorstensive category of sectors classed as Emissions
Intensive Trade Exposed (EITE) indusaresthusqualify for 90% free allocation of units. This allocation
reduces the effective carbon price to these industries to 10%efhtarket price. However, virtually all

methanol produced in New Zealand is exported overseas and so the approximately 2/3af tzabis

embodied within the methanol (as opposed to the 1/3 emitted associated with its production) is excluded
from the 'S¢ further reducing the effective carbon price that Methanex faces. In contrast, all the urea that is
produced in New Zealandéensumed in New Zealand, and thus the carbon embodied within the urea is
included within the ETS.
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Figurel8: lllustration of the variation in willingnesdo-pay due to increasing carbon prices
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Figurel8also illustrates how that as the carbon price increases, the willingioegay for some

consumers in some segments will fall below the market price of gas, iregnltsuch consumers

switchirg toanalternative. (Or in the case of giieed powe generation, for such generation to be

retired, to be replaced by renewables).

In addition to the effect of Industrial Allocation, there are some other factors which mean that the
willingnessto-paywill not obey the simple $19CQO = $1/GJ dynamic.

Onefactoris that electricity generation itself results in some carbon emissions, and thus a price of
carbon will increase the price of electricity alternatigegh as heat pump heating or electoilers

for process heatThis means that the willingness-pay2 NJ 31 & 62y Qi FlL ff oe@
where the alternative is an electricity option (i.e. electric space, water or process heating).

However, for the reasons set out in Appen6if 2, this effect is not uniform and v&es significantly
(and in a complex wayccording to:

1 The withinryear and withinday profile of consumer demand, with baseload electricity demand
(e.g. to supply industrial process hektgely beilg met by renewable generation, whereas
peaking demandparticularly winterfocussed demanduch as residential and commercial space
heating islargely met by fossil generationThis means that the willingnegs-pay for gas will
largely fall for industel process heat by the $1@ Q= $1/GJ levedet out atove, but much less
for a use such as space heating where the price of the electricity alternative will also rise as
carbon prices rise.

1 The extent to which the introduction of a carbon price in thectieity sector will result in the
development of renewble generators to displace existing fossil generators (and also make
geothermalcarbon capture and storag€CHeconomic beyond a certain point.) The effect of
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