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About Concept

Concept Consulting Group Ltd (Concept) specialises in providing analysis and advice oglatesigy
AdaadzsSad {AyOS AdGa F2NXIGA2Y AY wmbpdppE GKS FANNVQA
the wider AsiaPacific region, and Europ€liets have included energy users, regulators, energy
suppliers, governments, and international agencies.

Concept has undertaken a wide range of assignments, providing advice on market design and
development issues, forecasting services, technical evaluatiegsjatory analysis, and expert
evidence.

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

Disclaimer
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shall not, and do notaccept any liability for errors or omissions in this report or for any consequences
of reliance on its content, conclusions or any material, correspondence of any form or discussions,
arising out of or associated with its preparation.

No part of this repd may be published without prior written approval of Concept.
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Executive summary

Key observations in a nutshell

Formost ofthe last decadeb S ¢ %S Igds beytéh@s&njoyed atrongtailwind from high oil prices

That tailwind has supported high levelsupfstreamexploration and developmerdctivity ¢ benefiting

bS¢é %SIflyRQa 3ALa aSOG2NI 6SOFdzaS 2Aft IyR 3tk a KI ¢
Growing gas supplies over recent years in turn henabkd a step changé gasdemand or

petrochemical productionyhile simultaneously allowing New Zealandr@intainor improve itsgas
inventory position

Figurel: Historical wotd ail prices
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As shown irFigurel, since 2014, theil price tailwindhas died to a weak and erratic breeze. Upstream
producers have responded by slashing theplesation and development budgets. This is tightening gas
suppliesg andhas beerreflected ina downward revision affficial gas reserves.

bSé %SIflIyRQa ARSYGATASR Il & a2 dzZNOS(@ncludig® A RS | ¢
petrochemicals) in the shotb-medium term However, renewed upstream development effort will be

needed to replenish gas inventories in the meditodong term. The outlook for oil prices will be a key

driver in this respect. No one knows éfcent oil price weakness is an aberration, or a sign of the future.

If the oil price recovers, that will support upstream activity and assist in rebuilding gas inventories.
Conversely, if the oil price outlook remains weak, upstreativity will be subdue, putting upward

pressure on gas priceAt some point hat will inevitablytrigger a significant scaling back of demand

from petrochemicals an¢to a lesser extenfpower generatiorand, in so doingsonserve supply for
higher value gas users

Another nfluence on the sector is the increasing internatiofeaius on greenhouse gamissions.
While globalenergy demand will progressively shift away froarbonintensivepowergeneration
paradoxically, gas may obtain some bengfiernationallyin the nex couple ofdecades. This is

0 SOl dza SNRFS 3l & Qla Ynlthedpofeér §eheratiof Sect@edabling switching away from

LG A& NBFSNNBR G2 Fa Wi NI figkedsiafofsyiil thadhdzdves be displdcéd infaa S E
couple of decades once technology advances énednewables to costffectively displace these gdised power
stationsg particularly from mediurto-high capacity factor duties.

GASSUPPLY ANDEMANDSCENARIORROM2016 5
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coakired power stations to gaired turbines whiclcanemit betweenone-third to one-halfthe
amount of carbon peunit of electricity output(depending on the relative efficiency of the stations)

However, h New Zealand there is limited upside for power generation gas demand from this factor
becausemost of our coafired generation has already been displaced, andabundant renewable
optionsare cheaper thatin most other countriesIndeed, our modelling indicates that risihgw
ZealandCQ prices will likely result in sonferther displacement of gafired power generation by
renewablesover time

Gas demandor the power generation sector is likely to be by far the most sensitive to variatiddevin
ZealandCQ price, with petrochemical gas demabeinglargely insensitive tthlew ZealanCQ prices.
Gas& Yl yR T2 Ndza &9 NRA NR S adiinddstiial se@ovvikeNIorkdpdrd td
New Zealand®Q priceswith a significant lag and potentially with some inverse correlation in some
sectors due to some codited industrial process heat switching to gas in response to hiyeer
ZealandCQ prices (and vice versa fecenarios witHow New ZealancCQ prices).

More generally, higheinternational CQ priceswouldlikely to result in increaseuhternationalgas
demand over the next 220 years as tis encourags switching away from coal toeg-fired power
generation(and alsa to the extent that higher internationalQ prices apply to the production of
petrochemicalg; switching from coabased to gadased petrochemical productionfhis higher
international gas demanshould generally imease international gas price€hat in turn will tend to
improve the relative economics of petrochemical production in New Zealarglis overseas locations
for gasbased petrochemical productigrvhich will also tend to encourage local upstream activity.

The future of the Tiwai smelter also has an important influence on the outlook for gas demand. If the
smelter were to close or cut production, that would significantly reduce total power demand. That in

turn would lower electricity generation requirementaith the bulk of the reduction likely to be from

gasfired power stations.L y (dzNy > (KA & ¢62dzZ R A-YolpN®idié&ratoS s %S| f |
LRadlLlR2yAy3a GKS GAYS 6KSY bSg %SIftlyRAknthadl & L2 aA
factors keing equal

All of these factors combine to produce heighted uncertainty in the New Zealand gas sector. Indeed,
the sector may be at aurning-point.

The significant drop in oil prices andtlook forexploration effort, coupled with the disappointing
results fom recentexplorationeffortss L2 Ay G G2 | GAIKGSYAy3a 2F bSs ¥

Our analysis indicates thhy 1 January 201fhe P5Creservesto-productionratio will beclose t09
yearsc down from thel January 201#igure ofalmost 14years. If demand continues at present levels,
and there are no significant new discoveries, the resetegsroductionratio will fall further.

How things will develop will be a function of demand (particularly for petrochemicals and power
generatian) and supply (i.e. exploration effort and succegscluding the extent to which New

%S I f bighiRc@rireported contingent resourcefr existing fields are developdd The next

sections in this summary discuss these issues in a little more depth. Readers can find further detail in
the main body of this report.

2 This assumes that New Zealand continues to have a mechanism whereby any enmdsitsige trade exposed
industrieswily 2 4 06S Lizi Ay F RA&FR@GIy (Gl 3S2dza LI2aAiAz2y NBEFGA
CQ ¢ with the current industrial allocation mechanism being the current means of achieving this within the New
Zealand Emissions Trading Scheme (NZ ETS§ this situation to change, a higQ price in New Zealand could

result in emissiordntensive exporters exiting New Zealand (potentially resulting imareasen global emissions

if this loss of international market share is to more emissimasnsve overseas producersa phenomena known

as carbon leakage).

3 Contingent resources aigasaccumulationswithin knownexistingfields, but whichareregarded as being sub
commerciabased on current oil and gas priceshese contingent resources aret included within the estimate

of P50 probable reserves.

GASSUPPLY ANDEMANDSCENARIORROM2016 6
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Gas demand for gtrochemicalproduction

As illustratedn Figure2 below, gas demand for methanol and (to a much lesser extent) urea fertiliser

productionhastendedto rise or fall in response to changes in the domestic gas supply/demand outlook
much more so than other seats.

Figure2: Historical sectoral gas demand
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Source: Concept analysis of MBIE data

This is because this changing domestic gas supply/demand position affects the relative international
competitiveness of the New Zealand petrodhg O f LINB RdzOG A2y L Fyda FFNY
other gas consuming sectors. In effect, the presence of these petrochemical gas users provides a
WHANI dzZl £ Q@ O2yySOGA2Yy qedpacklly hgséis Ndfh Aimkrza/hich ag thé Y I NJ
maincompeting source for methanol production.

Givenits largesize ¢urrentlyaccountngfor over 45% of national demand), the petrochemical sector is

both influencedd € = | YR A0 NRy 3If & A ymadkdeH yudedtdevets SfpetroeSdmicdl y R Q &
demand were to continugh S ¢ %S| f | y-ie-réaduchiddratid, Kaded! &n current P50 reseryes

is projected tofall to approximately? years byl Januar2020, and5 years by 1 January 2022f

course, this assumes thab other changes occur in thetervening period; in particular that no

additional gas reserves are booked in that period, fexisting or new sources

How longpetrochemical demand continsat current rateswill be influenced byasLINE R dzOS NE& Q
incentives. If they recontract to“maitain high levels of demandhe gas pricéor sale to Methanexs
likelytoreflecta SGKIF yYSEQa 2L NldzyAde O02aid 2F LINRRdAzOAYy3I

This pricemay wellbe lower than the level which would prevajénerallyin a tigher New Zealand gas
market

However,gasproducers may be willing to accepticha price if thealternative is to keep the gas in the
ground and postponincrementalsales fora significanperiod oftime. In this respect, althougthe

4 Calculated as estimated remaining 2P reserves, divided by production in the previous year (noting that this
includes production to meet petrochemical gas demand). The reserves to productiomra®@2 would be

aroundl10years if it excluded petrochemical demaqgavhich is arguably the more relevant measure based on the
discretionary nature of that demand.

GASSUPPLY ANDEMANDSCENARIORROM2016 7
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reservesto-productionratio as at January 201i% projected to be 9 years based on current levels of
demand, itwould be around 1&earsbased on nofpetrochemicakectordemand (and 26 years if
baseload gafired generation the next most pricesensitive demandector- is also excluded).

Thus, gas revenudow(nay wellbe more valuable thasalesa decade or more hence, even if such
future gassalesare at materially higheiprices Plus, to the extent that keeping gas in the groafsb
postpones associatedldalegalbeit possibly at highduture prices)and extends thdield life and
associated operating costihie incentive on producers to make discretionary gas sales earlier at a lower
price may be even greater.

On the other hand, a tightening reservessition will put upward pressure ogas pricesand encourage
producers taretain gasfor higher value local usersThe exact time when such a cras@r point will
occur will depend on a number of factors including

f international gas prices (which infuy O S a S @&ty ghivitllidgnessto-pay)
f 2Af LINROSE O06KAOK O2YLINA&AS I AAIYRTFAOFLYy(d FRRAI

 the dynamics of the New Zealand power generationmag@tS Ay 3 G KS 20GKSNJ YI 22N
demand sectothat would likelyreduce gas demand in response to a tightening gas market; and

91 the extent to which additionayjas sourcewill be brought forward to the market

This last point is particularly significartthough therecurrently appears to béttle prospect ofnew
fields beingcommercialisedvithin the next 57 years, New Zealand has a significant quantityasf
clas#fied as2Ccontingentresource. Thigs gaswithin knownexistingfields, but which is regarded as
being subcommercialat present As at Januan2016, reported 2C resirceswere 1,700 PJ, in
comparison to the reported 2P reserves of 2,060 PJ.

If the New Zealand gas market tightens and prices tige will improve the commercial case for
developing 2C contingent resou;end likelylead to some 2C resourdeingconverted to reserves
Further, higher gas prices wouddsolikely bring forward the time when upstream producers newu
significant exploration in New Zealagahoting that the prospectivity for additional gastime Taranaki
basin is still considerei be verypositive.

Given thesedynamig, it appearsunlikely thatthe low reservego-productionratios projectedfor 2020
¢ 2022based orcurrentP50 reserves would eventuaie practice A more likely scenario is that some
contingent resources will be converted inteserves, if gas demand for petrochemical production is
maintained at high levels.

At somelater point, absent major newas sources being identifigd b S ¢ %St f lcolRddd NIB & ST
to a point where gas producers prefer to not to sell to MethanExaluation ofvhensucha position

may emergas subject to significant inherent uncertaingjven the factors outling above However, if

history is a guide to when such outoes may occur, it may be instructive to note that Methanex

NI} LA Rf & NBRdAzZOSR RSY!I y RP56Greseniekoproduttidhfaiio reachedoyeaiss. 2y OS
Our projections indicate that, absent a major new gas discolew Zealand would reach thpbint in

2022 based on current levels of petrochemical demand assuming some price response from the

power generation sector

Therefore it is potentially the case that we could continue to see relatively high petrochemical demand
until approximately P22, followed by a rapid scalifzpck of methanol demand potentially to close to
zerog from that point on. Were such an outcome to occur, it is unlikely that the methanolglanild

be permanentlyretired, but rather put into mothballs to enable asemption of production if and when

a significant new gas field were developed in the futugeich a strategy proved to be valuable for both
aSUiKIySE | yR gasSattohysS | it K S ikRMBthan@dis considered a key enabler for
bSg %S| ifahdygasQector?

51f the Tiwai smelter were to retire in 2018/19, the associated reduction irfiged power generation would push
2dzi GKS LRAYG ¢ KSNBo-densand raticreathled/ tits@ ey lBainSoB®uple of years.

GASSUPPLY ANDEMANDSCENARIORROM2016 8
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It is unlikely that urea productiogthe other main petrochemical demarngwould similarly shutdown
at such a point. The fact that there is a large domestic market for urea means that Béfenasca
manufacturenhas a significahy greaterability-to-pay than Methanex, which has little domestic
demandF 2 NJ A& YSGKFIy2ftX YR (KdzA R2SayQi Syez2eé (KS
production does.

As regards the potential for expanded methanol production capatisomepoint in the future this
appeargelativelyunlikelyfor Taranakbased gas (see padd for discussion of nofTaranaki gas)ln
largepart this is becausef the relativelylow likelihoodof finding a field ofa size large enough to
support a new methanol production train féf.5 years or moren additionto providing gas fothe
existing three train®ver such a period.

That said, were 8eld of such a size (i.e-8000+ PJ) found in the Taranaki basin, new methanol trains
would be oneof the three main options for monetisirguch a discoverg with urea production or LNG
being the other two optionsThe dynamics driving which option would be most likely to be developed
are the same for the consideration of ndaranaki gas as set out on page

Gas demand for pwer generation

Gas demand for power generation has been trending downward as renewables account for a rising
proportion of power supply.

Our Central projection (under meandhplogy) is for gas demand for power generation to rebound
modestly in the near term, and then remain relatively flat before gradually declining in the very long
term. This rebound occurs because near term growth in power demand is projected to be mbt main
from spare capacity at existing gfi®ed stationsg noting that some of the recent development of
renewables was likely an ovbuild in anticipation of higher electricity demand a@@) prices, neither

of which eventuated; with further ongoing growttin power demand coming mainly from new
renewable sources.

As is shown ifrigure3 below, a number of other projections were developed to examine potential
outcomes due to situations of: relative gas plenty or scarcity (reflected in low and high gas prices),
variations inCQ prices, and the impact of factors such as the potaintétirement of the Tiwai
aluminium smelter or the Huntly Rankine cdiaéd station.

GASSUPPLY ANDEMANDSCENARIORROM2016 9
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Figure3:Projected gas demand for power generation undat scenarios
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As can be seen, there are a wide range of possible outcomes, rangimg fr

1 An upper scenario in a plentiful gas world, where powergen gas demand rises to, and stabilises at
around 95 PJ/year (under mean hydrology) by-20@0s as gas substitutes for coal and not as
much renewables are buit.

1 Alower scenario in a scarce gaarld and/or highCQ price world, where gas demand contracts to,
and stabilisesround 25/PJ per year by mid 2020s.

Irrespective of the average level of gas demand for power generation, this sector will require significant
gas swing; both on a seasonddasis to address increased winter electricity demand, and on atgear

year basis to address significaratriations in hydro output due to dry / wet years. While the seasonal
swing can be largely met by the Ahuroa gas storage facility, it is likelyhehgearto-year variation will
require swinging of upstream productio\t present, this/earto-yearflex requirement is around 20

25 PX, but could rise to 3510 PJ if the Huntly power station were to retire.

This need for flexible power generatitimat can operate at lower capacity factoatso tends to place a
ceiling on the proportion of power thiaan be economically met from renewable sourgesis

relatively expensive to build a wind farm which would only operate in winter, say, whereas the lower
capital intensity of thermal power stations makes them more economic for such duties.

CNRY G(GKS LISNELISOGAGS 27T betand bafamcé, thgfoweagere@tomMl ¢ £ 3|
sector has historically played a similar role to that of petrochemicals, and is likely to continue to do so in
the future.

Our nodelling indicates that thereould bea significant degree of loAgrm demand variatiorirom the
power generation sector in response to higher or lower gas prices. Howeie the petrochemical

61t is possible thathis scenariomaybe Saa €t A1 St & & AG ¢2dzd R yz2statedS O2yaA:
target of achieving 90% renewable generation by 2085.such, it would only be likely to eventuate in a future of

plentiful gasandwhere governmentdid® i A YLI2 &S 2 0 KSNJ LJ2 f 1COprices)$olaéhieweA & Ya 6 S
particular environmental outcomes.

GASSUPPLY ANDEMANDSCENARIOEROM2016 10
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sector which can very rapidly reduce / increase demand in response to a changing supply position, the
change in demand from the power generatisector would be likely to be much slower, relying as it
does onchanging investment in renewable generation.

Further, there are likely to be upper and lower limits to demand fromgbeer generation sector:

1 It appears unlikely that gas prices will fall to a level which would justiigingnew baseload
combinedcycle gadired turbines(CCGTsparticularly in an environment whel@Q prices rise and
the cost of renewables is likely to continue to fallhis will place an uppeimit on gas demand
from the power generation sector: being the amount of demand to meet elodgaseload duties
for the existing CCGTs, plus lowmedium capacity factor duties from existing and new OCGTSs.
Further, the building® yS¢ // D¢a ¢2dzZ R 0SS AyO2yairadSyd oAl
90% renewable generation by 2025.

9 It becomes progressively more expensive to build renewables to displéstingthermals from
ever lowercapacityfactor duties. Thus, even at wehigh gas prices, it will still be economic to have
some OCGT plant to provide laa&pacity factor duties.

This dynamic afiiffering requirements for different powegeneration duties (baseload, dry/wgear
balancing, seasonal peaking, and daily pealaigy) means there is no single price that-fjeed power
generation would be prepared to pay. Thus, peakingfigad generation can afford to pay a lot more
per Gthan highercapacity factor gafired generation which is much more directly in competitiwith
new renewables.

Lastly, the modelling indicates the major dislocation that would occur if the Tiwai aluminium smelter

were to retire¢ which contractually it is able to do from 2018. This would lead to an immediate

reductioningas demandofagbE A YI St & wnwp tW LISNI &@8SIN oF mo: 2F
retirement of at least one CCGT amdRankine unjtand a longeterm reduction of approximately 15 PJ

per year®

Gas demand for dect useby industrial, commercial and residential users

Gas forWirect usdefers to the ~250,000 industrial, commercial and residential gas users, who use gas

as an energy source for heating purpoggsace and water heating, and industrial process hédtjs

group is the most stable segment of demawith future variations in demand likely to predominantly

0S RNAOGSY o0& QINRIFIGAZ2YA Ay LRLJAFGA2Y YR S02y2)Y
changing gas supply / demand position.

This reflects the fact thafor most directuse consumersyholesale gas prices will generally need to
rise very significantly in order for gas to become more expensive than alternativess Béisiuusenost
alternative fuels suffer from some combination of:

1 high appliance capital costs that would be incurred frorned $witch
91 high wholesale fuatosts(in the case of biomass, diesahd LPG); and
1 high transport costs.

Further, unlike for the petrochemical sector, energy costs generally comprise a relatively small
LINEPLR2NIAZ2Y 2F 02y adzySNEQ U2 dsbrieindusfrialdzinsurdersy ¢ KA a4 Y S|
sectors suffering an economic downtymarise in wholesale ggrices would be unlikely to cause most
consumers to exit New Zealand completely.

That said, in the lonterm a tightening gas supply position and associated rise in prices would be
expected todepressdemandrelative to whatit would otherwise be, angice versa for a position of

"The fall in the cost of renewables is due both to ongoing technology improvement (particularly for wind), coupled
with low interest rates and steel prices.

8 The longterm reduction is less than thenmediate reduction due to the likely altered build patterns of other
generation (particularly renewables) that willéel £ YOS bS¢ »%SItlFyRQa 3ISYSNI A2y
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relative surplus. However, the rate of change would be expected to be very slow, witwitehing
decisions by consumers predominantly coinciding with times where they need to make an appliance
capital decisiorg i.e. for rew consumers, or where an existing appliance has reached the end of its
useful life Our Central case sees a gradual increase iditeet usedemand, driven mainly by
population and economic growth. The Low case projects a gradual dectiireéhusegas demand,
whereas the High case projects a gradual increase.

Gas supply

Gas has been supplied continuously from the Taranaki region since the early¢l&@8ws currently
sourced from a range of onshore and offshore fieRlthough exploration has ocoed in other regions

and has identified hydrocarbons, Taranaki is likely to remain the main supply source for existing users
for the foreseeable future

l'a YSYGA2ySR | 02 @S Jo-podudtionraiaistlikely 1@ QeilineNSna tBeNgdeht
levSta 2F mu &SI NEQS50MMGND (2T I Qualu@NEntcYantinue o surréntf
levels, and there arao additional reserves are booked

In physical terms, there are multiple sources available to replenish reserves and/ofuheetgas
demand- the supply outlook is primarily an economic rather than physical iskuthis respect, therés
a significant amount of gas whichidentified in known accumulations, butétassed as contingent
resources because it is sabmmercal atthe currentcombination of gas and qikices® Likewise,
there are other prospects whidre unlikely to be explored untijas and oiprices rise to sufficient
levels.

Oil prices will have an important influenoe new supplf 6 SOl dzAS b S stypieeyt £ || Y RQA
produced from gagondensate fieldd.ower oil prices make New Zealand exploration and development
activity relatively more dependent on revenuigem gas sale@equiring higher average gas prices), and
vice versa This dynamic means there could be an inverse correlation between world oil prices and New
Zealand gas prices.

Looking ahead, mostternationalforecasters expectomerecovery in oil priceg which will be
supportive ofNew Zealandipstream activity ad the gas supply outlooKhat said, there is significant
uncertainty about the trajectory of future oil priceand most commentators consider it unlikely that oil
prices will return to the US$100/bbl+ prices seen at the start of this decade.

Summary /National gas demandcenarios

In summaryafter a period ohigh oil prices and associated exploration effort which gave rise to a
situation ofrelative surplus, New Zealand looks to be heading towards a tightgaisgupply position

In the mediumto-longterm this is likely to result in a contraction of demand from gegrochemical
and power generation sectorabsent a resumption of major exploratiand developmeneffort.

This contraction from theseelativelymore price-sensitivesectors will play an important role in
allocatinggas towards higher valugses.That said, we may see a continuation of relatively high
petrochemical demand for the next 5 or so years.

As well as ensuring gas is allocated to the highest value usdsigtiner gas prices that are likely to
eventuate from a tightening supply position will play an important role in stimulating renewed
upstream exploration and development activgyncluding developing the significant quantity of gas
currently clasdied ascontingentresource

S¢KAA A& AAYATINI G2 GKS YdzLlS FTASt R ¢ KlavBidpedatthmt tifidh NR G RA
0SOFdzaS 2F bSé w%SItlyRQa &dzN1J dza 3L & LIRaAAGAZ2Y RdzS (2
HnnnQa o6002YAYy3 G2 YIENYSG AY wamno FFAISNI bSs %SIElFyRQ3Z
signifcantly.
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With subdued oil pricest ispossiblethat New Zealand gas pricesyrise more than they would
otherwisehave done.

At the very least, renewed exploration and development effort is likely to produce sufficient gas to meet
theforS&aSSIF o0t S RSYI YR 2 Fvalégas usesidircosé RdustrialKcbranferial and
residential users, plus gdised peaking generation.

There is also a reasonable possibility tretewed exploratiorand developmengeffort could result in

the development of a significant new gas field. Were this to be the case, there is a high likelihood that a
significant proportion of such gas would be used for petrochemical produgtiamticularly methanol.

Ly GKAa NBALISOGZI b Sectorplbys anlimp&rterd roleds & WNAiaxer fhe OF £ &
upstream petroleum sector: upstream producers can have confidence that if they make a significant gas
discovery, they will be able to monetise itsaamilar prices that they would be able to achieveiher

places around the world.

Based on the above, Concept has developed some overall demand projections, based on three broad
market scenarios:

1 Plentifulc representing a future where gas exploration and development brings forward significant
new supphffrom existing and/or new fields. This is more likely in a scenario of sustained high future
oil prices, which generally encourage active upstream exploration and development.

1 Scarce; representing a future where no major new supply sources are devel@rebfuture
development is largely around firming up incremental gas supply from existing fields. This is more
likely in a scenario of sustained low future oil pricesices in this scenario are likely to be capped
the longterm at the level which istarts to become economic to import LMGlthough this
outcomeYl &@ 0SS NBflFIGAQ@Ste dzytA1Ste Fa Ad Aa LINBOIO
reported contingent resource at prices below this LNG import parity level.

1 Centralg representing a situabn between these two extremes.

Mediumto-longterm demand from the petrochemical sector is considered to be largely a function of
bSgo %S|t yRQA& Itd@peaiikely that dhsieinantfar yhathanol production will continue
at relativdy highlevels over the next five years or so, lsignificantly scale baékthere is no major
additions to gas supply identified in that period

Our central projectiodior petrochemical demand is simply an average of the plentiful and scarce
scenarios.However, in reality, methanol demand (which accounts for the vast majority of

petrochemical demand) may be more binary, being at either high or low levels, depending on the extent
of forward reserves cover.

The power generation gas demand scenarios ferRientiful and Scarce scenarios are represented by
the Gas Price = Low, and Gas Price = High, scenarios, respeasistigwn ifrigure3 above

In contrast, demand for direaise for industrial, commercial and residential is likelythibit relatively
fAGGES @2t GAfAlRT gAGK 2yfe& 3INIRdAzZt OKIFy3ISa Ay
with demand changes largely being driven by population and economic activity.

Figure4 shows the demand projections for 202840 at the aggregate level. Key observations are:
1 The projections show a wide range of possible demand levels in future years

f The Plentiful, Central and Scarce scenarios&higu y2id 0SS Ay (0 SNLIN&herSHe | & S|
t f SYGAFdzZ |yR { OF NOS O aSa LINB A S ydiactuakoatéorhest S 00
are more likely to be around the Central scenario caatleast for the next few years

 Thedifferen6a 06Si6SSy (KS aOSyIFNR2& INB YIAyfteé RNRAGC
users in the petrochemical and power generation sectptirect use of gas is relatively stable in all
scenarios

GASSUPPLY ANDEMANDSCENARIOEROM2016 13
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1 For the next few years, gas demand is projected to reraeonnd current levelsfurther
information on drivers may crystallise in the next 12 monglp&rticularly in relation to methanol
production plans for planteshichappear to havescheduled maintenance turnarounds in
~2017/2018.

Figure4: National gas demand projections
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Source: Concept analysis

Non-Taranaki gas

CKS 1020S RA&aOdzaaA2Y KI a exBtdggbsindrker ity grddiddivh &€ 2y b ¢
located entirely from fields in the Taranaki basin, and transmissiowar&s radiating out from Taranaki

to the main North Island load centres.

However, New Zealand has a number of other prospective sedimentary lageitiading several in the
South Island (particularly the Canterbury, and Great South basins) andiathéons in the North
Island (including Eastland, and the Far North).

If gas is discovered and/or developed in these other locations, it is tikélgve minimal impact on New
%St yRQAa Sibdsedigds yhatkett Thisks Ydcatide cost ofthe gas transmission pipelines
ySO08aal NE (2 Wwe2iyQ (KSa Sisligel o bergroNitiSeRathed, Bwollk § S E A
likely be more economic to develop new sources of gas demkose tothese new locations.

The main options fonew lage scale demandre LNG, methanol or urea for sale overs€a¥/hich

option would be most economic would depend on the extent to which each of the three commodities
was in a situation of relative global production over undercapacity, and the extentf@ny regional
dynamics relating to demand and competing marginal international sources of supply (noting that
shipping cost differentials can materially impact on the relative economics of producing these
commodities). It is potentially the case that extremely large find would be more likely to be
developed for LNG production whereas a smaller fitay be better suited to petrochemical

production.

A find in theSouth Islandtould potentially also be used to displace existing-ioatl process heat in the dairy
processing sector.

GASSUPPLY ANDEMANDSCENARIOEROM2016 14
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However, the economics tliesemarkets mean that the gas netbacks for such sales are likely to be
approxinately halfthe levelwhichcould be achieved in the Taranddased market with its existing
production infrastructure and existing methanol production plant.
Relationship with earlier reports

This2016Gas Supply and Demaneport is the thirdto be commissioned by Gas Industry Company
following previous reports in 2012 and 2014

While dl threereportshave a similar general purpogeeach has explored certain issues in more detail
¢ reflecting particular areas of importance at the time:

1 For the 2012 reprt it was analysis of peak capacity issues, and implications for network investment
and capacity allocation on the northern gas transmission system.

1 For the 2014 report it was analysis of the power generation sector, and developing more detailed
projections of gas outcomes on a scenario basis.

For this 2016 report issues that have been explored in more detail include:

T ¢KS AYLXAOIGAZ2YyA 2F | t26SNJ 2Aft LINAOS or f26SN
longterm gassupplyposition.

1 The implicatbns of major changes in the power generation sector, specifically:

- Potential exit of the Tiwai aluminium smelter (with associated likely retirement ofigabplant
such as the Taranaki Combined Cycle plant)

- Potential retirement of the Huntly Rankine tsiand the associated implications on demand for
gas swing, including to manage dry year risk.

1 The outcomes if futur€€Q prices are significantly higher than have been experienced historically.

1 Development of @dmand projectiondor individual distribution networks, taking into account
regional differences in: demand compaosition (residential, commercial, industrial), and demand
drivers (particularly population growtHj.

1 The development of these distributiemetwork-specific demand projections was following a request by the
Conmerce Commission to Gas Industry Company. Specifically, for the projections developed for this Supply /
Demand study to be of a form which could potentially be used as inputs to the constant price revenue growth
forecasting modelling for setting gas dibtition network prices for the next regulatory control period.
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1 Purposeand structure of report

1.1 Purpose

Figuesda K2ga GKIFIG bS¢ %SIflyRQa 3ALa RSYFYR FyR gK2f
variation over the past 16 years.

Figure5: Historical gas demand and prices
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Source: Concept analysis using MBIE data

This studyexploresthe underlying drivers of theseistoricaloutcomes, and how future changes to such
drivers (and potential new drivers) mayluenceoutcomes going forward.

We hopethis information will helpinterested stakeholder#o better understand the medium to longer

term outlook for the New Zealanuhaturalgas? sector, andassist them with futurejasrelated
decisions.

1.2 Structure of this report

The structure of tisreportis as follows:

9 Section2 analyses the factors driving upstream gas supply, and setsassible indicativecenarios
for market conditions and wholesafgs prices

1 Secton4 analysegjasdemand for petrochemical manufacturing, and develops future demand
projectionsfor this sector

1 Sections analyses gas demand for power generation, and develops future demand projections for
this sector

1 Section6 analyses gas demand for direct use, and develops future demand projections for this
sector

9 Section7 draws together the key findings from the previous three chapters, and sets out projections
for aggregate gas demand under a rangsadnaric.

2 SYyOSF2NIKE NBFSNByOSa (2 w3alraQ YSiya yliddzNFIf 3JIlFaz d
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1.3 Relationshipwith earlier reports

This2016Gas Supply and Demangport is thethird to be commissioned by Gas Industry Company
following previougeportsin 2012 and 2014

While dl threereportshave a similar general purpogeeach has explored certain issues in more detalil
¢ reflecting particular areas of importaneg the time:

1 Forthe 2@2report it was analysis of peak capacity issues, and implications for network investment
and capacity allocation on theorthern gas transmission system

1 Forthe 2014eport it was analysis of the power generation sector, and developing more detailed
projections of gas outcomes on a scenario basis.

For this 2016eport some of the issues that have been explored in more detail are:

T ¢KS AYLX AOIGA2Yya 2F | t2¢6 2Af LINROS oI €246 KeR
term reserves position.

9 The mplications of major changes in the power generation sector, specifically:

- Potential exit of the Tiwaluminiumsmelter (with associated likely retirement of géed plant
such aghe TCQGombinedcycle gas turbing

- Potential retirement of the HunthiRankine units and the associated implications for gas upstream
deliverability, including to manage dry year risk.

9 The outcomes if futur€Q prices are significantly higher than have been experienced historically

In addition, for thigeport, demand projection$or users connected to the main gas distribution
networkshave been developed at a greater level of granulafiityis is tdfacilitate their potentialuse as
inputsinthe Commercd 2 Y Y A a farthé@niighdpricequality determinationdor regulated gas
pipeline businesses

GASSUPPLY ANDEMANDSCENARIOEROM2016 17



concept
2 Market Scenarios

Chapter summary

The uncertain and lumpy nature of gas discoveries means that New Zealand faces a range of
futures. Three market scenarios have been developed to broadly reflect these pdssiloes:

1 1) Scarce; reflecting a market where new gas resources are unable to be brought to marke
N}¥GS (2 YIFIGOK dzalF 3ST YR bSé %SIflyRQa 13

1 2)Centralg reflecting a market that is in broad equilibrium, whdtether gas resources are
ONRdzAKG G2 YFNJSG FG I NXraGS GKFG Y2NB 2N

1 3)Plentifulcreflectingtr A0Sy NA2 GKIFG ¢62dz R I NA&S Rdz
be reflected in highleserves to productiomatios.

bSé %S IrebervgsRopepductionRTR ratio has been-10-12 for the lasteightyears,
reflectinga market that has been in broad equilibriuthnder these conditions, wholesale gas
prices*are expected to generally be in the-$85J range.

The available public data on wholesale gas prices suggests that theypbemearound $5%/GJ over
the last 1224 months This data falls within this range noted above (albeit the lower part of the
range), supporting the view that the market is currentloimad equilibrium.

We expect the RTP ratio to reduce over the netyiears (and possibly longdoy reasondurther
discussedn section3. Whik a declining RTP ratio is expected to put some upward pressure on
prices all other factors being equal, the effectidikely toproduce a sharp m@mentin the near
term. In part, this is becausairrentpressures represent a reversal of those agtirver recent
years whichhave been pushingore towards relative surplus than scarcity

Furthermore, darge proportion of current gas use is accounted for by methanol production. Th
segment of demand is likely to scale back its usage if thersumtinedreductions in RTP ratio ang
associated upward pressure on prices.

On the other hand, it appears unlikely that the RTP ratio will increase substantially in the near
given the prevailing weak oil pricésnd thus low exploratiorgnd inherent lgs before new
upstream resources can be brought into production.

2.1 Purpose

This section describes a range of possible scenarios for the overall state of the gas market. These

A AL LA

specific projections for gas demand.

The scenarios are not forecasts per se, but rather provide indications of possible futures under the

specific scenario assumptions. They also assunteathather factors outside the scenario variables
remain the same (e.g. demand by reticulated users is relatively stable).

2.2 Possible market states

While there is a continuum of possible gas supply states, it is useful to consider three key market
scenariosScarceCentrak YR t f SY (A FdzZ ®© ¢KSAaS aidl iSa I NB

SYyRaQ> YR I WYARRESQ 12ySo

13 As discussed later, the RTP provides a measure of the identified level of gas inventory for New Zealand.

dza S

¥ Theseprice estimates are for an annual contract with relatively little swing, for delivery at the Frankley Rd hub in

Taranaki. They do not include network or retail costs which are a very large component of the overall cost of

supply for residential and commaal consumers.
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Tablel describes each market scenario and the demaiutk or supphside factors that could cause it
to arise. The table also describes the key drivers that would be expected to influence peaeh in
scenario.

It is important to note that the indicative prices for tlsearceand Plentiful scenarios reflect expected
levels if the relevant market conditions were to persist over a sustained period.

However, a discussed later in this report, suchtcames appear relatively unlikely because there are
natural balancing forces that are likely to move the market towardGeetralconditions over time. For
this reason, the price levels for these scenarios effectively represent the likely upper andmmels

respectively, with prices being unlikely to remain at such levels on a sustained basis over {fegrfang

Tablel: Supply scenarios

Market Indicative | Description
scenario price (real
2016 $/GJ)
Scarce= High ~$10$12 | This scenario reflects a market where new gas resources are uni
prices G2 0SS ONRdzAKG G2 YIFENYSOG Fd |

gas inventory shortens significantlyhis would be more likely in a
situation of sustained low world oil prices, ammhsequent low levelg
of exploration.

Gas demand for methanol production will likely progressively deq
which will hép balance demand with supply.

If insufficient gas is still not found methanol production will likely
completely cease, and other gashnsoiming uses will start to deice
consumptiong particularly remainingyasusefor baseload power
generation, urea production, argbme industrial process heat.

The opportunity cost of these other uses will likely set the price o
gas as a particular eagse becomes the marginal sourcegals
demand.

Alternatively, prices might be set by the cost of imported gas in th
form of liquefied natural gag NG°. Methanol production will have
completely ceased along with urea production and some industri
process heat. Power generation will decline, however, there will
be a need for some power generation to provide dry year swing.

In recent years the minimum size of a market for LNG import has
come downrecent estimategput the minimum market size at
aroundc Nt W LISNJ eSS N | 26SIBSNE 6 A
being locatedwithin a short shipping distande New Zealand this
may reduce the minimum size even more.

However, given the relatively large size of contingent gasurees
in New Zealandyhich would be more likely to be economic to

develop than importing gas as LNG, this scenario of importing LN
may be relatively less likely.

Another possible driver for this scenario is discovery of a gas fiel
that is large enough to develop for LNégorts. In this case, the
price of gas would rise to the néiacks achievable for sales of LNG

I LNG is transported between countries via ship.
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on the world market; something that the Australian market is now
experiencing following the development of its LNG export facilitie

In this case, the marketbécY $a WiA3IKGIQ 06SOI d
gas demand emerges. However, as discusségpendix Ahis
scenario appears relatively unlikely, given that k$¢@le findsn

New Zealand are unlikely to be found close to the existing Taran
based gas market, and thus such developments will effectively b
isolated from the rest of the New Zealand gas market.

Central

~$5$7

This scenario reflects a market that is in breagilibrium, where
further gas resources are brought to market at a rate that more o
fSaa YIFIGOKSa bS¢g %SIflyRQa RS
Gas demand for petrochemical production is likely to be the
marginal buyer, provided a sizeable proportion of the existiag{
capacity in Taranaki is available for operation. The price range is
strongly influenced by the economics of producing methanol in N
Zealand versus other international locaticens discussed in section
4.2.1

Within this range, prices are likely to float reflecting shoitienm
factors such as prevailing methanol prices, hydro inflows, etc.

Plentiful = Low
prices

~$2.5%4

This scenario would arise duetoded i Ay SR WSEOS
would be reflected in high reserves to production ratioEhis would
be more likely in a situation of sustained high world oil prices, an
consequent high levels of exploration.

The likely trigger would be a sizeable findyab that is associated
with liquids- creating strong incentives for the producer to sell gas
to facilitate oil production. Such finds would need to be large and
close to the existing North Island gas transmission network.

In the limit, the floor for thisnarket scenario is likely to be set by tt
economics of deferring gas and liquids production and/or the prig
that newgas consuming petrochemical facilities would be willing {
pay (e.g. a new fertiliser or methanol production plant), as discus
in sed¢ion 4.2.1

The next sections briefly discuss the relative likelihood of different scenarios, in both the near and

longer term.

2.3 Medium-term market outlook (< 5 years)

I adlraAradao

GKFEG LINPOARSAE || YSI &adzaNBE 2F bSsg

%St

production (RTP) ratio. This indicates the expected number of years to deplete existing reserves, at the
prevailing rateof gas production. Aside from producing from existing reserves, it assumes that all other
factors remain unchanged.

bSé 1S IRTRatRaQ Been-10-12 for the lasteightyears reflectinga market that has been in
broad equilibrium(as shown irFigurel7). Under these conditions, wholesale gas pri€ese expected
to generally be in the $3/GJ range.

% These price estimates are for an annual contract with relatively little swing, for delivery at the Frankley Rd hub in

Taranaki.
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The available public data on wholesale gas prices suggesth#yahavebeen around $5%/GJ over the
last 1224 months (seé\ppendix Bor more information). This data falls within this range noted above
(albet the lower part of the range), supporting the view that the market is currently in broad
equilibrium.

However, there has been little exploration success over the last couple of years, and with current low oil
prices there is little exploration effort wHids targetingnaterialnew gassources

I OO2NRAy3Ifes AF GKS OdNNByid fS@Sta 2F4RSYlFIYR 4SSN
productionratio, based on current P50 reseryésprojected to fall to approximatelfyears by 1

January 2020, and 5 years by 1 January 202%swould be expectedo put upward pressure on gas

prices.

Apart fromsuccessn commercialising new supply sourd@cluding the significant quantity of

contingent resources reported foxisting fieldsy G KS aAy 3t S fFNBSad T O0G2NJ
reserves position will be the level of demand from the petrochemical sector which currently accounts

for over45% of national demand. In this respect itisughtthat allthreeF a SGKIF yYSEQ& Y S ¢
production trains are coming up for major plant tuanoundsin 2017/18 when decisions are likely to

be required on their intended level of operation for thebsequent 4 years'’

Sectiord.2 sets outa discussion about the Methanex-mntracting dynamics and the relative

incentives on producers and Methanelt.concludes that we could see Methanexaentract at similar

levels for the pend to 2017/18 to 2012/22 due to the incentives on producers to make such
RAAONBGAZ2Y I NE Il & ampSaSWNRAQINYS&®SNI 8 KEPSNY @mBe
significant new gasupply sources being identifiethe decline in theeservesto-productioninventory

position that would have occurred during this period would likely cause methanol production to

significantly scale backpotentially to zerog with such plant put into mothballs (to be held against the

potential discoverpf another significant gas find at some point in the future).

In summarywhile a declining reserves-productionratio is expected to put some upward pressure on
gas prices all other factors being equal, the effect is unlikely to produce a sharp movarpeot in

the near term. Thughe most likely outcome over the negbuple ofyears appears to be th€entral
scenario, with a continuation of gas prices at around existing lelefsart, this is because current
pressures represent a reversal of #®acting over recentears whichhave been pushinmore

towards relative surplus than scarcitiAiowever, towards the back end of thig/Bar period, absent any
material exploration success, we would expect there tghessures to move prices to the ugpend of
this Central scenarioange while noting that any material change in expectations of the longer term
outlook could feedback into near term prices.

2.3.1 Longerterm market outlook (5+ years)

As we look further into the future, there is more uncertgimbout potential outcomes because a
greater range of factors can come into play as the time horizon extends.

One of the most significant uncertainties is the level of oil prices. As discussed in 8gtipnil prices

have an important influence on gas market dynamics in New Zealand. Assuming a recovery in oil prices
within the next 5 years (albeit to levels below the peaks of 2012)Cénatralscenaricappeas to be the

most likely outcomever time

The fundamental reason for this view is that the balancing mechanisms that have influenced the New
Zealand gas market over the last decade would be expected to continue to operate. More specifically, i
the gassupply position were to tightematerially, discretionary demand (especially methanol

17 Methanol production requires replenishment of the catalyst at periodic intergatswhich time other major
maintenance is also undertaken. Based on observed historical patterns of suedrowmds for the Taranaki
plant, these tend to occur at-8 yea intervals. Given the capital cost associated with such-tugunds, it is
understood that methanol producers seek to contract forward for a significant proportion of the subsecigent 4
8SIFNARQ 62NIK 2F NBIdzZANBR 3II & LIJzNOKF&aSaod
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production) would be likely to declineeducing the rate of reserves depletion. Conversely, if gas supply
conditions were to be plentifukuch gas users would tikelyto operate at, or clse to, full available
capacity. And if there was sufficient supply, it is likely that new sources of gas demand would be
stimulated.

However, if oil prices were to be sustained at relatively low levels over the medium term, this could
affect these dynamics. This scenario would shift the economics of New Zealand upstream activity
towards greater reliance on gas sales for revenues. Ultimately, if such a shift were sufficiently large, it
would raise gas prices to a point where large difonary gas users, such as methanol production,
became uneconomic. In effect, this dynamic could produce conditions that are similar to the Tight
Supply scenario (albeit with gas prices that are likely to be between the broad equilibrium and tight
supplyscenarios).

Conversely, if oil prices were to rise to high levels (circa 2012 or higher) on a sustained basis, that would
be likely to have the opposite effect. It would stimulate upstream activity more generally, and make it
more likely that gas market oditions come to reflect the Plentiful Supply scenario, at least on a

periodic basis unless new investment occurs in gas using plant. This again highlights the tendency for an
inverse relationship to exist between oil prices and New Zealand gas prices.

Forthe reasons discussed in secti®®.1, there is considerable uncertainty about future oil prices.
However, most major forecasters are expecting some recovery in oil prices over time. Assuming that
occurs, then the most likely seario for the gas market would be ti@entralcaseover time, but likely
moving between periods of relative plenty and scarcity on a periodic basis.
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3 Gas supply

Chapter summary

Formost ofthe last decadeb S ¢ S Igds begtéh@szenjoyed atrongtailwind from high oil
prices That tailwind has supported high levelsupbtream activity 6 SY STAGAY 3 b S g
sector because oil and gas have typically been found together in this country.

Another important feature of the New Zealand gas wedsthat it isnot physically connected to
other gas markets. This is relatively unusual for a western economy, with Iceland being the on
other OECD country without a physical ability to transport gas to / from other gas markets

As aresult,any gaproduced in New Zealand must be consumed within New Zealand. This con
with oil production in New Zealand given that it is relatively straightforward to export oil to
international markets

The fact that any gas produced in New Zealand must be consdomadsticallyhas implications for
the economics of exploration and productidn particular, an upstream producer must have
confidence that it can commercialise any gas that is found through selling to New Zbakettigas
consumers.

The two sectors wish have fulfilled this role in New Zealand are the power generation and
petrochemical sectorg LJ- NIi A Odzf N @ aSiKIySEQa (62 YSiK
significantly varied their consumption to match the changing supply / derpasiion overthe last

20+ years.The presence of this large sourceflekibledemand (Methanex gas demand is estimat
to bef 45% of projected total Ndemand for 201bhas beera key enabler of upstream exploratio
and production.

In physical terms, there are maotential sources of supply to meet gas demand in New Zedlar
these include:

1 Existing or new fields in the Taranaki basin

1 New fields in one or the more of the 17 other petroleum basins across New Zealand
1 Unconventional gas sources

1 Imported gas

Given the wide range of potential physical supply sources, the outlook for gas supply is primari
economic issue. This in turn is influenced by a number of drivers including:

1 The price of crude ail

1 The demand for gas from users within New Zealand, most impthytpetrochemical production
and power generation

1 Carbon prices.

Since 2015, oil prices have been much lower. New Zealand upstream participants have reactg
reducing or delaying discretionary spendifigr examplegxploration expenditure in 2015 wasly
4% of the amounspentin 2014

Exploration and development activity is expected to remain at reduced levels until there is a
strengthening in the outlook for oil prices. This reduced activity in turn is expected to contributg
tightening of gaswgpply in New Zealand, all other factors being equal.

Thekey question is whatxpectationproducers will have for future ofind gagrices, sincehat
affectsdecisiondy upstream participants about how much effort to apply to exploration and
developmen. Most major international forecasterexpect some recovery in oil priceslbeit to
levels below the US$100/bbl mark. For example, a recovery to US$60/bbl wouklidrefecant lift
compared to prices recorded in H1 of 2016.
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However, m one knows for ertain whether recent oil price weakness is an aberration, or a sign
the future. As a resulfew Zealand isurrently at a crossoads as towhere gas exploration activity
will head If the oil prica remain persisterly low, the gas markeis likely totighten and place
upward pressure on gas pric&3dn the other hand, if oil pricgxecover from current subdued levels
(albeit not necessarilio historicalhighlevel9, that would support some recovery éxploration
activity in New Zealand making it more likely that new gas discoveries are sufficient to sustain
domestic gas demand frometiculatedand power generationand maintainsome petrochemical
production

3.1 Purpose

This section provides an overview of gas supply and productieuwZealand.

3.2 Historical development of gas supply

Gas production started in New Zealand in the early 1970s at the onshore Kapuni field. Supply ramped up
through the 1980s when production commenced from the much larger offshore Maui fiekighe6

shows, production from the Maui field dominated the New Zealand gas sector between 1980 and 2005.
The presence of the large Maui field underpinned the development ofigiag) industries, such as
petrochemical production and thermal power generation.

Figure6: Historical gas production in New Zealand
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Source: Concept analysis using MBIE .data

Although alternatives to the Maui field had begtentified as potential new sources of gas in the 1980s,
there was insufficient incentive to develop these because gas demand could be met from Maui. That
position changed in the early 2000s, when there was a sharp downward reassessment of the remaining
reserves in Maui.

This led to a tightening of the gas market and higher gas prices. This in turn spurred the development of
new fields, notably Pohokura and Kupe. The increase in gas (and liquids) prices also increased efforts to
extend production from withi existing fields, including Maui.
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That is not to say there was no hydrocarbons exploration and development in New Zealand during the
My nQa I AsRiguretibdlowBows, the McKee and Waihapa fields were developed in the
1980s However, these are / were predominantly oil producing fields, with relatively little gas being
produced More recently, the offshore Maari and Tui fields have been depedowith these fields
producing only oil.

Figure7: Historical oil production in New Zealand
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Source: Concept analysis using MBIE data

To understand this apparent relative lack of gas exploration effort in the decades followirdgMQ &
development, and the difference with oil exploration and production, it is necessary to understand an
important feature of the New Zealand gas seataramely that it is not physically connected to other
gas markets.

This is relatively unusual foveestern economy, with Iceland being the only other OECD country
without a physical ability to transport gas to / from other gas markatsother OECD economies are
connected to other gas markets: either through pipelines, or through havingrapi@t or export
capabilities.

The implication of this is that any gas that is produced in New Zealand must be consumed within New
Zealand. This also contrasts with oil production in New Zealand given that it is relatively straightforward

to exportoiltointerna2 y' I £ YI N] SGa DAl AKALWD ¢KAa RAFFSNBYyOS

sectors is illustrated ifigure8 below.
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Figure8: Historical gas and oil production and consumpti§n
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The production and consumption of gas in New Zealand is almost exactly’eqim@reas there is a
huge difference between indigenous oil production and domesiticonsumption.

Indeed, ag-igure9 below illustrates, almost all oil produced in New Zealand is exported, with New
%Sl fFyRQa R2YS alehdalmdst éntirayangtahdayghJinpoting oil from overseas
(being a mixture of unrefined oil which is then processed in the Marsden Point refinery, and already
refined oil products (i.e. diesel, petrol, aviation fuel etc.)).

8 Data on domestic gas cammption from a number of sectors is not available prior to 1990.
¥ Much of the differences is understood to be due to statistical measurement & reporting issues.
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Figure9: Historical production, consumption, imports and exports ofil
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The fact that any gas produced in New Zealand must be consdoredsticallyhas implications for the
economics of exploration and productidm particular, an upstream producer must have confidence
that it can commercialise any gas that is found through selling to New Zehtsmadl gas consumers.

This is not just an issue for gas exploration, but also for oil exploration and productiorttuvéor
many New Zealand fields, gas and oil are foand producedogether. This can be seen by looking
back atFigure6 andFigure7 and comparing the historical pattern of gas and oil production for a
number of the fieldg e.g. the historical pattern of production at theadi, Kapuni and Pohokura fields
has been very similar between oil and giisese issues are explored further later in this section.

2C2N) UKS LJzN1J2asSa 2F (KA&a AffdzZAGNI GA2y tod KS WwWO2y adzyLJiA
Production + Importg Exports. In reality consumption is more complicated as there can be materiatorgaar

stock changes, and the need to account for aspects such as fuel consumed by international transport (ships +

planes)

GASSUPPLY ANDEMANDSCENARIOEROM2016 27



concept
The extent to which gas and oil are found at the same fields is further illustratédunel10 below
GKAOK akKz2ga (UKS LINRBLRNIA2Z2Y 2F 2At |yR 3l a F2NI dz
largestfieldsL i aK2g¢a GKFG Fff 2 Fpra&iag fitdadlare gagprivi€ndated A Iy A F A
fields i.e. there are material quantities of liquids in these fields.

Figurel0: Estimated P50 probability ultimately economically recoverable oil and gas reserves as at
1 January 2015 (PJ)
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Source: Concept analysis using MBIE data
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Figurell below shows the same data but on a proportional basis, plus including an estimate of the
proportion of the relativevalueof the gas and oil for a given assumption about oil and gas ftives
right-hand bar for each pair of bars)

Figurell: Proportional split between oil and gas reserves and value for main New Zealand fesldd
1 January 2014
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As indicated byrigurel2 below, gas prices and demand in New Zealand lexperienced significant

variation over the past fifteen yeard\fter a period ofrelatively low prices and high demand at the start
2T GKS wnnnQaszx 3AFa LINROSE NR&aS akKlFNLIie Ay (GKS

drop in demandMore recently, wholesaleas prices have fallen significantly and demand has once
again started to risé!

Figurel2: Historical New Zealand gas demand and inthis gas price$?
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3.3 Current gas production

Lttt 2F bSgs »%SItlyRQ& S EdordéniageFelddih the Tai@KR=NEBS 2 Y A &
shown inFigurel3. The three largest producers (Pohokura, Maud &upe) are all offshore fields, and
the balance of production comes from smaller onshore fields.

21The fall in demandver the last
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Figurel3: Gascondensate and oil fields in Taranaki
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Figurel4 shows the most recent annual gas production data across major fields, and the producer
participants for each field. While Maui still makes a significant contribution to overall productioplysu
is now much more diversified across multiple sources than in the pasE{gae6).

Figurel4: Field production for 2015
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Source: Compiled fromBIEdata. Gross data excluding offshore Tui and Maari fields not linked to gas pipeline network.

3.4 Gas eserves and contingent resources

The Crown Minerals (Petroleum) Regulations 2007 require gas producers to report on remaining
reserves and resources. Reserves and resources provide measures of the gas inventory based on already
discoveredhiccumulations ofas.

Reports on reserves and resources must be compiled in accordance with the internationally recognised
Petroleum Resources Management System (PRMS), published by the Society of Petroleum Engineers
(SPE).

Under the SPE classification syst€m:

1 Reserves@ defined as known accumulations of petroleum, which are anticipated to be both
technicaly andcommercially recoverable.

1 Contingent resources are defined as estimates of recoverable quantities from known accumulations
which do not fulfil the requiremendf commerciality at present. The definition of commerciality for
an accumulation will vary according to local conditions and circumstances.

The SPE also defineoppectiveresourceswhich arequantities of petroleum which are estimated, on
a given dateto be potentially recoverable fromndiscovereéccumulations.

Within reserves and contingent resources, there is further subdivision based on the assessed level of
uncertainty associated with an estimate. A P50 reserves figure represents@omicestimate of
NBEaSNBSa olfaz 1y26y Fa WLNRoOolFOfSQUE GKAES | t o
SadAYILGS 6AGK | dmrr fSOSEt 2F O2yFARSYOS:T 46KSNBL

aAx 9

23 Seehttp://www.spe.org/industry/petroleumresourcesclassificatiossystemdefinitions.php Reference should
be made to the full SPE/WHRetroleum Reserves Definitions for the complete definitions and guidelines.
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cbncept
an estimate with a 10% level of confidenceni&irly, @ntingent resourceare categorised byhe SPE
into 1C, 2C and 3C according to level of uncertainty

3.4.1 Gasreserves

Figurel5a K264 bS¢ %SIflyRQa NBYIFIAYyAy3d I+ a NBaSNBSa
%SEEflyRQa NBYIAYAY3 tpn NBaSNBSa INB Ay FAStRaA
Maui (first production 197€ 9% of remaining reserves) and Kapur{4¢ 2% of remaining reserves).
Figurel5: Field reserves (remaining recoverable P50 estimates) and ownership as at 1 Janudy 201
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Figurel6 shows the assessments of the remaining P50 gas reserves over the period since 1999. It shows
the decline in remaining reserves in the early 2000s associated with the redetermination of the Maui
field, followed by the sbng recovery since that time. This reflects the significant exploration and
development activity in the last decade, which has resulted in growth and then ongoing replacement of
P50 reserveslin particular, the development of the 1,500 PJ Pohokura gasifi 2008, and the 370 PJ
Kupe field in 2010.

Over the pastwo years, reserves have declined following a drop off in exploration effort (and success)
but with demand continad at high levels (approximately 180 PJ/yr). Further, the most recent reserv
numbers are also likely to reflect the low oil and gas prices, noting that the P50 classification refers to
whether reserves are likely to be technicallyd commerciallyecoverable.

Figurel6: Remaining P50 gas resenfés
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2The chart is based on published MBIE data. However, it is not clear whether consistent definitions of 2P reserves
have been applied through the period. For example, reservesegorted for Kupe from 1999, which was long

before any final investment decision was made to develop the field. Reserves figures also show marked shifts in
the mid-2000s for reasons which are not clear.
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3.4.2 Reserves to production ratio

Figurel7 shows the track of the RTP ratio since 1999, based on P50 reserved tafaJamnuary2017
value is based on an estimated production value of 200 PJ for, 208i6assuming that there are mew
reserveshookedduring 2016 The chart also shows the reported real average gas price paid by
industrial customers®

Figurel7: P50 reserves to production ratios and gas pries
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Source: Concept analysis using MBIE .data

Asnoted above, there was a marked tightening of gas supply in the early 2000s (denoted by a fall in the
RTP ratio) caused by the redetermination of Maui reserves. The contraction in supply led to a period of
rising gas prices, and is reflected in the avenagees paid by industrial consumers.

By the mid2000s major new fields were being committed for development. In particular, the RTP ratio
rose from 2008 with the development of the Pohokura and Kupe fields. This was accompanied by a
reduction in gas pricefor industrial users after 2008, reflecting an easing of tight supply conditions.

Since that time the RTP ratio has been around 2@ears, reflecting changes in both gas reserves and
the rate of gas usage. For exampiethanexhadscaled back itasein the mid2000s when supply was
tight and prices were higher. Since 2010, there has been a progressive increase in gas usage by
Methanex.

The significant drop from-Janl14 to that projected for Jar17 is due to no material new reserves
beingbookedyet demand continuing at relatively high levels. Further, the most recent reserves data
also includes some downwardvisiors for the Maui field; presumably refledhgthat view thatthe
economically recoverabtguantity of reservess lowerdue to lower @l and gas price expectations

2The industrial gas price included is compiledMBIE based on data supplied by gas retailers. Prices are not
available for calendar 2016.

26 prices for industrial consumers include transport (i.e. pipeline network) costs. The prices should therefore be
taken as indicative of trends in the underlyingromodity wholesale gas price, rather than the level per se.
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Figurel8compares New Zealand RTP ratios with those for a range of othgrgdiscing countries.
Note that in this case the data isrfP90 or proven gas reservés.

Figurel8: International comparison of RTP rati@sbased on proven (P90) reserves

Source: Concept analysis usdaa fromMBIEand BP

The chart shows a general tendency for RTP ratios to be drinen1020 year range. This reflects the
likelihood that countries with relatively high RTP ratios (such as Norway or Mexico) tend to develop
additional demand sources such as gas exports via pipelines or LNG suairochemical production
which expaet the gas in the form of products such as methanol or ufideese additional demand

sources haveéhe effect of lowering their RTP ratios over time. Likewise, in countries with a lower than
average RTP ratio, there is likely to be an increased incentive to identify and commercialise new gas
reserves, or extend existing reserves life by redudemgandfrom lower value uses of gas.

The chart also shows New Zealand data depicted by dots. On this RTP measure, New Zealand has had
around 1012 years cover in recent years, which is within the central part of the range for the countries
reported.

Another meaure of RTP ratio for New Zealand would be to exclude gas usage for petrochemical
production, on the basis that this is more discretionary, and would probably be reduced if gas prices
rose due to tight supply. This alternative measure indicates aroun@a& yf cover, which would be
toward the upper end of the reported range.

3.4.3 Contingent resources

From 2014, the government introduced a requirement for permit holders to report on contingent
resourceg; i.e. hydrocarbon accumulatiorthat are identified as éing likely to exist, but which are
presently uneconomic to develop givéme current oil and gas priceutlook. Table2 shows the most
recent reported data on contigent resources. In terms of gas, almost all of the contingent resource is
within existing producing fields in TaranaRver50% of the totals within the onshore Kapuni field.

27 This chart is based on proven (or P90) reserves because data on P50 reserves for other countries was not
readily available. The New Zealand data is for remaining P90 gas reserves. The Nesvdzalalso includes
LPGs for all fields. This chart is therefore not directly comparable with the data sh&igunel7.
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