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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

While Concept has used its best professional judgement in compiling this report, Concept and its staff
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 decadeN e w  Z e @ds aecstahassenjoyed atrongtailwind from high oil prices
That tailwind has supported high levelsupfstreamexploration and developmerdctivity— benefiting
New Zealand’'s gas sector because oil and gas
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
supplies-andhas beerreflected ina downward revision affficial gas reserves.

New Zealand’s identified gas sour ce(@cludingovi de
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
becauser olff e gas ' & *intheaaweriganaratian sectpenabling switching away from

It is referred to as a ‘tr aHiedstaiionswil thémseves ba displaced inias
couple of decades once technology advances énednewables to costffectively displace these gdised power
stations— particularly from mediurrto-high capacity factor duties.
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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.
Gasé mand for-usbae +dsrt dehndimilstial secomsnikelty toiespdrd tca
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 also-to the extent that higher internationaCQ prices apply to the production of
petrochemicals- 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 n t urn, this woul d | stopmodusctienratew Zeal a
postponing the time when New Zeal andalothayas posit
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 fomrecentexplorationefforts, point to a tightening of New Z

Our analysis indicates thhy 1 January 201fhe P5Creservesto-productionratio will beclose t09
years—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

Z e a | aignificargreported contingent resourcefer existing fields are develop&d 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
industrieswiln ot be put in a disadvantageous position relati
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 emissimasngve 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 petroahe ¢ a | production plants far m
other gas consuming sectors. In effect, the presence of these petrochemical gas users provides a
‘“virtual’ connecti on -vespechallythoseia NontteAmericanwdith age the ma r k

maincompeting source for methanol production.

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

both influencedoy , and strongl y i nrhdrketdf ouocentdevelsefipetrdchemica nd’ s
demand were to continueN e w Z e a | a n-b-preductioaratie, based ®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 contingat current rateswill be influenced bgaspr oducer s’
incentives. If they recontract to maitain high levels of demandhe gas pricéor sale to Methanexs
likelytoreflectMet hanex’' s opportunity cost of producing I

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 demandavhich 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 revendeow’ may 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

9 international gas prices (which influn ¢ e Me talbility anewillingnessto-pay)
T oil prices (which comprise a sign)ficant addit

91 the dynamics of the New Zealand power generation mardete i ng t he ot her maj or
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 Zealarahoting 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 eventuaite 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 identified New Zeal aoulddrop r eser
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
rapidly reduced de man dP56resentesioeproduetiontatio readded@ytass. on c e
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
zero—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
Met hanex and ga¢sestoiZne atl haerid2 debhAnexsis considered a key enabler for

Ne w Z e ailaadmgas’sectoro

51f the Tiwai smelter were to retire in 2018/19, the associated reduction irfiged power generation would push
out the point wher do-dineand raieraachedthls crosver paneby & auple of years.

GASSUPPLY ANDEMANDSCENARIORROM2016 8
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It is unlikely that urea productionthe other main petrochemical demanewould 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 Methanexwhich has little domestic
demandf or its methanol, and thus doesn’t enjoy the
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 fefl5years 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 discoverywith 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 stations— 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 PJ-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 soureesis

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.

From the perspective of NemendBZatarce, thepbwes gemmerateon a | | ga
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

81t is possible thatttis scenariomaybeess | i kely as it would nostatebe consi
target of achieving 90% renewable generation by 2085.such, it would only be likely to eventuate in a future of
plentiful gasandwhere governmentdidnt | mpose ot her pol iCQpricas)docabheevei s ms ( e

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 buildingb new CCGTs would be inconsistent wit
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
reduction in gas demand ofapgprx i mat el y 25 PJ per year (= 13% of
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 for‘direct usérefers 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

be driven by variations in population and econon
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
proportion of consumer s’ t otsaneindusiriplednsmersm Thi s me &8
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 wilkbea | ance New Zeal and’s generation

GASSUPPLY ANDEMANDSCENARIOEROM2016 11
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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 decisior-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-1&8wDs 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

As mentioned abov e ;o-pMaustionfadcad lilely @ Heslinerfrons therracent
leel s of 12 year s’ byeomarey’' tof adojadenandovatinte=d ay 2urrént
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.

Qil prices will have an important influenoa new supply because Newypigadlyal and’ s
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 prices 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 activityncluding developing the significant quantity of gas
currently clasdied ascontingentresource

This is similar to the Kupe fi el d whdevelbpedvaitisattifne r st

because of New Zealand’'s surplus gas position due to
2000's (coming to market in 2010) after New Zeal and’
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
theforeseeabl e demand o f-vaNegas ugeesadireaise thdustrialhcomntereial 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 produeti@amticularly methanol.

I n this respect, N e ectorplayas Anampdrtard rolg as & faaditatbr efithie ¢ a | S
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 Plentiful-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 LNGlthough this
outcomemay be relatively unlikely as it is probab
reported contingent resource at prices below this LNG import parity level.

1 Central-representing a situabn between these two extremes.

Mediumto-longterm demand from the petrochemical sector is considered to be largely a function of
New Zeal and’ s Itappeprgikely thay gaslemanidfor methanol 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
little volatility, with only gradual changes in
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

1 The Plentiful, Central and Scarce scenarioskshdu not be i nt er prathterdhd as eog
Pl enti ful and Scarce cases pr esen-+tactymbostings! e (b

are more likely to be around the Central scenario caatleast for the next few years

i Thedifferenes bet ween the scenarios are mainly drive
users in the petrochemical and power generation sectatirect 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 montiparticularly 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

The above discussion has E&xstnhggassnarketith praducttoh y on Ne¢
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 bdasitiading 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 tdkélgve minimal impact on New

Zeal and’ s e -sbasedtgas marketl @his & bexdtigecost ofthe gas transmission pipelines
necessary to ‘“join’ thes eisliketyto bepmohiltites Rathet, bwouldh e e x i
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 purposeeach 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 The i mplications of a | ower oil price (= | ower
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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Purposeand structure of report

1 Purpose

FigureS5s hows t hat New Zeal and’s gas demand and whol
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:

T

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

Secton 4 analyseggasdemand for petrochemical manufacturing, and develops future demand
projectionsfor this sector

Section5 analyses gas demand for power generation, and develops future demand projections for
this sector

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

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

2Henceforth, references to ‘gas’ means natural gas,

u
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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 purposeeach 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 The i mplications of a | ow oil price (= tow hyd
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 CommerceC 0 mmi s ferthaominggricequality determinationdor regulated gas
pipeline businesses
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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
rate to match usage, and New Zeal and’'s g

1 2)Central-reflecting a market that is in broad equilibrium, whdtether gas resources are
brought to market at a rate that more or

1 3)Plentiful—reflectinga s cenari o that would arise dug¢
be reflected in higleserves to productiomatios.

New Z e aebeavesdo pmoductionRTR3ratio 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
scenariosaré s c-e @aet e r s used latenirdthisarapat to inform the developmentsdmesector

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
scenariosScarceCentral and Plentiful. These states are

ends’ |, and a ‘middl e’ zone.

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

us e

¥ 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 to be brought to market at a

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
consumption- 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
around6 OPJ per year. However, Wwi
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 marketbecme s “t i ght'’ becad
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
| ess matches New Zeal and’'s de

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 duetolast ai ned e X C e
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)

A statistic that

factors remain unchanged.

New Z e &TRatiotds 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

Accordingly, if the current |l evels of tdemand wer
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 foxesting fields) t he singl e | argest factor
reserves position will be the level of demand from the petrochemical sector which currently accounts

for over45% of national demand. In this respect itheughtthat allthreed Met hanex’' s met |
production trains are coming up for major plant teanoundsin 2017/18 when decisions are likely to

be required on their intended level of operation for teebsequent 46 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

di scretionary gas s-Abegyeansw' trmeherHoWwWawein Koy
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 zero-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 intervatswhich 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
years’ worth of required gas purchases.
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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 decadeN e w  Z e @ds aentahassenjoyed atrongtailwind from high oll
prices That tailwind has supported high levelsupStream activitybenef i t i ng New
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 sectorspar t i cul arly Met hanex’'s two meth
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 be=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 Zealar
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
1980’ s ahAsHigude®beldw sisows, 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 following M’ s
development, and the difference with oil exploration and production, it is necessary to understand an
important feature of the New Zealand gas sectaramely 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

toexportoiltointernab nal mar kets via ship. This difference

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
Zeal and’ s do me sbeingalmost éntiradyanetshoongp impoding 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 fields e.qg. 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.

P®For the purposes of this illustrationtothe consumpt.i
Production + Imports- 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)
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The extent to which gas and oil are found at the same fields is further illustratédunel10 below
which shows the proportion of oil and gas for wul
largestfieldsl t s hows that al |l o f-pradecing figlds ark gesonbdénsates i gni f i

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
of the 2000"'s, gas prices rose sharply in the f

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
Al'l of New Zeal and’ s e x-gosdénsatedieldg ia the Taranaki hagintas on i s

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

90
80
70
60 = W Others
50 m NZ0O&G
= 20 Genesis Energy
m Origin
30 [ | B Greymouth
10 m Todd
, B m - - _ =5
o N S NP N SN
RS A O R
L@ & & & &S &Qp o QL‘@\}
& N e Q;p"" e ©® A\ &
° &

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
reserves (also known as ‘probable’”), while a P9C
estimate with a 90% |l evel of confidence, whereas

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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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

Figurel5s hows New Zeal and’s remaining gas reserves
Zeal and’ s remaining P50 reserves are in fields
Maui (first production 1979 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

3,000
2,500
2,000
& 1,500
1,000
500
0

Q"'Q”Pé” {\si”{{ 6‘6‘”@'@{:\?’,\"" ’50\?‘{@(\*\,‘0

\;\’ N;‘@ \;“Jb w;“'a ’»’;zr T T LANC NG e SR IV

EnereyData w20.xlsm

Source: Concept analysis using MBIE .data

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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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
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The chart shows a general tendency for RTP ratios to be drtnen1020 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
resources-i.e. hydrocarbon accumulatiorthat are identified as &ing 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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Table2: Contingent resources reported as at 1 Janp2016

. 1
Contingent resources

il Condensate LPG Gas
(millian barrels) (million barrels) (1,000 tonnes) (P
kapuni 32,6 200.9
f aui* 5.4 8.0 155.0 203.7
Pohokura 6.4 249.8
hlangahewa 3.6 173.2
Turangi 2.7 110.2
M aari 16.2
kowhai 3.4 53.4
Mgatoro 3.6 0.4 24,8
Kauri 1e.7
Ickee 2.6 a.7
Total 2009 57.1 155.0 17335

*Estimated quantities, st a given date, potentially recoverable from known
accumulations, but for which the applied project(s) are not yet considered mature
enough for commercial development dueto one or more contingencies,

*Crude Contingent Resources from Ruru permit only, Condensate and gas from
Maui and Ruru included. LPG from haui.

SourceMBIE

Figurel9shows reported gas reservessourcesas at 1 January 26kt differing levels of classification.
The 2C resource estimatis similarin magnitude to the2Preserves.

Figure19: Remaining gas reservagsourcesas at 1 January 2@at differing levels of classification.
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Source: Concept analysis of MBIE data
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3.5 Outlook for gas supply

In physical terms, there amany potential sources of supply to meet gas demand in New Zealand
these include:

9 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.

Eachof these is discussed further Appendix AGiven the wide range of potential physical supply
sources, the outlook for gas supply is primarily an economic i3$u®in turn is influenced by a number
of drivers including:

9 The price of crude oil

1 The demand for gas from users within New ZeaJandst importantly petrochemical production
and power generation, discussed furthiarsectionrd and5

9 Carbon prices.

3.5.1 Oil price outlook affects gas supply

An important f eat usedaoriptiie sthoeginflugreadf lguidén sectog a s
economics. All of New Zeal a-ooddersatedfiglds,svtthiliquigs ofems i s
accounting for a material component of reserves in energy terms. Prices for condensates alg/typica
strongly correlated with the crude oil prices. Condensates are generally more valuable than gas on an
energy equivalent basf.These factors mean that the economics of-gasdensate field development

and production in New Zealand are strongly infloed by crude oil prices. Other factors can also be
important (especially gas prices).

The influence of oil prices on New Zealand upstream activity is illustrateaybye20. It shows a
generi c measur e —befng thegosakvell€dailimdeacte yiedr, along with trends in real

oil prices over time. The chart shows the progressive rise in oil grim®s2002 to 2008, followed by an
increase in supptgide activity No data is available for the number of wells drilled in 2016, but the-year
to-date oil price is shown.

Oil prices fluctuated in the period 202814 but generally remained above $US60/wbhl). During this
period, supplyside expenditures continued at relatively strong levels compared to the earlier historic
average.

Since 2015, oil prices have been much lower. New Zealand upstream participants have generally reacted
by reducing or deldgg discretionary spendings shown by the sharp drop in the number of wells
drilled in 2015~ particularly for exploration

28 This includes crude oil and other hydrocarbon fluids in the well production stream that are liquid under
normal conditions, such as naphtha, light oil and natural gasoline. The terrgsligil and condensates are
sometimes used intechangeably.

29 For example, one barrel of oil has 5.8 GJ of energy. If the price of oil is US$50 per barrel, this means oll
has a value of US$8.60/GJ in energy equivalent terms.
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Figure20: Upstream activity and oil prices
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Source: Concept analysisMBIE and World Bank data

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 contribute to a
tightening of gas supply ilew Zealand, all other factors being equal.

This fall in New Zealand exploration mirrors similar drops in activity worldwide. Information released by
the International Energy Agency in September said that oil andigldsspending fell 25% in 2015 aisd

set to drop by a further 24% in 2016. And t he
s p ecul a ttmaygvellbétlzetcase that investment will fall in 2017. We have never seen (a three
year decline) in histoty?

Factors other tAn the oil price outlook will also influence exploration effort in New Zealand. For
exampl e, New Zeal and’ s r el atoadtherdhe hand itésmperdeieeddso c at i ¢
having a relatively stable regulatory regime and supportive fisctihgest

The gas reserves reported as at 1 January 2016 show a material redsicioe@the previous annual
data, because dafvo factors:

1 Relatively higlproduction in the intervening periodyut with limited new additions toeserves; and

9 Because reservasiust by definition beassessed asconomic to recover, the weaker outlook for oil
prices (compared to earlier periods at least) is likely to affect the reserves assessment of previously
discovered hydrocarbon accumulatiofisThis is particularly appareint the reserves assessment
for the Maui field which has seen a decline in assessed reserves of several hundred PJ.

This highlights thékelihood of a negative correlation betweeil and New Zealand gas prices over
time. This arises becaugmver oil pricesmakeNewZealand explorationand development activity
relatively more dependent on gas revenues (requiring higher average gas prices), and vicEhagrsa
said, oil and gas are also partial substitutes in some circumstances. For example, if Ned &eetato

30 “Qil, gas investment céinuestotumblé , The Australian, 15 Sep 2016
st Assuming producers have a lower expectation of oil prices than when they last reported reserves.
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develop an exporbriented LNG industripgased on a major gas discovegas prices might become
positively correlated with oil price¥.

This raises the broader question of where oil prices are likely to trend in future. The fall in the oil price
that has been seen since 2014 is widely attributed to rising United States production from
unconventional sources, coupled witdetermination by members of the Organisation of Petroleum
Exporting Countries (OPEC) to defend their existing markets. Thiedmasteep decline in oil prices,
falling below US$30/bbl in early 2016. Many commentators expected low prices to drive much of the
unconventional United States capacity out of the market. However, United States production has
proven to be more resilierthan many expected, with the significant production cuts not materialising
(though growth has flattened off).

Looking ahead, anymajor forecasters are expecting some recovery in oil prices off the back of rising
global demand. However, the trajectory aadd-point is far from certain. For exampldid IEA has
recently stated that®

G! GGSYLIiAYy3 G2 dzyRSNRUIFIYR K2¢g (GKS 2Af YINJSQ
of enormous complexity. Some certainties that have guided our past outlookea not so
OSNIFAY Fd Iff ®é
LG Aa OSNEB GSYLIWiAYy3AZ odzi Ffaz2 @GSNEB Rl y3aSNER dz
LINAROS&aad . dzi 4G GKS NRaj T GSYLAJGVA)/EIA?I-GSZ QS
suggest that prices can recové¢ 5 N1LJ & Ay AYYSRALF GS ¥Fdzli dzNB €
Ghyte Ay wnmt oAttt 6S FAylLffe &aSS 2Af adzZli &
I OOdzydzt F GSR Attt OG I a RIFEYLISYSNI 2y GKS LI
¢KSNBE A& | aNRail 2F | &Kl Nauffdkekdst adsINGfronS NRA &S 1
AYAdzZFFAOASY G Ay@SaildySyiloé
GLY HnamcI 6S NS fAQGAYy3 Ay LISNKI LA GKS FTANRIDG
LA2YSSNAY3 RlI&a 2F (GUKS AYyRdzAGNE d¢
In a report released i nlspaaknoddethdndibghit?.MpdKinseysisey & Co
the question aftetoweringits longterm demandforecastfor oil, citingfactors such as thprojected

uptake of autonomous and electric vehicles, atdictural changes in the global economgspecially a
risingshare ofservices.

The uncertainty about future oil prices is evident in recent projections published by international
forecasters as at May 2016, which is showRigure21. The forecasters are all projecting an increase
from the low levels recorded in early 2016, but the size and speed of the rebound varies widely.

For 2020, the projections range between approximately US$45 (IMF) and US$80/bbl (EIA). The World
Bank is projedng prices to be around US$60/bbl, which is broadly consistent with the prices for futures
contracts for that period.

32 In principle, the observed historic correlation between oil and methanol prices might have a similar
influence, although this is expected to be weaker because the relationship is less direct.
33 See International Energy Agency, Meditierm Oil Market Report, 2016

34 Seewww.mckinsey.com/industries/ciind-gas/ourinsights/Ispeakoil-demandin-sight?cid=othereml-alt-mip-
mck-oth-1607
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Figure21: Oil price projections
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Source: Concept analysis of data from various sources.tNatéorecasts mayliffer slightly in their basis.

Returning to the New Zealarsipply outlookakey question is whatxpectationproducers will have
for future oil prices, sincthat affectsdecisionsy upstream participants about how much effort to
apply to exploratiorand development

Based on views of major international forecasters, it appears reasonable to expect some recovery in oil
prices—albeit to levels below the US$100/bbl mark. For example, a recovery to US$60/bbl would be a
significant lift compared t@rices recorded in H1 of 2016.

At that price, it is likely that global hydrocarbon exploration effort intrease- albeitto lower levels
than seen during the period of @800bbl prices. Aotherkey issue is where New Zealasits relative
to other internationallocations for hydrocarbon exploratiolVhile New Zealand has some drawbacks
due to its remote location andmalldomestic marketthe Taranaki basin does have a humber of
positive attributes as a place for exploration effort, these:are

9 There isxisting oil & gas infrastructuf®r exploration and production which lowers the cost of
developing new fields

1 Itis mot too challenging an environment compared to other locatiQmgh the exception being very
deepwater Taranaki)

Taranaki istill relativelylightly-explored, and thus hereasonable prospectivity

New Zealand has #able political andattractiveregulatory regimeompared to many other
international jurisdictions

Thus, there is a reasonalilkelihood thata strengthening imil prices willead tobe some recovery in
explorationand developmengeffort in the Taranaki basi- albeit, notnecessarily tdahe historicallyhigh
levelsseema f ew year s’ ago.

However, no one knows for sure if recent oil price weakness is an aloerrati a sign of the future. If
the oil price recovers, that will rekindle upstream activity and assist in rebuilding gas inventories.
Conversely, if the oil price outlook remains weak, upstream activity will be subdued, putting upward
pressure on gas pes.
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3.5.2 Demand for gas within New Zealand

AsnotedearlierrNew Zeal and’s gas mar ket is relatively wun
physically isolated from any major external demand soufeés. a result, gas producers are entirely

reliant ondomestic gas users for sales. Furthermore, increments of supply (or demand) can be relatively
lumpy relative to the overall market sizeas a result, decisions about some individual supply (of gas

using plants) can materially affect the supply/demanchbak.

Having said that, some categor i esincedsinggoasalingser t e
back their level of demand in response to prevailing market conditibgsuch, these categories of gas

user have been key enablers of the upaimegas (and oil) industry in New Zealaryroviding sufficient
confidence for upstream explorers that if they find gas in association with oil they will have a means of
readilymonetising it, while at the same time providing the flexibility to scale laaitknes ofrelative

scarcity to ensure gas reserves are prioritised for the highest value uses of gas.

As is illustrated ifrigure22 below, historically the two most important sourcesg such® mar k et
b al a rhave begn:

1 Petrochemical productior especially gas use for methanol production. This is both a large and
relativelyresponsive source of gas demandccounting for between :89%of total gas annual
demand over the last decade. Methanol production effectively provides a means of exporting gas
(as methanol) when there is sufficient gas supply in New Zealand to makectiiomic. The
existing methanol plants are expected to be available to operate in this type of manmapgiror
all ofthe projection period-and this is discussed further in sectinThis does not mean that they
will necessarilpperate—that will depend on the availability of gas at competitive prices.
Nonet heless, the presence of the pl ambss provid
which tends to support upstream effort. While it is possible that these plants could be relocated
offshore if there was sustained tight gas supply in New Zealand, such a change is likely to occur over
a very extended period as has occurred in ChilSo the market balancer role appears secure for
the foreseeable future.

1 Power generation-historically there has been some ability for power generation to switch between
gas and codiired operation?® In particular, this occurred during the m&D00s wien gas supply
was relatively tight. While this source of balancing has been important in the past, it is less
significant now, and is not expecteddeliver the same amount of flexibility the future. That said,
as the analysis isection5 details, it is expected that the power generation sector may still offer a
reasonable amount dbngterm balancing(i.e. reducingpr increasinglemand in response to
relative scarcity or surplug the upstream gas positioir) terms of the extent to which renewables
are built to displace existing géised generation plant from higher capacifsictor duties

35New Zealand does not have any pipeline interconnections with other countries. Nor does it have any terminal
for the import or export of liquefied natural gas (LNG) by ship.

36 Switching can occur within the dual ceahd gasfired Huntly power station, and by using more/less coal at
Huntly and less/more gas at other stations.
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Figure22: Historical sectoral gas demanédarea graph
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In essence, gas supply and demand decisions can be highlyetaesd for these gas users. This issue is

discussed further in sectied and5, which addresgrojected demand for gas from petrochemical
manufacturersand power generation

In contrast, direct use of gas for energy (residential, commercial, and industrial) has not shown the same
degree ofresponsiveness 0 Ne w Ze al a nmstiears gas gositinnghis refiectathpe fact that:

91 Fuel costs generally comprise a relativelyashproportion of total factor input cost®r such

consumersand thus demand is not very sensitive to changes in fuel .CBisis results in such users
typicallybeing the highest value users of gas.

1 The wholesale component of gas costs is generalgtatively small proportion of the total costs of
delivered energy, reflecting the fact that transport costs and appliance capital costs comprise a
relatively large proportion of the total cost of useful energy

3.6 Greenhouse gas emissions

There is an increasy global focus on the importance of reducing greenhouse gas emissions. This was
evident at the Paris Summit in December 2015, when 195 countries reached consensus on a set of

principles and targets intended to limit climate charigduced temperatureris t o “ we l | bel o\
degrees Celsius.

On the global stage, this strengthening focus on greenhouse gas emissions is expected to have two
broad effects on the gas industry:

1 Overthe nextcouple ofdecades, gas is expected to displace more carliatensiveenergy sources,

especially coal, but also olthisis likely toresult in an increase in gas consumption, particularly in
the power generation sector.
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9 Looking out further, gas use is expected to reduce over time, as it is displaced by less carbon
intensive energy sources, such as renewables (for electricity generasind)biofuels for directise
applications.

The first of these two effects is expected to dominatternationallyover the nextcouple ofdecadss,
as gas provides‘aridge to a lower carba future. For example, BP projeass and renewables to be
the only two energy sources that will experience market share growth over the next 20-yasrs
shown inFigure23.

Figure23: Gas versus other energy souraeglobal projections
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This global backdrop will alsa¥e implications on gas in New Zealawtoss a number of dimensions:
1 demand for direct use

9 demand for power generation

1 demand for petrochemicals

1 upstream exploration

3.6.1 CQ implications on direct use of gas for energy

The recent Consumer Energy Optitistudy presented analysis dhe economics of gas for the three
main dire¢ uses of gas:

9 Industrial process heat
1 Space heating
1 Water heating

Amongst other things, the study considered the potential implicatiortsigiierCQ prices The analysis
is not repeated here, but the key conclusiomesre:

37 The Consumer Energy Options report and associated stakeholder presentation is available here:
http://gasindustry.co.nz/abouus/newsand-events/events/releas®f-consumerenergyoptionsin-new-zealand
2016-update-by-simoncoates/
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Industrial process heat

The anajsis found that gas is very competitive for industrial process heat, with coal being the main
competition for the largest process heat uses (which dominate overall process heat dehmathe)
North Island, gas has largely displaced coal except from ageuific clos¢o-mine mouth facilities
Higher C@prices wouldikely result in additional fuel switching away from coal to gas, such an
increase wouldepresentaround1-2% of current gas demand.

In the South Islandhiere is considerable use of cdsl users for industrial heat purposes. At present it is
challenging for these users to substitute to lower carbon fuels due to the lack of reticulated natural gas
in the South Islandand therelativelyhigh cost of biomasdHowever, gas has been discoegin the

offshore Canterbury basin. Sale of gas to industrial users in parts of the South Island may prove to be
commercially attractive way to develop these resources, while also offering emission benefits.

Generally, biomass was found not to be econoimimost situations due to much higher boiler capital &
operating costs compared to gas, and the much higher delivered fuel costs for most situations (the
exception being the wood processing industry where biomass is esseatiallgble on site and is
effectively’ f r. EuetHer) the scale of biomass required to switch away from coal and gas for industrial
process heat is considered to be too large to be practicable for the foreseeable future, even with much
higher CQprices®

That said, in the verpng term, it is possible that developments in electromechanical technologies (e.qg.
heat pumps, microwave technologiestc) may start to provide economic alternatives to gas and coal
for some process heat requirements (e.g. dryiktpwever, these are uterstood to be quite a long

way off from being economic.

Accordingly, for the foreseeable futureigherCQ prices willtend to support gas demand famdustrial

process heatbut the level of increase is likely to be small relative to the overall maiketTheae is

oneimportant caveatto this conclusion. lis based on the assumption that industrial customers

exposed to overseas competitiavill continue tobe largely shielded from the domestic carbon price, to
maintain their competitiveness againstai nt ri es t hat h aprieed®Tatheiextentr oduc e
that sucha mechanisnwere removed, it is possible that some relatively enerrggnsive process heat
consumers mayeduce or cease their operatidwith the production effectively moving overse&o

more C@-intensive locations)This would have a knoan effect on gas demand.

Space and water heating

Forspace and water heatingcarbon comprisea relatively small proportion of overall costs
Accordingly, even with relatively high @dices, the price impact on gas heating was identified to be
modest— particularly given that electricity generation is also relatively fdsglintensive at times of
high demand.

That said, the high efficiency of heat pumps makes them less-foskihtensive than direct use of gas
applications, and there is a general public perc
renewable—even when on anarginalbasis that is often not the casAccordingly, it is possible that a

high CQprice future and the associated heightened public awareness of greenhouse issagsesult

in greater consumer switching away from gas than would be expected purely on the basis of altered
consumer prices.

38 For example, one industrial representative estimated that it would require a forest area the size of Belgium
(approximately 15% of the South Island land mass) to switch away from coal to biomass for industrial process

heat).

39 At the moment, this is achieved under the New Zealand Emissions Trading Scheme (NZ ETS) through Emissions
Intensive Trade Exposed businesses receivingcotmted ancing ‘compensation’ up to
increased costs they face through the NZS introducing a price @Q.
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3.6.2 CQ implications ofdemand forgas for pwer generation

OutcomesiN e w Z e @dwar gaheration sector are likely to be much more sensitive toptiCes
For this 2016 study, significant new modelling was undertaken of the potential implications of CO
prices being higher than they have been tdedaincluding an IEAlerived scenario of very high €0
prices This analysis is detailed in secti®rbut the high level conclusions are:

1 There ma be some opportunity to substitute gas for cdiabd generationas a result of higher GO
prices including through high GQrices resulting in the retirement of the remaining two Huntly
Rankine coalired units

1 However thiseffect of coaly gas swithing is likely to be significantly more than offset by
substitutionaway fromfossil generation generally (coal and gasyardsrenewables as a result of
higher CQprices

Thus, on balance, higher g@ices will likely result in lower gas demaiiod power generation

However, there are likely to beconomic limits to the extent of this substitutidty renewablesThese

limits aredriven by the economics &pili ng’ r enewabl e generation at ti
than demand- noting that alarge proportion of thermal generation output is providing low capacity

factor duties such as diyear, seasonal and withidiay peaking generation.

3.6.3 CQ implications on petrochemical demand

The main impact of an increased price o, @New Zealandn petrochemical demanavould be if it

were introduced in such a way thaandicappedetrochemical production in New Zealaralative to

other jurisdictionsvh i ¢ h di d 1I€Q tost bnpetrochamica productiokowever, as with

industrial process heat demand detailed above, if the current NZ ETS appraatbldingEmission

Intensive Trade Exposed businesses were to continue, higher New Zealand dOc e s s houl dn’ t
materiallyon New Zealand petrochemigatoduction.

More generallyas mentioned abovejigherinternational CQ priceswould likely to result in increased
internationalgas demandaver the next 120 yearsas they encourage switching away from coal to-gas
fired power generatiorfand alsc-to the extent that higher internationaCQ prices apply to the
production of petrochemicafé— switching from coabased to gadased petrochemical production)
This higher international gas demaskould generally increase international gas pricdsat inturn will
tend toimprove the relative economics of petrochemical production in New Zealarglis overseas
locationsfor gasbased petrochemical productiomwhich will also tend to encourage local upstream
activity.

3.6.4 Broader CQimplications on upstream egloration

Sronger international demand for gas induced by riS€@ prices and the associated cotd gas
power generatiorsubstitutiondynamic is expected tde positive forupstream activityat the
international level. In particular, there is likely to be an increasing trade intd N®et strongly rising
demand in Asia.

WhileNew Zealand s not i n t bhNG dévélapmants, this faweurable lwackdrop is expected
to be supportive foNew Zealand upstream activity, especiallyffontier basins such as the Great

South Basin, where exploration effort is explicitly targeting potential gas discoveries of a scale large
enough to support LNG development.

4%1n many places around the world petrochemical producers are effectively exempt@@mrices, even if such
prices apply to power generation. The policy rationale for such exemptions is generally because petrochemicals
are internationally traded (and thus can face distortions from differ€@t prices applying in different

jurisdictions), whereas power generation is generally not.
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4 Gas demand for etrochemicalproduction

Chapter summary

The bulk of methanol produced in New Zealand is exported, mainly to customers in north Asia
this export focus, the level of gas demand for methanol production is primarily driven by the
competitiveness of the New Zealand plantsdative to other international methanol sources.

Furthermore, gas makes up a substantial portion of the variable cost of production for methang
plants.
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The key underlying point is that provided gas is available at competitive prices, the petrochem
plants are expected to provide a substantial source of demand for tleséaable future. An
indication of possible future intentions may emerge in the next 12 months, when planning deci
for 20172018 plant turnarounds are expected to be made.

Ballance AgiNutrients (Ballance) operates an ammonia urea plant at Kapuni in Taranaki that u
around 7 PJ of gas per year to produce 260,000 tonnes of urea fertiliser. Ballance has indicatg
it has a gas supply contract thamns to 2020

New Zedand has significant local demand for urea, and currently imports approximately two th
of its requirements. International freight costs are estimated to be around3% of the delivered
price in New Zealand.

The demand scenarios for petrochemical mewiuring projections are based on the following co
scenarios

1 Scarce-representing a future where no major new supply sources are developed, and futu
development is largely around firming up incremental gas supply from existing fields. This
more likely in a scenario of sustained low future oil pricesthis scenaridt is likely that gas for
methanol production will continue at around current levels and then significantly scale bacl
once New Ze a-loapmdictien (excudingpetrochesricaldemand ratio declines
bel ow a cer t ai fhe®exad poiatatiwhidh this wilbozdurmistsubject to signifig
inherent uncertainty, driven by factors such as international methanol and oil prices, ard n

41 Presentation to New Zealand Petroleum Summit, 2014.
42 Seewww.ballance.co.nz/news/winter+2012/kapuni+future+secure
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petrochemical demand for gasHowever, based othe observed contractiomf methanol
production in the early 2000's it is I|ik
2022 absent the discovery and development of a significant agply sourcen the next 58
year s. OQur *“ Scarce projection has the
mothballed state between 2(@and 2022.

1 Plentiful-representing a future where gas exploration and development brings forward
significantnew supply from existing and/or new fields. This is more likely in a scenario of
sustained high future oil prices, which generally encourage active upstream exploration an
development. In this scenario, methanol production remains at full output for theation of
the projection.

1 Central-representing a situation between these two extremé3ur central projectiorfor
petrochemical demand is simply an average of the plentiful and scarce scenarios. Howevg
reality, methanol demand may be more bigabeing at either very high or very low levels,
depending on the extent of forward reserves caver

In all three scenarios, urea production remains stable, reflecting the fact that the significant log
market for urea gives it a significant avoided shigpireight advantage compared with methanol
production (whose output is predominantly sold in Asia).

4.1 Purpose

Thischapterconsiders the likely future levels of gas demand from the petrochemical sector. There are
two main sources of such demand:

1 Methanolpr oducti on at Methanex’'s two production pl
T Ammonia / Urea production at Ballance’'s Kapuni

Each of these is considered in turn.

4.2 Methanol

The Motunui facility comprises two methanol trains, each capabfgaducing around 950,000 tonnes

of methanol per annum and requiring approximately 35 PJ of gas to tforbe. Waitara Valley facility is

a single, 530,000 tonne per annum train that requires around 20 PJ of gas when operating at capacity.
Me t h an e x dfer gas basiearied between around 15 PJ and 90 PJ per year since 1997, as shown
in Figure24.

43The amount of gas required to produce a tonne of methanol varies according ©@heontent in the gas. Gas
with higherCQ content can produce greater quantity of methanol. Different gas fields have different levels of
CQ content.
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Figure24: Methanex gas use and working capacity since 1997
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Source: Concept analysis of company reports and pipeline data

The bulk of methanol produced in New Zagal is exported, mainly to customers in north Asia. Given

this export focus, the level of gas demand for methanol production is primarily driven by the
competitiveness of the New Zealand plants, relative to other international methanol sources.
Furthermore gas makes up a substantial portion of the variable cost of production for methanol plants.

These factors explain:

1 The significant fall in gas demand for methanol production from 2002, as New Zealand gas
prices rose due to a tightening supply outlook.

1 The recovery in gas demand for methanol production since 2011, reflecting the impiesed
Zealandgas supply outlook and (consequently) more competitive gas input costs.

Met hanex' s | arge size and rol e as maasthée mapi buyer
‘“bal ancer’ in the New Zealand gas market. When t
reduced production, and vice versa. For the reasons discussed in the next section, we expect this role to
continue into the future.

This clanging pattern of reserve positions and gas pricesther countries around the worldikely also
explains the changing pattern of MeaguB2&nex’' s i nte
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Figure25: MethanexQ iaternational methanol production
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Thus, i f a region’s gas position gets roaridati vely

2 0 0 é&nd Ghile from the mi®000s), methanol production has substantially scaled back, but if a region
starts to enjoy a situation of relative surplus, methanol production starts to expand (as in the United
States more recently).

4.2.1 Gas demand outlook for metharigroduction

From a technical perspective, Met hanex’' s existinr
operating well into the future, barring any catastrophic failure (such as major fire). This reflects the

nature of the processing plants, in whicbmponents are replaced when they wear out or become
obsolete. This view is supported by Methanex’s p
Ne w Z e pldnta [ard] gdod for another 20 year¥

The major operational decision points fotetplants are likely to be around the periodic turnarounds,
when major maintenance and inspections occur and catalysts are replaced. At these points, there are
lumpy expenditure commitments to maintain the plants in operation. Historic data indicates that
turnarounds for the New Zealand plants occur at approximatéyyéar intervals, with the next
turnarounds likely to be around 2042018 for the Waitara Valley plant and one of the Motunui trains.

Met hanex’ s public st at e me hisfaturaodpesating mtentions. ld 20125 o me |
Methanex announced a0-year gagpurchasecontractfor sizeable volumewith ToddEnergyand five

year contract withan undisclosed partyor gas supply to Motunui. Thesentractssuggest an intention

to operate at least one unit until 2022. The gas contract durations also appear to match relatively

closely with the inferred turnaround schedule.

Although Methanex purchases some gas on a spot basis, most of its gas purchases are understood to be
on term contracts™® On the assumption that this pattern will continue, Methanex is likely to be

a4 Presentation to New Zealand Petroleum Summit, 2014.
45 Methanex was a founding supporter for the gas spot market hosted by emsTradepoint, however volumes
tradedtr ough this platform are stildl relatively small <co
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considering gas reontracting decisions in the next 228 months (noting contracts are typically

finalised in advance of supply commencement).
We expect the recontracting dedions to be shaped by a number of key factors:

T Met hanex’ s cost of pr od+doompargdtonother loGtiowesiwheret Ne w
can produce or acquire methanol.

1 the willingness of New Zealand gas producers to supply gas at prices which wdlkl thiea
New Zealand methanol plants to be internationally competitive.

As we have stated previouskMet hanex’' s most | i kely alternative
This view is supported by its decision to relocate some of Chilean plants to Giedmoaisiana, and to

restart Canadian capacity. Other methanol producers have also restarted, or announced intentions to
expand their methanol production capacity in North America. The fundamental reason for this
resurgence of North American methanol m#acturing is the growth in shale gas production in that
regionand the consequent low North American gas prices

Figure26 shows a recent projection released by tbrited States Energy Information Administration

(EIA). It projects that ongoing growth in shale gas production will more than offset declining
conventional sources, and will shortly move the United States into a net gas exporter position. The EIA
expects tls growth to be supported by further technology improvements, enabling higher recovery
rates at lower costs.

Figure26: United States gas production (dry gas in tcf/year)

: 2015
45 History Projections
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Source: United States Energy Informatiam#nistration Annual Energy Outlook 2016 Early Reledéay 2016

46 See, Concept Consulting Group lLtdng term gas supply and demand scenanwspared for Gas

Industry Company, September 2014, p 51.
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In terms of future United States gas prices, the EIA projects a lift from recent low levels (around
US$2.6/mmBtuin20fh) t o “above USS3%eqivalemid approximateh2 0 2 0"
NZ$6.4/GJ)° The CMHEorward curve also indicates an expectation of recovering United States gas
prices, although the rate of increase is somewhat lower, with prices rising to around US$3/mmBtu by
2020 and to US$3.5/mmBtu by 2G22equivalent to approximately NZ$4-MNzZ$5.1GJ).

In addition to headline gas prices, other factors will affect the competitiveness of the Taranaki plants
compared to North American capacity. These include:

9 Capital costs-the Taranaki plants are expected to have a cost advantage compared withodscisi
to build new plants, or relocate further capacity to North America. This is illustrat&igoye27
which shows the estimated costs of maintaining capacity iw Kealand, compared to new or
relocated plant in North America. This factor is estimated to provide the New Zealand plants with a
cost advantage over North American plant of around $2 to $2.5/GJ (new build), or $1 to $1.5/GJ
(relocated plant which is argably the more relevant measure in the near terfthThis advantage
would not apply for competition against existing North American plants. However, given that
further growth in methanol demand is expected, further capacity additions or relocations ae like
in the medium tern?

1 Shipping costs while detailed information on costs is not available, in terms of sea distance, the
New Zealand plants are considerably closer to north Asian markets than their United States Gulf
Coast counterparts. However, if gificant methanol volumes were to be shipped from the Pacific
Coast (not currently the case), this advantage would be negated.

47 Average spot price at Henry Hub2815. This is reported to be the lowest annual average price since
1995.

48 US EIA, Annual Energy Outlook 2016, Early Release, p.50, May 2016.

49 Based on the implied forward exchange rate of 0.647 USD/NZD and converted to NZ$/GJ.

50 Based on prices for ey Hub gas futures contracts, quoted on CME in-mMaj 2016.

51 These estimates assume a lower discount rate for North American investment, and a higher methanol
yield per unit of gas used.

52 Methanex states that demand has grown at 7% CAGR in-2006,and reports that the same level of

growth is projected for 2012019, see p.MethanexCorporation Methanex Investor Presentation, & 2016.
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Figure27: Methanol plant capacity costs (estimated)
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Source: Concept analysis of Methanex disclosuremying cost figures have been disclosed for MOT1 at different times.

These factors imply that the existing methanol production capacity in New Zealand would have the

ability to payup to around NZ$5-8/GJ and remain competitive against relocated plarthe US3

However, methanol plant owners will presumably seek lower gas prices if these can be achieved, to
provide a return on sunk investment in New Zealand plint. Met hanex’' s mar gi nal S
is anexisting overseaplant, its willingness to payor gas in New Zealand will be lower thiits

marginal source of production were al@cated plant. In such circumstances, its willingness to pay will

be driven by the alternative international gas cost (likely US Gulf Coast gasgdday any shipping

differential to take the methanol to the end market.

For the present purposes, the key observation is that even with an outlook of relatively low gas prices in
the US, the New Zealand methanol plants are likely to be competjiresided New Zealand has
sufficientgas inventory

However, there has been little exploration succesblew Zealandver the last couple of years, and
with current low oil prices there is little or no material ongoing exploration effort which is targeting
potential new gas finds.

Accordingly, if the current levels pétrochemicad e mand wer e to continue the
reservesto-productionratio, based on current P50 reseryésprojected to fall to approximateRyears

by 1 January 2020, and 5 yeagsIbJanuary 2022This is expected to put upward pressure on gas

prices.

Itappearsthab | | t hree of Methanex’' s methanol preduct i
aroundsin 2017/18,when decisions will be required on their operation ottee subsequent 46 years.

Whether Methanex will recontractgas supply to maintaitheir current high levels of demand will be
influenced by ga sThegaspdcinamry sush contratilikety toirefleets .

Met hanex’ s o pp o uctngimethangl atore sftts ovefseap locations. This price for sale
to Methanex is likely to be lower than the level which would prevail generally in a tighter New Zealand
gas market.

53 Based on the Henry Hub futures contract estimate of NZ$4.4/GJ, plus the capex advantage of NZ$1/GJ, or
alternatively the EIA price estimate of NZ$6.4/GJ plus a capex advantage of NZ$1.5/GJ.
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However, gas producers may be willing to accept such a price, iftdraative is to keep the gas in the
ground and postpone sales for a significant period of time. In this respect, althoughltmeaty 207
reservesto-productionratio is projected to be 9 years based on current levels of demamaltd be
around18 years based on nepetrochemical demand (and 26 years if baseloadfgad generation
(the next most pricesensitive demand sector) is also excluded).

Thus, gas maywellmeunere valnablerthan gas revenue a decade or more hence, even if
suchfuture gas prices are materially higher. Plus, to the extent that keeping gas in the ground also
postpones associated oil sales (albeit possibly at higher future prices) and extends the field life (and
associated operating costs), the incentive on prodade make discretionary gas sales earlier at a
lower price may be even greater.

At some point, local market gas prices will rise to a level where producers prefer to not sell gas at a
relatively lower price for methanol production, and instead consengeueces for future gas sales to
higher value local users. The exact time when such a-oregspoint will occur will depend on a
number of factors including:

f international gas prices (wdhpaywy,h i nfluence Meth
1 oil prices (whichampr i se a significant additional part o

1 the dynamics of the New Zealand power generation martete i ng t he ot her maj or
demand sector that would likely reduce gas demand in response to a tightening gas madket; an

1 the extent to which additionayjas supplyvill be brought forward to the market.

This last point is particularly significant as, although there is currently little prospaeidields being
discovered and brought to market within the nex#5earsgiven the lack of current exploration, New
Zealand has a significant quantityaaintingentresourceswithin existingfields. Theseontingent
resources are regarded as being uneconomic to deveddpresent As at Januarn2016, the reported
2C resurceswere 1,700 PJ, in comparison to the reported 2P reserves of 2,060 PJ.

If the New Zealand gas market tightens and gas prices rise, it is therefore likely thatoatiomof
contingentresourceswill become economic to develepand willbe reclasgied as reserves

Thus,maintaining high levels of gas demand foethranolproduction is likely to bring forward the time
when contingent resources will become economic to develop, and be reclassified as reserves

Further, higher gas prices would algeely bring forward the time when upstream producers resume
significant exploration in New Zealarahoting that the prospectivity for additional gas in the Taranaki
basin is still considered positive.

Given thesedynamig, it is unlikely that the very @ reservego-productionratios projected above
based orcurrentP50 reserves would eventuaite practice

At some | ater point, absent major new gas source
to a point where gas producers prefer to riotsell to Methanex. Evaluation of when such a position

may emerge is subject to significant inherent uncertainty given the factors outlined above. However, if
history is a guide to when such outcomes may occur, it may be instructive to note that M&thane
rapidly reduced demand iresentesiogproductiontato readhéd ® years.o n c e
Our projections indicate that, absent a major new gas discoaedyor the development of some of the

gas currently classed as contingeNew Zealad would reach that point in 2022 based on current levels

of petrochemical demand and assuming some price response from the power generation®4ector.

Therefore, it is potentially the case that we could continue to see relatively high petrochemical demand
until approximately 2022, followed by a rapid scalbvack of methanol demand potentially to close to

541f the Tiwai smelter were to retire in 2018/19, the associated reduction irfiged power generation would
push out the point whteproductdreatio réached thiscisswer poird By e coupesof
years.
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zero—from that point on. Were such an outcome to occur, it is unlikely that the methanol plants would
be permanently retired, but rather put into molialls to enable a resumption of production if and when
a significant new gas field were developed in the future. Such a strategy proved to be valuable for both
Met hanex and New Zeal anik’ Methagex & cossidereada key énalitet he 2 0 C
New Zealand’'s oil and gas sector.

Asregardsthe potential forsignificantnew methanol production capacity in New Zealattds would be
dependent on a very large new find being discovered whose size is such that it would not be consumed
byNewZealad’ s exi sting gas c o ntlsrae methamol trainsymitHinuhe nemtg t h e
15 to 20 years. i.af the order of 35,000+ PJ.

If such a find wadiscovered, the main options for developing new demand to commercitiesgas

would be Methanol, Urea, or LNG. Given that such a situation would be unlikely to emerge for at least 5
to 10 years, it is hard to speculate as to which option (or combination of options) would be most
economic.

Overtime, the netbacks frommonetii ng ‘ stranded’ gas from developi
commodities would be expected to be roughly equivalent, but at a specific moment in time and location
there are likely to be variations between the commoditiE=pendng on factors such as the exterd t

which each commodity:

1 isin a situation of relative global production over undercapacity;

91 has regional dynamics relating to demand and competing marginal international sources of supply
(noting that shipping cost differentials camateriallyimpacton the relative economics gfroducing
thesecommodities).

It is possible that at some time in the future that expanded methanol may be the best of the three
options to monetise a significant new gas find. Howetrar,gas price would need to be quite ldav

support a new methanol processing facility, and provide assured supply for a considerable period (15+
years) and thus be compstive with expanded methanol production elsewhere in the woifidr

example, Methanex has indicated in the past that it Weblook for a gas price of around US$2/mmBtu
(around NZ$2.85/GJ at an exchange rate of 0.7 USS/NZ$) to support a ne® plant.

4.3 Gas demand for ammonia urea productiaphistory and outlook

Ballance AgsNutrients (Ballance) operates an ammonia urea plar€abuni in Taranaki that uses
around 7 PJ of gas per year to produce 260,000 tonnes of urea fertiliser. Ballance has indicated that it
has a gas supply contract thains to 2020°°

New Zealand has significant local demand for urea, and currently importexdprately two thirds of

its requirements. International freight costs are estimated to be around3% of the delivered price in
New Zealand. Domestic production avoids this freight cost, and this advantage equateso a gas
equivalent cost of NZ$2/G3-NZ$2.5/GJ for North Island deliverféhis freight advantage is not as
great for the South Island, and is estimated to be around $0.70/GJ in equivalent terms, because of
domestic shipping costs.

Ballance has secured resource consents to run the Kapami {@ 2035, and recently announced plans
to expand efficiency and production capacity at the plant. The chief executive indicated that the
expansion would require significant capital, and that the firm was seeking a development partner.

55 Methanex CEO statement in May 2012, referring to the price needed to support investment at new
production locations.

56 Seewww.ballance.co.nz/news/winter+2012/kapuni+future+secure

57 Depending on the gas to urea conversion efficiency of the plant, and forward rate.
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Media reporting sggested that the expansion would cost around US$500 million, and lift gas use by
approximately 2 PJ per annuth.

It is unclear how much additional production capacity this would create, but it could be significant
(perhaps 30% or moréy.If expansion oftis magnitude did occur, the upgraded plant would provide
approximately 75% of North Island urea requirements. Given the freight advantages enjoyed by the
Kapuni plant, it appears relatively likely that this expansion will proceed, and would lift futsire ga
demand to around 9 PJ per annum.

However, Ballance has recently announced the partner with whom it was seeking to develop the

expansion has pulled out, and thus the expansi on

announcement they indated theyw e r econtinuing to talk with other potential partners for a future
rebuild’, butif they wereunable to secure a partnership agreement this time around, the project will be
put on hold for revisiting at a future dafé.

The prospects of further expaion are less clear. They would likely depend on sales of urea into the
South Island and/or the Australian market. In volume terms, these market segments utilise around 1.5
million tonnes of urea per annum, and are showrrigure28. If this demand were met by New Zealand
production, it would equate to additional gas demand of around 30 PJ per year, assuming the
conversion efficiency for a modern plant.

Figure28: Estimated demand for urea in Australia and New Zealand
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58 Media report on 3 March 2016.

59 The existing plant produces approximately 37,000 tonnes of ure®pef gas, compared to reported

yields of around 50,000 tonnes per PJ for modern plants. Assuming a level of efficiency that is intermediate
between these levels and the reported increase in gas use to 9 PJ per year, this implies output of around 380,000
tonnes per annum.

60 http://www.ballance.co.nz/OwCoOp/OurCommunity/News/2016/Winter/Kapunilpgradescoping
costswritten-off
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At present these markets are served by a mix of imports and production from one Australian plant
located near Brisbane. Urea manufacturing intéal& is coming under intense presswas gagrices in
the east coast gas markatove toward levels determined by LNG netback values

Figure29 shows recent and prefted gas prices in Queensland for a range of market scenarios. Even
under the lower cases, prices are projected to almost double to A$8/GJ or more within 2 years.

Figure29: Projected gas pricesQueensland
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Source: ANResearch, AEMO

While the Queensland plant has largely been insulated from these price pressures to date, its major
term gas contracts come to an end in 2017. The plant owners recently booked abffidte the plant
value of over A$100m, and a decisiontomm e pl ant ' s fut ur e malMmbndhs.made

If the plant were to close, this would increase the reliance on imported urea to meet Australian and
remaining New Zealand (mainly South Island) demand. A New Zealand plant serving these segments
would have some freight advantage relative to supplies from the Middle East. This is estimated to be
around NZ$0.7/GJ in gas equivalent terrtonsiderably lower than the advantage for serving North
Island demand from the existing Kapuni plant.

Given curent economics, it appears likely that the Australian urea plant will shut down within the next
few years. However, it is much less certain whether this would present an opportunity to further
expand New Zealand production. On balance, it appears thaadhd#ional demand may be met from
imports into Australia from the Middle East, given that the freight advantage for a New Zealand urea
producer is relatively limited.

4.4 Petrochemical gas demand projectiomssummary

Figure30shows our sectoral gas demand scenarios for petrochemical manufacturing which takes
account of the factors discussed above. More specifically, the projections are based on the following
corescenaios:

9 Scarce-representing a future where no major new supply sources are developed, and future
development is largely around firming up incremental gas supply from existing fields. This is more
likely in a scenario of sustained low future oil pricésthis scenariat is likely that gas for methanol
production will continue at around current levels and then significantly scale back once New
Zeal and’-te-noneesoehemicaldemand coverratiodecli'®e bel ow a certain
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point. The exagpoint at which this will occur is subject to significant inherent uncertainty, driven
by factors such as international methanol and oil prices, andpetrochemical demand for gas
However, based on observation on historical contractiomethanolp r oduct i on i n t he
it is likely that a similar point could be reached between 2019 and 2022 absent the discovery and
development of a significant new field in the nex8 yearsand/or the development of some of the
significant quantity of gs accumulations currently classed as contingent resources Our * Scar c

projection has the three methanol trains progressively moving to a mothballed state betwe&n 201
and 2022.

1 Plentiful-representing a future where gas exploration and developmemtdsiforward significant
new supply from 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 developihmetiitis
scenario, methanol production remairat full output for the duration of the projection.

1 Central-representing a situation between these two extremé3ur central projectiorior
petrochemical demand is simply an average of the plentiful and scarce scenarios. However, in
reality, methanodemand may be more binary, being at either very high or very low levels,
depending on the extent of forward reserves caver

Figure30: Gas demand scenariaspetrochemical§!
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61 Thehistorical petrochemical gas demand excludes synfuel production in the early 1990s.
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5 Gas demand for pwer generation

Chapter summary

A number of factors have driven the historicariation in demand for gas for power generation

9 \Variations in renewable generaticH.e. » Power generation (incl. cogen)
yearto-year changes in the amount of
hydro and (to a lesser extent) wind 100
generation

Changes in electricity demand

Changs in the relative competitiveness
between types of power stations

- Between renewables and thermal

- Between coal and gas

- Between different types of gaired
power station

Each of these factors are likely to also drive future outcomes.

Battery storageis anoption to avoidcosts of providing infrequentiysed generation and network
capacity to meet the 2% of periods that currently make up the critical peak system demand.

It is expected that batteries will possibly reduce the need for peaking gas poweragiener
However, it is unlikely that batteries will be able to replace the role that gas power generation p
play for providingseasonal generation ardty/wet yearhydro balancing

Concept’s suite of electricity and gas mar
for the power generation sectoAs well as seeking to project likely power station gas demand, th
models were used to examine the sensitivity of outconmea humber of key drivers:
ﬂ Demand- both the general rate Gas fuel consumption (based on mean hydrology for projections) ~ ——tcenirs
of demand growth, as wellas et i) e
specific examination of a
potential Tiwai exit from 2019

— -+ 4CO2Price = Low

5 CO2Price = High

100
6CO2Price = V. High

7 Demand = Low demand, PV uptake, Tiwai exit

9 Potential retirement of the
Huntly Rankine units, through
simulating theforced®
retirement of the remaining
two units, once the existing
contracts covering their output
expire after 2022

& Demand = High demand - High Tiwa

80
9 GasPrice = Low

10 GasPrice = High

ch; Demand = Low demand, PV

xit
High; Demand =Low demand,

60

wai exit
= = High; Demand = High demand

= = V. High; Demand = High demand

Annual fuel consumption (PJ)

40

lant = Hly retire end 2026

16 Force plant = Hly retire end 2022; CO2Price =
High
—— 17 Force plant = Hly retire end 2026; CO2Price =
20

3 - —?Bgéoipms = High; Demand = No Tiwai
1 CQ prices—through examining 1 L O O O
a range of differenCQ price 0 i -
scenarios

2004
2006
2008
2010
2012
2014
2016
2018
2020
2022
2024
2026
2028
2030
2032
2034
2026
2038

£ 2000
2002

52 This is a scenario assumption, as the smelter has the ability to exit at any time from 1 January 2018, provided it
gives 12 mont hs’ notice.

53Whereas the model generalbnly retires thermal units endogenously (i.e. through undertaking an evaluation as
to whether retirement of a unit would be leasbst given the specifics of the scenario (e.g. demand, fuelCid
prices)), it is possible to exogenously force the retieatof a unit at a particularly date on a scenario basis
irrespective of whether the model determines whether this would be a least cost outcome.
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1 Coal vs gas economieshrough examining scenarios with different gas prices (both the gene
level, andthe cost of providing flexibility (or swing)).

5.1 Purpose

This chapter discusses gas demand for power generation, and sets out future demand projections under
a range of scenarios.

5.2 Types of gas demand for power generation

In New Zealand, gas is usedanr main types of power station

T *Rankine cycl|l-aboileisesedro rdise stelam to érise a turbine

1 Combinedcycle gas turbines (CCGFélighefficiency power stations using a combination of a gas
turbine, plus a steam turbine drivening waste heat from the gas turbine

1 Opencycle gas turbines (OCGFSimilar to a CCGT, but without the steam turbine at the back
end. Lower efficiency than a CCGT, but slightly higher than a steam turbine.

1 Cogenerationr- Waste heat from the electricitgenerating turbine is used to provide heat for an
industrial process.

The main stations of these types are set ouTable3 below.

Table3: Main gasfired power stations in New Zealand

Type Name Capacit Built Owner Notes
y (MW)

Rankine| Huntly 264 x 1982 | Genesis | Originally built as a codired station, but
250 -85 with the discovery of the Maui gas field it

was convert efdu stdtion b ¢
which could additionally burn gas

CCGT | TCC 385 1998 | Contact | Located in Taranaki
e3p 400 2007 | Genesis | Also known as Huntly Unit 5
Otahuhu B | 365 2000 | Contact | Retired in September 2015
Southdown | 125 1996 | MRP Retired December 2015
OCGT | Huntly Unit 6| 48 2004 | Genesis
Stratford 2x100 | 2011 |Contact [Located in Taranaki
Ahuroa gas storage facility
McKee 2x50 |2012 | Todd Located in Taranaki next to the McKkee
Mangahewa gas production facility
Cogef® | Te Rapa 44 1999 | Contact | Provides steam to the Te Rapa dairy factg
Whareroa 70 1996 | Nova & | Provides steam to Whareroa dairy factory|
Fonterra

54 The station was originally built as 4 x 250 MW units. However, Genesis has permanently retired two units i
(2012 and 2014).

85 There are other significant cogeneration plants in New Zealand. However, these are predominantly fuelled by
biomass (in the case of those located in the wood processing sites) or process waste heat (in the case of the
Glenbrook steel mill) and gas is oalyelatively small input to the cogeneration unit.
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Provides steam to the Kapuni dairy plant

Kapuni 25 1998 | Vector
& Nova

There are two other significant thermal plant of nateNew Zealand:
1

the 155 MWdieselfired OCGT at Whirinaki in the Hawkes Bay, owned by Contact Energy.
)l

The 5 x 120 MW oil / gadired Rankine steam plant at New PlymoLditthis plant was built in the

mid-1970s, but was progressively retired, ubig-unit, from the early2000s to 2008lts output is
included in the historical data sets considered.

5.3 Historical drivers of gas demand for power generation

Figure31shows the historical change in gas demand for power generation in New Zealand.

Figure31: Historical gas demand for power generation (including cogeneration)
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Variations in renewable generatieni.e. yearto-year changes in the amount of hydro and (to a
lesser extent) wind generation

1 Changes in electricity demand

Changes in the relative competitiveness between types of potetioss
- Between renewables and thermal

- Between coal and gas
- Between different types of gaired power station

Each of these factors are likely to also drive future outcarmbe rest of this susection explores these
drivers.
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5.3.1 Variation in renewable geneation

In terms of variations in renewable generation, the most significant factor is the variation in hydro
generation due to variation in inflow3his is illustrated ifrigure32.

Figure32: Historical variation in hydro generation (GWh)
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On an annual basis, for the historical period in question, the difference betweand 95" percentile
is approximately 5 TWHs can also be seen, tpeoportional variance between high and low inflow
periods is much greater on a quarterly than on an annual basis.

When considering historical inflows going back to 1932 (when records began), the variance is even

greater.Figure33 shows that this variation can occur throughout the year, although potentially with
greater variation in the two winter quarters.
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Figure33: Historical quarterly hydrayeneration (GWh)
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In addition to this hydro variation, there is also variation in wind generafioralysis of historical wind
and hydro inflow series indicates that there is some correlation between the-tven dry years tend to
be corr eladtne d Theiattds to'bath phenomena being driven by the same underlying
weather systemsThis will tend to exacerbate the hydro variatidftowever, at present, wind is only
about 6% of total generation compared with approximately 58% for hyRls the variation in wind is
not as great as the variation in hydeccordingly, the extent of wind exacerbation of hydro variation is
material, but not huge.

This variation in renewable generation is almost entirely picked up by thermal generation as the
“@dl anci ng’ f o renncedsingggenerationart dry gaars, and scaling back in wet yidwars
reason why thermal generation performs this role is because:

9 Other types of generation (i.e. geothermal and cogeneration) have much lowershomaginal
costs Therefore, these will be dispatched ahead of thermal generation.

1T The capital intensive nature of -buenawablesne wadd
as wind, geothermal, or hydro such that they spill their energy during wes\yen normal) periods,
in order that there is sufficient during dry periods.

As will be discussed later, this has significant implications for fossil fuel deliverdbiétyariation
between the max and min levels for Q3 showifrigure33, is 2,900 GWHf this were to be met

through gadired generation with an average heat rate of 8.5 GJ/MWh (assuming a mix of CCGT and
OCGT) gives rise to a swing requirementmPdAssuming flat deliverability throughout the quarter,

this gives rise to a variation in deliverability of 270 TJ/ttayeality, the deliverability requirement
throughout the quarter is likely to be greater than this.

This variation in renewable gersgion is made more challenging because of the significant wihin
and withinyear variation in demandAs is illustrated ifrigure34, demand has a strong withittlay and
within-year pattern, giving rise to a need for some plant to operate for only some of the time.
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Figure34: Typical pattern of demant
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Hydro can meet much of this requirement for low@apacityfactor generation by storing/ater during

lower demand periods, for release in higher demand peribtisvever, there are constraints on its

ability to do so, particularly on a seasonalbs&c cor di ngly, even in ‘nor mal
is a requirement for some infrequegtused generation to be used for seasonal and witléyy firming

—i.e. generating in winter and to meet the higher datime demand.

Overall, the above dynamics give a requirement for some plant to operate infrequently to provide:
1 Within-day peaking dués

1 Within-year seasonal firming duties (i.e. meeting increased winter demand)

1 Hydro (and wind) firming dutiesi.e. meeting dry / wet year variation in renewable generation.

As previously noted, the capital intensive nature of renewables means it isaligmeot economic to
“ovbeuri | d’ renewabl e s—i¢. spillipgrdaeriag miiah ofdshe time, incorder to bave
generation available for when it is required to perform the low capacity factor duties listed above.

That said, this is essentighn economic consideration, and if there were a very Righprice in the
future, it would be economic to oveiuild some renewables to a certain extent and incur the .spill
However, as discussed later, there are limits to the extent to which incregsdrom renewables
would be the least cost optioAeven in futures of very hig8Q prices.

Battery storageis an option to avoidosts of providing infrequentiysed generation and network
capacity to meet the 2% of periods that currently make updleritical peak system demand. Although
the costs of battery storage are currently greater than this benefit, further reductions in the cost of

561t should be noted that the above figure shows average outcomes. There can be material variation around this
on a dayto-day basis reflecting factors such as extremes in weather.

57 This is because ontlle Waitaki scheme has significant storage of a size large enough to store water over a
period of several months, and this is challenging given that the pattern of its inflows is generatigpragitited

with demand (i.e. Waitaki inflows are generally kst/in the winter periods).
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batteries could bring them to the point where they deliver positive-behefits— particularly in
situations vhere peaking capacity costs are significZnt.

In theory, it would be possible to have some batteries which were used to perform seasonal-€ycling
filling-up once in the summer to release again once in the winter. This would enable an even greater
amountof generation to be undertaken by cheaper baseload plant.

However, this is unlikely to be cesffective in the foreseeable future. For example, if a battery is only
just costeffective to deliver benefits of daily arbitrage over the 365 days of the, yeaill need to be
much cheaper in order to be cosffective for oncea-year seasonal cycling.

It is expected that batteries will possibly reduce the need for peaking gas power generation. However, it
is unlikely that batteries will be able to replace the role that gas power generation plants play for
providing dry year generation.

5.3.2 Variations in eéctricity demand
Figure35 shows the historical variation in grid demand

Figure35: Historical grid demand
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From 1990 through to mi2008 there was generally steady growth of approximately 1.8% on
average®?

58 There is significant variation in the range of potential avoided peak capacity costs. This is due to a variety of
factors including:

1) Uncertainty of the Long Run Marginal Cost of network capacity investment to meet peakdegrowth. This

is due to relatively little analysis having been undertaken of this matter in New Zealand. Australian LRMC
estimates using an Australian regulatgrgescribed methodology are significantly higher than the few estimates
found in New Zealnd (noting that such estimates are not generally on afiikdike basis).

2) Variation in the extent of spare capacity on different New Zealand networks (spatially and over time).

3) Uncertainty over the ext en tofsurpluswdnération cadpaciy will geesista n d ' s
or reverse, though changes relating to the potential retirement of the Huntly Rankine units, loss of major sources
of demand such as the Tiwai aluminium smelter, or other generation or demand changes.

69 Some othe yearto-year variations in this period were due to demand curtailment during dry years.
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However, from mieR008 onwards there have been periods of sustained demand falls due to a number
of factors:

1 The Tiwai transformer failure in 2008/9 which significantly cut demandi@iTiwai smelter (which
accounts for approximately 13% of national demand)

9 The Christchurch earthquake in 2011 which significantly reduced dema®ldristchurch cityand
which has taken a long time to recover.

9 The global financial crisf&FCjrom 2008onwards which affected demand from many business
sectors

1 Some other significant losses of demandotably the retirement of one of the two Norske Skog
paper mills in 2013

It is likely also that energy efficiency has impacted on demand during this pkeeind, a consequence

both of government initiatives (particularly those led by EECA such as Warm Up New Zealand), as well
as a general response from consumers responding to the material rise in energy prices that have been
experienced since 2000.

More recerily, since the middle of 2018 can be seen that demand has pickegl again, withrates of
demand growth approaching that seen before the GFC

In the same way that thermal generation picks up the variation in renewable output, thermal
generation has alspickedup the variation in demaned particularly those unanticipated movements in
demand on a shorto mediumterm basis (i.e1-2 years), where demand changes cannot be easily met
by building new generation.

Looking forward, there is considerable uncéntg over future demand- particularly with respect to the
Tiwai aluminium smelter, but also with respect to the general level of demand grdWwi is explored
in the later section considering possible futures for-fjged power generation.

5.3.3 Changes inhe relative competitiveness between types of power stations

Relative competitiveness of renewables and thermal

Much of the increase in gas demand from the fhf##D0s through to 2007 was associated with the
development of new baseload gfised power statiors in the form of combinedycle gas turbines
(CCGTsThese plant were built to meet the steady growth in demand over that period and, given the
relatively low gas price environment that existed until the early 2000s, were cheaper than the
alternatives: nav coalfired generation, or new renewable generation (wind, geothermal, hydro).

However, since the mi@000s, New Zealand has transitioned to a point where the cheapest form of

new baseload generation is renewableither wind or geothermalThis reflecta significant reduction

in the cost of some of these technologies (particularly wind), as well as a material increase in New

Zeal and’'s gas price (a@@. the introduction of a g

As a consequence, new baseload generation from 2007 onwards hasdyeawmable— predominantly
wind and geothermal.

I't is potentially the case that some of -btuhddgdé ne
of new renewables in the 2068015 period This is due to new wind and geothermal projects being

commited based on expectations of higher demand growth &@ prices than actually eventuateds

is illustrated inFigure36, this has had the effect of squeezing out some existing fossil generation.
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Figure36: Historical generation by plant type, but with mean hydrology hydro gén
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It islikely that some of this displacement of existing fogsiseconomic given underlying fuel a@D

prices— particularly the displacement of some of the Huntly Rankine generation from baseload.duties
However, it is also likely that some displacemensnot economici.e. given the fuel an€Q prices

that existed over this period, it would have been lower cost to continue to generate using existing fossil
stations (which have sunk capital costs) rather than build new renewable power stations

Ofcoursej f t he ‘'t r u€Qissgoificantythighler tharotise trelativély I@®0O prices that
have occurred over the last six years, then some of this displacement is likely to have been economic
from a public perspectiverhis is explored further far in this section.

Relative competitiveness between coal and glir@d power stations

As a result of the squeezing out of fossil stations generally that has occurred over thé lpsats, a
number of existing fossil units have closed:

9 Two of the 250 MV Huntly Rankine units (in 2012 and 2014)
1 The 365 MW Otahuhu B CCGT in September 2015
1 The 125 MW Southdown CCGT in December 2015

It is notable that the two CCGTs closed, rather than the remaining two Huntly Rankin€ bists
reflects the fact that for sme low-capacity factor duties particularly dryyear hydro firming-coal is a
cheaperfuel to provide infrequentlyused energy than gas.

This is because the sources of gas flexibility are more expensive for delivering flexibility over the time
frame of years (i.e. to manage dry/wet year variabilitfhese source of gas flexibility are:

0 For this analysis, actual geothermal, wind and cogeneration is used, but the hydro generation that would be
expected in a mean inflow year. Fossil generatioiniply the balancing item between total historical grid
demand for the year, and the output from these other types of generation.
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1 Swing from gas productiofhis can be expensive for liquidsh fields as it requires forgoing oll
production and revenues for most periods, in order to have suffigeeatluction capacity in dry
periods.

1 Reinjecting gasThis can help address the foregone oil revenues from swing in gas production, but
incurs the cost of foregone gas sales, higher capital costs, and extended field operating costs.

1 Gas storageAt present this is only provided by the Ahuroa gas storage facility operated by Contact
While the economics of gas storage look favourable for delivering seasonal flexibility, they become
significantly moreexpensivefor providing multiyear flexibility (e.g. fithg up in a 4in-5 year wet
year, say, for release in ail-5 year dry year).

1 Gas demand diversioithe only source of gas demand of a size large enough to provide the amount
of gas required to meet dry/wet year flex is the methanol production facildi@sed by Methanex
This could be expensive as the price which Methanex would be willing to receive for not consuming
gas will be set by the opportunity cost of producing the methanol from somewhere else, or
foregoing methanol sales altogethéknalysis ohistorical methanol prices suggests this could be a
relatively high cost source of gas flexibility.

In contrast, the cost of flexibility for based on coal for-gear duties is considerably lowdrhis reflects
two key factors:

91 the working capital cost aftoring coal in a stockpile is materially lower than the gas flexibility costs
detailed above

1 the size of the coal stockpile can be relatively small relative to the size of the flexibility requirement,
because there is a relatively liquid internationahtmarket, and it is possible to purchase
significant quantities of coal on spot with relatively little notice period (of the orderé&hdonths).

This much lower cost of coal fuel flexibility outweighs the worse fuel efficiency é&tdh&ine units
compaed to CCGTs, and the higher fixed O&M costs of keepingdh&ine unit®perational Even
with relatively highCQ prices, this fuel flexibility advantage means Rankine unitsre lower cost
options for performing dryyear duties.

Ironically, therefoe |, it is New Zealand’' s relatively | arge
New Zeal and’ s Hfiradstatiomgeimgai ni ng coal

That said, in August 2015 Genesis announced it was going to retire the remaining two Huntly Rankine
units by the ed of 2018 It postponed this closure date to 2022 when it secured hedge contracts from a
number of other generatordt is potentially the case that thRankine unitgould be retired at that

point. This would have significant implications on the gas gdotterms of increasing the requirement

for fuel deliverability This issue is explored further in sect.

Relative competitiveness between different type$ gasfired power stations

It is notable that during the period where CCGTs have been declining in output, the output from OCGTs
has been increasinghis is shown ifigure37.
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Figure37: Historical generation by fuel type
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Thus, even though OCGTSs have a worse fuel efficiency than CCGTs, OCGTs are significantly more flexible

and lower cost than CCGGTs in terms of meeting withinvariationsn demand

Thus CCGTs have relatively high startosts, and high minimum generation levdlkis means that for
many periods, CCGTs can be operating during periods where the market price is below theurshort
marginal cost.

Accordingly, asenewables have displaced CCGTs from baseload generation duties, OCGTs are
becoming lower cost options than CCGTs for these lower cagiacityr modes of operation.

This dynamic is likely to result in future OCGTs being developed to meet growth in tireneent for
flexible generation rather than CCGTs.

5.4 Projections of gas demand for power generation

Concept’s suite of electricity and gas mar ket
the power generation sector.

As well as seeking to gext likely power station gas demand, the models were used to examine the
sensitivity of outcomes to a number of key drivers:

1 Demand-both the general rate of demand growth, as well as specific examination of a potential
Tiwai exit from 2019

1 Potential reéirement of the HuntlyRankine unitsthrough simulating théorced’ retirement of the
remaining two units, once the existing contracts covering their output expire after 2022

"I This is a scenario assumption as the smelter has the ability to terminate the contract at any pointJeorhal
providedt gi ves 12 mont hs’ noti ce.

2Whereas the model generally only retires thermal units endogenously (i.e. through undertaking an evaluation as

to whether retirement of a unit would be leasbst given the specifics of the scenario (e.g. demand, fuelCid
prices)), it is possible to exogenously force the retirement of a unit at a particularly date on a scenario basis
irrespective of whether the model determines whether this would be a least cost outcome.
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1 CQ prices—through examining a range of differe@Q price scenarios

1 Coal vgias economicsthrough examining scenarios with different gas prices (both the general
level, and the cost of providing flexibility (or swing)).

Various combinations of the above drivers were examined resulting in 18 scenarios.overall

It should be notedhat this modelling projects the leasbst pattern of generation build and operation

given the underlying scenario inputgarticularly fuel andCQ prices, the cost of new renewables
technologies, and demand growth. As is shown in detail in seGttaon page83, many of these

scenarios project levels of renewablesger at i on whi ch are | ower than
of 90% renewables by 2025. This may inform considerations as to the relatively likelihood of the
different scenarios, particularly with respect @O prices—noting that higherCQ price scaariosresult

in the model projecting much higher levels of renewable development.

5.4.1 Central projection

Our central case is for the Tiwai smelter to continue to operate at 572 MW, and for the Huntly Rankine
units to remain available after 2022.

Figure38 and Figure39 show electricity production from different sources under the gahscenario
projection. In the early years of the projection, it shows growing power demand is met by increased use
of lightly utilised thermals- particularly the TCC CCGT and the Huntly Rankine units.

However, beyond 2020, additional investment in ngeneration capacity is requiredgeothermal and
wind in particular. Generation from the thermal fleet is largely stabilised at the then prevailing-level
with only a few new open cycle gas turbine (OCGT) plants being developed to meet peak capacity

requirements. None of the existing thermals (including the TCC CCGT and remaining two Huntly Rankine

units) are projected to become uneconomic and therefore retire under the central projection.

Figure38: Generationvolumes by plantype for Central scenariq line graph
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Figure39: Generation volumes by plartype for Central scenariq areagraph
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SourceConcept analysis

Figure40shows the resultant thermal fuel requirements associated with the central projeethmith
in terms of fuel burn in a mean hydrology year, as well as showing projected fuel requiremetits in 1
10 dry and wet years.

It shows increasing fueblumes in the next few years associated with electricity demand growth
predominantly being met by increased use of undélised thermals. However, beyond 2019, fuel
demand levels off as power demand growth is predominantly met by new baseload renswialbilee
longer term, there is a gradual decline in thermal fuel requirements as new renewables are built to
displace existing thermals from some of their higher capacity factor modes of operatdiecting

both the projected ongoing cost reductionsviind technology, and the projected ongoing increase in
CQ prices.
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Figure40: Fuel volumes for the Central scenario
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5.4.2 Sensitivity case full closure of Tiwai smelter

Given the uncertainty around the futeroperation of the Tiwai smelter, we have considered a case
where the smelter ceases operation altogether from 2019.

Figure41 shows that the majority of this loss démand is borne by the fossil station®eing a mix of
the Huntly Rankine units and the CCGWIthough not shown in the graph, the model projects the
closure of one of the remaining Rankine units, and the TCC.EG®Baver, it keeps one of the Rankine
units open.
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Figure41: Projected generation under a Tiwai closure scenario
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Figure42 further illustrates what type of plant are impacted by the closure of Tiwai.

Figure42: Difference in generation between the No Tiwai scenaaitd the Central scen&m
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Thus, the majority of the lost demand is borne by the CCGTs and (to a much lesser extent) the Huntly
Rankine unitsHowever, the drop in demand also postpones the development of some wind and
geothermal In addition, in the latter years, with the loe§the TCC CCGT and Huntly Rankine, there is
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not as much thermal flex available on the system, with the result that some of the dry/wet year
required flex is met by spill (as indicated by the reduction in the hydro. Il loss of the CCGT and
Rankineunit also brings forward the development of OCGT peakers to provide some of the seasonal and
diurnal flex generation that these larger thermal units would have provided.

In terms of the impact on gas demarkgure43 shows the pojectedgas demand (under mean
hydrology)for the central case (red line) and all those scenarios which featliieaiclosure (including
considering differenCQ prices and nofTiwai demandorecasts).

Figure43: Gas demand under cases where Tiwai smelter closes
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SourceConcept analysis

As expected, the analysis shows that closure of the Tiwai smelter would primarily affect thermal power
stations (albeit with some increased hydro spill), and would immediately reduce the demand for
thermal fuel (gas + coal) pproximately 35 to 37 PJ pgear. Depending on the extent to which this
impact is shared across the Huntly Rankine unitsfiged CCGTs and OCGTSs, this would redase
demandby betwesn 23 to 28 PJay year relative to the central cas this way, the Tiwai smelter can

be thoudht of as the second largest gas consumer after Methanex.

In scenarios where the closure of the Huntly Rankine units is not exogenously specified, the model
generally keeps one of the Rankine units open (even after Tiwai has closed). This is becausefclosure
the smelter would reduce baseload electricity demand, and it is more economic to retain the Rankine
units for low capacity factor operation (particularly drgar duties), and shut gdsed plant such as the
TCC CCGT (which are more suited to higlyadty factor modes of operation).

However, it is potentially the case that the economics of the Huntly Rankine units are such that the
majority of savings in fixed O&M costs will only be realised through the closure of the entire station
This may makéhe projections which only have one Rankine unit retiring less likely, either resulting in
both units remaining open, or both being retired.
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5.4.3 Sensitivity case closure of the Huntly Rankine units (Tiwai remains open)

As discussed earlier, although we calesiit likely that the Huntly Rankine units will remain in
operation, there is a possibility that Genesis will retire the units once their existing contracts expire at
the end of 2022.

We have therefore considered two scenarios where this oceetesureof both units at the end of
2022, and closure of the both units at the end of 2026 (simulating anothesykearr extension)
Variants of these scenarios were also run with higbéxprices.

As is shown ifrigure44 and Figure45 (considering the scenario with Huntly retiring at the end of 2022),
the type of plant which largely régices the generation from Huntly is gixged peaking plantThis

reflects the fact that the HuntliRankine unitsre largely providing infrequentlysed generation to
provide dryyear and winter generation and the next most economic form of generatiangerform

such duties are OCGTs.

Figure44: Projected generation in the Huntly closure scenario (mean hydrology for future years)
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Figure45: Projected change in generation due to closure of the HuRBrkine units
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Figure46 shows the pojectedgas demand (under mean hydrolodgj the central case and these cases

where the Rankine units close.

Figure46: Fuelimpact of closure of Rankinenits (Tiwai smeltercontinues)

Gas fuel consumption (based on mean hydrology for projections)
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The analysis shows that closure of the Huntly Rankine units is expected to materially lift demand for gas

relative to the central case. The implications for gas deliverability are explored later.
5.4.4 CQ price sensitivities

As shown irFigured?, a range of differen€Q prices were considered he * Mi d’ projectic
the Central scenario.

Figure47: CO2 price projectior
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Figure48 and Figure49 show the projected outcomes for the scenario with very Hh prices.

As can be seeimn such a future, there would be significantly more wind generation developad
would displace all of the codifed Rankine generation and much (but not all) of the-fijaesl
generation Less geothermal would be developed as geothermal stations tales emitCQ
(approximately 1/3 of the amount of a CCGT).

Further, as is indicated by the reduction in hydro generation, much of the flex for meetingdnand
seasonal requiremedus | Wi nlg’ comeefwadme'sednmenrd spi | |

The Mid and HiglEQ price projections werebasesin t he *‘ Kayak' and ‘ Waka'’ proj e
Energy Council’s recent CEprieepmjgctioB was talken from the 2016 MBIE EDEGS Yy  H i
projecton-whi ch i n turn was taken from the | EA" s “2 degr ec
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Figure48: Projected generation under the Very HigQ price scenario
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Figure49: Difference in generation arising from the Very Hi@Q price scenario
6 (CO2Price = V. High) minus 1 (Central)
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Ultimately, even with higl€Q prices, gooint will be reached where the economics of building
renewable generation to sit idle most of the tirbecome prohibitiveThis is why a residual amount of
gasfired generation is expected to be required to provide these infrequemtiyd duties.
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The resltant projections of gas demand for power generation under this range of diffa&nprice
scenarios are shown frigure50

Figure50: Projected gas demand for power generation under different CO2 price scenarios

Gas fuel consumption (based on mean hydrology for projections)
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5.4.5 Gas price sensitivities

Sensitivities were ruthat assumed wholesale gas prices transitioned toward levels ifStterceéand
“Pl enti ful’' scemrR&inibalscasssevie haveidassumed aiginelinettransition over
the period to 2026s shown irFigure51 below, with pricesremaining at those levels from that point
forward.
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Figure51: Gas price scenarios
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Asdiscussed isection2, itisunl i kel y t hat prices would persistent
the longterm, as the relative scarcity / surplus would tend to resultanntervailingeconomic
pressuresvhich would be likely to bring the market back into a more balanced position.

Nonet hel ess, the power generation scenarios usin
examine the theoretical range of potential outcomes.
Plentiful gas scenario

The following figures illustrate that a sustained low gas price fuisigrojected toresult in increased
generation from gagired plant In particular, it would likely result in the closure of the HuriRignkine
units with their replacement by gafired OCGTs

Further, the remaining two CCGTs would largely move into baseload waitteugh still providing
downwardflex in particularly wet yearswith increased development of OCGTSs to provide the-mid
merit duties.

Although gas prices are low on a sustairbasis, the scenarib 0 e seethd development of new
baseload CCGTs, in large part due to:

91 Increased baseload operation largely being met by the existing CCGTs in thecshatliumterm

1 Expectations of higher G@rices in the longer term, coupleslith projected real falls in the cost of
baseload renewable options, particularly wjndaking renewables more cost effective than new
CCGTs
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Figure52: Projected generation under austainedlow gas price scenariq area graph

9 (GasPrice = Low)

70 :
_ Historical | Projection
60 §
| m Peakers
B Rankine
50
mCCGT
B Hydro
40 PV
-
E m Cogen
30 o Wind
B Geo

20

10

I
|
o
—
(=]
o~
Res_ 201606231348 xlm

Figure53: Comparison of power generation outcomes betweasustainedow gasprice scenario and
the central scenario
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Tight gas scenario

In a future of sustained high gas pricepragressivescaling back of gdfred generatbn relative to
current levels is expected

In particular, it idikelythat the TC@nd e3pCCG3would retire, withtheir generation largely replaced
by new renewable$with someincreased spi)l

However, for low capacitfactor duties (in particulara provide seasonal and dgear duties), there is
little projected change, with the HuntiRankine uniteind gadfired OCGTSs projected to continue to
provide such lowcapacity factor generation.

Figure54: Projected generation undea sustainechigh gas price scenarig area graph
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Figure55: Comparison of power generation outcomes between a sustaihi&h gas price scenario
and the central scenario
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5.4.6 Overall range of projected demand for gas for powgeneration
Figureb6 shows the projected gas demand across the full range of scenarios.
Figure56:Projected gas demand for peer generation undell scenarios
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These projections reflect the range of different drivers impacting on the relative economics of
renewable and fossil generation to perform the range of different duties

As can be seen, the range of outcomes is largelynded betweer20-25and95PJ of gas demand per
year (for mean hydrology year§hese reflect theelativeeconomis of developing renewable and
thermal plantunder the different scenariodn particularthe lower bound for gafired demand reflects
the poor economics of developing renewables to meet lower capacity factor d@iebthe inevitable
spill that would occur particularly on a dryear/wet-year and seasonal basis.

As an aside, this dynamic will tend to createeiling orthe proportion d electricity generation that can
be economically met by renewabléekhis is indicated in the following graph which shows the
projections of the proportion of electricity generated by renewables across the different scenarios

Figure57: Projections of renewables proportions for the different scenarios
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5.4.7 Effect of hydrology variation on@s demand for power generation

Much of the preceding discussion focussed on projected level of gas demand under mean hydrology. It
is important to emphasise that demand for thermal fuel for power generation is strongly influenced by
hydrology. We have also considered the annual demandés under 4n-10 year wet and dry

conditions across all the market scenarios. The results are summariseguine58 across all of the
sensitivity cases we haversidered.
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Figure58: Projected variation in dryyear / wet-year gas swing across range of scenarios and years
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Source: Concept analysis

The analysis shows that the demand for swing is strongly influenced by the level of gagiderdan
mean hydrology. At high levels of gas demarptedominantly relating to futuresscenarie where the
Huntly Rankine units are retiredthe annual gas swing requirement (i.e. difference between dry and
wet year gas demand) is fairly constant at ab8d PJ/yr. However, at lower levels of gas demand, the
demand for swing also starts to fall proportionately as well.

Although it is not apparent from the chart, the swing requirement from gas sources is materially higher
in cases where the Huntly Rankiueits are retired, because these remove a key sourdtegiblefuel
from the market.

Finally, the analysis also indicates that even U
CQ prices and low electricity demand, there is a residual gaseshehof around 30 PJ per year.

GASUPPLY ANDEMANDSCENARIOBROM2016 85



(€

concept
6 Direct use- industrial, commercial and residential demand

Chapter summary

Theirecti3 segment of de manndrilyrfoer énergy purppsesi.ey space ar g
water heating, or to generate process heat for industrial applicatiomst as a feedstock for a
chemical process, or a fuel for electricity generation.

Direct use of gas for energy represents the smallegtrent ofoveralldemand,accounting for
approximately 246 of totalNew Zealand consumption in 20Mithin this segment, residerati
demand accounted for only 374 of totalNew Zealand consumption in 2015

Direct use of gas for energy exhibits o -
much less garto-year variation in
demand compared with the other 100 |

/\ ——Energy: Residential
uses. Thus, while the petrochemical /\ /J !
sector has exhibited price sensitivity z * Vi e commerdl
in terms of significantly altering ' /\ \/ \ ey s e
l

®
S

consumption in response to the lew ) o
hightlow wholesalegasprices seen cogen)

over the last fifte@ years, there has

been no similar price sensitivity
discernible for the direct use of gas
for energy for the industrial, B
commercial and residential demand
sectors.
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The annual information disclosures made by the gas distribution network companies to the
Commerce Commission have been analysed and used to project movements in demand for th
different distribution networks. Such projections sought to reflect:

9 the different drivers on demand outcomes for the main uses of gas (space heating, water
heating,cooking, and process heat)

1 the different compositions of customer type and ense on the four different networks

9 the significant uncertainty around future projections driven by a range of factors including:
- limited historical data
- inherent uncertainty oer the future level of key drivers of gas outcomes
- modelling error.

The key takaway from 140 Pop'n=Mid, GDP=Mid, Gas share=Mid, Efficiency = Mid
the right graph is the
significant difference in
projected demand 120
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much higher projected
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6.1 Purpose

This chapter discusses demand for direct use of gas (i.e. industrial, commercial and residential users),
and sets out future demand projections under a range of scenarios.

6.2 Historical movements in demand

Theirectl3 segment of de manndrilyrffoe dnergy purposesi.ay spacear s e d
water heating, or to generate process heat for industrial applicatiomst as a feedstock for a chemical
process, or a fuel for electricity generation.

This categoryncludes over 250,000 users, covering industrial (for example meat processors),
commercial (for example hotels and restaurants), and residential customers.

A number of different data sources have been used to analyse historical movements in gas demand for
the direct use sectors.

1 MBIE quarterly energy stats
1 Daily Transmission gattation data

9 Distribution network disclosures made to the Commerce Commission
6.2.1 Analysis of MBIE data

Figure59 and Figure60 below show how demand for the direct use for energy sectors has moved in
comparison with petrochersal and power generation demand.

Figure59: Historical sectoral gas demandarea graph
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Source: Concept analysis using MBIE data
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Figure60: Historical sectoral gas demandine graph
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The keyobservationgrom the above figures are that:

1 Direct use of gas for energy represents the smallest segment of deraecalinting for
approximately 246 of totalNew Zealand consumption in 200\&ithin this segment, residerati
demand accounted for only 34 of totalNew Zealand consumption in 2015

1

Direct use of gas for energy exhibits much less-yeaear variation in deand compared with the
other uses. Thus, while the petrochemical sector has exhibited extreme pricetsgtysin terms of
significantly altering consumption in response to the dbigh-low wholesale prices seen over the

last fifteen years, there has been no similar price sensitivity discernible for the direct use of gas for
energy for the industrial, commeial and residential demand sectors.

MBIE also provide slightly more disaggregated data, splitting the industrial category into the main sub
categories (food processing (being dairy, meat, and other food processing), forestry processing, basic
metals, andbther industrial) Figure61 below show the historical movement of gas demand forsthe

main industrial sectors (excluding chemical), plus residential and commercial.
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Figure61: Historical gas dmand for industrial sectoré
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This data relies on submissions to Statistics New Zealand by retailers who are supplying gas to
consumersThis is understood to have given rise to consistency issues as consumelbstmtiteen
retailers who, for statistical submissions purposes, have classified such consumers differently. For
example, the apparent spike in gas consumptionféad processindlargely dairy, but also meat and

other food processingh 2011 appears sugpous, particularly as it occurs at the same time as an
apparent drop in commercial consumption

Nonetheless it is a reasonadaugeof general trends, which indicate:

9 Strong growth in the food processing sectdhis is understood to be particularlypfn the dairy
processing sector

1 A slight decline in the forestry processing secldnis is understood to be largely due to fuel
substitution away from gas to esite biomass (and in some cases geothermal).

1 Flat (indeed slightly declining) demand for thesltametals and other industrial sectors

9 Steadily increasing demand for the commercial sector

i Flat demand for the residential sector from about 2000, following a period of steady growth
These trends are indicative of the overall nature of the New Zealamigosay:

1 Continued growth in the primary agricultural sector, particularly dairy

1 Other economic growth being predominantly in the commercial sector, rather than the more
energyintensive industrial / manufacturing sectors.

71t should benoted that a significant amount of gas demand for the Basic metals and Food processing sectors is
for major cogeneration plants in the Steel (for the Glenbrook cogeneration plant) and Dairy (for the Te Rapa
cogeneration plant in particular) sectors, respeely. However, this demand is not included in this figure.
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1 The significant effect of energyfeiency on residential demand in particular, coupled with the

emergence of a key competing alternative technology (namely heat pumps) that is understood to
be impacting on gas market share in the residential space.
6.2.2 Analysis of transmission pipeline gatgation data

Daily gate station data published on the open access transmission information system (OATIS) was
analysed, and grouped according to:

1 Geographic zones, as geigure62.”

1 Customer type, based on assignment of transmissimmected customers to particular industrial
segmentsFor di stri bution network connecti on-s, t he
TOU segments using the GAR170 report produced bjoGtfas allocation purposes.

Figure62: Transmission region groupings for Tx gate station analysis
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The results of the analysis are shown in the graphs on the following pages.

“The 2014 study had separate zones for ‘Central North
grouped into the *“North’ and ‘ Bo Rdditionabvaleesuch geagmaghical i vel vy
sub-division delivered relative to the overhead in terms of analysis, particularly seeing as the retirement of the two
main North region power stations has meant that network capacity analysis is no longer a focustfdpis
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These historical graphs show that the demand composition on the different transmission pipelines is
very different This has also resulted in quite different movements in demand over this historical period
and, as is analysed finer in sectior6.3, will likely result in material differences in future demand

growth for these different transmission regions.

6.2.3 Analysis of Commerce Commissiona@sures

For this latest Supply / Demand study, a further new source of data has been anatheeannual
information disclosures made by the gas distribution network companies to the Commerce Commission.

The purpose of performing such analysis is beeahe Commerce Commission has indicated a desire to
potentially use the projections developed for this GIC Supply / Demand exercise as an input into its
Constant Price Revenue Forecasting process for the next regulatory control period.

The other two dataets (MBIE data, and Transmission gate station data) do not provide sufficiently
disaggregated information on the different customer compositions of the different networks in order to
produce projections that would be appropriate at a distribution netwenkel’® Accordingly, the

Commerce Commission disclosures were used as they provide greater disaggregation, as indicated by
Figure63.

Figure63: Remrted FY15 demand and revenselits for different consumer segments for different

distribution networks
100%
90%
80%
70%
60%
50%
B Com
40%
M Res
30% M Res
20%
10%
0%
St St = " S St -
GasNetworkCompliance_vOE.xlsm

Demand split . Revenue split
Source: Concept analysis of Commerce Commission information disclosures

Vec Auc
1Gas NonAuc
PCo Centra
PCo Lower
GsN GasNet
Vec Auc
1Gas NonAuc
PCo Centra
PCo Lower
GsN GasNet

These disclosures were analysed for five main reported distribution networks: Vector Auckland,
Vector NorAuckland (now First Gas), Powerco CenRalyerco LowerandGasNet

6 Although the transmission gate station data in combination with the GAR170 can deliver a breakdown between
ToU and nofAlrOU load, there is no indication of the split between residential, commercial and industrial load.
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The disclosures were made by the network companies disaggregated by load.Jroeps load groups
were assigned for tkianalysis into three main customer segments: Residential, Commercial and

Industrial The assignment of a | oad group into segment :
own classification on such a basis.

Appendix (orovides the detailed analysis of historical distribution network outcomes over the four
yearsof data The analysis indicates theweere some material changes in demand over this fgaar
period, but in many cases there is no consistent trend over time:

1 Across different customer segments (i.e. Res, Com, Ind);
T Within individual networks

The analysis also indicates that it is likely that there has been sowlagsification of load groups

betweenFY13 and FY14 in the two Veetowvned networks (noting that 1Gas NonAuck was owned by

Vector until recently), and that this +@assification will have resulted in n@onsistent classification of
customers into the “Com” and “lI nd” customer segn
6.3 Projections of demand

This suksection first details the distributionetwork projections, before then describing the broader
transmissioAevel projections.

6.3.1 Distribution network projections

Appendix Gets out the detailed approach used to project movements in demand for the four different
distribution networks Such projections sought to reflect:

1 the different drivers on demand outcomes for the main uses of gas (spEatany, water heating,
cooking, and process heat)

1 the different compositions of customer type and easle on the four different networks

1 the significant uncertainty around future projections driven by a range of factors including:
- limited historical data
- inherent uncertainty over the future level of key drivers of gas outcomes
- modelling error.

The following graphs show the projectedntratscenario gas demands for the four different network
areas, both in absolute terms, and in terms of relative annualenwnt.
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Figure64: Centralprojections of annual quantities of ga@J) (¢ 2015 are actuals)
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Figure65: Centralprojections ofrelative change irannual quantities of gag¢ 2015 are actuals)
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The keytake-away from the above graphs is the significant difference in projected demand outcomes
between the different networks, with much higher projected growth in Auckland compared with the
slight longterm decline in the Powerco Lower network.
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This differene is principally a function of the following factors:

1 Much higher projected population and Gibé#ated growth in Auckland than in these other
networks.

1 The different estimated proportions of customer types and end uses, as shdviguire66 below.
This is significant because, as is further illustratefigure67, the differenttypes of customer and
end-use are projected to have material differences in the success of winning fuel market share from
electricity and other fuel options (e.g. wood or LP&) is detailed il\ppendix Cthis projected
relative success is based on analysis undertaken for the recent Consumer Energy Optidhs study
combined with other analysis of the relative market shares of gas compared with other fuels for
thesedifferent consumer endises.

Figure66: Estimated breakdown of FY15 demand into key entse segments by network area
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"The Consumer Energy Optoreport and associated stakeholder presentation is available here:
http://gasindustry.co.nz/abouus/news-and-events/events/releas®f-consumerenergyoptionsin-new-zealand
2016update-by-simoncoates/
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Figure67: Projected relative change in demand for gas for the key ers® segments
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Figure68: Centralprojections of relative movement in Residential, Commercial, and Industrial
demand summed across all networks
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Comparison with historical data series and projections

Further analysis was undertaken to compahe projected overall movement in residential commercial
and industrial demand shown Figure68, with historical changes in Residential, Commercial, and
Industrial ®mand over a longer time series as reported by MBHS is shown ifigure69.
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Figure69: Comparison between historical MBHeported change in gas demand for different customer
segmentswith projected change in demand
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Lastly, comparison was made with the demand projections made in the most recent distribution

network asset management plapsoduced by Vector, Powerco and GasNet. These are not

disaggregated by sudibetwork for Vector and Powerco (e.g. Auck/Non Auck, Central/Lower) or by

customer type. The results are showrFigurel10. They appear to indicate that the network

companies expect greater demand growth than projected by Concept. Further, the extent to which
Concept -eisst i'mandenrgy’ appears to be con&asNet.ent bet
GasNet is projecting a significant eoff increase in demand between 2015 and 2016. This may be due

to a large oneoff industrial connection.

This may indicate t hat -eStimaticgehe likélysgropth af gagforthe ons ar €
different networks However, no analysis has been undertaken to understand the underlying factors
driving the differences between Concept’'s projec
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Figure70 Compaison between Conceptertral-scenario projections of gas demand growth and
network companies' AMP projections
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Appendix @Glso presents analysis indicating that these projections are subject to a significant margin of
uncertainty, given inherent uncertainties over future values for many key input parametess|leass
uncertainty due to lack of historical data and modelling error.

6.3.2 Transmission network projections

The model has also been configured to allow projections for the transmission regions detailed on page
90. For the Non, ToU and most of the other industrial segments, the projections are driven from the
detailed distribution network projections set out abaviene exceptions to this are:

1 Generation, where the profions from the detailed power system modelling described in section
5.4are used.

1 Refinery, where an explicit projection is developed which takes account ofaheqd significant
expansion of the refinery in 2017.

1 Steel, where a flat demand projection is assumed, but with an ability to specify a possible closure of
the Glenbrook steel mill at a usspecified dateThis sensitivity has been enabled because of the
challenging economic conditions facing the steel mill, given the overcapacity in world steel
production.

Thecentralcase projections for the main transmission regions are shown in the graphs on the following
pagesIn addition to projections of annual deand, projections of peak week demand are also shown

These have been developed using a fairly highv el approach, which project
potential peak week demand using the observed historical ratios between annual demand and each
segment s contri but i on .Iltsboulghbe appreciatedctikat tlusasma ainlydbasic

approach to projecting peak network demands

This approach is used because the closure of the two North system power stations (Otahuhu B an
Southdown) can be seen to significantly reduce peak demand requirements on the North and Maui
north of-Mokau transmission system$hese two systems were the only ones identified in previous
studies as having the potential for material transmission c@msts at this wholeof-system level which
may require investment (e.g. looping north of Rotokawa to relieve the North system constraint, or a
compressor upgrade at Mokauyith the closure of the two power stations, there is no longer a focus
on systeralevel transmission constraint$hat is not to say that there may not be witksgstem
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transmission constraints on a sglgstem level (e.g. the transmission system north of Auckland)
However, consideration of such detailed network constraints was out gfesfar this exercise.
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Figure71: Projectedcentral-case annual demanébr different transmisison regions
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Annual demand for Vector Tx "South' system
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Figure72: Projectedcentral-caseprudent peak week demand for different transnma®n regions
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Peak Week demand for Vector Tx 'South’ system
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7 Summary projections of demand

7.1 Purpose

This sectiordescribes the overall galemandprojections, based on the sectoral projections discussed
in the previous three chapters

7.2 National gas demand projections

Figure73 showsthe demand projections for 2028040 at the aggregate levekigure74 shows the
same informationbuton a‘zoomed inbasis for the next ten yearkKey observations are:

9 The projections show a wide range of possible demand levels in future years

1 The High, Central and Low scenarios should not be interpretedcpsl a | | yrathetthek e | 'y’
Hi gh and Low cases present possachidleutcgmeut unl |
are more likely to be around the Central scenario caatleast for the next few years

1 The differences between the scenariosarerhain dri ven by variations i
users in the petrochemical and power generation sectadirect use of gas is relatively stable
in all scenarios

T Further, it should be noted that theopower g:¢
particular is inconsistent with the governments stated target of achieving 90% of generation
from renewables by 2025.

1 For the nexfive years, gas demand is projected to remain around current leFelsher
information on drivers may crystallise ing next 12 months- particularly in relation to
methanol production plans for plants with scheduled turnarounds in ~2018.

Figure73: Aggregate gas demand scenarioprojectionsto 2040
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Figure74: Aggregate gas demand scenario projections to 2025
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The following graphs show the national projections for teatralcase scenario for all the above uses,
then the combination of all the lowlemandscenarios for each use, followed hetcombination of all
the highdemandscenarios for each use.
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Figure75: SummarnyCentral Scarcegbsolute Lovy, andPlentiful @bsolute High national gas demand projections
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Appendix A.  Future gas supply options

This appendix outlines a range of possible supply options to meet future demand for gas.

Conventional gas Taranaki basin

Al l of New Zealand’ s existing g a sinteMarahakibasindtn i s
has also attracted the |ion’"s share of exploratd.i
compared with other petroleum basirsgound the worldwith a40+ year production history, the

Taranaki basin remains lightly expldre

Taranaki is the most likely source for new gas supply in New Zealand, at least for sources of gas demand
connected to the existing North Island transmission system.

New supply from Taranaki is likely to comprise a mix of:

1 Development of additional gagsrces from within existing producing fields.

9 Discovery and development of new gas sources close to existing production facilities (especially
important for offshore production).

9 Discovery and development from new sources.

Conventional gas ex-Taranakibasin

I n addition to the Taranaki basi n, there are 17
jurisdiction as shown iRigure76.

New Zealanchassovereign rightso over 5.7 million square kilometrex land and seabe® A large

proportion of this territory has not been explored other thdny reconnaissance surveyowever, the

availabledata suggesthat basinswhichmay hostoiandgas cover about 20% of Ne
territory. Where limited exploration has occurred, it has confirmed the presence of hydrocarbons in a
number of cases (albeit at levels judged uneconomic to develop).

Since the mie2000s the government has stepped upoeté to encourage exploration in areas outside
Taranaki (as well as Taranaki). For example, it has funded seismic acquisition programmes over almost
6,000 knt of seabed in the Reinga and Pegasus basins, and the Bounty trough. The industry responded
with increased exploration effort, from both existing and new players. While additional hydrocarbon
deposits have been identified, none have proven to be commercial to date. More recently, participants
have relinquished permits or sought to defer work programmmmitments, in response to lower oil

prices. Nonetheless, there has been continuing interest in basins outside Taranaki.

While there have been no commercial finds identified to date, there have been encouraging indications
in the Canterbury basinf thisdiscovery is developed, a probable scenario would be for sale to new gas
customers in the South Island, especially industrial and commercial users who currently rely on coal.
This would be especially attractive given the expectation of rising carbon costs.

More generally, this example raises the issue of how any major find would affect the existing gas market
in New Zealand. Most basins are remote from demand centres and existing pipeline infrastructure. Even
the closer basins (East Coast, Raukumara) atheperiphery of the existing gas transmission system.

In these areas the gas pipeline network has much lower transmission capacity than the main Faranaki
Auckland corridor.

8 NZ Petroleum and Minerals
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Figure76: Petroleum basins in New Zealand
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Significant investment to extend or upgrade pipeline capacity would probably be required to connect
any major new gas find outside the Taranaki basin into the North Island market. These factors are also
expected to be relevant tany major find in deepwater Taranaki, although the magnitude of the effect

is likely to be smaller because a new field would be closer to existing pipeline infrastructure.

Another factor is the size of the existing domestic gas market, and its abilibstolaa large new

source of gas supply. For example, a sizeable gas find (like say Pohokura or larger) might require annual
sales of 6670 PJ/year to justify the necessary investment in gas processing and transmission
infrastructure. This would be equivaleto around one third of existing total gas usage. If existing
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sources (e.g. Taranaki fields) could meet prevailing demand, a new more distant gas source would be
reliant on load growth for its sales. It appears unlikely that demand growth of this magnitauld
emerge from existing users.

These considerations suggest that any major new gas find outside of Taranaki is more likely to be
directed toward export markets or new local markets, unless Taranaki production is unable to satisfy
prevailing demand. fle export of gas could take the form of LNG, produced on either a floating facility,

or brought ashore for processing. Alternatively, gas might be used as a feedstock and exported in the
form of petrochemicals (e.g. methanol) from a newly constructed plantither case, from a gas
producer’s perspective, export would remove the
market and allow gas to be produced on a relatively flat profile, minimising costs and accelerating

liquids recovery.

In conclusin, it appears relatively unlikely that any major gas find remote from the existing
transmission system would be physically interconnected to the existing North Island gas market unless
Taranaki supply is insufficient. Instead, it is more likely that aufatd would be directed to export. In

that case, a major gas find would be unlikely to have a significant commercial impact on the North
Island gas market.

Unconventional gas

New Zealand is known to have unconventional gas sources, and there was asaddmeel of activity
in this segment in the 201R014 period, although this has since waned with the recent weakness in oil
prices.

Shale resources

Over 50 wells have been drilled in the East Coast Basin since the 1970s focussing on conventional olil
prospects. A number encountered oil or gas, but none yielded a commercial discovery. More recent
exploration targeted a mix of conventional reservoir targets, and unconventional opportunities in shale
formations that are believed to be the source rocks fortha si n* s entire hydrocark

The East Coast shale formations were not targeted in previous oil and natural gas drilling because they
were regarded as being too impermeable. The recent improvements in unconventional oil and gas
technology stimulatedtsonger interest in the resource by some parties. On the other hand, some
industry observers remain sceptical about the potential for commercialisation of East Coast shale
resources, citing the extensive faults in the underlying structures, difficultiteanad relative distance

to infrastructure.

One of the parties which had shown strong interest in the region is TAG Oil (TAG), which secured
exploration permits over 7,000 square kilometres of onshore land in the East Coast basin and undertook
some drillig. TAG has subsequently abandoned and plugged these wells, noting that it had

encountered extremely difficult drilling conditions. TAG has since refocused its exploration and
development efforts in Taranak.

Coal seam gas

CSG wells have been drilled ire tharanaki, Waikato, Whanganui, West Coast and Southland basins.
Although a number of CSG have been identified through this process, none have been brought into
commercial production. We expect that monetising the resources would be challenging duectodd la

infrastructure to convey gas to market in most cases.

e Seewww.tagoil.com/news/tag -oil-announces-abandonment- plans-at-waitangi-valley- 1-and-return-to-drilling-of -core-

production -assets in-taranaki/
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Underground coal gasification
In 2012, Solid Energy trialled underground coal gasification (UCG) in the Waikato area. Solid Energy
stated that it had access to around 2 billion tonnes of coalussmin the Huntly area, much of which
was too deep to mine using conventional techniques. Solid Energy considered that UCG may be a viable
way to access the resource, which it assesses as having a large energy potential (>%,00tPJ)
project was subsquently shelved when Solid Energy experienced financial difficulties due to falling coal
prices. Commercialisation would also be complicated by the fact that the produced gas would not meet
national pipeline specification, and therefore require dedicaitgdastructure.

Potential for gas importation

Gas importation has been considered in the past for New Zealand. In th2d@@s, Contact Energy and
Genesis Energy assessed the viability of LNG importation as a backstop option, in the event that local
production was insufficient to meet demand. The project progressed to a point of identifying a
preferred terminal site (Port Taranaki) and preliminary design.

A key risk for the project was potential stranding of onshore tankage required to receive LNG
shpments. The project partners indicated that the minimum scale for viability was likely to be around
60PJ per annum. Work on the concept was later shelved by the parties with the improving outlook for
domestic gas supplies.

Since that study was completedhere has been further technological development within the LNG
sector. One option is a floating buoy connected to the onshore gas pipeline system, which avoids the
need for dedicated port infrastructure. These require onshore storage to receive and swmrAmpther
option is adockside LNG vaporization and natural gas receiving yacilit

These types of facility could lower thedountry investment requirement, reducing stranding risk and
development time. However, LNG is still expected to be a relativgdgnsive option because of the
costs of liquefaction and shipping (in addition to underlying commaodity cost) and involve aypariti
leadtime.

Further, as detailed in sectid® changes in the relative economics of renewable versus thermal
generation means that there is likely to be significantly reduced demand for gas for power generation
than when LNG importation was considered in the {2@)0s

Based on cuent information, gas importation appears unlikely and would probably only be seriously
re-evaluated if there was a sharp and sustained reduction in reserves cover.

80 Seewww.coalnz.com/index.cfm/1,477,0,0/SolEhergybeginsUndergroundCoalGasificéion-
successfully.html
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Appendix B.  Information on wholesale gs prices

This section provides an overview of recent trends & gdéces based on public information sources.
Because almost all wholesale gas trading in New Zealand is conducted via bilaterally negotiated
agreements on confidential terms, there is limited information in the public domain. This means that
the price inbrmation should be treated as broad guide.

Data from MBIE disclosures

The Ministry for Business, Innovation and Employment (MBIE) publishes data on gas prices over time.
This data is based grevailingcontracts. It therefore reflects market conditionsthe time the

relevant contracts were struck, rather than conditions at the time the data is reported. The timing
difference can be significant, as contracts are typically for a minimum duratioi ge2rs, and some

gas contracts are for considerablyger (e.g. 5LO years or more).

Furthermore, the data is typically reported in a raw form, with little or no adjustment to account for
differences in contract terms. For example, some gas contracts are quoted for delivery at the customer
premises and therere include pipeline transport costs. Gas contracts also vary in the degree of swing
provided to buyer/seller. These factors need to be borne in mind when making price comparisons
across customer types, contracts and time periods.

Figure77 shows reported average gas prices paid for reticulated industrial users based on government
data® These prices include pipeline transportation costs. As a broad guide, pipeline costs are around
$0.6- $1.5/GJ (varying for each user) and these need to be deducted from reported figures to derive the
gas price received by the seller.

The chartalsoshows “ whol esal e” category reported in the
category is not entirely clear, but we understand that gas for power generation (including cogeneration)
accounts for most of this usage in this group.

Figure77: Deliveredgas priceqreal, Sept 2015 $)
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81 Prices for commercial and residential users are much hjghamly because of the greater proportion of

pipeline costs, and the premium for swing (noting these users typically have a lower load factor).
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Key observations are:

9 Prices paid by industrial and wholesale users moved up in the period 2003 te-2it@ly due
to the tighter supply/demand position flewing the Maui redetermination in 2003. Since 2010
real gas prices have eased somewhat, reflecting the increased reserves to production cover.
9 Prices paid by wholesale users and industrial customers followed a similartnattkthe

former being lower han the latter. This is likely to reflect the influence of greater transport
costs for industrial users on average.

Looking at trends over time, the difference between prices paid by industrial and wholesale users has
changed quite significantly. twastaund $1. 5/ GJ in the early 2000’
This is probably due in part to different segments contracting on varying durations. However, it
probably also reflects differing levels of competition across market segments.

S

Contract pries

As noted earlier there is very limited public data on gas prices at the individual buyer or producer level.
One exception is TAG Qil, which discloses quarterly gas revenues and volumes.

TAG Oil's oper at es t-boaderSatedieldslihenddily gas madwttioCproilal| g as
from these fields suggests that oil production has been the prierfor example there is no clear
seasonal or business day/ndmusiness day modulation. For this reason, the average gas price for this

profile is likely ¢ be at a discount to a gas contract with a flat profile or which provides the customer
with discretionary swing.

Figure78shows the average price reported by TAG Oil for gas sales each quarter.

Figure78:. TAG Oif average price for gas sales

$7.0
$6.0
A
5 $5.0
3
= $4.0
o
(O]
o $3.0
©
)
> $2.
<E$O
$1.0
$_‘_|H\—| N N N g M ™M™ m << ¥ < o0 O W0
I T e L L N T [ e T Rt R B =
c o b L & a b L a b L a b Lo o b
> ¢ o 8 S ¢ o o S O 0o @ S O O © S O o
S MW OS>, 0NN0sS">nNnA0sS"00s>00

Quarter ended

SourceConcept analysis of TAG Oil disates

The average gas price received by TAG Oil has varied between approximately $4/GJ and $6.5/GJ, with
some softening apparent over the 202015 period, to around $4.5/GJ. In rAgbril 2016 TAG Oil

issued guidance for FY2017 indicating an expected gees @iNZ$4.75/ GJ with a scheduled increase to

NZ$5.10/ GJ in January 2% This may indicate an expectation of some firming in prices going
forward.

82 Seehttp://www.tagoil.com/news/tag-oil-announcesy201 #capitatbudgetand-guidance/
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Spot gas prices

While the bulk of gas trading occurs on bilateral contracts, a small but growing pi@poftsales are
occurring on the platform operated by emsTradepoint. This offersadtesad and ofthe-day markets. It
allows parties to trade on an anonymous basis, and the market publishes prices and volumes for all

trades.Since October 2015, this maitkeas been used as the main source of gas for residual balancing
actions on the main transmission system.

Figure79 shows the prices, rolling 30 day volume weighted average prices, and daily volumes since the
market commenced?®

Figure79: Volume weighted average price and trade volumes
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Key obserations are:

1 Spot prices were in a relatively tight band of$HGJ for most of the period to October 2015.
Since then, there has been much greater volatility, coinciding with the use of this market for
pipeline balancing purposes.

1 The rolling 30 day volueweighted average price (VWAP) has generally been around $6/GJ,
although it has deviated significantly from these levels at times.

1 Volumes being traded have increased over time, especially from October 2015 when the
platform has been used for balancingsgaansactions on the Maui pipeline.

83 Data are shown based on value date for each transaction, noting that the trade dates may differ.

However, most trades have been for gas on the day or a few days ahead so the series isiamrdadc at i o n

of
prices.
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Appendix C.  Approach to developinglistribution network
demand projections

Our previous Gas Supply / Demand stutfiadopted a relatively higlevel approach to develop gas
demand projections, focusing on the major demand drivers.

However, for this current Supply / Demand study, the Commerce Commission has liaised with Gas
Industry Company to determine whether the projections could be developedriara detailedform.

This would facilitate theiuse as inputint h e  C o mnhdrtlsceming pricequality determinations

for regulated gas pipeline businesses

Accordingly, for this 2016 study, the projections have explored in greater depth:
1 The potential nature and scale of outcomes from the various different drivers on gas demand;

1 The extent to which different drivers may vary on a regional bagarticularly for the different
distribution networks;

1 The range of uncertainty on future gas demand due to:
- Inherent uncertainty over future drivers of demand;
- Lack of historical data omhich to base future projections; and
- Modelling error.

While the 2016 projections have explored these issues in greater depth, we note that the modelling
approach is still relatively higlavel, reflecting both the scope of the exercise, and the inherent
uncertainties for a task of this nature.

This Appendix describes the approach taken for developing these demand projelitiossreports on
observed changes in network demand over the past four years, before describing how the projections of
future demand were developed, and then presenting the results.

Historical movement in gas distribution demand

We have analysed the reported levels of distribution network demand over the four financial years to
2015, as disclosed to the Commerce Commisdibese diclosures were analysed for the main

reported distribution networks: Vector Auckland, Vector Namckland (now First Gas), Powerco
Central, Powerco Lower, and GasNsir the purposes of the charts shown in this analysis, these
networks are referred to ad/ec Auck, 1Gas NonAuck, PCo Central, PCo Lower, and GsN GasNet.

The network companies submitted their disclosures on the basis of load groups. We have assigned
these group to three main customer segmenntsanies
‘1l nTdhe assignment of a | oad group into segments
classifications.

The results of the comparisons are showrrigure80to Figure85, looking variously at changes at a
total network level, as well as on an individual customer segment basis.

The graphs are generally presedt| absolute terms (i.e. annual quantities) followed by a presentation
on an index basis which show the relative change from the first year of the data. senidbese index
representations, the first year value is set to 100, with subsequent yearesepting the percentage
difference relative to this firsyear value.

84 Seehttp://www.gasindustry.co.nz/workprogrammes/gagransmnissiontinvestmentprogramme/supplyand-
demand/#longterm-gassupplyand-demandscenarios

GASSUPPLY ANDEMANDSCENARIOEROM2016 117


http://www.gasindustry.co.nz/work-programmes/gas-transmission-investment-programme/supply-and-demand/#long-term-gas-supply-and-demand-scenarios
http://www.gasindustry.co.nz/work-programmes/gas-transmission-investment-programme/supply-and-demand/#long-term-gas-supply-and-demand-scenarios

.
((C

concept
The key observations from the analysis are:

1 There have been material changes in demand over thisyear period-at both the network and
customer segment level in some cases

Where chages have occurred, there is not necessarily any consistent trend over time

There appears to have been somediassification of load groups between FY13 and FY14 in the two
Vectorowned networks (noting that 1Gas NonAuck was owned by Vector until regeaglghown
in Figure82

1 Theapparentre | assi fication has affected customers i
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Figure80: Reported total annual quantity delivered across different networks and for different customer segments
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Figure81: Reportedrelative change irtotal annual quantity delivered across differentetworksand for different customer segments
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Figure82:Reported total annual quantity delivered across differeatistomer categories for each network
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Figure83: Reportedrelative change irtotal annual quantity delivered across different customer categories for each network
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Figure84: Reported relative change in number of residential ICPs and average demand per residential |CPdiféeosst networks
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Figure85: Reported relative change in average demand per ICP for different customer segments for each network
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GsN GasNet: Relative change in average GJ per ICP
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Conceptual approach for considering future gas demand

Onepossible approach to developing projections of gas demand would be to

1. Source historical data series of gas demand and various other pesaildgl variables (e.g.
population, ICP numbers, GDP, weather/climate, gas prices, etc.)

2. Perform a multfactor regession analysis to identify the integlationships between these
possiblyc a u s a | ‘“predictor’ variables and develop
combination of values for these predictor variables, the likely level of gas demand.

3. Source reliald forecasts of the identified predictor variables which could be used in the
regression model to develop demand forecasts.

For the 2012 study, analysis was undertaken to see if such predictive relationships could be identified
However, it concluded it wasot feasible to develop a regression approach that could be used as a
reasonable predictor of future gas demarithe key constraints that were identified were:

9 Lack of dataThis was on a number of dimensions:

- Limited historical timeseries To develop riationships with statistical significance, it is necessary
to have a reasonable number of data poirfsr this current exercise looking at distribution
network gas demand, there are only four data points, representing the gas demand disclosed by
the netwark companies to the Commerce Commission for the financial years 2@®.50 This
is too small to draw statistically robust inferences.

- Limited visibility of likely predictor variabldsis not sufficient to consider the drivers of the
demand forenergy(as distinct to gas alone)e.g. population, economic growth, etebecause
gas is a discretionary fuel that can be substituted by/for other fuisis, a key driver of gas
demand is its relative competitiveness against these other fle@lsaddress tlsirequires data
that can be used to assess this competitiveness dynalhis is not simply a case of looking at
gas and electricity prices (and LPG and wood prices in many.caisels)analysis also requires
assessment of:

the structure of those prices.€é. balance between fixed and variable)

appliance costs, efficiencies, and useful lifetimes, for the different uses of gas (e.g. space
heating, water heating, cooking, process heat)

analysis on the levels of demand for these different-eisds of gas
O Aggregate demand for both gas and for these alternative fuels for theusad

O The ‘size’ distri but-ia theranfe ofidéfenentnirdividual r cons
consumer demands (noting that the presence of capital and fixed costs can materially
impact on the relative economics of different fuel choices depending on whether
consumers consume large or small amounts of energy)

- {2YS LINBRAOGZ2NI DI NIl 6f S& 06SAy3 .GDPuasadbtifiedNE E& ¥
to be a poor proxy for comnteial and industrial demand, particularly on an individual business
segment basisThis was because

GDP is also affected by changes in the quantities and prices of commodities (e.g. milk
powder), whereas it is principally the quantity of a commogityduced that is the key driver
of energy demand

Structural changes in the economy (in particular a progressive move away from primary and
manufacturing industries, to servidmsed businesses) are affecting the relationship between
GDP and energy consuniut.

1 Theinstability of somerelationships In order for a model to be a useful predictor of future
outcomes, relationships identified in the past need to hold stable for the fuilines will allow the
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impact of a change in a predictor value to be reasdypanodelled However, with regards to
technology uptake, changes in prices can result intliteear outcomesFor example, once the price
of a technology passes beyond a threshold, exponential growth can occur before levelling off (e.qg.
an-c‘u$% v edfuptake)yrhis is likely currently being seen with heat pumps, is being witnessed
with solar PV overseas, and could potentially occur with other consumer energy technologies that
have yet to r eacSuchtphemomana dretektnemely hagdmgdel Fon éxample,
a regressiorbased demand forecast of Australian grid electricity demand undertaken in 2010 would
not have been able to predict the uptake or impact of solar PV, as up to 2009 there had been
virtually no uptake of any material scale which to develop forecast relationships.

In this vein, it may potentially be the case that fut@ prices that are much higher than have
been experienced in the past result in changes in consumer demand that are very hard to $redict.

Similarly, expcted future changes to thgtructure of consumer electricity prices (as indicated by

the Electricity Authority in it recent distribution pricing principles consultation) are likely to
materially impact on the relative competitiveness of electricity ansl gapliances in a way which is
inherently hard to predictAppendix A of the latest Consumer Energy Options report presents some
analysis describing the nature and potential scale of such outcéimes.

Given that a multfactor regression approach is naabe, two alternative approaches were
considered:

1 Simple trend projections

T ‘"Structur al simul ations.

With regards to simple trend projections, the analysis on historical movements in gas demand shown
previously on pagé&l7indicates that there is no clear or consistent trend for gas consumption for the
different gas distribution networks either on a network basis, or on a customer segment basis

Further, as the discussion above highlights, trend projections implicitlyvesghat historical outcomes

are likely to persist to similar degrees into the futurerhereas there is a reasonable likelihood that this

is unlikely to be the caséccordingly, this was not considered an appropriate basis on which to develop
projections

Description of structural demand projection model

By a process of elimination, a ‘structural’ mode
projections Such an approach simulates outcomes by developing a model which attempts to capture
the expected logical relationships between variables on a deterministic basis.

However, given the inherent uncertainties which frustrated the development of a regression model, it
should be appreciated that this approach inevitably has a significant margmoof- something which

we seek to address through sensitivity analydiswever, we acknowledge that a structural approach
inherently requires significant judgement to be exercised on the part of the forecaster.

A key design choice in developing a stanat model is whether to develop the functionality to try and
reflect an expected demand driver (e.g. the relationship between population growth and energy
demand)where there are inherent uncertainties and data limitations

In considering this, it shouloe appreciated that not reflecting a driver is effectively choosing a
relationship—if only be default

8 For example, a dynamic in Australia appears to be emerging whereby some consumers with solar PV have the
impression that their electricity consumption, including their revecgele air conditioners and hot water heaters,
must t her ef or ethidperceptignrisdileely to be migtakeh ie many instances given the drivers of
marginal grid generation in Australia, it is nonetheless having an impact on consumer energy choices in Australia.
8 The report, and stakeholder presentation, can be foundlomGas Industry Company website here:
http://gasindustry.co.nz/abouus/newsand-events/events/releasef-consumerenergyoptionsin-new-zealand
2016update-by-simoncoates/
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Accordingly, a judgement needs to be made as to whether the scale of error is likely to be greater by not
reflecting the driver, rather than attempig to reflect the driver.

With this consideration in mind, a key design objective in developing the structural model for this 2016
demand projections exercise was to reflect:

1 The key drivers on different consumer euases of gasThus:

- The recent Consumétnergy Options analysis identified that there were significant differences in
the relative competitiveness of gas for the main customer-aeds of gas: massarket space
heating, massnarket water heating, and industrial process héegtis relative compdiveness of
gas is likely to have a bearing on the future rate of growth of gas for these different end uses.

- Similarly, population growth is likely to be more of a driver of demand for residential energy in
general (i.e. not fuel specific), whereas Gip®wvth may be more of a driver of industrial energy
demand®’

i The different customer mixes between the different network arddwis:

- As shown irFigure86 the proportion of residential, commercial, and industrial demand is very
different between the different distribution networks;

- The proportion of space heating demand is likely to be different on a geographical basis between
the (warmer) North and (colder) South.

1 Thedifferent likely drivers on the demand for energy services in the different network argas
particular to reflect differences in population growth.

This difference has also been recognised in other an
in New Zealand 1992 0 1 1~
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Figure86: Reported FY15 demand and reversits for different consumesegments for different

distribution networks
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Demand split . Revenue split
The rest of this section describes the approach adopted to the structural model in a series-lefvieigh
steps.
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The basis for the projections are the dissures made by the network companies to the Commerce
CommissionThese projections were analysed for tinee reported distribution networks: Vector
Auckland, Vector NeAuckland (now First Gas), Powerco Central, Powerco L.awvdGasNet

The disclosurg were on the basis of load grouf$hese were grouped into three main customer

segments: Residential, Commercial and Industfiaé assignment of a load group into segments was

| argely based on the networ k c olHopeveriagdistcussedwn c | a s
later, a sensitivity was run where Commercial customer load groups with average ICP demand of above
3,000 GJ/annum (roughly 120 times greater than an average residential customer) were classed as
Industrial.

The historical demand analg shown previously on padé 7 gives more information on the different
resultant customer segment breakdowns between networks.

Some otthe customer segments (i.e. Res, Com, Ind), were then further split integmdegments as
follows:

1 Residential: space heating, water heating, and other (largely cooking)

1 Commercial: space heating, and other (assumed to be a mix of water heating, cap#ipgocess
heat)

9 Industrial- no split as largely assumed to be predominantly process heat
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Anal ysi s of HR&d#dbase veas sad goiestimatedhe splitss is illustrated ifrigure
87.

Figure87: EECA estimated splits of gas demand among different energyieses for different
customer segments
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As a crosgheck, the residential demand splits aligned reasonably closelythéathil EEP daté—
although this may be because the EECA data referenced the HEEP aralysir, it is not possible to
be certain on this matter.

To account for the fact that space heating quantities are likely to vary between the (warmer) North and
(colder) South of the North Island, the residential proportions were applied to the reported average
residential energy demand for 2015 across all the networks (26.1 GJ), to derive average values for water
heating and cookingrhese values were assumed to lmmstant across the different networks, (i.e.

people were likely to use as much hot water in Wellington as in Auckland).

The difference between the reported average FY2015 residential demand per ICP for each network
(shown inFigure88 below) and the sum of the average water heating and cooking demand was used to
estimate the likely average space heating demand per residential ICP for each ne®vapace

heatingis he ‘ bal anci ng .Thusawérage per cistoreer spapelredtinga@emand was
estimated to be significantly higher for the PCo Lower region, than the 1Gas NonAuck region.

88 HEEP = Household Energy {6sd Projecthttp://www.branz.co.nz/HEEP
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Figure88: Reported average residential demarmer ICP for each network
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The resultant breaklown of demand into the key endse segments for the different network areas is
shown inFigure89.

Figure89: Estimated brealdown of FY15 demanihto key enduse segments by network area
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Because the assignment of load groups into commercial and industrial is likely to result in some
commercial consumers being classified as industrial @spitals), and some industrial consumers
being classified as commercial (e.g. relatively small manufacturing businesses), a sensitivity was
undertaken whereby the proportion of commercial space heating demand was varied on a scenario
basis This is detadéld later on pagd.48.

Step 2¢ Develop approaches to project demand for these amgke segments
An approach was developed which sought to distinguish between:

1 newdemand (i.e. new houses, or new businesses or factories requiring energy services); and
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1 existing demand (i.e. existing houses, business or factories) who have the potential option of
switching away from their current fuel and appliance option to another.

This approach was considered important because the Consumer Energy Options study identified that
the capitalintensive nature of energy endses means that fuel switching is much less likely for existing
consumers (who have sunk capital for their existung) find appliance optionjrurther, the effect of
energy efficiency is likely to be much greater for new energy users than existing users.

For a given ‘decomposed’ segment. (e.g. resident
the potential ctange in demand is as follows.

For new demand:

1) Estimate the change in demand for the underlying energy service (i.e. not fuel spedtifits) is
based on projections of population and/or GDP, as they are considered to be the key long term
drivers of futuredemand for energy serviceShe substeps of this exercise were as follows.

a. For population, networispecific projections were developed based on data produced
by Stats New Zealaneboth historical and Stats NZ projectioi® enable estimation at
a netwoik level, each district council in the North Island was assigned to a netWuoek
Stats NZ high and low population growth scenarios were used as the basis for the High
and Low population scenarios for this exerciSigure90 shows the resultant relative
projections for theCentralscenario As can be seen, Auckland is projected to continue
to have much higher rates of population growth than the other network area

Figure90: Historical and projected rates of population growth for the different networks

1.30
1.25
1.20
1.15
—Auck
110 —NonAuck
1.05 Central
—Lower
1.00 GasNet
0.95
0.90
0.85
0.80
2006 2011 2016 2021 2026 Gas_SnD_v1Ladsm

There have been historical changes in dwelling density and house biagh of which
will likely impact on residential demand per pensHowever, these are understood to
have been relatively slowwhanging variables whose rate of change has reduced in
recent yearsAccordingly, their potential future impacts have not been explicitly
considered for the projections.

There could also be gager variations on a regional basis than is currently suggested by
the High and Low scenarios (which have been derived by applying High / Low ratios
relative to Central based on the national population projectioB$ats NZ also provide
specific regionaHigh / Low projectionsNo investigation has been made as to whether
the regionalHigh / Low ratios relative to Central are greater than the national High /
Low ratios However, given there is unlikely to be asymmetry in these High / Low
projections, andjiven the purpose of these projections, it is not considered likely that
this would deliver significant additional value.
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b. For GDP, the latest Treasury projections to 2019 were.Udesl 2019 value was

projected to continue for the remainder of the projeati period +/- 0.75% values
were used for the High and Low scenarding Concept assumptions rather than
Treasury, given that Treasury does not appear to produce such sensitiviies
resultant projections are shown igure91l.

Figure91: Historical and projected GDP growth rates
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No data could be readily sourced as to historical and projected rates of GDP growth on a
regional basisHowever, past work indicates it is likely that there will have been
significant regional variations in GDP growfib the extent such regional variations
haveoccurred it is likely that this will have affected demand for energy in the different
areas.

Futther, it is highly likely that the extent to which GDP growth will be the key driver of
energy growth versus population growth will vary between residential, commercial, and
industrial demand segmentéccordingly, the following approach has been adopted

i. For each customer segment, we estimate the relative extent to which
Population or GDP is likely to be the best explanatory factor to estimate future
demand for energyThus for residential demand, population was considered to
have a 100% factor, whereas flmdustrial it was considered to be 80% driven
by GDP and only 20% by populati&or Commercial a 70% : 30% population :
GDP factor split was used.

ii. Because GDP projections are only on a national basis, yet it is know@Drat
growth varies on a regionahsis—with a linkage to population growtha
further factor was developed to simulate the extent to which tbeationof
GDRdriven demand growth is influenced by population growthis assumes
that it is likely that a high proportion ddDRdrivenCommercial demand
growth will be located in areas with a high population growth, wheieas
greater proportion of mdustrial demand will be located in other aredige to
other factor inputs thadabour being the key determinant of location.

ii. Lastly, past angsis by MBI® has identified that the energy intensity of
business (i.e. commercial + industrial) energy demand growth relative to GDP

94/ KFy38a Ay O9ySNHBecHnawdébSs %SIEFyR mddpn
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growth is such that the rate of energy growth is 50% of the rate of GDP growth
No analysis was undertaken by MBIE athtoextent to which this may vary
between fuels Accordingly, this 50% factor was used to drive the extent to
which energy demand is driven by changes in GDP

d. The final outcome of all the population and GDP drivers is expressed as a % growth
factor. E.g.a factor of 1% for a given year indicates that the underlying demand for the
energy service (i.e. not fuel specific) is projected to grow byTi8 results for the
Centralprojections are shown iRigure92.

Figure92: Projected rates of growth of demand for energylid population & GDP growth scenarios
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2) Estimate the extent to which the servicing of new demand is likely to be more eneffigient
than existing demandFor example, a new house is likely to be better insulated than existing
houses (particularly very old houses, but not necessarily much better than those built in the last
15 years), meaning the space heating demand coulsubstantially lesd_ikewise, new process
heat boilers are likely to have superior efficiency than existing boilers, and the processes using
the heat are likely to be more efficier€onversely, we do not consider it likely that new
cookers will be materily more efficient than existing cookerBhe estimated values used (and
the Low and High sensitivities) are showrrigure93 below.
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Figure93: Estimated improvement of energy efficiency of new demand relative to average existing
demand®
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3) Estimate the extent to which gas is likely tin this growth in demand for energy services
The estimates are given Figure94.

Figure94: Estimates of the proportion of gas in meeting growth in the demand for energy services.
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As can be seen, these have been developed with Low, Centrafighdralues, both Now and
for 20 yTese estimatésihamebeen developed based on:

a. The Consumer Energy Options report which looked at the relative competitiveness of
gas compared to other fuel choicéghis analysis indicated that gas is vergisgly

%1n this, it should be noted that a reasonable proportion of existing demand will be for houses and appliances
which are relatively ne.
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competitive for process heat, competitive for masarket water heating, but less
competitive for massnarket space heating (particularly for smaller heating
requirements).

b. Consideration of the reported market shares produced by EECA of the diffasds for
the different uses as shown Figure95 below. In this, it should be appreciated that, as
shown inFigure96 the vast majority of wood and black liquor (and geothermal) use for
process heat is concentrated in a few, suge wood processing industrial sites that
are of a size that would be connected to the gas traission network rather than
distribution businessed ikewise, the coal and electric demand for highhperature
process heat shown iRigure97is predominantly for demand that would also be
connected to the gas transmission network if it were to be serviced by gas. When these
are excluded, gas’ mar kismuclsclosertebeingfo0 e x i st i
100%, compared with the relatively low % shares of gas for the residential and
commercial enelises of gas, as shown Bigure98.

c. Sanity clecking the resultant output in terms of what this implies with regards to the
growth in demandIn this,Figure99 indicates that, over the four years of disclosure
data, residential gas ICPs have grown at twice the rate of population greagh
indicated by a gradient of 2 for the linear best fit lifie.

This residential gas ICP growth rate would suggest that the share of gas for residential
sub-divisions is materily greater than the share for the existing population as a whole

This may be a reflection of the fact that population growth is understood to be greatest

in urban centres where there are existing reticulated gas networks, and where there is

not the legay of a large number of houses that were developed prior to the start of the
Kapuni era of gas (i.e. the ml®70s) when reticulation started to be rolledit. This is

al so consistent with the fact that-a very
front ed’ (i .e. there is a gas main running
network.

When the estimated water heating success rat&igure94 is facored by the estimates
of the proportion of customers with gas, the implied rate of growth in connections is
similar to the observed rate shown kigure99.

Converselyfor distributiorrconnected industrial process heat, there is far less scope for
gas increasing its market share of new demegldtiveto its market share of existing
demand.

d. Consideration that, in the lontgrm, gas may become relatively less succegsful
competitive relative to alternative fuel options than at the presenttis is due to a
number of considerations, particularly:

i. The fact that there is likely to be ongoing improvements in the cost and
performance of heat pumps (space and water) gtale which is greater than
improvements in gas heating technologi&milarly, some electrmechanical
technologies may start to become viable alternatives to gas for process heat.

ii. The possibility that the New Zealand energy sector may face a higlergiri
CQ which may result in progressive switching away to less emisgibessive
technologies (e.g. biomass, high efficiency electric heating).

However, it should be appreciated that the estimates showRigure94, have a significant
margin of wuncertainty, and they are ‘best est
(e.g. gas is relatively more competitive for water heating than space heating) in asteonha

91 This compares with past analysis by Concept which indicates that the rate of growth of electricity ICP
connections is much more aligned with the rate of growth of population.
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fashion as possibl@he development of Low and High scenarios with a significant range is an

attempt to address such uncertainties

In this respect, one inherent source of uncertainty relates to possible changes in the structure of

electricity gices The Electricity Authority, and many network companies and other

stakeholders, have indicated that such changes are desirable to enable consumers to make
optimal technology and consumption decisiomfiese changes are likely to materially impact on
the relative competitiveness of electricity and gas applianidesvever, the nature and scale of

such changes is highly uncertaiboth generally, and on a regional ba¥isAppendix A of the
latest Consumer Energy Options report presents some analysisilnieg the nature and
potential scale of such outcomés.

Figure95: North Island delivered fuel energy
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92The impact on gas consumption due to altered electricity pricingd hae a significant regional variation due

both to possiblduture regional differences in electricity price structures, as well as an observed signdicaent
regional variation in electricity price structures.

9 The report, and stakeholder presentatiazgn be found on the Gas Industry Company website here:
http://gasindustry.co.nz/abouus/newsand-eventdevents/releaseof-consumerenergyoptionsin-new-zealand

2016-update-by-simoncoates/
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Figure96: North Island delivered fuel energy for intermediate temperature process heat
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Figure97: North Island delivered fuel energy for Higekmperature process heat
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Figure98: EECA energy engse database reported shares of gas for residential and commercial
energy enduses

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Process

cooking |

Cooking [ INEEG
space heat [INNENEGEEEEEE

space heat |
water heat |G

water heat ||

Residential Commercial

EECA_EndUse_Database 2015 wJ1.:dsm

Figure99: Comparison of residential gas ICP growth and population growth
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Forexistingdemand:

1) Estimate the extent to which there is a fuel switching dynamic to/from gas for existing
customers The values shown iRigure100show the estimated annual change in demand due
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to this net effect of customers switching tol
time.
Figurel100: Estimates of the change in demand for gas &xistingcustomers
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An estimate of >100% indicates that there is some fuel switching away from alternative fuels
towardsgas, and vice versa for <100Phese estimates have been developed largely based on
the Consumer Energy Options analysis, and considerations of

a. the typical capital replacement cycle of the appliances (noting that most fuel switching
occurs when such major capital decisions are reqgjred

b. the relative costeffectiveness of gas versus these alternative options.

c. The extent to which gas may be relatively less successful / competitive relative to
alternative fuel options than at the present, and the uncertainty around such future
competitiveness, based on the same reasons given in relation to new energy demand
on pagel38.

2) Factor existing demand by an ongoing improvement in energy efficiedtye stady
improvement in energy efficiency is likely to continue, but the impacts are likely to vary
significantly between endises Thus, the opportunities for insulation to reduce space heating
demand are considered to be greater than the opportunities to medwater heating demand
Further, the ongoing improvement in the efficiency of existing demand is considered to be a lot
less than the improvement in the efficiency of new demand compared with existing demand
shown inFigure93 previously The estimates used for the ongoing improvement in existing
demand are shown ifigurel01
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Figurel01: Estimated average annual improvement of the energy efficiency of existing demand
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Results

Central case assumptions

The following graphs show the projectedntratscenario gas demands for tfige different network
areas, both in absolute terms, and in terms of relative annual movement.

Figure102 Centralprojections of annual quantities of ga@J) (¢ 2015 are actuals)
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Figure103 Centralprojections ofrates of clange ofannual quantities of gag# 2015 are actuals)
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Figure104: Centralprojections ofrelative change irannual quantities of gag¢ 2015 are actuals)
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The key takeaway from the above graphs is the significant differenggrajected demand outcomes
between the different networks, with much higher projected growth in Auckland compared with the
slight longterm decline in the Powerco Lower network.

This difference is principally a function of the following factors:

1 Much highe projected population and GDBfelated growth in Auckland than in these other
networks, as indicated iRigure90 and Figure92, previously.

1 The different proportions of customer types and end uses, as originally shdwigLire89, but
repeated inFigurel05below. This is significant because, as is further illustrategigure106, the
different types of customer and enase are projected to have material differences in the success of
winning fuel market share from electricity and other fogtions (e.g. wood or LPG)hus, a
network with a high proportion of residential space heating is likely to have reduced demand
growth compared to a network with relatively small amounts of residential space heating.

Figurel05: Estimated breakdown of FY15 demand into key entgse segments by network area
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Figurel06: Projected relative change in demand for gas for the key ars# segments
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Figurel07andFigurel08give two further views onto the projections,

Figure107: Cental projections of relative movement in Residential, Commercial and Industrial
demand for the different networks
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Figure108 Central projections of relative movement in Residential, Commercial, and Industrial
demand summed acrasall networks
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Comparison with historical data series and projections

Further analysis was undertaken to compare the projected movement shofigumel08, with
historical changes in Residential, Commercial, and Industrial demand over a longer time series as
reported by MBIEThis is shown ifigurel09.

Figure109: Comparison between historical MBYeported change in gas demand for different
customer segmentsvith projected centralscenario change in demand
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Lastly, comparison was made with the demand projections made in the most recent distribution
network asset management plapsoduced by Vector, Powerco and GasNdtese are not
disaggregated by suietwork for Vector and Powerco (e.g. Auck/Non Auck, Central/Lower) or by
customer type The results are shown Figurel10. They appear to indicate that the network
companies expect greater demand growth than projected by Conéepther, the extent to which
Concept -eisst i‘mandenrg’ a p p eetweesn the tectditPeweocaamdsGasdleétite nt b
appears thatGasNet is projecting a significant eoff increase in demand between 2015 and 2016is
may be due to a large oreff industrial connection.

This may indicate t hundere§imaticgahe ikelysgropth af jagforthe ons ar e
different networks However, no analysis has been undertaken to understand the underlying factors
driving the differences between Concept’s projec

Potentialy , some average between Concept’s projection
be used for the Commission’s CPRG forecasting.

Figure110Compaison between Conceptentral-scenario projections of gas demand growth and
network companies' AMP projections

Pop'n=Mid, GDP=Mid, Gas share=Mlid, Efficiency = Mid
125

—— Projection Auck + Non-
120 Auck

—— Projection Lower + Central

115 Projection GasNet

— — AMPs Auck + Non-Auck
110 —

- = = AMPs Lower + Central

105
AMPs GasNet

100

95
2015 2016 2017 2018 2019 2020

Addressing sensitivities and uncertainties

As has been indicated in the description of the model, there is lack of visibility of much historical data,
and inherent uncertainties around future demand driveFs address thighe model was developed to
allow many of these key variables to be altered on a scenario bagcally, Low, Central and High

The key factors that were varied on a scenario basis were:
1 Population growth (as previously described on p2g4)
1 GDP growth (as previously described on ph8®

1 The extent to which energy efficiency reduces demand for energy services generally (as previously
described on pagek37+)

1 The extent to which gas wins the fu@itching competition relative to electricity and other fuels (as
previously described on pag&87+)

T The proportion of demand wdeheatmg (giwen ticattlresgwemssofas
gas for space heating is considered to be a lot less than for other commercial uses or industrial
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process heat, and there was material uncertainty as to the proportion of commercial demand used
for this end useThis vas addressed via two sensitivity factors:

- Altering the classification of load groups in the disclosure data so that a sensitivity was run where
Commercial customer load groups with average ICP demand of above 3,000 GJ/annum (roughly
120 times greater thaan average residential customer) were classed as Industrial.

- Varying the proportion of Commercial demand that was assessed to be space hAatingll as
using the EECGderived value of 85%, Low and High sensitivities of 65% and 90% were also used.

1 Theextent to which demand could be affected by unusual weatfibus, if a year were relatively
warm demand would be less, and vice versa if it were.ddits has been simulated by altering the
starting year (2015) values for the demand sutimponents (spachkeating, water heatingtc.) by a
factor which is intended to capture the likely variance in demand outcoiftds has been
implemented at this stage relatively simply through varying 2015 valuesfairly simple factor,
without undertaking specifianalysison the extent to which 2015 was relatively warm or cold, and
the extent of altered demand outcomes thatcurredbecause of that.

However, the starting historical year quantity is a very important value as, to the extent it was

unusually warm or cdl it will result in the subsequent projections being systematically too low or

high This will have significammnplicationsfor allowable network revenues under weighted average

price cap form of price controlAccordingly, there may be merit in undekiag further work on
weathercorrectingthestai ng hi st ori cal year’s demand i f t he
purposes of price control.

A Monte Carlo modelling exercise was then undertaken which ran every one of the 1,458 combinations
of the &ove variables.

Analysis was then undertaken on the range of outcomes across these different combination scenarios
The results are presented in the following figurékese indicate that there is a significant range of
uncertainty over future gas demanadnd that this uncertainty grows over time.

It is likely that greater effort in determining Low and High scenario values could reduce the extent of
this uncertainty However, that was out of scope for this exercise.

It should be appreciated that this serigity analysis was relatively simplistic in that it allows the various
sensitivities to compound e.g. perpetual high population and GDP growth, in combination with high
gas market share success will progressively compound the effects leading to vergtésgbf growth,

and vice versa for the low scenaridfo analysis has been done to attempt to assign probabilities to the
various extremes of outcomes.
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Figurel11l: Range of projected total annual quantities for the differenetworks
20,000
18,000 -
16,000 [
14,000 ‘,---*"'”
12,000 e e RS LTS L oty SN
210,000 oo b S T
N L S
8,000
6,000 it Stttk W S
4,000 ___ mgEoooommoooooSmTTTRTRTRRRRRI
2,000
0
2012 2014 2016 2018 2020 2022
--------- Auck: Min —: Mean - - - Max
--------- NonAuck: Min —: Mean ---:Max
e Central: Mink ——: Mean - == Max
“““““ Lower: Min ——: Mean - - -1 Max
o GasNet: Min - Mean = - Ma}( Gas_5nD_CC_MonteCarlo vwl4.xdsm
GASSUPPLY ANDEMANDSCENARIOBROM2016 150



L&

concept
Figurel12 Range of projectedates of change ofotal annual quantitiesrelative to 2015for the
different networks*
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%4 The differences in the historical years is because of the sensitivity run looking at varying the 2015 demand to
reflect uncertainties in weather.
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Figurel13 Range of projected rates of change isidentialsegmentannual quantities relative to
2015 for the different networks
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