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About Concept
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Australia,the wider AsigPacific regiorand Europe Cliens 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 donot, accept 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 thigeport may be published without prior written approval of Concept.
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Executive summary

Introduction and purpose

This reportexamines the relative economics of different fuel and technology options for meeting
three different consumer energy needs:

1 massmarket (residential) space heating;
1 massmarket (residential) water heating; and
9 industrial process heat.

Thesesegmentshavebeen chosen because theccount for the majority of energy demand for
residential and industrial customets

The purpose of this report is twofold:

9 to assist consumers to make the energy choices which will best meet their requirements
(including through poviding information that energy retailers and distributors can use to help
them assist consumers in making good choicasi

1 toprovide informationfor policy maker®n whetherthe price signals currently provided to
consumers are likely to encourage deons that are in the best interests of New Zealand

This report builds on the analysis frahe previousConsumer Energy Options repértt updates
the results to reflect the latest cost information, and inclugesisiderable new analysis on the
extert to whichcurrentgas ancelectricitynetwork pricingarrangements mawot be delivering the
best longterm outcomes for New Zealand

Massmarket space and water heating

Currently herearea range of different charging approaches by the different netvaankipanies for
residential supply of electricity and gaAs is illustrated ifrigurel and Figure2 below, this is
resulting in considerable variati@around the countryn the effective price that consumers pay for
fuel for space and water heating

1 The other two main uses of gas in New Zealand are as a feedstock in the petroghiachistry (e.g. to
manufacture methanol or urea), or as a fuel for power generation. Potentially, also, gas could be used as a
transport fuel. However, consideration of all such uses of gas is out of scope for this study.

2The previous Consumer Engr@ptions report can be found here:
http://www.gasindustry.co.nz/dmsdocument/4152
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In the vast majority of cases, this variation does not appear to reflect differences in the incremental
network costs associated with supplying additionakgricity or gasfor space or water heating
demand. Rather, the difference in prices to consumer appear to reflect legacy decisions around
issues such as: whether metering controlidctricity hot water should be achieved via a second
controlled meter;different philosophies for recovering sunk assets via fixed or variable charyks;
different approaches to apportioning costs between different customer groups (residential,

3 In addition to the variation in price structure, Powerco will generally fund most (if not all) of the initiadfbne
connection cost of a property to the gas network, whereas Vector will generally not.

Consumer_Energy_Options_2016_v1.0 3 Saved22-Mar-16
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commercial, etc.). More recently, this variation has been further exacerbatelgctricityby the
regulatorymandated introduction of a lowaser fixed charge variant.

This variation in charging approach is resulting in variation as to whether elecyagyr another

fuel (e.g. wood)s the cheapesbption for meeting consumé&r Q  a LJ OS 2 NJ g1 G SNJ KSI (A
depending on wherén the countrythe consumer is locatedAs such, it can be hard to generalise as

to which fuel option is likely to be lowest cost for a consumer.

This is further complicated by the fact that tdferent capital costs of the appliance options,

O2dzLdt SR 6A0GK (GKS LINBaSyOS 2F FTAESR OKINBS&a T2NJ 17
requirements (i.e. do they consume a tift or little, heat) can have a bearing on which option is

likely to be best. Thus, for meeting a small heating requirement it can be cheapest to choose an

option which has low capital and/or fixed costs even if it has much higher variable costs, whereas

the reverse may be true for meeting a large heating requirement.

Further, the presence of gas fixed charges complicates the evaluation of gas for space and water
heating. Put simply, if a consumer has ga®far use (e.g. water heating), it considerably improves
the economics of choosing gas for space heating afixtd charges will not be an additional cost
that needsto be considered.

That said, it is possible to draw some general conclusions:

1 If a consumer haan existing functional heater (whether gas, electoicsolid fuel) theywould
in most cases be beab stick with that heater, even if its egoing running costs are materially
higher than alternatives. This is because such alternatives would result in the consumer
incurring significant wfront capital costs which will generally outweigh the benefitafer
running costs.

9 The high capital costs eblar water heating and heat pump water heating almost always
materially outweigh the benefits of very low variable costs on a whoblie basis.

9 For small space heating requirements (e.g. a small bedradmgyeénerally the case that a simple
resistance electric heater is likely to be lowest cost, with the benefit of very low capital costs
more than outweighing the high variable costs.

1 Wholeof-house central heating (electricity or gas) is unlikely to meelocost than fitting and
AATAYy3a AYRAGARdIzZ € O2yiNBfflIo6fS KSIFGSN& (2 YSSi
K2dzaS KSIGAy3 R2S& LINE DA RSis @ 2ayietd maSyhbnsuinés. Wlij dzi A
Further, it is possible to indicate sortrends as to whether generally gas or electricity is the

cheapest fuel option. Figure3 shows this evaluatiographically for water heating, with the colour
indicating whether gas or electricity is likely to be lowest cost.

4 This point also highlights that the different options can have considerable variation tprimanquality
characteristics which many consumers value. For water heating, the key quality differentiator is never
runningout of hot water with instant gas war heating, whereas this can happen for cylindbesed water
heating options if several members of a household have baths / showers in quick succession.

There is considerable variation in the quality features for space heating such as: the ambiemneal dfaane

being one positive differentiator for wood burners and some gas fires; the ability for heat pumps to act as air
conditioners in the summer in warmer parts of the counmgdthe inconvenience of storing and carrying

wood for woodburners.

Despie these quality characteristics being key factors for many consumers, their subjective nature means they
are hard to value, and as such they are not considered in this report.

Consumer_Energy_Options_2016_v1.0 4 Saved22-Mar-16
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Figure3: lllustration of whether instant gas or an electric cylinder is likely to be the lowest cost
water heating option for consumers requiring a new water heateased on current network prices
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Thus, gas is almost always lowest cost for medium to large water heating requirerkienvt®ver,

for small water heating loads, an electric cylinder can sometimes be lower cost than an instant gas
water heater. This can be in situations where the electricity option has high fixed charges and low
variable charges (noting that electricitxdid charges are not taken into consideration for the
evaluation of heater economics) and/or the gas option has high fixed charges (which can be due to
the charging approach of the gas network company and/or due to the consumer only using gas for
water heaing).

Figured below illustrates that the reverse outcome occurs for space heating. In other words, for

small heat loads electricity options are likely to be lowest cost (being electric resistance heaters)
and even for large heat loads electricity (in the form of heat pumps) is generally the lowest cost

option.

Figure4: lllustration of whether electricity or gas is likely to be the lowest cggiaceheating
option for consumers rguiring a new space heatdsased on current network prices
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The evaluations illustrated irigure3 and Figure4 are based on the current prices that consumers

see which. As previously mentioned, these exhibit significant variation around the country for

largely legacy reasonsather thanreflecting variation in the fundamental economic costs of

supplying gas or electricity to meet a heating load.

l'ylFrfeaAra ol a dzyRSNIF{Sy a G2 oKIFG YIFe 0SS GKS
and water heating loads from either electricity or gas. fdwlts of this analysis are shown in

Figureb and Figure6 below.

5 As indicated earlier, it is generally the case that solar water heatingt ithe cheapest on a wholef-life

basis. Wood log burners can in many cases be cheaper options for heating rooms with a large heat load
particularly if the consumer has access to cheap wood. However, the significant variation in wood fuel costs
(particularly in cities) and the lack of controllability of wood burners makes it hard to compare them on a like
for-like basis. Accordingly, wood burners are not included in this general analysis.

Consumer_Energy_Options_2016_v1.0 5 Saved22-Mar-16
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Figure5: lllustration of whether gas or electricitys likely to be lowest cost from a wholef-NZ
perspective for meeting newvater heating loads
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Figure6: lllustration of whether gas or electricitys likely to be lowest cost from a whol®f-NZ
perspective for meeting newgpaceheating loads
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When comparingdrigureb with Figure3, it can be seen that the relative economics of water heating
from a wholeof-NZ perspective is not substantially different to the price signals consumers are
currently seeing.

However,compaing Figure6 with Figure4 illustrates that there is a material differencetween the
whole-of-NZ and current consumer perspectives for space heating. In partigabecomea
lower cost option in most cases for meeting larger space heating lehds considered from a
whole-of-NZ perspective This is principally due to theégnificant increase in electricity network
prices for space heating due to the peddéminated nature of space heating demarahd the largely
sunk aspect of gas network costs

For small space heating loads electricity continues to be the lowest coshajitie to the very low
capital cost of resistance electric heaters.

These results indicatdat the noncostreflective nature of electricity prices in particular is likely to
be having an adverse effect on the economic efficiency of consumer choitesconsumersnay

be choosing a heat pump to meet their space heating requirements rather than a gas laegpite

a gas heater being a lower cost option from a wholdNZ perspective This is likely to be having
knockon effects on water heating choicessome cases, as the gas fixed charge will only apply to
water heating rather than space and water heating.

It is beyond the scope of this study to consider what regulatory changes may be required to result in
electricity and gas network companies chamgpgthe structure of their network tariffs in such a way

as to facilitate the most costfficient heating choices by consumers. However, it appears likely that
changes will need to be made to the economic regulation of networks under Part 4 of the Commerce
Act¢ in particular the form of control in terms of whether a revenue or price cap should apply.

It is also likely that there will need to be greater regulatory involvement in terrhelping network
companies develofheir network pricingmethodologies. However, it is not cleavhether such
involvement should be limited to guidance or complete prescription of pricing methodolayies,
whether the extent of regulatory involvement should vary between electricity and gas networks and
between transmissioand distribution networks.

Consumer_Energy_Options_2016_v1.0 6 Saved22-Mar-16
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There are two final points which are worth highlighting:

Firstly, this analysis and the conclusions as to the relative economics of gas versus electricity are
considered robust against a wide rangeGsd costs. This is because

1 The carborntensity of electricity heating options is very similar to that of gas heating options.
This is because the type of generation that will meet an increase in residential heating demand is
relatively fosstheavy compared with the average typégenerator to meet demand in general.

9 Carbon costs represent a very small fraction of the overall lifetime costs of the different heating
options®

Secondlythe analysis reveals that the extent of retail competition could have a bearing on

O 2 vy a dAerfertedin@nergy choices. This is due to the effect that fixed charges to recover retail

senice costs have on the relative competitiveness of gas versus electricity options. Thus, fostering

retail competition to try and help bring retail séce costsback down is not only going to be good

F2N) Odzai2YSNAR Ay 3ISYSNIfs odzi AG gAff KSELI I aQa
choices for New Zealand as a whole.

Industrial process heat

The analysis reveals that for mediuand smablsizd industrial process heat requirements gas is
very strongly competitive because:

1 The significantly greaterapitalcost forsolid-fuelled boilers (i.e. coal & biomass), coupled with
significant economies of scale for boilers, means that dakdled boikrs are not really cost
effective for smallesscale applications.

1 Ligquidfuelled options have a very high wholesale fuel epsten at current low world oil prices.

The extent of this competitive position is such that it would even make sense for consumers with an
existing norgas fired boiler (with a sunk capital cost) to switch over to gas, and incur the cost of a
new gas boiler. This conclusion is expected todbeist against a very wide range of feasible fuel
andCQ prices.

For largescale industrial process heat applications, the economies of scale in boilers means that the
capital cost penalty faced by sofidelled boiler options is significantly less. Acliogly, fuelCQ,
and transport costs start to become the dominant factors.

Liguid and biomasBielled options are generally uncompetitive due to:
1 the high oitlinked costs of liquid optionseven at current low world oil prices; and
1 the relatively highwholesale and transport cost of biomass fuels.

That said, the cost of biomass is very locaspecific within New Zealan@®omass can be leasist
for heat loads located on, or very close to forestry processing plant.

Therefore, the main intefuel competition for these largescale industrial process heat requirements
is between coal and gas.

For newbuild situations, gas is competitive against coal due to the I@¥@mand boiler capital costs
of gas outweighing the high wholesale and transport costss relative competitive position will be
strongly reinforced iCQ prices rise from their current low levels.

That said, the economics of coal can also be quite locapatific in New Zealand, with industrial
facilities located close to the mine moupiotentially enjoying significantly lower fuel costs.

8 For exampleCQ costs represent only about 2.5% of the whalklife costs of a electric cylinder water
heater ifCQ is valued at $25CQ.

Consumer_Energy_Options_2016_v1.0 7 Saved22-Mar-16
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Coal is currently competitive against gasedaistingcoaltfired boilers. This is because of the
currently lowCQ and coal priceg particularly for those industrial coalsing facilities located cée
to coal mines.

Over time gas is expected to increase its share of industrial process heat demand because
1 CQ pricesare likely to move up, which favours gas due to its lower carbon intensity

9 lower costcoal from existing mines located close to intlizd plantis expected to decline over
time;

1 asexisting coafired boilers reach the end of their economic life and need replacing (although it
should be noted that boilers can easily last for 40 to 50 ye#hs)lower capital cost of gdged
boilerscomes into the total cost assessment; and

9 users are likely to be wary of major-ievestment in coafired boilersbecauseof the risk of
significantfuture rises inCQ prices.

As with massnarket space & water heating, there can also be-poine benefis of the different
industrial process heat fuel options which can be of additional value to some industrial consumers.

In this, the main issue appears to be how clamning the different options are for industrial users
with sensitive processes. A goexlample of this is food processing, where ash and other
particulates from solid fuel options can be a concern, whereas gas is regarded as the eleanest
burning of options.

In some situations, the superior controllability of gas and liguiled options an also be a benefit
relative to solidfuelled options.

However, in general, neprice quality benefits do not appear to be anywhere near as significant a
factor for industrial process heat as for mamarket space & water heating.

Unlike massnarket spac& water heating, there do not appear to be the sameeadgences
between the cosbenefit of different options from a public or private perspective.

The only material externality could be considered tod pricing, to the extent that the current
lowQLINA OS AY DbSgs %SIFHflFyR R2SayQid NBFESOUG GKS A7
warming resulting fron€Q emissions.

If CQ prices were to rise to $25/tCr higher, the economics of gas would become even more
compelling against coal or liqufdelled options.

However, biomass is unlikely to be competitive against gas except in future scenarios of extremely
highCQ and/or gas prices.

In summary, the ecammics of gas for provision of intermediatemperature process heat look
robust compared to alternative fuels in the majority of cases, and can withstand material increases
in gas wholesale or network prices.

Consumer_Energy_Options_2016_v1.0 8 Saved22-Mar-16
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1 Introduction

Purpose

This reportexamineghe relative economics of different fuel and technology options for meeting
three different consumer energy needs:

1 massmarket (iesidentia) space heating
1 massmarket (esidentia) water heating and
9 industrial process heat

These consumer energises have been chosen because,Agpendix Bets outthey account for
the majority of energy demand for residential and industrial customers

The purpose of this repbis twofold:
1 to assist consumeite make the energy choicewhich will best meet their requirements; and

9 to provide informationon whether price signals currently provided to consumers are likely to
encourage decisions that are in the best overdttrests of New Zealand

Thisreport builds on the analysis frothe previousConsumer Energy Options rep8rtt updates
the results to reflect the latest cost information, and inclugesisiderable new analysis on the
extent to whichgas anckelectricty network chargingrrangements magffect outcomes for
consumers and for New Zealand.

Approach
Determiringg KA OK FdzStf b (SOKyz2f238&8 2LJiA2y Aa fA1Ste ;:
complex. This is because the economics of the different aptaan be very situation specijfitriven
by:
9 Different consumer situations
- the quantity of heat desired;

- the geographic location of the consumaisthe availability and price of fuels can vary
materiallyby location);and

- the presence and type of anyisting heating appliances.
9 Different characteristicof the fuel + technology options

- capital intensity

- fuel efficiency

- fuel costs, including:

the absolute level of costand

" The other two main uses of gas in New Zealand are as a feedstock in the petrochemical industry (e.g. to
manufacture methanol or urea), or as a fuel for power generatiostetially, also, gas could be used as a
transport fuel. However, consideration of all such uses of gas is out of scope for this study.

8 The previous Consumer Energy Options report can be found here:
http://www.gasindustry.co.nz/dmsdocument/4152

Consumer_Energy_Options_2016_v1.0 9 Saved22-Mar-16
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the structure of such costs, including variance over different times of the day and year,
and thesplit between variablend fixed costs

- fuel emissions intensities; and
- nonLINRA OS Wlj dzI £ AGeQ OKIFNXOGSNRaGAOA 2F (KS RATT

Such dferences mean that the best option for one consumer situation may be different to that for
another consumer situation.

Accordingly, the analysisas beerdeveloped in a waghat attempts toconsider all of these different
situations in an internally corgtent fashion.

In addition, the analysis has sought to determine whether the apparent best option for a consumer

based orthe chargeghey face for thevarious fuels and appliances, may differ to the best option for

New Zealand as a whole based on the uhdeg resource cost implications of the different options.

Examples of the type of issues examitleat can give rise to slergence® S 6 SSy G KS WLINR @
WLIdzo t AOQ o6SYySTAG 2F RAFFSNByYyld 2LNiAz2ya AyOf dzRRSY

1 the extent to which electricity and gas costsywaccording to the timef-day andtime-of-year,
yet consumer prices may be flat across the year;

1 the extent to which some electricity and gas network costs charged to consamersariable
basismay be unavoidable fromwahole ofNew Zealand perspectivbecause they are sun&nd

1 theextent to whichCQ costs faced by New Zealand are not reflected in domestic fuel prices

Report $ructure
9 Section2 presents theanalysis relating to massarket space and water heating
9 Section3 presents the analysis relating to industrial process heat

1 Appendix Apresents analysis examininiget current structure of electricity and gabargesand
whether theseprovide appropriatesignals to consumers as regards the underlying resource cost
implications of their consumption decisian$t also considers the extent to which economic
regulation arangements may be influencing the behaviour of network companies in terms of
how they structure their prices to consumers

1 The remaining appendices provide additional detail on the assumptions behind the analyses.
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2 Massmarket space and water heatg

2.1 Approach to analysis

Consumers have many options for meeting their space and water heating requiren@mtgparing
these options i€hallenging becausef the significant differences imeatercharacteristicsqosts and
efficiencie$ and fuel costs (b fixed and variable).

Accordinglyyy 2 NRSNJ G2 Syl of S Wsondlthisshalysig seékkto detelliied 3 Q 02 Y
each of these optionthe lifetime cost per useful kWh of heaprovided, or $/kWhX ¢ KSNB (G KS Wd
4dz0 aONA LIG Rheaft2(iSa WdzASTdz Q

Put simply, this means summing all ttiéferent costs that will be incurred over the life of tieater

(including initial capital costs, as well as ongoing running costs), and dividing by the actual space heat
or hot water provided during that litene.

Further, many of the costs are fixed, meaning the impact on the economics of a particular heater will
depend on how much the heater is used. Accordingly, three different sample consumer heating

NBIljdZA NBYSYy(ia oWaYl f f QinddYoII&erming Qlethdr tficheatig EhNiEES QU | N
will change basedoth KS O2 yadzYy SNRa Kippeiddik Fiskails\ie [petikatob of @/ (i ©

different sample spce and water heating loads.

This subsection shows how thifetime cost per useful kWh of heat providedprogressively built
up from three maircostcategories:

9 annual running costs
1 up-front heater costsand
1 fixed fuel costs

Figure7o0 St 29 aK2ga K2¢g GKSAS WY2@Ay3 LI NLHaQ FAOL (G213
useful kwh of heat provided.

Figure7: Key 'moving parts' ircalculating lifetime cost of a heating option

Annual heater ‘Annualised’ up-front Annualfixed

Lifetime cost Variablefuel cost maintenance heater costs fuel costs
per kWh of = +
useful heat Heater efficiency ‘Useful’ delivered heat per annum

\ | \ |

) . \ J/
h NVa V2
| |
Variable costs Fixed costs

The results for water heating for a customer with a medisized heating requirement are used to
illustrate this approach.

Consumer_Energy Options 2016 v1.0 11 Saved22-Mar-16
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Annual running costg water heating asan example

The $/kWh annual running costsomprisetwo main components

1. The variable cost of the fuéi.e. any $/kWh fuel charge&ctored by the appliance efficiency.
For example, a $0.06/kWh gas cost becomes a $0.07{k4t if the fuel passes through an
85% efficient gawater heater.

2. Any amual heater maintenance costsK A OK | NB  Yd@idingdylthe anfodnSoRuQefub &
heat provided For example, a $75 annual fee for maintaining an instant gas water heater
becomes a $0.04/kWictost when divided by a 1,800 k\Wdnnual water heatingequirement.

Figure8 below illustrates the variation in current typicahnualrunning costs for different types of
water heater.

Figure8: Typical current annual running costs for a mediysizedwater-heating requirement
expressed in $/kWh

1.20

Heater Maint

1.00

Var Retail

o
)
=]

o
&
=]

Var Netwk

S/kwhu (excl. GST)

0.40
B Var CO2

0.20

Var Energy

0.00
Elec cur. Avg Elec cur. Avg Gas cur. Avg LPG Elec cur. Avg Gas cur. Avg LPG

Std electric Heat pump Instant gas Solar + elec Solar + gas
cylinder

As can be seen, when only the running costs of the different options are considered, the solar water
heating options are the cheapestwvith solar withgas backup being the absolute lowest cost. The

FdzSt O2ada 2F GKAA 2LIiA2y O0A®PSe® GKS 3IAL A dzaSR G2
close to zero, with the most significant annual running cost being the cost of getting the heater
maintaned.

This graph also shows the impact of appliance efficiency on the cost per useful kWh provided. Thus,
although the first two options face the sandeliveredcost of electricity (approximately $0.18/kwWh

in this example) the effective useful cost of dtagty is significantly different between the two:
F$027/kW,F 2 NJ G KS &0 yRINR$0DIKVE oNaFhéat plndptelecfiR§lNdel. y R F
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This is because the efficiency of the electric cylinder is only 69%, whereas for the heat pump cylinder
it is 20096.

The analysis distinguishes between the different cost components for the variable cost of the fuel.
Thus, although most consumers wyipicallysee avariable$/kWh pricefor their electricity or gasn
their bill, this analysis breaks thelbwn into its main underlying compone#ts

1 energy(representing the electricity generation or gas upstream market pyictten referred to
Fa 0KS WgKk2tSalrtsSQ 024l

1 CQ (representing the cost of the NZ emissions trading scheme factored by the emissions
intensity of each fue);

1 network (representing for electricity and gas, the cost of transmission plus distribpéiod)

T rSGF At 6 NBLINB & Sofserieyadtodd-achulrd pfiddnyretad thargin)

The purpose of breaking these costs down into these component parts is that it enables
O2yaARSNI GA2Y 2F (KS SEGSyil (2 6KAOK GKS LINRO
underlying resource cost fddew Zealand as a wholéppendix Adetails the derivation of all the

values used for these different elements.

w»
QX

The last point to appreciate is that for gas heatptions the analysis presents the results for

FLILIX Al yOSa FdzStt SR 08 N&BsofAjdezS WASRKR yLISi (dehRHES d2Y &3 oA
generally delivered via bottles to consum@osoperties
Up-front heater costs; water heating as an eample

The next step in working out the lifetime cost of the different options, is taking account of the up
front costs of purchasing and installing the heater.

These costs ar@innuali®do give a$/yrvaludz | yR (K&Q &8 RAPD&RAIYI o0& (K
guantity of useful kwh delivere give a $/kWhvalue.

Figure9 below continues the mediunsized water heating example, and adds teiablisedup-
front heater costsof each optiorto the annual running costs shown previouslyrigures.

9 As detailed iMppendixB, the efficiency of cylindebased water heating options is not just a functioithe

efficiency with which the heater heats the water, but also how much heat is wasted through heat radiating

Fgl & FTNRY GKS OefAyRSNIla waillyRAy3a t2aa8Saqo ¢ Kdza s I
efficient at heating the waterthe fact that a lot of the heat is wasted by standing losses brings the effective

efficiency of the heater down to a lower level. Often this effective efficiency value is referred to as the
WO2STFAOASYU 2F LISNF2NXIyOSQo

10 For the analysis from the persptive of the consumer, the value for each component is that which a retailer

is likely to use given the price signals which it faces, including the constraints of any metering technology. For

GKS Fylrfeaira FTNRY (KS LIS NIueds Gachcdripornri repidsedtg the2S 1 £ Yy R Ly (C
underlying economic cost to New Zealand.

L yydzk £ AAAY 3 Aa S aa-Bofiticdstobet the liftaf thiNapplidhde ytakify infora&oudriide

024l 2F 02NNRBgAYy3A Y2y Se& o0lediiabdurdhase KFer edaRplel the2adayialisedNI G S Q0
cost of a $1,000 heater with a 4&ar life and using a 6% discount rate, is $103/year.

Consumer_Energy_Options_2016_v1.0 13 Saved22-Mar-16
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Figure9: Typical annual running costs variablised heatecostsfor a mediunmsized waterheating
requirement expressed in &Wh,
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As can be seen, when dippnt capital costs are taken into account, the solar options go from being
the cheapest options to the most expensive. Similarly, the high capital cheabpump water
heaters significantly affects their competitiveness.

Fixed fuel costg water heating as an example

The last set of costs to take into account are any fixed costs that are associated with the fuel. For
example, $/day fixed chargesor, K6 OF aS 2F adzlLJX @Ay3a 3AFa G2 F  LINEP
connected to the gas network, the initial cadtthis gas connectiofwhich is annualised in the same

way as for ugront heater costs)

As with annual heater maintenance costs, and annualigeftant heater costs, these fixed costs are
WA NAIFofAaSRQ 608 RAQGARAY3I o0& GKS FY2dzyd 2F dzaS7To
However, unlike heaterelated costs, these fueklated fixedcosts are incurred by theropertyas a

whole. Therefore, simply variablising ttwe amount of useful heat provided by the heateill give a
very high effective ¥Wh, figure.

Accordinglyas well as showing the effect tifese variablised fixed fuel costs when jeptead

acrosshe heateQ & K S, lthé an&lyais dkso shovw®w much lower these costs would be if

ALINBIFR | ONraa GKS fAaAl1Sfte KSIFdG ft2FR FNRY |ff GKS
situation.

The last point to appreciate is that the fixed costelefctricity supply arenot included as a cost for
electric heating options. This is because electricity is not considered to be a discretionary fuel, and
thus fixed costs are not avoidable whether a consumer chooses an electric heating optiontor not.

12The prospect for consumers completely disconnecting from the electricity grid through becoming self
sufficient via jpotovoltaics (PV), batteries, diesel baglk and norelectric heating options is not considered in

Consumer_Energy Options 2016 v1.0 14 Saved22-Mar-16
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This applies to consideration of the situation fror®2 y & dz¥Y SNR & LISNRLISOGAGSsE | a
whole-of-NewZealand perspective.

Figurel0below continues the mediumized water heating example, and shows the impact of
adding these fixed fuel costs to the annual running costs anftarg heater costs set out ikigure8

andFigure9 previously.
Figurel0: Typicaltotal lifetime costs for a mediunsized waterheating requirement expressed in
$/kWh,
Lifetime heating cost for a Medium heat load
1.40
_____ B Fix Connection
1.20 i |
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house gas

Ascan be seengas fixed charges can materially affect the relative economics dirgdseating
options versus electric alternatives.

In this example, if a consumer were only considering gas éenheating, then the fixed costs
associated with gas supply make the economics of water heating marginal when compared with a
standard electric cylinder and more expensive if the house needed to be connected to the gas
network in the first place and thconsumer were to face that cost.

However, if a consumer were considering gas for water heating and space heating, then instant gas
water heating remainghe most costeffective optiongl &8 Ay RAOF GSR o6& GKS NBR R

this study. This is because indicative analysis indicates that such options are likely to be uneconomic based on
current costs for most situations.

Consumer_Energy Options 2016 v1.0 15 Saved22-Mar-16
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gK2ft S K2 dza $hows théeflectiv&KchsDdt gas if a consumer were to use gas for space and
water heating*®

Heating options considered

This report only considers the main heating options for consumers. Thus a number of technologies
have not been evaluated as follows:

9 Pelet burners and electric night storage heaters have not been evaluated because neither of
themis being widely offered for sala New Zealand!

1 Un-flued gas heaters (including LPG cabinet heaters) are not evaluated because theinafse is
recommended fohealth reasons

1 Centrd heating options are not evaluated because their costs are too situation specific to
estimate reliably Further, the benefit of such optiogenerallyrelates more to nofprice
guality aspects (i.e. whole house heating, aoatrollability) rather than being the leasbst
means of heating a property.

2.2 Results

Figurell andFigurel2 show the estimated lifetime heating costs for water and space heating,

respectively, for differensized heating loads based aweragecurrent prices to consumerslhe

W SN 3SQ Aa Al f A O kes thdre isccbideditieS ariatibniin the &ostRfacadO dza & S F
by consumers in different situations.

A brief comment on wood burnerand heater installation costs

The costs shown for space heating wood burners in this analysis are based on the average re
firewood price from research undertaken by ConsumefN&However, as this Consumer research
points out there is a significant range in firewood prices around New Zealand, with the cheape
prices being half this amount, and the most expensive being 758tegrhan this amount. Plus,
YIye NH2N}f bS¢g »%SItlIyRSNAR YlI& KIFI@S | 00Saa

Further, unlike most electric and gas space heating options driven by thermostats buouets are
relatively hard to controfo deliver a constant desired room temperaturéhis can materially affect
their effective efficiency at heating a room to a desired temperature.

Therefore, although a central figure is presented in this analysis, it is less able to be compared
WHILBR S6AGK FLILX SaQ olaira gA0K GKS 20KSNJ KS

For many New Zealanders wobdrnerscanbe one of the leastost (and most enjoyable!) means
of heating their homeg particularly if they have a requirement to heat large living spaces.
However, thee is relatively little discussion on wobdrners in this analysis given this inability to
compare on a likdor-like basis with other heating options.

BThe ral dash is in the lower half of the fixed cost portion of these bars because the model assumes that
there will be multiple space heaters in a property. If there were only one space heater and one water heater
in a property, each of which used exactly tzer® amount of gas, then the red dash would be in the middle of
the fixed cost portion of these bars.

1 Night storage heaters used to be promoted in some parts of New Zealand, but this is no longer the case. In
FRRAGAZ2Y I 99/ ! Qa (i Rabiieyhdating benefitiRaPriight Stdidige BedirdsTds thdieveining
(which is one of the main times when heating is required) are minimal due to the heat being lost during the
day.

15 https://www.consumer.org.nz/articles/firewood#priceurveypine
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A similar issue arises with regards to heater installation costs, particularly for heat pumps, f#ue
heaters, and wood burners. A central estimate has been used based on market research. Ho
there can be very large variation based on the specifics on individual properties, with some
properties incurring significantly greater installation costs i 2 G K S N& ®
property for a heat pump will similarly be difficult for a flued gas heater so the relativities betwe
these two may not change too much. However, installation costs can change the relativities
between other fuel optios.

DSy SN

Figurell: Estimated lifetime water heating costs for differersized heating loads based on
average current prices to consumers
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Figurel2: Estimated lifetimespaceheating costs for differensized heating loads based on
average current prices to consumers
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There are a number of initiakly takeawaysfrom the above results.
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1) The capital intensity of most heating options means that the right option can varyawith
O2y Of dzaA2ya

a) For small space heating loads, it is almost invariably going to be the case that a simple
resistance electric heater will be cheapest. In such situations, the benefit of not spending
high upfront capital costs more than owteighs the much higher variable costs of

02y adzy SNDRA

operation.

i) Part of the benefit of simple resistance electric heaters in thersall heatload

AAldzr A2y @

DSy SNJI ¢

situations is that it is possible tmy very small heaters (e.gkW), whereasnost other
heaters only g down to 3 to 3.%kW in size (or 8.5 kW in the case of wood burners!)

ii) Converselysimple resistance electric heaters only go up to about 2.5 kW in size. This
means that for the medium and largpace heating loadhiey becomencreasingly less
practicableas multiple heaters will be required aliving area with a medium to large
heating requirement This compares with heat pumps, flued gas heaters or log burners
where a single heater can meet both the medium and large heat tequirements.

b) Thehigh capital costs afolar water heating means that these options areariablythe
most expensive froma lifetime perspective.

c) Ifa consumer haan existing appliancéor which the upfront capital costs are sunkj is
generallymost costeffective to sickwith that optioneven if it has higher running costs
This isbecauseahe heater installation and capital costs should not be considered for the
existing heater, but would be incurred froswitchingto another option.

2) Fixedfuel charges can have a very large impact on the economics difgasppliances.Thus,

from a whole home heating requirement, gas can often be cheapest. However, evaluating water

Consumer_Energy_Options_2016_v1.0
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or space heaters on their own, and apportioning the fixed fuel chargesely to that heater
can result in the gafired heater appearing to be more expensive.

This last points a significant issugecause, as set out in more detailAppendix Athere iscurrently
alarge variation in theelative mixof fixed and variable chargéisat consumers around the country
facefor both electricity and gasAs set out irAppendix Athis variation is due to

1 the extent to which networks recover their costs from fixed versus variable charges;

9 the extent to which gas networks require customers to cover the costs of connecting to the gas
network; and

1 the extent to which retailers recover their retail costs from fixed versus variable charges.

To illustrate the impact of these variatiorfSgurel3 andFigurel4 below show how the economics
of the fuel choice options vary withigvariation inil K S  Wa { NléadditydaNdSyes pacds.

Figurel3: Impact of range of current electricity and gas pricing approaches on water heating
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18 For the purposes of this illustration heptimp and solar water heating options are always excluded because

they are generally uneconomic on a whaltlife basis due to their very high capital costs outweighing the

benefit of very low variable costs.

Y@t SO OdzNX» [2¢6¢ aK2ga NBadzZ 6a dzadiy3ad GKS f26Said OdzZNNB:
gl GSNI KSIFGAy3IoD G9tSO OdzNY® ! @3¢ aKz2ga NBadzZ a dzaiy3a
applying to water heating, and sooaNJ a9 f SO OdzNX» | A IKE

DI & OdzNX iofcbsenstl SufirentigiisSetwork variatded fixedcharges and retail variabind

fixedOKF NBS& | LI &eAy3a G2 6l GSNIKSFGAYy3 gKAOK IAGSE (GKS f
OdzNX» | aPKa DyzRY ! g3¢ @
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Figurel4: Impact of range ofcurrentelectricity and gas pricing approaches @paceheating
economics
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As can be @, thevariation can have a significant impact on which option is cheapest for the
consumer. Irparticular, differences in charges across networks may alter the cost ranking of gas
versus electricity heating isome situations.

However, as further set out ilppendx A most of this variation igot due to a fundamental
difference in the costs incurred by the different networks or retailers in serving consumers. Rather i
is due to:

9 differences in approach by networks as to how to recover their allowable revenues
I RATFSNBYOSa Ay NBUGIFIAfSNEQ | -okaN® andafgin F2 NJ NS 02 @

1 the requirements for electricity networks and retailers to offer imed charge versions of
tariffs; and

9 possible incentives on networks arising from the current form of the Commerce Commission
price control.

Wheredifferent chargingapproaches alter consumer choidast R 2 yfeflétt differences in
underlying coststhey couldresult in inefficient consumer choices. i.e. a consumer choosing an
option which may appear cheaper from their perspective, but is not cheapest from a-whblew
Zealand perspective.

This then begs the question of what is likely to be the lowest heating option from a wholef-
New Zealand perspective?

Appendix Asets out some analysis which addresses each of the cost components associated with

electriaty and gas supply (i.energy CQ, network, and retail) andonsidersvhat is likely to bex

better estimate ofti KS Wi NHzS Q O 2fér dachioPthese $amporshidri doiggRo, it

considers whether these costs are likely to be affected bydtie K | LISQ 2 F RSY-Hay R 0 A &S

Consumer_Energy_Options_2016_v1.0 24 Saved22-Mar-16



(&
concept

and withinyear profile of consumption), and thus whether there could be material differences in
meeting a space heating demand profile versus a water heating demand profile

Thekey points of thisnalysis are as follows:

1 For the wholesale component, the analysis addresses the issue that currently consumers
ISYySNIrftfe FILOS I WFEFGQ LINAOS 4KAOK R2SayQi oI
cost of electricity and gas can vary signifibaon a seasonal and (in the case of electricity)
within-day basis.

Being charged this flat price means tha@ads which are very peaky (e.gpace heating) will
typically face a lowepricethan(i KS& WaK2dzZ RQ o6FaSR 2y GKSANI RSY!

The analyis estimateswhat a more costeflective price for space heating and water hegt
demand profiles should be.

9 This flat versus timef-use issue is also addressed for (@ component of electricity priceis
an analysis which considers what type of &leity generation will increase output in the long
run in response to demand growing at different times of the day and.year

In addition, the analysisonsiders the impact dhiture CQ prices applying to all fuefsotentially
being higher than therelativelylow prices that have been experienced over recent years.

1 For the network component of charges, the analgsissiders the extent to which demand
growth for heating purposesat times of systenpeak will result in increased network costs in the
long-run.®

- For electricity the analysis concludes that:

Demand growthfor heating purposes (especially space heatimid)likely give rise to
increased network investment requirements, but there is likely to be considerable
variation in the extent of this due to:

O variation in the extent of surplus capacity across different networks; and

O uncertainty in the extent to which there will be significant uptake in electric vehicles
and whether thiswill give rise to pressure on peak demand

There is considerable uncertainty as to what may be$®t&\V/yr long-run marginal cost
(LRMCpf network investment. Some of this likely tobe inherent variation between
different network situations, but a considerable amount of this uncertainty appety be
due to different approaches inow to calculatesuch coss. Two different approaches are
considered:

O that done by Orion as part of deriving its consumer charges; and

O the regulatoryprescribed method undertaken by Australian network companies as
part of deriving their consumer charges

Thenetwork costimplications of electric space heating are much greater than for water
heating This is due to the fact that:

O the timing ofwater heatingdemand across each dagn be controlled, whereas space
heating demandis less controllablpand

B This is based on a framework which considers that the key driver of network costs in thmitoisgnot the
volume of kWh transported, but the peak kW quantity needed to be transported, and thus the capacity of the
network required to bebuilt to accommodate such peak demand.
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O the demand profile opace heating is much more heavily weighted towards peak
periods than for water heating.

- Forgas the analysis concludes that:

Increasedspace or wateheating demand is unlikely to give rise to aterial need for

investment. This is because of the significant sigplapacity on the gas networks and no
LINPALISOG 2F |y SldA@rtSyd waryS OKFy3IAy3aQ
this.

In the absence of a need to signal the network immesnt implications of increased gas
demand in consumer pricegasnetworks have some discretion about the structure of
their charges (noting that the total revenue amount is subject to a capping mechanism
under the Commerce ActSomegasnetworks have kosen torely mainly onfixed

charges rather than throughputelated charges.Their annualrevenues ardessaffected

by shortterm demand changes such as weatlimilucedeffects, butthe presence of
higher fixed chargesiayhinder retention and growth bgas customers. Conversely, some
other gasnetworks have chosen to offer tariffs with lower fixed charges and higher
throughput related charges, in part to strengthen longer term demafide choice of
chargingapproaches may bmfluencedin part bythe shortterm incentives network
companies face froraurrent form ofthe economic regulatiomnderPart 4 of the
Commerce Act.

1 For the retail component of charges the analysis finds:

- There has been a significant increase in the retail-tmserve and costo-acquire over the
pastfive to ten years

- Retail costglo not vary with the kWh consumed by a custorend therefore probably most
appropriately recovered via a fixed charge

- Both the above facts mean that retail costs are likely to have a detrimental impact on the
relative economics of gas versus electricity heating options (given that for electricity, fixed
costs are not includ#in such an evaluation)Partially dfsetting this, significantdualfuel
efficiencies can be achieved from a retailer supplying both electricity and gas to a property.

Figurel5andFigurel6 below show the results of the analysis in terms of comparing the current
average electricity and gas price faced by consumers, with a High to Low range of possible future
costreflective /leastdistortionary prices for water and space heating, respectively.

This comparison is done for the same appliances and heat loadsREigtioel3 and Figurel4
previously, plus also includes the main other heating options (but only for the Medium projection of
possible future prices).
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Figurel5: Lifetime water heating costsvhen assessed against a likely range of costlective
electricity and gas prices
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Figurel6: Lifetime spaceheating costs when assessed against a likely range of cefiective
electricity and gas prices
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The key conclusions from the above graphs, and the analyAjgpiendix Aare:
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1 For water heating, it appears thatmove to more costeflective pricing willon averagelikely
improve the economics of electraptionsmore than ga®ptions However, gas watdreatingis
likely to still be costompetitive fora consumer.(Plus, as set out iAppendix Melow, instant
gas water heatingpas significant notprice benefite.g.never running outcompared to
cylinderbasedoptions)

Further, from an economic wholef-New-Zealand perspective, the sunk nature of gas network
costs means that gaired water heating options are likely to be leasist in most situations.
This is because the network costs (the light and daelen bars in the graphs) relating to gas
options should not be included.

However, as detailed iAppendix Athis creates a challenge for gas network companids as

how best to structure their gas prices to residential and commercial and industrial customers in
a way which maximises the relative competitiveness of gas across all these customer segments.
As also detailed iAppendix Athis also presents a challenge to ensure that the price control
regulations appropriately incentivise these companies to achieve such outcomes.

9 For space heating, on average it appears thatteic space heating will face an increase in
consumer costs from a move to more cosflective pricingg particularly if peak electricity
yStig2N] O2aita FNB 3ASydzAiySte |G GKS -tkcuathg Q
approaches underteen in Australia). Conversely, gasd space heatingonsumersare
expected toface a decreasm prices from a move tmore costreflectivetariffs. This will
improve the economics of gafired options for consumers, making them cheaper than
electricty options in many casesalthough for small heat loads resistance electric heaters are
still likely to be least cost.

(Vo))

As with water heating, from a wholgf-New Zealand perspective the economics of-fijasl
space heating look even more compellohge tothe sunk nature of gas network costs. The
excepton to this isthe stuation of small heating loads where evafier discounting gas
network costs, simple resistance electric heaters appear to be the cheapest option.

1 The extent of retail fixed costs wilave a material bearing on gas econonfarsboth space and
water heating Shouldetail fixed costgontinue to rise they will have a negative impact on gas
in the longrun, and vice versa if they were to fall back again.

This appears to suggest thie extent of retail competition in both the gas and electricity
markets could have an impact in the long on the fuel choices made by consumeilfs.
competition drives retailer innovation and reduces the ability of high-testerve retailers to
passsuch costs onto consumers, this should benefit gas in therlamg

2.3 Summary

Theanalysis reveals that theéght heating choice for a masaarketenergy consumer can vary
significantly according to their situation. In particular:

9 The right choice for ctismers with relatively small heating requirements are likely to be
different to those with larger heating requirements due to the significantropt capital costs
associated with some heating optigrend

1 Consumers with an existing functional heafemhether gas, electric or solid fueNould in most
cases be best to stick with that heater, even if itsgming running costs are materially higher
than alternatives This is becausich alternatives would result in the consumer incurring
significant upfront capital costs which will generally outweigh the benefit of lower running
Ccosts.
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In general, hesedrivers of the right choice for a consumer also reflect the underlying economic cost
to New Zealand of the different optiorsthere is a just as much ast to New Zealand in replacing
existing capital with new capital, even if the-gning operating costs are lower.

However, insomecases the leastost choiceor a consumedoes/ Qsiflect the least cost choice to

New Zealand. In particular, differessin the way thatelectricity and gafixed costs are recovered

can result in consumetseing encouraged to choose optioisKk A OK R2y Qi NBosINBaASYy (i
outcomefor New Zealand.

For example, in one location, the structure of charges may encourageicmrs to choose gdged

space and/or water heating, whereas a different charging structure adopted at another location may
encourage uptake of electricity optiogeven though the underlying resource cottsNew Zealand

from additional electricity ogas heating may be identical at the two locations.

The current large variation in prices charged to consumers for supplying electricity and gas to meet
aLJ O0S 2 NJ gl (S Nlagpéar tadkeytFrefieceviariatins Rtdeyuaérlying economic
costto New Zealanaf such supply Rather such variation is due to factors such as:

T 1AaG2NROIf O2yaidNIXAyda AYLRAaASR o0& 2fR WRdzZYo Q Y
limited billing IT capabilities

1 The way that plicyrequirementssuch as the lowixed charge regulations, and runaban
pricing constrainthiave been implemented,;

i Variations irthe approaclestaken by network companies for apportioning allowable regulated
revenues between different classes of customer;

1 Variations between networks WitNB 3 NR&a (2 Y2NB WTdzy R YSyidltQ ¥l
of residential customers, or the underlying cost of the network (e.g. due to rural / urban factors);

1 Possible incentives on network companies arising from economic regulation under the Part 4
regime which may result in network companies favouring particular pricing approaches; and

9 Variations in approach between retailers as to recovery of regmiice costs.

None of these drivers of pricing approaches witlerentlyresult in prices to consunms reflecting

the underlying costs to New Zealand for meeting additional space or water heating demand from

electricity or gas.

Ly dKAa NBaLISOGz GKAAa adddzRe Kl a az2daAKid G2 Sadlof
additional electricity ogas demand to meet space or water heating growth, and what prices to

consumers may be if they were-sructured in order to reflect these underlying cosiBhe key

conclusions from this analysis are:

1 For water heating, it appears that a move to morete@slective pricing will, on average, likely
improve the economics of electric options more than gas options. However, instant gas water
heating is likely to still be cosbmpetitive for a consumer with a need to install a new water
heater. Plusinstan 3+ a ¢l GSNJ KSFGAy3 Kra YIFIGSNRFE Wijdz £
compared to cylindebased options, which are likely to continue to be of significant value to
many consumers;

Further, from an economic wholef-New-Zealand perspective, the sunkture of gas network

costs means that gafired water heating options are likely to be leasist in most situations.

Thus, the prices which consumers will see for recovery of existing gas network assets should not
be included when evaluating the costsgas demand from a wholef-New-Zealand

perspective.

However, this creates a challenge for gas network companies as to how best to structure their
gas prices to residential and commercial and industrial customers in a way which maximises the
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relative conpetitiveness of gas across all these customer segments. This also presents a
challenge to ensure that the price control regulations appropriately incentivise these companies
to achieve such outcomes, as it is potentially the case that current settingsaeehieving

this.

9 For space heating, on average it appears that electric space heating will face an increase in
consumer costs from a move to more costlective pricing.

Conversely, gafired space heating consumers are expected to face a decreasEas from a
move to more costeflective tariffs. This will improve the economics ofg@ed options for
consumers, making them cheaper than electricity options in many cgaiisough for small
heat loads, resistance electric heaters are still jikelbe least cost.

As with water heating, from a wholgf-New Zealand perspective the economics of-fijasl

space heating look even more compelling due to the sunk nature of gas network costs. The
exception to this is the situation of small residentiahting loads where, even after adjusting
incremental gas network costs to the true value, simple resistance electric heaters appear to be
the cheapest option.

1 The extent of annual fixed costs for retail service will have a material bearing on gas enomic
for both space and water heating. Should these costs continue to rise they will have a negative
impact on gas in the longin, and vice versa if they were to fall back again.

This appears to suggest that the extent of retail competition in both theagdslectricity
markets could have an impact in the long run on the fuel choices made by consumers. |If
competition drives retailer innovation and reduces the ability of high-testerve retailers to
pass such costs onto consumers, this should benediirgéhe long run.

In summary, for consumers needing to install a new imggaippliancé, gas is likely to continue to
be the leasicost optionfor New Zealandbor massmarket water heating and also, in many cases, for
space heating.

However, insomecases, the distortions caused by current electricity and gas pricing arrangements
mean that the price signal that consumers face will result in them choosing a different option to that
which results in the lowest cost option for New Zealand.

The challengés making the necessary changes to electricity and gas pricing arrangements such that
consumers see a price signal that will better ensure that they make choices which aredstafetr
them and New Zealand

Tomove to more costeflective pricing, therenay need to be changes to aspects of the current
economic regulation of network companies. This is because the incentives which network
companies face under the current price control regime may be resulting in pricing approaches which
result in outcomes Wwich are less efficient for New Zealand in the loeign.

Given the relatively long lifetime of heating assets, it is likely to be important to move to these more
costreflective pricing structures sooner, rather than later.

Lastly, the analysisrevealdtii (G KS SEGSYyd 2F NBGFAE O2YLISGAGAZY
long-term energy choices. This is due to the effect that fixed charges to recover retéksaysts

have on the relative competitiveness of gas versus electricity options. Tistexiffig retail

competition to try and help bring retail seéce costs back down is not only going to be good for
Odzai2YSNER Ay 3ASYSNIftIX odzi AlG 6Aff KSEfLI IFaQa O2)Y
choices for New Zealand as a whole.

19 Generally, for space and water heating, if a consumer has an existing workable heater, it is likely to-be least
cost to continue with that heater, even if it has higher running costs.
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3 Industrial process heat

Appendix EBets out analysis which establishtbat the principal industrial process heat requirement
that consumesignificant quantities of fuel anldasreal fuel choice options, iatermediate
temperature process heataised by boilersThe analysis iAppendix Hinds that

1 low-temperature process heat accounts for relatively little fuel consumptor

1 theeconomics of highemperature process heat are generally dominatedbycessspecific
considerations, meaning fuel choices are limited.

Appendix Elso establishe that electricity is not a practicable option faroducing steam asuch
relatively high temperatures (i.e. 100°C to 300°C).

Accordinglythe main alternatives to gas famtermediatetemperaturecombustion boilers are:
1 solid fuel options (coal or biomgsand
1 liguid fuel options (diesel, LPG, or fuelil)

The framework for considering the relative economics of the different options is fundamentally the
same as for considering the options for masarket space & water heating. i.e. the analysis seeks
to establish the lifetime cost per useful kWh of heat provided, taking into account the capital and
non-fuel operating costs of the boilers, as well as the fuel @@icosts of the different fuels.

As with space & water heating, the size of the heat loaid have a significant impact on the relative
economics of the different options. This is not just because of the different capital costs of the
options, but also because the $/kWh costs of the fuel can vary significantly with different levels of
consumpton. This is particularly the case for gas, where the $/kWh network charges for a very large
transmissiorconnected boiler can be orders of magnitude less than for a small distribution
connected boiler.

Accordingly, the analysis considers the relativereenics of the different fuel options for the
following four types of industrial user (whosstimatedshare of totalNew Zealangbrocess heat
load is indicated in the square brackgts

1 very-large gas transmissietbnnected industrial users [45%0]
1 largegas distributiorconnected industrial users [38%0]

1 medium gas distributiortonnected industrial users [12%ind
1 smallgas distributiorconnected industrial users [5%]

Appendix Dsets outsome ofthe detailed assumptions behind the analysis with the final results
presented inFigurel7to Figure20below.

For each industrial user situation, two setggophsare presented:

1) based on current fuel an@Q prices and
2) based on expected centrplojections of fuel andCQ prices.

C2NJ SIIOK 3aANILKI GKS O02ada FINB aKz2¢y F2N Iy AYyRdz
LI NI A Odzf F NJ LIS FyR faz2 (GKS Ozada GKIG ¢2dAg R ¢

particular type.

20 Black liquor is also a ligiifuel, but as it is a bgroduct of wood processing, it is only available for such
users, and thus not considered further in this discussion of the general economics of such options.
AL 2dzNOSY /2y OSLIi Fylteéaraa dzaAy3d 99/ ! Qa WwWISIHG LXFyd R
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As can be seen, in situations where a user has an existing boiler there is no recovery of boiler capital
Oz2aita oWwWOlILISEQU 0680l dzasS GKA& A& I &adzy|l 02ai3x 6KE
new boiler. Conversely, an existing boiler is assd to have higher no dzSt 2 LJISNI} GAy3 024
and worse fuel efficiencies (leading to higher fueC& costs).

The only liquicfuelled option shown is diesel. This is because the cost of the other two liquid
options (LPG and fuell) are broadly similag at least in the context of comparison with the other

main fuel options; with the prices of all three liquid fuels fundamentally driven over the lianm
by the international price of oil.
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Figurel?: Intermediate process heat boiler economics for very large gas transmissmmected industrial users
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Figurel8: Intermediate process heat boiler economics for large ghstribution-connected industrial users

Current prices Central future prices
40 0
35 4 35 4
30 - 30 -

Capex (fixed)
Opex (fixed)
Opex (variable)

Capex (fixed)
Opex (fixed)
Opex (variable)

Transport Transport
co2 COo2
Fuel Fuel

Cost of useful heat ($/GJ_useful)
Cost of useful heat ($/GJ_useful)

Plus 20% load factor
Minus 20% load factor

Plus 20% load factor
Minus 20% load factor

Biomass Biomass Biomass
e Wholegale fuel & CO2 assumptions: - Wholesale fuel & CO2 assumptions:
New Existing Gas - .0 /G b New Existing Gas- 5.0 3/6); g

. . CoalH4.1 $/GJ; f . Coal=4.8 §/GJ;

Large industrial B et Large industrial Biomass=8.0 $/GJ;
Dx-connected Diese|=13.8 $/GI (0il =US$45/bbl); Dx-connected Diese|=17.9 $/GJ (0il =Us$70/bbl);
7MWth 65% Lf. €02 =|7.5 $/1C02 7MWth 65% I.f. €02 =(25.0 $/tCO2

BoilerCostCales v10xism BoilerCostCalcs w10.xksm

Consumer_Energy_Options_2016_v1.0 37 Saved22-Mar-16



—

L&
concept

Figurel9: Intermediate process heat boiler economics foediumgas distributionconnected industrial users
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