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Executive Summary

Background

We analys the impactson monthly metered electricity and reticulated gas use of the
houses retrofitted with insulation or clean heat source unddgwhéealand Insulation Fund
(NZIF) pr ogr a mmé&arm tUp New &ZdalaritHeat Smait (WUNZ:HS) Our study
covers the per iinraductionio duly 200%to Nowembem2810.s

New Zeal and’'s energy pr of i Immnentseheogwsourdeh at e
used in residential houses, followed by solid fuels anBogassidential space heating
specificallythe energy profile identifies that solid fuels are the most prominent energy source
used, with electricity and reticulated géenaimg in importanceOur study directly meassre
impacts o WUNZ:HS on total householcelectricity and reticulated gas (e juston space
heating energy use). \pM®vide a test of whwer the impacts on meteredergyusediffer

according to wheer a house already uses a-materedenergy source for heating.

Previougesearch in this area has found that energy and electricity savings are made from
retrofitting houses with insulation, but the effects from installing clean heating sources are
dependet on a number of factors, such as the type of clean heating source being installed, the

source of heating being replaced, temperature, and how households choose to receive any energy

savings.

Methodology

Between July 2009 and May 28655 housdsadretrofitted insulation dnada clean
heat sourcenstalledunder WUNZ:HS. The Energy Efficiency and Conservation Authority
(EECA) provided addresses of these houlestable Value New Zealand Limit€@{/NZ)
successfully matched 37,163 (790f%b)esehouses to their property listing.

Up to 10 similafcontrol houses were then matched by QVNZ toeach 6fthe e at ed”
houses that pacipatedin WUNZ:HS. Control houses had to meet certain matching house
characteristic criterin¢ludinglocation, age,weklling typeand sizeto be considere®1,423
treated houses (67.4% of total treated hpwses able to be matched to at least one suitable

control house.

Monthly household submission levels for metered electricity and reticulated gas were

then matchedo treated and control houses. These submission levels were measured in kWh.



While electricity was available to all households, reticulated gas is only ayaitts&tire
North Island. Regionahonthly averagiemperaturewerealsoobtained for teated and control

houses in the sample.

A “di finfdarfdreadeences’ approach was adopted
insulation and heat pump installation on monthly household electricity and total metered energy
use (defined to be the sum détered electricity and reticulated ugas This approach meant
that thedifference in monthly electricity and total metered energy use, between treated and
control houses, was compared before and after insulation and/or a heat pump was installed.
Heat pump installatiorcomprisedver 80% of all clean heat installatiandwefocus on this
type of clean heat installatisndetermining itslirect effect on electricity and total metered
energyuse The estimatednodel to determine thmeteredenergy impas of retrofitted
insulation and clean heat installationstrolled for house characteristics, -rarging

characteristiggncluding changing prices over tiamg) regional characteristics.

Extensions to the main model were analysed. Extemsihuded allowing impacts to
differ between houses that received only retrofitted insulation or heat pump ingtelbditien,
to those wittboth retrofitted insulation and heat pump installation; allowing impacts to differ by
household income level; analysigeffect of all clean heating installations; incorporating the
effect ofwithirmonth temperature variation; testing the sensitivity of results to data cleaning
criteria; allowing effects to differ between houses with and without reticulateaha)as;

acounting for effects of nemetered energy sources.

Results

Electricity savings and total metered energy savings were found for houses that had
insulation retrofitted und&UNZ:HS. Magnitudes of the savingile statistically significant,
arequitesmal. Our preferred estimate (based on a cleaned dataset) fiod¥6#hadf average
annual househw electricity use is saved as a resalivohg insulation retrofitted, while 0.66%
of average annual total metered energy is stoewk other estimates gbad on broader
samples) show greater savings, with up to 1.41% electricity savings and 1.03% total metered
energy savings.

Figure ES1 (which reproduces Figure 13 in the main body of the report) summarises
each of the electricity and total metered endegysefor houses that have insulation and heat
pumps respectively installed through the WUNZ:HS scheme. Energy use is measured in kilowatt

hours (kwh) per month. Changes in metered energy use for a treated house relative to its control
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house(s) arshownaccording to the averag®nthlytemperature by region. A metered energy
saving[increasehs a result of treatment is indicated where the respective line [stmlejv
zera These results relate to our preferred estimate; other figures in the mafinhgodgport
summarise effects using differgatnples (argplit samples) of houses.

Figure ES1:Treatment Effects by TemperaturgPreferred Cubic Specification)
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Figure ES1 shows thaledricity and total metered energy sawgssensitive to
extanal temperatures. At temperatures below @6 h o u s @ retrofiteed insulagion e |
saveon el ectricity use, and below 15° C, house:
energy use. Above these temperatures, increased elaotlidityal metered energy use i
found.

Houses thainstalled a heat pump und&UNZ:HS were found to increase their
electricity use (1.92% increase in average annual metered electricity consumption). Total metered
energy use of treated houses also increased as a result of heat pump installatioreé@&5% in

in average annual total metered energy consumption).

Following installation of a heat pumlfgceicity use of treated houses increased as
externaltemperatures fell. In contrastx c e p t at very <col d tdaemper a-



metered energy use fell as temperatures decreased. Total metered energy savings were observe

at temper at ur es fobowihgheaepumpdinst@latamd 13° C

We found no difference impactf retrofitted insulation and heat pump installation on
electricity and total metered energywls:n we separatbdusesccording to whether they had
only retrofitted insulation or a heat pumptalled versusboth types ofinstalation The
inclusion ® monthly variation of temperatures into the model also did not significantly impact

metered energy savings behaviour.

Treated house incomss not found tohave a stronglsignificanteffect on the impact
on electricity and total metered energy usetlwdr eietrofitted insulation or heat pump
installation. Two methods were used to divide treated houses into high and low income brackets:
separatiorby census area uniCAU) or “ rmedidnuincdme level, and separation by
whether a treated house hel@@mmunity Services Caf@SC) The former approach did
provide some weak evidence that lower income housetejdsiake greater energy savings
than higher income households at low external temperatures after retrofitted insulation is

installed.

The widerdefinition of clean heat installati6re. including sources other than heat
pumps) indicated greateelectricity and total metered enesgyings fortreated houses as
temper at ur es THiserésult imples tiawinstalatiorCaf solid fuelehed¢ads to
electricity and total metered energy savings; however, owing to data constraints, we cannot

conclude whether total energy savings are made by these households.

Reintroduction of houses previously excluded as being ountersed that at he
coldest temperatures, metered energy savings were greater than the savintis doonade
tightly defined sampl&his indicates that the findings from our tighter sample may represent a

conservative estimate of energy savingsVifoZ:HS,

The sepation of impacts into groups of houses that previously relied -onetened
fuel sources for heating and those that did not, shewed weak evidence that a house
previously using nemetered fuel sources for heating saves more electricity than oskesr hou
after insulation was retrofittéat the same time as a heat pump was instéltedgver there
wasno statistically significaimdicationof differences between the groups in termwtaf
metered energyse

Houses that have access to both eliggtand reticulated gas were found to make
substantial total metered energy savings after a heat pump was installed. These savings increase:

as temperatures fell. In comparison, houses with only access to electricity were not impacted
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significantly as as@t of having a heat pump installEus result indicates that fitting a heat

pump to a house previously using reticulated gas for heating results in energy efficiency savings.

Conclusions

The results indicated that retrofitted insulation did, on ayveeagice metered energy
usage (electricity and reticulated gas) of treated. Wousaservative estimate is thatatmeual
reduction inhouseholcelectricity usesin the order of 0.96% anike annual reduction in total
metered energy usage (elettrigius reticulated gais)around 0.66%Since metered energy
used for space heating represents only 16% of total metered household energyDyuse (EEU
2007), the implied savings on metered energy used specifically for space heating are considerably

higherat approximately 6% and 4% respectively.

The treatment effects vaagcording to outdoor temperatures. The greatetsred
energy savings occatr moderately cold temperatures (monthly temperature averaye).of 10
Savings were also observed at coldgretamures, but the savings were not asagedtmilder
temperature#\t the coldest temperatures, lwpothesise that households took a greater part of
the thermal benefitfrom insulationas warmer internal house temperatures (relative to
temperatures the absence of treatment) and a lesser proportion as metered energy savings. For
temperatures that were wel |l above the mininm
back” effect, whereby houses used relmecame ener

accustomed to warmer houses.

In contrast with the insulation treatment results, the impacts of heat pump treatment
mostly showedhcreased annual electricity and total metered energy use for houses that had a
heat pump installeatross the wholange of external temperatures, thighgreateshcrease in
electricityuseoccuring for houses in cold regios exception to this result is that houses that
already used reticulated gas for heating made total metered energy savings at catigleystemper

following heat pump installation.

Most etensions to the modegaveresultsthat werequalitativly unaffectedby the
extension. Where extensions lestimagd treatmenteffects that differed from the main
specificationtheytended toindicatetha the original modefay underestimate the metered
energy savings madett®atechousesThe results from the main specification should therefore

be treated as conservative estimates of energy savings.
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This study could nalirectlyaccount for energy $ags made from nemetered energy
heatingsources (solid fuels, LPG gas, étcattempted to do sindirectly by comparing
electricity and total metered energy treatment effects according to whether houses initially had a
non-metered energy heating seuftis information was available for a subset of houses that
received clean heat treatméid. significant difference in total metered energy use was found
between houses that already had these additional energy sources relative to houses that did not.
However, he number of houses eligible for this test was small (at 418) and this may have
contributed to the lack of statistical significance. To the extent that houses -wigbeneoh
energy heating sources reducemeitered fuel use following treatmenir, resultswill also

providea conservative indicationtofal energy savings

Overall, we find thaevenour conservative estimates shbet energy savings have
resulted fronWUNZ:HS The results also imply that certain forms of scheme targetingecould
investigated to furthancrease the average energy savings made. Firstly, retrofitted insulation
results in larger household energy savings in cegiensthan in warmer regions. Secondly,
while heat pump treatment generally results in highan&&akd energy use, it results in total
metered energy savings in households that already have access to reticulated gas for heating.
Thirdly, two of our extensionmsdirectlyimply that households equipped with solid fuel burners
prefer tomaintainuseof these burners in place of heaters using metered energy sources. Thus if

the intention is to reduce metered energy use, installation of solid fuel burnefasvmanetie
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1. Introduction

Programmes aimed at retrofitting houses with insutataonsidereé to havea range
of beneficial effectsHypothesised and/oreported benefitanclude energy conservation,
improvedhealth outcomesnd emissions reductianin addition to retrofitting houses with
insulation, technological advances have produced cheaeeefficient heating options which,

combined with retrofitted insulation, help enhance some of these benefits.

According to OECD standards, New Zealand homes are poorly constructed and heated
(HowdenChapman et al, 2009; Phillips and Scarpa, 2010978n the building code was
updated to include mandatory insulation in neuily housing; prior to 1978, there were no
requirements for new housing to be insulated (Phillips and Scarpa, 2010)-tQirdyodiew
Zeal and’ s cur r e nilt aftdi1®18 svihen mandatory insklation angeduced
(HowdenChapman, 2009).

As part of the 2009 budget, the New Zealand Government established the New Zealand
Insulation Fund (NZIF) to subsidise the costs to homeowners of retrofitting insulation and
installingcleanheatdevices. The subsidies were designedcouraghomeowner$o raise the
comfort (higher heat levels and lower humidihgthe energy efficiency of their homes, with
the aim of reducing household energy demand and ingdnesalth otcomes in New Zealand.

The NZIF provides home owners up to $1,300 (or 33%) towards the cost of retrofitting
insulation and $500 towards the cost of an efficient clean heating Gperating under the
title “Warm Up Ne WURE:S) thenNZIF offere grdater 8undang thah
previous programmes and funding is available to all houses built prior to 2000, regardless of the
incame brackethat households fall into (Energy Efficiency and Conservation Authority, 2011a).
Previous programmes redied funding to lower or middle income households. The
Government initially committed to the program for four years, with the intention of retrofitting
onefifth (188,500) of homes in the countngt are insufficiently insulat@ehergy Efficiency

and Coservation Authority, 20118)his studyorms onegpartof a larger prgrammdunded by

the New ZealandMinistry of Economic Development analysing the impadtdJMZ:HS on

energy demand, health outcomes and employmeanalyse the effect ometerechoughold
energy demandf those houses that havad retrofitted insulation and efficietieanheating

1Households that hold a Community Services Card can access greater funding assistance (up toss@% of the ¢
insulation).
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installedunder thgprogrammeThe purpose is to estimatkether there are significant changes

in meterecenergy consumption behaveasulting fronthe treatments.

The main findings ardhat there aresignificant, buguite small, effects ometered
household energy consumptesia resultf treatment received und&UNZ:HS. Houses that
wereinsulated generally saweenergy, while efficient heatimgp(heat pump installatiois)
found to increasemeteredenergy use. Insulation treatment is most efféntis@vingnetered
energyin the presence of cool, but not veojd temperatures, although energy savings are still
seen with the coldest temperasu Insulation isot effectivein saving energy thi warm
temperatures, and vimd evidence supporting v ar i ant-badk’ 't heefbf‘etcd k e
houséolds become accustomed to a warmer internal tempexétuseibsequent increase
meteredenergyconsumption to maintain this levihe results found relate to monthly energy
demandsA variety of extensions indicate that these findingmialiéativly robust to changes
in sample size and definitions. The Conclusions and Executive Summaryraateatenal

nuances occur and what these may mean for the pdoenéejeting of the scheme

Section 2f the papeprovides a bridfackgroundeview of prior studies the impact
of insulation and related treatments on outcomes for housemlgsesents the household
optimisationproblem Section 3 outlines our methodologpgtion 4 describes the data used in
the study anthe mairresults are presentedsattion 5Extensios to the analysis are found in

section 6, withanclusions and discimsin section?.

2. Background and HouseholdOptimisation

Isaacs et al (200&halyed residential energy use in New Zeafeord 1995 to 200%as
part of the Household Energy Engse Project (HEEP)They found that New Zealand
h o u s e total lerebrgy use predominantly reliant on electricity (69%), followed by solid fuels
(20%) and gas (9%), meaning that metered energy makes up over 75% of total energy use in
New Zealand. The picture for residential space heating energy use is verysdiitefapets
(wood, coal, etc) are identified as the main source of space heating fuel (56% of total energy used
for space heating), followed by electricity (24%) and reticulated gastdl4Pelered energy
therefore comprise®8% of residential space heatingggn8olid fuel heating sources are used
in 52% of New Zealand households, and the percentage is higher iarzbaleal areas.
EEUD (2007) finds that 16% of metered household energy is used for space heating (13% of
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electricity use and 38% of reticulagms use). Our study refers to total household metered

energy use, not just to space heating energy use.

Housesthat retrofit insulation omstall efficient cleanheatingbecome more eergy
efficient andhus are hypothesisegenerallyto conserveenerg. Energy savings aassociated
with households retrofitting insulati¢®hillips and Scarpa, 2QE)d pevious studies dime
effects ofretrofitting insulationhave found that houses save energy (Chapman et al, 2009;
HowdenrChapman et al, 2Q@9rion, 2004. Chapman et al (2009) fititht a typical household
benefits from @ approximatalecrease of 5% in their metered energy consumption (electricity
and gas) after theytndit insulationRetrofitted msulation is also found to significantly decrease
averagepeakelectricity consumptiony 18% during winter montl{®rion, 2004)However,
Isaacs et al (2006) suggest thage energy savings from retrofitting insulateomot be
expectedand whilesmall total energy savinge possiblethe majority Dsavingsnaycone

from nonelectric sources

As technological advances improve the energy efficiency of heating, less energy is needed
to produce the same amount of heating (Berkhout et al, @0@®).the largest proportion of
New Zealand total housetiokenergy consumption comprises space heating, (@48tyy
savingsnaybe observed once a house instadise efficient heating sour¢esacs et aP006).
Preval et al (2010) quansgfyergysavings as a result of having heating installed. Although thei
findings are not statistically significant, they conclude that houses subject to intervention save on
average $25.53 per year on total energgniaderage spe&i0.51 morérom electricityuse
A 20090rion Ltd study of the impact of Environrment Gamtbur vy’ s Cl ean Hea:
which houses can install clean air approved heating appldomgswith any necessary
insulatioh at subsidised costs, found tloat averagelectricity usage for homes participating in
the project did not chaegfterthe first year and a 2% savings was expetientiee second
year after installatioilectricitysavingsare dependent on the heating source being replaced
(Orion, 2009)Replacing open fires results in electricity savings irrespective of the new heating
source; however, woodburner replacement increases electricity use if replaced with a heat pump,

but saves electricity if replaced with another solid fuel or gas heater (Orion, 2009).

Housdolds can take efficiency gains wholly as energy savings, efatetheduce their
energyconsumptiorand costor theycansubstitutesome othesesavinggor improvements in
comfort and health outcoméBerkhout et al, 2000; Howdéhapman et al, 2009)his
phenomenon is kacWwh as ¢{;lIheutholsnkd fecbaatk!| y
some of the potential savings resulting from increased energy efficiency via increased comfort
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level$. As heating efficiency improves (i.e. as the effective margimdlhemzstng fallsjt is less

costly toobtainthe same amount bkat enablinghouséolds to increastheir overallheating

without any additional cost afugtther improve comfort leve{Berkhout et al, 2000; Howden
Chapman et al, 200%or example, a household, after heating efficiency improvemagnt

choose to make no energy cost savings, and increase their overall energy consumption by heating
more rooms than it did previously to further improve the comfort level of the Troarséore,
actuallevels of energy savings from improved energgrafficare dependent on thagnitude

of the takeback effect (Phillips and Scarpa, 2010).

In one randomisedontrol trial, HowdenrChapman et al (2008hds households were
split evenly betweetaking energy savings as cash savings and increased tesyfesatu
increased comfort levels)owkver, posinstallation, the majority of houses that reticfitted
insulationwere observed to increase comfort levels, with only 16% of respondents choosing to

take energy savings wholly as cash savings.

Temperaires also influence how energy savings are retiusdholds located in the
warmer regions heat their housesafshorter amount of time tham cooler regions (Isaacs et
al, 2006)Milne and Boardman (2000) find that inig@al indoor temperatur@sa housenduce
households to increase indoor temperat{o@sifort levelshas a result of energificiency
improvements. T size of the increase in comfort ledelsreases as temperatures increase
until, in their studyenergy savings are taken wradlgash savings (at temperatures higher than
20° C) .

Targeting of these types of schemes can influence their effectiveness. Restricting funding
to low or middle income households may not achieve theflengthke policy makers desire
Opening up fundingo all ircome leval may lift uptake rates, but nadfier lessassisince to
those households most in need. Also, cac®ipied houses have more incentives to enter into
such programs and improve the living standards of their properties, as theyheeceive t
subsequent benefits after bearing the costs. Landlords of rental properties do not have the same
incentives, given that they bear the capital costs of installation, but benefit streams are received

by tenants and may not be fully reflected in increagsd HowdeiChapman et al, 2009).

The studiesited abovepply to small samples of treated houses 100&0 1300 and
in some cases treatment is restricted to households w#Risprey conditions such as

respiratory illness of a household menee advantage of carefully designed small studies

2The tethrmxc k't aknel ‘'rebound’ are used reduceceonfasipmengeabl y
utiliset he -bacakk’e t e r nephemomehenshooughoit¢his paper.

16



(such agHowdenChapman et al, 20065 that a randomised control trial (of households that
meet the criteria for the trial) can dagried outenabling a rigorous comparison of treated

versus control hoas.

Our study differs from the cited studies in that it pertains to a scheme that is available to
all owners of houses built prior to 2000 and thus is not restricted to certain income or health
groups.One advantage of examining the impacts of this séhdha we can assess impacts
across a large sample of houses that are not restricted by eligibility criteria (titeeagban
restriction of the houselowever, he design of the programme was such that no
randomisation of treatment was considerddsarour methodolodyputlined in Section Bas

to use quasxperimental methods to assess the energy impacts of the scheme.

Before explaining our methodologection 2.1preserd the theory behind the
householdoptimisationproblemwith respect to ingationto frame our analysiBor readers
that wish to skip the technical aspects of the taningdirectly to section 3), its predictions
can be summarised as folloth® model predicts that energy savings due to installation of
insulation may beeptest where temperatures are cool, but the savings due to insulation may tail
off both as temperatures become extremely cold and as temperatures become warm. It is
possible, for both technological and preference reasons, for energy consumptioretonincreas
some circumstances after insulation has been installed. Furthermore, the installation of heat
pumps may increase energy usage both at very cold temperatures and at very warm,temperatures
when they can be used ascaiditioners to alleviate condisothat are too hot. The effect of
heatpumps on energy usage at moderate temperatures is ambiguous, although they are likely to

cause at least a switch in energy usage towards electricity and away from other energy sources.

2.1. The Household Insulation Problem

To motivate the economic analysis of the impact of insulation on energy usage, consider
the foll owing househol dU)psrdefitet aenbothintereal Houwsel s e h o
warmth ¢) and other consumptiom,(withu, > 0, u, > 0, u..< 0, u,,< 0, where a single
(double) subscript indicates a first (second) partial derivative with respect to the subscripted
variablePrior to insulation beinggtrofitted, the household owns a certain number of heating
appliances. We assume that the nunflsioh appliances is held constant following insulation
given that there is no need to increase heating appliances following insulation and there may be
little or no market for used appliances. Even if a market for such appliances exists, households

are ufiikely to sell appliances immediately after insulatretrofittedsince they will wish to
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observe how effective the new insulation is prior to dispensing with some appliances. Consistent
with this observation, and given that study covers only thaitial period of the scheme, the

number of existing appliances is suppressed in the model.

Given the number of heating applians@shypothesesthatinternal house warmtin)(
is a positive function of each of: external temperd&umg €nergy usager foeating purposes
(8, and whether or not the house is insul@tesai 1 if insulated; = 0 otherwis&nergy usage
for heating purposes,is constrained to be naegative and is limited by an upper threshpld (
determined by the capacity of heatappliances within the household. Given previous
assumptiond) does not change if a household switches ifieat= O to insuk 1 (i.e. installs

insulation).

Thus we have the following household problem:

Maximise: U =u(c,w) D
subjectto: p°c+petyY (2
w=wW(e tempinsul) 3
O¢ech (4)

whereY is household incomg;andp’are the price of consumption goagjarfd energy
usage €, respectively( 2 ) represents the h@urepsesestthel’ s bu
technology relating internal house warmth to energy and insulatiocoyigidetemperatures;

and(4) embodieghetwo inequalitgonstraint®n energy usage.

Given the inequality constraints on energy, and assuming (for simplicityntuaha

IS spent, this represents a standardinear programming problem that we express as:
Maximisg, U =u(c,Wme tempinsul)) +/ (Y - p°c- p°e)+mte)+n(e- h)  (5)

with complementary slackness conditions:

ez 0 (6)
me=0 (7)
e-h¢o (8)
n(e- h)=0 9)

The first order conditions yield:
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+mn=0 (10)

When O<e<h, i.e. the energy choice is not constrainedmthern=0, and hence the

standard optimisation conditionldts in which the household balances the marginal gains to

utility from extra energy use relative to extra consumption against the relative price of energy to

consumption:

Sl - P (12)
u, p

e
Cc

We assume that insulation makes a house warmety fgivan energy input; thus,

ceteris paribugy,,

insuk < uW|msu,:0 . In these circumstances, to restore optimality, the household
can reduce energy use and raise consumption so as tq, rdtegs energy savings will be
observed. Hoewer it is possible, depending on the shape ofw{§e function, that

W, [ insuks > We|m$u,:0, i.e. a marginal increment of energy has greater effect on warmth with

insulation than without insulation (because of fewer heat leaks)wHrdhthe case, the impact

of installing insulation could be an increase in energy use due to the technological superiority of
using energy for heating once a house is insulated relative to the situation prior to insulation.
Thus the effect on energy w$enstalling insulation is ambiguous and will depend on the shape

of the w(Q function as well am the parameters of the utility function.

Prior to insulation, if7 >0, the household would ideally like to use exteagy for
heating purposes at very cold temperatures but cannot do so owing to the upper limit on energy
use that the available heating appliances can utilise. In this case, installation of insulation may

have either of two effects. First, it may leaweh but result in a warmer house (since

W, [ insuks > we|m$u,:O ). The constraint still binds after insulatiothis caseand sas most likely

to be observed at the very coldest temperatures when all available heating appleanges are b
used. Secondhsulationcould relieve the binding nature of the constraint, resulteg hn

This outcome is more likely to occur at cool (but not extremely cold) temperatures when
households were previously using all availadliendp capacity but no longer have to use
maximum heating capacity once insulation has been installed. Energassaviregalt of
installed insulatioare therefore likely to reach a peak at cool temperatures and to diminish both
as temperatures riséen(e less heating is then required) and as temperatures decline towards

extremely cold conditions.
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When >0, energy is not used for heating prior to insulation being installed. However,

as in the noiinding case, energy usage coulehfally increase after insulation installation if

W,

e

>wW Thus, at higher temperatures (when heating was not being used prior to
A g p g g p

insukl insuko *

insulation), it is possible to observe an increase in energy usgrafitting owing to the
technologial superiority of heating after insulation is installed. Furthermore, with the addition of
heatpump installation to the household problem in (5), an extension of the above procedure
indicates that extra energy may be used fopumaals acting as air catohers to cool the

house in these circumstances (i.e. to reduce warmth).

One further effect may be observed. The utility function depicted in (1) is assumed to be
invariantto the treatmentlf, instead, the utility function incorporates Hadvisisters, so that
the utility gained from each of warmth and consumption is expressed relative to some recent
norm, the experience of living in a warmer housensosgation could lead to a permanent
increase in the desired warmth of a house. In this casg,cemsignption would be higher,
ceteris paribus, for any given vector of exogenous variaihggf, (§), after insulation than
before as households become accustomed to greater warmth. Thus energy savings could be
diminished and/or energy usage contdease relative to gresulation conditions. This is one
i nst ance -boafc kt heef f “etca Ke wher eby energy wuse <can
Another potential cause of the thlaek effect, outlined above, is the increase in energy usage

due to technological reasons that may arise \wq%gtf We| inSukO -

Installation of extra heating devices provides another avenue whereby energy usage may
rise. In this casdirises and so the household is less likely to beaiord at the upper end (in
very cold temperatures) by the constraint in (8). However, there is also an offsetting effect.
Installation of more efficient energy devices will raise warmth for a given level of energy input,
allowing the household to suhgg towards consumption and away from energy use in the
unconstrained case, while maintaining or still enhancing warmth. In addition, while not modelled
here, a household may change from an old form of heating (e.g. unflued gas heater) to a more
efficientheatsource (e.g. a hgaimp) so changing the nature of energy use (e.g. from gas or

solid fuel fire to electricity use).
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3. Methodology

The methodologywe use to analyse the effaaft treatmentunder WUNZ:HS on
household energy use is limited by theHattwe can only observe metered energy sources, i.e.
electricity and reticulated gége are able, however, gerform atest of whether treatment
effects differ between houses that have solid fuel and otheetssad heating in place prior
to treatmehand those that do not. Thisst, which relates only to houses that have a clean heat
device installed (with or without retrofitting of insulatjgroyides an indirect test of whether
treatment has a significant impact on-metered fuel use. If we neeto find significantly less
reduction in metered fuel use following treatment in houses withetened energy than for
other houses, we could infer that those houses had instead (or also) reduced their-use of non
metered fuel. Conversalymetered fal reductions are similar, we could infer that such houses
maintained their nemetered fuel use levels broadly intact and instead reduced their use of

metered energy.

To analyse the effect aneteredenergyuseof being treated und®WUNZ:HS , we

“

adopta di finfde rf & read e n ¢ & estianpt® theodifferdnce neteredenergy use

betweentreatedhousei and its control housesn montht (EnergyDiff,) before and after

treatmentFor each specification we defneterecenergy use respively as electricity use and
alternatively as totaleteredenergy use, defined as electricity nefisulatedyas As discussed
above, bcause total metered energy doégake into account solid fuels (wqumelletscoa),

oil or bottled gas, ressiitnay underestimate the overall energy &ifextelectricity data are
more complete than the gas data, stotheer estimates may be more reliable but hoeéadred
useis conceptually superior. Hence both sets of results are pré3snt@dnner in wbh we
select the control houses meansEhetgyDiff, represerst the change imeteredenergy use of
a treated house from what it would have ladd remained untreated.

We run a series of model specifications which progressivelardjtthe effects of
treatmentWe begin with the most parsimonious md@da), in whichthe difference imetered
energyuseis explained byndividual houséxedeffecs and time fixegffectsplus twodummy
variabls,insulatiQandheatpumf@efined bew).Significant coefficients found on the treatment
variablesd and A wouldindicatea significant change meteredenergyuseof housesreated

underWUNZ:HS (relative to theespectiveontrol housesis a result of treatment

EnergyDiff, =a, + m + ginsulation, + dheatpump + &, (12
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EnergyDiff, represents monthbifference irmeeredenergyse(electricity ototal) of

treatedhousei relative tathe mean oits control houses timet; ; represents the individual
housefixedeffect of house ( i . e . t h differénsetirmeteldedenedyy usage tkated
housei relative ¢ its controls)Q are the time fixedffects, covering each month in our sample
from 2008m1 to 2010m11 (to accountaioy” s t a n d ahty déasonalgatterndifference

of meterecenergy usé); insuwatiopis a dummy variable that is 1 if hausss received insulation
treatment undeYWUNZ:HS in periodt or any period prior t§ zero otherwisdiegumpis a
dummy variable equal to 1 if houdeas received lzeat pumpheater undeWUNZ:HS in

periodt or any period prior tg zero otherwises, is a residual ternn this specification, and

all subsequent specifications, June 2009 (2009m6) is our reference time periodnbeihg the

prior to the start of the scheme.

The simplespecification in @) provides a fairly cradinference on the effects of
treatmentsince it hypothesizes the sameteredenergy saving in every month as a result of
treatment In (13, we extend (2) to allow the coefficientsy,( ,) d& the treatment variables
(insudtiop and hegiumyp) to vay each montht is likelythatthe effect of treatment anetered
energy consumptionill varywith thetime of the year. For example, houses which have been
insulated unde?WUNZ:HS may save monmeteredenergyin the middle of winterelative to
nontreded houses, buhere may be nsignificant difference during summer moiirtsen

heating is noaxistent) Thus we estimate:
EnergyDiff, = a, + m + ginsulation, + g heatpump + &, (13

Generally, igher meteredenergy consumption occurs in coloeriods thusobserved
temperatureprovide a alternativeneasure of theffect on themeterecenergyuse behavioas
a result of treatmerEquation {3 attemptgo capture this effethrough allowing coefficients
to vary over time in order to analyse their magnitudes during differerd(seagach month)
However this specification imposes the gaeteredenergy savings across every region in a
given month even if temperatures varied widely between regions in thaAmaltérnative
approach is to capture this effect by regressetgredenergy consumption on an interaction

term between treatment ame monthly average temperattoethe region in which the house

3 This could account for a selection effdwreby, for instance, those who adopt treatment would normally use
extra heating over winter compared with the controls (who have chosen not to receive treatment).

4Using a differende-differences approach whilst controlling for time fixed effeotefé&ctivelgccoundfor any
monthly changes in the price of eletyrici
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is located(temy}). Equation 14 adopts this approach, whiksiowng for the effect of

temperatug onmeterecenergy savinds vary norinearly

EnergyDiffl =a, + mj +§ g, (insulationt * [tempﬁ]s)

. s=0 (14)

+3 d. (heatpump* [temq ]s)+ e,
s=0

In this specification,heé mjterm is a regictime fixedeffect; thuseachof New

Zeal andtegorshas ikstowrie nt a n d a r deasonal pattemnnheteredcenergyse
difference unlikeQ in (12) and L3 which restrigt regions to follow the same monthly seasonal
pattern. The coefficienggand Zallow us taest for nodinear impacts ometerecenergy use
outcomesas temperature increasesdecreasesSpecificallyS=0 implies a constant effect
unaffected by temperatuel implies a linear effect of temperaturenaterecenergy savings,

S=2 implies a quadratic effé8t3 a cubic effect, argk4 a quartic effect.

4. Data Description

4.1. EECA Data

The Energy Efficiency and Conservation Authority (EECAgh@&ged with the
operation o WWUNZ:HS, and holds records on each treatment received ungepgnamme
We obtained data from EECA detailing which housgésduaived treatment, the type of
treatment received, and the costs associated with each treaémémt period from initiation
(July 2009) through to May 2010. A total of 46,655 houses received at least one form of
treatment undeWUNZ:HS during this period. Addresses of these treateskfiovereupplied
to Quotable Value New Zealand (QVNZ) to be matched to records in the QVNZ database.
Once addresses were successfully matched, characteristics of houses were extracted to allow
identification of suitable properties to be used as cowmtr@adh treated property (see section
4.2for details).

We extendthe analysithrough to the end of Novemb@010;therefore we require
additional information on houses that received treatment between Manpd®Md/ember
2010 Housesoriginally treated may have received additional treatment since May 2010, and,
more importantly, houses initially identified by QVNZ as suitable controls may have
subsequentlyeceived treatment, invalidating them as a contrel.uptiated dataset, after
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address matching by QVN4Zllowedus to identify and remove any initiallytable control
house that subsequently received treatment and update previously treatedwhtbuses

additional treatmes(if receivedafter May 20190.

Treatment is classified into two broad categoegasfitted insulation and heater
installationTablel details the uptake of each treatment category; the majority of treated houses
received only insulation tne&int, while 8% received heating only and 15% received both
insulation and heating. Each broad treatment category is further distinguished by the particula
type of treatment carried outsimation treatmens broken down into work relating to ceiling
inaulation, undefloor insulation, draugiproofing, hotwater cylinders, etc, while heater
treatment is divided between the types of heater installed (flued gas heater, heat pump, pellet
burner and wood burnefljable2 provides te number of houses that received each respective

type of treatment.

Table 1 Treatment Category Uptake

Treatment Category No. Houses Treated Percentage of Total

Insulation Only 36,102 77.4%
Heating Only 3,611 7.7%
Both Insuétion and Heating 6,942 14.9%
Total Houses 46,655 100%

Table 2: Treatment Uptake by Type

Treatment Type No. Houses Treated Percentage of Total
Ceiling Insulation 36,606 78.5%
Draughtproofing 7,834 16.8%
Hot Water Cylinders 6,507 13.9%
Underfloor Insulation 30,723 65.9%
Other Insulationelated 1,400 3.0%
Flued Gas Heater 56 0.1%
Heat Pump 8,862 19.0%
Wood/Pellet Burner 1,636 3.5%

* Percentages sum to over 100% as houses are able to receive multiple treatment types.

5 Though desirable, identifying and obtaining suitable controls for housebeteaiay 201@ndNovember
2010 to generatdagersample proved to be infeasible.
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Treatments are not restricted to only one type, making it possible for properties to
receive multiple treatments at different timable3 provides a paiwvise breakdown dhe
number of houses that received multiple treatmedtsha type of treatments they received
For example7,096 houses thaetrofitted ceiling insulation als@ceiveddraughproofing,
while 685 houses thadtrofittedunderfloor insulation also received a wood/pellet hutrier
possible that a housachmore than two treatments, i.e. redeieding insulation, underfloor

insulation and a heat pump heater.

The total costs of receiving treatment under the scaensplit between the two
treatment categories, and the costs of each treatment categbsgdsently divided into the
proportion paid by EECA and the proportion paid by the homeowieedo not use the cost

data in the present study but it has been comfmbedavailable farsein subsequent wer

Table 3: House Counts of Pairwise Multiple Treatment Types

Treatment | Draught Hot Water Underfloor Ingﬁgﬁgn Flued Gas Heat Pum Wood/Pellet
Type proofing  Cylinder Insulation related Heater P Burner
Ceiling 7,096 5,841 24,400 1,103 30 4,985 966
Insulation
Draught
proofing - 3,263 6,098 178 8 582 158
Hot Water
Cylinders - - 5,035 267 3 546 200
Underfloor
Insulation - - - 1,112 26 3,438 685
Other
Insulation - - - - 4 215 20
related
Flued Gas
Heater ) ) ) ) ) 0 0
Heat Pump - - - - - - 1

4.2. QVNZ Data

Addresses of duses treatedinder WUNZ:HS were suppliedo QVNZ to obtain
characteristics ohe treated houses that wased to derive the set of suitable control houses.
Matching addresses of treated houses return@@% successful match ratio, 88163 (of
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46655) treated houses were successfully maacdedinmatched houses are subsequently
removed from our sampl€haracteristics of the matched treated houses are then extracted and
used to select suitable control houses. Suitable control houses havessaitiiahacteristics

as their respective treated house and will not have received any form of treatment under

WUNZ:HS over the entire study peribd.

House characteristics used to determine suitable control houses are :dedatiows
(Census area ungimilar to a subuypdwelling and house type, number of levels, age (decade of
build), floor area and number of bedrooms, whether there is a garage under the main roof and its
size Qumberof vehicles), house construction matenall§¢ and roof), whatr the house was
modernised, andwellingquality (building and roof condition). Location, dwelling and house
type, ad number of levels amandatory matching criteria, while theaiaing characteristics
form non-mandatory matching criteria. Controks @rosen firstly according to the mandatory
matching criteria, and, secondly, themandatory matching criteria, for which a matching
score was calculated and on which potential suitable controls were prioritised. 269,110 suitable
control houses are fodnOf the37,163matched treated houses, 31,423 houses possess at least

one suitable control house, lea%TgOmatched treated houses without a suitable control.

Table 4: Controls per Matched Treated House

No. of Controls per Percentage of Total

No. of Treated Houses No. Of Control Houses

Treated House Treated Houses
1 1,067 3.40% 1,067
2 985 3.13% 1,970
3 1,043 3.32% 3,129
4 958 3.05% 3,832
5 973 3.10% 4,865
6 964 3.07% 5,784
7 1,003 3.19% 7,021
8 948 3.02% 7,584
9 962 3.06% 8,658
10 22,520 71.67% 225,200
Total 31,423 100% 296,110
Mean(Controls per Treated 9

6 \We canot directly determine whether control houses have been insulated or had a heater installed independently
or through otheprogrammesr whether they are insulated or have a heateHatader, our modelling

approach includé@xdividuahouse fixedfects in our equationghichaccount for all insulation and heating
characteristics of control houses tlabo changever the sample periddstallation of insulation in control

houses before and during the study period will attenuate our estithateffedtiveness of the programme, but

our data rule out any suchatment attributed W&WUNZ:HS
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Table4 shows that for those properties with suitable controls there is an avei@ge of 8
controls per treated house. We ukenatched controls in our analysis, calculating the mean
metered energy use of all eligible control houses for a specific treated house. We use all eligible

controls in order to reduce noise in our metered energy use data.

4.3. Metered Energy Data

To identify the meteredenergy impact oflVUNZ:HS on treated houses, we require
monthly metered energyse for the houses within our sample. In total, our sample contains
305,113 houses (treated and contrdl®re are two types ofetered energglectricity and
reticulatedgas.Unreticulated gas (gas bottles) and atbaimeteredenergy sources (wood,

coal,oil) are excluded from our analysiisce no suitable data on these soareasailable.

New Zealand currently has five major suppliensetéred energiat collectiveljhave
over 90% of the electricityetail marketshare Contact Energy24.7%market shaje Genesis
Energy (23.9%), Mercury Energy (20.2%), Meridian Energy (12.5%), and Trustpoweér (11.5%).
While all five companies are electricity retailergact Energy, Genesis Energy and Mercury
Energy also supply natural gas. Gas is only reticulated to certain areas in the North Island; there

IS no gas reticulation in the South Island

Metered energyse datarerecorded athe ICP (installation contt@oint) level and
eachenergysupplier must submit monthly ICP level volumes of electricity and gas use to
reconciliation managers at the respective centralised authority; the Electricity Authority for
electricity volumes, and the Gas Industry Companigedlirfor gas volumes. Submission
volumes arexpressd in kilowatt hours (kWifgr both electricity and gashd include modelled
and estimated levels of usage. There are distinct advantages of using these data over actual mete
readings; each energy camypsubmits data using a similar approach, thus submission volumes
are consistent and comparable across companies. Also, gas meter readings cannot be easily
converted into gas usage, whereas submission volumes of gas are modelled to represent usage

measuredh units consistent with electricity (kWh).

7”Market shares are calculated as the percentage of energised ICPs per enénigyresalar taken at November
2010. Source: Electricity Authoritig{://www.ea.govt.nz/industry/market/statisticaports/percentagef-icps
perretailergraphs/).
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Requests were sent to each of the five major companies for data on monthly submission
volumes for each house over the period January 2008 through to November 2010. Data on ICP
level submission volumes were essfally received from four of the companies (Genesis
Energy, Mercury Energy, Meridian Energy and Trustpower). Each ICP can only be associated
with one address; however, addresses may have multiple ICP si@Rbemnbers and their
associated addresseseived from the energy supplieesesent to QVNZ to obtain an address
matching file to allow us to link houses within our sample to their respettred energy

usage (across all ICP numbers for that address).

Combining thedata from each energy c@np, we generate a comprehemagtered
energydata file of raw ICP level submission volumesebéred energyse (divided between
electricity and gas), along with energy company indicators, one for electricity and another for gas
for each addre&4Jsing the QVNZ address matching file, we are able to match dattenad
energyuse to 18,190(4988%) houses within our sampl®f the matched housek;0,094
(98.@2%) houseshave observedlectricity use20693 (13.8%) houseshave observedas use
18597 (12.2%) houses have both electricity and gashssvedTable5 and Table6 provide
figures of house counts by energy company for houses ntatehexiricity and gas use data
respectively.

Table 5: Electricity Usage- Counts of Matched Houses by Energy Company

Energy Company Treated Houses Control Houses Total Ratio of

(% of total treated) (% of total controls) Controls/Treated
Genesis 4,551 (25.5%) 37,483 (2840% 42034 8.24
Mercury 4,269 (23.2%) 31,895 (24.1B%) 36,164 7.47
Meridian 6,410 (35.2%) 40,911 (30.9%) 47,321 6.38
Trustpower 4,262 (23.5%0) 31,411 (2380%) 35,673 7.37
Totd* 19,492 (10771%) 141,700 (10735%) 161,192 7.27

* These totaloverrepresenthe true number of matched houses (see foot@doe more detail).

8 Multiple ICP numbers occur due to addresses having multiple meters. The obvious example of a property having
multiple ICP numbers is when a property hdsdes and electricity installed dases afultiple electricity
meters also occur.

9 Energycompany indicators allow us to identify which company provided the energy (electricity or gas) to the
property in each period.

10These counts oveepresent #ntrue number of houses in the sample, as houses may have switched suppliers
during the sample period; i.e. a particular house that switched from Genesis Energy to Mercury Energy during the
sample period will have matching data from both Genesis Enekigramd/ Energy, and thus be included in

both Genesis Energy and Meridian Energy counts. We account for such switches when combining data across
suppliers.
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Table 6: Gas Usage Counts of Matched Houses by Energy Company

Treated Houses Control Houses Ratio of

Energy Company (% of total treated) (% of total controls) Total Controls/Treated
Genesis 1,867 (80.34%6) 15,066 (82.02%6) 16,933 8.07
Mercury 478 (20.5%0) 3,470 (18.890) 3,948 7.26
Totafl 2,345 (100.900) 18,536 (100.9%) 20,881 7.90

* These totaleverrepresentthe true numberfonatched houses (see footnt@dor more detail).

We choose to analyse two samplematéred energyse data in this study; electricity
use only and totatheteredenergy use. Totaheteredenergy use is defined to be thm f
electricity andeticulatedgas use levels. We clean our metered energyse data to obtain
datasets for analys@Given that submission values contain modelled data, it is possible for
submission volumes to be less than zero. These are obsiowsdpus measures of actual
metered energusage; therefore, any house containing a negative submissionfarolume
electricity or gas use removedThis affect$62 (0.37%) houses with observed electricity use,
and 56 (0.27%) houses with observed gasHsuses are not contracted to an energy supplier
indefinitely, and may switch supplier at any given time for a number of reasons; for example,
new tenanter owneroccupiersnayhave a different energy suppliexfgnence to the previous
occupiersA change in occupienay result imetered energyseoutcomes that alter during the
sample period due to the change in occupigllsso may introduce some unfavourable
heterogeneityhat will not be accounted for by the house fixed .eHertce, we removeyan
house that has switched electricity supplier at any time during the stud§/Trericesult is a
loss of 6,932 (46%%) housesfrom the samplg889 (4.8%) treated house$,043(4.6%)
control3. As a robustness check, wewe our preferred equatiofts meterecenergy use with

these houses added back into the sample.

Figurel (Figure2) provides a histogram of raw monthly electricity (gas) energy use for
all house¥ Both figures show a skewed dlsttion with a righhandtail. Figure2 also shows a

11To preserve consistency in our energy data series, any observation that is droppedaiesetisiticais

(electricity or gas) for that particular house being removed, since itis very likely that other submission volumes
adjacent to that period will also be erron&agest the robustness of our results by reincorporating these
observations (sesection 6).

12Houses that switch gas supplier are retaiaedat we do not lose observations on gas usage given the relatively
few gas observation that we have available.

BFor graphical purposes otiguses with submission volumes greater than®\@0@ithin a month are graphed
as having 5,000 kWh for that month.

29



spike around zeravhichrepresentdiouses with very little gas usedertain months of the
period €.g.summer months)NVe proceed to clean the naetered energyse datayoremoving
houses with outlying observatiorable7 provides summary statistics for the raw electricity and
gas use. Average use between the two formstefed energyre broadly comparable; gas use
is a little lower on avemgbut is more variable possibly due to gas being used for more
seasonal purposes (e.g. heating in wiker)define outlierfor electricity to be observations
outside the bottom and top 1%, i.e. observations below 30n&with and above 2,235
kwWh/month, and for gas, observations outside the top 1%, i.e. above 3,AT0rkWhH

Figure 1 Distribution of Raw Monthly Electricity Usage
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141 ow, even zero, gas submission volumes are not deemed to be outlying; if houses only use reticulated gas for
heating purposes, over summer months they will have very low (possidg psm)evel. Therefore, we retain
the lower extreme gas submission volumes.
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Figure 2: Distribution of Raw Monthly Gas Usage
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Table 7: Summary Statistics of Raw Monthly Energy Data
Summary Statistic Electricity (kwWh) Gas (kWh)
Mean 67782 65631
Std. Dev. 51544 786.15
Percentiles:
1% 3200 0.00
5% 18211 3.00
10% 25400 36.00
25% 38677 22100
50% 57640 45117
75% 847.00 83376
90% 121161 146673
95% 15®.00 205.00
99% 223%.68 346700
MonthlyObservations 3,P1278 546,983

By removing houses with outlying electricity observations we reduce the sample by a
total of 19643 (13.7%6) house¥. The distribution of the cleaned montHigvels of electricity

15 Any observation removed results in all observations for that particular house being removed.
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use is showin Figure3, usingdata on 1870treated houses and BY7controls.Remowng

houses witloutlying gas observatipmesults irobservations fot 125 (6.44%) of fouses with
observed gas ubeingremoved. Housesith observd gas uséhat is incomplete ovéne full

sample period aneemoved from our sample. There are two reasons why we observe incomplete
gas use across the study perTbe first is that a partieur house onlgtarted usinor ceased

using gas asome time during the period; the second is thatattieular house switthto

(from) another suppli¢hat is not included in our data (Contact Enetgig impossible for us

to distinguishthe reaonthat a particular house has incorteldata; therefore we remove any
housewith incomplete gas us@bservations fo6,055 (36.55%) of houses with observed gas

levels are removethe cleaned distribution of monthly gas use is presefigd ned.

The resultant totametered energgample had23,982houses. Of these] 13472
(9152%) houses only have observed electricity Q26(A83%) houses have only observed gas
use, and 985(7.6%6) houses have both observed gdsetattricity usdhe louses that have

only observed gas use are removed from the sample.

Figure 3: Distribution of Cleaned Monthly Electricity Usage
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16 These are either erroneous or have electricity supplied by an energy comweathy tiudthave data for.
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Figure 4: Distribution of Cleaned Monthly Gas Usge
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We form the totameterecenergy variable by summing the electricityetiodlatedjas
use levels for each hou$ea particular house is not observed to netreulatedyas use, then
its monthly totameterecenergy use observations will bevedgimt to its monthly electricity use
observations. The final clean tatateredenergy sample contains data on 122,957 houses
(14,970 treated houses and 107,987 control houses).

The data cleaning process, along with how our working data sets arésfpreszhted
in Figureb.

4.4. Climate Data

Climatic conditions afeypothesised tmfluence energy consumption patterns. Colder
conditions generally induce higher energy demand through heating. bidepaseds may
increasenergy demand for cooling (air conditioning) purposes.

New Zeal and’s national cli mate database
New Zealand. Currently, over 600 weather stations supply the database with climatic and
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atmospheric datd’he Natbnal Institute oiVaterand Atmospheric Research (NIWpkQvides

accesso thenational climate database through itshasbd system, Clifio.

We restrict the number of weather stations from which we extract data to those that have
comprehensive operati@across our study period, January 2008 to November 2010. 180 weather
stations across New Zealand meet this condition. We map these 180 weather stations to 2006
Statistic New Zealand (SNZ) regional council boundaiigsntify climatic conditiofigr eat
house’s region. Regi onal councils (RC) that
weather station chosen to represent climate data for all houses located within that particular RC.
This avoids complications with aggregating statistias regions with more than one suitable
weather station. To choose representative weather stations for RCs, we map weather stations to
the Census area units (CAU) they are located within (or nearest to) and calculate the population
density of theCAU.*® The weather station located within the most densely populated CAU is

selected as the representative station for that particifar RC.

For the purposes of this study, we obtain data on mean monthly air tempér&ures (
and monthly standard deviation of daily temperafur€®pr each of the 16 regions in New

Zealand?®

17cliflo.niwa.co.nz.

18The population density is defined as the usually resident population (URP) in 2006 divided by the area of the
CAU in hectares.

19 Although we choose one representative weather station per RC, all weathdostied within a particular RC
have readings that are highly correlated with each other, so choice of station within an RC isisrematerial
precise definitions for regional aggregation

XData are also availablmen ht g mekKt Wame @hkf momsgst etmefn
extreme mini mum air temperature (°C), mean vapour pr
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Figure 5: Data Cleaning Flow Diagram
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] 6.) Remove eleciricity outliers.
7) Remove gas outliers. €— & Bemowed: 19,643 houses (2,173 treated
- Bernowed: 1,125 houses (93 teated houses, houses; 17,465 contral houses)
1,032 potatrol howuses) T

!

5.) Remove partal gas observations

*  FBernowed: 8,055 houses (730 treated houses;
5,325 control howses).

v

9.) Eemove houses with only gas observations.
®  Bernowed: 1,025 houses.

y

¥

Save T otal Energy Data.

® 137957 houses (14,970 treated houses;
107,957 control houses)

Save Electricity Dara.

L] 122,957 houses (14,970 treated houses;
107,957 control houses)

* 10 March 1o EECA/QVNZ Dara.

—

‘T'otal Energy Data.

o 119548 houses (14,970 treated howses,
104,674 control houses)

Eleciricity Data.
o 119448 houses (14,970 treated howses,
104,674 control houses)

| 11) Remowve Treated Houses with
no finconsistent controls.

3

‘Total Energy Data.

® 12612 treated houses.
®  Bernowed: 2,358 treated houses.

Electricity Data.
L] 12,612 treated houses.
L] Betnowed: 2,358 tteated houses.

irealments.

p 12) Eemowve non-heat pump heater -

-

‘T'otal Energy Data.

® 12032 treated houses.
®  FRernowed: 530 treated houses.

Eleciricity Data.
L] 12,052 tteated houses.
®  Bepnowed: 530 teeated houses.
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4.5. Working Datases

We combine the EECA, QVNZ and climate datasets into one congivehpanel
dataset that details which houses are treated and the month of treatment, characteristics of

treated and control houses, and monthly climatic conditions (mean air temperature).

In this study, we distinguish betwéem broad categories of tme&nt,insulation and
heaing. Giventhat the vast majority (>80%) of heating treatments are heat pump installations,
we concentrate onhe effects from heat pump installations; any house that has had heating
treatment other than heat pump is removed fteensample. By removing Hoeat pump
treatments, we clarify the direct effechmtered energyse from heapumptreatment! We
test the robustness of results by subsequently including all houses that received any heating
treatment and adopting a dummariable for heating treatment, without distinguishing the
nature of that treatmefitWe create dummy variabl@seach treatment type equal to 1 once a
house has received treatment, and zero othereisges thateceive multiple treatments of
insulatiom havethe date of treatment takasthe first period in which treatment of insulation

was received.

Each metered energgample, electricity andtal meteredenergy is matched to the
comprehensive panel dataset to provide levelsatficity and totanetered energyse for each
property (treated and contrdl). the final sample]19,646houses(including14970 treated
houseghave matching electricityd totaimeterecenergyuse data

4.5.1. The Dependent Variable

To analyse the impact oretered eneyguse of being treated und&UJNZ:HS, we use
the respective contrblouss for each treated house to form the explicit differenoetared
energyuse (electricity or totateterefl between treated and control houses. Each treated house
is matched to thamean of its control houses. h& difference inmetered energyse
(EnergyDiff, ) betweena treatedhouseandits control housess calculatetly subtracting the
averagenetered energyse(electricity or totaf the relevant control houses frime metered

energyse(electricity or totabf the treated house in each period:

21 Flued gas heaters would also provide a direct effect on energy use; however, given ther®seevsuaites, o
we simplify our analyses by focusing solely on heat pump heater installation.

22 See sectiodfor this robustness test.
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EnergyDiff, 2 Energy]" - Energy;

where Energy/" is themetered energyse of treated housé periodt; and Energy; is

the averagmetered energye of the respective control housedreatechouse in periodt.

Control houses must contain a data serip®etdred energyse that is consistent with
that of their treated housg262 (15.11%) treated houses in the electricigndébsal metere
energy data have no controls at all and are reridverka treated housthat has at least one
control,does not have any controls wethnsistent dat#élhe control house(s) with the longest
series ofdatais used, provided thers a sufficient numiseof observations pre and post
treatment. (Thus we utilise an unbalanced panel Jidtesged houses which do not have any
suitable control houses are remdbeihg96 (0.764) treated housesrfelectricity usandtotal

meterecenergy use)

4.5.2. Working Dataset Descriptive Statistics

The resultant sample size fmth theelectricityand totalmeteredenergy dataseits
12082 treated houses, witB25439 (housemonth) observationdable 8 provides summary

statistics for both wking datasets.

Table 8 Summary Statistics for Working Datasets

Electricity Sample Total Metered Sample
Variable Observations Mean  Std. Dev. Observations Mean  Std. Dev.
Build Decade 325,371 1955.10 22.39 325,371  19%.10 2239
Floor Area 325,215 13435 4748 325,215 13435 4748
Number of Bedrooms 319,643 3.07 0.66 319,643 3.07 0.66
Main Roof Garages 301,133 0.50 0.77 301,133 0.50 0.77
Levels 325,439 1.87 0.33 325,439 1.87 0.33
Monthly Mean Temperature 325,439 13.74 3.71 325,439 13.74 3.71
Std. Dev. Daily Temperatur 325,439 2.07 0.51 325,439 2.07 0.51

Energy Use (Treated House¢ 325,439 614.09 334.62 325,439 669.74 404.60
Energy Use (Control House 325,439 638.25 266.40 325,439 702.64 331.55
EnergyDiff 325,439 -24.16 34393 325,439 -32.90 408.30
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The average treated houses (for both datasets) are built during the 1950s, have floor areas
of approximately 134nsplit across two levels, and contain three bedrooms. The average
monthly mean temperatureaxrs t he st udy per Figud6 disgaysjtha s t b e
distributions of mean monthly air temperatures for eleciti€dy.both datasets, over 95% of

mont hly mean temperatures |ie between 7°C an

Figure 6: Distribution of Mean Monthly Temperatures
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The average treated house es kWh of electricity per mont®4 kWh lesgper
month than the mean of its control houses, @ndkWh of totalmeteredenergy per month,
approximately83 kWh les per monththan the mean of its controSumming thenetered
energydifference for the 12 months prior W6UNZ:HS, we find that treated housesduse
averagel87 kWh (20 kwh) electricity (totaineteredenergy) less than their control houses.
Table9 presents-teststo analyse whethtrese values asegnificantly different from zerbhe
results indicatthat houses sdeg treatment undeWUNZ:HS used significantly leswetered
energythan control houses prior to treatmemd omayalreadyhave beeh e n€eobggci ous’

householdsHowever the mean difference is slight, being2j@ (electricity) an8.36%6

23ForFigure 8hrough toFigure Yhe correspondintptalmetereanergy figtes are almost identical and therefore
are not presented.
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(total metered eneryyf the control house mearse for the 12 month pteeatment periaqd

implyingthat our matchig approach appears successful in matching like houses.

Table 9: t-test Results for 12 Month Pr&VUNZ:HS EnergyDiff

Electricity Total Metered Energy
Mean -187.1357 -269.7407
Standard Error 28.5241 33.5309
H. mean<0 (prvalue) <0.00a <0.00a
Ha me @wnaiud) <0.00a <0.00a

Figure7 shows that the majority of treated housesur cleaned datasee bungalow
type buildings (i.e. detached houses with one or two stories). Over 90% of treated houses are
classed asesidential dwellings (i.e. sifghaily, detached or sedetached houses); the
remainder are predominantly flats/apartnféitee number of treated houses in eachiRC
presergd in Figure8 for our cleaned datas&€he Aucklad region has the most treated houses,
followed by Canterbumgnd WellingtonFigure9 preserd the number of houses in each RC
within the cleaned datassta prcentagef the total residential dwellings within &t Once
we take into account the total number of residential dwellings within each RC, we see that
treated houses represéritl.8% of the total number of dwellinggher thanin three regions
Hawke’s Bay, Tasman and Solapahtthareginahvariatonss ma | |
are due to differing regional uptakes of WUNZ:HS that may be affected bgpegion
factors. (For instance, 2008, the Southland Warm Homes project, spearheaded ihgitilect
Invercargill and the SouthlaBtectric Power Sy Consumer Trust, was established to offer
Southland homeowners funding to make their homes warmer and more energy efficient
(PowerNet, 2B) and the prior existence this projectmay have affected uptake.) In part, the
regional variation is also doethe cleaning process. When we include outlying observations in
our estimates shown in section 6.5, the regional proportions change somewhat with more

observations for houses in cold regions (Figure 23, section 6.5).

24“Stater e n hoasks”are generally privateyed houses that were formerly used as state rental houses.
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Figure 7: Distribution of Treated Houses by House Type
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Figure 9: Percent of Treated Houses to Total Regional Dwellings
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5. Regression Results

We estimat each of our specifications using a-fetiedts OLS estimator with standard
errors clustered by hous&ustering standard errors by house relaxes the independence of
observations assumption, allowing observations over time to be correlated wigen zuhou
remain independent across housesed effects are included for each house in all specifications,
and time (month) fixeeffects are included. For the equatibas interact temperature with
treatment variablese replace time fixeffects withregion*time fixegffects (in addition to
the house fixedffects). Estimates of the fixeifiects are not reported separately.

Estimation resultfor equation (2), our simplest specification, are showraliie1lQ. Insulation
treatmentis estimated to hawe small negative effect dinergyDift, (i.e. metered energy
savings occuifpr both electricity and totateteredenergy usdioweverthe lattereffectis not
significantHeat pump installatidms a positive imgaan EnergyDiff, for bothelectricity and

total meteredenergy, with coefficients b2.89kWh and4.80kWh respectivelyOnly the effect
for electricity use is significaBtver the study period, monthly electricity and total metered
energy uséor treated houses is on average 614 kWh and 670 kWh respectively, meaning these
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increases are roughly in the vicinity-2f#6lof average use. Heat pumps are eleeteicayt for
operation, so a largdfeet on electricityuse tharon total meterederergy useas estimated, is
expectedin particular, fihouses treated with heat pumpgplae the use ofess efficiengas
heatersone shouldexpecta smaller total metered energy treatment effect than for electricity

only.
Table 1Q Estimation Results for Equation (12)
- Total Metered
Electricity (Std. Error) Energy (Std. Error)
insulation -44351* (2.508) -2.0957 (2.938
heatpump 12.887&* (4.2099 4.8049 (45414
Observations 35,439 325,439
Number of houses 12,82 12,082
R-Squared (within) 0.0056 0.0017

Note: Individual house fixegffects and time (month) fixeffects are indudelustered Standard Errors are given in parenthesgsared
(within) measures thedguared from the meaeviating regression (itlee usual Bquared achieved from running OLS on the data).
***n<0.01, ** p<0.05, * p<0.1

A camment is useful here on theplanatory power of this and succeeding equations.
We have chosen our control housematch as closely as possible thgir respective treated
houses. Prior to treatment, a perfect match would see only random variation (neisedn
energyuse between the matched houses, thus not being capahyexgflanation(R? = 0).
Following treatment, even where that treatment sigmificant impact ometered energyse
of the treated house, we would stildl expect
where houses have been well matched. This is indeed what we find in all our estimates,
syoporting our matching algdmih. Nevertheless, significant treatment effects are still found

despitehe dominaceof the noise component in our regressions.

Soecification (@) restricts the impact of insulation and hgattinbe identical across
months (and hence seasons), whereafypethesis that the effects will differ according to
seasonAllowing the effecto differ by month in 13 achieve theestimation results rablell,
also presenteds Figure 10 Insulation treatmerieads tometered energsaving behaviour
between May andovember coinciding with the winter/spring months. Electricity savings for
treated houses are significant during the months of August, September and October 2009, and
June, August and September02Qdtal meteredenergy savings are significant in August
Septemberand October2009, and Junéugust September, and Octob2010. Between
January and April 2010 (summer/autumn period) positive coefficients are consistently observed,
indicating increademetered energy consumption in treated relative to untreated houses.
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February and March have significantly positive coefficients for both electricity and total metered
energy use. A -vaaa ki "a nd f foefc tt, h ewh“etr &ekoey enkrgyu s e h o |
savings for increased comfort, may be present during the warmer summer months. Households
treated with insulation may get accustomed to a warmer indoor temperature than they were used

to prior to treatment, and therefore increase metered enetgynasetain this temperature.

Figure 1Q Specification (13) Estimated Effects over Time
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Houses receiving heat pump installation consistently increase theiryelsetriniall
periods Table 11 and Figure 10. BetweenJuneand August 2010, significant increases
in EnergyDiff, are observed for electricity use, but totteredenergy use decrea&@dbeitnot
significantly)for most of thisperiod. The inconsistency in the effects between éecnd
total meteredenergy ussupports thdiypothesighat installedheat pumps anesedto replace
gas heaters. Althougore electricity is consumheluring thke winteras a result of heat pump

installationlessyads usal thusoffsetting thencrease in electricity consumptibotal metered
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Table 11 Estimation Results for Equation (13)

Total Metered

Coefficient Electricity (Std. Error) Energy (Std. Error)
insulation#jul2009 13.4409 (125569 1.1908 (15.5484
insulation#aug2009 -15484 7+ (5.803 -17.6931* (6.6524
insulation#sep2009 -13.6024** (3.724 -15.9098** (40481
insulation#oct2009 -107739** (3.480 -0.4253* (37845
insulation#nov2009 -29275 (3.Z792 -2.0511 (3.723%
insulation#dec2009 -03196 (3.6L67) 1.2053 (4.3357
insulation#jan2010 3.9694 (3.8155 6.5308 (47782
insulation#feb2010 91412 (3.9959 12.3603* (51032
insulation#mar2010 7.3865 (4.1969 14.149** (5.20
insulation#apr2010 2.9822 (5.130 7.9457 (579679
insulation#may2010 -6.5027 (116733 -5.4703 (123220
insulation#jun2010 -291774* (140695 -30.4222 (15.7172
insulation#jul2010 -14.5056 (158924 -16.2993  (17.872)
inulation#aug2010 -29.1155* (14.287 -314602* (15.892%
insulation#sep2010 -21.9887 (12.252 -22.9592* (134152
insulation#oct2010 -17.7647  (11.B27) -20.5918* (123037
insulation#nov2010 -2.4637  (10.8163 -0.0751 (117012
heatpump#jul2009 117497 (22.9748 3.3771  (24.764%
heatpump#aug2009 42998 (11.116p -2.9101 (12.13638
heatpump#sep2009 5.4066 (6.8558% -2.5781 (7.3958
heatpump#oct2009 82080 (61079 4.5581 (6.477%
heatpump#nov2009 7.887 (5.87H 7.7054 (6.M59
heatpump#dec2009 3.630 (57996 6.0231 (65718
heatpump#jan2010 49313 (5.778y 8.9628 (6.695%
heatpump#feb2010 7.5481 (57639 13.488% (66510
heatpump#mar2010 8.6192 (5.6703 14.6892* (6.3369
heatpump#apr2010 70662 (52923 10.8006* (5.8979
heatpump#may2010 11.4409 (7.1225 0.4577 (7.767%
heatpump#jun2010 155587 (9172} -10.1270 (104879
heatpump#jul2010 27.669** (9.943y -4.5091  (11.927)
heatpump#aug2010 19.899% (87959 -19831 (9.8683
heatpump#sep2010 110362 (7.%43 -28436 (8.603%
heatpurp#oct2010 101002 (6.9%11) -1.0765 (76712
heatpump#nov2010 5.9221 (66882 5.5801 (7.212%
Observations 35,439 325,439

Number of houses 12,82 12,082

R-Squaregithin) 0.00B5 0.00B5

Note:

Individual house fixeaffects and time (month) fixeffects are indudedClustered Standard Errors are given in parentheses.

*% n<0.01, ** p<0.05, * p<0.1
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energy use increases significantly between February and Aghk20amer months of the
yearwhile electricity usage also increases at thisilio@i¢ ot quite significant at the 10% level

in any month)Heat pumps are altie be used as air conditioners and it is possible that the
increasednetered energysage during these months in houses fitted with heat pumps reflects

their use to cool, raththan to heat, houses in warmer months

The estimatefrom (13 indicatethat impacts oMWUNZ:HS treatments ormetered
energyusage differ across seasons. Estimatioripfclarifies the seasonality pattern by
explicitly estimating the effect etternh temperatureon the treatment effectResults are
presented imMable12 WhenS=0, (14 is identical tol) exceptthat we allow for regien
specific time effectso coefficients inTable12 are of simlar magnitude and significance to

those found from estimating?(1

SettingS=1, we allowtempo interact withinsulatioand heatpunimearly.The linear
effect of temperature on the treatment effect ifasulation is significant, with a negative
intercept and positive slope, implyitigat metered energgavingsincrease as temperature
decreases. The impacts of insulation tretnerbroadly consistent acrekestricity and total

metered energylhe effects of heat pump installatiorEnergyDiff, as temperature changes

differ between electricity and tomakteredenergy usage in the linear c@ke. impact on

electricity use has a positive intercept and a negative slope, suggesting, with a linear specification,
that heat pump installatiordsts electricity use mostly when temperatures are cold. On the
other hand, the effect from totakteredenergy use has a negative intercept and positive slope.

A Wald test indicates that the insulation coefficients atly gignificant athe 1% levetor

both electricity ahtotal meteredenergy use in thease Tablel?. Heat pump coefficients are

also jointly significant for both electricity and totterecenergy uset thel% and 10%evel

of significance, respective

A gquadratic functional forns£2) results in estimated coefficients that are consistent in
sign and have roughly similar magnitudes for both insulation and heat pump treatments across
both electricity and totaheteredenergy. The Wald test@able1l? show that for the qdaatic
case, we observe strgomt significance of the insulation coeffici¢fis both electricity and
total meterecenergy)the heat pump coefficientsr electricityandtotal meteredenergyare each

significant at the 5% level.

Coefficient signs are comparable across the cubic and quartis—8amedS-4). The
Wald tests for tlsefunctional forms provide similar resultdoaghe quadratic case; however

the quartic significance tests are matgimaakerthan for the cubic indicating that the
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Table 12 Estimation Results for Equation (14)

S=0 S=1 S=2 S=3 S=4
Electricity Total Electricity Total Electricity Total Electricity Total Electricity Total
insulation#temp -4.4179* -2.2314  -45.235%* -50.616%*  -13.8023 -22.3994  108.5349 118.5217 212.8986 111.5724
(25147% (2.285 (10.570 (121890 (35.079 (33.841) (1083472 (113.8498 (33.2133 (337.926p
insulation#temp 2.8503** 33427 -1.7354 -0.7638 -29.6769  -32.5997  -62.8339  -30.3421
(0.899 (0.273 (4.567) (51973 (22.429 (23.8537 (970605 (98.9763
insulation#temp 0.1584 0.1415 21840 2.4281 5.9606 2.1661
(0.1%0 (0.11H (1.552 (1.e65 (103321 (105626
insulation#tem3 -0.0469 -0.625 -0.2303 -0.0396
(0.032) (0.0%0 (0.427 (0.869
insulation#temp 0.0B2 -0.0002
(0.0080) (0.m82
heatpump#temp 13.9052+* 50046 290.8728 -23.9874  63.3577 15.9876 12.3674  173.4879 25.3851  272.305
(4.8B39 (45313 (136956 (161653 (373825 (40.382%  (982376§  (1(.9248 (309.786p (317.484p
heatpump#temp -1.2771 2.193 -64641 -4.1008 6.1972 -41.2287 2.1727 -73.5442
(0.9@9 (10960 (51875 (56626 (212749 (230279 (9433549 (96.9872
heatpump#temp 0.1896 02282 -0.786 30034 -0.3515 6.7821
(0.172 (01975 (14969 (1.6483 (10.213 (107324
heatpump#temp 0.024 -0.66F 0.0032 -0.544
(0.034) (0.880 (0.499 (0.5D3
heatpump#temp -0.00@ 0.084
(0.0085) (0.008)
Observations 35,439 325,439 325,439 325,439 325,439 325,439 325,439 325,439 325,439 325,439
Number of Houses 12,82 12,082 12,82 12,082 12,82 12,082 12,82 12,082 12,82 12,082
R-Squared (within) 0.00315 0.0088 0.0038 0.0&104 0.0085 0.0@105 0.0086 0.0007 0.0086 0.0007
R-Squared (adjusted) 0.0017 0.0020 0.0a95 0.0036 0.0.96 0.0036 0.0a97 0.0037 0.0a97 0.0037
Wald insulation (pralue) 00790 04461 0.00a 0.0002 0.0000 0.0001 0.0000 0.0001 0.000 0.00@
Tests  heatpump (alue) 0.000 0.594 0.063 0.089 0.a12 0.080 0.a102 0.(6652 0.0T75 0.091

Note: Individual house fixedffects and region*time fixed effects are indu@laedtered Standard Errors are given in parenth&ses0.01, ** p<0.05, * p<0
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relationship may be owted in that caselhe adjusted Rquared values indicate that the

higher functional forms (cubic and quartic) have greater explanatory power than the constant,

linear and quadratic forms. The quartiactfonal form does not provide any additional

information to the cubic, and is punished for having extra terms (marginally lower adjusted R

squared); thus we adopt the cubic functional fobmiagthe most appropriate.

We

use the estimated coefficient§ahlel2to graph theredictedreatment effects on

EnergyDiff, for both electricity and totaheteredenergy, across a range of temperatures, for

the linear,

guadratic, cubic and quartic cesps€1l, Figurel? Figurel3 andFigurel4d

respectively.Increasing the flexibility ¢fie functional form changes the shapes of the curves;

however, similar conclusicm® drawn from eacWe concentrate on the cubssultgFigure

13,
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Figure 12 Quadratic Treatment Effect by Temperature
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Figure 14 Quartic Treatment Effects by Temperature
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We find thatthere are generally metered energy savings from insulation treatment
occurring fot e mper atures below 15°C (tot al met ered
metered energy consumption above these temperatures. This is consistent with the findings from
(13), where winter months show metered energy savings and summer monthe show
oppositeFigurel3f ur t her s utpgpok "t se faf ectta k esmowind highea r me r
metered energyse tharprior to treatmentHouses that receive heat pump installations are
generally lessnergyconservative aftereceiving the treatment, although the effect gliffer
depending on whether wednsiderelectricityor total meteredenergy useAt very low
temperaturesye observenigher metered energfand especially electricity) ustige heat
pump installatianAs tenperature rises, extmgetered energyse falls to a minimum and then
begins to rise again. For tatateredenergy, we obsersiights avi ngs bet ween 9°
Highermetered energyse at warmer temperatuisesonsistent with heat pumps beingl ase

air conditioners.

In each of Figures 114, the addition to metered energy use at high temperatures slightly
exceeds the addition to electricity use at those temperatures following heat pump installation.
This result is also found in the monthly regpas reported in Table 11 for February and March
2010. This outcome may indicate some difference in behaviours between those households with

reticulated gas relative to those without. One of the robustness tests (reported in section 6.6.2)
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splits the sant@ according to availability of reticulated gas to the household and confirms that,
following heat pump treatment, households with reticulated gas make slightly greater additions
to metered energy use than do households without gas in months with lagh aver
temperatures. Households with reticulated gas are limited to the North Island, and so this result

may i mply that the ‘“air conditioner effect

Island areas than in the South Island.

We calculate the avesaannualelectricity and totaheteredenergy savingsteeated
house miees due to each treatment type, acemsh of thanodels estimatedor national
results, rgional monthly mean temperatufes the first twelve months AVUNZ:HS are
weighted by theumber of treated houses within each region to generate a national monthly
temperature. These national monthly temperatures are substituted in to obtain predicted annual
electricity and total metered energy savings. The top porfiahlei3 presents these savings
as a percentage of the mean annual electricity or total metered energy use of the control houses
across the natidh.Electricity and total metered energy savings are observed as a result of
insulation teatment for a typical treated house, while electricity and total metered energy use
increases for those houses treated with a heat pump. The magnitudes of the overall effects (in
the preferred cubic case) are 0.96% electricity saving from insulatian].@2®h rise in
electricity use for heat pump installation. Total metered energy changes are lower in absolute
value at approximately 0.66% savings from insulation and 0.75% increase from heat pump

installation.

Tablel3 also preents mean percentage metered energy savings figures broken down by
regional councifé. These values represent the predicted annual savings for a treated house
within each region as a percentage of the mean annual use of control houses within the regional
council. The percentages indicate that warmer regions save less electricity and total metered
energy from insulation treatment, but as regions get colder, savings tend to increase. The West
Coast has the maximum savings for treated houses at 2.24%ity¢lectd 2.11% (total
metered energy). The very coldest regions do not save quite as much metered energy, however,
owing to the lesser savings achieved at very cold temperatuirggu(sedd). Heat pump

installation in all remias increases electricity and total metered energy use. Interestingly,

26 Only control houses that have electricity ortaeédrecenergy use observed in each of the 12 months following
the implementation /UNZ:HSare sed in calculating the mean annual electricity amiéteaddnergy use.

21These estimates are based on the estimated coefficients across the whole country appipetdficegion
average monthly temperatuiiedle ALin Appendix Apresents regional predicted monthly energy savings levels in
kwWh per house

50



contrasting patterns emerge when we consider electricity and total metered energy use. Warmer
regions have smaller electricity dissavings following heat pump installation thagioosler re

which is consistent with cooler regions using heaters more intensely, but the opposite pattern is
found for total metered energy, with warmer regions having higher total metered energy
dissavings from heat pump installation. In the latter casehdldssn warmer regions may be

using their heat pumps more for air conditioning purposes as opposed to heating purposes.

Table 13 Predicted AnnualPercentageSavings from Treatment

Insulation Heat Pump
Electricity (%) T‘é‘ﬁ;'r\g‘;t?%d Electricity (%) T‘é‘r?;'r\g‘;t‘f{/sd
National:
Uniform 0.70 0.32 -2.19 -0.72
Linear 0.95 0.66 -1.94 -0.74
Quadratic 0.96 0.67 -1.93 -0.73
Cubic 0.96 0.66 -1.92 -0.75
Quiartic 1.12 0.47 3.82 -0.81
Regional Council (cubic
Northland 0.04 -0.41 -1.80 -1.82
Auckland 0.19 -0.16 -1.77 -1.30
Waikato 0.99 0.58 -2.17 -0.73
Bay of Plenty 1.31 1.05 -2.51 -0.80
Gisborne 0.57 0.23 -1.89 -1.02
Hawkeodos B 1.24 1.02 -2.23 -0.76
Taranaki 1.71 1.15 -2.56 -0.39
Manawatyanganui 1.39 1.05 -2.40 -0.63
Wellington 1.02 0.63 -1.79 -0.56
Marlborough 1.01 0.80 -2.34 -1.04
Nelson 0.87 0.63 -2.16 -1.03
Tasman 1.09 0.90 -2.06 -0.75
West Coast 2.24 2.11 -3.21 -0.38
Canterbury 1.26 1.13 -1.98 -0.46
Otago 1.44 1.36 -2.31 -0.47
Southlah 1.16 1.12 -2.28 -0.67

6. Robustness Tests

We subject our preferred cubic specification to a range of robustness tests. First,
include interaction terms between insulation and heat pump treattesnivttether there are
differing effects on houses ah received both treatmerds opposed to only one of the
treatments Secondwe split our sample bytwo measures ahcometo analyse whether

insulation and heat pump installation has differing effects accorditrgated houseo & d ’
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affluenceThird, we widen our definition of heater treatment to account for all forms of heater
installation, instead of restrictattentiononly to heat pump installatioRourth we expand the
temperature definition to include monthly temperature vari&iftm. we elax the sample
exclusion criteria to test whether our sample definitionsti#feesultsSixth, we accoumbr
differences in the nature of heating sources already within a house at the time of treatment,
testing whether use of reticulated gas ornametered energy source leads to significant

differences in metered energy effects.

6.1. Including Insulation -Heat Pump Interaction Terms

For the first of our robustness checks, we include additionalaomstingor the
interaction between insulation dreht pump installation. These additional terms allow us to
investigate whether there is any differing behaviour from those tiaiseseive both
insulation installation and heat pump installatmnpared with thoskeatonly receive one type
of treatnent. There are 1,609 (13.32%) treated houses that received both insulation and heat

pump installation within our sample.

We take our preferred cubic specification from equation (14) and inclubeséway
interactionterms that interadhe insulationand heat pump variables togethed then with
eachtemperature term. Estimation produces the results preseftgoléd4 The threeway
interaction termare not individually significant for either electricity use or toakthenergy
use In addition the Wald testproduceno evidence that the additional interaction terms are
jointly significant. For electricity and total metered energy use, the insulatiorerefgcts
jointly significant overall. Heat pump effects fectecity use also remain jointly significant
however, following the inclusion of the insulatieat pump interaction terms, heat pump
installation effects for total metered energy are no longer jointly sig@ftreanthanat the
20% level).

Whilethere are marginal improvements to t#sgkared values from our preferred cubic
specification, there is no evidence of any significant difference in metered energy consumption
behaviour from those households that installed both insulation and heatapuwppssed to
either just insulation or heat pumps. Therefore, we retain our original cubic specification as these

additional terms do not offer significant improvements to the preferred specification.
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Table 14 Insulation-Heatpump Interaction Estimation Results
Total Metered

Electricity  (Std. Error) (Std. Error)

Energy
insulation#temp 161.9845 (125.5740) 113.3959 (134.3374)
insulation#temp -39.5951 (25.9678) -30.6806 (27.9638)
insulation#temp 2.8007 (1.7402) 2.2963 (1.889%
insulation#temp -0.0594 (0.0379) -0.05 (0.0414)
heatpump#temp 98.3828 (178.3069) 157.5391 (187.1506)
heatpump#tembp -9.0734 (38.2003) -36.1817 (40.6521)
heatpump#temp 0.1427 (2.6553) 2.7201 (2.8639)
heatpump#temp 0.0058 (0.0598) -0.0619 (0.0652)
insulationfheatpump#temd -110.1965 (209.7609) 26.6004 (221.6486)
insulationfheatpump#temp 19.2706 (45.1092) -7.8508 (48.4588)
insulationfheatpump#temp -1.1768 (3.1509) 0.4336 (3.4321)
insulationfheatpump#temp 0.0228 (0.0713) -0.0064 (0.0785)
Obsevations 325439 325439
Number of Houses 12,082 12,082
R-Squared (within) 0.00369 0.00409
R-Squared (adjusted) 0.00198 0.00239
insulation (pralue) 0.0001 0.0018
Wald Tests heatpump (alue) 0.0253 0.1979
insulation#heatpump {yalue) 0.7043 0.6@9

6.2. Sub-sampling by Income

Previous insulation and clean heating funding programmes discriminated by household
income levels, only offering assistance to low and middle income households. By contrast,
WUNZ:HS makes funding available to all householgistdiess of income level. We investigate
how WUNZ:HS affects metered energy use for households of different income brackets. Two
methods for dividing households between income categories are used: firstly, we divide

households into high and low incomegmies determined by the median household income

| evel of the census area uni-t (CAU) , or s ul

divide treated households into those that hold a Community Services Card (CSC) and those that

do not.

6.2.1. CAU Household Median Income

We separate our samples into high and low income areas to investigate if there are any
differencesn electrity and/or total meteredenegy useattributableto household income.
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Using median household income at CAU level from O& @8nsus, we define high income
treated houses to be located within CAUs with a median household income of $50,800 or higher,
and low income to be those houses located in CAUs with a median income less th&n $50,800.
To allow us to distinguish betweentthe groups, we generate a dummy variable equal to 1 if a
house iglassed as high income, and 0 othersséound with the full samplagh and low

income households h a t eventual ly recei wenscreeeteaént ,
energydifferences (electricity and tatateredenergy) aremall butsignificantly negative over

the 12 month period prior to the implementatioWafNZ:HS (Tablel5).

Table 15 High/Low Income t -test Results forl2 Month PreNZIF EnergyDiff

Low Income Households High Income Households
Electricity TotalMetered Electricity TotalMetered
Energy Energy
Mean -190.5789 -243.7218 -183.6810 -295.8458
Standard Error 37.4678 41.6966 43.(895 52.5567
H. mean<0 (prale) <0.00a <0.00a <0.00a <0.00a
H: mean#0 <0.00a <0.00a <0.00a <0.00a

To estimate the different income brackets, we interact the terms in our model with the
income dummy variable, using the preferred cubic specification of equation (14ar&esults
presented ifrable16 A Wald test on the joint significance of the high income household
coefficients show that there is no difference (at conventional significance levels) between
metered energyse behaviour of high andwidncome households, for electricity or total
meteredenergy as a result of either insulation or heat pump treafaigdeil§. However two
of the tests (insulation treatment effect for electricity use and heat pump treatotefor eff
total meterecenergy use) are significant at the 20% level anovete some weak indicatiain

differences in treatment effects between households in high and low income areas.

Figurel5andFigurel6 provide the graphical interpretation of the predicted treatment
effects for each income grougxcept for very cold temperaturesy income households are
affected by treatment in a similar manner to what is fourieffull sampld=or low income
households, dwever, at verlpw temperatures we obsengereduction irelectricity and total
meteredenergy savings from being insulatddtive to savings at cool temperatukésr
having heat pump installation, loeome households consume muoetered energggardless
of temperatureHigh consumption is observed at low temperatures; thalyinfalls as

28$50,800 is the myjabint of theCAU median household valuasgtherefore provides similar numbers of treated
houses within the high and low income brackets.
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Table 16 High/Low Household Income Estimation Results

metered

Total Metered

S

e

o)

Electricity (Std. Error) Energy (Std. Error)
insulation#temp -27.9907 (140.250p -46.5860 (144.624y
high_income#(insulation#terf)p 304.8571 (214.9124) 369.3006 (226.4463)
insulation#temp 0.7584 (29.596% 3.8819 (30.631p
high_income#(insulation#ter)p -67.6013 (44.4353) -80.2123* (47.2331)
insulation#temp 0.1155 (2.0394) -0.1236 (2.1159)
high_income#(insulation#terf)p 4.5825 (2.9931) 5.5145* (3.2134)
insulation#temp -0.0025 (0.0455) 0.0049 (0.0476)
high_income#(insulation#terg)p -0.0981 (0.0656) -0.1219* (0.0710)
heatpump#temp 52.7815 (130.3611 131.1125 (134.4048
high_income#(heatpump#te®)p -149.1210 (196.0743) -31.5604 (207.9469)
heatpump#temp -1.6896 (28.773p -25.3986 (30.1021
high_income#(heatpump#terf)p 29.1249 (42.3091) -9.4866 (45.8943)
heatpump#tep? -0.2259 (2.0686) 1.6641 (2.1895)
high_income#(heatpump#te)p -1.9934 (2.9709) 1.2957 (3.2774)
heatpump#temp 0.0105 (0.0482) -0.0336 (0.0515)
high_income#(heatpump#ted)p 0.0452 (0.0677) -0.0369 (0.0754)
Observations 325,439 325,439
Number of Hoses 12,082 12,082

High Income Houses 6,031 6,031

Low Income Houses 6,051 6,051
R-Squared (within) 0.00615 0.0®B09
R-Squared (adjusted) 0.00282 0.00276
Wald Test of High insulation (pralue) 0.1701 0.4395
Income Effects  heatpump (walue) 0.7561 0.1%66

Note: Individual house fixaaffects and time (month) fixeffects are indude@lustered Standard Errors are given in parentheses.
***n<0.01, ** p<0.05, * p<0.1

High income households are affected in a different manner. We concentratemn the tw
treatment effects (insulation treatment for electricity use and heat pump treatment for total
metered energy use) where there is some weak evidence that behaviour by high income
households differs from low income households. At extremely low tempenegbresxcome
households that are treated with insulation use approximately the same electricity as their
16°C, high i

-t a ceka’t mefnfte c

controls. As temperatures increase, fromaduC t o about
ty foll

The effect of heat pump installation shows the most decisive difference in behaviour for high

el ectrici owing insulation
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income relativdo low income households. Unlike low income households, high income

households are estimated to save on total metered energy at lower temperatures from having a
pump i ed. As
high income households begin consuming more total metered energy than prior to treatment. By

heat nstall

temperatur e Il ncreas

contrast, the effects of heat pump installation on electricity consuamgtipositive and

relatively constant over temperature.

These results (if treated datistically significant) imply thabme high income
households treated with a heat pump replace gas heating with more efficient electricity heating
following treatment, thus saving on totateredenergy use at colder temperatures, while
increasing theielectricity use. By contrast, low income households appear not to have the same
substitution opportunities, possibly because they were previously not using substantial gas
heating in their house, or had been using other sources of heating (woodcolatedaias).

These results are opposite to Milne and Boardman (2000), who found low income households to

take energy savings as comfort improvements at low temperatures.

While these differences in behaviour are plausible, the difference in resulés must b

treated with caution given the weak statistical evidence that the effects differ by income.

Figure 15 Low Income Treatment Effects by Temperature
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Figure 18 High Income Treatment Effects by Temperatue
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6.2.2. Community Services CardHolders

Secondly, & divide our sample intoeatedhouseswith and withouta Community
Services Car€CEQ. CSCs are available to people aged 18 years and older, on a low to middle
income level, andho are a New Zealand zih or permanent resident. Those receiving social
benefis are automatically issued with a card s@B@wv holdersccess ttower costs of health

carethroughsubsidised health services and prescriptions.

Of the treated houses in our sample, 6,4607(%Rreatedhousedold a CSC, while
5,622 (46.53%) treated houses do not hold a CSC. We create a dummg Sériabiea
treated housedds a CSC, and zero otherwise. Following a similar approadh2ak we
estimatehe effect of insulation and heat pump installation on heitkend without a CSC to
assess whether houslels holding a CSC react differently in termmeitred energysepost
treatment.Results are presented Tiable 17. Individual coefficieston the CSdnteraction

terms, together with theint-significancéVald test resultsndicate that the is verylittle
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evidence of any differenae treatment effectsetween CSC houses arider housedor either

dectricity or total metered energy.iise

Given thelack of statistically significaevidence from either method inEomesub

sampling, weetainour (simplerkubic specificatioas our preferred model

Table 17 CSC Estimation Results

Total Metered

Electricity (Std. Error) (Std. Error)
Energy

insulation#temp 22.434 (175.4440 26.957 (183.4201L
CSC#(insulation#tentp 1388866 (224.1075) 144.812 (234.9614)
insulation#temp -13.492 (36.056) -17.4@2 (38.150pB
CSC#(insuldgon#tempt) -25.8697 (46.3664) -22.943 (49.1112)
insulation#temp 1.1296 (2.4090) 1.6D9 (2.5819)
CSC#(insulation#ten®p 1.6696 (3.1183) 1.187 (3.3396)
insulation#temp -0.020 (0.0523) -0.0386 (0.0567)
CSCH#(insulation#tentp -0.0%59 (0.0681) -0.019 (0.0737)
heatpump#temp 6.8469 (154.229% 160.9856 (163.499y
CSC#(heatpump#tenip -19.2761 (201.0211) -8.9®%6 (212.5215)
heatpump#temp 5.781 (32.776pD -40.225 (35.7641
CSC#(heatpump#temp 8.056 (43.2184) 6.172 (46.8269)
heatpump#temp -0.68D (2.2708) 3.052 (2.5356)
CSC#(heatpump#tendp -0.7396 (3.0231) -0.673 (3.3384)
heatpump#temp 0.02B (0.0511) -0.0694 (0.0581)
CSC#(heatpump#tenip 0.0181 (0.0686) 0.0193 (0.0767)
Observations 325,439 325,439

Number of Houses 12,082 12,082

CSC Hoses 6,460 6,460
No CSC Houses 5,622 5,622

R-Squared (within) 0.00574 0.0%90
R-Squared (adjusted) 0.00237 0.00253

Wald Test of CSC insulation (pralue) 0.7638 0.7923
Treatment Effects heatpump (walue) 0.9275 0.9887

6.3. Widening the Definition of Heater Installation

The next extension we undertake is to widen our definition of heater installation to
include houses that had heaters other than an electric heat pump install§@bErgm
approximately 84.0% of heater ingtatia were heat pumps, 15.5% are wood/pellet burners,

29Given the lack of evidence for any difference between CSC and no CSC houses, figures of treatment effects by
temperature are not presented.
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and 0.5% were flued gas heaters. By including these additional heater installations, we increase

our sample size by 530 treated houses.

Estimating the cubic specification of equation 13, we obtaiestliés rpresented in
Table 18 and Figure 17. The effect of insulation is not sensitive to how the heater effect is
defined. Coefficients are of the same sign and similar magnitude across the twerégression
both electricity and total metered energy, and the insulation effects by temperature are very
similar for electricity and total metered enerdygurel3 andFigurel7. Where we do see a

marked dference between the two sets of results is when we considsténesffects.

At temperatures above 13°C, heater ef fec
heater installatiorFigurel3andFigurel . However, below 13°C, thi
effect of heater installation aretered energsaving between the two heater definitions. When
we defined heater installation as solely heat pump installation, we observed electricity use
increase as temperatures dropped, while total metered energy savings are made until we reach the
coldest temperatures. Once we change the definition of heater to include all heater installations,
we see that, bel ow 13° C, ted hoases, except attthg coldeste i s

temperatures, while below 12°C tot al met er ed

Table 18 Insulation and Heater Estimation Results
Total Metered

Electricity (Std. Error) (Std. Error)

Energy
insulation#temp 105.0895 (101.3111 120.4600 (106.1711
insulation#temp -27.3052 (21.0682 -31.2132 (22.3432
insulation#temp 1.9393 (1.4248) 2.2424 (1.5301)
insulation#temp -0.0401 (0.0313) -0.0470 (0.0340)
heaer#temp? -129.7745 (91.1913 14.3229 (96.371%
heaertempt -29.4111 (19.844% -11.7996 (21.4499
heaer#temp? -1.9567 (1.4021) 1.3077 (1.5412)
heaer#temps 0.04212 (0.03211) -0.0350 (0.0357)
Observations 339,057 339,057
Number of Houses 12,612 12,612
R-Squared (within) 0.00355 0.0@112
R-Squared (ag§ted) 0.00192 0.00250
Wald Test of insulation (pvalue) 0.0001 0.0004
Treatment Effects heatpump (pvalue) 0.0082 0.0035
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Figure 17 Insulation and Heater Treatment Effects by Temperature
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The majority of the neheat pumpheater installations are wood/pellet burners that rely
on solid fuels (rather than electricity or reticulated gas). Use of these heaters more intensely
during cold periods will not be accounted for in our measures of energy use, as we are unable to
incorprate the amount of solid fuel burnt in these heaters. Since solid fuel is not incorporated
into our measures of energy, at the coldest temperatures, houses with wood/pellet burners will

be saving on electricity and gas use as they are able to burelsolid f

However giventhatwe are unable to measure the amounts of solid fuel being burnt, we
cannot deduce with this wider definition of heater installation whether treated houses are actually
makingtotal energysavings. Therefore, we retain our irgigdihition of heater installatigmeat
pumpsonly) in orderto accuratelyease ouaictual meterednergysavingsesulting from heat
pump installatian

6.4. Extension to include Monthly Temperature Variation

We extend our analysis to investigate whethematlability of temperatures within a
month affects the totaheteredenergy saved as a result of havindatimu or a heat pump
installed, and whether this effect varies as temperaturgerisave twdypothess firstly,
metered energgavings will @& greater whemonthly temperatures are more variahied
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secondlymetered energgavingsn response to temperature variabiity be more marked at

lower temperaturgfor the same reasoifemperature quintiles are formed using the monthly

mean temgraturesquintiles are defined as:6 tesp 1< 8° C; tep2x <11° C; 11°C
temp 3< 14° C;temp#4< C1 ¥° C; templ5These qaintikes are then interacted

with the interaction betweamsidtionandvar_tem(phe monthly variance of daily temperature).

The threeway interetion terms are then added to the cubic version of equadiom give:
3
EnergyDiffl =a, +nj +§ g (insulationt * [temp{]s)
s=0

+ as_ a, (heatpump* [temq ]s)
(19

+a/, (temp_q* insulation, * var_temg )
g=1

5
+a g, (temp_Q* heatpump* var_temp )+ e,

q=1

Estimation of 15 provideshe results presentedTiable19 The previous effects found
from estimating1d) are preserved rfdoth electricity and totaheteredenergy Coefficients
have the same signd are of similar magnitudes as tho3alel2 Wald tests indicate that
coefficientgemain jointly significant for both insulation and heat pufleisef ookingat the
coefficientssy, we find thatfor electricityandtotal meterecenergy usehe insulation impact is
not significantly affected by the monthly variation of temperé&ur@sy temperature quintile
A Wald test on thear_temipteration terms showthat they are not jointly significantother
words,more variable monthly temperatures do not affeastimatedmpact of insulation on
metered energyse, regardless of tbaderlyingmonthly temperature. Howevere find that
temperature variability does affect the impact of fnaap installation ometered energyse,
especiallyor electricity consumptiorll coeffcientsd, (exceptd;) are statistically significant
and negativéor electricity usandicating thamonths with more variation in the temperature
will induce greatemetered energgavings in houses with heat pumps installed under
WUNZ:HS. In addition, asempeatures increasethe additional effect of temperature variation
reduces (excefur the warrestquinile, where it increases agyamplyinghat as temperatures
get cooler metered energgavingsbecome largefor more varied temperaturé$owever,
cauion should be taken with respect to thesetsessilthe temperature variatierms for heat

pump installation are not jointly significant.

As temperatures decreageconjecturdghat houseghat have hatieat pumps installed
will intensiy their heat pmmp use and subsequently increase their electricityf usanthly
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temperature variation is higher, houses experience more wéhodshe monthof warmer
temperaturesas well as more periods of cooler temperatures. Warmer wéticetsuire less

heating, and hence, require less udeeaf pumps meaning greater additioéred energy

savings This effect will diminish abke underlyingemperature increassinceh ous ehol ds’
demand for heating falls as temperature®useg cad periods, houghold will operate their

heat pumpsnoreintensively possibly reaching h e a s gdpacityThis @nstraintlimits

the amount of additional electricity use during colder periods and means that increased electricity
use due to more frequent colderqus may be more than offset by the savings from reduction

in use in warmer periods.

Table 19 Estimation Results for Equation (15)
Total Metered

Electricity (Std. Error) Energy (Std. Error)

insulation#temp 65.4813 (178.7426) 137.3006 (197.3862)
insulation#temp -24.0012 (36.4156) -41.9352 (40.4223)
insulation#temp 1.9594 (2.3991) 3.3202 (2.6768)
insulation#temp -0.0446 (0.0510) -0.0758 (0.091)
tempband1#(insulatiomar temp) 5.3493 (6.6393) 2.2796 (8.1223)
tempband2#(isulationf#ar_temp) 1.3690 (1.7638) 2.1420 (1.9702)
tempband3#(insulatiowar_temp) 0.9843 (1.3710) 0.7092 (1.5265)
tempband4#(insulatiomar_temp) -0.1072 (1.1618) -0.4988 (1.2102)
tempband5#(insulatiowar_temp) 0.6134 (1.636) -0.7078 (1.8753)
heatpmp#temp 19.7065 (150.1345) 191.2552 (161.7523)
heatpump#temp 7.9721 (31.8556) -50.5895 (35.0403)
heatpump#temp -0.8656 (2.1817) 3.9606 (2.4359)
heatpump#temp 0.0239 (0.048) -0.0916 (0.0542)
tempband1#(heatpump#r_temp) -6.299 (5.4451) 4.3201 (6.5318)
tempband2#(heatpump#r_temp) -4.3870* (2.2963) 0.7040 (2.6777)
tempband3#(heatpump#r temp) -4.1575* (1.8043) 0.1239 (2.0713)
tempband4#(heatpump#vaemp) -2.9935* (1.43%2) -1.9372 (1.5163)
tempband5#(heatpump#vaemp) -4.427%* (2.1261) -5.131%* (2.3595)
Observations 325,439 325,439

Number of Houses 12082 12,082
R-Squaredgwithin) 0.0®72 0.0009
R-Squaredadjusted) 0.0200 0.0@37

Wald Test of insulation (pralue) 0.0346 0.0201
Treatment Effects heatpump (pvalue) 0.0023 0.0241

Wald Test of insulation (pralue) 0.7583 0.8466
\T/Zr:i]gt?éﬁtlg;ficts heatpump (ralue) 0.1830 0.2074

Note: Individual house fixaaffects and time (month) fixeffects are indude@lustered Standard Errors are given in parentheses.

**x <0.01, ** p<0.05, * p<0.1
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The additional heat pump installation effect on total metered energy use from monthly
temperature variation is weaker than the effect on electricity use. The coefficient on the warmest
temperature quintilely) is significant @ahnegative, but the lower temperature quintiles have no
significant effects. The limited additional heat pump effect on total metered energy use from
monthly temperature variation may be caused by households exhibiting similar metered energy
consumption deaviours when monthly temperatures fluctuate, regardless of whether the house
has a reticulated gas heater or a heat pump. However, given that only heat pumps have the dual

function of an air conditioning unit we see a significant effectlfrom

The extension to include monthly temperature variatiarginallyadds to the
explanatory power of the impacts of insulation and heat pump treatment on houses (the adjusted
R-squaresn the electricity use sample slightly impfowesthe cubic speatation without the
temperature variation termso change in adjusteds®uared is observéor total metered
energy. Giventhat the addition in explanatory power is slight,tlaaidthe Wald tests indicate
that the temperature variation terms are malycignificant for both insulation and heat pump
treatment, weetainthe previous simpletubic specificatiofwithout the monthly temperature

variation termsas our preferred specification.

6.5. Relaxing Exclusion Criteria in Defining Sample

We relaxthe exclusion criteria used in defining our sample to analyse whether there are
significant changes in the results. Given that none of the previous robustnassotesis
materiakignificant additiort® our original preferred cubic specification, wBrage to test the

robustness of our sample on this specification.

We test the robustness of our results by incrementally relaxing the exclusion criteria to
observe whethahe impacts of treatment are affected by how the sample is @efahesion
criteia which are preserved throughout all the stages are: zero electricity use observations are
removed, any house with only a partial series of gas use is removed, and any house with only gas

use observed is removed.
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6.5.1. Include Houses thatSwitched Electricity Company.

First, we take our initial sample, buinteoduce those houses previously removed
because they had switched electricity company at some time during the sample period. These
houses were originally removed as we considered thatathégatypi@al housegpotentially
being houses with changing occupiers, or houses with verysgmstve occupants. By
including houses that have switched electricity company, we increase our original sample to
12,736 treated houses from 12,082, with an inawet®e 356 housaonth observations.

The treatment effects estimated from this sample is presenkéguiiae 18 The
treatment effects are similar between this sample and our original; the only noticeable changes
are the magnitudes effects at the lowest temperatures. At the lowest temperatures, the sample
that includes houses that switched electricity company indicates that slightly more metered
energy is being saved from insulation treatment, and a slightly smaller amaenetoémeegy

Is being spent from heat pump treatment.

Figure 18 Treatment Effects by Temperaturerom Including Houses that Switched ElectricityCompany
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6.5.2. Relaxing the Outliers Constraint.

Next, we take our initial sample andinctude all nowutlying electricity use
observations fohouses that previously had all telctricity use observations removed due to
their having had at least andlying observatiomhe electricity outliers themselves (defined as
being in the to@nd bottom 1% of all electricity use levels) are still removed. The sample here
contains 13,958 treated housath 367,495 houseonth observations, an increase of 1,876
treated houses and 42,056 howuseth observations.

The effects of treatment foundorin estimating our cubic specification on this less
restrictive sample are presentedrigure19 Much the sam&eatmenteffects are observed
between this sample and our initial sarkpdeield. We @ see a change in behaviour at the
very coldest temperatures, where results indicate continued metered energy savings from

insulation whereas previously we found less savings as temperatures reached their coldest.

Figure 19 Treatment Effects by Temperature fom Relaxing the Outliers Constraint
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6.5.3. Not Removing Ouitliers.

We now take the same sample a$s.;2 except we do not remove outlying
observations. This boosts the number of treated houses to 13,988, with 373-béOntmouse

observations.

Estimation of this sample provides the results depict&ilgume 20 The change
betweenFigure19 and Figure20 is marginal; however, the insulation effect exiredityand

total metered energge as temperatures reach the coldest temperatures shows increased savings.

Figure 20 Treatment Effects by Temperaturefom Not Removing Outliers
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6.5.4. Including Outliers and Houses that Switchel Electricity Company.

This next sample extension includes observations from all outlying houses, along with

those houses that have switched electricity company. The number of treated houses included in
this sample is 14,793, with,884 housenonth obserations.

The estimated treatment effects from this less restrictive sample are prdsiguted in

21 With this sample, we see a marked difference in the effect of insulation from our original
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sample as we approach the coldasipeératures. Both electricity and total metered energy

experience increased savings as temperatures reach their coldest.

Figure 21 Treatment Effects by Temperaturdrom Including Outliers and Switched Houses
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6.5.5. All Exclusion Criteria Relaxed

Initially, we excluded all metered energy observations for houses with at least one
negative electricity or gas submission level, as we deemed all observations to be potentially
contaminated by this error. We now only remove the specifivenepaervation, rather than
all observations. Houses that switched electricity supply company are included, as are outliers.
This least restrictive sample contains 14,846 treated houses, with 399,iB8&nthouse
observations.

Estimating the cubic spec#tion of equation 14 with this least restrictive sample
provides the regression results presentByure22 The addition of metered energy data for
houses with negative observations does little to affect the treatmentretigotef what was
observed ifrigure2l
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Figure 22 Treatment Effects by Temperaturdrom Relaxing All Exclusion Criteria
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6.5.6. Summary of Relaxing Exclusion Criteria

The resultdrom progressively leging the exclusion criteria suggest, foatthe most
part, ourresults aregobustto changes in samptiefinition Above the coldesemperatures
(greater thad 0 ° C) , the i nsul ati on chenbd very littlaccossdhet he h
differing samples. However, at the coldest temperatures we observe marked changes in
insulationeffecs. Previously, we foundeducedelectricity andneteredenergy savings were
observed from insulation installation at the coldest temperatures, but @itbriledsampls,
we find that tbBre isgenerallyincreasing electricity and totakteredenergy savings as
temperatures drophis is especially true fibre leastrestrictive sampleBigure20to Figure
22). The criterion that the results seem to be most sensitiveudiess. Even when removing
just outlying observations, the results at the coldest temperatures arelaftaateatiginal
speci ficati on, at t, lelectricitysdvigisereptesente@ppioxénataly u r e (
1.25% of mean control electricity use, while hotdred energsavings representadound
1.28% of mean control totatetered energyse.For the least restrictive sample, the same
respective figures are approximately%®6.d9d 5.96%. Althougkhese numbers indicate a
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relatively large increase, there are few houses that expsrrghbe averagemperaturesf

7 C or lower, sthe impact on estimates of overall energy savings are not great

The majority of households in tH&outh Island rely on nemetered energy sources
(solid fuels and nemetered gadpr space heatinghese households are likely to havewb
average metered energy usenaaytherefore show up as low outliers, i.e. outliers identified as
being in the bottom 1%sing less than 30 kWh per moofithetered electricity usegure23
indicatesthat tlree southern egions (Canterbury, Otago and Southland) have the highest
percentage of their treated houses with observed metered energy identified asheutliers.
extended samples therefore include relatively more houses from these regions compared with the

cleaned sgoie, and this may be one reason that results differ across samples

Figure 23 Outlier Treated Houses as a Percent of Regional Treated Houses
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Table 20 provides national estimates of energy savings for the cleaned santple (as pe
cubic specification in Table 13), and for each of thesphbrextended samples (i.e. those
corresponding to section 6.3 and sections@35). Most, but not all, of the extended samples
indicate moderately higher metered energy savings dueofitted insulation. The highest
estimates are for an annual electricity saving of 1.41% and a total metered energy saving of

1.03% following insulation treatment. The impacts of heat pump installation show that the
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estimates of extra metered energyfrose the extended samples are broadly balanced around
the estimates from the cleaned sample. Overall, therefore, our calculations of energy savings
based on the cleaned sample are shown to be conservative estimates of metered energy impacts

of the WUNZ:HSscheme, although none of the alternative estimates are notably greater.

Table 20 Predicted Annual Percentage Savings from Treatment (Alternative Samples)

Insulation Heat Pump
- TotalMetered - TotalMetered
Electricity (%) Energy (%) Electricity (%) Energy (%)

PreferredCleaned)

Specification 0.96 0.66 -1.92 -0.75
Heater Extension (6.3) 0.81 0.57 -1.90 -0.99
Samplé&xtension 16.5.1) 1.03 0.75 -1.93 -0.65
Samplé&xtension 46.5.2) 0.83 0.46 -1.53 -0.53
Samplé&xtension 36.5.3) 1.24 0.91 -1.54 -0.70
Sampl&xtension 46.5.4) 1.41 1.03 -2.08 -1.13
Samplé&xtension §6.5.5) 1.35 0.97 -2.11 -1.19

6.6. Accounting for Non-Metered Energy

Energy data used in our analysis measures only metered energy, i.e. electricity and
reticulated gas. Nanetered emgy sources, such as solid fuels (wood, coal, etc), oil and bottled
gas (LPG), are also popular choices used for heating purposes; however, data that measure
househol ds’ C ometerednenergy osaurces fare anavailable. Therefore we are
unable to measure directly the full effects of WUNZ:HS on household total energy

consumption.

Our current model predictserall metered energgvings, but given that we are unable
to account for all energy sources, thesterecenergy savingsay understate thigll impact of
the schemeWe analysdwo separatsubsample of ourtreated house® gain insight into
additional effects thatay givea more complete picture of energy savings from being insulated

and having a heat pump installed.
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6.6.1. Sub-Sampling by Houses thatuse Non-Metered Fuel for Heating

Our raw data provida variable that indicatée prior heating source of a household, if
known.This variable is included where a house received a clean heat treatment (whether or not it
also received insulati treatment under the scheme), although it is missing in many instances.
We utilise this variable to generate a dummy variable equal ta boaséholds known to
haveusednon-meteredfuel (e.g. solid fuel or LPGd heat their homes prior WUNZ:HS
treatmentand zero otherwise. Interacting thisnmyvariable with our preferred specification,
we observe whetheneteredenergy use behaviour is affectdfirently for those households
that formerly usedhonrmeteredfuels to heat their hom@ur hypadhesis is thafollowing
insulation and/or heat pump treatment, houses previously usingetesad fuels for heating
will reduce their consumptiontbesefuelsandwill thereforesee a smaller reduction in metered

energy use in comparison to other Hualss.

A comparison oftte effect of insulation installationtbese two subets ohouséolds
is presented iRigure24. Households that usedn-metereduel heaters prior to treatmentesav
more metered energglectricity am total) than other households once they have insulation
installedWhile tis responses in theoppositirection of what wasypothesisd the differences
are notstatisticallgignificantat the 5% level for eithtstal metere@nergyor electricityTable
21), although the electricity effect is significant at the 10% level and the total metered energy

effect is significant at the 15% level

The sample of houses with -prasting normeteredenergyheating appliances is small
(N=418), while the diffences between the outcomes for houses with and witheuietened
heating sources in Figure 24 are material. It may be reasonable, therefore, tentatively to conclude
that houses with nemetered energy heating appliances save more metered energy once
inaulation is installed. This could occur if households that have solid fuel (and other) burners
keep using these appliances for heating in cold conditions either because of the ambience of a
fire or because the fuel is obtained from free sources. Theserhaydberefore reduce their
metered energy heating by more than houses without solid fuel appliances. In turn, this would
imply that their savings in noretered fuels may not be material, but we have no direct
evidence on this.

The effect of heat pumpgtallation for these two household-sets is presented in
Figure25 Increased electricity and total metered energy use is observed for households that
replace(or complementihon-metered fuel heaters with heat pump heaters. rébult is

expected; heat pumps require electricity to operate and since these houses move from using non
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metered sources of energy to metered electricity, installing a heat pump should increase these
househol ds’ met er ed e n e rdiffeyencesomenergy pide ibetaviour Ho w e
are not statistically significant at even the 20% level (Table 21) and so we dbenahysc
differences in metered energy use between these tsgissabhouseholds in response to heat

pump treatment.

The meteed energy effectsom insulation treatment for both sséts of houses is
already captured in our original specificatnol) given the lack of statistical precisih@ensub
sampling adds little to our preferred equaticeddition, the fact that osubsample of houses
with preexisting nommetered energy heating sources is limited to houses that received clean
heating treatment may limit the inferences we can draw from this split sample. (We do not have
explicit observations on naometered energy dieng sources for houses that received only
insulation treatment.) Thus, while we find no evidence to imply thatetesed energy use
declines following insulation or heat pump treatment, we cannot rule this possibility out from
the data that are avallab

Figure 24 Insulation Effects from SubSampling by Solid Fuel Houses
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Figure 25 Heat Pump Effects from SubSampling by Solid Fuel Homes
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Table 21 Estimation Results fromNon-Metered Energy SubSampling

Total Metered

Electricity (Std. Error) Energy (Std. Error)
insulation#temp 139.2024 (113.3361) 146.4038 (119.5706)
nonmetered(insulation#tempg) -154.0098 (438.9903) -82.0603 (451.8076)
insulation#temp -35.6161 (23.4858) -38.5018 (25.0024)
nonmeteredt(insulation#temg) 13.3310 (98.2989) -4.9515 (102.5700)
insulation#temp 2.5579 (1.5808) 2.8307 (1.7006)
nonmetered(insulation#temg) 0.4551 (7.1743) 2.0243 (7.6249)
insulation#temp -0.0543 (0.0346) -0.0612 (0.0375)
nonmeteredt(insulation#temps) -0.0495 (0.1703) -0.0942 (0.1855)
heatpump#temp -2.0138 (105.8247) 170.9174 (112.4270)
nonmeteredt(heatpump#tem§) 17.0872 (570.5710) -238.1816 (579.4070)
heatpump#temp 8.2212 (22.8618) -44.1593 (24.8774)
nonmeteredt(heatpump#temp 6.5441 (124.6486) 85.2498 (127.7251)
heatpump#temp -0.9168 (1.6035) 3.3387 (1.7780)
nonmeteredt(heatpump#temp -0.7843 (8.8664) -7.6762 (9.1943)
heatpump#temp 0.0270 (0.0364) -0.0753 (0.0409)
nonmeteredt(heatpump#temp) 0.0210 (0.2057) 0.2064 (0.2169)
Observations 325,439 325,439
Number of houses 12,082 12,082
Metered Energytouses 11,664 11,664
Non-metered Energyjlouses 418
R-Squared (within) 0.00506 0.00521
R-Squared (adjusted) 0.00199 0.00214
Wald Test of insulation (pvalue) 0.0940 0.1465
Non-metered heatpump (walue) 0.8827 0.2633

Treatment Effets
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6.6.2. Sub-sampling by Reticulated Gas Houses.

Our second subampledivides those houses that have accedgto electricityfrom
those houses that have access to both electricitytianthtexd gag his division esbles usto
observe whether haviagcess to reticulated gas difisring effects on energy savings due to
treatmentWe estimate our preferred cubic specification but include additional terms interacting
treatment effectsith a dummy variable equal to one if a house esregssilated gas, and zero
otherwise. Results are presentdabte 22and inFigure26andFigure27.

Table 22 Estimation Results from Suksampling by Gasaccessible Houses

Total Metered

Electricity (Std. Error) (Std. Error)

Energy

insulation#temp 125.6278 (114.2045) 129.6121 (115.7050)
gas#(insulation#tenip -245.9105 (270.0244) -498.1289 (564.9976)
insulation#temp -33.1022 (23.7831) -36.206 (24.1612)
gas #(insulation#tenip 49.5363 (54.6216) 106.0096 (113.2008)
insulation#temp 2.3998 (1.6088) 2.7660 (1.6397)
gas #(insulation#tendp -3.1613 (3.6398) -7.5343 (7.4597)
insulation#temp -0.0511 (0.0353) -0.0624 (0.0361)
gas #(insulation#tap3) 0.0641 (0.0795) 0.1794 (0.1613)
heatpump#temp 34.4417 (101.7985) 34.3416 (104.3085)
gas #(heatpump#terfip 12.8669 (264.5957) -413.9206 (493.3322)
heatpump#temp -0.7020 (22.0857) 1.0967 (22.9111)
gas #(heatpump#tertp 16.9533 (57.4480) -19.6604 (104.6771)
heatpump#temp -0.2177 (1.5565) -0.4410 (1.6293)
gas #(heatpump#terdp -2.1683 (4.0844) 5.9368 (7.3424)
heatpump#temp 0.0096 (0.0355) 0.0163 (0.0374)
gas #(heatpump#terdp 0.0684 (0.0939) -0.1888 (0.1678)
Observations 325,439 325,439

Numbe of Houses 12,082 12,082

Electricity Only Houses 10,476 10,476
Electricity and Gas Houses 1,606 1,606

R-Squared (within) 0.00611 0.02811
R-Squared (adjusted) 0.00355 0.02560

Wald Test of Gas insulation (pralue) 0.8731 0.3646
Treatment Effects heapump (pvalue) 0.2239 0.0000
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Figure 26 Insulation Effects from Subsampling by Gasaccessible Houses
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Figure 27: Heat Pump Effects from Subsampling by Gasaccessible Houses

T T I T
7 8 9 0 11 12 13 14 15 16 17 18 19 20
Temperature (°C)

Electricity Heat Pump Effect (Electricity Only)
Electricity Heat Pump Effect (Electricity and Gas)
— Total Metered Energy Heat Pump Effect (Electricity Only)

---- Total Metered Energy Heat Pump Effect (Electricity and Gas)

75



Figure26 indicates that houses with access to reticulated gas may have greater savings
through insulation treatment at colder temperatures than houses that can only access electricity.
However the results ifable 24ndicate that houses with acces®ticulated gas do not have a
significantly different response to electraity houses after having insulation installed; neither
the electricity nor the total metered energy Wald test is significant at even the 20% level. We
therefore do not infer dédfential responses between the twosadiples with respect to

insulation treatment.

The effect of heat pump installation on electricity use also shows no significant
difference (at the 20% level) across the twsauaples. However the Wald test on tieeteof
heat pump installation on total metered energy use shows that houses that have access to both
electricity and gas have a very different response to that of houses that can only access electricity,
with a pvalue (to four decimal places) of 0.060§ure27 demonstrates that houses with
reticulated gas that receive heat pump treatment make a substantial total metered energy saving
that increases as temperature falls. It appears that these houses replace their eatiegt gas h
with heating from the installed electric heat pump, resulting in significant total metered energy
savings. This finding is consistent with the purpose of the scheme to promote efficient heating
using electrical appliances in place of other lessnéffieating sources. Again, this effect is
allowed for in our preferred total metered energy specification and so is not additional to the

effects detected there.

The result that installation of a heat pump reduces total metered energy use for houses
that also use reticulated gas contrasts with the results in 6.6.1 that implied that heat pump
installation in houses with rowetered energy heat sources either increased or had no change
in metered energy use relative to houses without such heat stercgsit iccording to
reticulated gas status may be interpreted as implying that the results from 6.6.1 could be due to
data inadequacies, with an implication thatmatared energy use does decline with heat pump
treatment for such houses. Another imtggion is that houses fitted with a heat pump switch
heating from alternative *‘qui ck’ heating sou
no adjustment to their use of solid fuel burners that cannot be switched on and off quickly. The
avalable data cannot readily distinguish between these alternative explanations. With respect to
insulation treatment, the lack of difference in response between houses with and without
reticulated gas is supportive of the implication from section 6.6tethare no material ron
metered energy savings following insulation treatment for houses witbterea energy

heating options.
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7. Conclusions

The Warm Up New Zealand: Heat Sn(@fUNZ:HS)programme, also known as the
New Zealand Insulation Fund (NZIk)yolves a major papubliclyfinanced effort to improve
the insulation and heating of New Zealand houses. Prior research had shown that many New
Zealand houses are poorly insulated, draughty and rely on inefficient or poorly performing heat

sourcegsut as unflued gas heaters or open fires).

In the first 11 months of the programme, which began in July 2009, over 43,000 houses
received insulation treatment and over 10,000 houses received heating treatment, of which the
overwhelming majority involved ad&dtion of electric heat pumps. We have evaluated the
impacts of these treatmentsrmatered energysage for houses treated under the programme.

Households that receive treatment may use the thermal benefits obtained from insulation
in two ways. Firsthey may maintain the same energy usage with the result that the house will be
warmer than it would have been had it not been treated; it is even possible that energy usage
could rise in cold weather if households considered it beneficial afidécostto heat more
rooms than they had done previously in the absence of insulation. Second, at the other extreme,
they can maintain the same internal temperature as they had prior to treatment and take all the

benefits through reduced energy usage for heating

If a household chooses not to be at either extresoggests that the thermal benefits
may be taken as a mix of increased internal temperatures and reduced energy usage. Another
possi bl e effect I s -saoake” veafrfieacntt |dswoiiecome b g h ¢
accustomed to a warmer house in winter amditlbecase their energy usage at other times
when they would otherwise not have used heating. This could raise energy use in some months

relative to the untreated case.

Installation of heat pumpsay increase energyeufor treated homes as they have access
to improved(i.e. lower cost)eating technolog$tandard demand theory indicates that greater
heat will be consumed as a result of the reduction in the effective cost of heating; offsetting this
effect is the technological superiority of delivering heat via a heat pump relative to prior heating
methods. It is therefore an empirical issue as to which of these effects dominates in terms of the
change in energy use following heat pump treatrAeseparate consideration relateth&o
potential to use heat pumps asanditioning unitswhichmay increase energy use in summer

months, particularly in the hotter parts of the country.
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Given the range of energy outcomes that could result from amsw@Eat heating
treatment, and the lack of knowledge of the size (or even direction) of these effects, it is
important to evaluate how energy usage has changed for treated houses. This information is
useful in contributing to an overall evaluation of theomes (including health outcomes) of
the WUNZ:HS programme. This paper sets out to measwettbatment effectisutis limited
to the analysis of metered energg/only a subsebf all energgourcesvailable to households
The results apply to tbfaousehold metered energy use, and are not restricted just to energy use

for space heating.

We find that insulation treatment does, on average, meétered energysage by
treated house®ur preferred model indicates that retrofitted insulatiomgetiteads tan
annual reduction in electricity dise typical energy usdrsthe order oflL.0% and an annual
reduction in totaieteredenergy usage (electrigitys reticulated gas) of arouhd. Other
estimates, based on alternative samplesatendinat the electricity and total metered energy

benefits may be up to 1.4% and 1.0% respectively.

Thesemodest reductiarelate to monthly metered energy demanddoanot account
for the time of day, and hence, whether savings are achieved in qgf&gleadr electricity
demand timesSaving in peak demand periods have greater beirefisms of saving on
thermal generatiothan those in offpeak demand periqdand priorstudes have found
considerable reduction in peak electricity demandioadmsulation programmddhis aspect
will need to be accounted for when incorporating our results inteberoefdt analysis of the

programme.

Our estimatedtreatment effects vary according to outdoor temperature. Greatest
metered energgavingsfrom insulation occur at moderately cold temperatures (monthly
temperature average of@p Savings are also observed at colder temperatures but the savings
are not as great. In these latter circumstances, we hypothesise that households take a greater par
of the thermal benefisswarmer house temperatures (relative to temperatures in the absence of
treatment) and a lesser proportion thramgkered energavings. For temperatures well above
t he mini mum, our resul t s-baakteisefelyedausasusee vi d e
more metered energihan without treatment as householders become accustomed to warmer

houses.

A result of these estimated effects is that insulation treatment has variable impacts on
metered energyse across regions. Greatestteed energyreductions due to insulation
treatment occur in moderately cold regions such as West Coast and Taranaki. Houses in the
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coldest regions (e.g. Southland) experieatered energgavings but these are not as great as

for slightly warmer regions iogy to households taking a greater part of the thermal benefits as
warmer housing temperatures given the very cold conditions outside. Houses in warm regions
(e.g. Northland and Auckland) appear to make little metevyed energavings as a result of
insulation treatmentor atypical houses, including those with extremely high energy usage,
savings appear to be greater at very cold temper@tireS (t o 10° C) than fo

housesThese ‘“outl i ers i nclude houses in the cc
in very cold areas may explain the greater savings found in the estimates based on extended

samples.

In contrast with thensulation treatment results, the impacts of heat pump treatment
mostly showed increased annual electricity and total metered energy use for houses that had a
heat pump installed’his increase occurradross the whole range of external temperatures,
with the greatest increase in electricity use occurring for houses in cold regions. An exception to
this result is that houses whalneadyhad access teticulated gas for heating made total

metered energy savings at colder temperatures following heatspaitagon.

Our results are obtained from a sample of b¥8600 treated houses covering the first
17 months ofWUNZ:HS. Houses covered by four of the major five energy companies are
included in our sample but we do not have data for houses thaispureimetered energy
(electricity or gas) from Contact Energy. While we do not expect this to cause any material
problems for our electricity estimates, this missing data could contaminate our results for total
meteredenergy usage where householdshase electricity from one of the four included

suppliers but purchase their gas from Contact.

In addition, the impossibility of obtaining data for-metered energy use means that
we are unable to confidently extrapolate our results to total (maieredrphetered) energy
use impactOur test that splits the sample according to whether a house had a prior non
metered energy heating source indicates that such houses have treatment impacts for metered
energy that are not significantly different froosée without such heating souBgontrast,
houses that have access to reticulated gas for heating make a significant total metered energy
saving (both absolutely and relative togamnhouses) at temperatures beldw@Howing
heat pump treatmer®ne possible implication of these two sets of results is that (efficient) heat
pumps are used as a quick source of heating in preference to reticulated gas, but there is little or
no switching between these quick sources of heat and heating sourceldiffaei burners
that cannot be switched on and off quickly. Further investigation of theetevad energy
impacts of both insulation and heat pump treatmertoiases with nemetered energy heat
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sources is warranted if data can be sourced thaseimgneus analysis of switching behaviour

amongst this broader set of fuel sources.

Statistically, we find little evidence that the treatment impacts of insulation or heat pump
installation differ between holigkes with different income level§o the etent that effects do
differ, the main difference appears to be that low income households makengreaer
energysavings at very low temperatures than do high income households. In other words, at
very low temperatures, households in low income raagaghe thermal benefits through
metered energgavings whereas households in high income areas reap the benefits through

warmer houses.

This study forms just one component of a broader evaluation YWUNZ:HS
programme; other components examine thdthhéapacts of theprogrammeand the
employment and output effects of fregrammeTogether, these componewii be used to
assess the costs and benefits of the scheme as a@wlloéeenergy study is only one part of
the evaluation it is not appraggie to drawnormative conclusions on the outcomes of the
programmein this report Objectively, however, we conclude that insulation treatment, on
average, has a significant, albeit modest, impact in reteténgdenergy use of treated
housesHeat pump treatment has the effect of increasnegeredenergy uséor most houses;
an exception is for houses that already access reticulated gas for heating where heat pump

installation reduces total metered energy use
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Appendix A

Table Al: Predicted Monthly Energy Savings (kWh/house)

Insulation Heat Pump
TotalMetered TotalMetered

Electricity Energy Eledricity Energy
Region Year/Month (kWh/house)  (kWh/house)  (kWh/house) (kWh/house)
NZ 2009m7 14.9008 15.5594 -22.1917 0.8431
NZ 2009m8 15.6411 15.6009 -15.6734 4.2909
NZ 2009m9 15.0527 14.8673 -14.8915 3.8101
NZ 2009m10 15.2166 15.0700 -15.0942 3.9490
NZ 2009m11 6.1189 4.3466 -8.9231 -5.0646
NZ 2009m12 -2.1773 -5.1556 -6.8523 -13.3840
NZ 2010m1 -7.1494 -10.7903 -7.1®87 -17.9185
NZ 2010m2 -11.5249 -15.7012 -9.2844 -21.0485
NZ 2010m3 -5.0898 -8.4617 -6.8200 -16.1116
NZ 2010m4 2.5005 0.1853 -7.6989 -8.7544
NZ 2010m5 13.1267 12.5383 -12.9906 2.0304
NZ 2010m6 16.7355 17.1554 -18.7805 4.5973
NZ 2010m7 15.2506 15.9034 -21.8862 1.4351
NZ 2010m8 16.5661 16.8327 -17.5909 4.8077
NZ 2010m9 13.8901 13.4528 -13.6638 2.7590
NZ 2010m10 12.7672 12.1102 -12.6989 1.6806
NZ 2010m11 2.1621 -0.2025 -7.6092 -9.0962
Northland 2009m7 14.1351 13.7483 -13.8986 2.9877
Northland 2009m8 8.7201 7.3601 -10.1208 -2.3964
Northland 2009m9 7.9589 6.4759 -9.7401 -3.1765
Northland 2009m10 8.7201 7.3601 -10.1208 -2.3964
Northland 2009m11 0.1346 -2.5209 -7.1619 -11.1242
Northland 2009m12 -7.4077 -11.0817 -7.1681 -18.1352
Northland 2010m1 -114107 -15.5740 -9.1792 -20.9901
Northland 2010m2 -14.1231 -18.5176 -16.2944 -20.0325
Northland 2010m3 -11.1536 -15.2873 -8.9575 -20.8511
Northland 2010m4 -6.3144 -9.8472 -6.9543 -17.2015
Northland 2010m5 2.6664 0.3754 -7.7444 -8.5867
Northland 2010m6 10.5285 9.4705 -11.1416 -0.5536
Northland 2010m7 14.8327 14.5969 -14.6336 3.6191
Northland 2010m8 10.5285 9.4705 -11.1416 -0.5536
Northland 2010m9 7.5713 6.0265 -9.5562 -3.5741
Northland 2010m10 7.9589 6.4759 -9.7401 -3.1765
Northland 2010m11 -1.5414 -4.4319 -6.9147 -12.7693
Auckland 2009m7 16.6395 16.9472 -17.8884 4.7963
Auckland 2009m8 11.5374 10.6555 -11.7955 0.4627
Auckland 2009m9 9.8228 8.6451 -10.7222 -1.2703
Auckland 2009m10 9.8228 8.6451 -10.7222 -1.2703
Auckland 2009m11 -0.7061 -3.4801 -70234 -11.9535
Auckland 2009m12 -9.4213 -13.3480 -7.8681 -19.7183
Auckland 2010m1 -13.2503 -17.6081 -11.7247 -21.5056
Auckland 2010m2 -13.8370 -18.1435 -19.5279 -18.0786
Auckland 2010m3 -11.6580 -15.8494 -9.4127 -21.1138
Auckland 2010m4 -4.3902 -7.6689 -6.7861 -15.4719
Auckland 2010m5 6.3839 4.6527 -9.0323 -4.7927
Auckland 2010m6 13.8824 13.4435 -13.6566 2.7518
Auckland 2010m7 16.5047 16.7421 -17.3878 4.8005
Auckland 2010m8 13.0675 12.4677 -12.9416 1.9730
Auckland 2010m9 9.0932 7.7943 -10.3174 -2.0148
Auckland 2010m10 6.7835 5.1146 -9.2022 -4.3826
Auckland 2010m11 -3.9926 -7.2180 -6.7793 -15.1035
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Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Waikato
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Bayof Plenty
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisborne
Gisbomne
Gisborne
Gisborne
Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
HawkésBay
Hawke'8ay
Hawke'8ay
Hawke'8ay

2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5

13.8227 14.4772
15.9299 15.9694
15.0441 14.8567
13.6200 13.1283
6.3839 4.6527
-2.7794 -5.8403
-9.4213 -13.3480
-13.7599 -18.1586
-3.9926 -7.2180
3.9239 1.8187
14.3779 14.0423
16.5800 17.1104
14.1444 14.8028
16.7168 17.0891
14.1351 13.7483
11.8593 11.0350
0.5563 -2.0394
8.8617 9.3260
16.6893 17.1732
16.4163 16.6167
16.3144 16.4764
7.9589 6.4759
-0.7061 -3.4801
-55586 -8.9924
-11.8952 -16.1131
-0.7061 -3.4801
8.7201 7.3601
16.0709 16.1524
15.2310 15.8842
9.9660 10.4861
16.1593 16.7623
16.5047 16.7421
15.4335 15.3401
4.7539 2.7732
16.4041 16.9742
15.2445 15.1046
12.7779 12.1230
12.4798 11.7691
-1.9564 -4.9043
-9.4213 -13.3480
-11.1536 -15.2873
-13.3969 -17.7677
-8.4459 -12.2515
1.4008 -1.0739
12.1735 11.4063
16.6855 17.0262
16.6893 17.1732
15.0441 14.8567
8.3419 6.9206
11.5374 10.6555
3.0869 0.8576
13.1171 13.7575
16.7331 17.1356
16.3144 16.4764
15.4335 15.3401
5.1656 3.2473
-0.7061 -3.4801
-5.5586 -8.9924
-10.0330 -14.0342
-3.1869 -6.3034
8.3419 6.9206
14.3779 14.0423

-22.9400
-16.1310
-14.8812
-13.4163
-9.0323
-6.8102
-7.8681
-13.1919
-6.7793
-8.1224
-14.1422
-19.8491
-22.7402
-18.3860
-13.8986
-12.0194
-7.2419
-24.8431
-19.3675
-17.1368
-16.8854
-9.7401
-7.0234
-6.8595
-9.6582
-7.0234
-10.1208
-16.3824
-21.9045
-24.5416
-20.7881
-17.3878
-15.3791
-8.4039
-20.3230
-15.1297
-12.7074
-12.4756
-6.8720
-7.8681
-8.9575
-12.0714
-7.4714
-7.4229
-12.2462
-18.1376
-19.3675
-14.8812
-9.9283
-11.7955
-7.8643
-23.3274
-18.6333
-16.8854
-15.3791
-8.5531
-7.0234
-6.8595
-8.1864
-6.7915
-9.9283
-14.1422

-0.9158
4.5022
3.8027
2.5037

-4.7927

13.9605

-19.7183

-21.2617

-15.1035
-7.3097

3.2112
3.9953
-0.3988
4.7170
2.9877
0.7842

-10.7054

-8.5076
4.3196
4.7753
4.7324

-3.1765

-11.9535

-16.5337

-21.2218

-11.9535
-2.3964

4.5955
1.4015
-6.8556
3.0796
4.8005
4.1275
-6.4625
3.5831
3.9723
1.6912
1.398

-13.1711

-19.7183

-20.8511

21.4739

-189777
-0.8618

1.0963
4.7663
4.3196
3.8027

-2.7838
0.4627

-8.1607

-2.0327
4.6480
4.7324
4.1275

-6.0414

-11.9535

-16.5337

-20.1502

-14.3474
-2.7838

3.2112
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Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
Hawke'8ay
Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki

Taranaki
ManawatiyVanganui
ManawattWanganui
ManawattWanganui
Manawtu-Wanganui
ManawattWanganui
ManawattWanganui
ManawattWanganui
ManawattWanganui
ManawattWanganui
ManawatiyVanganui
ManawattWanganui
ManawatyVanganui
ManawatiyVanganui
ManawattWanganui
ManawatiyVanganui
ManawattWanganui
ManawattWanganui
Wellington
Wellington
Wellington
Wellington
Wellngton
Wellington
Wellington
Wellington
Wellington
Wellington
Wellington
Wellington
Wellington
Wellington
Widlington
Wellington
Wellington
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough

2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11

16.5005
14.7272
16.5047
11.8593
13.3483
5.1656
10.9778
16.6395
16.7341
16.5047
10.8717
3.5061
-0.7061
-5.9390
0.9784
7.9589
15.4335
16.5800
12.3268
16.5800
15.4335
15.4335
10.1788
13.8227
16.4163
16.5792
16.0709
9.4608
-0.2863
-6.6845
-11.1536
-1.5414
7.9589
15.0441
16.5005
13.1171
16.6395
14.8327
13.0675
4.3399
15.4539
15.2445
15.2445
15.6110
7.1794
-0.7061
-3.9926
-8.1064
-4.3902
0.5563
12.1735
16.6855
14.4458
16.3144
13.0675
13.8824
3.5061
4.2352
16.6893
16.6893
16.5792
5.9809

17.0516
15.3871
16.7421
11.0350
12.8029
3.2473
11.5439
16.9472
17.1653
16.7421
9.8729
1.3388
-3.4801
-0.4228
-1.5570
6.4759
15.3401
17.1104
12.9443
17.1104
15.3401
15.3401
9.0611
14.4772
16.6167
16.8524
16.1524
8.2227
-3.0013
-10.2654
-15.2873
-4.4319
6.4759
14.8567
17.0516
13.7575
16.9472
14.5969
12.4677
2.2969
16.1009
15.1046
15.1046
15.5629
5.5726
-3.4801
-7.2180
-11.8693
-7.6689
-2.0394
11.4063
17.0262
15.1060
16.4764
12.4677
13.4435
1.3388
4.4240
17.1732
17.1732
16.8524
4.1873

-20.0871
-22.3294
-17.3878
-12.0194
-13.1779
-8.5531
-24.2189
-17.8884
-18.8794
-17.3878
-11.3564
-7.9904
-7.0234
-6.9023
-7.3290
-9.7401
-15.3791
-19.8491
-23.6978
-19.8491
-15.3791
-15.3791
-10.9301
-22.9400
-17.1368
-17.6384
-16.3824
-10.5179
-7.0890
-7.0159
-8.9575
-6.9147
-9.7401
-14.8812
-20.091
-23.3274
-17.8884
-14.6336
-12.9416
-8.2603
-21.6871
-15.1297
-15.1297
-15.6292
-9.3768
-7.0234
-6.7793
-7.3601
-6.7861
-7.2419
-12.2462
-18.1376
-22.5366
-16.8854
-12.9416
-13.6566
-7.9904
-25.7151
-19.3675
-19.3675
-17.6384
-8.8674

3.8004
0.5541
4.8005
0.7842
2.2440
-6.0414
-5.3280
4.7963
4.5591
4.8005
-0.2066
-7.7349
-11.9535
-16.8719
10.2845
-3.1765
4.1275
3.9953
-3.2630
3.9953
4.1275
4.1275
-0.9083
-0.9158
4.7753
4.8076
4.5955
-1.6393
-11.5403
-17.5222
-20.8511
-12.7693
-3.1765
3.8027
3.8004
-2.0327
4.7963
3.6191
1.9730
-6.8854
1.7867
3.9723
3.9723
4.2678
-3.9763
-11.9535
-15.1035
-18.7077
-15.4719
10.7054
1.0963
4.7663
0.0910
4.7324
1.9730
2.7518
-7.7349
-15.3158
4.3196
4.3196
4.8076
-5.2061
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Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Marlborough
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Nelson
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
Tasman
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast
WestCoast

2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10

-3.9926
-9.4213
-8.1064
-2.3691
6.7835
16.3144
13.8227
7.6625
16.4041
15.9299
15.4335
2.2451
8.8617
16.7341
16.6855
15.2445
1.4008
-2.3691
-9.7312
-12.3384
-5.5586
5.5747
141351
15.8433
12.7327
16.6893
16.1991
13.0675
-0.7061
9.4256
16.6855
16.7196
15.4335
4.7539
-1.1246
-6.3144
-8.4459
-1.5414
7.9589
15.6110
15.8433
13.1171
16.5800
16.6395
15.0441
3.5061
8.8617
16.6893
16.5800
16.6893
14.3779
7.9589
0.1346
-2.7794
7.1794
9.8228
16.5047
14.4458
11.4497
16.5005
16.1593
16.3144

-7.2180
-13.3480
-11.8693

-5.3738

5.1146
16.4764
14.4772

8.0611

16.9742

15.9694

15.3401

-0.1074

9.3260

17.1653

17.0262

15.1046

-1.0739

-5.3738
-13.6958
-16.6046

-8.9924

3.7187

13.7483

16.4720

13.3628

17.1732

16.3215

12.4677

-3.4801

9.9190

17.0262

17.1779

15.3401

2.7732

-3.9571

-9.8472
-12.2515

-4.4319

6.4759

15.5629

16.4720

13.7575

17.1104

16.9472

14.8567

1.3388

9.3260

17.1732

17.1104

17.1732

14.0423

6.4759
-2.5209
-5.8403

5.5726

8.6451

16.7421

15.1060

12.0352

17.0516

16.7623

16.4764

-6.7793
-7.8681
-7.3601
-6.8371
-9.2022
-16.8854
-22.9100
-25.1224
-20.3230
-16.1310
-15.3791
-7.6308
-24.8431
-18.8794
-18.1376
-15.1297
-7.4229
-6.8371
-8.0218
-10.1858
-6.8595
-8.7076
-13.8986
-21.2432
-23.5148
-19.3675
-16.6339
-12.946
-7.0234
-24.6951
-18.1376
-19.1242
-15.3791
-8.4039
-6.9653
-6.9543
-71.4714
-6.9147
-9.7401
-15.6292
-21.2432
-23.3274
-19.8491
-17.8884
-14.8812
-7.9904
-24.8431
-19.3675
-19.8491
-19.3675
-14.1422
-9.7401
-7.1619
-6.8102
-9.3768
-10.7222
-17.3878
-22.5366
-24.0500
-20.0871
-20.7881
-16.8854

-15.1035
-197183
-18.7077
-13.5683
-4.3826
4.7324
-0.9158
-10.2873
3.5831
4.5022
4.1275
-9.0125
-8.5076
4.5591
4.7663
3.9723
-0.8618
-13.5683
-19.9407
-21.3893
-16.5337
-5.6225
2.9877
2.4819
-2.6335
4.3196
4.6724
1.9730
-11.9535
-7.6658
4.7663
4.4498
4.1275
-6.4625
-12.3633
-17.2015
-18.9777
-12.7693
-3.1765
4.2678
2.4819
-2.0327
3.9953
4.7%3
3.8027
-7.7349
-8.5076
4.3196
3.9953
4.3196
3.2112
-3.1765
-11.1242
-13.9605
-3.9763
-1.2703
4.8005
0.0910
-4.6099
3.8004
3.0796
4.7324
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WestCoast
Canterbury
Canterliry
Canterbury
Canterbury
Canterbury
Canterbury
Canterliry
Canterbury
Canterbury
Canterbury
Canterbury
Canterlory
Canterbury
Canterbury
Canterbury
Canterbury
Cantebury
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Otago
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Southland
Sauthland
Southland
Southland

2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11
2009m7
2009m8
2009m9
2009m10
2009m11
2009m12
2010m1
2010m2
2010m3
2010m4
2010m5
2010m6
2010m7
2010m8
2010m9
2010m10
2010m11

9.0932
10.4833
16.5792
16.6395
16.4041
11.5374

3.9239
-0.2863
-3.9926
-0.2863

5.1656
15.9299
14.7272
11.4497
15.6579
15.2445
15.7765

6.7835
-0.7279
15.8433
16.7196
16.5005
11.5374

9.0932

6.3839

0.5563

3.5061
11.8593
16.6893

9.9660

7.0267
13.1171
16.4041
15.6110

7.1794
-7.7672
12.7327
15.4539
15.6579
16.1991
13.3483

7.1794

6.3839
11.5374
15.0441
12.7327
-71.7672
-3.5750

7.6625
13.4803
16.5792

8.3419

7.7943
11.0276
16.8524
16.9472
16.9742
10.6555

1.8187
-3.0013
-7.2180
-3.0013

3.2473
15.9694
15.3871
12.0352
16.2967
15.1046
15.7728

5.1146
-0.8813
16.4720
17.1779
17.0516
106555

7.7943

4.6527
-2.0394

1.3388
11.0350
17.1732
10.4861

7.3886
13.7575
16.9742
15.5629

5.5726
-8.4539
13.3628
16.1009
16.2967
16.3215
12.8029

5.5726

4.6527
10.6555
14.8567
13.3628
-8.4539
-3.9387

8.0611
14.1289
16.8524

6.9206

-10.3174
-24.3828
-17.6384
-17.8884
-20.3230
-11.7955

-8.1224

-7.0890

-6.7793

-7.0890

-8.5531
-16.1310
-22.3294
-24.0500
-21.4666
-15.1297
-15.8799

-9.2022
-26.2070
-21.2432
-19.1242
-20.0871
-11.7955
-10.3174

-9.0323

-7.2419

-7.9904
-12.0194
-19.3675
-24.5416
-25.2532
-23.3274
-20.3230
-156292

-9.3768
-26.4382
-23.5148
-21.6871
-21.4666
-16.6339
-13.1779

-9.3768

-9.0323
-11.7955
-14.8812
-23.5148
-26.4382
-26.3539
-25.1224
-23.1357
-17.6384

-9.9283

-2.0148
-6.0764
4.8076
4.7963
3.5831
0.4627
-7.3097
-11.5403
-15.1035
-11.5403
-6.0414
4.5022
0.5541
-4.6099
2.1467
3.9723
4.3928
-4.3826
-22.4989
2.4819
4.4498
3.8004
0.4627
-2.0148
-4.7927
-10.7054
-7.7349
0.7842
4.3196
-6.8556
-11.2260
-2.0327
3.5831
4.2678
-3.9763
-32.5717
-2.6335
1.7867
2.1467
4.6724
2.2440
-3.9763
-4.7927
0.4627
3.8027
-2.6335
-32.5717
-26.5855
-10.2873
-1.4603
4.8076
-2.7838
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