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ABSTRACT

ARTICLE HISTORY

With the impact of climate change, the use of both energy and
resources that lock in future energy use is receiving heightened
attention. New Zealand has lagged behind many similar countries
in not requiring an explicit energy certiﬁcation for dwellings. This
paper reviews the form of energy certiﬁcation used by similar
countries and discusses the potential impact of applying the
various forms to New Zealand dwellings. Speciﬁcally, it compares
how diﬀerent forms of comparison, or normalisation, value the
features of a home and implicitly rate which dwellings are
considered ‘like’ each other. Of the 85 buildings compared none
received consistent rankings across all the normalisation methods
and only one was in the ‘better’ half of the data under all nine of
the normalisation methods used. Some of the forms of
normalisation systematically advantaged large dwellings, and
others small dwellings. Since normalisation methods can be
chosen to value certain aspects of dwelling design, there needs
to be a discussion about what we value in dwellings in order to
determine which method(/s) would be appropriate for New
Zealand. The main purpose of this paper is to alert social
scientists of the need to have this value-based discussion.
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Introduction
A suﬃciently warm home is essential for individual and social wellbeing, yet many New
Zealand (NZ) dwellings are cold (Howden-Chapman et al. 2012). NZ has lagged behind
many similar countries in not requiring an explicit estimation of the energy that might be
required in a dwelling to maintain some form of ‘standard’ internal conditions. With the
impact of climate change, the use of both energy and resources that lock in future energy
use is receiving heightened attention (Grant et al. 2021). To inﬂuence the housing sector
to deliver aﬀordably heated, climate friendly, housing, we need to consider a rating
system that focuses on these outcomes.
In the run-up to New Zealand’s 2020 election, two political parties mentioned the
desirability of requiring energy eﬃciency ratings for buildings: the Green Party (Shaw
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2020) and Labour (Arden 2020). Post-election, these two parties control over 60% of the
seats in Parliament, so there is a chance that this platform becoming a policy in the near
future. The Ministry for Building, Innovation and Employment has also recently released
consultation documents (Ministry of Business Innovation & Employment 2020a, 2020b)
discussing a framework for ensuring that new buildings, including residential buildings,
are of adequate quality. One of the elements of that framework is a calculation of operational energy that could, with political will, be transformed into the beginnings of a
dwelling energy certiﬁcate.
European countries have been directed towards developing energy performance certiﬁcates for buildings since 2002 (On the Energy Performance of Buildings 2002), and
despite being driven by the same regulation, jurisdictions have arrived at diﬀerent
solutions.
A recent review of the eﬀects of disclosure of energy performance ratings on the price
of residential property examined the results of 27 studies across 14 mainly European
countries (Daly et al. 2019). It found that most of the studies reported a price
premium for dwellings with higher labelled performance. However, the review noted it
was diﬃcult to compare results between the studies, due to the range of economic
models and the variety of factors included in the models. The review also noted that
other desirable features found in homes with good energy eﬃciency might have
aﬀected the observed premiums but were not always captured in the economic models.
How well estimated energy use from energy performance calculations matches actual
household energy use has been an active ﬁeld of research for years. Although nomenclature varies often a ‘pre-bound’ eﬀect, where households in non-energy eﬃcient dwellings
use less energy than predicted and those in energy-eﬃcient dwellings use more than predicted, is found (Bartiaux et al. 2006; Kelly et al. 2012; Sunikka-Blank and Galvin 2012;
Galvin 2016). These gaps are attributed to two main causes. Occupant behaviour, where
occupants of energy-eﬃcient dwellings choose more comfortable conditions than
assumed in the modelling, and conversely those in less eﬃcient dwellings choose less
comfortable or healthy conditions in order to conserve energy costs (Kelly 2011;
Galvin 2016). The other cause is inaccurate modelling, where the less energy-eﬃcient
dwellings may have had low-cost modiﬁcations to make them more energy eﬃcient
that were not accounted for in the modelling; and conversely the more energy-eﬃcient
dwellings may have had some of the building work done in ineﬀective ways which
reduce the overall performance of the completed dwelling. There is also potentially an
eﬀect involving compounding of disadvantage, where those in the less eﬃcient dwellings
may be poorer and so less able to aﬀord energy (Cayla et al. 2011; Cayre et al. 2011).
Despite these problems dwellings rated as more eﬃcient generally use less energy than
those rated as less eﬃcient.
Reasons for energy certiﬁcation
There are two main rationales for energy certiﬁcation.
(1) To ensure that new dwellings are built to an appropriate minimum energy eﬃciency
standard. The ultimate goal of the standard may be one or more of: to reduce
required energy use by the occupants; to reduce energy infrastructure costs for the
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country; or to reduce carbon emissions. Currently, the minimum standard in New
Zealand is deﬁned in the Building Code, which only covers new construction. The
Code does not require thermal modelling if certain conditions are met. The conditions focus on the amount and locations of glazing, and minimum construction
R-values, which vary slightly by climate zone. However, the standard on which
the current building code is based is from 2009 (Standards New Zealand 2009).
Requirements are looser than those required in many similar countries, for instance,
dwellings in the coldest parts of New Zealand have minimum insulation requirements less than half of those required in Scotland (Standards New Zealand 2009;
Scottish Government 2019). For roofs, the construction R-value required in southern
New Zealand is 3.3, the equivalent in Scotland is 6.67; walls in southern New Zealand
2.0, in Scotland 4.55. However, a recent consultation document suggests that an
increase in minimums is being actively considered (Ministry of Business Innovation
& Employment 2021).
(2) To support a proper functioning of the housing market. Speciﬁcally, to allow people
considering buying or renting a building to more fully understand the way it is likely
to perform, and hence more accurately estimate the balance of costs between choosing it or another one with a diﬀerent rating. Currently, there is no formal way in New
Zealand for potential owners or renters to assess the thermal properties of a dwelling.
There currently is an information asymmetry between landlords and tenants, and to
a lesser extent between developers and buyers. A survey of landlords and tenants in
the Waikato found that tenants knew less about the energy eﬃciency of their dwelling than landlords did (Phillips 2012). This information asymmetry was also
expressed in other ways – speciﬁcally with landlords and tenants having diﬀerent
priorities for dwelling improvements. This can be a particular problem for migrants
unfamiliar with New Zealand housing (Teariki 2017). Energy certiﬁcation would
help rectify the information asymmetry between sellers and buyers, landlords and
tenants.
Once a dwelling energy certiﬁcate is developed there is the chance that the data will be
linked together and used in other ways, perhaps to estimate the overall eﬃciency of the
house stock; or as is occurring in the UK, to formally decide whether or not a property is
of good enough condition to be rentable (Department for Business Energy & Industrial
Strategy 2017). These goals have diﬀerent requirements for the accuracy of the modelling
and the basis of the comparison (Organ in press). For example, an averaging assumption
that saves modelling costs, but causes some misclassiﬁcation, has potentially small eﬀects
on the overall estimates of the quality of the building stock, but large eﬀects on an individual building owner or tenant, whose borderline property is misclassiﬁed as either
acceptable or unacceptable.
New Zealand dwellings
New Zealand’s houses have a history of being poorly insulated, and under-heated
(Howden-Chapman et al. 2009). Measured winter indoor temperatures (HowdenChapman et al. 2007; Howden-Chapman et al. 2008; Isaacs et al. 2010; Rangiwhetu
et al. 2017; Rangiwhetu et al. 2018) are often well under international recommendations
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(World Health Organization 2018); a nationwide survey of spot temperature measurements found a third of winter readings were colder than the recommended 18̊C (Stats
NZ 2020). Fuel poverty or energy insuﬃciency is a plausible factor in the country’s
high rates of excess winter deaths (Howden-Chapman et al. 2012).
Dwelling type
The dominant dwelling style in New Zealand has been stand-alone houses, typically
single-storey. Historically over 70% of dwellings have typically been built in this style
(Viggers et al. 2017). Even in 2020, despite an increase in townhouses, over half of the
total number of newly consented dwellings were still detached houses (Statistics New
Zealand 2020). This style has a large surface-area to volume ratio and therefore has
the potential to be thermally ineﬃcient.
Dwelling size
New Zealand, in common with comparable countries, had increasing large stand-alone
house sizes through the latter half of the twentieth century. Generally, stand-alone
house sizes are larger than either townhouse or apartments (Viggers et al. 2017).
However, the average size of a consented dwelling has decreased over the past 5 years
from 180 sqm to 157 sqm. Much of this decrease could result from a greater proportion
of the smaller dwelling types being consented rather than from a decrease in house size.
Houses were 71% of all dwellings consented in the year to June 2015, but only 59% in the
year to June 2020 (data from Statistics New Zealand 2020, own calculation).
Overseas rating schemes
There is a plethora of diﬀerent home energy rating schemes. These range from those
given legal status and required on sales and rental documents (such as the UK’s Standard
Assessment Procedure (SAP)) to voluntary schemes (such as the Home Energy Rating
Scheme (HERS) scheme in the USA). Voluntary schemes are often aimed at the better
performing end of the new dwelling market. The schemes can be focussed only on
energy use in the dwelling, or account for a variety of environmental considerations,
both inside and outside the dwelling (such as Japan’s Comprehensive Assessment
System for Built Environment Eﬃciency (CASBEE; JSBC 2014)).
Many countries, as part of their approval process for new dwellings, require some
form of energy modelling, in addition to any minimum requirements for the quality
of individual building elements. The form that this modelling takes varies between
countries. For instance, the NatHERS scheme used in many parts of Australia requires
thermally detailed modelling within diﬀerent zones of the modelled dwelling that
follow diﬀering heating/cooling paths (NatHERS 2013). Schemes are diﬃcult to directly
compare as many include diﬀerent assumptions – about which parts of a building will be
heated, how long the building will be heated for (both during the day and the length of
the heating season), the temperature to which it will be heated, and internal gains. These
assumptions are designed to make each scheme more relevant to the culture and location
in which it is embedded.
Typically, the annual heating (or heating and cooling) energy required to keep the
dwelling to the appropriate temperature is then transformed to take account of a
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measure of dwelling size. This transformation is the normalisation. The transformation
may be simply dividing the energy usage by the physical size of the dwelling or be a more
complicated operation. This ﬁnal, normalised, ﬁgure is compared with a cut-oﬀ value to
decide if the dwelling is suﬃciently eﬃcient to meet the requirements in the jurisdiction.
Two common methods of normalisation are through comparing the energy use calculated for a reference building and comparing the energy use per square metre of building
ﬂoorplan. Methods that use a reference building incorporate a set of standard features,
which typically include insulation levels and possibly glazing area, with a set of features
from the as-designed building, typically including the building area, into a hypothetical
reference building. Other features such as building shape can be part of either the standard feature set or as-designed feature set depending on how the system is implemented.
The expected energy use under standard conditions for both the as-designed building
and the hypothetical reference building are calculated and the overall rating is calculated
from the ratio of the expected energy use in the as-designed building to that of the reference building. Methods that compare the per square metre energy usage may use the
dwelling area as the normalisation factor, or may transform it before doing the normalisation. These normalisation methods are speciﬁcally designed to allow buildings of
diﬀerent size and conformation to be compared using a common measurement system.
The United Kingdom’s Standard Assessment Procedure (DECC 2014) has been developed by their government to assess the energy performance of dwellings. The procedure
(currently) gives four outputs – the energy cost score (SAP), the Fabric Energy Eﬃciency
(FEE – energy consumption per unit ﬂoor area), and two that are based on CO2 emissions and closely related but diﬀerently scaled: Environmental Impact (EI) and the
Dwelling CO2 Emission Rate (DER). The SAP energy cost rating is calculated by dividing
the estimated dwelling total energy cost by the sum of the dwelling ﬂoor area and an
additional 45 sqm, and then transforming to a 0–100 scale, which is then divided into
7 broad bands.
The HERS Index in the USA (Residential Energy Services Network Inc. 2013) considers the modelled energy use in the rated home, and that in a reference home of the
same size and shape with standard levels of insulation and glazing. It calculates the
ratio so that a score of 100 is the standard home, and lower numbers indicate better
performance.
The Nationwide House Energy Rating Scheme (NatHERS) in Australia, after considering detailed thermal modelling of the proposed dwelling normalises energy use per
square metre. It is then scaled by an explicit correction factor developed using reference
homes to allow buildings of diﬀerent sizes to be compared (Dong Chen 2012) tuned by
climate zone.
Occupancy considerations
The primary requirement of a dwelling is that it can safely and healthily house its occupants. There is substantial evidence that crowded dwellings can lead to worse health outcomes for the occupants (Baker et al. 2000; Oliver et al. 2017; Pelissari and Diaz-Quijano
2017) and diﬀerent methods of calculating crowding have been proposed (Goodyear et al.
2011; Goodyear and Fabian 2012). Therefore, there is face validity to using the maximum
number of people who could potentially appropriately occupy a dwelling healthily, based
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on the physical characteristics of the dwelling, as part of the calculation in the energy certiﬁcation process. These physical characteristics could include, among others: the
number of bedrooms; the number and location of bathrooms or toilets; and the potential
for repurposing living spaces for bedrooms. This would begin to link up two important
goals: housing that is healthy for the occupants to live in, and housing designed to use
aﬀordable, non-excessive amounts of energy.
Jurisdictions can also have rules about the number and relationships of the people
who may live in a dwelling. These rules occur in separate legislation to that about
energy modelling, and do not seem to typically be referred to by the developers
of the energy rules. For instance, in New Zealand occupancy rules occur in the
Housing Improvement Regulations from 1947 (Housing Improvement Regulations
1947), but the references to thermal modelling are in the Building Code (Building
Industry Authority 1992).
In New Zealand, the occupancy rules in the 1947 regulations do not specify a
maximum number of people who can sleep in a bedroom, but do specify both: (i) the
size of bedrooms required for a given number of adults to sleep; (ii) and the acceptable
age, sex, and relationship status of people who must share a bedroom. The rules also state
the number of people acceptably able to share a toilet (‘water closet or other form of
privy’), washbasins (‘lavatory basin’), or bathrooms in shared dwellings. For separate
dwellings sharing common facilities, there is a minimum requirement for one toilet
and one bathroom for every seven persons. For boarding houses, up to six residents
can share one toilet, up to 14 residents two toilets, and up to 24 residents three toilets.
Only one bathroom for every 10 persons is required.
These regulations are both diﬃcult to apply at a statistical level due to the need to
know the size of each bedroom (Goodyear et al. 2011), and seldom if ever applied
legally (Barton 2014). Goodyear et al. (2011) investigated a number of diﬀerent measures
of crowding to determine which might be both plausible to apply to New Zealand data
and culturally appropriate for New Zealand and found the Canadian National Occupancy Standard (CNOS) the best ﬁt. The CNOS criteria allow a maximum of two
people (depending on age, sex and relationship status) per bedroom.
Aim
This paper explores some possible consequences of diﬀerent formulations of an
energy certiﬁcation for New Zealand dwellings. This paper does not deal with the
technical details of energy estimation, including the assumptions made about the
composition and schedules of the household, the temperatures to which the dwelling
is heated, the conditions outside the dwelling, or the calculation methods used.
Instead, it focusses on the ways that dwellings are compared after the household
energy use has been modelled. ‘Normalisation’ is the term used for deﬁning this systematic comparison. Since normalisation methods can be chosen to value certain
aspects of dwelling design it is appropriate that we discuss what we value in dwellings, in order to determine which method(/s) of normalisation would be appropriate
for New Zealand to use if/when energy certiﬁcation becomes required. The main
purpose of this paper is to alert social scientists of the need to have this valuebased discussion.

KOTUITUI: NEW ZEALAND JOURNAL OF SOCIAL SCIENCES ONLINE

7

Method
The heat loss rate for a given temperature diﬀerence between indoors and outdoors was
calculated for a range of New Zealand predominantly stand-alone dwellings. This was
then divided by a house-speciﬁc equivalisation factor calculated by each of nine
diﬀerent methods. The relative rankings of each house were then examined.
Heat loss rate
A selection of house plans from New Zealand was assessed. A stratiﬁed random sampling
method was chosen in order to give a wide size range of both developers’ recent plans for
new houses and older State house plans that were designed primarily in the 1940s and
1950s (Viggers et al. 2017). It yielded 85 plans for analysis.
The area of each living room or bedroom, overall building area, and relevant heat
transfer areas were calculated. Additional information, such as the number and accessibility of bathrooms, whether living rooms were potentially suitable to be bedrooms,
and the presence of garages were noted. These data were combined with insulation
level data for diﬀerent building elements to calculate standard heat ﬂowrate to allow
the approximate heating eﬃciency of dwellings to be compared. The ﬂowrate was conceptualised as the amount of energy leaving the dwelling through the walls, windows,
ﬂoors, and ceilings divided by the temperature diﬀerence between indoors and outdoors, and expressed in units of Watts per Kelvin1 (W/K). Thus, a single heat loss
ﬂowrate was developed for each of the plans. The modelling done was simple – for
instance, it did not consider any issues to do with ventilation, airtightness or thermal
bridging; and assumed a constant internal temperature throughout the thermal
envelope.
Equivalisation methods
Nine diﬀerent equivalisation methods were considered, falling into two broad categories:
those based primarily on dwelling area, and those based on maximum acceptable
occupancy.
Four of the methods are largely based on dwelling area. Equation (1) shows direct
equivalisation by ﬂoor area. A method based on the UK SAP protocol is shown in
Equation (2), it is similar to direct equivalisation, but where the denominator is the
ﬂoor area of the dwelling plus 45 m2. A method based on the USA HERS protocol,
which calculates heat loss from a house of the same size and conformation, but with a
standard glazing ratio is shown in Equation (3). A method based on the Australian
NatHERS, which includes a consideration of both form (both through a standard
glazing ratio, and considering the heat loss from a house of the same area but square)
and size is shown in Equation (4).
HeatLoss
FloorArea

(1)

HeatLoss
FloorArea + 45

(2)

HeatLossNormDirect =
HeatLossNormUK =

8

H. E. VIGGERS ET AL.

HeatLossNormUS =
HeatLossNormAUS =

HeatLoss
QestLoss floorarea, std glazing

HeatLoss QestLoss200sqm, std glazing, square house
FloorArea QestLoss floorarea, std glazing, square house

(3)
(4)

Five methods based on potential occupancy are also considered. A maximum plausible
occupancy of the dwelling was calculated under diﬀerent scenarios, then the heat loss rate
from the dwelling was divided by the maximum plausible occupancy to get a heat loss per
plausible occupant; Equation (6) was used in these calculations.
HeatLossNormOccMethod =

HeatLoss
Maximum Plausible OccupancyOccMethod

(6)

The methods of calculating maximum plausible occupancy are:
.
.

.

.

.

‘Cultural aspirational’: 2 people in the largest bedroom, and one in every other room
identiﬁed as a bedroom.
‘CNOS’: The maximum plausible occupancy under the Canadian National Occupancy
Standard was operationalised in this work as a maximum of two people per bedroom
(or sleeping in a space labelled as a ‘study’ if it had suﬃcient window space, privacy
and ﬂoor area to be classiﬁed as a bedroom).
‘NZ1947’: the number allowed to sleep in every bedroom or study (if window space,
privacy and ﬂoor area allowed reclassiﬁcation as a bedroom) allowed under the 1947
regulations. These regulations do not specify a maximum number of people who can
be expected to sleep in a very large room.
CNOS/1947/toilets: the maximum (so either 1 or 2) under both the CNOS and
the 1947 regulations in each bedroom or study(if window space, privacy and
ﬂoor area allowed reclassiﬁcation as a bedroom) to a maximum of 7 per bathroom/toilet.
CNOS/1947/toilets/repurpose: allow one living room per dwelling, repurpose any in
excess as bedrooms (if window space, privacy and ﬂoor area allowed reclassiﬁcation
as a bedroom). Occupancy is the maximum (so either 1 or 2) under CNOS and the
1947 regulations in each bedroom, study or repurposed living room to a maximum
of 7 per bathroom/toilet.

Results
Figure 1 shows the heat loss rate graphed against the ﬂoor area of the sample of dwellings
evaluated. As is expected given the simple thermal modelling used, there is a strong
relationship between ﬂoor area and heat loss. Figures 2A–D (area-based normalisation)
and 3A–E (potential occupancy-based normalisation) show the same house sizes distributed across the x-axis, but diﬀerent deemed relative eﬃciency by the diﬀerent normalisation methods on the y-axis. As the y-axes are showing loss rates, the higher values on it
indicate a dwelling deemed less eﬃcient. Therefore, Figure 1 shows that without normalisation larger dwellings, as a whole, would be deemed less eﬃcient than smaller dwellings,
although diﬀerent designs can alter this somewhat.
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Figure 1. Absolute energy loss rate by dwelling area.

The graphs in Figure 2 show the same heat loss rates normalised by a variety of areabased methods. As the normalisation is based on the area the units of the y-axes are now
Watts/(Kelvin square-metre). Figure 2A uses a direct normalisation based solely on the
area – it clearly shows that using this method, smaller dwellings are deemed less eﬃcient
than larger ones. Figure 2B,C shows the UK and a USA method that appears largely areaneutral. Figure 2D shows that under the Australian method smaller dwellings are deemed
somewhat more eﬃcient than larger dwellings.

Figure 2. Normalisation based on area methods. A, Direct normalisation by area. B, Area-based normalisation – UK style. C, Reference building, area-based normalisation – US style. D, Form and Areabased normalisation – Australian style.
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Figure 3A–E shows that under most of the potential occupancy-based methods
larger houses are deemed less eﬃcient than smaller houses. As the normalisation is
based on potential occupancy, the units of the y-axes are now Watts per (Kelvin
potential-occupant). However, Figure 3C shows the eﬀect of normalising using just
the New Zealand 1947 regulations, which do not have a maximum number of occupants,
indicating that under these circumstances the larger dwellings can sometimes be
deemed eﬃcient.

Figure 3. Normalisation based on occupancy methods. A, Cultural Aspirational occupancy normalisation. B, Two per bedroom occupancy normalisation. C, NZ 1947 regulations occupancy normalisation.
D, Combination: NZ1947, 2 per bedroom and toilets occupancy normalisation. E, Combination:
NZ1947, 2 per bedroom, toilets and repurpose living space occupancy normalisation.
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The green points in Figures 2 and 3 show dwellings deemed to be in the ‘better’ half as
ranked by that normalisation method, and the blue points those deemed to be in the
‘worse’ half.
The dwellings were ranked by their normalised heat loss rates under each of the normalisation methods. The variability of the rankings is shown in Figure 4A–C. Figure 4A
is a boxplot showing the range of the ranks of each of the 85 dwellings, using each of the
ten diﬀerent methods of ranking, including the absolute energy loss. It shows the large
range that the rankings of individual plans had: – only 13% (11) of them had a range
of less than 43, or approximately half of the total range of the dataset, and 2% (3) had
a range of less than 28 or approximately a third of the total range of the dataset, none
had a range of less than 21 or a quarter of the total range of the dataset. It also shows
that of the 85 dwellings considered there is only one that features in the ‘better’ half of
the data under all the normalisation methods considered, and one that is always in the
‘worse’ half. Figure 4B shows the range of ranks from the four area-based methods, it
shows a still large, although a smaller range of ranks. With the area-based methods
67% of dwellings (57) had a range of less than half of the total range of the dataset,
41% (35) had a range of less than a third of the total range of the dataset, 33% (28)
had a range of less than a third of the total range of the dataset, only 6% (5) had a
range inside one-tenth of the total range of the dataset. Figure 4C shows the range of

Figure 4. Relative ranks of dwellings. A, Overall distribution of ranks. B, Distribution of ranks of areabased normalisations. C, Distribution of ranks of occupancy-based normalisations. D, Relationship
between area and occupancy ranks.
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ranks from the ﬁve occupancy-based methods; there is again substantial range in the
ranks. With the occupancy-based methods 71% (60) had a range of less than half of
the total range of the dataset, 38% (32) had a range of less than a third of the total
range of the dataset, and only 4% (3) had a range of less than one-tenth of the total
range of the dataset. Overall, there was considerable variability in the rankings of the
dwellings, and very few dwellings were consistently ranked similarly, or within onetenth of the dataset, across the normalisation methods.
Figure 4D shows the average occupancy rank (the diamonds in Figure 4C) against the
average area rank (the diamonds from Figure 4B). It shows that there was little relationship between the dwellings’ scores in terms of occupancy and area.

Discussion
Each table or graph above presents data for the same set of dwellings. The diﬀerence is in
the normalisation method – which aspects of dwellings are privileged and valued when
deciding to account for how much energy is required to keep them in a liveable condition.
This is inherently a values-based process. Any energy certiﬁcate introduced should be
designed to rate more highly (or at least be neutral toward) the behaviours and designs
that we most want to encourage, which may include adaptable non-excessive design.
A room denoted a bedroom on a plan does not need to be used as a bedroom by every
(or any) subsequently occupying household – but the household does have that option
without undertaking modiﬁcations. However, a space in a house that is without
privacy, or possibly ventilation and natural light, cannot legally be used as a bedroom.
Therefore, not all space is equivalent, and there is no need for a dwelling energy certiﬁcate to recognise them as equivalent.
Earlier work that used this same set of house plans (Viggers et al. 2016) showed that
potential dwelling occupancy did not increase linearly with dwelling size – larger dwellings often were not designed to sleep more people than smaller dwellings. The number of
potential occupancy behaviours considered here are fewer than considered previously by
Viggers and colleagues (Viggers et al. 2016), to avoid complexity, however the range of
behaviours considered is similar.
With the simple thermal modelling used, the absolute energy requirements of the
modelled dwellings increased in a strong linear relationship with the dwelling ﬂoor
area, with the largest dwellings using the most energy and thus being deemed less
eﬃcient. When equivalisation was directly by ﬂoor area the rating inverted this relationship, and smaller dwellings were deemed less eﬃcient. The British SAP and US HERS
based schemes both included a correction factor that largely reduced the eﬀect of dwelling size. The Australian scheme, which eﬀectively included correction factors for both
dwelling form and size, deemed smaller dwellings as slightly more eﬃcient than larger
dwellings.
Under most of the potential occupancy-based methods proposed here, smaller dwellings were, on average, deemed more eﬃcient. The exception was normalisation using just
the New Zealand 1947 regulations which do not have a maximum number of occupants
(Figure 3C). Although the method of considering crowding is in New Zealand law, the
idea that there is no maximum number of same-sex adults who wish to share a
bedroom is of doubtful cultural validity for most, if not all, the population.
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With climate change and resource depletion, there is a need to minimise the
resources needed for dwellings, both to build them and to run them. On this
basis, a dwelling energy certiﬁcation method should not automatically privilege
larger stand-alone dwellings. It may however be entirely appropriate for it to privilege attached, terraced, or apartment dwellings, which were not explicitly considered
in this work (although a few semi-detached dwellings are considered in the designs).
Indeed, a limitation of this work is that it considered predominantly stand-alone
houses, which are the predominant housing type in NZ. For any energy certiﬁcation
system to be useful in the future, it should be able to deal fairly with medium and
high-density dwellings as well to accommodate the more compact urban designs
necessary to reduce carbon emissions.
The two houses that were the most extreme in the number of normalisation methods
that they were deemed as eﬃcient under were surprisingly similar. They were three bedrooms, two bathrooms, one-storey dwellings with an open-plan living space. However,
the one that was not deemed as ‘best’ under any method was 40% larger than the one
that was deemed ‘best’ under every method and included an internal garage which
accounted for much of the ﬂoor-area diﬀerential. The strong volatility in the relative
rankings of the dwellings, and the lack of relationship between the average occupancy
rank and the average area rank emphasise the importance of the choice of normalisation
method in deﬁning what is deemed eﬃcient. If an energy eﬃciency requirement was
imposed on these dwellings of which only half could pass, only one would deﬁnitely
pass and one deﬁnitely fail – whether the other 83 passed or failed would be dependent
on which normalisation method had been chosen. Whether the ﬂoor area of a dwelling,
or the number of potential occupants who may be able to live there is more important is a
values issue that deserves wide discussion before New Zealand institutes any energy
certiﬁcation.
A limitation of the work is that the thermal modelling was very basic. Nevertheless, the
same method was used for all dwellings, so any systematic errors should be approximately evenly applied. However, the more complicated designs may have additional
issues with thermal bridges, which will not be fully captured in their comparison with
simple designs under this modelling. This would have the eﬀect of privileging the
more complicated designs, which tended to be larger. The ﬂoor areas (and wall areas)
of the dwellings have here been calculated as if any attached garages were inside the
thermal envelope of the dwelling, and part of the usable ﬂoor area of the dwelling.
The actual use made of garage spaces (and whether they are included in the thermal
envelope) will vary by designer and occupant, but this analysis required a consistent
rule to be applied, an analysis excluding garages was also conducted with similar
results (results not shown).
There is currently discussion promoted by government ministries around dwelling
energy eﬃciency, including a consultation document on transforming the operational
eﬃciency of buildings (Ministry of Business Innovation & Employment 2020a), which
included a suggested ﬁnal cap of 15 kWh/(m2.a) for electricity use for thermal performance for new buildings after an initial transition period. The consultation document did
not describe the proposed cap in any detail. However, it is safe to say that unless a dimensionless area-correction factor is included, the net eﬀect for residential dwellings will
likely be to privilege larger buildings. From the perspective of energy eﬃciency, such
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privileging would be counter-productive due to the larger absolute amount of operational energy (Clune et al. 2012) and embedded energy required for larger buildings
(Ministry of Business Innovation & Employment 2020b). The consultation by MBIE
on the whole of life carbon emissions also discussed the need for building to be of appropriate size.
The overseas schemes examined here have all either an area-based or reference building method of normalisation. However, for dwellings – that are built to house people –
there is also an argument to normalise based on the use that can be made of the space
rather than the space itself. Previous work using this dataset found that large new dwellings designed by building franchises tended to have lower potential occupancy per square
metre than smaller dwellings (Viggers et al. 2016). The LEED system developed by the US
Green Building Council allows an increase in the maximum ﬂoor area /energy budget for
an increased number of bedrooms (US Green Building Council 2013). The number of
people that the facilities and spaces in a dwelling would allow to live there appropriately
(Telfar-Barnard et al. 2019) are another plausible basis for normalisation.
A suﬃciently warm home is essential for individual and social wellbeing – to inﬂuence
the available housing stock to deliver aﬀordably heated housing, we need a rating system
that favours dwellings able to be heated aﬀordably. Possibly the only advantage of New
Zealand delaying the introduction of dwelling energy certiﬁcation is that we can examine
the schemes in place in overseas jurisdictions to see the consequences – both intended
and otherwise – of their schemes. It is particularly relevant to examine the consequences
of Australian rules and regulations as we have many cultural, economic and regulatory
parallels, including a predominance of stand-alone dwellings, so regulation acceptable
there may also be acceptable here. NZ has the ability to actively choose the best
method, rather than falling into a default option.
The exact form that energy certiﬁcate for New Zealand dwellings might take should
become an open issue for discussion to ensure that an appropriate balance between
cost and suitability is chosen. We oﬀer the following ideas as a springboard for this
debate. The thermal modelling involved could be aligned with the Building for
Climate Change programme (Ministry of Business Innovation & Employment 2020a).
Such modelling would specify that the dwelling meets at least the World Health Organisation recommendations for indoor temperature. The modelling could be designed to
give intermediate outputs of energy requirements at diﬀerent times of day and year,
which could then be multiplied by speciﬁc factors updated annually to reﬂect the way
that ratios of costs and emissions from diﬀerent energy sources change. This annual
costs update process would ensure that the ﬁnal outputs remain suitably aligned to
New Zealand’s electricity generation mix, which changes over time, and allow updated
certiﬁcates to be reissued periodically without requiring the thermal modelling to be
repeated (unless the dwelling conﬁguration changed). We suggest that the ﬁnal publicfacing certiﬁcate include the total amount of energy estimated to be required to condition
the dwelling to the standard temperature regimen, along with ﬁve related ﬁgures: an estimated annual cost of conditioning the dwelling to that regimen; the estimated total
annual CO2 emissions generated by conditioning the dwelling to that regimen; the
total amount of energy required for conditioning to the regimen per potential occupant;
the total amount of external energy required to condition to that regimen per adjusted
square metre (using the Australian method of adjusting for both dwelling size and
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form), and a dwelling surface area averaged construction R-value. The number of potential inhabitants could be determined by assuming 2 people per bedroom over 10 sqm, and
1 person per bedroom between 6 and 10 sqm, along with 1 living room and habitable
rooms deﬁned as per the 1947 regulations. The ﬁrst three ﬁgures describe the estimated
absolute costs in energy, dollars and emissions of using the dwelling and would make
explicit the increased costs of larger dwellings to potential occupants; the second two
are more relative measures that allow ranking of dwellings of diﬀerent sizes and
shapes; the ﬁnal ﬁgure describes the overall eﬃciency of the dwelling envelope materials.
The ﬁnal three ﬁgures, either individually or in combination could have cut-oﬀ values
below which eﬃciency dwellings could not receive building consent. Reporting on this
suite of ﬁgures would both provide people looking for a home much more information
on the energy performance of the dwelling than they currently have, and encourage
developers to design and build dwellings that truly are energy eﬃcient.

Conclusion
Choosing a rating method means choosing what to value. The format of the equivalisation
method has a strong eﬀect on the rated relative eﬃciency of dwellings. As these methods
are intended, at least partially, to give guidance at the design stage about potential energy,
running cost, and CO2 emission saving improvements, the methods should not be ‘size
neutral’ but should reﬂect the extra resource requirements of a larger dwelling.
Of the methods tested in this work, the area-based method from Australia which
explicitly took account of both dwelling form and dwelling size, which weakly privileged
smaller dwellings, appears a potential contender. Of the occupancy-based methods a
variant of the CNOS criteria, which explicitly allows for appropriate living spaces to
be reclassiﬁed as bedrooms for the purpose of the calculation, would also encourage
adaptable non-excessive design.
New Zealand should explicitly choose a design for our energy certiﬁcation that
rewards the behaviours and designs that support energy and resource eﬃciency. This
should include an adaptable modest design.

Note
1. The ‘Kelvin’ is a unit of temperature commonly used in scientiﬁc analysis.
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