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Abstract This research examines some of the mul-
tiple benefits of a home energy efficiency upgrade
programme for social housing tenants. Employing
a quasi-experimental approach, we examine a range
of objectively measured and self-reported outcomes,
including metered gas consumption, for a control
and upgrade group, before and after the upgrade.
We drew our sample from a large home energy effi-
ciency programme in Ireland, The SEAI Better Energy
Communities Scheme, which provides funding for
whole communities to upgrade the efficiency of
their dwellings. Dwellings were selected for upgrade
based on need, allowing us to control for observ-
able dwelling characteristics correlated with selection
into the trial. The upgrades undertaken were exten-
sive relative to the average home energy improvement,
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with many dwellings receiving a number of measures.
Households reported improvements across a range of
outcomes associated with heating-related deprivation
and comfort in the home. We use panel regression
models to estimate the elasticity of gas demand with
respect to the thermal efficiency of the dwellings.
Overall, we find that use of natural gas fell much less
than 1:1 for each increment to thermal efficiency of
the home. For the average household in this study,
about one third of the marginal increase in ther-
mal efficiency was reflected in reduced gas demand.
This result highlights issues with standard engineering
models which are commonly used to assess the energy
efficiency of dwellings and points to a behavioural
response from households, potentially taking back
some of the savings as increased internal temperatures.

Keywords Home energy upgrades ·
Rebound effect · Fuel poverty

Introduction

Many governments subsidise residential energy effi-
ciency upgrades for vulnerable households. The objec-
tives motivating these policies include helping reduce
carbon emissions from domestic heating, improving
public health and assisting segments of the population
that suffer from poverty and deprivation.

Although some efficiency upgrade schemes are
focused mainly on a single objective, often to do
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with supporting climate policy or reducing energy
use, domestic energy efficiency has multiple bene-
fits that should be considered together (Ryan and
Campbell 2012). Some benefits accrue directly to sup-
ported households, such as lower bills, added thermal
comfort and improved health and well-being. Other
benefits have a broader economic and social foot-
print, such as decarbonisation and long-term savings
in public expenditures. Understanding how an upgrade
scheme performs across multiple benefit categories
can help authorities design schemes that maximise
societal welfare and better anticipate how scheme
benefits will vary across different groups within the
population.

For example, households that receive energy effi-
ciency upgrades make choices that affect the distribu-
tion of benefits between climate policy and poverty
alleviation goals (i.e. reduction in energy use and bills)
and improving health and well-being (i.e. increas-
ing thermal comfort). Put simply, a household that
receives an efficiency upgrade may save money and
reduce carbon emissions, or it may take advantage of
the lower marginal cost of energy services by consum-
ing more energy and becoming more comfortable and
perhaps healthier. The latter response is one element
of the “rebound effect” or “shortfall” described in the
energy policy literature, which we discuss further in
the next section.

Both energy-saving and comfort-increasing
responses could be welfare-improving if market
failures had previously led to sub-optimal levels
of investment in efficiency, so mixtures of both
responses (probably typical in practice) may also
yield net welfare gains. However, policymakers also
care about how the benefits are shared among policy
objectives. This is most obvious in the case of climate
policy, where interim goals often take the form of
target levels of abatement for a set of jurisdictions,
sectors or activities. If a measure like upgrades for
social housing delivers smaller reductions than antic-
ipated, additional measures will need to be taken to
compensate if overall targets are to be met.

In this paper, we examine some of the multi-
ple benefits from funding energy efficiency upgrades
to social housing. We contribute to both the aca-
demic and policy literature by focusing on a wider
range of outcomes than is traditionally examined by
such evaluations. Much previous research in this area
focuses on fuel consumption; we examine this and

a range of other self-reported measures relating to
fuel poverty and dwelling condition. We also provide
important evidence on the persistence of household
consumption of inefficient solid fuel, despite receiving
heating system upgrades. Further, we add to the grow-
ing body of evidence on the shortfall between engi-
neering model predictions and the observed reality.
Our results are very much in line with other research in
this area (Fowlie et al. 2015; Aydin et al. 2017). This
is important as many policy evaluations still use ex
ante predictions rather than ex post observations when
evaluating energy efficiency programmes.

The effects of efficiency upgrades on social hous-
ing tenants are important to understand both because
of the socioeconomic status of this group and because
their economic behaviour is likely to differ from
households in general. The primary function of social
housing is to provide accommodation that is afford-
able to people on low incomes. This is provided
either by the state or by charities and non-profit
organisations. The socio-economic characteristics of
social housing residents, who rent rather than owning
dwellings and receive relatively low incomes, mean
they are less likely to invest in energy-saving measures
than the general population. Improving the thermal
efficiency and reducing carbon emissions of such res-
idences are likely to require some intervention by the
state. Such interventions may be more economically
efficient than those targeting the general population,
as social housing residents do not generally invest in
dwelling upgrades in the absence of intervention.

Access to social housing is usually means tested, so
these households are likely to suffer from high rates of
poverty and deprivation, as well as family structures
associated with socioeconomic vulnerability such as
single parenthood or job tenures such as unemploy-
ment. To the extent that they lead to lower energy bills,
upgrades may help advance anti-poverty and related
distributional objectives.1

Groups that might be particularly vulnerable to
temperature-related health problems, including the
elderly, the very young and people with disabilities
(World Health Organization 1987; Liddell and Mor-
ris 2010), also tend to be concentrated among social
housing tenants. In some jurisdictions, public health

1In 2011, 9% of private dwellings in Ireland were rented from a
local authority or voluntary body (CSO 2011).
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objectives are identified as an important reason for
supporting dwelling upgrades.

To carry out the study, we have collected micro-
data from a sample of social housing tenants in
Ireland. In addition to the households who received
upgrades, information was collected on a control sam-
ple of similar households whose dwellings were not
upgraded during the period. We focus on three main
questions. First, taking the sub-sample of gas-using
households, we estimate regression models to mea-
sure how gas demand responded to varying levels of
thermal efficiency upgrades. This yields an estimate
of the shortfall associated with upgrades for social
welfare tenants. While the data do not allow us to
directly explore how residents used the savings from
upgrades (less spending vs. more comfort), the second
part of our analysis uses some survey evidence from
upgraded households to consider the possible channels
of response. Third, we construct a simple difference in
differences model to find out whether the upgrades led
to significant improvements in subjective fuel poverty
indicators or aspects of dwelling quality.

Importantly, dwellings were selected for the
upgrades on the basis of need. Households did not
self-select into the trial. The occupants of upgraded
dwellings were very similar to the occupants of
dwellings not upgraded. The differences between
these groups are observable and related to the char-
acteristics of their dwellings, primarily thermal effi-
ciency. This allows us to control for these differences
in our econometric models. We also use fixed effects
panel estimations giving us further robustness against
any unobserved heterogeneity among households.

Overall, we find that use of natural gas fell much
less than 1:1 for each increment to thermal efficiency
of the home. For the average household in this study,
about one third of the marginal increase in ther-
mal efficiency was reflected in reduced gas demand.
This result points to a behavioural response from
households, potentially taking back some of the sav-
ings as increased internal temperatures. Households
that received upgrades reported significantly bigger
declines in a measure of fuel poverty and a ques-
tion on problems with draughts than the control group
did. However, although there were improvements over
time in other measures of fuel poverty and housing
quality, the difference between groups on these dimen-
sions was not statistically significant. Among house-
holds that were upgraded, respondents were broadly

satisfied with the upgrades, agreed that their homes
felt warmer, agreed that their homes were now more
pleasant places to spend time in, and did not find the
upgrade overly disruptive or more difficult to operate.

The rest of the paper is organised as follows: the
“Related research” section details other research which
relates to home energy efficiency improvements and the
rebound effect, with a particular focus on socially vulner-
able groups. The “Methodology and data” section con-
tains a discussion of the data available and the
econometric modelling approach used in this paper.
This is followed by the discussion of the results
in the “Results” section, while the “Conclusions”
section draws some final remarks and policy implica-
tions from this research.

Related research

Researchers have devoted considerable attention to
defining and measuring rebound effects, which Sorrell
et al. (2009) define as “any increase in energy service
consumption [that] will reduce the ‘energy savings’
achieved by the energy efficiency upgrade”. Three
overlapping concepts of rebound effects are high-
lighted, including shortfall (the difference between
predicted energy savings from engineering models
and actual savings), temperature take-back (the reduc-
tion in energy savings associated with change in
mean internal temperature after energy retrofit) and
behavioural change (reduction in estimated energy
savings associated with the change in heating controls
or other user-related behaviour).

Empirical estimates of rebound vary widely, partly
because authors may be focusing on different mecha-
nisms orways ofmeasuring the effects, but also because
the strength of the effect may depend upon the socioe-
conomic and policy context. For example, Sorrell et al.
(2009) cite nine econometric studies and 12 quasi-
experimental studies of rebound in household heating
and found that while average long run direct rebound
effects are probably lower than 30%, individual stud-
ies report effects ranging from 0 to 100%.

Similar results are set out in Sanders and Phillip-
son (2006), who also survey a set of energy efficiency
studies and highlight the confusion surrounding the
definition of “rebound effect” and the common dis-
crepancy between predicted energy savings (from
engineering-based models) and actual energy savings.
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They find a typical shortfall (which they term the
“reduction factor”) of about 50% between the pre-
dicted savings and actual savings, with the comfort
factor (the portion of the reduction factor associated
with temperature take-back) roughly 15% of the entire
reduction factor. In an evaluation of the UK Warm
Front scheme, Hong et al. (2006) find similar results,
as do Dowson et al. (2012) who suggest the reasons
for the energy efficiency upgrades being only half as
effective as anticipated “due to a lack of monitor-
ing, poor quality installation and the increased use of
heating following refurbishment”.

Some more recent randomised controlled trials
(RCTs) in the USA and Netherlands also highlight the
discrepancy between predicted and actual energy sav-
ings. In a large-scale evaluation of a weatherisation
programme for low-income households in the USA,
Fowlie et al. (2015) find that predicted savings are
2.5 times greater than actual savings, and fail to find
evidence that this is due to increased internal tem-
peratures. Other research examines the elasticity of
energy consumption relative to predictions and finds
an average rebound effect of 26.7% with substan-
tial heterogeneity (Aydin et al. 2017). The effect is
as much as 49% in the lower income groups, and
considerably lower in the upper quartiles.

This result is consistent with that of previous
research. Milne and Boardman (2000) review 13 stud-
ies which examined fuel consumption before and after
energy efficiency upgrades for homes designated as
being in fuel poverty. They find a comfort factor of
30-50%. They also show that the comfort factor is a
function of mean internal temperature and that houses
with lower initial mean internal temperature (often
those with lower incomes) are more likely to have
higher comfort factors. This finding is consistent with
the idea that households seek to achieve a target profile
of internal temperatures and that as temperatures move
towards this profile, the comfort factor for additional
upgrades decreases. If this is so, households who have
difficulty paying their heating bills may behave differ-
ently from those without income constraints that bind
as tightly and may have very different rebound effects
from the average household. Milne and Boardman
(2000) find that for low-income households, the lower
average internal temperatures result in up to half of
the predicted energy saving being achieved, with the
other half devoted to increased comfort in the house.
Other research shows that rebound is inversely related

to household income in Australia (Murray 2013) and
the USA (Thomas and Azevedo 2013).

Some studies have even suggested that rebound
can be larger than 100%, i.e. some types of house-
holds use more energy after an efficiency upgrade than
before. In an RCT, Heyman et al. (2011) find that
treated homes (who receive a retrofit 1 year before
the control group) tend to increase their energy con-
sumption. However, the authors acknowledge that the
results may have been subject to bias due to sam-
ple attrition over the 4-year period of surveying. The
research period involved four surveys over 4 years,
with upgrades in either the third (treatment) or the
fourth (control) year. Ultimately, Heyman et al. (2011)
favour retrofit programmes as they “generate modest
but long-lasting fuel efficiency gains which translate
into increased room temperatures rather than financial
savings, a sign of the importance which people with
limited resources place on staying warm”. Hong et al.
(2006) also find that households can increase their fuel
consumption after an upgrade.

Looking specifically at Ireland, Scheer et al. (2013)
study effects of energy efficiency upgrades on house-
hold gas consumption. Using billing data from 210
households that self-selected into a co-funded energy
efficiency subsidy scheme, they find a shortfall
of approximately 36%, estimated as the difference
between the predicted engineering model-based con-
sumption change and the actual change. Respondents
also reported other benefits of the energy efficiency
upgrade, ranging from improved well-being and home
comfort to an increase in the perceived value of their
home. The authors acknowledge that selection bias is
a potential problem when using data from an upgrade
programme in which beneficiaries have to opt in and
were required to contribute to the cost of the energy
efficiency upgrade, so the results are not necessarily
representative of the national population.

As noted earlier, upgrading domestic energy effi-
ciency offers many household-level benefits including
health promotion and poverty alleviation, as well as
broader macroeconomic benefits. It is beyond the
scope of this research to provide a detailed literature
review on these related topics but for the interested
reader, useful starting points include Wilkinson et al.
(2009) and Hamilton et al. (2015) on health, Hills
(2012) and Watson and Maitre (2015) on fuel poverty
and Ryan and Campbell (2012) for a survey of multi-
ple benefits more broadly.
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Methodology and data

Research design

Background

In 2014 Respond! Housing Association received
approval from Sustainable Energy Authority of Ire-
land (SEAI) to undertake home energy improvements
in a number of its housing estates throughout Ireland.
These estates are owned and managed by Respond!
who provide rental accommodation for their residents.
SEAI allocated support on the basis of an applica-
tion made by Respond! Dwelling upgrades were then
co-funded by SEAI and Respond! residents were not
required to provide any additional funding towards
the cost of dwelling upgrades. These dwellings form
the population from which the sample for analysis is
drawn.

The SEAI Better Energy Communities Scheme
provides funding for community-based home energy
efficiency improvements. Community groups submit
a proposal to SEAI to upgrade their housing stock.
SEAI evaluate the bid and decide which dwellings to
upgrade. SEAI then co-fund the upgrade with the rel-
evant community group. This scheme was launched in
2013, and by 2016 had supported over 12,000 homes,
community, private and public buildings in receiving
energy efficiency upgrades.

Selection of upgrade and control group

Households did not self-select into the trial but were
chosen by Respond! and SEAI based on the char-
acteristics of the dwellings. Dwellings were identi-
fied by Respond! Housing Association as being in
need of energy efficiency improvements. As this is a
community-based programme, selection is not based
on an individual basis. Respond! decide to upgrade
dwellings on an estate-by-estate basis primarily based
on the age profile of the dwellings in a housing estate.
This happens on an annual basis as part of ongo-
ing management and refurbishment of their dwelling
stock. In the years prior to our analysis, Respond! typ-
ically achieved a success rate of 50–60% of dwellings
in their funding application to SEAI. In any pre-
vious year, this would have resulted in 40–50% of
dwellings being ear-marked for funding but not receiv-
ing it due to budget constraints. These dwellings could

potentially have formed a control group. In the year of
our trial, 100% of dwellings ear-marked for upgrades
received funding. This completely absorbed the pro-
posed control group and required the research team
to select a control group from other dwellings within
Respond’s stock. This group was chosen to be as
similar as possible to the upgrade group in all observ-
able characteristics, but were not due to receive an
upgrade that year. Detailed descriptive statistics com-
paring the upgrade and control groups is provided in
the supplementary material.

Timeline and focus of study

The research team undertook a pre-upgrade survey
on households in June–July 2014. Households were
asked a range of questions related to factors such
as family composition, income, self-reported fuel
poverty and heating-related problems. Houses in the
control group also completed surveys to allow before
and after comparisons between groups. As part of
the survey, the household manager/head of household
was asked to sign a data access agreement, allow-
ing the researchers access to their electricity and gas
consumption over a 3-year period. At the time of com-
pleting the survey, households in the upgrade group
would have known about the proposed upgrades in the
upcoming months.

The upgrades were completed over the following
autumn, and a post-upgrade survey was completed
in October–November of the following year.2 The
timeline for this project is displayed in Fig. 1.

As displayed in Table 1, the final sample contains
260 households who completed both waves of the sur-
vey, 164 of which received home energy efficiency
upgrades, 96 of which did not. This total sample
contains two subgroups: a group which consists of
210 households with signed electricity billing access
agreements; another group of 100 households who
provided signed gas billing access agreements.

The objective of this paper is to examine how
the upgrades affected home heating and other related
factors. Given this, the samples of interest are
the 260 homes who completed both surveys, and
the sub-sample of 100 homes with gas central

2We discuss in the “Results” section the implications of con-
ducting the pre- and post-upgrade surveys at different times of
the year.



Energy Efficiency

2015 

Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct 

Start collec�ng pre-upgrade consump�on 
data 

1/1/2013 

Start collec�ng post-upgrade consump�on 
data 

1/1/2015 

END 

12/31/2015 

Pre-upgrade Survey 6/1/2014 - 7/1/2014 

Post-upgrade Survey 10/1/2015 - 
11/30/2015 

Upgrades completed 
10/1/2014 - 12/31/2014 

2014 2013 

Fig. 1 Timeline of project

heating. The focus is on these households because
the upgrades are primarily related to heating, not
electricity consumption and metered gas provides an
objective outcome variable that can be measured pre-
and post-intervention. Information is also collected
on secondary fuel usage, but given that this data is
self-reported, we are much less confident about accu-
racy. The sample of dwellings for which we have
details of electricity use will be the focus of future
research.

Attrition does not vary systematically between the
treatment and control groups. However, given the
need to include as many dwellings as possible with
objectively measured energy consumption, the pro-
portion of treatment and control households in the
final gas sample is statistically different from the
initial proposed dwellings. Also, households who
left the study by definition did not sign agreements
allowing us access to their data; we cannot compare
their energy consumption with those remaining in the
study.

Data

As discussed in the previous section, respondents
in both the upgrade and control groups completed
pre- and post-upgrade surveys. Respondents also
signed a waiver allowing the authors access to
their gas and electricity consumption. ESB Networks
provided metered electricity consumption data and
Gas Networks Ireland provided metered gas con-
sumption data. Data on the dwellings, including
dwelling characteristics, location and information on
the type of upgrade and when they were completed,
were obtained from Respond! Housing Association.
Weather data was downloaded from The Irish Meteo-
rological Service, Met Eireann’s website.

Dependent variable: gas use

Our dependent variable is the metered gas demand
in each billing period, expressed as a daily average
given the number of days in the period. In most cases,

Table 1 Sample size and attrition

Number of households Proportion of total t-stat for diff

Total Upgrade Control Upgrade Control with initial

sample

Total proposed dwellings at outset 540 344 196 0.64 0.36

Number of households who completed first stage survey 405 263 142 0.65 0.35 0.35

Number of households who completed second stage survey 260 164 96 0.63 0.37 0.57

Number with signed electricity billing access agreements 210 125 85 0.60 0.40 0.86

Number with signed gas access agreements 100 52 48 0.52 0.48 0.99***

*** p < 0.01, ** p < 0.05, * p < 0.1



Energy Efficiency

the period covered was from January 2013–December
2015, a 3-year period (n = 65). In some cases, we
could only get access to a 2-year billing period, from
January 2014–December 2015 (n = 35). Also, some
houses had new gas boilers installed as a replacement
for their previous heating system (n = 8). For these
dwellings, we do not have consumption data prior to
their upgrade; however, we include them in the analy-
sis (yielding an unbalanced panel). The initial cleaning
and smoothing of the raw gas data are described in
the supplementary material to this paper, along with
details on the 6 households removed from the final
analysis. The composition of the final sample used in
the econometric analysis is described in Table 2.

Thermal efficiency of dwellings: BERpred

Our proxy for the thermal efficiency of each dwelling
in the sample is based on its building energy rating
(BER). Established by SEAI, this engineering-based
metric is based on a bottom-up model of factors affect-
ing energy efficiency. A BER must be carried out
by anyone wishing to sell or rent a property in Ire-
land, and BER inspectors are certified by SEAI. The
model predicts the average energy requirements of
each dwelling given its physical characteristics, and
these values are used to rate properties on a categori-
cal scale. The BER values relating to the residences in
this study were provided to us by Respond! Housing
Association.

We take the raw BER score, which is in units of
kilowatt-hour/square meter/year, and scale it to match
the units in our dependent variable by multiplying it
by the area of each dwelling, dividing by 365 (to con-
vert it to a daily basis) and multiplying it by ratio

Table 2 Final sample used in econometric analysis

Final sample Total Obs

3-year billing (59 households) 1062

2-year billing (35 households) 420

1482

Less omitted billing periods

Period 1 59

Period 7 94

Period 19 94

Less late installs 96

Sample used in analysis 1139

of heating degree days to the total number of days
in each billing period. This figure, which we refer
to as BERpred, is a proxy for the gas demand per
day expected in a given billing period for a particu-
lar residence assuming the residence uses only gas for
heating. If a residence received an efficiency upgrade
during the sample period, we reflected this by reduc-
ing BERpred accordingly. There was no other change
to BERs during the study period. One possible limita-
tion of the BER as a proxy for expected gas demand
is that efficiency upgrades may improve the efficiency
of electricity-using applications as well as gas-using
applications. If this is so, not all the effect of the
upgrade will translate to a savings in gas demand.

Figure 2 compares the BERpred values for our
sample to actual average consumption. Consumption
values are lower than predicted levels in almost all
cases. Moreover, the gap tends to widen at higher
level of predicted energy consumption (i.e. for lower
efficiency houses). Particularly given that these house-
holds are social housing tenants, it is likely that limited
income constrains energy consumption. Some house-
holds may not be able to afford to maintain the level of
thermal comfort assumed by engineering-based mod-
els, particularly those living in dwellings that are
inefficient and thus relatively expensive to heat. Use of
secondary fuels may also help explain the divergence
for some households.

Weather conditions

Daily weather data is taken from Met Eireann web-
site.3 Daily data was downloaded for a number of
weather stations located around the country. These
were then assigned to the nearest housing estate in our
data, using GIS software.

The variables we include are sunlight hours, rain-
fall (mm), windspeed (knots) and heating degree days.
Sunlight hours is a measure of the duration of sunshine
in a day. Daily rainfall is measured in millimetres; the
daily mean windspeed is measured in knots (equiva-
lent to 1.852 km/h). Heating degree day is calculated
from the average daily outside air temperature. It is
defined relative to a base temperature of 15.5 ◦C,
above which it is assumed a building needs no heating.
If the average daily temperature is 1◦ below this, it is
referred to as one heating degree day. Sunlight hours

3http://www.met.ie/climate/daily-data.asp.

http://www.met.ie/climate/daily-data.asp


Energy Efficiency

Fig. 2 Comparison of
predicted heating demand
based on each dwelling’s
BER (BERpred) with
average actual gas use per
day; results are included
both before and after
upgrades for households
that received them.
BERpred includes the
electricity used for lighting
and ventilation in addition
to the gas used for heating
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and rainfall are expressed as average values for each
billing period and heating degree days are expressed
as a ratio to the total number of days in the period.

Socioeconomic characteristics

Earlier in the paper, we noted that socioeconomic
characteristics can have a significant effect upon a
household’s energy use and response to energy effi-
ciency upgrades. To control for such effects, we
include a range of socioeconomic variables in our
models. In this sub-section, we list them and briefly
explain their expected effects on residential heating
demand.

Income should have a positive effect on energy
usage, as shown in previous research (Brounen et al.
2012). However, given the limited degree of cross-
sectional variation in income in our data, we may not
observe a statistically significant effect.

Older households have been found to spend a sig-
nificant proportion of their income on space heating,
and demand is also found to increase with age (Liao
and Chang 2002). In a large randomised controlled
gas smart-metering trial, Harold et al. (2015) find
that households with older chief economic support-
ers (CES) consume more gas and younger households
consume less relative to a reference category of 36
to 45 years. However, the magnitude and significance
of these effects are reduced once dwelling charac-
teristics relating to energy efficiency are included.

This reflects the propensity of older people to live
in lower quality dwellings, on average, than their
younger counterparts.

The number of occupants is positively correlated
with gas consumption (Harold et al. 2015); however,
scale economies have also been observed, and each
additional person decreases the per-capita consump-
tion by 26% (Brounen et al. 2012).

Only 15% of our total sample is in full-time
employment (18% for the gas sample). A large pro-
portion (61% of total, 57% of gas sample) describes
their employment status as unemployed, retired, suf-
fering from illness or disability or home duties. One
might expect these groups to use more energy, on
average, than others spending more time outside the
home. This also highlights the importance of being
able to heat the house properly for these vulnerable
groups.

Fuel Allowance is a cash payment under the Irish
National Fuel Scheme to help with the cost of home
heating during the winter months. It is paid to peo-
ple who are dependent on long-term social welfare
payments and who are unable to provide for their
own heating needs. Sixty percent of households in our
gas sample receive this benefit. It is unclear whether
receipt of this benefit will increase gas consumption.
On the one hand, it might enable income-constrained
households to more adequately heat their homes,
increasing consumption. On the other hand, these
households are likely to be more vulnerable to poverty
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and deprivation generally (Watson and Maitre 2015),
and additional cash may be used to meet other needs.

Table 10 in the Appendix presents descriptive
statistics on selected socioeconomic characteristics of
the chief economic supporter (CES) for each house-
hold. In most cases, it was necessary to aggregate
characteristics into larger cells when analysing the
data, because there were too few households in the
sample with particular individual characteristics. For
example, income and age categories are each aggre-
gated into two broader categories when we apply
regression analysis.

We compare our sample across gender, educa-
tion and income with the population of social hous-
ing inhabitants from the Central Statistics Office
(CSO) Household Budget Survey in Table 11 in the
Appendix. We observe a higher proportion of female
respondents in our sample; both groups have very sim-
ilar levels of education; levels of income are lower on
average in our sample, with a much higher propor-
tion earning e20,000 or less per annum. It must be
noted that the most recent HBS for which we could
obtain data was conducted in 2009/2010, our survey
was conducted in 2014.

Table 12 in the Appendix displays the results of
a binary regression model examining the probability
of being in the upgrade group for the gas dwellings.
These results indicate that male CES, meter-type and
the energy efficiency of the dwelling are significant
predictors of being in the upgrade group.

Our average family features between two and three
people with a chief economic supporter who is over
55 years of age, with a leaving certificate (upper sec-
ondary) level of education, and who is unemployed.

Dwelling characteristics

Structural dwelling characteristics have been found
to influence space heating demands more so than
factors related to occupancy and the socioeconomic
characteristics of inhabitants (Brounen et al. 2012).

Semi-detached homes account for 72% of
dwellings in our gas sample. The remainder is bunga-
lows, apartments and terraced homes. We aggregate
all other groups in the analysis and use semi-detached
as the reference category. Harold et al. (2015) found
that relative to households living in semi-detached
dwellings, those living in apartments used less gas,
while those in detached homes and bungalows used

Table 3 Upgrade received - Full sample

Frequency % Treatment

(n = 164)

Cavity wall insulation 151 92.07
Heating controls 132 80.49
Attic insulation 131 79.88
CFL lights 118 71.95
Replacement (oil or gas) boiler 69 42.07
New windows and doors 68 41.46
New gas boiler 40 24.39
New oil boiler 32 19.51
External wall insulation 3 1.83

more. We should expect consumption to increase
with the size of the dwelling. This is measured as the
number of rooms in each dwelling.

Many income-constrained households opt for a pre-
paid meter to help with managing energy bills. It is
possible that such households might ration their use
of home heating services differently from those on ex
post billing arrangements. In our gas sample, 37% of
households have pre-paid meters installed. We control
for meter type in our estimations in case the meter type
has an impact on gas consumption.

The typical dwelling type in our sample is a
three-bedroom semi-detached house with PVC win-
dows and three occupants (including the respondent).
Details on the dwellings can be found in Table 13 in
the Appendix.

The energy efficiency upgrades

Table 3 highlights the type of upgrades administered
and the percentage of the 164 treatment households
who received each upgrade. Cavity wall insulation
was themost common upgrade (92% of treatment house-
holds), with a vast majority of households also receiv-
ing a combination of heating controls, attic insulation
and CFL lightbulbs (80, 80 and 72% respectively).
Most dwellings had a new boiler installed and over
40% of houses had their windows and doors replaced.

Collins and Curtis (2016) found that most residents
who applied for a grant scheme in Ireland selected
either one (33% of sample) or two (63%) upgrade
measures.4 The upgrades undertaken in our study are,

4This research was conducted by analysing the SEAI Better
Energy Homes Scheme.
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Fig. 3 BER rating for gas
sample, control group and
upgrade group (pre- and
post-upgrade)

on average, much deeper than this. Over half of treat-
ment households receive five upgrade measures (55%
of treatment group). Most households receive multi-
ple energy efficiency upgrades, with the most common
combination being attic insulation, heat boiler, heating
controls, CFL light bulbs and cavity wall insulation
(23%).

Figure 3 displays the distribution of building energy
ratings (BERs) for the control and upgrade group with
metered gas data, both prior to and after the upgrade.
The control group was on average more energy effi-
cient prior to upgrade. The upgrades significantly
improved the energy efficiency of the dwellings, shift-
ing the distribution of BERs to the left of the control
group. A similar pattern is observed for the non-gas
dwellings. Details of which are in Appendix A.

Consumption of other fuels

This section focuses on the subset of gas-connected
households, who had a metered gas connection both
pre- and post-upgrade. In both surveys, respondents
were asked a number of questions relating to their
purchasing of solid and other liquid fuels, exclud-
ing metered gas. These questions enquired about the
quantity and costs of their most recent purchase, the
frequency of purchasing and the approximate amount
purchased in the past 12 calendar months. Table 4
illustrates the proportion of gas-connected households
consuming any non-zero amount of a range of other
fuels. It shows that households with metered gas are
consuming a range of other fuels, particularly coal.
This reduces somewhat after the upgrade but a certain
proportion continues to use other fuels along with gas.

From this table, it is difficult to determine the extent
to which households are using these other fuels as pri-
mary or secondary heating sources. Figure 4 displays
the self-reported annual spending on all other fuels
before and after the upgrade for dwellings with gas
boilers.

These data are likely subject to measurement error
as they are self-reported by households, but they give
a sense of the potential magnitude of expenditure on
other fuels. Many households reported spending a
significant proportion of their total annual fuel expen-
diture on other fuels.

A small number persist with heavy usage of other
fuels. This has implications for climate policy as it
suggests the effect of upgrades to more efficient gas
and oil boilers as a means of reducing emissions may
be less than expected if some households continue to
use coal and other solid fuels.

We create a dummy variable for those households
that report solid fuel expenditures pre and post to
control for the fact that their gas consumption will
not reflect their total fuel consumption. However,
this will still lead to a certain degree of error in
our models as it is difficult to determine the extent

Table 4 Self-reported usage of other fuels

Fuel type Pre-upgrade (%) Post-upgrade (%)

Oil 1 0

Coal 58 55

Wood 49 27

Peat 31 16

Gas cylinder 18 33
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to which households are substituting gas for other
fuels.

Analytical methods

To explore how energy efficiency upgrades affected
the households in our sample, we model the gas
use of the subset of households in our sample that
use natural gas using panel regression estimations.
Our main interest is in isolating the effect of our
energy efficiency proxy, BERpred, from confound-
ing factors. By using this measure, we can examine
treatment intensity, rather than a treatment binary
variable. This allows us to measure the elasticity
of actual energy consumption with respect to pre-
dicted. Because the data are longitudinal, we can
also include random or fixed effects to control for
household-specific effects that do not vary over time.
Seasonal factors not captured in our weather variables
are addressed using dummy variables for each billing
period. We estimate the average daily gas consump-
tion of each household in each period (Yit

Nt
) as a func-

tion of the predicted energy use of the dwelling given

its efficiency (BERpredit ), other dwelling characteris-
tics (Di), socioeconomic characteristics of household
members (Xi), weather (Wit ), and time dummy vari-
ables for each period (ρt ).

Yit

Nt

= f (BERpredit ; Di; Xi; Wit ; ρt ) (1)

An outcome of particular interest is how actual gas
consumption varies with respect to the predicted con-
sumption of the dwelling. Because our demand model
is linear, the elasticity of actual consumption with
respect to predicted consumption is calculated using
this formula:

E = ∂(Y )

∂(BERpred)

BERpred

Y
(2)

The ∂(Y )
∂(BERpred) term is the marginal effect of

BERpred on demand, equal to the regression coeffi-
cient on BERpred in our models. This is multiplied by
the ratio of mean BERpred to mean demand.

We include six two-monthly time dummy variables
to control for any unobserved seasonal trends not
picked up by the weather variables. These seasonal
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Table 5 Descriptive
statistics for continuous
variables (n = 1139)

Variable Mean Std. Dev. Min Max

Gas consumption per day, kWh, billing period avg 17.5 16.6 0 96.3

BERpred 44.8 14.1 7.21 79.2

Number of rooms 6.48 1.5 3 10

Number of occupants 2.94 1.58 1 7

Heating degree days/days in billing period 0.881 0.188 0.167 1

Sunshine hours per day, billing period avg 4.19 1.47 1.86 6.94

Rainfall in mm, billing period avg 2.68 1.09 1.10 6.00

dummies are also interacted with the BER variable,
allowing for possible seasonal variation in the elastic-
ity of actual consumption with respect to its predicted
value.

Further analysis is conducted on a range of self-
assessed outcomes, including the presence of housing
quality problems and a subjective indicator of fuel
poverty (going without heating or difficulty paying
utility bills).

Results

Econometric analysis of gas consumption

This section will provide insights from the reduced
sample of our data featuring 94 gas-connected
households who completed surveys before and after
the upgrade period. Occupants consented to the
researchers gaining access to their gas meter read-
ings. The billing data (mostly) covers a 3-year period
(January 2012–December 2015) before and after the
period of the home retrofit upgrade scheme.5

Descriptive statistics for all continuous variables
used in the following regressions are presented in
Table 5.

The upper panel of Fig. 5 displays the average con-
sumption for the upgrade and control group, over a
3-year period during which the upgrades were under-
taken. It would appear that the upgrade dwellings con-
sumed more gas on average than the control dwellings
prior to the upgrade, and that this difference was
reduced post-upgrade.

5We acknowledge the support of Gas Networks Ireland in ful-
filling our requests for gas and electricity data. For a detailed
overview of the data cleaning process, see the online supple-
mentary material.

The lower panel of Fig. 5 displays the average con-
sumption for those on pre-paid and those on post-paid
meters, for a 3-year period during which the upgrades
were undertaken. From examining the graph, there
does not appear to be much difference between the
groups.

Results from panel regressions

The results from a number of estimations are pre-
sented in Table 6. Model 1 is an OLS random
effects model that includes a set of socio-demographic
characteristics that did not change over the sample
period, as well as the energy efficiency proxy vari-
able BERpred, weather and time dummy variables.
This model is tested down to exclude collectively
insignificant variables (P = 0.43), and the resulting
parsimonious random effects model is shown as model
2. Model 3 includes only the time-varying controls
and is estimated using fixed effects. All the mod-
els are shown with robust standard errors, because
a likelihood ratio test indicated the presence of het-
eroscedasticity (P = 0.00).

As expected, there is a statistically significant posi-
tive association between BERpred, the predicted heat-
ing requirement based on the building energy rating,
and households’ actual gas use in each billing period.
This implies that households who received efficiency
upgrades tended to have lower gas use afterwards,
all other things equal. The interaction terms between
bimonthly time dummies and BERpred indicate that
the efficiency effect was much stronger than aver-
age in billing period 1 (January–February) and much
lower in period 5 (October–November). These vari-
ables may be picking up a lagged effect of upgrades
on behaviour, e.g. as upgrades tended to be done in
the autumn, it may have taken time for households to
readjust their use of heating services fully.
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Fig. 5 Bi-monthly gas consumption split by group

The numbers of heating degree days and other
weather variables are not significant after we include
time dummies and time interactions with BERpred.
Since BERpred takes into account the number of heat-
ing degree days in the billing period, the absence
of an independent effect of heating degree days on
gas demand is not surprising. Among the time dum-
mies, the ones denoting the third and fourth billing
periods of the year (July–October) indicate signifi-
cantly lower average demand compared to the sixth
(November/December). Households may be less sen-
sitive to weather parameters during the summer and
early autumn when adjusting their use of heating
systems .

Few socioeconomic controls are statistically signif-
icant. The sample used in this study has less variation
across these dimensions than the national population,
because social housing tenants are selected at least
in part on observable characteristics. Some variables

have the expected signs, e.g. number of rooms or
low-income status, so lack of statistical signifi-
cance may partly be due to the limited sample
size.

The positive marginal effect of thermal efficiency
is consistent across the three models. As tests of
robustness, we estimated a log-log version (logging
the dependent variable and BERpred), a version with
a three-period moving average of gas demand in
place of the smoothed gas demand series used in
the models above, and a variant of model 2 omit-
ting the interactions between BERpred and time
dummies. These checks yield similar estimates of
the BERpred relationship to the main models. The
Sargan-Hansen test (P = 0.003) suggests that the
fixed effects model (model 3) is preferred to random
effects.

Table 7 below shows the elasticity of demand with
respect to BERpred as estimated in the models we
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estimated. The elasticities resulting from these mod-
els imply that improving the thermal efficiency of an
average residence by 1 kWh reduced its gas use by
about 0.33 kWh, which implies a shortfall of about
0.67.

These elasticities are broadly in line with the inter-
national research discussed earlier; households on low
incomes should be expected to take some of the
benefits of improved energy efficiency in the form
of increased thermal comfort, with the remainder
feeding through into lower heating bills and carbon
emissions.

Energy affordability and self-reported heating
problems

In addition to improving the energy efficiency of
dwellings, one of the objectives of providing home
energy retrofits is to alleviate fuel poverty. We
assess this by comparing how responses by treat-
ment and control groups to certain questions change
after their dwellings have been upgraded. Results
from a difference-in-difference analysis are reported
in Table 8. We find a statistically significant reduction
in the mean number of treated households reporting
that they went without heating through lack of money.
Interestingly, both the treatment and control groups
reported an improvement in their ability to pay util-
ity bills. This may reflect more generally improved
economic circumstances over the course of the
trial.

Another aim of the upgrades was to improve
the quality of accommodation for tenants. In both
survey periods, respondents were asked to report
the presence of issues which might indicate an
inadequately heated home. Table 8 also displays
the change in a range of heating and dwelling
fabric related issues and how they vary across
groups.

Over the course of the study, the group that received
upgrades was significantly more likely to report a
reduction in problems with draughts than the control
group. For all issues, both groups reported significant
improvements over time, but the differences between
groups were not statistically significant for problems
other than draughts. The pre-upgrade survey was con-
ducted in June–July 2014 and the post-upgrade sur-
vey in October–November 2015. It is possible that
the timing difference exerted a common unobserved
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Table 7 Elasticity of gas
demand with respect to
BER-based predictions of
heating requirements
(BERpred) for a range of
specifications, evaluated
with all other variables at
means

Model Elasticity of gas demand

Model 1: Full model with random effects 0.36***

Model 2: Parsimonious, random effects 0.35***

Model 3: Fixed effects 0.33***

Model 4: Log-log, random effects 0.41***

Model 5: Moving average demand, random effects 0.43***

Model 6: Model 2 without BERper × time interactions 0.36****** p < 0.01, ** p < 0.05, *
p < 0.1

effect on both groups, as external weather condi-
tions would have been different between periods. It
is also possible that improved economic conditions
more generally allowed both groups to heat their home
more adequately in the post-upgrade period. Another
explanation is that we are witnessing a form of
“Hawthorne effect”, in which the responses of both
groups are altered because they are being studied
(Landsberger 1958). Another possibility is that there
was some “experimenter demand effect”, whereby
responses were altered to reflect the behaviour
that respondents thought was expected of them
(Orne 1962). This issue was raised with the hous-
ing association and they were not aware of any
other external factors which might have contributed
to it.

This observation highlights the importance of hav-
ing a control group in a study such as this, as
there may be unobserved general trends affecting
both groups that would otherwise be missed by the
researchers.

Occupant’s satisfaction with upgrade

The final section in the results focuses on house-
hold satisfaction and awareness of energy-related
issues after efficiency upgrades among the house-
holds whose dwellings were upgraded. The issues
explored relate to overall satisfaction, percep-
tion of warmth, improved awareness of energy
usage and behavioural change as a result of the
upgrade.

Table 8 Full sample—fuel poverty and heating problems

Before After

Control Treated Diff (T − C) Control Treated Diff (T − C) Diff-in-Diff

Fuel poverty

Unable to heat the home 0.255 0.39 0.135** 0.247 0.14 − 0.1* − 0.24***

Unable to pay utility bill 0.427 0.38 − 0.04 0.258 0.185 − 0.07 − 0.02

Building fabric

Draughts 0.673 0.799 0.125*** 0.51 0.427 − 0.08 − 0.2***

Steam windows 0.469 0.518 0.049 0.378 0.354 − 0.02 − 0.07

Wet walls 0.306 0.39 0.084 0.163 0.159 0 − 0.08

Mould on windows 0.418 0.451 0.033 0.214 0.232 0.017 − 0.01

Mould on walls 0.327 0.378 0.052 0.204 0.189 − 0.01 − 0.06

Mould on floor 0.143 0.183 0.04 0.071 0.049 −0.02 −0.06

Observations 98 164 98 164

Means and standard errors are estimated by linear regression. Standard errors are bootstrapped

***P < 0.01, **P < 0.05, *P < 0.1
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Fig. 6 Household’s satisfaction with upgrade

From Fig. 6, it is clear that households were broadly
satisfied with the upgrades, agreed that their homes
felt warmer, agreed that their homes were now more
pleasant places to spend time in, and did not find the
upgrade overly disruptive. Most respondents did not
find the new system more difficult to operate. The
level of disruption expected is widely cited as a fac-
tor which makes households less likely to engage in
retrofits (when they have a choice). Given that most
of these households received deep retrofits and many
were likely to be at home a lot, it is encouraging
that they did not generally find the upgrades to be
disruptive.

Awareness of energy use seems to have increased
following the upgrades, and most households agreed
that post-upgrade they heated more rooms when their
heating is on, but that they also used less heat due

to improved control. The answers to the other ques-
tions on behavioural change were less consistent
across the households surveyed. Households varied in
their responses to questions about whether they had
changed how often the heating is on, the time spent
in the home and the likelihood of going to bed due
to cold. Time spent in the home is likely to be signif-
icantly affected by socioeconomic factors other than
thermal comfort. Frequency of heating system use
may interact with other aspects of use, e.g. whether
one is heating a single room or using central heating.

Conclusions

The impact of energy efficiencyupgrades on social hous-
ing tenants remains an important topic for research
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because this group includes many vulnerable peo-
ple whose housing quality is directly amenable to
policy intervention. Studies of social housing ten-
ants also offer methodological advantages compared
with field experiments involving other groups, not
least because they give rise to less risk of self-
selection bias. Although there may be sample selec-
tion involved, it is more likely to be on the basis
of observable characteristics than would normally
be the case for programmes where participants
opt in.

In evaluating such programmes, it is important
to understand the full range of effects, not just on
energy use and carbon emissions but also on depri-
vation and other outcomes. While our main empirical
results focus on estimating shortfall in the effects
of efficiency measures on gas demand, we have
also been able to cast some light on how upgrades
affected fuel poverty, thermal comfort and general
satisfaction.

Focusing on the sub-sample of gas-using house-
holds, our econometric results support the findings in
international research that lower income households
exhibit relatively high levels of shortfall (a measure
of rebound) when their energy efficiency is upgraded.
This is likely accompanied by relatively high temper-
ature take-back, though we could not test this directly.
Our estimates are consistent with other international
work examining the rebound effect for lower income
groups, while higher than that found previously for
Ireland in Scheer et al. (2013), who examined a pro-
gramme giving grants to households that can afford
to make part of the investment themselves. There are
some caveats to our analysis. One is that we were not
able to measure use of secondary fuels as accurately
as natural gas consumption. Though many households
reduced their use of secondary fuels, self-reported pur-
chases of coal and other fuels were surprisingly high
in the sample. Another limitation is that we could not
directly assess the quality of thermal upgrades. How-
ever, since the co-funded upgrade scheme and Build-
ing Energy Rating system are subject to regulation
and an inspection regime run by the funding author-
ity, we have no reason to think that these upgrades
exhibited any significant level of quality problems.
A third caveat is that the proxy we use for thermal

efficiency is actually designed to measure energy effi-
ciency more generally. It is possible that some of the
shortfall we measure is due to improvements in effi-
ciency of electricity-using applications. Given that this
proxy is designed to also measure the electricity used
in lighting and ventilation, it is possible that by using
this measure, we systematically overstate gas con-
sumption. However, the bulk of the upgrade measures
taken in this case was aimed at improving thermal
efficiency.

An inverse relationship between rebound and
income might be taken to imply that environmen-
tal policy will be more effective when it is focused
on better-off households (e.g. Thomas and Azevedo
2013). However, this is true only in the narrow sense
that upgrades to such households will be more effec-
tive at reducing energy use and carbon emissions.
Total welfare gains from upgrades may well be as high
or higher for upgrades to low-income households,
depending upon one’s distributional preferences and
on the value of the benefits associated with higher
dwelling temperatures.

We observed a statistically significant improvement
in the self-reported proportion of households who
went without heating through lack of money—a sub-
jective indicator of fuel poverty. This improvement
stands in contrast to the experience of our control
group, who reported a lower level of difficulties but
did not see an improvement during the study period.
The broader ability to pay utility bills improved
for both the upgrade and control groups, possibly
reflecting more generally improved economic circum-
stances. A significant difference between upgrade and
control households was not noticed in this case.

Conditions seem to have been improving gener-
ally for the social housing tenants surveyed during
this period and several other indicators of depri-
vation or housing quality showed improvement for
both upgrade and control households, although the
changes were larger and more statistically significant
for upgraded households. These measures included
the incidence of mould and draughts. Along with
increasing indoor temperatures, reducing the severity
and prevalence of such issues has been linked to a
variety of improved health outcomes (Hamilton et al.
2015).
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Of particular interest is the heavy usage of solid
fuels in addition to gas central heating in our sub-
sample. Our households did not self-select into this
trial, and a certain reluctance to switch heating source
was noted by the housing association. This has clear
implications for carbon reduction in the domestic sec-
tor. Certainly, publicly funded home energy upgrade
programmes must take account of behavioural fac-
tors when upgrading heating systems, particularly if
there is persistence in fuel choice which can only be
partially alleviated by changing the central heating
system.

Unfortunately, we could not measure the health
effect of upgrades in this study, nor could we mon-
itor internal temperatures. Given our limited sample
size, we could not calculate the energy savings associ-
ated with certain measures, as others such as Adan and
Fuerst (2015) for example have done. These are limi-
tations of this work. Health effects tend to take more
time to emerge in a measurable way than the other
benefits of upgrades, which suggests that data collec-
tion may have to take place over a longer period to
measure them reliably. Another possibility is to track
in-home temperatures before and after upgrades, as
has been done in some studies internationally, and then
to infer likely health benefits from improved temper-
ature profiles. The falling cost of sensor technology
may make this a more practical proposition in future
studies.
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Appendix A: Energy efficiency of dwellings

A Building Energy Efficiency Rating (BER) is the
measure of the energy efficiency of dwellings used in
Ireland. This is an engineering-based metric, based on
a bottom-up model of factors affecting energy use for
space and hot water heating, ventilation, and lighting.
Each label A1–G corresponds to a predicted energy
demand of the dwelling, as displayed in Table 9.

Table 9 Irish building energy rating (BER) scale

Label Min Max

A1 0 25
A2 26 50
A3 51 75
B1 75 100
B2 101 125
B3 126 150
C1 151 175
C2 176 200
C3 201 225
D1 226 260
D2 261 300
E1 301 340
E2 341 380
F 381 450
G 451 –

Units are kWh/m2/year

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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Fig. 7 BER rating for all dwellings: control group and upgrade group (pre- and post-upgrade)

Appendix B: Socioeconomic data

Table 10 Socioeconomic characteristics—full and gas samples

% All % Control % Treatment % Gas—all % Gas—control % Gas—treatment

(n = 260) (n = 96) (n = 164) (n = 100) (n = 48) (n = 52)

Gender

Male 39 40 38 31 42 21
Female 61 60 62 69 58 79

Age

18–25 9 7 9 13 8 17

26–35 22 21 23 24 21 27

36–45 26 32 22 34 44 25

46–55 17 21 14 16 19 14

56+ 27 19 31 13 8 17

Refused/not answered 0 0 1 0 0 0

Education

No formal education 1 2 1 2 4 0

Primary 24 17 27 18 15 21

Lower secondary 24 21 25 20 23 17

Higher secondary 29 34 25 40 40 40

Third level 20 22 20 18 15 21

Refused/not answered 2 3 2 2 4 0
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Table 10 (continued)

% All % Control % Treatment % Gas—all % Gas—control % Gas—treatment

(n = 260) (n = 96) (n = 164) (n = 100) (n = 48) (n = 52)

Employment status

In further education 5 6 4 6 6 6

Full time employment 15 13 17 18 21 15

Part time employment 16 21 13 17 23 12

Unemployed 21 20 21 19 15 23

Home duties 12 15 11 24 21 27

Retired 18 16 20 7 6 8

Illness/disability 10 8 12 7 6 8

Other 2 1 2 2 2 2

Not answered 1 1 1 0 0 0

Household size

1 person 33 26 37 20 13 27

2–3 people 41 40 42 49 42 56

4–5 people 20 25 17 24 35 14

6+ people 6 9 4 7 11 4

Table 11 Socioeconomic
characteristics—
comparison with national
population of social housing
(09/10)

% All (n = 260) HBS percentage (09/10)

Gender

Male 39 68

Female 61 32

Education

No formal education 1 1

Primary 24 25

Lower secondary 24 26

Higher secondary 29 18

Third level 20 12

Other 2 0

Still in education – 10

Income

Under e1K per year 16 1

e10–19K per year 49 39

e20–29K per year 25 28

e30–40K per year 5 17

e40–50K per year 1 15

Don’t know 1 0

Refused 3 0

Comparison of sample with
population of social housing

Source: Central Statistics Office
(CSO) Household Budget
Survey 2009/2010
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Table 12 Logit estimation
on upgrade group (1/0) for
dwellings with gas central
heating

(1) (2)

logit upgrade

Variables upgrade group se

upgrade group

BERpredDD 0.172 0.0600***

number rooms − 0.649 0.534

dwelling type other than semi-detached 0.537 0.714

(first) metertype 1.615 0.649**

CES M − 1.353 0.562**

solid dum 0.432 0.556

CES AGE12 0.559 0.663

emp stat = 2, Unemployed 0.23 0.871

emp stat = 3, Other, inc. retired 0.683 0.725

INC12 0.541 0.739

Q17 A How many people occupy your household? − 0.232 0.284

group(Q22 A 1) 0.414 0.688

Constant − 6.152 2.009***

Observations 96

Appendix C: Additional dwelling data

Table 13 Dwelling characteristics—full sample and gas samples

% All % Control % Treatment % Gas—all % Gas—control % Gas—treatment

(n = 260) (n = 96) (n = 164) (n = 100) (n = 48) (n = 52)

House type

Apartment 22 12 27 5 2 8

Bungalow 6 3 7 4 2 6

Semi-detached house 52 43 57 72 58 85

Terraced house 18 34 8 19 38 2

Not answered 3 8 0 0 0 0

Number of bedrooms

1 15 8 18 2 0 4

2 17 17 18 18 15 21

3 61 58 63 72 71 73

4 4 8 1 8 15 2

Not answered 3 8 0 0 0 0

Heating control

None 37 18 48 12 0 23

Radiator thermostat 13 8 15 1 0 2

Time controlled multi zone 4 10 0 10 21 0

Time controlled single zone 44 55 37 77 79 75

Not answered 3 8 0 0 0 0
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Table 13 (continued)

% All % Control % Treatment % Gas—all % Gas—control % Gas—treatment

(n = 260) (n = 96) (n = 164) (n = 100) (n = 48) (n = 52)

Windows

PVC 29 45 19 53 83 25

Timber 65 47 75 47 17 75

Metal 4 0 6 0 0 0

Not answered 3 8 0 0 0 0

Appendix D: Questionnaire: Self-reported
heating problems

This section outlines some of the self-reported
heating-related questions participants were asked. Par-
ticipants were asked to answer “Yes” or “No” to the
following questions, in both pre-upgrade and post-
upgrade surveys.

Q: Have you ever had to go without heating during
the last 12 months through lack of money? (I mean
have you had to go without a fire on a cold day, or go
to bed to keep warm or light the fire late because of
lack of coal/fuel?)

Q: In the last 12 months, did it happen that
the household was unable to pay utility bills (heat-
ing, electricity, gas, refuse collection) for the main
dwelling on time, due to financial difficulties?

Q: Do you have a problemwith any of the following
in your home?

1. Steamed up windows
2. Steamed up/ wet walls
3. Mildew/rot/mould on window frames
4. Stains/rot/mould on walls or ceilings
5. Stains/rot/mould on floors, carpets or furniture
6. Draughts
7. Any other heating problems (please describe)
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