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Abstract 

The residential sector is one of the EU’s priority sectors where carbon mitigation needs to be 15 

realised. In this paper, we carry out a review of the effectiveness of individual policies or policy 

packages in terms of the uptake of these carbon mitigation measures and/or energy savings 

realised as a result. The focus lies on the existing residential building stock. The literature reviewed 

in this paper covers panel data studies, applied behavioural research, and situated approaches. 

Most of the reviewed quantitative studies find that financial incentives and subsidies have a 20 

positive impact on the probability of energy efficiency improvements being undertaken. However, 

when evaluating the energy efficiency improvements or CO2 reductions induced by the incentives 

and therefore their effectiveness, the presence of free riding turns out to be a problem. Energy 

and CO2 taxation should play a larger role in encouraging people to save energy and reduce CO2 

emissions, since the reviewed studies indicate that people are responsive to savings in energy 25 

costs and expected price increases in the future. The evidence on the relative impact of regulation 

vs. financial incentives is inconclusive. For information policies the quantitative evidence is still 

limited. The reviewed panel data studies find no or a negative impact. This finding however does 

not necessarily imply that information policies are useless, as panel data do not allow for a 
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detailed analysis of different types of informational approaches. Situated accounts provide further 30 

necessary qualitative findings on best practices for energy savings by households. 
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Abbreviations 

EU European Union 

GHG Greenhouse gas 

1 Introduction 40 

In the vision put forward in the 7th Environmental Action Plan for the EU [1], in 2050, “we live well 

within the planet’s ecological limits. [… ] our low-carbon growth has long been decoupled from 

resource use, setting the pace for a safe and sustainable global society.” By 2050 greenhouse gas 

(GHG) and air pollutant emissions should therefore be far below current levels. The target for GHG 

emissions is set at a reduction of 80 to 95 % compared to 1990 levels [2].  45 

The residential sector is one of the priority sectors where carbon mitigation needs to be realised. 

Carbon mitigation measures in the residential sector fall into the following categories: improving 

the energy efficiency of newly built residential buildings, renovating the building envelope of 

existing buildings (e.g. replacing window with high-efficiency glazing, installing cavity or roof 

insulation, etc.), improving heating, ventilation, cooling and domestic hot water installations 50 

(upgrading to more efficient installations or adopting renewable heating and/or cooling solutions), 

incorporating on-site renewable energy production (e.g. roof photovoltaic installations), installing 

more efficient household and lighting appliances, and/or changing behaviour in a more frugal 

direction.  

In this paper, we carry out a review of the effectiveness of individual policies or policy packages in 55 

terms of the uptake of these carbon mitigation measures and/or the energy savings realised as a 

result. The focus lies on the existing residential building stock. Policies are intended to strengthen 

the drivers for the uptake of carbon mitigation measures, offer solutions for the barriers and 

mitigate the negative influences.  A distinction can be made between different policy classes:  

• economic incentives: taxes, tax credits, grants or subsidies, etc.;  60 



• regulatory instruments: mandatory norms for the energy performance of buildings, 

energy efficiency regulations for heating and hot water systems, etc.;  

• institutional frameworks: for example, the institutional framework describing the 

rights and obligations of landlords and tenants; 

• information measures: including energy audits and assessments, energy efficiency 65 

labels, marketing and information campaigns, etc.  

The effectiveness of policies or policy packages will be different for different groups of households 

and home owners, as for each group quite different drivers and barriers may be at play. For the 

residential sector, one typically distinguishes between owner-occupied single-family homes, 

owner-occupied multi-family homes, and rental dwellings [3]. Owner-occupied single family 70 

homes are generally more likely to take up carbon mitigation measures as they are more involved 

in the choice and design of such measures and have fewer organisational barriers to consider (e.g. 

split incentives2, collective decision-making and financing). Given the prevalence of owner-

occupied dwellings (according to Eurostat [4], in 2015 about 70 % of dwellings in the EU were 

owner occupied), the paper focuses mainly on decision-making in this context. 75 

Our review paper mainly covers recent publications (both grey and peer-reviewed scientific 

literature) published since 2010 with the most recent studies considered dating from mid-2016, in 

the English language. The reader should note that while many relevant studies fall in this language 

category, the review is necessarily incomplete as publications in other languages were not 

considered. In the initial searches we used various search words such as the determinants of 80 

energy efficiency, renovations, heating systems, etc. and consulted journal databases (e.g. Science 

Direct) as well as more general search engines such as Google and Google Scholar. This was 

followed by both forward and backward snowballing. Afterwards, a selection of reports and 

papers was made, keeping in mind the general purposes of our analysis as well as our interest in 

quantitative evidence, reducing the long-list of studies from about 140 to those considered here. 85 

Research on household decision-making processes leading to the adoption of carbon mitigation 

measures is interdisciplinary, drawing on insights from economics, psychology and sociology [5]. 

For the purposes of the paper, the literature reviewed can be classified into one of the following 

                                                      

2 Such split incentives may arise, for example, when the owner and occupier of a house are not the same person. In 
that case the incentives for energy savings are not aligned between the two of them. When the landlords invest in 
energy efficiency, they will not personally benefit from those investments if the energy bill is paid by the tenants and 
the contract does not allow for an increase in the rent after the investment. This will lead to underinvestment in 
energy efficiency and is referred to in the literature as the landlord/tenant dilemma. 



categories: panel data studies, applied behavioural research3, and situated approaches (cf. Table 

1). Each of these disciplines starts from a different perspective on household decision-making.   90 

First of all, we consider the evidence that can be derived from panel data studies covering 

different countries for a period of time (Section 3). This approach is aggregate or macro-level in 

nature. It offers a broad overview of the extent to which residential energy use has been affected 

in the past by policies and other determinants, without considering exactly the causal chain 

affecting energy use or how households take their decisions. This is followed by the more micro-95 

level approach of applied behavioural research (Section 4) that considers the way in which policies 

or other determinants may influence the households’ decision-making process, based on revealed 

or stated preference data. In this case more specific energy efficiency measures, such as home 

insulation or the replacement of a heating system, are studied in addition to general indicators of 

energy efficiency. As summarised in Wilson et al. [6] for renovation decisions, applied behavioural 100 

research considers various decision influences: personality traits (e.g. attitudes and beliefs), 

contextual influences (e.g. socio-demographic characteristics of the household, property 

characteristics such as the age of the building, the number of rooms, etc.) and the attributes of 

energy renovations (e.g. the energy savings to be realised and the associated payback periods). 

These studies also take into account some commonly identified cross-cutting drivers (e.g. the 105 

desire to realise cost-savings whilst enhancing thermal comfort and indoor air quality) and barriers 

(e.g. the lack of available capital, the lack of upfront information, the uncertainty about energy 

savings, and the cognitive burden of making complex and irreversible decisions).  

A general critique of applied behavioural studies is that their set-up often focuses exclusively on 

the financial aspects of renovations at the expense of other relevant factors influencing the 110 

decision whether or not to adopt a carbon mitigation measure, which makes it more likely that 

these aspects will be found to have an impact [7]. It is also pointed out that renovation is a process 

rather than something which happens at one point in time and that decision-making by 

households cannot be reduced to decision-making by a single rational individual. These aspects 

are studied by so-called “situated accounts” informed by sociology. Situated accounts provide a 115 

rich description of household decision-making as a process, accounting for the symbolic meaning 

of homes, renovations as activities embedded in routines of daily life, and relationships (and 

tensions) within households [6]. In Section 5 we therefore complement the evidence from panel 

                                                      

3 In the terminology of Wilson et al. (2015, p. 12), applied behavioural research refers to “research concerned foremost 
with empirical findings on behaviour and decision-making, particularly in a domestic context, and with how these 
findings can be applied in policy or intervention design.”  



data studies and applied behavioural research with insights from situated accounts that suggest 

ways of reforming existing policies.  It should be noted however that because of the qualitative 120 

nature of the research outcomes from that literature, generalisations to other contexts are more 

difficult to make.  

While the quantitative household models mainly cover building envelope renovations and 

improvements in heating and hot water systems, Section 5 will also look more closely at 

qualitative evidence on behavioural changes. 125 

 

Table 1: Overview of perspectives on adoption of carbon mitigation measures in the residential 
sector  

Perspective Description Main disciplines Strengths Drawbacks 
Panel data studies Empirical analysis of 

the influence of 
energy prices or 
policies/policy 
packages on energy 
savings by a large set 
of households (e.g. 
at country level) 
over a substantial 
period of time 

Economics Formalised, 
statistically valid 
information on 
relative impact of 
different policy 
instruments on  
energy use 
indicators at country 
level  

Rough 
characterisation of 
policy instruments 
 
No insight in the 
actual decision-
process 

Applied behavioural 
research 

Formalises 
household decision-
making in 
quantitative models 
that capture 
motivations (drivers) 
and constraints 
(barriers) of certain 
decision outcomes  

Micro-economics 
(e.g. discrete choice 
experiments); social 
psychology (e.g. 
surveys); technology 
adoption research 

Formalised, 
statistically valid 
information on 
relative importance 
of different drivers 
and barriers of 
individual behaviour 

Conceives of 
household decision-
making as a rational 
activity, taking place 
at one point in time 
 
Possible biases 
introduced by the 
set-up of the stated 
preference surveys 

Situated approach Conceptualises 
household decisions 
as processes that 
emerge from the 
conditions of 
everyday domestic 
life 

Cultural studies; 
transition research 
(socio-technical 
systems approach); 
sociology (energy 
practices approach) 

Rich and detailed 
description of 
influences on 
household decision-
making processes 

Analyses often 
confined to specific 
cases or 
circumstances, 
making 
generalisation to 
other contexts 
difficult 

 

The literature reviewed in Sections 3 to 5 analyses the success or failure of policies/policy 130 

packages in terms of their ability to increase the uptake of carbon mitigation measures in the 

residential sector (mediated by household decisions). From a societal point of view, additional 

criteria have to be considered when judging success or failure. Financial incentives in the form of 

subsidies or (tax) rebates are frequently used to encourage people to adopt carbon mitigation 

measures. However, the use of those policy instruments poses specific challenges in terms of 135 



additionality (i.e. proving that the households profiting from the incentives would not have 

undertaken action in the absence of the incentive) and cost-effectiveness (i.e. proving that the 

societal cost of the policy instrument – expressed in euro/ton CO2 emission avoided – is not too 

high compared to the social costs of other measures). Relevant literature findings on those issues 

are discussed in Section 6.  Finally, Section 7 concludes and discusses the relevance of the findings 140 

for EU policy making. 

Before looking into the policies, Section 2 gives a short overview of the current situation in the EU.  

2 Current situation in EU 

2.1 Building stock 

In 2013, buildings accounted for 40 % of final energy consumption in the EU in total. Residential 145 

buildings accounted for a share of 27 % of final energy consumption. Average household energy 

consumption was 1.4 tonnes of oil equivalent (toe) per dwelling (or 184 kWh/m2) in 2013, with 

large differences between EU countries4, as illustrated in Figure 1 (for 2008). Thanks to the better 

performance of new buildings and appliances and the renovation of existing dwellings, EU energy 

consumption for residential space heating (measured per m2) has improved by on average 2.3 % 150 

per year since 2000. However, with the financial economic crisis the construction of new dwellings 

has slowed down since 2009, leading to a slower penetration of new dwellings built according to 

demanding energy performance standards [8].  

The energy performance of buildings depends on many factors, including the characteristics of the 

installed heating system and building envelope, climatic conditions, behaviour (e.g. the choice of 155 

the indoor temperature) and socio-economic conditions (e.g. fuel poverty) [9]. The largest energy 

saving potential can be realised in older buildings. Over 40 % of residential buildings in the EU 

were constructed before the 1960s, in a period with very limited building regulations with regard 

to energy performance. It should also be taken into account that in some cases buildings dating 

from the 1960s perform worse than those from earlier periods. According to the Buildings 160 

Performance Institute Europe (BPIE), deep renovation of EU buildings could cut 36 % of their 

energy consumption by 2030, thereby reducing EU energy import dependency, creating growth, 

innovation and employment, reducing fuel poverty and resulting in more comfortable and 

healthier buildings5. 

                                                      

4 See ENER 037 indicator of the EEA (Progress on Energy efficiency in Europe) http://www.eea.europa.eu/data-and-
maps/indicators/progress-on-energy-efficiency-in-europe-2/assessment-1  
5 http://bpie.eu/focus-areas/renovating-the-eu-building-stock/ 

http://www.eea.europa.eu/data-and-maps/indicators/progress-on-energy-efficiency-in-europe-2/assessment-1
http://www.eea.europa.eu/data-and-maps/indicators/progress-on-energy-efficiency-in-europe-2/assessment-1
http://bpie.eu/focus-areas/renovating-the-eu-building-stock/
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[insert Figure 1 here] 

Figure 1: Final energy consumption per m2 in residential sector (at normal climate) in 20086 

 

Source: Entranze, http://www.entranze.enerdata.eu/ 

2.2 Current EU policies and regulations on building performance 170 

EU legislation is a major driver in policies and measures implemented in the residential and service 

sector. The EU’s main legislative texts covering the energy efficiency of buildings are the 2010 

Energy Performance of Buildings Directive and the 2012 Energy Efficiency Directive.  

Under the Energy Performance of Buildings Directive (2010/31/EU) energy performance 

certificates have to be included in all advertisements for the sale or rental of buildings. All new 175 

buildings constructed after 31 December 2020 must adhere to nearly-zero energy building 

standards (public buildings by 31 December 2018). EU Member States must set up inspection 

schemes for heating and air conditioning systems. They must determine minimum energy 

performance requirements for new buildings, for the major renovation of buildings and for the 

replacement or retrofit of building elements. They also have to draw up lists of national financial 180 

measures to increase the energy efficiency of buildings. 

The Energy Performance of Buildings Directive has indeed resulted in strict regulations for new 

buildings in all EU Member States (nearly-zero energy buildings). In spite of the success of the 

Directive in the domain of new houses, the impact on existing houses and appliances is more 

limited.  185 

Under the Energy Efficiency Directive (2012/27/EU), each year EU countries must make energy 

efficient renovations to at least 3 % of buildings owned and occupied by central government; EU 

governments should only purchase buildings which are highly energy efficient; and EU countries 

must draw up long-term national building renovation strategies which can be included in their 

National Energy Efficiency Action Plans. 190 

The EU Member States are required to transpose the EU legislation into national policies. As will 

be discussed below, there is a great heterogeneity in the implementation of policy packages 

between the different Member States, both in terms of the absolute number of policies adopted 

                                                      

6 In order to produce indicators of energy consumption independently of year-to-year variations in winter severity, 
actual consumption for space heating is normalised to a normal winter (www.entranze.enerdata.eu) 



and in terms of policy type. In general, one can conclude that there is a predominance of financial, 

fiscal and regulatory measures [8]. 195 

3 Panel data evidence at country level 

A number of panel data studies at country level have tried to determine ex-post the impact of 

policies or policy packages on energy use in the residential sector. Examples of such studies for the 

EU are Bigano et al. [10], Filippini et al. [11], Ó Broin et al. [12][13] and Bertoldi & Mosconi [14]. 

While EU policies play the role of catalysts and harmonising devices, at national level there is still 200 

heterogeneity in policies, as illustrated in Figure 2 for four EU countries. Among these countries, 

Germany relies strongly on regulatory and financial measures, Finland has a strong focus on 

informational/motivational measures, Romania believes strongly in regulatory measures and the 

Netherlands mainly in financial measures. Explaining these differences lies outside the scope of 

this paper. A possible explanation may be that cultural differences, societal habits or differences in 205 

the economic context lead to a different preference for the various types of measures. Our paper 

can however give insights into how energy efficiency could be improved in the different countries 

by resorting to types of measures that have not yet been introduced in the past. 

 

Figure 2. Country-specific preferential energy efficiency policies for the residential sector 210 

Germany      Finland 

[insert figure “Germany”]     [insert figure “Finland”] 

 
Romania        the Netherlands 

[insert figure “Romania”]     [insert figure “the Netherlands”] 215 
 
Coop: Co-operative measures; Cros: Cross-cutting with sector-specific characteristics; Fina: financial; Fisc: 
Taxes/tariffs; Inf: Information/Education; Leg/Inf: Legislative/Informative; Leg/N: Legislative Normative 
Source: Odyssee-Mure, 2015, p. 54 
 220 

The panel data studies exploit the observed heterogeneity in policies in order to investigate how 

policies and energy prices – including energy taxes – have influenced energy efficiency, together 

with other determining factors such as household income, population, heating degree days, etc. 

Table 2 (in the annex) summarizes the main characteristics and results of the studies, focusing on 

residential energy use.  225 

All else being equal, higher energy prices are found to lead to lower energy demand, higher energy 

efficiency or lower carbon intensity for the residential sector. However, the elasticities imply an 

inelastic demand, meaning that an increase in the energy price leads to a less than proportional 

fall in energy demand or carbon intensity, or a much less than proportional increase in energy 



efficiency. As can be expected, the studies making a distinction between short- and long-term 230 

price elasticities find that in the long term the price sensitivity is higher, reflecting that people 

have more options to adapt in the longer term. Nevertheless, the long-run elasticities also point to 

an inelastic demand.  

In contrast to the energy prices, the policy information that is taken into account to assess the 

impact of policies and policy packages in the panel data studies is descriptive, following the 235 

categories in the MURE database7. This means that only a rough indication of the effectiveness of 

policies and policy packages can be given. Moreover, since no data on policies related to 

competition or market liberalisation are available, the impact of those policies has not been 

analysed while it could still be relevant. Not all studies consider that the impact of a policy may 

vary over time. Among the studies reviewed here, only Ó Broin et al. [12] and Bertoldi & Mosconi 240 

[14] allow for a delay in the impact of policies. The studies included in this review each 

characterise policies in a different way:  

• Bigano et al. [10] include a dummy for different policy types. They find that 

regulation has a positive impact on energy efficiency and carbon intensity of 

households. However, different types of regulation play a role in two different cases: 245 

energy intensity is affected mainly by mandatory standards for buildings and the 

regulation of heating and hot water systems, while carbon intensity is affected 

through “other” building regulations. Cross-cutting measures with sector-specific 

characteristics and financial measures are also found to have positive impact, as well 

as general energy efficiency and renewable energy programs (in the case of energy 250 

efficiency) and R&D policies (in the case of carbon intensity).  

• In Filippini et al. [11] the dummy variables reflect not only the presence but also the 

number of measures. In the model they choose as the most appropriate (the BC95M 

model), financial measures have the highest impact on estimated energy efficiency. 

The results are similar for the dummies that present up to 2 or more financial 255 

measures. Information measures, which contain labelling, surprisingly lead to a lower 

energy efficiency. The authors point to the rebound effect, associated with a more 

intensive use of energy-saving equipment, as a possible explanation. Among the 

regulatory measures, the performance standards of buildings, heating systems and 

appliances have a positive effect on energy efficiency, but less so than financial 260 

                                                      

7 http://www.measures-odyssee-mure.eu/ 



measures. The authors refer to the longer penetration time of the regulations as they 

apply to new buildings and appliances.  

• In the sectoral estimations of Bertoldi & Mosconi [14] the number of policy measures 

is used as one of the explanatory variables for residential energy demand. They 

include 576 measures in total that apply in the EU-28 countries and Norway, of which 265 

35 % can be termed fiscal/financial/tariffs. According to their estimations, an 

additional measure would lead to a reduction in residential energy demand of 0.19 % 

in the short run and 0.39 % in the long run. However, the authors make no distinction 

between different policy types. They calculate that in the absence of energy policies, 

residential energy consumption in the EU-28 plus Norway would have been 270 

approximately 10 % higher in 2013.  

• Finally, Ó Broin et al. [12] consider the factors determining space heating demand per 

square meter. To analyse the impact of policy measures, they consider three classes 

of policies, for which they take the sum of the policies with a grading scheme 

according to the estimated impact. They also consider policy lags of up to seven 275 

years, in order to analyse the dynamics of the policy effects. Regulatory policies are 

found to have an immediate impact from the first year of implementation onwards. 

One additional unit of regulation is found to reduce demand by 0.25 % in the year of 

introduction and by 0.33 % after 7 years. This class is found to have a consistent 

impact over the years. Financial policies only have a small impact in the year of 280 

introduction and require a number of years before having a significant impact. After 

7 years, one extra unit is expected to lead to a 0.15 % reduction in household energy 

demand. No statistically significant impact is found for information policies. 

Importantly, the authors also point out that because of disparities in the data, the 

difference in magnitudes between the instrument types may be more interesting 285 

than the magnitudes themselves. 

In the case of regulatory measures, the concern is sometimes raised that they may lead to 

counteractive side effects. For example, Itinera [15] points out that if the cost of new houses rises 

due to stricter energy efficiency regulations, the demand for existing houses increases. As a result, 

the prices of existing houses will rise, so households tend to have less money available to renovate 290 

the poor-performing buildings. Furthermore, the increased monetary value of existing buildings 

might impede buildings being demolished and rebuilt to stringent contemporary standards, and 

rather lead to an increased share of less performant partially renovated buildings. However, these 



aspects cannot be investigated by means of the panel data studies and require modelling of the 

housing market.  295 

All reviewed studies also consider other explanatory factors apart from the policy measures and 

energy prices such as income, population, heating degree days, climate, etc. For example, 

Madlener et al. [16] find a short- and long-run income elasticity of respectively 0.2 and nearly 1 for 

residential electricity demand, and respectively 0.44 and 0.94 for residential natural gas demand. 

Energy demand would therefore rise less than proportionally with income in the short run, while 300 

in the long run the relationship would be (almost) proportional. It should be noted however, that 

the study does not explicitly consider non-pricing policies, which could also be relevant. Some 

studies also include a trend variable capturing factors such as autonomous technological progress, 

policies, fuel switching or structural effects8. In Ó Broin et al. [12] the trend indicates a reduction in 

space heating energy demand per square meter of 1 % to 2 % per year. According to Ó Broin et al. 305 

[13], trend variables would account for a reduction of space heating demand of 0.5 % for Sweden 

and 0.7 % for the UK (also including energy demand for water heating in that study).   

4 Micro-level evidence of the choice determinants at household level 

Apart from panel data analysis at the country level, analysis at the household level also gives 

evidence of the impact of various determinants. In our discussion, we focus on a selection of 310 

recent studies in the field of applied behavioural research, adding to already published overviews, 

such as Achtnicht & Madlener [17]. Compared to that review, the studies reviewed here differ by 

considering other choice sets (including e.g. also the option to do nothing, or a broader set of 

energy efficiency measures), other explanatory factors (such as social capital), or other countries 

or by using more sophisticated econometric techniques. A summary is presented in Table 3 (in the 315 

annex). Most of the selected studies focus on home owners. Charlier [18] and Longhi [19] also look 

at people who rent their house, an aspect that is relevant for the so-called landlord-tenant 

dilemma. 

Various choice dimensions are analysed based on different data types. For instance, Michelsen & 

Madlener [20] conduct a survey among German homeowners who have invested in a renewable 320 

heating system and who have received a grant for this. Therefore, they analyse the observed 

choices between different renewable heating systems conditional upon a previous decision to 

install one in the first place.  

                                                      

8 Structural effects include, for example, the preferred indoor temperature or the time spent at home. 



Four studies use stated preference surveys and consider the choices that homeowners make 

between hypothetical alternatives. Such a set-up may lead to biases due to the hypothetical 325 

nature of the questions if the respondents are not familiar with the context presented to them in 

the survey (Bateman et al. [45]), a problem which is likely to arise less in the case of homeowners 

who have to make choices about for instance heating equipment (Alberini et al. [21]). Achtnicht & 

Madlener [17] consider the more general choice between the status quo (doing nothing), choosing 

a modern heating system and insulating the dwelling. Alberini et al. [21] offer people the choice 330 

between the status quo and an energy efficiency investment. Apart from the economic attributes 

of the investment, they also consider the thermal comfort provided by it. Jäggi & Axhausen [22] 

further expand the choice set by also considering options that have an influence on energy 

demand for transport purposes. Their aim is to explore whether households work with a budget 

for energy costs when making their decisions; and if so, to investigate whether households have a 335 

separate budget for energy for transport and domestic energy consumption. They point out 

however, that the respondents were quite unfamiliar with the decisions they had to make, so that 

no conclusive results could be drawn about this latter question. Alberini & Bigano [23] analyse 

what kind/level of rebate would be sufficient to convince homeowners who do not already plan to 

replace their heating systems in the near future.  340 

The three remaining studies in Table 3 are based on revealed choices. Cirman et al. [24] look at the 

renovation decisions of Slovenian households, both in family houses and multi-dwelling buildings. 

Their study is unique in that it pays special attention to the role of social capital. Charlier [18] 

analyses the determinants of past household expenditures for energy efficiency renovations based 

on French databases on houses and house renovations. Longhi [19] uses the UK household 345 

longitudinal survey to explore the determinants of household per capita energy expenditures and 

short-term changes in these expenditures. 

Micro-level studies are mainly useful for gauging the potential impact of economic measures, in 

addition to the influence of socio-demographic characteristics and attitudes of the household, 

social capital indicators, and the characteristics of the dwelling, on the choice to invest in energy 350 

efficiency measures. In our discussion we therefore focus on these determinants. None of the 

selected studies explicitly consider regulatory or legislative measures as explanatory variables, 

implying that they do not allow any conclusions to be drawn as to their effectiveness. The same 

holds for informational measures, which are only included to a limited extent. Section 5 will 

therefore complement the findings with insights on these issues from situated accounts. 355 



4.1 Impact of the socio-demographic characteristics and attitudes of the 
households 

The socio-demographic characteristics of households generally affect the general and practical 

acceptance of carbon reduction measures. In some of the studies reviewed by Achtnicht & 

Madlener [17], these factors were found to be less important or even insignificant, while in others 360 

income was cited as a factor.  

One underlying factor is the perceived novelty of the concerned measures [3], which may depend 

on the homeowners’ perception, but also on the context (e.g. the extent to which the market for 

these measures is developed). Typical adopters of innovative systems are younger, more educated 

and wealthier than average. Income level is an important characteristic as well. Low-income 365 

households are mostly concerned with the initial investment costs, middle-income households 

tend to consider energy cost savings as well, and the wealthiest households are relatively 

insensitive to costs. 

These general insights are confirmed by the findings reported in Table 3. A high education level 

stands out as a key factor in support of the uptake of low-carbon measures. The income level and 370 

availability of financial resources is also an important factor, mostly appearing as a constraint for 

those less well off. The age of homeowners matters, but with varying influences. Older age may 

either enhance or reduce the probability of uptake, depending on specific factors on a case-by–

case basis. Finally, the studies suggest that household composition (no. of household members, 

no. of minors in the household, gender) is a relevant factor to consider. 375 

Looking specifically at homeowners’ attitudes, one finds that environmental benefits, in particular 

climate change considerations associated with CO2 reduction, are an important reason for carrying 

out energy efficiency renovations. Another main driver is the extent to which people feel 

connected to their neighbourhood (i.e. knowing most of the neighbours, friendship with the 

neighbours, and attachment to neighbourhood) [24].  380 

4.2 Impact of the characteristics of the dwellings 

The characteristics of the dwellings play an important role, as was also found in previous studies. 

The studies reported in Table 3 suggest that the age of the building, the current level of insulation, 

the efficiency of the heating systems and associated running costs are key. For choosing a 

particular renewable heating system, there is a tendency to stick to the current type of system or 385 

at least a system with similar characteristics, with e.g. a higher probability of choosing a gas-fired 

condensing boiler with solar thermal support if the previous installation was gas-fired as well. Ease 



of use, independency from fossil fuels and achieving energy savings are also relevant factors for 

choosing a particular renewable heating system, although it depends on the particular system 

whether these are evaluated positively or negatively [20]. Finally, the building location (e.g. close 390 

to a big city or not), the size of the dwelling, and specific constraints imposed by house 

infrastructure (such as access to the gas network or the presence of central heating) play a role. 

4.3 Factors influencing the costs and benefits of the choices  

The factors influencing the costs and benefits of the choice options have the expected impact. 

Achnicht & Madlener [17], for example, find that higher acquisition costs and a longer payback 395 

period make the choice of a modern heating system or insulation less attractive, while their 

attractiveness is increased by a larger energy cost saving potential and the expectation of an 

energy price increase. The findings of Alberini et al. [21], Alberini & Bigano [23], Charlier [18] and 

Jäggi & Axhausen [22] go in the same direction. Cirman et al. [24] find that higher running costs of 

the building, which include energy costs, increase the probability of renovation.  400 

When considering the choice between different heating systems, conditional upon the choice to 

replace the heating system and for homeowners that received a grant to replace the system, 

Michelsen & Madlener [20] mention however that these “homeowners do not seem to reflect on 

all types of costs when taking their decisions. They rather include or exclude certain costs in the 

decision-making process”. The authors point out that this may be due to lack of awareness of all 405 

costs or to the fact that some cost components, such as maintenance costs, are small. To illustrate, 

the presence of the grant did have an impact, but only for two technologies, with a positive impact 

in one case and a negative in the other.  

When financial incentives (private or public) and subsidies are taken into account explicitly, they 

have a positive impact on the probability of energy efficiency improvements being undertaken 410 

[17] [21], except in the study by Charlier [18] on energy efficient improvements by French 

households. In this study, energy savings are shown to have a positive impact on the energy 

efficiency expenditures, but no evidence was found for an impact of the French tax credit scheme 

according to which taxpayers can deduct part of the expenses for energy-efficient renovations. 

Respondents who expect future increases in energy prices have a higher probability of energy 415 

efficiency investments being undertaken [17] [21]. People who are uncertain about future price 

developments rather opt for the status quo [21]. According to Hassett & Metcalf [25] it may be 

optimal for a rational household to postpone the investment in the case of uncertainty about 

future prices when the investment is irreversible. Alberini et al. [21] also find that people who 



state that climate change considerations are an important driver for energy efficient renovations 420 

give a higher weight to the energy cost savings of those renovations. Information policies may 

therefore play an important role in encouraging energy efficient renovations and strengthening 

the incentives given by the economic instruments. 

5 Situated accounts on the uptake of carbon mitigation measures in 
the residential sector 425 

Situated accounts generally start from the observation that households do not consume energy 

directly, but instead engage in practices or activities of everyday life that require energy. As 

conceptualised by practice theory [26] [27], in the enactment of a practice, ‘materials’ (e.g. 

technological devices), ‘competences’ (e.g. knowing how to operate the technical device) and 

‘meanings’ (i.e. the symbolic significance of the practice) come together. Instead of targeting the 430 

energy consumption of households directly, or targeting households individually as rational 

decision makers, practice theory proposes to target their (bundles of) practices. Changing 

practices (and their related impact in terms of energy end-use patterns) therefore requires 

restructuring the existing links between the materials, competences and meanings that constitute 

the practice as such.  In this section, we discuss insights on situated approaches aiming for the 435 

uptake of carbon mitigation measures in energy-related practices, either by stimulating 

behavioural change (using appliances present in the household less often or more efficiently) 

through energy consumption feedback or by facilitating investments in renovation.  

5.1 Stimulating energy-saving behaviour by energy consumption feedback 

Multiple empirical studies have already examined the extent to which feedback can reduce energy 440 

consumption in households. In these studies feedback is defined broadly, taking into account 

various feedback channels ranging from awareness campaigns to dedicated in-home displays 

showing energy consumption in real time. In a recent literature overview, Buchanan et al. [28] 

report that some studies have found no statistically significant effects at all, while others have 

reported energy savings ranging from 3 % to 20 %. The authors attribute the considerable 445 

variation to (i) differences in specific feedback forms (ranging from simple marketing campaigns to 

the use of dedicated in-home displays), (ii) difference in the duration of trials (with a 

predominance of short-term trials, i.e. up to 3 months), (iii) the use of diverse study groups 

(ranging from self-selected volunteers to random population samples), (iv) the use of multiple 

feedback interventions within one study, making it difficult to pinpoint the effects of single 450 



interventions and (v) a mixed quality of the studies (more robust studies make use of a control 

group and correct for other intervening factors such as household demographics or the influence 

of the weather on energy savings). 

However, despite the lack of robust statistical evidence, there are some qualitative indications 

regarding the most promising strategies for giving feedback to residential energy end users. 455 

• Feedback with advice on appropriate actions: Darby [29] argues that not only technology 

or economic incentives should be considered as drivers of household behaviour, but also 

competences and daily routines. These factors determine the interface, feedback, message 

and support that will be most effective for influencing specific segments of consumers. 

Darby [29] concludes that feedback interfaces should be designed to facilitate 460 

understanding, and that households should be guided towards appropriate action through 

frequent and clear practical instructions, related to their practices of energy consumption 

(e.g. doing the laundry, washing the dishes, lighting the house, etc.). This qualitative 

observation is supported by some quantitative evidence. Ehrhardt-Martinez [30] finds in 

her study that weekly feedback plus advice on energy-saving actions generates more 465 

behavioural change and savings than continuous real time feedback through a monitor 

only.  

• Direct versus indirect feedback findings: Darby [29] finds that direct feedback has on 

average a higher impact than indirect feedback. Providing direct feedback via in-home 

displays (i.e. real-time and historic usage feedback information) led to a permanent energy 470 

reduction of 5 % to 15 %; end users changed their habits and invested in energy-efficiency 

measures. Savings from indirect feedback (i.e. information that has been processed before 

reaching the consumer, usually via billing) were up to 10 %. Darby also concludes that 

comparison with own historic use seems more effective than comparison with other 

households or objectives. This is however somewhat in contradiction with findings on 475 

social feedback reported next. 

• Social feedback: Several pilots and studies show that social feedback is an effective driver 

for behavioural change. The eco-team approach of Staats et al. [31] achieved a reduction 

by 8 % and British Gas’ Green Streets competition achieved a reduction by 25 % (albeit 

with a prize of £50 000 as an incentive for the winning street). Another experiment by 480 

Black et al. [32] with eco-meters and social marketing (targeted strategies to ameliorate 

barriers or maximize benefits associated with reduced electricity or gas consumption) 

resulted in a reduction in consumption by 22 %. Ehrhardt-Martinez [30] finds that 



‘motivational elements’, such as goal setting, competitions and social comparisons can 

significantly influence behaviour and generate significant additional savings. On the other 485 

hand, Ayres et al. [33] show that utility-based pilot programs with comparative energy use 

mailings or bill inserts produce household energy savings of only 2 % on average, which 

might mean that specific comparison with certain reference groups causes the shift in 

behaviour, compared to non-specific reference groups. 

Beyond these findings, there is also some qualitative evidence on the ‘human factor’ of end-user 490 

interaction with feedback devices. The ‘human factor’ is a broad term referring to issues such as 

interest, motivation, comprehension, evaluation, reflection, etc. on the side of residential end 

users regarding energy saving in general, or the use of ICT-enabled feedback more specifically. This 

qualitative evidence is conveniently summarised in two recent research papers by Buchanan et al. 

[28] [34]. Their most important findings are: 495 

• ICT-enabled feedback on household energy use seems to work best only with households 

who have already expressed an interest in energy saving before. Even when disinterested 

households are offered in-home displays for free, they do not seem to use them.  

• In cases where there is consumer interest in using ICT-enabled feedback, it is uncertain 

whether such interest will persist in the longer term. Currently, knowledge on this issue is 500 

limited, due to a scarcity of interventions examining the long-term impact of feedback. 

• Making use of feedback in terms of monetary savings or financial gains only can be 

problematic for three reasons: 

o There is a time lag between the promised financial gain through energy savings and 

the time when this ‘reward’ is actually delivered (because the majority of energy 505 

consumers pay their bills via fixed monthly payments); 

o The savings obtained through feedback could be rather small in monetary terms 

(i.e. a couple of euros per month), which is not perceived as being very motivating; 

o The emphasis on financial benefits makes the assumption that residential end users 

act as ‘rational economic agents’ making a cost-benefit analysis before deciding 510 

upon the actions they are willing to undertake. Such an assumption is questionable 

given that residential end users do not use energy for its own sake, but rather 

energy use emerges as a side product of everyday actions. 

• Average residential end users face severe comprehension issues when confronted with ICT-

enabled feedback. Simply presenting aggregate (weekly or monthly) data on energy use is 515 



not meaningful for most people. Information has to be presented in a way that makes 

sense to average users, such as energy use by space (e.g. specific rooms or areas), source 

categories (e.g. kitchen appliances, lights) or even individual appliances. 

• Personal characteristics matter in the interaction with ICT-enabled feedback devices. It 

may be the case that only those people with certain traits (e.g. curiosity, 520 

conscientiousness) or motives (e.g. environmental) are predisposed to instigate the 

necessary behavioural processes (e.g. investigation, analysis and evaluation). This finding 

points out the need for more understanding of the characteristics that are favourable 

towards using feedback for energy saving, so that targeted interventions can be designed 

for different user groups. 525 

5.2 Situated accounts of renovation projects 

Breukers et al. [35] have pointed out that understanding household decision-making as a process 

is a central part of a successful policy program aimed at stimulating investments in renovation 

measures. Influencing decisions is something that has to be worked for on multiple levels and at 

multiple points in time, and is not going to occur automatically by just introducing e.g. a subsidy 530 

for renovations. Households need to go through a learning experience, spanning the different 

stages of getting motivated (e.g. by offering some incentive or tapping into environmental values 

and attitudes), shaping decision intentions (e.g. deciding how and what to renovate), and actually 

informing or influencing the final decision (e.g. choice of renovation measure, choice of financing, 

etc.) [6].  Experiences in each of these steps will contribute to the overall positive or negative 535 

evaluation of a renovation process, or in short, will determine whether a renovation is considered 

to be a burden or a success. Via “word of mouth” this evaluation will in turn influence the opinions 

of other households within the social network. A smooth development of the whole renovation 

process is therefore an important contributing factor to the success of a national or regional 

renovation strategy. It is important to address the real concerns and problem framings that 540 

households share when considering a renovation. These concerns have to be mapped, and the 

renovation plans need to show how the concerns will be addressed (timing, division of labour, 

etc.) [36]. Any impact on the daily routines of the people living in the building needs to be 

specifically addressed [37]. Qualitative research reported in Breukers et al. [35], Kersten et al. [36] 

and Wilson et al. [6], points out some ‘best practices’ w.r.t. renovation projects. Examples of such 545 

‘best practices’ are: 



• The benefits of renovations aiming at improving the energy efficiency of an existing 

building beyond the impact on energy expenditures should be highlighted. Usually, 

such renovations also have a positive impact on comfort, aesthetics, noise reduction, 

maintenance, safety, indoor climate (fewer or smaller temperature fluctuations), etc. 550 

In general, the renovation plan should start from a positive framing; concerns should 

be taken seriously, but can be coupled to realistic actions that show how the concern 

will be addressed. 

• Renovation plans should take into account the differences between households. e.g.: 

o Do-it-yourselfers often like to participate in parts of the renovation process; 555 

o Energy-conscious households like to participate in the planning, the selection 

of technological solutions, discussions on the pros and cons of different 

technological options, etc. 

• Especially when using innovative technologies, people should be made familiar with 

using these technologies. Testimonials by other households can be used, or the use 560 

of the new technology can be demonstrated in a practical setting. 

• Enough attention should be paid to a visualisation of the renovation, e.g. by 3D 

simulation techniques. Households are usually very interested in the aesthetic aspect 

of the renovation; 

• Energy savings after the renovation can be visualised, e.g. by using in-home energy 565 

displays that follow up energy consumption in real time. The ‘new’ energy 

consumption data can be compared to the ‘baseline consumption’ – i.e. before the 

renovation. The comparison can also be made in financial terms. 

6 Reflections on the cost-effectiveness of economic instruments from a 
societal perspective  570 

Financial incentives in the form of subsidies or (tax) rebates are frequently used to encourage 

people to adopt carbon mitigation measures. The incentives may be offered by the government or 

utilities with a duty to reduce emissions. In the first case they are financed by the tax-payers, while 

in the second case they are financed by the energy users through their energy bills. Financing the 

subsidies via higher distortionary9 taxation will lead to additional costs for society. The way in 575 

                                                      

9 Distortionary taxes are associated with an intangible efficiency cost, or distortionary cost, in addition to the direct 
burden of a tax (the amount of tax paid). 



which the financial incentives are financed also has an impact on the distribution of the costs and 

benefits.  

The evidence presented above points to a positive impact of financial and fiscal measures. 

However, most of the reviewed studies do not give conclusive evidence on the energy efficiency 

improvements or CO2 emission reductions induced specifically by the incentives and therefore on 580 

their effectiveness. This is because of the presence of free riding10: some people would have 

undertaken the energy efficiency changes anyway, even without the incentives. Therefore, a key 

issue with such programs is the need to distinguish between additional and non-additional 

participants. Moreover, the empirical results do not yet shed light on the cost-effectiveness of the 

measures: the cost per TJ energy saved or per ton of CO2 avoided and how this compares to other 585 

policy options. This parameter is also affected by free riding which may substantially increase the 

costs.  

Evidence on the free riding rate and cost-effectiveness associated with subsidy programmes is 

found in many studies, a selection of which are discussed here.  

• Grösche & Vance [38] derive the marginal willingness of German households to pay 590 

for energy efficiency renovations based on a data set that combines a nationwide 

household survey with regional data on wages and construction costs. Almost half of 

the households have a willingness to pay for energy conservation that exceeds the 

observed investment costs, which indicates a large potential for free riding. When 

taking into account a hidden cost such as the inconvenience experienced during the 595 

renovation process, the share of potential free-riders falls but is still non-negligible.  

• Houde & Aldy [39] analyse the incremental impact of energy efficiency subsidies on 

energy outcomes, when they are combined with regulatory measures and 

information campaigns. For the US State Energy Efficient Appliance Rebate Program 

implemented through the 2009 American Recovery and Reinvestment Act they find 600 

that the ratio of “switchers” (marginal rebate claimants) to “free-riders” 

(inframarginal rebate claimants) was 1:10, 1:12, and 3:8, for refrigerators, clothes 

washers, and dishwashers, respectively. Moreover, depending on the type of 

appliance, the number of non-takers (i.e. people buying appliances not conforming to 

the support scheme or people buying conforming appliances but not asking for the 605 

                                                      

10 Note that financial incentive programs may also lead to free-drivers as opposed to free-riders: the incentive 
programs may raise the awareness of households who then undertake the improvements but do not apply for the 
incentives (Alberini & Bigano [23]). 



subsidy) was 10 % to 30 % of the market. They also find that the rebate programme 

has led to a small income effect inducing persons to buy larger appliances. In 

addition, energy efficiency and the attributes used to set the regulation (such as 

appliance size or style) were inversely correlated, making the rebates implicit 

subsidies for these attributes other than energy efficiency. The resulting cost per 610 

kWh saved was between $0.25 and $1.50, depending on assumptions and appliance 

category. The lower value is four times higher than the average cost-effectiveness of 

utility-sponsored energy efficiency programs.  

• Rivers & Schiell [40] assess the free-rider rate for Canadian subsidy and tax credits 

programs between 2007 and 2011 in the case of forced-air natural gas furnaces. They 615 

estimate that about half of the subsidies were granted to homeowners who would 

have chosen an identical furnace during the period covered by the subsidy program 

even without the subsidy. In the long run (at the time of eventual furnace 

replacement) around 80 % of homeowners can be termed free-riders. Consequently, 

the cost per ton of CO2 avoided was between $70 and $110/tCO2, much higher than 620 

the cost of other available policy options.  

• For a national appliance replacement program in Mexico, about half of the 

participants are found to be free-riders (Boomhower & Davis [41]). Taking into 

account these non-additional participants approximately doubles the program cost 

per unit of reduced energy consumption. Moreover, while the participation rate 625 

increases with the level of the subsidies, most households would have participated 

even with much lower subsidy levels. This indicates a large potential for cost savings 

by a better design of the subsidies. 

Therefore, while subsidies and rebates are a popular measure, it can be concluded that they are 

fraught with problems, mainly because of free riding. Together with the income effect and other 630 

potential problems related to the design of the subsidies, this leads to a low cost-effectiveness. 

Designing the subsidy systems to minimise free riding is difficult.  

Moreover, even if free riding is low, the cost-effectiveness of the programs may still be 

unattractive, as is indicated by Alberini & Bigano [23] based on a stated preference survey among 

Italian homeowners who stated that they were not considering a replacement of their heating 635 

equipment any time soon. These were selected in order to minimise issues of adverse selection 

and free riding. The likelihood of replacing the heating equipment was found to increase when the 

energy cost savings are larger and last for a longer period, and when rebates are given. Each $100 



increase in the incentive leads to a 3 % higher likelihood of replacement. While the cost-

effectiveness of the rebates was reasonable for high reductions achieved and low subsidy levels, 640 

for realistic values of the achieved reductions the subsidy leads to a high cost per ton CO2 avoided, 

up to more than $1000/ton of CO2 avoided. 

Other aspects of subsidy design are considered by Dubois & Allacker [42]. Using a stylised 

economic model, they derive rules for optimal subsidies in a context where people can choose to 

(i) renovate a house, (ii) reconstruct a house either by demolishing and reconstructing an existing 645 

house or by a deep renovation of an existing house, (iii) build a new house on virgin land, besides 

purchasing a house without making significant changes or renting a house. They show that in 

order to maximize welfare, subsidies for reconstruction should exceed subsidies for renovation as 

well as subsidies for building on virgin land. The latter may be negative (i.e. a tax) if the externality 

associated with building on virgin land is large. They also consider second-best policies if the 650 

government is restricted to using one instrument only. If only renovation subsidies can be used, 

the sign of the optimal subsidy is ambiguous: renovations with minor energy savings should be 

taxed rather than subsidised, because they induce a lock-in, leading to welfare costs that outweigh 

the minor energy savings. If the government can only grant reconstruction subsidies, the optimal 

subsidy is positive. If it can only work through subsidies for building on virgin land, it is optimal to 655 

apply a tax rather than a subsidy.  

Besides subsidies or tax rebates, which are associated with a number of problems, energy and CO2 

taxation play a role to encourage people to save energy and reduce CO2 emissions, since the 

reviewed studies indicate that people are responsive to savings in energy costs and expected price 

increases in the future. A correct pricing of energy is also required to mitigate the rebound effects 660 

of regulatory measures. In the EU-28 the share of taxes in the price of heating oil and natural gas 

was on average 28 % and 23 % respectively (in the first quarter of 2014). This can be compared to 

a tax share of 51 % and 57 % in the price of automotive diesel and gasoline [43]. The relatively low 

levels of energy taxation for residential use compared to automotive energy implies that there are 

still many opportunities to be grasped in the sector to improve energy efficiency.  665 

In estimating the impact of energy tax reforms, it should however be taken into account that 

demand is relatively inelastic, as shown in the panel data studies discussed before. Raising energy 

taxes raises concerns about undesirable distributional effects. Flues & Thomas [44] indicate that 

the share of heating fuel taxes and electricity taxes in household net income is still generally low. 

For heating oil it lies between 0.48 % and 0.01 % for the EU countries considered in their analysis, 670 

depending also on the income class. On average the tax is slightly regressive. For electricity these 



percentages lie between 1.5 % and 0 %, with a somewhat more regressive structure. With higher 

energy taxes these shares and therefore the salience of energy costs could increase, leading – all 

else being equal – to a higher price sensitivity. Distributional concerns could be tackled by a well-

designed use of the additional tax revenues. 675 

7 Conclusions 

From the quantitative studies, it can be inferred that changes in the economic costs and benefits 

of the choice options for carbon reduction efforts in residential buildings have the expected 

impact. In some studies however, it is found that people do not take into account all types of 

costs, possibly due to lack of awareness or because some cost components are small. 680 

When financial incentives (private or public) and subsidies are taken into account explicitly, most 

of the reviewed quantitative studies find that they have a positive impact on the probability of 

energy efficiency improvements being undertaken. However, when evaluating the energy 

efficiency improvements or CO2 reductions induced by the incentives and therefore their 

effectiveness, the presence of free riding turns out to be a problem: a significant number of 685 

people would have undertaken the energy efficiency upgrading measures anyway, even without 

the incentives. A high level of free riding leads to a low cost-effectiveness of the measures. 

Moreover, even if free riding is low, the cost-effectiveness of the programs may still be 

unattractive.  

Besides the policy instruments of subsidies and tax rebates, which are associated with a number of 690 

problems, energy and CO2 taxation should play a larger role in encouraging people to save energy 

and reduce CO2 emissions, since the reviewed studies indicate that people are responsive to 

savings in energy costs and expected price increases in the future. A correct pricing of energy is 

also required to mitigate the rebound effects of regulatory measures. The relatively low levels of 

energy taxation for residential use compared to automotive energy imply that there are still many 695 

opportunities to be grasped in the sector to improve energy efficiency. In estimating the impact of 

energy tax reforms, it should, however, be taken into account that demand is relatively inelastic. 

Moreover, distributional concerns should be tackled by a well-designed use of the additional tax 

revenues. 

For information policies the quantitative evidence is still limited. The reviewed panel data studies 700 

find no or a negative impact. This finding however does not necessarily imply that information 

policies are useless, as panel data do not allow for a detailed analysis of different types of 

informational approaches. The positive effects of successful information campaigns can on 



average be ‘masked’ by less well thought-out campaigns in the panel data. More details about the 

type of informational measures, as well as other quantitative approaches are needed to paint a 705 

more accurate picture and draw conclusions about a good design of such policies. Situated 

accounts already provide many useful insights for aligning the implementation of carbon 

mitigation measures with daily household routines and practices. In a renovation process, enough 

attention should be paid to the different stages of getting motivated (e.g. by offering the right 

type of incentive to the right type of people, e.g. tapping into environmental values and attitudes 710 

for environmentally conscious households), shaping decision intentions (e.g. by visualising the 

renovation, stressing positive impact on aesthetics and comfort, etc.), and actually informing or 

influencing the final decision (e.g. by tailoring the choice of renovation measure, choice of 

financing solution, etc. to the specifics of the household situation).  Experiences in each of these 

steps will contribute to the overall positive or negative evaluation of renovation projects. Insights 715 

from situated accounts should therefore also be taken into account in the design of a national or 

regional renovation strategy. 

 

Only the panel data studies allow conclusions to be drawn as to the relative effectiveness of the 

other policy types. The messages are mixed. While one study finds that financial incentives have 720 

the largest impact, another study that looks at the dynamics of the policy effects finds that 

regulatory policies have an immediate impact, while financial policies only have an impact, which 

is also smaller, after 7 years. An important drawback of the panel data studies is that only the 

presence of different policy types is used as an explanatory variable, instead of the exact 

characterisation of the policies or policy packages. They can therefore only give a rough indication 725 

of policy effectiveness. Finally, the concern that regulatory policies could also lead to counter-

active side effects is voiced in some studies, but no empirical evidence on this is available yet.   
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9 Annex 

Table 2: Summary of panel data studies at country level 

Study Data Treatment 
of energy 
efficiency 
policies 

Dependen
t variable 

Impact of 
regulation 

Impact of 
cooperati
ve 
measures 

Impact of 
legislative 
measures
/ 
informati
on 

Impact of 
fiscal/ 
financial/ 
economic 
measures 

Impact of 
cross-cutting 
measures 

Impact of 
energy price 

Impact of 
income 

Impact of 
other 
explanato
ry factors 

Bigano 
et al. 
(2010) – 
Table 6 

Panel data 
EU-15 + 
Norway 
 
1980-2006 

Policy 
dummy = 1 
if a certain 
type of 
policy is 
implement
ed 

Energy 
efficiency 
residential 
sector 

+ Mandatory 
standards for 
buildings; 
regulation of 
heating and hot 
water systems 

+  + + General 
energy 
efficiency & 
renewable 
energy 
programs;  
Cross-cutting 
measures 
with sector 
specific 
characteristic
s; Fiscal 
measures/tar
iffs 

+ 
 

–  

Carbon 
intensity 
residential 
sector 

– Other building 
regulations; 
legislative/informa
tive measures 

  – 
Grants/subsid
ies 

– R&D 
policies;  
Cross-cutting 
measures 
with sector 
specific 
characteristic
s;  

– +  
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Study Data Treatment 
of energy 
efficiency 
policies 

Dependen
t variable 

Impact of 
regulation 

Impact of 
cooperati
ve 
measures 

Impact of 
legislative 
measures
/ 
informati
on 

Impact of 
fiscal/ 
financial/ 
economic 
measures 

Impact of 
cross-cutting 
measures 

Impact of 
energy price 

Impact of 
income 

Impact of 
other 
explanato
ry factors 

Financial 
measures;  
Non-
classified 
measures 

Filippini 
et al. 
(2014) – 
Table 3 
(BC95M 
model) 

Unbalanced 
panel data 
EU-27 
1996-2009 
 
Stochastic 
frontier 
approach 

Dummy 
variables 
reflecting 
both the 
presence 
of some 
measures 
as well as 
the 
number of 
measures 
(distinction 
between 1-
2 and 3 or 
more 
policies) 

final 
residential 
energy 
consumpti
on 

     – 
Energy price 
elasticity 
= -0.26 
(B95M 
model) 

+ 
Income 
elasticity = 
0.33 

+ 
populatio
n 
+ heating 
degree 
days 

Estimated 
energy 
efficiency 

+ performance 
standards of 
buildings, heating 
systems and 
appliances 

 – + highest 
impact; highly 
significant 

    

Ó Broin 
et al. 
(2015a) 

Panel data 
EU-15 
excluding 
Luxembourg 
1990-2010 

For each 
class of 
policies: 
sum of 
policies 
with 
grading 
scheme 
according 

Space 
heating 
energy 
demand 
per square 
meter 

– 
Strong impact in 
year of 
introduction 
 
Consistent impact 
over years that 
follow 

 No 
significant 
impact 

– 
Require a 
number of 
years before 
they have a 
statistically 
significant 
impact 

 – 
 
Price 
elasticity 
= -0.15 
to -0.18 
 

+  
But only if 
policies are 
included in 
the model 
with short 
delay after 
publication 

+ heating 
degree 
days 
 
– 
Trend 
(between 
1% and 
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Study Data Treatment 
of energy 
efficiency 
policies 

Dependen
t variable 

Impact of 
regulation 

Impact of 
cooperati
ve 
measures 

Impact of 
legislative 
measures
/ 
informati
on 

Impact of 
fiscal/ 
financial/ 
economic 
measures 

Impact of 
cross-cutting 
measures 

Impact of 
energy price 

Impact of 
income 

Impact of 
other 
explanato
ry factors 

to 
estimated 
impact 
 
Policy lags 
of up to 7 
years 

of the 
policy 

2% per 
year) 

Ó Broin 
et al. 
(2015b) 
– Table 
2 & 3 

Panel data 
France, Italy, 
Sweden, and 
UK 
1970-2005 
index 
decompositi
on, 
autoregressi
ve 
distributed 
lag 
econometric 
models and 
cointegratio
n analysis 

Not 
included in 
the 
analysis 

energy 
demand 
for space 
and water 
heating 
per square 
meter 

     short-term 
price 
elasticities:  
from -0.06 
for France to 
-0.21 for the 
UK 
 
long term 
price 
elasticity 
-0.21 for UK 
and -0.27 
for Sweden 
(values for 
France and 
Italy may be 
biased) 

long-run 
income 
elasticity of 
floor area 
per 
household: 
0.25 for 
Italy, 
Sweden 
and the 
UK; 
insignifican
t for 
France 

Trend: 
0.5% for 
Sweden 
and 0.7% 
for UK 
(results 
for France 
and Italy 
biased) 

Bertoldi 
& 
Moscon
i (2015) 

Panel data 
EU-28 + 
Norway 
 
1990-2013 

Weighted 
sum of 
policy 
measures, 
with 

Residential 
energy 
demand 
(electricity
, gas, oil) – 

No distinction according to type of measure 
Impact of measures only reported for unweighted sum without delay in 
effectiveness 
 
Percentage change as a result of each measure: -0.19% 

Energy price 
elasticity: -0.
11 (highly 
significant) 

Real GDP 
and 
population 
have 
negative 

– 
As share 
of other 
energy 
sources 
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Study Data Treatment 
of energy 
efficiency 
policies 

Dependen
t variable 

Impact of 
regulation 

Impact of 
cooperati
ve 
measures 

Impact of 
legislative 
measures
/ 
informati
on 

Impact of 
fiscal/ 
financial/ 
economic 
measures 

Impact of 
cross-cutting 
measures 

Impact of 
energy price 

Impact of 
income 

Impact of 
other 
explanato
ry factors 

– Table 
13 

 
Arellano‐
Bond 
estimator for 
dynamic 
panel 
models 

various 
weighting 
schemes 
and taking 
into 
account 
delay with 
which 
policy is 
assumed 
to become 
effective 

coal not 
included 

Long run percentage change = -0.39% 
 
In the absence of energy policies household consumption in EU29 countries 
would have been 
approximately 10% higher in 2013. 

impact, but 
are 
compensat
ed by 
positive 
impact of 
real private 
consumpti
on  scale 
impact is 
small 

for 
househol
ds 
increases 
 
+ heating 
degree 
days 

Madlen
er et al. 
(2011) 

Panel data 
12 OECD 
countries 
1981-2008 
 
Panel 
cointegratio
n 

Not 
included in 
the 
analysis 

Residential 
electricity 
demand 

     Short run: -
0.1 
Long run: -
0.4 

Short run: 
0.2 
Long run: 
nearly 1 

 

Residential 
natural gas 
demand 

     Short run: -
0.23 
Long run: -
0.51 

Short run: 
0.44 
Long run: 
0.94 

Heating 
degree 
days: 
short run: 
0.71 
Long run: 
1.36 
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Table 3: Summary of selected studies at household level 

 

Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

Cirman 
et al. 
(2011) 

2005 
Slovenia 
Housing 
Survey 
Households 
living in 
family 
houses and 
multi-
dwelling 
buildings 

Logit Probability of 
renovation of 
roof and/or 
façade 

Higher 
probability of 
renovation 
 
Running cost 
of the building 
 

Higher 
probability of 
renovation 
(family houses 
only): 
 
Age of 
respondent 
 
Education 
level of 
respondent 
 
No. of 
household 
members 
 
Higher income 
scale 
 
Lower 
probability of 
renovation 

Higher 
probability of 
renovation 
(multi-family 
dwellings) 
 
Knowing most 
of neighbours 
 
Attachment to 
neighbourhoo
d 
 
Easy to reach 
agreement 
 
Presence of 
maintenance 
fund 
 
No 
dissatisfaction 
with building 
manager 

Higher 
probability of 
renovation 
 
Multi-family 
house (for 
family house) 
Age of the 
building 
 
Running cost 
of the building 
 
Building 
located in big 
city (all 
houses) and 
small city 
(family 
houses) 
 
Building 
located in 
capital city 

 The data refer 
to one year 
 
The authors 
note that it 
could be 
relevant to 
make a 
distinction 
between 
different 
types of 
renovation 
(maintenance, 
regular or 
energy 
efficiency) 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

(family houses 
only): 
 
No. of minors 
in household 
 

 
Higher 
probability of 
renovation 
(family 
houses) 
Friendship 
with 
neighbours 

(multi-
dwelling 
buildings) 
 
Building not 
located in 
least 
developed 
region (family 
houses) 

Michels
en & 
Madlen
er 
(2012) 

Survey 
among 
German 
home-
owners who 
received a 
BAFA grant 
for installing 
a renewable 
heating 
system (RHS) 
from Jan. 
2009 –Aug. 
2010 
Owner-
occupiers; no 
multi-family 
homes 

Multinomial 
logit 

Probability of 
choosing a 
particular 
renewable 
heating 
system 
 
Gas-fired 
condensing 
boiler with 
solar thermal 
support (GAS) 
 
Oil-fired 
condensing 
boiler with 
solar thermal 
support (OIL) 

Higher 
probability of 
choosing a 
particular 
RHS: 
 
Importance of 
grant: PELLET 
 
Consideration 
of 
maintenance 
costs: HEAT P. 
 
Consideration 
of 
current/percei
ved future 

Higher 
probability of 
choosing a 
particular 
RHS: 
 
Higher income 
(but small 
effect): GAS, 
HEAT P. 
 
Older age (but 
small effect): 
OIL 
 
Higher 
education: 
GAS, HEAT P. 

Higher 
probability of 
choosing a 
particular 
RHS: 
 
Preference for 
ease of use: 
GAS, HEAT P. 
 
Preference for 
independence 
of fossil fuels: 
HEAT P., 
PELLET 
 
Preference for 
energy 

Higher 
probability of 
choosing a 
particular 
RHS: 
 
Age of house 
(but small 
effect): OIL, 
PELLET 
 
Size of house: 
OIL, HEAT P. 
 
Constraints by 
house 
infrastructure: 
OIL, GAS 

Lower 
probability of 
choosing a 
particular 
RHS: 
 
Professional 
advice by 
energy 
consultant: 
OIL 

Note: the 
survey asks 
whether 
people 
considered 
the costs in 
their decision 
process and 
to what 
extent the 
grant was 
important; no 
monetary 
scale of the 
grant or costs 
is included 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

 
Heat pump 
(HEAT P.) 
 
Wood pellet 
fired boiler 
(PELLET) 
 
Conditional 
on the 
decision to 
install a new 
renewable 
heating 
system 

energy costs: 
PELLET 
 
Consideration 
of total costs: 
HEAT P. 
 
Lower 
probability of 
choosing a 
particular 
RHS: 
 
Importance of 
grant: HEAT P. 
 
Consideration 
of 
maintenance 
costs: OIL 
 
Consideration 
of 
current/percei
ved future 
energy costs: 
HEAT P. 
 

 
Female: GAS 
 
Lower 
probability of 
choosing a 
particular 
RHS: 
 
Higher income 
(but small 
effect): OIL, 
PELLET 
 
Older (but 
small effect): 
HEAT P., 
PELLET 
 
Higher 
education: 
PELLET 

savings: GAS, 
OIL 
 
Preference for 
environmenta
l protection: 
PELLET 
 
Lower 
probability of 
choosing a 
particular 
RHS: 
 
Preference for 
ease of use: 
OIL, PELLET 
 
Preference for 
independence 
of fossil fuels: 
GAS, OIL 
 
Preference for 
energy 
savings: 
PELLET 
 

 
For existing 
homes: 
previous 
installation 
was gas-fired: 
GAS 
 
For existing 
homes: 
previous 
installation 
was oil-fired: 
OIL 
 
Lower 
probability of 
choosing a 
particular 
RHS: 
 
Age of house 
(but small 
effect): HEAT 
P. 
 
Size of house: 
GAS 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

Consideration 
of total costs: 
GAS 
 
 

Preference for 
environmenta
l protection: 
HEAT P. 

 
Constraints 
imposed by 
house 
infrastructure: 
PELLET 
 
For existing 
homes: 
previous 
installation 
was gas-fired: 
OIL, HEAT P., 
PELLET 
 
For existing 
homes: 
previous 
installation 
was oil-fired: 
HEAT P., 
PELLET 
 
Choice 
probabilities 
depend on 
location of 
house – 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

related e.g. to 
availability of 
energy 
infrastructure 

Alberini 
et al. 
(2013) 

2010 
Conjoint 
choice 
experiment 
Swiss 
homeowners 
of single 
family and 
semidetache
d, and row 
houses, 
serving as 
primary 
residence, 
built in 1990 
or earlier and 
with no 
major energy 
efficiency 
retrofits 
since 1996 

Logit Probability of 
energy 
efficiency 
home 
renovation 
project 

Higher 
probability of 
renovation 
project 
 
Higher 
subsidy 
 
Higher % 
savings on 
energy bills 
 
Larger 
expected 
price 
increases 
 
Lower 
probability of 
renovation 
project 
 
Higher 
upfront 

 Higher 
probability of 
renovation 
project 
 
Respondent 
believes that 
climate 
change 
consideration
s are 
important 
reason for 
doing energy 
efficiency 
renovations 
(strengthenin
g effect of 
energy cost 
saving) 

 Higher 
probability of 
renovation 
project 
 
Renovation 
leads to 
agreeable and 
seasonally 
balanced 
room 
temperature 

The authors 
point to the 
need for 
carefully 
designed pilot 
programs with 
experimental 
treatments. 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

investment 
costs 
 
Uncertainty 
about future 
price 
developments 
 
Implicit 
discount rate: 
1.5% to 2.9% 
 
1 CHF rise in 
investment 
costs is 
weighted less 
heavily than 1 
CHF saving in 
energy cost 
(contrary to 
expectations) 

Achtnic
ht & 
Madlen
er  
(2014) 
 

2009 
Choice 
experiment 
400 owner-
occupiers of 
single family, 
(semi) 

Standard logit 
(the paper 
also presents 
the results of 
a mixed logit 
model) 

Probability of 
choosing a 
modern 
heating 
system or an 
improved 
thermal 

Lower 
probability of 
energy 
efficient 
investment:  
 

Lower 
probability of 
energy 
efficient 
investment: 
 

 
 

Lower 
probability of 
energy 
efficient 
investment: 
 

Higher 
probability of 
energy 
efficient 
investment: 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

detached 
and row 
houses in 
Germany 

insulation 
versus the 
status quo 

Higher 
acquisition 
costs 
 
Longer 
payback 
period 
 
Higher 
probability of 
energy 
efficient 
investment: 
 
Larger energy 
saving 
potential 
 
CO2 reduction 
(for heating 
system) 
 
Expectation of 
increase in 
energy price: 
for heating 
system) 
 

Low income 
or no 
information 
on income 
 
Age of the 
respondent 
 
Higher 
probability of 
energy 
efficient 
investment: 
 
Living in East 
Germany 
 
Better 
education: 
(for heating 
system) 
 
Knowledge 
about causes 
of climate 
change: (for 
insulation) 

No need to 
improve 
thermal 
insulation 
Relatively new 
heating 
system 
 
Higher 
probability of 
energy 
efficient 
investment: 
 
Age of 
building (for 
insulation) 
 
Oil fired 
heating 
system 

Recommenda
tions of 
independent 
policy advisers 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

Funding 
 
Longer 
guarantee 
period 

Alberini 
& 
Bigano 
(2015) 

2013 
Stated 
preference 
survey 
Home-
owners of 
houses built 
before 2001 
without plan 
for changing 
heating 
equipment in 
the next 5 
years; 
owner-
occupied 
houses with 
own heating 
equipment; 
respondent 
responsible 
for own 
energy bills; 

Interval data 
model 

Rebate to be 
offered in 
order to 
implement a 
hypothetical 
heater 
replacement 

Lower rebate 
required: 
 
Higher total 
savings 
Higher 
number of 
years over 
which savings 
are realised 

Lower rebate 
required: 
 
College 
degree or 
graduate 
studies 
 
Higher rebate 
required: 
 
Income below 
€30 000/year 
or missing 
information 
on income 

 No impact on 
required 
rebate: 
 
Age of current 
heating 
system 

No impact on 
required 
rebate: 
 
Reminder of 
CO2 reduction 

The authors 
note that the 
hypothetical 
bias due to 
the use of a 
stated 
preference 
survey is likely 
to be small 
because all  
homeowners  
must replace 
their heating 
equipment at 
one time and 
are aware of 
heating costs 
and  
the costs of 
heating 
installations. 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

Charlier 
(2015) 

Revealed 
preference 
data for 
2006: French 
Enquête 
Logement 
and Travaux 
database 
(INSEE) – 
22 228 
households 

Multivariate 
Tobit 

Expenditures 
on energy 
efficiency 
improvements 

Positive 
impact on 
energy 
efficiency 
expenditures: 
 
Energy 
savings 
 
Gas (only for 
homeowners) 
or oil as main 
fuel in 
dwelling 
(instead of 
electricity) 
 
No impact of 
tax credit 

Positive 
impact on 
energy 
efficiency 
expenditures: 
 
Home 
ownership 
 
Negative 
impact on 
energy 
efficiency 
expenditures: 
 
Lowest 
income 
category (for 
owner 
occupied 
dwellings) 

 Positive 
impact on 
energy 
efficiency 
expenditures: 
 
Dwelling 
surface 
 
Number of 
renovations in 
2006 
 
Negative 
impact on 
energy 
efficiency 
expenditures: 
 
Dwelling 
surface 
squared 
 
Number of 
renovations in 
2006 squared 

  

Jäggi & 
Axhaus

2010-2011 Standard 
multinomial 

Probability to 
insulate, 

More likely to 
choose energy 

More likely to 
invest: 

More likely to 
choose energy 

Less likely to 
choose 

 No change is 
preferred to 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

en 
(2015) 

Stated 
preference 
survey 
Home-
owners in 
canton of 
Zürich; 
owner-
occupiers 
with at least 
1 car and no 
heat pump 

logit and 
mixed logit 

install a heat 
pump, buy a 
new car, start 
car sharing, or 
do nothing 

saving 
alternative: 
 
Lower 
investment 
sum (house 
options); price 
sensitivity 
increases with 
income 
 
Higher energy 
savings (house 
options) and 
higher fuel 
prices; price 
sensitivity 
increases with 
income 
 
Lower 
payback 
period 
(insulation for 
highest 
income group 
and heat 
pump) 

 
Higher 
liquefiable 
assets 
 
Less likely to 
choose 
alternatives to 
doing nothing: 
 
Higher level of 
education 
 

saving 
alternative: 
 
More 
environmenta
lly friendly 
attitude 
 
Higher CO2 
reduction 
(house 
options) 
 

alternative to 
doing nothing: 
 
Good facade 
insulation (for 
insulation) 
 
Presence of 
wood heating 
(for heat 
pump) 
 
More likely to 
choose 
alternative to 
doing nothing: 
 
Presence of 
wood heating 
(for 
insulation) 
 

all other 
options 
 
Heat pump is 
the least 
rejected 
option, while 
car sharing is 
the most 
rejected one 
 
No conclusive 
evidence on 
existence of 
energy 
budgets in 
decision 
process and 
whether there 
would be a 
single budget 
or a separate 
budget for 
housing and 
transport 
 
The authors 
note that the 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

 
Higher 
gasoline price 
(car options) 
 
No impact of 
mortgage 
level 

conceptual 
framework of 
one or two 
budgets is not 
well 
understood 
by 
respondents.  

Longhi 
(2016) 

UK 
Household 
Longitudinal 
Survey 
2009-2012 

Panel data 
model at 
household 
level 

Per capita 
expenditure 
on energy 
(total, 
electricity (EL) 
and gas (GAS)) 
 
first wave 
(2009-2010) 
of the UK 
household 
longitudinal 
survey 

 
 

The most 
important 
differences in 
per capita 
energy 
expenditures 
are due to the 
size of the 
household 
 
Positive 
impact on per 
capita 
expenditure 
 
One or more 
household 
members are 
of 

Positive 
impact on per 
capita 
expenditure 
 
All adults 
think that 
what they do 
to help the 
environment 
needs to fit 
with their 
lifestyle 
 
Negative 
impact on per 
capita 
expenditure 
 

Characteristic
s of the 
accommodati
on contribute 
up to 20% to 
gas 
expenditures 
and up to 10% 
for electricity 
 
Positive 
impact on per 
capita 
expenditure 
 
Also uses 
other fuels 
 
Detached 
house (EL) 

 Impact of 
energy prices 
or installation 
costs is not 
analysed 



 

 

44 

 

Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

pensionable 
age (GAS) 
 
One of more 
household 
members do 
not have a job 
or are in poor 
health (EL) 
 
Children 
between 12-
15 
 
Household 
size squared 
 
Higher 
equivalised 
household 
income 
 
Behind with 
bills 
 
Negative 
impact on per 

Household is 
on a green 
energy tariff 
(EL) 
 
All adults 
never keep TV 
in standby or 
leave lights on 
in unoccupied 
rooms 
 
All adults 
always put 
more clothes 
on when cold 
rather than 
turning up the 
heating (GAS) 

 
(Semi)detache
d and 
terraced 
house, 0-1 
floor 
building/2-3 
floor building 
(GAS) 
 
Number of 
rooms 
 
Central 
heating (GAS) 
 
Urban area 
(GAS) 
 
Negative 
impact on per 
capita 
expenditure 
 
Does not have 
gas (EL) 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

capita 
expenditure 
 
Household 
size 
 
One or more 
household 
members are 
of 
pensionable 
age (EL) 
 
Pay fuel in 1 
bill (EL) 

Central 
heating (EL) 

   Change in per 
capita 
expenditure 
on energy 
between the 
first wave 
(2009-2010) 
and second 
wave (2010-
2011) of the 
UK household 
longitudinal 
survey 

 Reduction in 
per capita 
expenditure: 
 
Increase in 
number of 
household 
members 
 
Change to 
homeowner 
(EL) 
 

 Reduction in 
per capita 
expenditure: 
 
Change to 
‘also uses 
other fuels’ 
(EL) 
 
Change to 
‘does not 
have gas’ 
(GAS) 

 The change is 
calculated 
over a short 
period of time 
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Study Data Modelling 
approach 

Dependent 
variable 

Factors 
influencing 
financial costs 
and benefits 

Socio-
demographic 
household 
characteristic
s 

Attitudes of 
respondent/s
ocial capital 
indicators 

House 
characteristic
s 

Other 
determinants 

Remarks 

Change to one 
of more 
household 
members 
having no job 
(GAS) 

 
Increase in per 
capita 
expenditure: 
 
Change to 
detached 
house (GAS) 

 



 

 

47 

 

 


