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ABSTRACT 

Fuel poverty is implicitly associated with households’ inability to achieve and 

maintain basic energy needs and primarily driven by property energy 

inefficiency, low incomes and high fuel costs, further compounded by 

behavioural and attitudinal factors.  Despite terminological inconsistencies, 

fuel poverty is gaining international recognition, and efforts are made to protect 

vulnerable individuals from adverse health consequences attributed to 

substandard homes.  However, due to often misaligned socially-led policies, 

energy efficiency responses remain underdeveloped and there is a lack of 

evidence on the effectiveness of retrofitting solutions and their impacts on fuel 

poverty.   

The empirical investigation underpinning this research is centred on Northern 

Ireland, the region of the UK most impacted by fuel poverty.  A mixed methods 

approach involving quantitative and qualitative techniques is used to examine 

fuel poverty from different perspectives.  Triangulation of data sources and 

evidence offered a comprehensive representation of fuel poverty and energy 

retrofitting strategies.  Within this framework, the research utilised secondary 

data from the 2011 and 2016 Northern Ireland House Condition Surveys in 

addition to primary data from households receiving assistance through 

Affordable Warmth, the energy efficiency policy for fuel poverty, as well as 

those participating in two pilot retrofitting programmes.   

The research presents extensive evidence on the effectiveness of energy 

retrofitting in tackling fuel poverty.  While impacts in relation to thermal comfort, 

energy demand and health and wellbeing were apparent, the most significant 

gains were associated with the most extensive upgrades to property fabric.  

The rich data shows that bespoke energy retrofits are more likely to result in 

households being taken out of fuel poverty and that behavioural adaptations 

post-retrofit can facilitate and maximise the benefits from the interventions.  In 

light of the social and property predictors of fuel poverty, the research 

highlights the need for a holistic and effective energy retrofitting policy 

response to mitigate the problem.   
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CHAPTER ONE – INTRODUCTION 

1.1 Background and rationale 

Poverty is a multi-faceted concept embracing many factors that relate to 

people’s standard of living and is commonly defined as the inability to meet a 

minimum standard of living such as diet, shelter, clothing and heating (Greve, 

2020).  Additionally, it may refer to the lack of resources necessary to 

participate in social activities, traditions and events that are considered as the 

norm within a given culture, as well as absence of access to education and 

other basic services required for fulfilled social existence (Kelly et al., 2012).  

In other words, as Banerjee et al. (2006) highlighted, poverty is a state of 

exclusion of people from necessities of life as a result of insufficient resources, 

a condition that adversely impacts on individuals’ quality of life.  In that regard, 

Olszewski-Kubilius and Corwith (2018) indicate that inadequate material 

wellbeing affects individuals’ health contributes to sense of insecurity and 

uncertainty about the future and can impede development.  Moreover, being 

deprived of basic needs and material resources may have negative 

consequences in educational settings and development of creative abilities 

(Olszewski-Kubilius and Corwith, 2018) and may lead to social exclusion 

(Hillyard et al., 2003).   

In order to protect their citizens, countries around the world are required to 

develop and implement anti-poverty strategies, and to do so, they should 

reach a consensus on the definition of poverty.  Despite poverty affecting 

millions of people across the globe (World Bank Group, 2020), there is no clear 

consensus across researchers and countries on how to measure and 

understand this problem and as a result, several methods are being adopted 

to unpack the issue.  In that regard, the debate on material deprivation 

occupies the question whether to conceptualise poverty in absolute or relative 

terms (Andreß, 2018).  Whereas, the absolute definition adopts non-

negotiable standards of necessary goods, relative poverty allows for flexible 

and culturally determined material and social requirements.  Using income 

levels to reflect the extent of absolute poverty is still often adopted as it 

determines the financial resources needed to meet a minimum standard of life, 

as exemplified by Hussain (2020).  Relative poverty on the other hand and as 
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outlined by Greve (2020) is changeable and its measurement focuses on a 

person’s income below a certain threshold in relation to other individuals in a 

given society.  Typically, across the European Union (EU), this line is set at 

60% of the median income, which denotes the midpoint level of the income 

distribution (Greve, 2020).  However, as each nation is responsible for 

producing their own poverty estimates based on the chosen methodology, 

there are various approaches to measuring poverty (Dang et al., 2017).  

Household expenditure or income data from household surveys (Dang et al., 

2017) and national or World Bank’s poverty lines (where the national statistics 

are not available) are also used as indicators of necessary living standards 

(Ferreira, et al., 2016).   

Early research by Townsend (1979) proposed an objective approach to 

relative poverty based on measures of various types of social activities and 

economic circumstances, with the level of deprivation of these specific items 

leading to a direct measure of poverty.  The specific indicators of poverty in 

this metric were built around peoples’ need for adequate diet, clothing, fuel 

and light, housing, family support, recreation education, health and social 

relations.  Thus, absence of or inability to participate in certain activities is 

indicative of deprivation, as each item can be scored and assessed against 

household income (Townsend, 1979).  As a result of application of this metric, 

a ‘minimum style of life’ appropriate to the United Kingdom (UK) as a leading 

developed country was adopted.  Scientifically, as noted by Gordon (2002), 

this measure reflects poverty in terms of insufficient living standards of living 

and low income. 

A different method to measure poverty is the consensual approach to that 

emerged from Mack and Lansley (1985) who introduced the concept of 

‘socially perceived necessities’ and identified the reasons for this deprivation 

as either enforced or voluntary.  This early analysis demonstrated the extent 

to which many people in the UK in 1980s could not afford essentials in life with 

around 6 million persons reporting that they did not have adequate, 

weatherproof clothing and parents of nearly half a million children were not 

able to provide them with three meals a day, all due to insufficient income. 
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The underlying principle of the consensual approach to measuring poverty is 

that there is a broad agreement between groups in society about what is 

necessary for a minimum standard of living.  International analyses of material 

deprivation attempt to identify variables that should be regarded as 

necessities, and once singled out as such, ranked from ‘absolute necessities’ 

that no one should go without to ‘not at all necessary’ (Guio et al., 2017).  In 

that respect, Guio et al.  (2017) indicated that across European Union (EU) 

medical care and the ability to purchase medication, damp-free housing 

conditions with no leaks and hot running water, as well as ability to keep the 

home adequately warm, are the top priorities for a decent standard of living.  

Similarly, suitable and safe indoor environment, adequate nutrition and health 

care are the minimum requirements in other countries around the world, such 

as South Africa (Byaruhanga et al., 2017), Australia (Baker and Beer, 2007) 

and the United States (US) (Ibem and Alagbe, 2015).  In fact, shelter and 

adequate living conditions are considered basic human rights supported 

globally (OHCHR, 1994).   

As this thesis is contextualised in the UK, and in particular Northern Ireland 

(NI), it is worth noting that previously mentioned housing standards and 

necessities are of extreme importance in this region.  For example, Kelly et al.  

(2012) indicated that “a warm home free from damp” is rated by residents in 

NI as the most fundamental requirement needed for a decent quality of life, 

similar findings were also made by Hillyard et al. (2003) a decade earlier.  

Indeed, both Hillyard et al. (2003) and Kelly et al. (2012) found that the 

understanding of the concept of poverty and what is regarded as a necessity 

of life was the same across genders, age groups, socioeconomic status, and 

religious beliefs.  However, where differences do occur, it was observed that 

they are most apparent between richer and poorer older people.   

The health impacts of low indoor temperatures is a theme that has attracted 

considerable attention in the literature (Willand et al., 2017; Liddell and Morris, 

2010; Deschenes, 2014; McMichael et al., 2006).  A thermally comfortable and 

dry internal environment is regarded a basic need, thus there is a necessity to 

safeguard against condensation, cold and draughts.  The World Health 

Organisation (WHO) (1987) indicated that safe temperatures within the home 
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can vary depending on the function of specific rooms.  The minimum 

recommendation was set for 21°C in the main living area and 18°C in other 

occupied rooms, however individuals with specific needs may require higher 

levels of thermal comfort.  For example, those with disabilities or long-term 

illnesses, pensioners and families with young children are particularly at risk 

of poor health from cold homes (Liddell and Morris, 2010) with those living 

below these temperatures are at a higher risk of developing physical 

conditions such as respiratory and cardiovascular diseases (WHO, 1985).  

Studies have also indicated that people who live in poor housing conditions 

can be affected psychologically and living in a cold and damp house may lead 

to anxiety and depression (Liddell and Morris, 2010; Maidment et al., 2014).  

Furthermore, social isolation, embarrassment about the home and children’s 

poor education attainment have also been identified as problems related to 

inadequate housing conditions (Maidment et al., 2014).  Therefore, being able 

to live in a home that is maintained at a level of thermal comfort is fundamental 

to peoples’ physical and mental wellbeing (Liddell and Guiney, 2015). 

Households who are unable to maintain standards of warmth and energy 

services in their homes at a reasonable cost are considered to be living in fuel 

poverty (Boardman, 2010).   Three factors have been identified as the causes 

of fuel poverty: the poor energy efficiency of the dwellings, low incomes and 

high fuel prices (Boardman, 2010).   The concept of fuel poverty or energy 

poverty as it is often referred to, has been recognised in many countries across 

the world, and despite efforts of eradication, it remains a global issue.   For 

example, an analysis of energy poverty carried out by Dubois and Meyer 

(2016) illustrates the extent of deprivation and inequality between countries 

within the EU whilst highlighting severity of the issues among the member 

states situated in southern Europe.  Despite the Mediterranean climate of 

Greece, Cyprus, Portugal, Spain and Malta, these are the regions where 

energy services deprivation is at its highest, with the most recent evidence 

showing indices of 64%, 55%, 66%, 35% and 46% for these countries, 

respectively (Dubois and Meyer, 2016).  Conversely, countries where outside 

temperatures are much lower are the regions with lowest indices of fuel 

poverty (Dubois and Meyer, 2016).  It has been reported that a relatively low 
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fraction of the population of Sweden (12%) and Finland (18%), the Nordic 

countries with a cold climate, experience energy-related difficulties (Dubois 

and Meyer, 2016).  Inability to afford energy services has also been an issue 

elsewhere in the world, with Australia (Azpitarte et al., 2015; Valente et al., 

2020), New Zealand (Lloyd, 2006) and the US (Hughes, 2014) identifying the 

extent of the problem and working towards development of fuel poverty 

alleviation initiatives.  With this in mind, it is worth noting that the UK has the 

longest history of fuel poverty research and impacts of substandard housing 

on human health and wellbeing and has been at the forefront of creating 

strategies directed at alleviation of the problem (Bouzarovski and Petrova, 

2015).  As a result of this extensive research in the region, the main definitions 

were developed, which are currently used in the UK and elsewhere in the 

world.   

There are two main indicators used to measure fuel poverty, namely: 

• Boardman’s (2010) 10% indicator – based on the households need to 

spend more than 10% of income on energy in order to maintain 

adequate levels of warmth within the home (within the UK, accepted in 

Scotland, Wales, NI), and 

• Hills’s (2012) Low Income High Cost (LIHC) indicator – based on higher 

than national median energy expenditure that result in households’ 

disposable income below the official poverty line (recently adopted in 

England). 

Under the definitions of fuel poverty used in the UK (detailed in Chapter 2), 

current statistics indicate that 11.6% of households in England, 25% in 

Scotland, 12% in Wales and 22% in NI are fuel poor (National Energy Action, 

2020).  These statistics are indicative of the wide disparity in fuel poverty 

indices between the four countries of the UK, with NI’s prevalence being the 

second highest.  Indeed, the combination of climatic effects, lower incomes 

and steady increases in the cost of heating and lighting are contributing factors 

to such high levels of fuel poverty in NI.  Additionally, the region’s continued 

dependence on oil, electric and solid fuels for domestic heating due to the 

under-developed natural gas network has been identified as a force that 

increases the likelihood of households falling into fuel poverty (Liddell et al., 
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2011).  Across western Europe, NI has the highest proportion of households 

using heating oil, the most expensive type of fuel, with 68% of its population 

being dependent on it as their main heating source thus significantly increasing 

the energy expenditure, one of the main factors contributing to fuel poverty 

(Northern Ireland Housing Executive, 2013).    

To tackle fuel poverty, countries worldwide have policies, which are aimed at 

protecting vulnerable individuals from health risks that can be attributed to 

living in cold homes.  Fuel bill discounts that cover gas and electricity users 

were introduced in France in order to provide low-income households with 

affordable energy tariffs (Tyszler et al., 2013).  Up to 60% rebate of utility bills 

is offered to those residents who meet eligibility criteria and decide to claim 

the reduced tariff.  Moreover, a fixed-rate expense rebate and the Housing 

Solidarity Fund (HSF) provide additional financial support to those in France 

who struggle with paying their water and fuel bills and those who have an 

existing energy debt, respectively.  These social security benefits are 

contingent on the annual income below the threshold set by the French 

government and the household composition (Tyszler, et al., 2013).  Romania 

is another country where financial measures have been introduced for 

vulnerable households to prevent energy related negative outcomes, such as 

gas or electricity disconnections (Clodnitchi and Busu, 2017).  Two short-term 

solutions are available in Romania, one being a financial supplement for those 

who cannot afford to cover their home heating costs and the second being a 

reduced tariff for households with low electricity consumption.  The heating 

benefit and the social tariff are the only solutions to date in Romania, yet it is 

a region with history of communism and under-developed energy sector, 

factors that in addition to the three main fuel poverty contributors. have an 

impact on residents’ inability to maintain adequate heating.  Long term 

measures such liberalisation of the energy market leading to lower electricity 

prices, retrofitting domestic dwellings, incorporating existing technologies and 

educational programmes regarding energy consumption and costs are being 

slowly enforced to protect residents from cold-related consequences 

(Clodnitchi and Busu, 2017).   



7 
 

The UK has introduced a number of government-led strategies which, to date 

have mainly focused on either increasing the income for householders or 

improving energy efficiency of the properties they live in (outlined in greater 

detail in Chapter 2).   In this respect, the Winter Fuel Payment (WFP) and Cold 

Weather Payment (CWP) are grants currently in place in the UK that provide 

respite to vulnerable and low-income householders during the colder winter 

months (Department for Work and Pensions, 2015).  Eligible individuals are 

provided with a one-off payment (WFP) and/or receive additional supplements 

for every week the outside temperatures are very low (CWP).  Additionally, 

England offers a Warm Home Discount (WHD) and those who qualify receive 

subsidised electricity bills (Department for Business, Energy and Industrial 

Strategy, 2020).  By offering these grants, the UK Government is making 

efforts to alleviate the impact of two out of the three drivers of fuel poverty, 

namely low incomes and high energy prices.  Such approaches, however, 

have been widely criticised for being ineffective in targeting fuel poor 

households and essentially increasing the income of those who would never 

need it increased in the first place (Boardman, 2010).  Furthermore, these can 

be only seen as short-term fixes to the problem, as only a fraction of the 

payments received by the householders goes towards heating the home 

(Boardman, 2010). 

With uncertainties surrounding longer-term fuel costs and difficulties 

addressing low household incomes, it is important to consider the energy 

inefficiency of domestic dwellings.  As the UK’s housing stock is one of the 

least energy efficient across Europe (Asaee et al., 2018) and it is estimated 

that approximately 80% of the buildings, which will exist in 2050, have been 

built already (Gupta et al., 2015), improving thermal efficiency through retrofits 

has been a priority for the Government (Gupta and Gregg, 2018).  Depending 

on the building structure, a retrofit can involve measures such as insulation of 

walls, lofts and floors, windows replacement, upgrades of existing heating 

systems, incorporating new technologies designed for energy management, 

as well as renewable energy alternatives (Adamczyk and Dylewski, 2017; 

Alzetto et al., 2018; Brown et al., 2017; DECC, 2009; Elsharkawy and 

Rutherfor, 2015; Patterson, 2012).   
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The rationale for such course of action is that retrofitting domestic dwellings 

addresses fuel poverty issues through increasing thermal comfort and 

reducing fuel expenditures for their occupants (DECC, 2015).  This in turn, 

may lead to creating healthier living environments for vulnerable 

householders.   

In order to support energy efficiency uptake and protect fuel poor households, 

various countries made declarations regarding improving the fabric of the 

existing dwellings.  In France, 500,000 homes per year are to be upgraded to 

reduce energy consumption as indicated by the National Housing Investment 

Plan (Tyszler et al., 2013).  Nevertheless, out of the overall number of 

properties due renovations, 10% are aimed at state-owned dwellings occupied 

by fuel poor households (Tyszler et al., 2013).  Further, Habiter Mieux (‘live 

better’), a national energy efficiency programme was launched in order to 

provide support to owner occupiers.  Under certain eligibility criteria, fuel poor 

homeowners can receive governmental assistance in the form of grants to 

complete necessary energy efficiency measures that are tailored to the 

specific individuals and their needs (Tyszler et al., 2013).  In other parts of 

Europe, large-scale energy efficiency trials were implemented.  In Hungary, 

the SOLANOVA project was completed with promising results for the future 

anti fuel poverty programmes aimed at the eastern European countries and 

post-communist type of fuel poverty (Tirado Herrero and Urge-Vorsatz, 2012).  

This pilot incorporated various energy efficiency measures and technological 

innovations implemented to a substandard apartment block with mouldy walls 

and draughty windows connected to district heating (Tirado Herrera and Urge-

Vorsatz, 2012).  Similarly, in Lithuania, the JESSICA project was aimed at 

improving the energy efficiency of apartment blocks built before 1980 

(Rezessy and Bertoldi, 2010).   

The housing stock in the UK differs to that of the eastern Europe.  In the UK, 

people are most likely to live in houses with larger floor size, whereas the 

countries of eastern Europe have a larger proportion of people living in 

relatively small flats (Pittini et al., 2015).  With this in mind, different 

approaches to energy efficiency upgrades and fuel poverty targeting strategies 
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need to be taken depending on the specific characteristics and historic 

legacies of the regions (Kuusk and Kalamees, 2015).   

Currently, the UK offers a number of energy efficiency schemes to people who 

are in need of upgrading their properties.  Affordable Warmth is a retrofit 

scheme in NI funded by the Department for Communities (DfC) that targets 

most vulnerable individuals in the private sector, both the owner occupiers and 

private renters.  Areas, where there is the highest concentration of fuel poor 

households are identified, and occupants contacted by the local councils.  The 

scheme offers a range of energy efficiency upgrades (based on priority needs) 

from installation of loft insulation through to solid wall measures.  The 

programme also offers eligible households a grant to replace old and inefficient 

oil-fired boilers with gas alternatives, and, where not practical or possible to 

install, low carbon oil central heating or high efficiency electric options are 

available (NIHE, 2021).  Affordable Warmth is an example of one, government-

led scheme aimed at tackling fuel poverty, nevertheless other institutions, non-

governmental organisations (NGOs) and charitable groups across NI also 

promote the uptake of energy efficiency measures.    

In theory, tackling energy inefficiency of existing housing stock seems 

plausible.  However, several issues surrounding the energy efficiency 

improvements and their link to fuel poverty alleviation have been identified.  

This research provides a detailed review of these issues in subsequent 

chapters, however, a brief consideration of some of the main concerns raised 

in the literature is outlined below. 

Firstly, there is evidence that political pressures regarding carbon emissions 

reduction in the domestic sector drive decision making regarding fuel poverty 

strategies.  The general assumption relating to energy efficiency 

improvements to meet carbon emissions targets (to be reduced by 80% before 

2050) seems to be that these obligations are concomitant to positive impacts 

on fuel poverty, and as such, no additional evidence is required (Rosenow et 

al., 2013).  However, as Rosenow et al.  (2013) reports, reducing energy 

consumption and carbon footprint does not necessarily lead to a reduction in 
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levels of fuel poverty, as fuel poor households are known to underuse rather 

than overuse energy services.   

Secondly, retrofitting the building stock tackles only one of the three factors 

contributing to fuel poverty and even though considerable post-hoc gains may 

be noted, households may remain in fuel poverty as a result of low income and 

high energy prices, the other two drivers (Boardman, 2010; Middlemiss, 2017).  

With this gap in the existing literature in mind, this research investigates and 

reviews fuel poverty policies, and assesses the extent to which the 

aforementioned claims of conflicted policy goals, impact the most vulnerable, 

fuel poor households.   

Thirdly, targeting fuel poor households is extremely challenging.  Fuel poverty 

policies need to be aimed at the vulnerable and the most in need households 

to be effective.  Thus, interventions and resources should be allocated 

accordingly.  However, as Walker et al. (2014) notes, there are ‘inherent 

difficulties’ in identifying these groups and in order to qualify for support, 

individuals need to meet vulnerability criteria that relate to social welfare 

benefits.  These proxy indicators are said to be inadequate in determining fuel 

poverty status, as a large proportion of households is excluded with some 

individuals not claiming their benefits and some not being vulnerable, yet fuel 

poor (Walker et al., 2014).  Furthermore, relying on self-referral to energy 

efficiency schemes may be ineffective in delivering retrofits.  Some individuals 

living in fuel poverty may be by definition vulnerable and in need of energy 

efficiency measures in their homes but perhaps not be able to seek the support 

they need.  Overall, for different reasons, it is mainly the non-fuel poor 

households that benefit from energy efficiency schemes (Boardman, 2010; 

Rosenow and Galvin, 2013).  Thus, the direct approach to identifying fuel poor 

households has been proposed as more appropriate (Walker et al., 2014).  

Despite ongoing research in fuel poverty and effective targeting of households 

in need, there is a lack of consensus on what methods yield best results.  

Hence, this research explores targeting options adopted in other countries to 

ensure that fuel poor households are not excluded from availing of energy 

efficiency schemes.   
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Fourthly, and lastly, behavioural factors are major determinants in energy 

management and space heating.  Research studies of occupants’ behaviour 

prior to and post retrofit indicate that indoor lifestyle and social practises may 

change following energy efficiency upgrades (Marshall et al., 2016; Alam et 

al., 2019; Sun and Hong, 2017).  This adds to the already complex 

phenomenon of fuel poverty and efforts for its alleviation.  There are two main 

factors that make retrofits evaluations problematic and difficult in determining 

whether energy efficiency installations reduce fuel poverty.  These are: 

• rebound effect, where occupants use more energy post-retrofit, 

reducing the amount of energy saving potential, and in some cases, 

actually increasing energy bills (Greening et al., 2000; Hediger et al., 

2018; Marshall et al., 2016; Sorrell et al., 2009), and 

• prebound effect, where benefits from retrofits are overestimated as a 

result of inaccurate and exaggerated energy consumption assumptions 

pre-retrofit (Galvin and Sunikka-Blank, 2016; Teli et al., 2015; Sunikka-

Blank and Galvin, 2012).   

Of interest to this research is to determine the extent to which occupants’ 

behaviour before and after retrofit affect their fuel poor status.  Whether 

thermal comfort, health and wellbeing benefits initiated by energy efficiency 

incentives can be identified as a factor contributing to the presence of a 

performance gap that in turn may have an impact on occupants remaining in 

fuel poverty post-retrofit.        

Despite extensive studies on fuel poverty, there is a lack of evidence whether 

improving energy efficiency of the domestic dwellings decreases the level of 

fuel poverty overall.   There are undoubtedly considerable benefits associated 

with retrofitting housing stock, some of them direct and others indirect, but as 

fuel poverty is a complex phenomenon and individuals’ circumstances vary 

greatly, there remains major challenges and uncertainties regarding policy 

measures.  It is within this context, that this research provides an in-depth 

investigation into the impacts of energy efficiency retrofits and their role in the 

reduction of fuel poverty levels.  Specifically, the research examines fuel 

poverty and influencing factors in NI as well as the behavioural and social 

issues that are important considerations in providing cost effective solutions. 
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Thus, the key research question at the core of this thesis is whether retrofitting 

provides an effective policy mechanism for addressing fuel poverty.  A number 

of subsidiary research questions flow from this, namely: Is there definitional 

consensus concerning fuel poverty or is it a contested area?  What has been 

the policy response to fuel poverty and are there examples of good practice 

internationally?  What are the specific policy measures in NI, their 

effectiveness and the extent to which these policy interventions have 

embraced fuel poverty?  What are the key factors driving fuel poverty in NI and 

how it has varied over time in NI?  Does it vary by location, tenure, property 

type?  What are the key data sets and are these adequate in assessing the 

impact of retrofitting measures on fuel poverty?  These research questions 

have been important in framing the following aim and objectives of this thesis. 

1.2 Aim and objectives 

Aim 

The aim of this research is to investigate the impact of retrofitting existing 

domestic dwellings and its contributions to providing an effective policy 

solution for alleviating fuel poverty in Northern Ireland.   

In order to address the research aim, a number of underpinning objectives are 

central to fulfilling this thesis.   

Objectives 

1. To contextualise the concept of fuel poverty and its impacts. 

2. To analyse government policies, strategies and projects aimed at 

reducing fuel poverty levels including retrofit solutions from regional, 

national and international perspectives. 

3. To analyse the extent of fuel poverty in Northern Ireland and influencing 

factors.   

4. To analyse behavioural and attitudinal perspectives prior to and post 

retrofits. 

5. To assess the impact of retrofitting options and their potential to reduce 

levels of fuel poverty. 
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1.3 Overview of methodology 

In order to address the aim of this thesis quantitative, qualitative and mixed 

research methods were considered.  As fuel poverty is a complex concept that 

incorporates issues related to building properties as well as occupants’ social 

and behavioural characteristics, a mixed method approach was regarded as 

the most appropriate.  With that view, the triangulation of results from a 

diversity of methodological approaches (Creswell and Creswell, 2018) was 

applied in this thesis.  Within the research context triangulation refers to 

combination and interpretation of quantitative and qualitative data in order to 

gain a better understanding of a complex problem (Mertens and Hesse-Biber, 

2012; Wilson, 2014).  Using multiple sources of data collection is an approach 

designed to provide a robust research basis and produce rich and 

comprehensive findings.  As fuel poverty is a social phenomenon, it requires 

interpretation of quantitative data as well as qualitative responses from 

individuals who can share their views and experiences.  This research benefits 

from adopting different perspectives as the process of triangulation facilitates 

deeper understanding of the subject under study.    

Quantitative data derived from available databases should provide objective, 

reliable and accurate results.  This approach allows for exploration of fuel 

poverty from an expenditure-based perspective.  The nature of this topic 

requires initial quantitative analysis in order to explore statistical relationships 

concerning the incidence of fuel poverty, particular household types and 

building quality and any underlying spatial patterns and trends.  Hence, this 

research utilises the most recent data on fuel poverty available for NI drawing 

information from the House Condition Survey conducted by the Northern 

Ireland Housing Executive in 2016, as well as, the data pertaining to the 2011 

cohort, to allow for comparisons across tenures, between rural and urban 

dwellers, by age and socioeconomic status, and other factors associated with 

fuel poverty.  Quantitative analysis has been facilitated through the use of 

Statistical Package for the Social Sciences (SPSS). 

In comparison, a qualitative methodology allows for further, in-depth 

exploration of fuel poverty and occupants’ perspectives.   Investigation of 

behavioural and social issues among owner occupier, private renters and the 
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social housing tenants provides information about perceptions and behaviours 

and illuminates the differences in perspectives between groups of individuals.  

Thus, qualitative research is particularly useful for exploring people's 

knowledge and experiences and in the context of this thesis is used to provide 

a comprehensive understanding of the causes of fuel poverty, and in 

particular, using case evidence to track household behaviour in homes that 

have been subjected to retrofitting.  Occupants’ first-hand accounts are 

analysed using qualitative content analysis, a technique outlined by Miles and 

Huberman (1994). 

1.4 Delimitations and limitations of the research 

Within the scope of this research is to assess the effectiveness of retrofitting 

solutions to reduce fuel poverty in NI and investigate the impacts of energy 

efficiency interventions on individual households.  In this context, the primary 

component of this research is restricted to fuel poor households eligible for 

government assistance to undertake energy efficiency improvements and 

does not include a comparative non-fuel poor control group of households who 

undertake home upgrades independently.  Regarding the data on fuel poverty 

and associated variables, this research is restricted to the secondary sources 

collected for 2011 and 2016, the two most recent datasets.  As official fuel 

poverty modelling is based on property and social characteristics that requires 

intrusive surveying of individuals and their homes, due to a lack of sufficient 

resources and ethical constraints, it is not possible to calculate current fuel 

poverty figures within this research.   

A key challenge in this research lies in the methods of concepts 

measurements.  With regards to the secondary data, changes in the methods 

of measuring specific components of house condition and energy efficiency 

ratings over time are recognised.  This provides a certain limitation in making 

historical comparisons, and wider inferences are to be treated with caution.  In 

addition, as fuel poverty is officially measured every five years, this means that 

the analysis of the issue in NI is undertaken retrospectively and recent 

changes in the economic, property and social factors cannot be fully captured.  
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1.5 Structure of thesis 

There are eight chapters in this thesis (Figure 1.1).  An overview of existing 

literature and rationale for this research along with an outline of the research 

approach and methods selected for this study are presented in the first 

chapter. 

Figure 1.1 Structure of the thesis 
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Chapter 2 offers an extensive literature review of the knowledge and 

understanding of fuel poverty.  Firstly, the concept of fuel poverty is introduced 

along with the evidence of its complexity.  Main drivers are discussed and 

currently used definitions outlined.  Thereafter, the research focuses on the 

impacts of fuel poverty on human health and wellbeing.  The adverse, physical 

and mental health effects of living in cold and damp conditions underpin the 

rationale for the subsequent chapter.   

In Chapter 3, government policies, strategies and selected projects aimed at 

reducing fuel poverty levels including retrofit solutions from regional, national 

and international perspectives are assessed.  Collectively, both Chapters 2 

and 3, provide a framework for the study and provide further justification for 

the research.    

Chapter 4 presents a detailed methodology adopted in this research.  Based 

on the objectives outlined in Chapter 1, research methods are strategically 

selected and justified.  Subsequently, data collection and data analyses are 

explained in detail in the context of this thesis. 

Chapters 5, provides a comprehensive analysis of the 2011 and 2016 Northern 

Ireland House Condition Surveys.  The specific focus is on analysis of a 

number of elements associated with existence of fuel poverty.  The 

characteristics and condition of the housing stock are assessed, followed by 

household composition, socio-economic and energy-related components.   

Building on the evidence from the previous findings in relation to fuel poverty 

and policy-driven energy interventions, Chapter 6 provides an insight into 

behavioural issues, households’ perceptions of fuel poverty and retrofitting 

and offers an element of policy analysis on effectiveness of retrofitting in 

alleviating fuel poverty in NI.   

Following the triangulation strategy, Chapter 7 is based on the qualitative 

evidence to investigate whether retrofitting can either provide a solution or at 

least in part to fuel poverty.  Case studies designed to capture householders’ 

full range of experiences, prior to as well as post-retrofit, provide a holistic 

representation of householders’ insights and offer analysis on the 

effectiveness of bespoke retrofitting solutions in alleviating fuel poverty. 
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The evidence gathered throughout the research along with pertinent 

conclusions are presented in Chapter 8.  Moreover, impacts and research 

implications are outlined, and the Chapter concludes by highlighting areas of 

further fuel poverty research.     
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CHAPTER TWO – LITERATURE REVIEW 

2.1 Introduction 

As established in Chapter 1, this research is concerned with the impact of 

retrofitting existing domestic dwellings and whether this contributes to 

providing an effective solution for alleviating fuel poverty.  In order to address 

this multi-layered and complex issue, the starting point, as in all research, is 

to review the current evidence on the subject within a theoretical and 

contextual framework.  Hence, this chapter presents an extensive literature 

review of the knowledge and understanding of fuel poverty and in doing so 

directly fulfils objective one of this thesis, namely to contextualise the concept 

of fuel poverty and its impacts.  The positioning of this chapter in the context 

of the initial phase of the thesis is illustrated in Figure 2.1. 

Figure 2.1 Structural context of Chapter Two  

 

In addressing this first objective, Chapter 2 focuses on several issues 

regarding fuel poverty. These constitute the main sub-sections of the chapter.  

Section 2.2 is concerned with the concept of fuel poverty, its complexity and 

the distinction between poverty and fuel poverty.  Section 2.3 provides an 

insight into the fuel poverty measurement approaches along with advantages 

and drawbacks associated with the use of various methods.  Section 2.4 
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focuses on the primary drivers of fuel poverty, definitional issues and how 

these vary between different jurisdictions.  Section 2.5 articulates the adverse 

impacts fuel poverty has on health and wellbeing.  Section 2.6 assesses from 

a literature perspective how retrofitting of residential property may provide 

potential physical solutions to fuel poverty.  Section 2.7 draws out pertinent 

conclusions from this chapter, which are then analysed from a policy 

perspective in Chapter 3. 

2.2 Fuel poverty conceptual issues  

Energy services are crucial in sustaining and maintaining modern economies 

and societies (Sovacool and Mukherjee, 2011).  They are required for 

transport, goods manufacturing, lighting, heating and food production.  As 

these services are essential for human development they are often regarded 

as basic life necessities and not supplementary commodities that people can 

do without (Sovacool and Murkherjee, 2011).  In fact, access to reliable and 

affordable energy provisions within the residential sector is fundamental to 

achieving satisfactory levels of physical and mental wellbeing (Liddell and 

Guiney, 2015; Churchill et al., 2020; Welsch and Biernann, 2017).  However, 

the ability to flourish may be hindered by the affordability challenges many 

households worldwide are facing in the current energy climate.  The energy 

crisis of 1973 resulted in an instability of the energy market that led to 

fluctuations in energy prices, which in turn became a barrier preventing 

individuals from obtaining the necessary services (Chester, 2014).  This global 

event was the main driver of research into the complex, social phenomenon 

of fuel poverty which has been investigated in varying forms for almost 40 

years.    

It is commonly accepted that the concept of fuel poverty originated in the work 

of Isherwood and Hancock (1979) even though the difficulties associated with 

warmth and its affordability had been reported before fuel poverty was 

introduced as a term in its own right.  Based on their analysis of 1977 Family 

Expenditure Survey, households with high fuel expenditure, which was defined 

as twice the median of the total household income, were regarded as fuel poor 

(Isherwood and Hancock, 1979).   The twice median measure of energy 

expenditure is thus chosen over the mean as it reflects more accurately 
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distribution trends related to income, which is seldom normally distributed 

(Liddell et al., 2012).  Moreover, the median statistic is used to measure 

household living standards and assess poverty status (Liddell et al., 2012; 

Chiripanhura, 2011). 

Following Isherwood and Hancock’s (1979) research, fuel poverty was rarely 

mentioned in the scientific literature until Bradshaw and Hutton’s (1983) work 

on household fuel expenditure.  The analysis of three national surveys 

available at the time illustrated that the expected future energy price rises 

could lead to more households struggling with high energy bills, which in turn 

would rise levels of fuel poor households (Bradshaw and Hutton, 1983).  As a 

result of these findings, support for energy affordability came into the forefront 

of the research agenda and attempts to reduce the burden associated with 

detrimental outcomes for households have received considerable attention in 

the intervening years (Bradshaw and Hutton, 1983; Heindl and Schuessler, 

2015; Littlechild, 2018; Mattioli et al., 2017; Oppenheim, 2016; Walker et al., 

2015).  Nonetheless, as fuel poverty was still a relatively new concept, no clear 

definition was introduced and difficulties in measurement became apparent.  

Bradshaw and Hutton (1983) were amongst the first attempting to provide a 

description of fuel poverty, characterising it in terms of relative poverty as a 

lack of resources to attain reasonable levels of heat within the home.   

Subsequent work in the subject of fuel poverty by Boardman (1991) provided 

further evidence on the existence of this complex and multidimensional 

problem, however, it redefined the boundaries of fuel poverty.  According to 

Bradshaw and Hutton (1983) fuel poverty related to affordability issues of 

warmth within the home, whereas Boardman (1991) stipulated that this 

umbrella term should encompass heating as well as all other energy services 

within the home.  Therefore, energy required for lighting, hot water, 

communication and recreation should be included in any quantifiable 

characterisation of fuel poverty (Boardman, 1991).   Another important feature 

of Boardman’s (1991) research was the distinction made between the causal 

factors and symptoms of fuel poverty, which subsequently led to the 

development of the first operational definition.  In that respect, poor housing 

conditions experienced by a considerable number of households, combined 
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with low incomes and high energy expenditure, were identified as the major 

determinants of fuel poverty whereas living in dwellings with suboptimal 

temperatures, disconnections and/or debts associated with inability to pay for 

energy services were considered indicative of householders living in fuel 

poverty (Boardman, 1991).  Boardman’s (1991) work was a landmark in terms 

of the identification of the three major factors contributing to fuel poverty, which 

facilitated the progress of developing an operational definition for the concept.  

Almost a decade later, fuel poverty gained political significance and  the 2000 

Warm Homes and Energy Conservation Act (WHECA) was drafted to initiate 

and support  the progress in providing governmental support for combating 

this multidimensional problem (Boardman, 2010).  The legislation, applicable 

to England and Wales only, characterised fuel poor households as those who 

were unable to attain adequate levels of warmth in the home for a reasonable 

cost due to low incomes (Hills, 2011).  Moreover, the legal document was in 

place to ensure that, as far as reasonably possible, households were taken 

out of fuel poverty by 2016 in England and 2018 in Wales.   Following this 

legislation, the other two UK nations made commitments to also eradicate fuel 

poverty, with Scotland introducing the Housing Act (2001) and NI 

commissioning the Department for Social Development (DSD) to lead the 

strategic, but non-legally binding response  (Northern Ireland Assembly, 

2009).   Since the 2000 Act, fuel poverty gained political recognition across the 

UK, however, it became apparent that there was no consensus as to how fuel 

poverty was conceptualised and measured (Hills, 2011).  Furthermore, the 

legally binding Act did not stipulate how fuel poverty, and progress towards its 

alleviation should be measured, and as there was no new developments in 

fuel poverty metrics, the ’10 per cent indicator’ developed two decades earlier, 

became the basis for the official definition set out in the 2001 UK Fuel Poverty 

Strategy as required by the WHECA (Boardman, 2010).   In essence, this 

metric is based on the households’ need to spend more than 10% of income 

on energy in order to maintain adequate levels of warmth within the home and 

utilises modelled data in relation to heating a home based on house condition 

surveys (Boardman, 2010) (detailed in Section 2.3).   
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Although considerable efforts and advances have been made in developing 

the definition of fuel poverty, this complex phenomenon requires continuous, 

multidisciplinary and in-depth investigation.  Early research focused on 

households actual or modelled energy expenditure, income and energy 

efficiency of the home, the quantifiable aspects of fuel poverty (Boardman, 

2010; Legendre and Ricci, 2015; Fahmy et al., 2011).  In that respect, the 

problem of fuel poverty is characterised in terms of factors that may not 

necessarily be in households’ capacity to change or adapt to and disregards 

the individual circumstances that may also have a contributory role to their fuel 

poor status, such as tenancy relations, underlying health conditions, and 

stability of income rather than amount thereof (Middlemiss and Gillard, 2015).  

The expenditure and consumption-based approach to fuel poverty was a 

starting point in research, and arising from its complex nature, the 

phenomenon gained international and multidisciplinary recognition in recent 

years (Thomson and Snell, 2013; Waddams Price et al., 2011; Mould and 

Baker, 2017; Mazzone, 2020; Chaton and Gouraud, 2020).  Moreover, based 

on the increasing importance of fuel poverty as a form of energy injustice 

(Poruschi and Ambrey, 2018) the research community collaboratively seeks 

to understand the problem by applying different approaches and producing 

pathways to its alleviation (Bednar and Reames, 2020).   

Research spanning across various disciplines, including environmental 

sciences and geography (Boardman, 2012; Anderson et al., 2012; Walker et 

al., 2014), psychology (Liddell and Guiney, 2015), economics (Hills, 2012) , 

and public health (Cotter et al., 2012) provides a more holistic view of fuel 

poverty and a greater understanding of contributing factors at a household 

level.  As a consequence of this, wider scope of investigation, different 

methodological approaches are adopted and the research framework 

cultivated provides a more detailed characterisation of the social issue that 

fuel poverty has become (Walker and Day, 2012).  Moreover, because of 

greatly varying methodologies and different perspectives within fuel poverty 

research, the contemporary debate in relation to the problem of energy 

services deprivation and warmth affordability surpasses a quantitative-only 

angle (Ambrose and Marchand, 2017).  Indeed, the current research 
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acknowledges the importance of detailed accounts of households living in fuel 

poverty and the depth of this multifaceted social issue, interlinked with many 

aspects of daily life (Middlemiss and Gillard, 2015; Ambrose and Marchand, 

2017).  Thus, a capability approach was introduced as an attempt to provide 

a person-centred perspective to energy or fuel poverty as well as a 

contemporary definition based on the current trends and knowledge (Day et 

al., 2016).  Originating from the work of Nussbaum and Sen (1993) in the area 

of economic development, dissatisfaction with outcome measures in terms of 

material gains and profits led to these authors introducing non-monetary 

measures with the emphasis placed on a person’s abilities to achieve a state 

of wellbeing rather than obtained wealth, as outcomes measured in terms of 

household income do not provide an accurate representation of quality of life 

(Day et al., 2016).  An important feature of the capability approach is the 

differentiation between two concepts that are linked to individuals, namely 

functionings and capabilities.  The former relate to states such as good health, 

having stable employment and source of income, social inclusion, being 

respected and self-actualisation, whereas the latter refers to the real 

opportunities individuals could achieve given the freedom to do so (Day et al., 

2016).   

In relation to fuel poverty, Day et al. (2016) proposed a definition that considers 

a person’s inability to achieve necessary capabilities as a consequence of 

difficulties in achieving adequate levels of warmth as well as other energy 

services.  According to Day et al. (2016) defining fuel poverty in capability 

terms allows space heating as well as other energy services to be regarded 

as necessities required by individuals to be able to participate in social life, 

work and to communicate with others, for educational purposes as well as 

wellbeing.  Lack of such services or insufficient access to them may prevent 

individuals from achieving their potential, an outcome is characteristic of the 

effects of fuel poverty.  However, the dynamic nature of fuel poverty is not 

necessarily constrained to a household with capabilities achieved elsewhere 

or by other means.  For example, using public spaces, community centres, 

putting on additional layers of clothing during cold days can be viewed as 

provisions for adequate warmth and good health.  This definition takes 
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personal circumstances into account and acknowledges various needs of 

households with similar characteristics. However, energy services or lack 

thereof are not viewed in terms material deprivation per se but as the inability 

to achieve a specific functioning such as good health, as a result of direct or 

indirect difficulties in accessing affordable, safe and reliable energy services 

(Day et al., 2016).  Day et al. (2016) indicated that to achieve warmth within 

the home individual circumstances should be taken into account as resources, 

though preferences of occupiers in terms of thermal comfort vary greatly.  

Hence, measuring outcomes, such as wellbeing or flourishing, rather than the 

household income and energy expenditure are more meaningful from the 

capability perspective (Fizaine and Kahouli, 2018). 

As the context of this investigation is fuel poverty in NI, the research has at its 

disposal the definition used in the region.  Specifically, the 2004 Ending Fuel 

Poverty Strategy characterises fuel poverty as a condition whereby “in order 

to maintain an acceptable level of temperature throughout the home, the 

occupants would have to spend more than 10% of their income on all 

household fuel use.”  Thus, in broad terms, fuel poverty in NI reflects 

households’ difficulties in achieving thermal comfort in their homes and is 

based on energy requirements to reach adequate levels of such (as opposed 

to actual consumption).  The official metric associated with the definition, 

where expenditure share is calculated from the total household income, 

including various state benefits against modelled energy needs, is NI’s attempt 

to clearly identify the boundaries of fuel poverty that are embedded in the 

unique characteristics of the region.  In that regard, the Northern Ireland 

Assembly (2009) highlights that NI has higher than average need for heat 

stemming from climatic and typically colder weather conditions leading to 

disproportionate heating expenditure.  Moreover, overreliance on home 

heating oil as a result of underdeveloped natural gas network, spatially 

dispersed population and lower incomes all account for this heat-driven form 

of fuel poverty in NI.   
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2.2.1 Is fuel poverty a distinct concept? 

There has been a longstanding debate whether fuel poverty is an extension of 

or a distinct concept to general poverty (Bradshaw and Hutton, 1983; Hills, 

2011; Middlemiss, 2017).   Poverty is a multi-faceted concept embracing many 

factors that relate to people’s standard of living and is defined as the inability 

to meet a minimum standard of living such as diet, shelter, clothing and heating 

(Kumar et al., 2017).   Additionally, lack of resources necessary to participate 

in social activities, traditions and events that are considered as the norm, as 

well as a lack of access to education and other basic services, are among the 

non-material components associated with experiences of poverty (Kelly et al., 

2012).  In other words, poverty means the exclusion of people from necessities 

of life as a result of insufficient resources available to them (Banaerjee et al., 

2006).  In that respect, fuel provisions or access to energy resources along 

with aforementioned essentials may be regarded as a basic need and lack 

thereof may signify severe deprivation (Bradshaw and Hutton, 1983).   

In his recent review of fuel poverty and its measurement, Hills (2011) maintains 

that fuel poverty is distinct from poverty, which is a problem with its roots in 

low incomes.  It has been argued that although individuals who have low 

incomes have affordability issues, there are not specific types of poverty based 

on the necessities they lack and there are no strategies in place in order to 

address the specific types of deprivation (Hills, 2011).  However, Hills (2011) 

identifies housing as an exception, based on the huge differences in rents and 

mortgages people are required to pay compared to general items needed for 

their daily lives, which do not have the same degree of price variations.  In 

other words, people on different incomes can purchase food or clothing for 

similar prices, however renting a house from a private landlord or purchasing 

own home requires disposable income to a greater extent, and those who have 

affordability problems may not have the means to do so.  Furthermore, there 

are vast differences in terms of the cost of heat, with different households 

required to spend different amounts in order to achieve the same level of 

warmth within the home (Boardman, 2010).  The ability to achieve thermal 

comfort is contingent on the extent of energy efficiency of the properties, and 

as the housing stock in the UK is poorly insulated, those individuals with low 
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incomes, according to Hills (2011), may not be able to invest a significant 

amount required for necessary improvements.  Heating systems and fuel 

payment methods are also adding to the already complex poverty versus fuel 

poverty debate.  For example, having an old, inefficient boiler, continued 

dependence on oil, electric and solid fuels for domestic heating due to the 

under-developed natural gas networks increases household fuel expenditure, 

a theme that is recurrent in households with low incomes and which requires 

capital investment to improve efficiency of appliances and to reduce the 

proportion of income spent on heat (Hills, 2011).   

Boardman (2010) recognised that low-income households pay higher prices 

for their fuel than those with higher incomes due to unfavourable contracts, 

previous payment arrears, expensive tariffs and reduced likelihood of direct 

debit payments, the cheapest option.  This is a major concern, as those 

households may have a lower standard of living, and due to the high fuel costs, 

they may inadvertently be pushed into poverty.  Thus, Hills (2011), Boardman 

(2010) and Bradshaw and Hutton (1983) argue that fuel poverty is distinct from 

general poverty and capital investment into retrofitting housing stock is 

required in order to combat this complex problem.  The distinguishing factor, 

the energy inefficiency of the properties, and the emphasis on capital 

expenditure makes fuel poverty a problem that needs to be resolved with 

government support through implementation of appropriate policies and 

strategies rather than through individual input, as many fuel poor households 

are unable to contribute significant amounts of money due to experiences of 

high living costs.  As Boardman (2010) put it, increasing incomes may result 

in people moving up from being below the poverty threshold, however this 

seldom makes a difference in their fuel poor status. Hence, retrofitting 

domestic dwellings provides the option to improve the physical characteristics 

of the home (Gupta and Gregg, 2020).   

Recently, however, Middlemiss (2017) challenged the notion of fuel poverty 

being a distinct to poverty, arguing that there is an overlap of those households 

that are in poverty as well as in fuel poverty, with two fuel poverty drivers, 

namely low incomes and high energy prices contributing to both, with no 

evidence of clear distinction between the two concepts.  Furthermore, 
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investment into retrofitting domestic dwellings implies that the solution to the 

problem lies in the inefficiency of the housing stock.  However, as Middlemiss 

(2017) argues, general poverty can also relate to capital investment or lack 

thereof, meaning, inability to purchase a car can put employment restrictions 

on householders and insufficient disposable income can prevent householders 

from moving to a better quality home.  Energy, from that perspective, can be 

viewed as a commodity that can be adjusted and prioritised over other needs 

(Middlemiss, 2017).  Another argument brought forward relates to the 

significant emphasis placed on energy inefficiency of existing housing stock 

as a fuel poverty driver (Hills, 2011; Boardman, 2010). In that regard, 

Middlemiss (2017) points out that if the problem lies in the energy inefficiency 

of the dwellings as previously suggested, it can be solved by devoting 

adequate capital investment with government support.  However, fuel poverty 

is also exacerbated by other factors, such as stability of household income, 

social relations within and outside the household, tenancy relations and 

underlying health conditions of building occupants (Middlemiss and Gillard, 

2015), all of which are also challenges faced by those living in poverty 

(Middlemiss, 2017).  Furthermore, the solution proposed for fuel poverty 

eradication relates to capital expenditure and retrofitting existing housing 

stock, however, based on previous arguments, this could lead to the omission 

of those low income households with high living costs who live in relatively 

energy efficient properties (Middlemiss, 2017).  Such households are indeed 

considered fuel poor, however, may not be able to receive support for further 

energy efficiency measures.  

Fuel poverty is a complex and multidimensional concept affecting individuals 

with different income levels and living in properties with varying levels of 

energy efficiency (Best and Sinha, 2021).  The problem lies in attempting to 

make a clear distinction of fuel poverty from general poverty as the underlying 

issues are the same for both (Bouzarovski and Petrova, 2015).  It is clear 

however, that the living experiences of fuel poor households need to be 

considered when designing a solution that will create better and healthier 

environments for those who cannot do so themselves. 
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2.2.2 Fuel poverty international considerations 

Prior to reviewing the existing evidence on fuel poverty beyond the UK 

narrative, clarification of the terms associated with and used within energy 

research is required.  It is now widely accepted that fuel poverty refers to 

inability of obtaining adequate levels of warmth within the home as a 

consequence of having insufficient income, living in an energy inefficient home 

and incurring high energy expenditure (Boardman, 2010; Liddell et al., 2012).  

Within the industrialised world fuel poverty is used interchangeably with the 

term energy poverty, with the latter broadly referring to a situation where 

households are incapable of achieving levels of warmth required for 

participation in socially accepted practises within a given society (Buzar, 

2017).  Therefore, both concepts address the same issues that incorporate the 

struggles of a household to afford optimal levels of thermal comfort as well as 

other energy services.  However, a growing interest in the area of energy 

affordability and availability of international literature led to the emergence of 

other, similar but not entirely identical terms.  In that respect, energy 

deprivation and vulnerability (Bouzarovski and Petrova, 2015; Castaño-Rosa 

et al., 2020), or energy precariousness (Dubois, 2012; Belaïd, 2018) have 

been introduced in relation to difficulties in obtaining necessary energy 

services within the home required for basic needs due to inadequate resources 

or housing conditions.  Additionally, energy insecurity concept has been 

adopted in the US context as a result of climatic differences occurring in 

various regions of the world (Mohr, 2018). In this regard, the US climate 

distinctively differs from the climate of the UK, where emphasis is placed on 

the heating needs.  Households in countries with greater degrees of 

temperature variations, such as the US, have a demand for a mixture of 

heating as well as cooling needs.  Therefore, fuel poverty as understood within 

the UK, does not adequately reflect essential needs in the US context and a 

new distinct yet related concept emerged (Mohr, 2018), namely energy 

insecurity. 

To add to the confusion, energy poverty terminology has also been adopted in 

research in the developing regions of the world, however, in the global South, 

the lack of access to basic energy services as a result of an underdeveloped 
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infrastructure or lack of end-use technologies is the focal investigation point 

(Nussbaumer et al., 2012; Sovacool, 2013).  As such, the body of research 

within energy poverty in Central and South America, sub-Saharan Africa, and 

Asia focuses on the type and the quality of energy services within the home 

and the detrimental effects of inadequate modern energy provisions 

(Nussbaumer et al., 2012).  Having all the concepts in mind, fuel poverty or 

energy poverty as understood in the global North is within the remit of this 

thesis.  Whilst energy poverty in the developing countries and fuel poverty are 

recognised as the problems of energy-related issues and may overlap 

significantly in terms of the lack of access to safe and affordable energy 

sources, there are distinct differences in the context in which they are 

researched.  

Although the UK has been leading the fuel poverty research for nearly four 

decades, this complex issue has now found international recognition, with 

many regions of the world working towards developing an operational 

definition, targeting individuals most in need and providing strategies and 

solutions for its alleviation (Aristondo and Onaindia, 2018; Atsalis et al., 2016; 

Bednar et al., 2017; Bouzarovski, 2014).  Contributions towards understanding 

of fuel poverty within the developed regions of the world are now coming from 

research conducted at the EU level (Thomson and Snell, 2013) as well as New 

Zealand (Howden-Chapman et al., 2012; Lawson et al., 2015; Lloyd, 2006), 

Australia (Simshauser et al., 2011), and the United States of America (USA) 

(Bhattacharya et al., 2003; Hilbert and Werner, 2016; Bednar et al., 2017; 

Mohr, 2018).  Nonetheless, due to a lack of universal operational definition of 

fuel poverty, the statistics on households who struggle to meet their energy 

needs vary as they are contingent on the measure adopted within the region 

under study.   

As a result of widening accession of countries to the EU, fuel poverty data 

derived from the EU Statistics on Income and Living Conditions (EU-SILC) is 

now available for a number of countries.   Although statistics vary significantly 

across different member states, fuel poverty has been identified as a serious 

problem affecting a significant proportion of the European population 

(Thomson and Snell, 2013).  In that respect, Thomson and Snell (2013) 
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undertook the task of providing evidence of the extent of fuel poverty across 

the EU. The European-scale study utilised proxy indicators available in the 

EU-SILC.  The ability to pay to keep a home adequately warm, arrears on 

utility bills within last twelve months and leaking roof, damp walls or rotten 

windows are the characteristics of, or experiences associated with living in fuel 

poverty. EU-wide representation of the problem is based on these proxies 

(Thomson and Snell, 2013).   

Although, evidence from EU-wide research as well as emerging country-

specific studies are sparse, a clear geographical pattern of fuel poverty 

emerged that is somewhat surprising.  For example, some of the countries of 

southern Europe are not immediately linked with fuel poverty due to their 

climatic conditions, lengthy, warm summers and lack of harsh winters.  

Nonetheless, it is in these regions where fuel poverty levels are the highest.  

Atanasiu et al. (2014) states that Bulgaria, Hungary, Cyprus and Greece are 

among the countries with the highest fuel poverty indices.  Although, a 

composite analysis of all the proxies has not been reported on, the percentage 

of the population who struggled to keep their homes warm was 70%, 34%, 

48% and 51%, for the respective countries (Atanasiu et al., 2014).  This, 

however, does not represent the percentage of fuel poor households in these 

countries but gives an overview of the extent of the problem across the EU.  

Similar results are also reported by Thomson and Snell (2013), giving further 

credence to the extent of the problem, with the analysis of composite levels of 

fuel poverty based on the aggregated proxy indicators across the EU25, 

showing that, in addition to the already mentioned countries, Portugal, 

Romania, Latvia and Lithuania are struggling with fuel poverty the most.  A 

combination of three, although self-reported, complex indicators enabled 

Thomson et al. (2017) to produce a single measurement of fuel poverty across 

the member states (Table 2.1).  Also, analysis by Thomson and Snell (2013) 

shows that fuel poverty levels range from 19% to 31% in the former Soviet 

Union as well as the relatively warm countries.  On the other hand, their 

research highlights that colder countries, namely, Sweden, Finland and 

Denmark are the regions where fuel poverty does not pose a significant threat 

to their citizens, with somewhat low rates of 5%, 4%, and 4% for the respective 
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countries.  Indeed, fuel or energy poverty is markedly higher in the 

Mediterranean countries as well as the post-communist states.  The more 

recent data from EU-SILC for 2018 (EPOV, 2020) on households’ ability to 

keep a warm home and arrears on utility bills (Table 2.1) complements 

previous findings and highlights the prevalence of energy-related difficulties as 

experienced by households across different member states.  Moreover, the 

unique spatial patterns uncovered by Healy and Clinch (2002) and then 

Thomson et al. (2016) continue to prevail. 
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Table 2.1 Fuel poverty indicators for EU member states for 2007 and 2018 

Country % of the 
population in 
fuel poverty* 

Inability to keep 
home adequately 

warm** 

Arrears on utility 
bills** 

Austria 6.7% 1.6% 2.4% 

Belgium 9.8% 5.2% 4.5% 

Bulgaria 30.6% 33.7% 30.1% 

Croatia  7.7% 17.5% 

Cyprus 21.2% 21.9% 12.2% 

Czech Republic 7.6% 2.7% 2.1% 

Denmark 3.6% 3.0% 5.1% 

Estonia 8.5% 2.3% 6.5% 

Finland 4.2% 1.7% 7.7% 

France  5.0% 6.4% 

Germany 7.9% 2.7% 3.0% 

Greece 16.8% 22.7% 35.6% 

Hungary 17.8% 6.1% 11.1% 

Ireland 8.2% 4.4% 8.6% 

Italy 14.5% 14.1% 4.5% 

Latvia 18.6% 7.5% 11.6% 

Lithuania 18.1% 27.9% 9.2% 

Luxembourg 5.7% 2.1% 3.6% 

Malta  7.6% 6.9% 

Netherlands 6.6% 2.2% 1.5% 

Norway  0.9% 2.7% 

Poland 17.7% 5.1% 6.3% 

Portugal 19.2% 19.4% 4.5% 

Romania 24.1% 9.6% 14.4% 

Serbia  10.0% 28.4% 

Slovakia 6.3% 44.8% 7.9% 

Slovenia 16.5% 3.3% 12.5% 

Spain 8.2% 9.1% 7.2% 

Sweden 4.7% 2.3% 2.2% 

Switzerland  4.1% 4.1% 

UK 6.6% 5.4% 5.4% 

Note. *Adapted from Thomson et al. (2017), scenario where all three indicators are assigned 
equal weight for 2007 data; **2018 data on two fuel poverty indicators from EU-SILC  

 

Indeed, Thomson et al. (2016) estimate that millions of households are likely 

to be experiencing living in cold or inadequately heated homes across the 

continent.  Partial explanation may be offered due to cultural differences in 

relation to heating practices, levels of thermal comfort required and subjective 
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reports of inadequately heated homes in eastern and southern Europe.  

However, as Bouzarovski (2014) points out, the structural determinants that 

drive fuel poverty to such high levels are distinctively different for these 

regions.   

Post-communist countries have a unique combination of several historical 

factors that led to the growth of fuel poverty.  In addition to cold climates, high 

rates of deteriorating and energy inefficient dwellings, underdeveloped 

infrastructure, overreliance on solid fuels as a form of heating or district heating 

(DH), lower incomes as well as high degree of income inequality, energy 

management issues and lack of adequate social welfare have all been 

variously identified as the drivers of fuel poverty in the former Eastern Bloc 

countries (Buzar, 2007; Bouzarovski, 2014; Tirado Herrero and Urge-Vorsatz, 

2012; Clodnitchi and Busu, 2017).  Moreover, dramatic energy price increases 

that were brought to full-cost recovery levels during the 1990s were a 

consequence of the political and economic changes and the moving away from 

the socialist, centrally owned and governed energy sector to liberalization and 

privatisation of the energy market (Tirado Herrero and Urge-Vorsatz, 2012; 

Bouzarovski, 2014).  Over the course of the post-socialist transition, 

governmental support was not provided to households who found themselves 

struggling with energy price increases and were forced to compromise on their 

heating needs.  This led to the majority of households in central and eastern 

Europe countries to experience a somewhat different, post-communist type of 

fuel poverty, with social, economic and structural legacies of inefficient 

buildings that still lack basic energy efficiency requirements presenting an 

obstacle in alleviation of the problem (Bouzarovski, 2014). 

The high prevalence of fuel poor households in Mediterranean countries, to a 

degree, has also been attributed to energy inefficient domestic dwellings as 

well inadequate heating systems.  The overall poor quality of housing stock in 

southern Europe is associated with low levels or non-existent cavity wall 

insulation, absence of floor and roof insulation, the lack of double glazing, 

presence of rot in windows, condensation and leaking roofs, the features of 

the dwellings that lead to insufficient thermal insulation and effectively to cold 

homes (Thomson and Snell, 2013).  Moreover, the need for cooling in the 
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summer has been identified as an additional burden for households living in 

southern Europe as the high outside temperatures require technological 

appliances that cool internal environments (Bouzarovski, 2014). 

In summary, there are considerable geographic variations in the rates of fuel 

poverty across the world, with some regions reporting high proportions of the 

population being unable to secure adequate energy services within the homes 

and other regions declaring that fuel poverty is non-existent.  Such high 

variations are a result of region-specific characteristics that contribute to and 

drive fuel poverty within specific regions (Bouzarovski-Buzar, 2011).  Nordic 

countries are known to be far colder than the Mediterranean regions and yet 

fuel poverty is an issue to a lesser extent in the former.  In that respect, 

investment in energy efficiency and home insulation, and strict building 

regulations are among the factors that mitigate fuel poverty within the 

Scandinavian countries, investments that other regions of the global North lack 

or are slow to implement (Association for the Conservation of Energy, 2013).  

In addition to the spatial variations and issues around the geographies of fuel 

poverty, the academic literature indicates a high degree of inconsistency in 

measuring of the problem, which effectively impacts on the reported levels of 

this social issue within a given region.  This means that the figures for 

households who struggle to adequately heat their homes can be either under- 

or over-reported.  Consequently, absence of reliable fuel poverty metric may 

have equally negative outcomes on households or on development of 

interventions that are aimed at reducing the number of people who suffer from 

living in cold homes (Deller et al., 2021).  The next section of this chapter is 

dedicated to an overview of approaches that are adopted in fuel poverty 

measurement.   

2.3 Measuring fuel poverty 

The following section provides an insight into fuel poverty measurement 

approaches.  As fuel poverty has been researched for almost 40 years, 

attempts have been made in terms of development of an operational definition 

as well as accompanying method of estimating the numbers of individuals or 

households who struggle to meet their energy needs.  The search for a perfect 

definition has proven challenging and various approaches have been 
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proposed.  Fuel poverty is a complex, multidimensional phenomenon and in 

order to accurately determine who are fuel poor and where such households 

are located may have an impact on the success of fuel poverty alleviation 

policies.  Fuel poverty policies like any other government strategies are 

designed to reach the population that forms their target and in order to achieve 

this a suitable method of identification of such population is required (Walker 

et al., 2012).  Thus, to accurately measure the prevalence of fuel poverty and 

identify those who are most affected by the struggles of being unable to 

adequately heat their homes, two main approaches, namely expenditure-

based and consensual, have been adopted.  These are by far most frequently 

used methods of measuring fuel poverty, nonetheless, different variations of 

these have been introduced (Fizaine and Kahouli, 2019).  Along with an 

overview of these approaches, this section outlines some advantages as well 

as drawbacks of using the aforementioned metrics and implications for 

government policy targeting of fuel poor households.  

2.3.1 Expenditure-based approach 

The expenditure-based approach is the most commonly used method of 

estimating the prevalence of fuel poverty within a given region.  In essence, 

fuel poverty is calculated by quantifying the number of individual households 

who spend more than a certain percentage of their disposable income on 

energy services within the home (Healy and Clinch, 2004; Boardman, 2010).  

When adopting this methodology, there are two main aspects that need 

consideration, namely the use of an absolute versus relative expenditure 

thresholds (Moore, 2012) as well as the adoption of actual fuel versus required 

energy requirements (Hills, 2012).  Additionally, issues regarding the 

measurement of household income and equivalence scales for household 

composition and modelled energy needs within a home require attention as a 

choice of inaccurate data may be misleading and consequently result in under- 

or over-estimation of fuel poverty levels (Legendre and Ricci, 2015; Gomez-

Navarro et al., 2021).  

2.3.1.1 Absolute versus relative expenditure 

There is an ongoing debate in relation to the use of absolute versus relative 

household expenditure thresholds within fuel poverty research (Hills, 2012; 
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Boardman, 2010).  Both absolute and relative approaches rely on certain 

criteria that need to be met for a household to be considered fuel poor and 

both have a number of strengths and weaknesses associated with these 

assumptions.  In that respect, an absolute measure adopts an assumption of 

a fixed percentage of energy expenditure to income.  Based on such premise, 

the official indicator developed in the UK by Boardman (2010) was based on 

the households’ need to spend more than 10% of income in order to maintain 

adequate levels of warmth within the home and other energy services.  This 

indicator is widely used and has been established as the common fuel poverty 

measurement tool within a region or in a wider, national level (Atsalis et al., 

2016; Liddell et al., 2012).  Although still extensively used, the 10% fuel 

poverty criterion has been criticised for its sensitivity to energy price changes 

with the number of people trapped in fuel poverty fluctuating proportionally to 

the direction of fuel costs, and as such not being an adequate fuel poverty 

measurement (Hills, 2011).  Furthermore, those affluent households with high 

energy costs as a result of excessive and frivolous consumption, may be 

considered fuel poor under this definition, if they exceed the expenditure 

threshold (Moore, 2012).  Moreover, due to the absolute construction of the 

10% indicator, fuel poverty eradication seems probable, however as Liddell et 

al. (2012) notes, fuel poverty is a dynamic and fluid concept with fluctuations 

in energy expenditure, region-specific differences and changes occurring over 

time. 

An alternative, to an absolute measure, is the relative measure of fuel poverty 

that relies on the calculations of the median energy expenditure and its ratio 

to income (Moore, 2012).  The median is chosen over the mean as it is more 

appropriate for analysis of data that is not normally distributed, including 

energy expenditure as well as income (Liddell et al., 2012).  Moreover, the use 

of the median, has the advantage of not being affected by the presence of 

outliers, whereas the mean may be a misleadingly atypical statistic within the 

asymmetrically distributed data (Moore, 2012).  International preference 

towards the use of the median is also a consequence of its versatility for cross-

country data comparisons of actual heat, power and light expenditures (Liddell 

et al., 2012).  To overcome the weaknesses associated with the absolute 
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measure, a ‘low income/ high costs’ metric has been introduced (Hills, 2012).  

Under this definition, a household is deemed fuel poor if they have a low 

income and incur high energy costs.  More specifically, a higher than national 

median energy expenditure that results in households’ disposable income 

being below the official poverty line, 60% of the national median income, are 

the criteria used in the new fuel poverty indicator adopted in England (Hills, 

2012).  The relative methodology is not without any weaknesses, and it has 

been noted that this type of fuel poverty measure may be subject to 

considerable fluctuations due to fuel costs increases being reflected in the 

increased median percentage of income required for fuel, and thus leading to 

under-reporting of the extent of fuel poverty (Moore, 2012).  

2.3.1.2 Household energy expenditure 

There is a distinction between two assumptions regarding energy costs within 

a home under the expenditure-based approach to fuel poverty, namely the 

‘actual spend’ and the ‘needs to spend’ (Liddell et al., 2012).  The initial 

challenge of calculating fuel poverty estimates regarded incorporating energy 

efficiency of residential dwellings into the formulae as this factor was 

recognised to be a major determinant of how much energy required within a 

home would cost (Boardman, 1991).  Thus, modelled energy consumption 

requirements are calculated by combining the fuel needs of the households 

relating to space and water heating, lights and appliances and cooking 

(Department of Energy and Climate Change, 2016).  In relation to space 

heating, which accounts for approximately 57% of a household energy bill 

(DECC, 2016), the model takes into account the geographical location of the 

dwelling, the temperatures required to achieve a satisfactory level of warmth 

as defined by the WHO (1987), household composition as well as their 

occupancy and heating patterns, energy efficiency and fuel types used 

(DECC, 2016).  Although the UK-developed algorithm cannot be used to target 

individual households who struggle to meet their basic energy needs, the 

model provides detailed demographic and dwelling characteristics that have 

an impact on the fuel poor status of the household and is a powerful tool that 

is utilised in relation to estimating fuel poverty levels in the UK (DECC, 2016).  

Required fuel expenditure is more robust and reliable than actual energy costs 
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as budgeting choices and compromises that people are oftentimes forced to 

make are not reflected in the former (Liddell et al., 2012).  However, because 

of the uniqueness of such energy expenditure modelling and its heavy reliance 

on house condition data, Moore (2012) states that the UK, is virtually the only 

nation that is able to provide direct estimates of the energy expenditure to 

income ratios.  Therefore, actual fuel spending approach is adopted in the 

majority of fuel poverty analyses across the world (Mohr, 2018; Drescher and 

Janzen, 2021).   

Actual energy expenditure is a more readily available statistic for fuel poverty 

analysis and is also easier to calculate, however, as Moore (2012) indicated, 

what people actually spend on energy services within a home is not a good 

indicator of their fuel poor status as they spent significantly less on fuel than 

they are required to and subsequently live in under heated homes.  In fact, the 

discrepancy between the actual expenditure and the needs to spend is quite 

considerable and research has shown that households’ actual energy 

consumption is a third less than the modelled requirements, suggesting that 

home heating is the area where most compromises take place (Liddell et al., 

2011).   

2.3.1.3 Household income 

In addition to fuel expenditure, an accurate assessment of household income 

is vital in fuel poverty investigation.  As with energy expenditure, the 

assumptions for estimating income may consequently have impacts on the 

estimates of fuel poverty as well as on the types of households most likely 

affected.  Hence, the choice of income methodology may have wider 

implications in developing anti-fuel poverty strategies (Liddell et al., 2011).  

Fuel poverty can be estimated on the basis of three different types of income, 

namely ‘full household income’, ‘basic household income’ and ‘equivalised 

household income’ (Fahmy et al., 2011).  The UK government adopts the full 

income methodology, however there are some differences across the 

devolved nations (see Liddell et al., 2011). In essence, the full income includes 

all earnings within a household, income related to housing costs as a well as 

any private or state benefits that the household receives, however, a deduction 
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is made on account of the annual Council Tax or rates, where applicable.  

Accurate calculations are not always possible as rates are often covered in the 

rent in tenanted properties, as is the case in NI, posing more challenges for 

precise estimations of fuel poverty.  The other type of income metric, the basic 

income, is calculated by adding all of the occupiers’ individual incomes 

including private and state benefits the household receives but not taking 

Housing Benefit (HB), Support for Mortgage Interest (SMI) and Council Tax 

into account. This ensures that regional variations in housing costs are taken 

into account when calculating fuel poverty. The equivalised metric is an 

extension of the full income but makes adjustment for household size and 

composition, meaning that the overall household income rather than individual 

earnings is utilised in fuel poverty analyses (Housing Executive, 2018).   

Although efforts have been made in measurements of variables that may affect 

the inclusion criteria for a household to be considered fuel poor, various 

challenges and limitations are still evident in the expenditure-based approach 

to fuel poverty.  Firstly, the method relies heavily on assumptions and modelled 

characteristics of the properties that are complicated and a not easily 

understood, which in turn may lead to inaccurate fuel poverty statistics (Atsalis 

et al., 2016).  Secondly, as Healy and Clinch (2004) noted, within the absolute 

approach of fuel expenditure, the 10% threshold seems arbitrary with no 

rationale being given for such cut-off value, therefore lacking scientific 

foundations.  Thirdly, ignoring individual household characteristics in relation 

to energy needs and over-reliance on numbers and statistics are the 

arguments against using the expenditure-based approach as they might 

provide a misleading picture of fuel poverty at a household level (Harrington 

et al., 2005; Snell et al., 2015).  In that respect, Thomson et al. (2017) notes 

that circumstances of disabled individuals vary greatly from those of healthy 

individuals and that some of the conditions people suffer from may require 

additional energy services within the home.  This includes, but is not limited 

to, higher levels of indoor temperatures, longer periods of time when warmth 

is required, energy intensive appliances or more frequent use of washing and 

drying facilities.  Fourthly, the inclusion of disability related benefits under the 

income criterion is highly criticised, as this implies that, although fully assigned 
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and dedicated to the condition or an impairment, a fraction of welfare support 

could be spent on energy bills (Thomson et al., 2017; Snell et al., 2015).   

Fifthly, and lastly, the disadvantage of such a complex approach to measuring 

fuel poverty is that cross-country comparisons may only be possible where 

similar data are available and this seldom occurs, limiting potential benefits of 

developing in-depth modelling algorithms (Healy and Clinch, 2004).   

2.3.2 Consensual approach 

An alternative to energy expenditure and income focused method of assessing 

fuel poverty is a subjective, self-reported metric.  Such approach is typically 

used in a European context and based on a number of indicators relating to 

householders’ ability to maintain a comfortably warm home and paying energy 

bills without accruing debt as well as the condition of the property they live in, 

namely whether it is free from damp and rot (Thomson et al., 2017).  The three 

indicators characterising households’ deprivation and used for measuring fuel 

poverty are utilised in the Survey of Income and Living Conditions (EU-SILC) 

and collected for a sample of residents of all EU member states. 

The ‘consensual’ indicators have been recently introduced in order to capture 

the experience of households in fuel poverty (Waddams Price et al., 2012), 

however, the approach originated from Townsend’s (1979) work on relative 

poverty and lent support to Mack and Lansley (1985) who introduced the 

concept of ‘socially perceived necessities”.  Subjective proxies used 

simultaneously to assess fuel poverty were also previously adopted by Healy 

and Clinch (2002) who recognised that self-reported accounts of thermal 

(dis)comfort in the home and experiences of indoor cold strain during cold 

periods of the year were among the concerning symptoms of the problem.  In 

addition, household occupancy patterns and heat withholding practices were 

among the self-reported indicators utilised to capture the broader picture of 

fuel poverty and to illuminate the plight of the affected households.  Thus, 

subjective indicators can be used as a standalone measure of fuel poverty in 

the absence of household fuel expenditure data or as supplementary 

component to enhance the knowledge and understanding of the issue and to 

highlight households’ experiences of it.  The essential aspect of using a 

subjective approach, as Thomson and Snell (2014) noted, is that a 
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combination of indicators is necessary given the wide range of experiences 

among fuel poor households.  Indeed, fuel poverty can manifest itself in 

inability to pay energy bills, accrual of debt and living in cold and damp 

conditions (EPEE, 2009), and thus, the use of a single indicator would not 

accurately reflect the multidimensional nature of fuel poverty.   

Given the growing acceptance of the consensual approach and its applicability 

in assessing fuel poverty, this research builds upon existing studies and 

incorporates subjective indicators of fuel poverty, tailored to the population of 

NI.  In essence, the primary component of this investigation of fuel poverty and 

the role of retrofitting solutions in alleviating the problem, utilises households’ 

subjective reports of thermal discomfort, energy affordability struggles and the 

condition of the homes, outlined in detail in Chapter 4.  With the use of such 

indicator, this research can examine the extent of self-reported fuel poverty 

and assess the impacts associated with energy retrofitting homes in the 

selected domains.    

2.3.2.1 Strengths and weaknesses of the consensual approach 

Subjective approaches to fuel poverty are designed to assess the household 

characteristics that are considered as ‘socially perceived necessities’ and as 

such their absence is indicative of the household facing the problem of fuel 

poverty (Atsalis et al., 2016).  Hence, the consensual method of measuring 

fuel poverty has various strengths. Firstly, self-reported measures are less 

difficult to collect and more accessible in comparison to the expenditure-based 

approaches, and as such, more suitable for fuel poverty analysis within 

countries that lack detailed house condition surveys (Thomson et al., 2017; 

Petrova et al., 2013).  Secondly, the consensual indicators that have been 

integrated in the EU-SILC allow direct cross-country comparisons regarding 

fuel poverty rates (Atsalis et al., 2016; Thomson et al., 2017).  Thirdly, various 

researchers argue that subjective measures provide valuable contributions to 

a better understanding of fuel poverty issues at a household level (Atsalis et 

al., 2016; Thomson et al., 2017; Waddams Price et al., 2012).  In that respect, 

the use of consensual indicators allows researchers to make inferences 

regarding individuals’ experiences of living in fuel poverty, as the nature of self-

reported indicators has the ability to capture wider factors of social exclusion, 
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material deprivation and households’ perceived burden (Charlier and 

Legendre, 2021). 

Although there are various strengths to consensual approach there are also a 

number of drawbacks associated with the use of self-reported methods to 

measuring fuel poverty.  Most notably, subjective fuel poverty indicators are 

criticised for the error of exclusion, meaning that some households may not 

consider themselves as fuel poor and may be reluctant to acknowledge their 

struggles with maintaining adequate warmth, even though other measures 

would suggest that they are indeed living in fuel poverty (Dubois, 2012; 

Boardman, 2011).  In addition, thermal comfort and adequate warmth are 

concepts that might include a degree of variation in terms of peoples’ 

preferences and cultural backgrounds, and what is considered a well-lit and 

comfortably heated home in one place, may not necessarily have the same 

connotations within a different geographical location (Thomson et al., 2017).  

Further, concerns have been raised regarding the degree of overlap between 

the subjective and the expenditure-based methods of assessing fuel poverty. 

In theory, both approaches should yield somewhat similar results, however, as 

Waddams Price et al. (2012) noted, classification of households using the 

subjective measure as well as the 10% indicator approach give different 

outcomes.  They found that many households, who have higher than 10% of 

income energy expenditure do not consider themselves as fuel poor, and 

conversely, some self-reported fuel poor households do not exceed the 10% 

expenditure threshold.  Similar findings are reported by Palmer et al. (2008) 

who states that only 6% of fuel poor household by the UK’s 10% definition 

indicate suboptimal levels of warmth in the living area as a result of the 

financial strain, and a third of households with no financial difficulties indicate 

they were unable to maintain warm living rooms during winter.   

2.4 Determinants of fuel poverty 

As discussed in previous sections of the thesis, fuel poverty is widely accepted 

as a social problem affecting many households that originates from a 

combination of three main factors: poor quality and energy inefficient housing, 

low household income and high energy costs (Boardman, 2010; Liddell et al., 

2011) (Figure 2.2).   



43 
 

Figure 2.2 Three main fuel poverty drivers 

 

Nonetheless, a number of additional factors have been identified as further 

contributors to households being unable to maintain adequate warmth within 

the home.  These challenges relate to tenancy relations, social relations within 

the household and underlying health issues, all of which may prevent the 

uptake of investment in energy efficiency improvements (Middlemiss and 

Gillard, 2015).  However, the degree to which each element contributes to fuel 

poverty is variable across different countries.  Such differences may stem from 

diverse approaches adopted towards social welfare provisions, housing and 

energy efficiency standards, and energy market liberalisation (Bouzarovski 

and Petrova, 2015).  There are also likely to be elements of fuel poverty that 

are region-specific.  For example, the level of severity of fuel poverty driving 

force varies within the UK.   

In the case of NI, the combination of climatic effects, lower incomes and steady 

increases in the cost of heating and lighting are contributing factors to fuel 

poverty.  Additionally, the region’s continued dependence on oil, electric and 

solid fuels for domestic heating due to under-developed natural gas network 

has been identified as a component that increases the likelihood of households 

falling into fuel poverty (Liddell and McKenzie, 2013).  Despite having the most 

energy efficient housing stock in the UK (NIHE, 2018), NI has the highest 
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proportion of households using heating oil, the most expensive type of fuel, 

with 68% of its population being dependent on it as their main heating source, 

thus significantly increasing energy expenditure, one of the main factors 

contributing to fuel poverty (NIHE, 2013).  The purpose of this section is to 

provide an overview of fuel poverty causes, whilst acknowledging that 

differences occur between regions and that other determinants aside from the 

main three exist.  

2.4.1 Fuel poverty determinant 1 – Energy efficiency 

A number of scholars have linked energy efficiency of the dwelling to fuel 

poverty (Boardman, 2010; Walker et al., 2014).  Specifically, poor building 

fabric with high energy demands and low internal heat conserving attributes 

are direct causes of households’ being unable to maintain adequate levels of 

warmth within the home (Boardman, 2010).  Along with the poor quality of the 

building itself, outdated and inefficient heating systems result in 

disproportionate expenditure, exacerbating an already difficult situation 

(Walker et al., 2014).  Additionally, energy efficiency can also be affected by 

the appliances used within the home, meaning that high energy consuming 

equipment such as refrigerators, washing machines and ovens may result in 

increased energy expenditure.  All things considered, various elements of 

housing as well as appliances used have an impact on how much a household 

needs to spend in order to achieve and maintain adequate warmth within the 

home.  In that respect, inefficient equipment along with poor quality of the 

building fabric may result in households’ having to spend more than what is 

considered reasonable to achieve optimal warmth standards (Healy, 2003).  

To illustrate the relationship between energy efficiency of the property and 

heating costs, the Ministry of Housing, Communities and Local Government 

(2016) report on the energy modelling exercise undertaken in relation to 

dwellings in England in 2016.  In that regard, the report highlights the 

differences in running costs based on the property energy rating, with 

dwellings considered as energy efficient in bands A – C having relatively low 

energy requirements, and effectively, low expenditure of approximately £990 

per annum (Table 2.2).  Thereafter, modelled heating costs increase as the 

energy efficiency qualities of the properties decrease and the homes with the 



45 
 

lowest energy rating G are assumed to cost £2,820 to heat.  Overall, the 

modelled energy expenditure for the least energy efficient homes is three 

times higher when compared to the most efficient properties.  The report also 

emphasises that the figures obtained via modelling techniques may vary from 

what households actually spend on energy, as optimal heating standards 

assumed for the calculations of energy needs may be in reality unachievable.  

Table 2.2 Median required fuel costs by energy efficiency bands 

Energy efficiency band Median required annual fuel costs  

A – C   £990 

D £1,230 

E £1,590 

F £2,170 

G £2,820 

Energy efficiency is distinctively different from any other driver of fuel poverty 

as it requires a financial investment, whether in the form of a light bulb, 

insulation or a boiler (Boardman, 2010).  Nonetheless, improvements to the 

building fabric leading to enhancements in energy efficiency standards have 

been considered the only lasting approach to tackle fuel poverty, as these 

improvements ultimately lead to decreases in the amount of energy required 

to heat the dwelling (Boardman, 2010).  However, fuel poor households very 

seldom have the means to invest in house condition improvements, and 

consequently such interventions have to be funded through other bodies.  

Further, as Boardman (2010) notes, energy efficiency of the domestic 

dwellings is a reflection of government engagement in tackling fuel poverty.  

With regards to data on housing condition and energy efficiency for NI, the 

task of collecting this information is undertaken by the Housing Executive and 

reported on in the respective HCSs.  The attributes of the dwelling that 

primarily contribute to energy efficiency are its age, type and construction 

material, fuel source and heating type (Housing Executive, 2018).  Additional 

factors such as presence of wall and loft insulation and the type of glazing of 

the windows are also identified as important features.  In this context, the 

NIHCS adopted a Standard Assessment Procedure (SAP) in order to provide 

a rating for energy efficiency of the dwelling. SAP is the method developed by 
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the Building Research Establishment (BRE) that determines energy efficiency 

of the dwelling by considering all the factors that may affect the building’s 

energy performance (BRE, 2014).  The SAP rating is a logarithmic scale 

scored from 0 to 100, with lower scores indicating energy inefficiency of the 

dwelling and higher running costs, and higher scores reflecting higher 

efficiency and overall lower running costs.  Periodical updates of the SAP 

model, the BRE (2014) notes, ensure that data on thermal heat transfer of any 

given dwelling are accurate and that technological developments as well as 

changes in climatic data, carbon dioxide emission factors and increases in fuel 

prices are taken into account.  The recently updated (November 2017) version 

of the SAP 2012 model is used across the UK, therefore direct comparisons 

of the most recent figures for three of four countries of the UK are available (at 

the time of writing SAP 2012 data for Wales was not available).   

As energy efficiency scores for NI, Scotland and England are available, they 

were derived from the 2016 NIHCS, the Scottish House Condition Survey 

(SHCS) and the English Housing Survey (EHS) (Table 2.3).  In 2016, NI’s 

housing stock had the highest SAP rating of 65.8, followed by Scottish (63.7), 

and thereafter English homes (61.7), indicating the highest energy efficiency 

standards in NI.  Although the overall differences are marginal, regional 

variations based on tenure are more apparent and may provide a partial 

explanation as to why NI housing stock is the most energy efficient.  In that 

regard, SAP rating of the socially owned stock in NI is 72.6, which is the 

highest of all tenures in the country, as well as, when compared to the social 

sector in England (67.3) and Scotland (67.6).  Similarly, the privately owned 

and rented homes in NI also scored relatively higher on the SAP scale than 

their mainland counterparts.  Given that dwellings heated by fuels other than 

natural gas have considerably lower energy efficiency rating and the fact that 

68% of NI population relies on oil, versus 6% of Scottish and 4% of English 

population, seemingly it is the presence of and the extent of energy efficiency 

measures in NI homes that impact upon their energy performance ratings.  

More specifically, the energy retrofits implemented between 2011 and 2016, 

according to the Housing Executive (2018), are responsible for the differences 

in the SAP ratings across the UK housing stock. 
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Table 2.3 SAP ratings and energy efficiency measures for NI, England 
and Scotland in 2016 

 NI England Scotland 

SAP2012 rating for all dwellings in 2016 

 65.8 61.7 63.7 

SAP2012 rating by tenure in 2016 

Owner occupied 65.1 60.7 62.7 

Private rented 65.3 60.3 61.5 

Social housing 72.6 67.3 67.6 

Primary heating fuels 

Natural gas  24% 85% 79% 

Oil 68% 4% 6% 

% of dwellings with energy efficiency measures* 

Full double-glazing  87% 83% 83% 

Cavity wall insulation 65% 46% 72% 

Solid wall insulation 15% 3% 15% 

Loft insulation** 54% 37% 65% 

Sources: NI – 2016 NIHCS; England – 2016 EHS; Scotland – 2016 SHCS; *presence 
of specific energy efficiency measures to be interpreted with caution as there are 
classification differences between regions; ** NI – 150mm and more, England & 
Scotland – 200mm or more 

A key issue surrounding the energy efficient housing stock is its distribution in 

relation to income, with disadvantaged groups being affected by substandard 

housing disproportionately.  As such, households experiencing fuel poverty, 

who by definition are also income poor, are most likely to occupy dwellings 

that are energy inefficient (Stockton and Campbell, 2011).   Poor quality 

properties require higher costs to achieve adequate standards of thermal 

comfort and consequently fuel poor households are forced to under-heat their 

homes (Stockton and Campbell, 2011; Boardman, 2010).  Occupying 

inefficient homes is also problematic for households living in fuel poverty, as 

they may be unable to react to such levels of energy inefficiency by devoting 

finances to much needed improvements (Boardman, 2010).  As indicated by 

Boardman (2010), external capital investment is required for financially 
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disadvantaged fuel poor households in order to improve the quality of their 

homes.  

2.4.2 Fuel poverty determinant 2 – Income 

Another factor that drives fuel poverty is household income.  The impact of 

having insufficient income in relation to fuel poverty is twofold.  Firstly, the 

amount that a household is able to spend on energy services within the home 

may be restricted due to limited resources. This in turn may affect households’ 

energy consumption.  Existing research indicates that households who 

struggle to heat their homes as a result of low income and high energy costs 

may adopt coping strategies, such as reductions on food expenditure, fuel and 

heat restrictions and increasing household debt (Anderson et al., 2012; 

Harrington et al., 2005; Brunner et al., 2012).  In addition, an unexpected high 

energy payment may exacerbate an already difficult situation for vulnerable 

households and contribute to further financial hardship.  Such strain on 

household finances may have severe consequences, with energy supply 

disconnection being the worst outcome.  Disconnections, whether voluntary or 

not, pose a threat to individuals’ wellbeing, as living in cold homes and lack of 

necessary energy provisions increases the risk of health-related complications 

(Liddell and Morris, 2010). 

Secondly, limited financial resources may affect decisions regarding the 

choice of dwellings, and thus restricting low-income households to live in 

substandard properties (Brunner et al., 2012).  A large proportion of lower 

income households live in older properties with inadequate levels of insulation 

and leaking doors and windows.  Struggling with insufficient resources may 

have further impact on the uptake of or investments in energy efficiency 

improvements.  Low-income households have by definition limited resources 

and are unable to contribute a substantial amount required for energy 

efficiency measures (Boardman, 2010).  Furthermore, household hardship 

combined with renting from private landlords, who see little need for immediate 

action, may prevent individuals from implementing much needed 

improvements (Brunner et al., 2012).  Income or lack thereof, not only limits 

the opportunities for where people chose to live, but also the appliances they 

use within the home.  Purchasing new and energy efficient equipment may not 
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be possible for individuals who experience daily struggles, therefore, reliance 

on old or energy intensive appliances further exacerbates the already 

precarious circumstances of vulnerable households (Brunner et al., 2012).   

2.4.3 Fuel poverty determinant 3 – Energy prices 

The third driver that has a profound impact on fuel poverty is the energy price.  

The relationship between the ability to achieve adequate levels of warmth and 

the cost of fuel required to maintain warm environment is, according to Walker 

and Day (2012), undeniable.  Continuous increases in energy prices may lead 

to warmth unaffordability unless household income is increasing 

proportionately and energy efficiency improvements in the properties are 

implemented (Boardman, 2010).  Furthermore, the ability to turn household 

income into usable energy or warmth is, in addition to the price of fuel, also 

influenced by the payment method, the choice of tariff and switching the 

supplier (Hills, 2011).  In that respect, Hills (2011) notes that considerable 

differences can be made to the household energy bill if all the factors are taken 

into account.  However, fuel poverty advocates continuously emphasise 

discrepancies in fuel prices paid by households based on their social 

circumstances (Boardman, 2010), with variations in social distribution affecting 

the price of purchased energy by different groups, resulting in lower income 

households frequently paying higher prices for the same amount of heat than 

the wealthier ones (Walker and Day, 2012).  Energy tariffs and household 

energy consumption certainly contribute to the overall energy bill, however, 

individuals living in fuel poverty may have to spend disproportionately larger 

amounts than non-fuel poor households as a result of the tariff being 

unfavourable to their circumstances (Baker, 2006).  These inequalities may be 

a consequence of individuals being at home during certain hours of the day 

when energy rates are higher, thus preventing such households from having 

access to cheaper energy.  Furthermore, unwillingness or not being able to 

take advantage of the liberal energy market which offers various energy tariffs 

from different suppliers effectively leads households to being penalized for 

their loyalty by having to pay significant premiums (Boardman, 2010).   

In terms of payment methods, prepayment meters have been known as being 

the most expensive option across Great Britain, whilst online billing and direct 
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debit the most favourably priced alternatives (Hills, 2011).  However, fuel poor 

households may not be able to choose the cheapest payment options as a 

result of an already existing debt or the fear of incurring a large bill after a 

period of time.  Indeed, willingness to pay using modern devices can also be 

hindered for various reasons, especially among the elderly, including lack of 

trust in the emerging technologies or the inability to use such options 

(Lusambili et al., 2011).  

Another important factor affecting the amount paid for energy is the availability 

of fuels in a given region.  Across the UK, with the exception of NI, gas is the 

most widely used type of fuel for domestic heat.  In England, Scotland and 

Wales 85%, 79% and 82% of households respectively are connected to the 

gas grid whereas only 24% of NI population have access to mains gas 

according to the most recent statistics (NIHE, 2018).  Low prevalence of gas-

fired central heating in NI is due to absence of necessary infrastructure in the 

region, which consequently leads to households having to rely on the most 

expensive form of heat (Walker et al., 2014).  Furthermore, the cost of heating 

oil is determined by the demand, which is also affected by the economy and 

weather conditions, with price rises occurring most notably in the winter 

months when heating requirements are at their highest.  In comparison to other 

types of fuel, oil has the added disadvantage of having to be purchased in 

advance of being used.  Such purchase may pose a strain on households with 

lower income, as delivery of a single order can amount to more than a month’s 

disposable income (Liddell et al., 2011).  Purchasing small quantities of oil is 

a more expensive option for families experiencing fuel poverty, however, such 

households are increasingly reliant on short-term strategies due to limited 

finances which further increase fuel expenditure relative to income (Liddell et 

al., 2011).   

2.4.4 Additional determinants of fuel poverty 

In addition to the three main factors that contribute to fuel poverty, specifically, 

low income, high energy costs and energy inefficient dwellings, a number of 

other elements, perhaps explored to a lesser degree, impact fuel affordability 

issues.  In that respect, lack of knowledge and understanding of energy 

retrofitting solutions to improve the quality of the home or lack of awareness 
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regarding eligibility to avail of the subsidised interventions may hinder 

householders’ future prospects.  In this respect, Harrington et al. (2005) argues 

that fuel poor households do not receive sufficient, good quality information 

regarding the benefits of home improvements, and thus, may be reluctant to 

make decisions to uptake energy efficiency measures.  Harrington et al. (2005) 

further indicates that certain measures may be selected over others as a result 

of an erroneous judgment in relation to their energy efficiency qualities, leading 

to ineffectiveness of the solutions.  For example, in some instances, more 

expensive improvements such as double glazing of existing windows have 

been prioritised above roof or cavity wall insulation.  Two reasons are given 

for this.  Firstly, double-glazing is a measure that can be visually appreciated 

as opposed to insulation, and secondly commercial pressures are exerted on 

fuel poor households by means of advertising or door-to-door selling 

(Harrington et al., 2005).   

Similarly, knowledge and understanding of the energy market and its potential 

in lowering household energy costs is a factor that impacts upon fuel poverty 

incidence.  Based on research conducted in Austria, Brunner et al. (2012) 

demonstrates that, even though some individuals contemplate changing their 

energy provider in order to reduce their energy expenditure, this is seldom 

carried out.  Furthermore, adapting to a liberal energy market requires a 

degree of systematic physical as well as mental involvement, factors that low-

income or vulnerable households may have difficulties with.  These can 

include a lack of internet access or inability to successfully source relevant 

information about other energy service providers as well as lack of trust in the 

unknown supplier, complex lifestyles and existing financial issues (Brunner et 

al., 2012; Lorenc et al., 2013).  

In addition, fuel poverty levels may be determined, to a degree, by locational 

differences occurring between rural and urban areas.  As such, Thomson and 

Snell (2013) indicate that across the EU, residing in rural locations increases 

the likelihood of individuals struggling to maintain adequate warmth in the 

home.  They argue that this may be associated with higher levels of general 

poverty in rural areas as well as cheaper fuel alternatives, namely natural gas, 

being unavailable in these regions.  Similarly, Roberts et al. (2015) report that 
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households living in off-gas grid locations in the UK are disadvantaged as a 

result of higher fuel prices and limited choice of suppliers, in comparison to 

those residing in more populated areas.  In addition, Roberts et al. (2015) 

indicate that the classification and the quality of off-gas rural and urban 

housing stock are different.  Rural housing stock is characterised by older, 

detached properties constructed with solid walls that have poor energy 

efficiency properties, and thus, higher running costs.  However, as existing 

evidence in the literature regarding the relationship between fuel poverty and 

rurality is sparse, there are difficulties in asserting the degree to which the 

location of residents determines their fuel poor status.  Nonetheless, location 

is one of the key defining features of fuel poverty in the UK, requiring 

consideration from a research as well as a policy perspective.  Therefore, this 

research addresses the gap, and empirically investigates the relationship 

between fuel poverty and property location in Chapter 5. 

With regard to housing tenure, research shows that the households most likely 

to experience fuel poverty are those living in privately rented accommodation 

and owner occupiers (Boardman, 2010; NIHE, 2018; Ambrose, 2015).  Even 

though the individuals with the lowest incomes are in the social sector and are 

expected to be the group with the highest level of fuel poverty, the rates of 

those who struggle to achieve affordable warmth, are indeed generally the 

lowest for this tenure (NIHE, 2018) (Figure 2.3).  
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Figure 2.3 Proportion of fuel poor households in the UK by tenure  

 
Data sources: Annual Fuel Poverty Statistics in England, 2021 (2019 data) (BEIS, 2021); 
SHCS: 2018 Key Findings (The Scottish Government, 2020); Fuel poverty estimates for 
Wales, 2018: revised (Welsh Government, 2019); NIHCS 2016 (Housing Executive, 2018) 

  
Seemingly, those who live in private rented accommodation are likely to be at 

a considerable disadvantage compared with households that own their 

property or live in the socially owned dwellings, as they rely on their landlords 

to make decisions regarding any improvements to be carried out at the 

property and who seldom seek to implement such measures (Brunner et al., 

2012; Ambrose, 2015; Hope and Booth, 2014).  Those who own their homes 

however, although have the freedom to implement any energy efficiency 

measures as they see fit, are financially obliged to cover the costs of the 

interventions, unless they are low-income households eligible for 

governmental assistance.  In contrast, the social housing stock has lower rates 
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of fuel poverty as a result of energy efficiency measures being implemented, 

thus properties owned by social landlords have higher standards and are of 

better quality (Hills, 2011).  Building upon the evidence, this research also 

examines fuel poverty incidence in NI based on tenure and investigates the 

changes that occurred between 2011 and 2016.  To adequately address this 

tenure-based conundrum, the research focuses on the data available from the 

NIHCSs for the respective years (Chapter 5).     

Household structure is another factor that plays a substantial role in 

determining levels of fuel poverty.  Evidence shows that single parent families 

and single pensioner households are at an increased risk of living in fuel 

poverty (Boardman, 2010; NIHE, 2018) as they may require higher internal 

temperatures within the home for longer periods of time (Healy and Clinch, 

2002).  This is an important aspect of fuel poverty research as these 

households may have above than average energy expenditures that are a 

consequence of specific non-negotiable requirements, such as additional 

heating or supplementary energy needs that, if not adhered to, may lead to or 

exacerbate chronic illnesses and disabilities (Snell et al., 2014).  Again, given 

the existing evidence, this research investigates the association between 

household structure and its size and the likelihood of experiencing fuel poverty.  

More recently, the issue of the Covid-19 pandemic and its impacts on fuel 

poverty levels came to the fore.  Although evidence base to date remains 

limited, Covid-19 brought numerous challenges to households worldwide, and 

in particular, for those already having experiences of fuel poverty.   In that 

regard, Kotak and Chappell (2021) present the ways fuel poor households 

were negatively impacted by the pandemic.  Firstly, they report that as a result 

of the pandemic, but more precisely, the ‘stay at home’ order imposed by the 

government, the average household energy bill increased by £32 per month. 

Baker et al. (2020) also comment on the inadvertent higher energy bills, 

however, their estimates were more modest and averaged £16 per month.  To 

some extent, as noted by both the Scottish Government (2020) and Burlinson 

et al. (2021), the UK's Coronavirus Job Retention Scheme for workers on 

furlough and the increase in the universal credit allowance, may mitigate some 

of the impacts of the pandemic, assuming that householders meet the 
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qualifying criteria.  However, closure of business and public spaces meant 

that, those who sought out other environments such as public transport, 

libraries or cafes for heat, were no longer able to do so, and consequently 

exacerbated their energy vulnerability.   

Secondly, according to Kotak and Chappell (2011), the quality of housing due 

to the pandemic deteriorated.  This means that essential repairs and 

maintenance work to the properties were not undertaken and, even further, 

energy efficiency retrofits to improve the quality of the dwellings were 

postponed.  The third and final pathway to fuel poverty during the pandemic is 

in relation to the business supporting vulnerable customers.  In that regard, 

charities and NGOs were required to adhere to the government rules and 

cease all non-essential functions.  This in turn, as NEA (2021) highlight, 

affected the availability of resources to provide critical services whilst the 

number of households in need of assistance increased.         

 

Evidence from Poland reinforces the notion that there are considerable 

negative impacts of Covid-19 on fuel poverty.  In that respect, Nagaj and 

Korpysa (2020) highlight that fuel poverty intensified during the pandemic due 

to the increases in energy costs coupled with decline in employment rate.  

These two components working simultaneously, led Polish households to 

experience higher ratio of energy expenditure to disposable income, resulting 

in the worsening of energy hardship per household, and also, in the overall 

fuel poverty in the country.  

2.4.5 Climatic and weather effects on heating needs in NI 

The scale and nature of energy consumed in NI is undeniably shaped by an 

inter-play of various property-related and social characteristics.  In addition, 

spatial positioning and climate determine the requirement for space heating 

and/or cooling demand in any given region.  The temperate and maritime 

climate of NI means that winters are relatively mild with infrequent cold spells, 

summers are relatively warm, and rainfall throughout the year significant.  Due 

to the geographical location of NI and the central positioning for a series of 

low-pressure systems, the region often experiences high winds.   
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In the context of fuel poverty, weather conditions determine how individual 

households in NI consume energy.  As NI is predominantly exposed to cold 

and damp, there is a near all-year round heating requirement to maintain 

reasonable warmth within the home (more detail provided in Chapter 5).  

Furthermore, Liddell et al. (2011) note that there is a high variability in daily 

weather patterns, which can lead to frequent adjustments to space heating or 

cooling as opposed to homes maintaining a consistent thermal level.  Such 

practises place an additional strain on heating requirements and appliances, 

and more importantly, intermittent home heating is also known to be more 

costly to the end user, which can lead to excessive energy consumption and 

expenditure among fuel poor households who tend to economise energy 

outgoings.     

2.5 Health and social impacts of fuel poverty 

Having outlined a number of factors that contribute to fuel poverty in Section 

2.4, this section provides a review of the negative consequences associated 

with fuel poverty and living in substandard internal conditions.  Early research 

into housing-related poor health and fuel poverty required specifications 

regarding thermal comfort or at least the minimum requirements for healthy 

indoor living conditions, as the concept focuses on individuals being unable to 

sustain adequate warmth in the home.  In that respect, fuel poverty 

researchers adopt widely accepted recommendations proposed by the WHO 

(1987) of minimum temperature of 21°C in the main living area and 18°C in 

other occupied rooms.  These temperatures are cited as optimal for an indoor 

internal living environment and are a necessity to safeguard against conditions 

associated with cold and damp homes, however individuals with specific 

needs may require higher levels of thermal comfort (Liddell and Morris, 2010).  

For example, those with disabilities or long-term illnesses, pensioners and 

families with young children are particularly at risk of poor health from cold 

homes (Liddell and Morris, 2010), with those living below these temperatures 

at a higher risk of developing physical conditions such as respiratory and 

cardiovascular diseases (WHO, 1987).  In addition, those experiencing fuel 

poverty are often forced to adopt various coping strategies such as energy 

consumption reductions, choosing between other essential items and/or 
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getting into debt in order to minimise negative outcomes associated with fuel 

poverty (McKague et al., 2016; Bhattacharya et al., 2003; Beatty et al., 2014).  

All of the behaviours that households exhibit as well as various external factors 

associated with poor housing may contribute to internal living temperatures 

below the recommended levels and significant deterioration of human health 

and in extreme conditions, premature death (Hajat, 2017).  

There are three main routes whereby health may be affected by fuel poverty.  

Firstly, there is evidence of a direct relationship between insufficient heating 

and indoor cold, damp, mould and health impacts (Marmot Review Team, 

2011). Secondly, as fuel poor households adopt various coping strategies in 

order to create warm living spaces, concessions to other essentials, such as 

food, are evident (Beatty et al., 2014).  This in turn may lead to 

undernourishment and consequently negative health outcomes.  Thirdly, as 

Hernandez et al. (2016) indicate, worries associated with financial difficulties 

and inability to heat and power the home to thermally comfortable levels 

contribute to abnormal stress levels, chronic exposure to which, may manifest 

itself in individuals’ poor physical and mental wellbeing. 

2.5.1 Physical health impacts of fuel poverty  

In terms of physical health, respiratory conditions and circulatory diseases 

have been most widely associated with cold housing and fuel poverty (Marmot 

Review Team, 2011).  Resulting from inadequate levels of warmth within the 

home, exposure to mould, damp and condensation decreases resistance to 

respiratory infections and can lead to development of or exacerbation of 

asthma (Bone et al., 2010; Webb et al., 2013; EPEE Consortium, 2008) 

(Figure 2.4).  Furthermore, other respiratory symptoms such as wheeziness, 

breathlessness, runny noses and chronic cough have been linked to 

substandard housing conditions (Webb et al., 2013; Marmot Review Team, 

2011). 
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Figure 2.4 Physical health impacts of fuel poverty   

 

The causal mechanism by which these conditions develop, is difficult to 

establish, as there are various internal and external contributory factors, 

nonetheless, there is a clear link between fuel poverty and increased likelihood 

of hospital admissions for respiratory problems (Boardman, 2010).  Most of 

the evidence comes from research conducted with the elderly (de Vries and 

Blane, 2013; Webb et al., 2013; Cotter et al., 2012) as this cohort shows the 

greatest susceptibility to cold-related ill health.  However, fuel poverty and cold 

indoor temperatures also impact infants and children, and such consequences 

may have long-term implications and be detrimental to the development of 

young adults (Liddell, 2009).  As such, Barnes et al. (2011) demonstrate that 

children’s long-term exposure to poor housing quality increases the risk of 

developing chest infections or breathing problems, including asthma and 

bronchitis.  Similarly, a review conducted by the Marmot Review Team (2011) 

states that children who live in cold homes are more likely to suffer from 

respiratory illnesses than children who do not experience cold indoor 

temperatures.  This has been argued to have further implications in terms of 

unfavourable developmental outcomes and increased hospital admissions.   

These negative health consequences of fuel poverty provide additional 

support for improving energy efficiency of properties through interventions 
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aimed at those most in need.  In that respect, Gilbertson et al. (2006), in an 

evaluation of health impacts of such a programme in England, demonstrate 

that increasing energy efficiency of the properties by the means of insulation 

and other improvements reduce detrimental physical symptoms related to 

respiratory problems.  Recipients of energy efficiency measures report 

increases in indoor temperatures which led to alleviation of symptoms 

associated with asthma and bronchitis that affect both adults and children.  In 

a more recent evaluation of health outcomes post-renovations in Minnesota, 

Breysse et al. (2011) highlight several improvements in relation to asthma, 

allergies, sinusitis and chronic bronchitis among the adult sample. In relation 

to children’s health, the authors indicate that, although statistically non-

significant results are obtained, there is evidence of improvements to 

children’s respiratory health.  Similar findings are also obtained in New 

Zealand (Free et al., 2010), further supporting the hypothesis that upgrading 

housing conditions contributes to improvements in health outcomes.   

Low internal temperatures are also associated with increased risk for 

developing cardiovascular diseases, although this association seems to be 

less clear than with respiratory conditions (Marmot Review Team, 2011).  

There are difficulties in asserting causal links between poor housing and 

incidence of cardiovascular ill health, however, there is evidence that 

improving thermal quality of the property leads to lowered blood pressure 

(Lloyd et al., 2008).  As high blood pressure is the greatest risk factor for 

developing coronary heart disease and stroke (Brunström and Carlberg, 2018) 

reductions in the use of medication and hospital admissions for these 

conditions, due to thermal efficiency interventions, are reported by Lloyd et al. 

(2008).  

2.5.2 Mental wellbeing and social outcomes 

In addition to adverse physical health, experiencing fuel poverty and 

substandard living conditions is linked to poor mental wellbeing and 

unfavourable social outcomes (Marmot Review Team, 2011; Liddell and 

Guiney, 2015; Hernandez et al., 2016) (Figure 2.5).   More specifically, poor 

quality of the dwellings and inefficient heating systems along with energy 

expenditure pressures are identified as sources of stress (Hernandez et al., 
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2016; Suglia et al., 2011), which in and of itself is a negative outcome, 

however, chronic exposure to stress-producing events can, Schönfeld et al. 

(2016) argue, lead to development of mental health conditions, mainly 

depression and anxiety disorders.  Furthermore, as indicated by Shenassa et 

al. (2006), residing in dwellings where damp and mould are present, the 

fundamental characteristics of structurally poor quality and energy inefficient 

housing, significantly increases the likelihood for exhibiting depressive 

symptoms.  In terms of finances, fuel poor households are more likely to be 

represented by low-income population, which along with housing costs and 

energy expenses, contribute to persistent sources of stress (Liddell and 

Guiney, 2015).  Similarly, the European Fuel Poverty and Energy Efficiency 

Project (EPEE) (2009) reports that households who endure difficulties with fuel 

bills payments and consequently debt, are experiencing anxiety and emotional 

distress.  Further, fear of being disconnected by the energy supplier is also 

associated with these adverse consequences.  Various housing features 

relating to the structure of properties, as well as housing costs and uncertainty 

of stability of the tenure, are argued to contribute to individuals’ stress levels 

and poor mental health (Mould and Baker, 2017; Shortt and Rugkasa, 2007; 

Howden-Chapman et al., 2012; Churchill et al., 2020; Burlinson et al., 2021).  

Figure 2.5 Non-physical health impacts of fuel poverty   
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Living in fuel poverty is also linked to social exclusion.  As home can 

incorporate domains such as attachment, social networks, security, family and 

personal identity, a warm, damp-free home, according to Kelly et al. (2012), is 

the most fundamental requirement for a decent quality of life.  The authors 

contend that poor housing conditions may restrict the amount of social 

interaction, since unsightly and smelly presence of damp may prevent people 

from welcoming friends into a cold and uninviting living environment.  In that 

respect, the EPEE report (2009) indicates that reduction in social interactions 

due to fuel poverty and an inhospitable living environment, can result in a 

decline of positive mental health and inadvertently lead to social isolation and 

loneliness.   

Fuel poverty does not only impact the adult population.  In fact, research 

suggests that children are negatively affected by living in under-heated homes 

and as Hernandez et al. (2016) indicate, childhood exposure to adversity can 

result in disrupted development at crucial periods, low educational 

achievement and increased risk for developing depression in later life.  Lower-

quality housing, independent of socio-economic status, is indeed linked to a 

higher likelihood of children experiencing psychological distress and poor 

educational performance (Evans et al., 2001) and socioemotional health 

(Gifford and Lacombe, 2006).  Furthermore, Evans et al. (2001) demonstrate 

that substandard homes are not only associated with poor mental health in 

children but also may affect their motivation, and as a consequence of 

persistent early exposure to adverse living conditions, children may develop a 

belief that actions taken have very little impact on the immediate surrounding.  

This in turn, may contribute to children developing a sense of inability to 

change their circumstances, the fundamental principle of learned 

helplessness.  Within child population, fuel poverty also affects academic 

achievement as a result of only a limited number of rooms within the home 

providing thermally comfortable study environment (EPEE, 2009).  Therefore, 

educational attainment may suffer due to diminished opportunities as well as 

school absenteeism stemming from poor housing conditions-related ill health.  

While the literature demonstrates that the link between various aspects of fuel 

poverty is evident, this research contributes to the existing body of knowledge 



62 
 

in several ways.  In addition to investigating subjective mental health, the 

primary component considers presence of any physical conditions and their 

association with energy-related difficulties and property defects.  Moreover, 

the research evaluates the impacts of energy retrofitting solutions on 

subjective wellbeing.  In that regard, this body of work examines changes in 

both positive and negative elements, meaning, in happiness and overall 

wellbeing, and in feelings of anxiety and levels of concern. 

2.5.3 Excess Winter Mortality (EWM)  

The link between excessive cold and ill-health has been long established and 

cold-related morbidity and mortality have been public issues in many parts of 

the world for a number of decades (Thomson et al., 2017; Marmot Review 

Team, 2011).  Despite this knowledge, according to Healy (2003), Analitis et 

al. (2008) and Fowler et al. (2015), EWM, namely, the surplus of deaths during 

winter in comparison to non-winter months, is being continuously experienced 

by populations across Europe.  Across the UK, EWM is measured by 

calculating the ratio of deaths that occur from December to March in relation 

to deaths in the four months either side of that period (Guertler and Smith, 

2018).  In a European study, Healy (2003) notes that the seasonal variations 

in mortality rates are the highest in southern Europe, with Portugal and Spain 

experiencing 28% and 21% (respectively) deaths above average during winter 

(Table 2.4).  More recently, Liddell et al. (2016) provided additional evidence 

on the excess winter death indices and report that, along with the already 

mentioned countries, Malta and Cyprus, although having relatively mild 

winters, experience extremely high rates of winter mortality, 29.4% and 23.6%, 

respectively.  Ireland and the UK also have considerably high rates of winter 

deaths, with the UK’s 18.6% surplus translating into approximately 37,000 

premature and preventable deaths occurring every year (Guertler and Smith, 

2018).  In addition, the most recent figure for NI for the 2017/18 winter shows 

a 31% increase in mortality, which equates to 1,500 deaths (NISRA, 2019).  

While EWM rates across the Mediterranean countries are consistently high, 

Scandinavian countries appear to have low variation of winter mortality of 

around 10%, even though they experience harsher winters than the regions of 

southern Europe (Healy, 2003; Liddell et al., 2016; Fowler et al., 2014).   
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Table 2.4 EWM rates from 3 pan-European studies   

 EWM rates  

Country (Healy 2003) 

 

1988-1997 

Fowler et al. 

(2014) 

2002-2011 

Liddell et al. 

(2016) 

1980-2013 

Austria 14% 13.2% 13.2% 

Belgium 13% 15.7% 13.6% 

Bulgaria  17.0% 17.8% 

Cyprus  19.4% 23.6% 

Czech Republic  10.2% 10.8% 

Denmark 12% 12.0% 12.2% 

Estonia  11.9% 10.9% 

Finland 10% 9.2% 9.5% 

France 13% 13.5% 13.8% 

Germany 11% 11.9% 11.7% 

Greece 18% 9.8% 17.9% 

Hungary  11.3% 12.3% 

Ireland 21% 13.9% 19.7% 

Italy 16% 15.2% 16.0% 

Latvia  11.5% 11.5% 

Lithuania  10.6% 11.5% 

Luxembourg 12% 13.0% 11.2% 

Malta  28.3% 29.4% 

Netherlands 11% 12.3% 11.8% 

Norway  12.2% 12.1% 

Poland  10.2% 11.7% 

Portugal 28% 25.9% 28.0% 

Romania  15.7% 17.5% 

Slovakia  7.8% 8.2% 

Slovenia  11.3% 13.2% 

Spain 21% 18.6% 20.6% 

Sweden  12.9% 13.3% 

Switzerland  14.4% 14.2% 

UK 18% 15.9% 18.6% 

Higher rates of EWM in generally warmer countries in comparison to colder 

ones is known as the excess winter mortality paradox (Healy, 2003), and refers 

to the higher likelihood of deaths during cold spells in southern European 

countries relative to Nordic countries.  Furthermore, the Department of Health 

(2009) in Ireland estimates that for every excess winter fatal casualty there are 
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approximately extra eight hospital admissions, placing an additional strain on 

the National Health Services (NHS) over the winter months.   

There is an ongoing debate with regards to why certain countries experience 

different levels of EWM.  The potential factors that contribute to reduced health 

are often grouped into natural, economic and social categories (Healy, 2003).  

Hajat and Barnard (2013) indicate that much of the wintertime excess can be 

attributed to weather conditions, in particular low temperature exposure.  

Although the winters in southern Europe are not as harsh as they are in other 

parts of the continent, the fluctuation in cold-related mortality appears to be 

much higher than in the countries with colder climates (Healy, 2003).  With 

that in mind, Aylin et al. (2001) link outside temperature to excess winter 

mortality and reported a 1.5% increase in odds of dying in the winter for every 

1°C drop below average winter temperature.  Brief excursions outdoors, are 

also argued to contribute to EWM (Keatinge et al., 2000).   

Certainly, evidence shows that the link between climate and mortality levels 

exist, however, the temperature alone cannot provide a full explanation for all 

deaths.  As such, an alternative to the external temperature hypothesis is that 

the higher risk of mortality and increased morbidity rates lies in the quality of 

housing stock, which has been described as somewhat energy inefficient in 

parts of southern Europe and does not provide a sufficient protection against 

the cold (Wilkinson et al., 2001).  In that respect, Clinch and Healy (2000) 

indicate that the drop of external temperature has a significant impact on the 

internal heat loss.  Aylin et al. (2001) highlight that excess winter mortality and 

morbidity can be attributed to low living room temperatures, limited bedroom 

heating as well as inadequate clothing worn during cold periods.  

Fuel poverty has also been recognised as a culprit of cold-related deaths and 

illnesses (Hills, 2012).  Oftentimes, living in fuel poverty means living in hard 

to heat houses where there is mould and damp, factors that contribute to 

respiratory and circulatory infections (Rudge & Gilchrist, 2005).  Marmot 

Review Team (2011) argue that cold housing and fuel poverty have a direct 

and immediate as well as indirect impacts on health. In that regard, they 

indicate that 22% of excess winter deaths in the UK are the consequences of 
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cold housing.  In addition, they provide evidence that cold housing has a 

significant effect on population in terms of respiratory and cardiovascular 

morbidity and on the elderly in terms of winter mortality.  Similarly, Liddell and 

Morris (2010) hold the view that people who live in poorly insulated homes are 

at a higher risk of dying from cold-related illnesses. 

Failure to maintain adequate heat at home is contributing to excess winter 

deaths, however preventable winter deaths are not just experienced by those 

in fuel poverty.  Within the literature, social-economic status has often been 

recognised as determinant for EWM. A cross country analysis of risk factors 

contributing to excess winter mortality in Europe shows a strong relationship 

between this factor, income poverty and multiple deprivation levels (Healy, 

2003).  Healy (2003) notes that Greece, Ireland and Portugal, countries with 

higher levels of income poverty and inequality, struggle with seasonal variation 

in mortality.  Social class is also a determinant of excess cold-related mortality 

in the Netherlands (Ekamper et al., 2009).  Higher numbers of deaths during 

the harsh winter months are reported among the lowest social class due to 

poor housing, inadequate clothing and footwear, and working conditions.  

Additionally, a study by Hales et al. (2012) conducted on the New Zealand 

population provides evidence for an increased risk of dying in the winter 

among low-income people, those living in rented accommodation and those 

living in the city.  However, research by Hajat et al. (2007) fails to find a 

significant relationship between socio-economic status and excess winter 

mortality.  They highlight that people who are wealthier tend to own hard to 

heat properties that are energy inefficient, as opposed to people in the lowest 

socio-economic groups, who are more likely to occupy socially owned 

properties, ones that are well-insulated, and thus, easier to heat. 

In terms of the cause of death, Cotter et al. (2012) indicate that EWM is not 

normally recorded due to hypothermia, and although expected, is seldom the 

case.  According to Goodman et al. (2011) outbursts of influenza, respiratory 

infections and other seasonal factors only partially account for the excess 

winter mortality and morbidity. Similar conclusions were made almost a 

decade earlier with Keatinge (2002) reporting that only 5% of all winter deaths 

can be associated with those outbursts in Britain, whilst also indicating that a 
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new strain of influenza could cause devastating mortality in the future.  Indeed, 

Goodman et al. (2011) and recently, Hajat (2017) argue that pre-existing 

respiratory and cardiovascular conditions exacerbated by the cold 

temperatures, are the main cause of deaths occurring during colder time of the 

year.  However, with respect to cardiovascular mortality, research shows a 

clear link between the number of casualties that can be attributed to heart 

attack and strokes and cold temperatures (Braga et al., 2002; Wilkinson et al., 

2004).  Huynen et al. (2001) also report on the relationship between cold 

strain, a phenomenon associated with prolonged exposure to low ambient 

temperatures and excess winter mortality due to cardiovascular and 

circulatory disorders.  Goodwin (2000), who reviewed existing evidence on 

cold temperatures and circulatory diseases, shows that the ‘cold stress’, which 

arises when a shock of a cold morning causes too much cardiovascular strain 

especially when an individual is leaving a cold dwelling, might be minimized 

through warmer indoor temperatures. It has been suggested that if people live 

in warm homes, the risk of illness or death from cardiovascular diseases from 

‘cold stress’ decreases.  

Cold spells are also believed to be responsible for a large proportion of excess 

winter deaths from respiratory illnesses as coldness impairs lung function 

(Keatinge, 2002).  Consequently, this may lead to the development of 

bronchitis or pneumonia, one of the leading causes of respiratory mortality 

(Guertler and Smith, 2018).  Furthermore, the increased incidence and 

severity of respiratory tract infections are considered by Mourtzoukou and 

Falaglas (2007) to be associated with exposure to low ambient temperatures 

and during induced hypothermia.  Moreover, Mourtzoukou and Falaglas 

(2007) indicate that the longer the duration of exposure to low temperatures 

the higher the risk of infection, hence, preventative measures should be taken 

to decrease the levels of morbidity and mortality.  Hajat et al. (2007) reports 

that GP consultations for respiratory tract infections can increase by up to 19% 

for every 1°C drop in the mean temperature below 5°C.  The Faculty of Public 

Health (2006) in England propose that excess winter deaths can be minimised 

if people are able to keep warm indoors (a combination of adequate heating, 

insulation and ventilation), keep warm outdoors (sufficient warm clothing and 
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physical activity) and via the uptake of other preventive measures such as flu 

and pneumococcal vaccination, where appropriate.  To further stress the effect 

of colder weather, the UK Office for National Statistics (ONS) (2020) report 

that prevalence for dying from Alzheimer’s disease and dementia is higher in 

the wintertime. It has been suggested that these conditions are brought on or 

exacerbated by the cold, however Alzheimer’s disease and dementia is 

seldom the immediate cause of death (Jones and Goldeck, 2014).  Rather, 

people with these conditions might be confused at times and forget to put their 

heating on, and hence are prone to respiratory and other diseases to a greater 

extent than healthy individuals (Jones and Goldeck, 2014; Liddell et al., 2016).  

2.6 Retrofitting existing buildings 

Various aspects of fuel poverty, namely, issues around its definition, 

measuring techniques, factors contributing to such high levels of households 

failing to maintain warmth in their homes and direct as well as indirect impacts 

of living in under-heated dwellings have been discussed thus far.  Whether a 

household is in fuel poverty largely depends on the amount that is required to 

be spent on energy needs and the amount of disposable income that can be 

allocated to achieve reasonable warmth standards (Boardman, 2010; Liddell 

et al., 2014).  However, aside from these two contributory factors, an issue of 

energy efficiency of the home, which influences fuel poverty in a more distinct 

and permanent way, remains.  In that respect, energy efficiency largely 

dictates what a given household has to spend on energy, meaning, the higher 

the rating the less energy is required and, in theory, the lower the bill.   To 

increase this efficiency of the property however, a substantial capital 

investment is required, which fuel poor households typically cannot afford to 

undertake.  Such improvements, when implemented in energy inefficient 

properties, are considered to be long-lasting and irreversible changes that 

directly impact lives of those who reside them (Webber et al., 2015).  In theory, 

tackling energy inefficiency of existing housing stock through implementation 

of various retrofit options seems plausible.  However, several issues 

surrounding the energy efficiency improvements and their link to fuel poverty 

alleviation have been identified.  This next section therefore, focuses on the 

more tangible aspects of fuel poverty, meaning the dwellings, and more 
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specifically, on the potential of energy efficiency upgrades to tackle fuel 

poverty as well as the problems that arise from retrofitting.    

Various features of the property can affect its thermal performance and impact 

on household’s ability to maintain reasonable warmth regardless of the 

available income.  Low-income households living in properties that are difficult 

to heat are faced with an additional dilemma, as such dwellings have 

considerably higher energy requirements than highly efficient ones to achieve 

the same amount of warmth.  These households, therefore, are forced to 

spend a substantially higher proportion of their income on fuels which may 

consequently lead to their living in fuel poverty.  Given that the UK’s housing 

stock is one of the least energy efficient across western Europe (Asaee et al., 

2018) and it is estimated that approximately 80% of the buildings, which will 

exist in 2050, have been built already (Gupta et al., 2015), and the 

replacement rate is around 1-3% per year (Pombo et al., 2016), improving the 

building envelope is crucial for alleviating fuel poverty (Boardman, 2010).  In 

addition, major refurbishments to existing dwellings are also required as part 

of the wider, climate change agenda (Boardman, 2010; Wilkinson and Sayce, 

2020).  In that respect, the UK is legally mandated to reduce greenhouse gas 

emissions by at least 80% before 2050 (Climate Change Act, 2008).  

Therefore, as Boardman (2010) argues, increasing energy efficiency 

properties of existing housing stock through adoption of various measures is 

the only, long-term solution for making them low-energy, and thus, for 

achieving goals related to alleviation of fuel poverty as well as the reduction of 

carbon footprint.  More specifically, retrofitting domestic dwellings addresses 

fuel poverty issues through increasing thermal comfort and reducing fuel 

expenditure for their occupants and this may lead to creating healthier living 

environments for vulnerable householders (Boardman, 2010).  Furthermore, 

building refurbishments can reduce energy demand, which in turn may 

decrease greenhouse gas emissions (DECC, 2015).   
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2.6.1 Energy retrofitting strategies 

Energy retrofit is defined as in improvement to the dwelling envelope or energy 

system with a specific aim of increasing its energy performance properties 

(Swan et al., 2013).  Depending on the building structure, a retrofit can involve 

measures such as insulation of walls, lofts and floors, windows replacement, 

upgrades of existing heating systems, emerging technologies for energy 

management, as well as renewable energy alternatives (DECC, 2014).  These 

interventions are designed to reduce energy demand in the residential sector 

with an emphasis on space heating, which is estimated to make up 

approximately 66% of overall domestic energy consumption in the UK (Jones 

et al., 2017).  However, as the housing stock in various parts of Europe is 

distinctively different, there are difficulties in achieving cost-effective solutions 

that can be applied to different types of dwellings (Wilkinson and Sayce, 2020).  

For example, in the UK, people are most likely to live in houses with larger 

floor size, whereas the countries of eastern Europe have a larger proportion 

of people living in relatively small flats (Pittini et al., 2015).  With this in mind, 

different approaches to energy efficiency upgrades and fuel poverty targeting 

strategies need to be taken, depending on the specific characteristics and 

historic legacies of the regions.  To add to an already complicated situation of 

poor-quality housing stock, some properties are harder to treat than others.  In 

that respect, dwellings constructed with solid walls have been identified as 

those hard-to-treat properties that require external or internal insulation in 

order to provide protection against cold and damp (Simpson et al., 2016; 

Brown et al., 2017).  Such procedures can be very disruptive and indeed very 

costly, requiring an expenditure of approximately £9,000 (Brown et al., 2017).  

That said, Brown et al. (2017) indicate that external wall insulation is the most 

cost-effective method of increasing thermal properties of solid wall dwellings 

and estimate that approximately 45% of fuel poor households in the UK reside 

in these types of homes.  This means, that although expensive, there is a need 

for external wall insulation in order to fuel proof hard-to-treat properties 

constructed with solid walls (Brown et al., 2017).  Alleviating fuel poverty and 

increasing energy efficiency of the dwelling has also been conducted with 

adoption of cavity wall insulation and evidence shows that this very effective 

method leads to a reduction in internal heat losses (Byrne et al., 2016; Jenkins, 
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2010).  This technique, whereby cavity is filled with material that inhibits heat 

transfer, can only be implemented in a typical cavity wall constructed property.  

Similarly constructed timber frame dwellings however, are not suitable for this 

type of thermal upgrade, as it is necessary to leave the air gap unfilled to 

prevent from building degradation due to accumulated moisture.  Therefore, 

other external or internal insulating measures in non-standard structured 

buildings may be necessary.  Overall, fabric insulation provides an effective 

solution for reducing heat loss through the walls, with estimates for cavity wall 

insulation of around 40% and for solid wall insulation of up to 80% (Jones et 

al., 2017).  In relation to roof space insulation, Jenkins (2010) indicates that 

such retrofitting strategy is also an approach worthy consideration, which in 

combination with thermal upgrades to the walls provides further protection 

against cold.  Correspondingly, Jones et al. (2017) report that applying current 

building regulation standards for loft insulation in the new built dwellings, of a 

minimum thickness of 270mm, to already existing properties, is a cost-effective 

method of improving airtightness of the home.  In terms of different 

technologies and approaches, Pombo et al. (2016), in a recent review of 

housing renovation studies, indicate that across western countries, 

interventions adopted appear to be broadly similar.  Thermal insulation of the 

properties, upgrading windows and air tightening to prevent heat loss, are the 

most frequently chosen measures.  Nonetheless, other measures, such as 

replacing old, inefficient boilers, upgrades to central heating systems, windows 

replacements and draught proofing are also implemented in order to make 

significant reductions in energy consumed (Mallaband et al., 2013).  Hence, a 

combination of fabric improvements and approaches to compliment the 

upgraded structure of the building, could potentially lead to financial savings 

and be beneficial to fuel poor households. 

Important factors that contribute to the effectiveness of retrofitting strategies 

and energy performance of the properties include the sequencing of the 

measures as well as the time scale, in which they are implemented.  Research 

undertaken in relation to retrofitting and intervention sequence by Simpson et 

al. (2016) shows, that operational performance of a particular measure is 

highly dependent on the already existing upgrades.  Although this research 
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was based on modelled assumptions and authors indicated that the limitations 

in terms of real-life retrofitting scenarios exist, important conclusions was 

made.  The findings suggest that the highest annual energy consumption 

reductions can be achieved when insulating interventions to prevent excess 

heat loss, are implemented.  Similarly, Jones et al. (2017) indicate that the 

fabric insulation is the most effective approach of reducing greenhouse gas 

emissions, and recommend insulation of walls in the initial stage of a deep 

retrofit along with installations of double glazed windows, as these measures 

have the greatest impact on heat loss in the property (Byrne et al., 2016; 

Camprubi et al., 2016; Elsharkawy and Rutherford, 2018).  Sequencing of 

energy retrofitting technologies has also been identified as important, as 

misguided and haphazard installations of different measures may hinder the 

achievement of full benefits.  As such, Simpson et al. (2016) indicate that 

replacing the boiler prior to implementation of insulating measures may lead 

to the heating system operating less efficiently due to subsequent heat-saving 

measures bringing about energy demand reductions.  Put simply, boiler 

upgrades should be considered at a later stage of home improvements, when 

more beneficial measures have already been implemented.  

In terms of the time scale of various refurbishments, Simpson et al. (2016) 

recently point out that able to pay householders are more likely to improve 

their properties by installing different measures in a piecemeal fashion and 

over the course of several years, rather than consider a major, more beneficial, 

whole house approach, which integrates various bespoke measures that are 

based on the property characteristics and requirements.  This is partially due 

to financial barriers, with a deep retrofit being a lot more costly than the step-

by-step approach, and homeowners are effectively required to financially 

recover prior to implementation of further measures.  In addition, Mallaband et 

al. (2013) indicate that family lifestyle, personal preferences, previous 

experiences, and events such as having a new-born at home or living with 

other members of the family are the drivers that influence decisions in relation 

to the uptake of home improvements.  Because some retrofitting options are 

more disruptive to peoples’ lives than others, the barriers that are associated 

with the uptake of energy retrofitting in an able to pay portion of the population 
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may also apply to the lower income households, who can avail of government 

led services.   

2.6.2 Retrofitting effectiveness in fuel poor households 

In theory, tackling energy inefficiency of poorly performing properties through 

retrofitting seems tenable.  However, there are several issues surrounding 

energy efficiency improvements and their capacity to alleviate fuel poverty.  

The following section provides an overview of the issues that arise from 

retrofitting dwellings and outlines the impacts on households who struggle to 

achieve and maintain affordable warmth in their homes.   

First issue with regards to alleviating fuel poverty through retrofitting is that the 

evidence exists that political pressures concerning carbon emissions reduction 

in the domestic sector drive decision making in relation to fuel poverty 

strategies.  In essence, the outcomes of energy efficiency interventions 

designed to meet the carbon emissions targets (to be reduced by 80% before 

2050) seem to be synonymous with the effects that they have on fuel poverty 

levels, thus implying that further evidence regarding these two issues is not 

required (Rosenow et al., 2013).  However, as Rosenow et al.  (2013) highlight, 

reducing household energy consumption, and consequently, carbon footprint, 

is not necessarily mirrored where fuel poverty is concerned, as fuel poor 

households are known to underuse rather than overuse energy services.  In 

fact, various researchers demonstrate that low-income individuals continue to 

live in fuel poverty despite having energy efficiency measures implemented in 

their homes.  For example, Elsharkawy and Rutherford (2018) conducted a 

review of a Community Energy Saving Programme (CESP) in Nottingham 

aimed at alleviating fuel poverty in low-income households living in hard-to-

treat properties.  Overall, households received approximately two energy 

efficiency measures in their homes out of six possible options including solid 

walls insulation, loft insulation, replacement of energy inefficient heating 

system, installation of heating controls, double glazing of windows and draught 

proofing. Elsharkawy and Rutherford (2018) demonstrate that householders 

benefit in various ways from energy efficiency improvements and report 

significant reductions in self-rated issues with damp, mould and condensation.  



73 
 

In addition, some energy consumption reductions were observed along with 

health benefits and improvements in the overall warmth of the homes.  

However, despite enhanced comfort and achievement of financial savings of 

approximately 30% post-retrofit, the authors indicate that, around 60% of 

those who received energy efficiency measures, were trapped in fuel poverty 

a year later.  Similar conclusions are made by Atkinson et al. (2017), who were 

concerned with application of external wall insulation in five properties in 

Wales driven by greenhouse gas reduction and fuel poverty alleviation 

agendas. Although some householders were able to attain lower energy 

consumption approximately one year after the measures were installed, and 

the overall carbon dioxide emissions declined, no financial gains were 

realised, and all of the occupants were still considered as fuel poor at the time 

of the post-retrofit survey.  Another analysis of large-scale implementation of 

energy efficiency measures of the Warm Wales programme aimed at 

occupants living in fuel poverty by Jones et al. (2013) shows that, 

approximately 12% of almost 19 thousand households who received energy 

saving interventions, were no longer considered fuel poor after the retrofit.  

This intervention included a mixture of measures to improve the dwelling 

fabric, such as installation of cavity as well as external wall insulation and 

various approaches aimed at improving overall heat retention and energy 

efficiency of the home, namely loft insulation and hot water tank jacket, and in 

some circumstances boiler replacement or full central heating system.  The 

authors indicate that, although fuel poverty and carbon dioxide emissions 

reductions were only partially achieved, as was the case with other 

government led strategies, health benefits, increased levels of thermal comfort 

and financial gains, were among the benefits that householders were able to 

report on during the follow-up.  Overall, various researchers discuss retrofitting 

existing dwellings in the context of fuel poverty and attempts to alleviate high 

rates of this problem. In this regard, Vilches et al. (2017) point out that 

improvements to buildings where the occupants are considered fuel poor do 

not necessarily lead to energy consumption reductions as expected from the 

climate change policy driven agenda of energy conservation in the residential 

sector, however thermal comfort gains for the residents living in under-heated 

homes is a by-product of energy retrofitting existing dwellings.   
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Second issue regarding retrofitting and its effectiveness in tackling fuel poverty 

relates to the fact that energy efficiency improvements impact only one of the 

three fuel poverty drivers.  As already noted, considerable health and 

wellbeing benefits are evident due to home interventions, nonetheless 

households may continue to be trapped in fuel poverty as a result of low 

income and high energy expenditure, the other two contributory factors 

(Boardman, 2010; Middlemiss, 2017).   

Third factor that may affect the strength of retrofitting success is the targeting 

of fuel poor households. It has been noted that such procedures are very 

challenging and require complex algorithms in order to be effective in capturing 

fuel poverty and those most in need (Walker et al., 2013).  With regards to 

tenure, energy upgrades in the social sector have been relatively 

straightforward as opposed to improvements in the private sector.  This is due 

to a direct approach to fuel poverty alleviation of one institution or social 

landlord whose responsibility lies solely in delivering measures to their own 

housing stock.  In contrast, targeting fuel poor households in the private sector 

has proven to be more difficult and as Walker et al. (2014) noted, there are 

‘inherent difficulties’ in identifying groups of individuals who struggle to attain 

thermal comfort at home.  In theory, asserting who is eligible for assistance 

could require extensive surveying of the households as well as the structural 

characteristics of the dwelling a given household resides in.  However, as 

Rosenow et al. (2013) argue, such procedures can be highly intrusive and 

indeed unethical, therefore other strategies need to be implemented.  A well-

targeted retrofitting scheme objectively includes a high proportion of 

individuals who are most in need and omits those who do not require thermal 

upgrades (Sefton, 2002).  As such current targeting strategies involve 

screening potential recipients of energy grants and in order to qualify for 

support with retrofit, householders are required to meet vulnerability criteria 

that relate to social welfare benefits.  However, these proxy indicators are not 

accurate in determining fuel poverty status.  In that regard, Walker et al., 

(2014) highlight that a considerable proportion of households may be excluded 

from energy efficiency schemes, as some individuals may not be in receipt of 

the qualifying state benefits, and others may not be considered as vulnerable, 
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yet fuel poor.  A further issue relates to reliance on self-referral to energy 

efficiency schemes, which may be ineffective in delivering retrofits.  Vulnerable 

individuals, who are by definition more likely to experience fuel poverty, and 

thus be in need of governmental assistance to improve their homes, as Snell 

et al. (2014) note, be unable to seek support they need, due to disabilities or 

other limitations.  On the whole and for various reasons, it is mainly the non-

fuel poor households that benefit from energy efficiency schemes (Boardman, 

2010; Rosenow, 2013).  Thus, according to Walker et al. (2014), a direct 

approach of reaching fuel poor households is more appropriate and effective 

for delivery of energy efficiency interventions.    

The fourth component that impacts upon home energy management and 

space heating practices includes behavioural factors.  According to Marshall 

et al. (2016), occupants’ behaviours, their domestic lifestyles and social 

practices may alter following energy efficiency upgrades.  This in turn, further 

complicates the efforts to alleviate fuel poverty and its consequences.   Two 

main factors impede the process of evaluating energy retrofitting interventions 

and their role in reducing fuel poverty levels.  These are: 

• rebound effect, where household energy consumption post-retrofit 

increases, when compared to the baseline condition, resulting in a 

limited overall financial saving effect, and in some cases, households’ 

incurring higher energy bills (Marshall et al., 2016), and 

• prebound effect, where gains from thermal interventions are 

overestimated due to inaccurate and exaggerated judgment of energy 

consumption pre-retrofit (Teli et al., 2015; Sunikka-Blank and Galvin, 

2012).   

Rebound effect or the ‘take-back’ effect as it is also referred to, is concerned 

with the potential gains and energy savings from energy efficiency 

improvements to the dwelling being lower as expected due to behavioural 

adjustments of the occupants post-retrofit (Thomas and Azevedo, 2013).  The 

gap between the expected and actual energy savings in relation to this thesis 

and fuel poor households encompasses two components, namely direct and 

indirect effects.  The direct rebound effects offset the energy savings as a 

result of building residents taking advantage of the improved thermal 
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properties of the home and increasing internal temperatures within the home, 

hence, actually increasing energy consumption and not conserving energy 

(Sorrell et al., 2009).  The indirect rebound effects, on the other hand, refer to 

the financial savings gained from home improvements being re-spent on other 

goods and services (Hediger et al., 2018; Thomas and Azevedo, 2013). 

The literature provides a wide range of estimates on rebound effects within 

residential heating, however, a recent analysis by Hediger et al. (2018) 

indicate that, direct and indirect rebound effects combined, account for 33% of 

the expected energy consumption reduction offset.  Furthermore, they also 

note that there are between households’ variations in the extent of rebound 

effects, nonetheless, these tend to be more prominent in lower income 

households, as this cohort has been recognised to underuse energy services 

within the home.  Upon implementation of energy efficiency measures 

therefore, households who initially are unable to attain comfortable warmth, 

are more likely to increase their energy consumption in order to achieve levels 

of thermal comfort without incurring additional expenditure (Hediger et al., 

2018).  On the other hand, the magnitude of the direct rebound effect is smaller 

in the more affluent households (Galvin, 2015), meaning that these individuals 

who are able to reach desired levels of thermal comfort before home 

retrofitting, are more likely to accrue financial savings and contribute to energy 

consumption reductions targets.  Furthermore, Sorrell et al. (2009) 

hypothesise that direct rebound effects would significantly decline once a 

given household achieves the desired level of thermal comfort, which has also 

been acknowledged by Hediger et al. (2018).  Subsequently, Hediger et al. 

(2018) reinforce the theory of hierarchical choices as an explanation to direct 

rebound effects, whereby individuals’ preferences are met in the order of their 

necessity.  In relation to fuel poverty, households who are below the thermal 

comfort satiation point may therefore strive to satisfy the need for warmth 

within the home following energy efficiency improvements.    

The rebound effect is driven by householders’ behaviours and affects the 

magnitude of post-retrofit gains based on engineering calculations, and as 

such, various individual elements and characteristics may increase or 
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decrease an overall rebound or lack thereof.  In addition to temperature take-

back factor of the rebound effect, Hediger et al. (2018) note that its magnitude 

can also be determined by the changes in ventilation practices, comfort 

preferences and environmental concerns.  Overall, implementation of energy 

efficiency measures in low-income households may not yield the same results 

as in the higher income fraction of the population due to the individual practices 

and preferences, and in turn, not be as effective in reducing greenhouse gas 

emissions in the residential sector, nonetheless, as Thomas and Azevedo 

(2013) state, such interventions may alleviate fuel poverty and lead to 

improvements within social welfare domain.    

A second factor that makes retrofitting interventions evaluations problematic 

and difficult in determining whether energy efficiency installations reduce fuel 

poverty is the prebound effect.  Whereas rebound effect refers to a situation 

that occurs upon implementation of energy efficiency measures within a home, 

the prebound effect is associated with lower than anticipated energy 

consumption before the retrofit (Sunikka-Blank and Galvin, 2012; Galvin and 

Sunikka-Blank, 2016).  Sunikka-Blank and Gavin (2012) demonstrate that 

theoretical calculations of expected energy consumption considerably differ 

from actual energy used and indicate that, in fact, overestimating the former 

by as much as 40% is prevalent.  Similar estimates are reported by Teli et al. 

(2016) who argue that such high performance gap in the socially owned flats 

in the Portsmouth region of the UK was induced by fuel poverty.  Assessment 

of the baseline energy use revealed that the majority of homes failed to 

achieve minimum standards of thermal comfort, therefore, potential energy 

consumption reductions post-retrofit were exaggerated.  This poses a dilemma 

for retrofitting strategies, as energy efficiency improvements cannot provide 

anticipated carbon savings in a situation where the energy was not initially 

used.  Furthermore, as Galvin ad Sunnika-Blank (2016) outline, high prebound 

effects are associated with under-heated homes but not necessarily indicative 

of the occupants’ fuel poor status. Some individuals may choose to consume 

less energy and heat their properties to lower than recommended 

temperatures due to personal preferences.  However, a combination of low 

income and high prebound effect creates a scenario, where identification of 
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fuel poor households is a possibility.  In other words, income data on 

households who do not achieve optimal internal temperatures due to financial 

constraints along with the prebound effect can be utilised as a metric to 

determine who is and who is not fuel poor.  This in turn, may provide 

information on which households require thermal upgrades.  Implementation 

of such measures based on prebound effects could decrease levels of 

discomfort experienced by households living in poor quality properties, despite 

of not being able to achieve the assumed environmental gains and lead to 

rebound effects.  Galvin and Sunikka-Blank (2016) further indicate that 

subsequent rebound effects do not signify that retrofitting dwellings failed to 

succeed.  On the contrary, bringing energy consumption levels to the normal 

standards may indicate that implementation of energy efficiency measures 

improved living conditions of fuel poor households.    

2.7 Conclusions 

This chapter provides an extensive review of the knowledge and 

understanding of fuel poverty including the various driving factors and 

methodological approaches used to measure this complex phenomenon.  The 

discussion around the difficulties regarding operational definition or lack 

thereof has highlighted the need for an objective description and 

interdisciplinary understanding of the problem.  As articulated, a partial 

explanation for the fuel poverty conundrum lies in the subject-specific 

terminological inconsistencies evident in the academic literature, upon which, 

government policies and alleviation strategies are frequently based.  An 

additional dilemma identified in this chapter is the ongoing debate concerning 

the extension of fuel poverty to general deprivation. Indeed, the evidence 

presented suggests that distinguishing fuel poverty from general poverty is a 

challenge in its own right.   

The most prevalent view in the literature of fuel poverty being a distinct issue 

is embedded in the need for capital investment required for thermal upgrades 

to energy inefficient properties.  Such discourse aimed at the most in need has 

the potential of improving the quality of individuals’ lives suffering from the 

effects of occupying cold homes.  In this context, the considerable variations 
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in fuel poverty rates across the world are observed, with consistently high 

levels of fuel poverty in southern and eastern European countries. The UK is 

also shown to be amongst those countries with high levels of fuel poverty.  

Three main drivers of fuel poverty are apparent in the literature, namely the 

energy inefficiency of the dwellings, low income and high energy expenditure. 

However, this chapter also recognised that other, less apparent or secondary 

components, are relevant, including location, tenure, household structure and 

higher than average energy requirements. Thus, fuel poverty is much broader 

and multidimensional, requiring in-depth exploration from a variety of 

perspectives.      

In the UK, an objective expenditure-based metric is most frequently used to 

measure fuel poverty, however, this technique is not transferable to many 

other countries due to the lack of data required for calculations.  Under such 

circumstances, the consensual approach has been accepted for estimating 

the number of households who fail to maintain warm homes.   

The literature demonstrated that the current focus on fuel poverty alleviation 

lies in various retrofitting interventions.  These thermal improvements, 

however, are shown to produce different outcomes, depending on the level of 

understanding and households’ engagement with the newly upgraded 

properties.  As articulated in this chapter, the effectiveness of such strategies 

is largely determined by factors outside individuals’ control that relate to 

political and definitional issues such as the accurate targeting of fuel poor 

households. Furthermore, the literature suggests that the UK government’s 

main policy approach to target structural factors in isolation to other drivers 

may not yield the anticipated goals, with income and energy prices still 

contributing to high levels of fuel poor households. 

In summary, despite extensive research, lack of consensus regarding 

definitional issues is a major issue for fuel poverty research.  The inability to 

accurately characterise what constitutes fuel poverty along with the lack of 

acknowledgment of the gravity of the problem, has led to misguided 

understanding of who fuel poor individuals are, and what issues they struggle 
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with.  Additionally, as the resources to alleviate fuel poverty are limited and 

there is evidence of inadequate targeting of fuel poor households and 

allocation of government funding is less than perfect, the thesis progresses to 

the policy-oriented angle of fuel poverty. Hence, drawing upon the evidence 

and conclusions stemming from this chapter, Chapter 3 assesses in more 

detail government policies and strategies aimed at reducing fuel poverty levels 

including retrofitting solutions from regional, national and international 

perspectives.   
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CHAPTER THREE – FUEL POVERTY:  THE POLICY PERSPECTIVE 

3.1 Introduction 

The previous chapter extensively examined existing literature with respect to 

fuel poverty and various elements associated with this complex problem.  In 

particular, a critical discussion was presented regarding the contested issues 

of defining and measuring fuel poverty followed by the negative impacts of 

living in under-heated homes.   It was argued that different types of households 

are affected by energy unaffordability in various ways and that those most in 

need who are unable to achieve thermal comfort, whether this relates to 

insufficient income or the state of repair of the property they reside in, should 

be safeguarded through the means of governmental assistance.  Hence, this 

chapter focuses on presenting a series of policy measures and interventions 

drawing upon evidence from various countries designed to protect the most 

vulnerable citizens from the implications of fuel poverty and simultaneously 

conserving energy to address climate change.  Chapter 3 fulfils objective two 

of this thesis, namely to analyse government policies, strategies and projects 

aimed at reducing fuel poverty levels including retrofit solutions from regional, 

national and international perspectives.  The positioning of this chapter in the 

context of this thesis is illustrated in Figure 3.1. 

Figure 3.1 Structural context of Chapter Three 
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In addressing the second objective, Chapter 3 focuses on presenting 

examples of various policies and policy driven interventions as well as 

assessing their effectiveness in alleviating fuel poverty.  Section 3.2 provides 

examples of international policies and strategies with a focus on specific 

European programmes that successfully contribute to mitigation of the 

problem.  In Section 3.3 the focus is narrowed to the perspective in Great 

Britain (GB) concerning fuel poverty alleviation policies and interventions.  

Given that fuel poverty is, in part, a devolved issue, Section 3.4 turns to NI and 

presents regional policies and policy-led initiatives including energy retrofitting 

and assesses their effectiveness in tackling this complex problem.  The 

chapter ends (Section 3.5) by drawing conclusions regarding the policy 

framework for fuel poverty, the potential for retrofitting based solutions.  

 
3.2 International policy perspective 

In order to alleviate the burden associated with fuel poverty and to protect 

citizens from the negative outcomes of being unable to maintain a warm home 

as outlined in Chapter 2, various countries have been working towards finding 

sustainable and cost-effective solutions to this problem (Howden-Chapman et 

al., 2012; Stockton and Campbell, 2011).  Across the developed world, fuel or 

energy poverty, is recognised as an issue that requires government-led 

interventions due to a combination of social, economic and technological 

factors contributing to its existence, the amelioration of which requires a 

significant capital investment (Boardman, 2010).  For example, the 

Department of Communications, Energy and Natural Resources in Ireland 

(DCENR, 2015) reports that fuel poverty is a policy concern for the 

Government for two fundamental reasons.  As fuel poverty is mainly 

experienced by households that by definition may be vulnerable, the 

responsibility lies within the administrations to safeguard the most in need.  

Delving even further, being able to heat and power the home is now 

recognised as a fundamental right of citizens and as Shyu (2021) notes, being 

unable to maintain basic provisions, is a violation of human rights.  Hence, to 

be included and accepted within society, Bouzarovski (2014) emphasises that 

all households should have access to these provisions.  Furthermore, as fuel 

poverty negatively impacts individuals’ lives, wider, societal consequences are 
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now also evident (Liddell, 2008; Churchill et al., 2020).  This, Healy (2003) 

highlights, includes to the existence of a phenomenon called excess winter 

deaths that refers to a surplus in mortality in winter months, mainly due to 

respiratory and cardiovascular diseases (Section 2.5.3).  Furthermore, general 

health and wellbeing can be affected by physical and psychological stresses 

related to living in cold homes and the inability to achieve thermal comfort, 

which in turn can lead to an additional burden on the health services (Liddell 

and Morris, 2010).  Given this function of the antecedents and the vast array 

of impacts varying in their intensity, Moore (2012) argues, that governments 

are responsible for having policies and measures in place to either prevent 

those householders on the verge falling into fuel poverty or reducing the 

consequences for those who are already experiencing the struggles of energy 

affordability.     

Hence, it is essential to understand the context of existing policies and 

examine their effectiveness in reducing fuel poverty.  Although strategies are 

conducted independently by each country concerned with fuel poverty, and 

there may be variations in the emphasis placed on a specific fuel poverty 

driver, there are generally three policy approaches adopted that attempt to 

provide assistance to fuel poor households.  The first type of strategy intends 

to improve financial circumstances of households by increasing their 

disposable income and thus, allowing them to meet their energy needs 

(Boardman, 2010).  The second measure reduces energy bills by ensuring 

vulnerable households are placed on favourable tariffs that prevent them from 

going into arrears with energy suppliers (NIE, 2021).  The third policy measure, 

Guertler (2012) notes, targets the physical aspects of the buildings by aiming 

to improve energy efficiency of the properties where fuel poor individuals 

reside in.  These approaches are discussed in this section along with 

examples from countries where a particular measure or a different combination 

of measures are employed to alleviate fuel poverty.   

3.2.1 Energy poverty in the EU context 

To begin with, this chapter turns to international good practises against fuel 

poverty and in that respect, a review of the European approaches is deemed 
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as important, given the influence the EU possesses over implementing 

changes across its territory.  Hence, an outline of existing EU policies is 

presented.  Although they do not dictate what specific approaches should be 

adopted by each member state, Bouzarovski and Thomson (2019) highlight, 

that they provide a set of targets that every country is required to achieve.   To 

provide a wider context of where these European policies are situated, the 

issue of climate change emerges, and even though fuel poverty and climate 

change are two distinct issues, they are intrinsically linked by the component 

of energy consumption within buildings (Snell and Thomson, 2013).  Tackling 

climate change and its impacts has become one of the most important issues 

and the discourse of the current policies given its extreme negative 

consequences on individuals’ lives, communities and global economies 

(Hassani et al., 2019).   Under the wider climate change agenda to reduce 

greenhouse gas emissions and in accordance with the Paris Agreement of 

12th September 2015 (United Nations, 2015) to limit global warming to 1.5°C, 

a Clean Energy for All Europeans package was developed.  This framework 

requires each member state to create a National Energy and Climate Plan 

(NECP), which along with objectives for tackling climate change includes fuel 

poverty alleviation dimension.  Consequently, the existing legislative context 

for fuel poverty in the EU was recently revised (European Union, 2019) and 

under the updated legally binding documents discussed below, energy poverty 

is referred to on at least four separate occasions.   

Directive (EU) 2018/2002 of The European Parliament and of the Council of 

11th December 2018 amending Directive 2012/27/EU on energy efficiency   

requires every member state to ensure that policies to improve existing 

buildings are inclusive of fuel poor households and allow vulnerable groups 

access to energy efficiency measures (see Table 3.1 for a summary of the 

Directives).   Furthermore, a country-specific flexibility in selecting approaches 

to assist fuel poor households is preferable provided that the policies are 

developed in conjunction with and are complementary to social security 

policies.  Given that approximately fifty million households across different 

tenures in the EU are in fuel poverty (Thomson and Bouzarovski, 2018), the 

document also stipulates that appropriate financial support for cost-effective 
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measures should be granted to households in the private sector.  Overall, 

implementation of energy efficiency measures in the housing stock is key in 

achieving targets for high performing buildings as outlined in the 2015 Paris 

Agreement.  However, as Bouzarovski and Thomson (2019) state, the 

progress of such improvements is insufficient and households on low income, 

occupying properties where renovations are necessary, are hardest to reach.  

Nonetheless, they emphasise that efforts should be taken by each member 

state when developing approaches to meet energy efficiency objectives to 

incorporate fuel poverty alleviation measures in accordance with severity of 

the issue within a given country.  Once renovation approaches are developed 

and implemented, member states are required to report on the outcome of the 

interventions in relation to the stipulated fuel poverty targets.  This, however, 

brings the issue of definition to the fore, as Dobbins et al. (2014) highlight, 

where lack of EU-wide standardised measurement of the problem along with 

the difficulty of being able to confirm a clear distinction of energy poverty from 

general deprivation leads to limited attention on the overall issue within the 

new Directive (European Energy Network, 2019).   

Directive (EU) 2018/2002 of the European Parliament and of the Council of 

11th December 2018 amending Directive 2012/27/EU in energy efficiency 

incorporates a more specific direction to fuel poverty alleviation.   In that 

regard, it initially requires all members states to factor in the need to reduce 

energy poverty in the context of their energy efficiency commitments.  Where 

appropriate, a share of energy efficiency interventions is to be implemented 

and prioritised among vulnerable households and those affected by fuel 

poverty.  When assessing the number of households living in fuel poverty, 

member states can rely on a set of statistical indicators developed at EU level.  

These drivers and consequences of energy poverty treated as aggregate 

indicators can facilitate the progress of identifying the most in need and fuel 

poor, as outlined in the Commission Recommendations (EU) 2020/1563 of 

14th October 2020 on energy poverty.  Furthermore, member states with 

excessively high energy poverty rates, are required to provide in their NECPs 

a national objective, which demonstrates the intent to reduce the number of 

households affected.  However, as Bouzarovski and Thomson (2019) 
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highlight, to date, there are significant inconsistencies in how member states 

address the issue of fuel poverty along with the measures to combat the 

problem. 

Another EU legally binding document that explicitly acknowledges fuel poverty 

is Directive (EU) 2018/844 of the European Parliament and of the Council of 

30th May 2018 on the energy performance of buildings.  Within this wider 

objective of renovating the existing buildings to achieve highly energy efficient 

and decarbonised housing stock, member states are obliged to take into 

consideration fuel poverty in their national strategies.  More specifically, 

appropriate actions and adopted criteria are to be determined by each state 

independently, however, particular attention should be given to the poorest 

quality stock.   To improve the building sector, the Directive also requires every 

member state to detail policies and strategies that, in addition to being long-

term solutions to upgrade energy inefficient properties, tackle fuel poverty.  

Energy poverty in the EU’s legislative context is also discussed in the Directive 

(EU) 2019/944 of the European Parliament and of the Council of 5th June 2019 

on common rules for the internal market for electricity.  In accordance with this 

legally binding framework, member states are required to safeguard their 

vulnerable and fuel poor households from energy disconnections by providing 

a guaranteed electricity supply during critical times.  In addition, the document 

stipulates what household characteristics can be used as proxies of vulnerable 

customers, namely household income, energy expenditure and property’s 

energy efficiency status.  Dependence on health-related electrical equipment 

and age are also the criteria which can be adopted in the process of 

establishing vulnerable households.  Given that these criteria are also the 

hallmark characteristics for identifying fuel poor households, the Directive 

requires member states to ensure that those most in need, including energy 

poor individuals, are protected against being disconnected from electricity 

supply.  Additional protective measures, as indicated in the legal document, 

should also be taken to include consumers in remote regions, areas where 

rates of fuel poor households are known to be disproportionally higher than in 

urban areas.   



87 
 

Table 3.1 Summary of EU Directives to tackle energy poverty 

Directive and summary of details Timeline 

Directive 2012/27/EU on energy efficiency (policy 

framework up to 2020) 

• “…to promote energy efficiency in all dwellings to 
prevent energy poverty and stimulate landlords letting 
dwellings to render their property as energy-efficient as 
possible.” 

• “…a share of energy efficiency measures to be 
implemented as a priority in households affected by 
energy poverty or in social housing.” 

25th 

October 

2012 

Directive (EU) 2018/2002 amending Directive 2012/27/EU 

on energy efficiency (policy framework to 2030 and 

beyond) 

• “…energy efficiency policies should be inclusive and 
should therefore ensure accessibility to energy 
efficiency measures for consumers affected by energy 
poverty.” 

• “Energy efficiency measures must therefore be central 
to any cost-effective strategy to address energy poverty 
and consumer vulnerability and are complementary to 
social security policies at Member State level.” 

• “…and adequate financial support for such measures 
should be guaranteed at Member State level.” 

11th 

December 

2018 

Directive (EU) 2018/844 on the energy performance of 

buildings 

• “…an overview of policies and actions to target the 
worst performing segments of the national building 
stock, split- incentive dilemmas and market failures, 
and an outline of relevant national actions that 
contribute to the alleviation of energy poverty.” 

30th May 

2018 

Directive (EU) 2019/944 on common rules for the internal 

market for electricity  

• “Member States should collect the right information to 
monitor the number of households in energy poverty. 
Accurate measurement should assist Member States in 
identifying households that are affected by energy 
poverty in order to provide targeted support.” 

• “…each Member State shall define the concept of 
vulnerable customers which may refer to energy 
poverty and, inter alia, to the prohibition of 
disconnection of electricity to such customers in critical 
times.” 

5th June 

2019 
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Collectively, through improvements to existing buildings and increasing their 

energy efficiency as well as prevention of energy supply disconnections in 

vulnerable households and independent fuel poverty monitoring, the EU is 

seeking to address the issue across all member states (Kyprianou et al., 

2019).  The legally binding framework inclusive of all member states, 

according to Dobbins et al. (2019), provides a set of rules that each is required 

to abide by yet allows flexibility in adopting country-specific approaches to 

tackle fuel poverty, as emphasis on national and regional characteristics is 

necessary.  However, issues of energy poverty recognition as a standalone 

concept remain, which lead to inconsistencies across member states in 

addressing the problem and slow implementation of targeted energy efficiency 

interventions to vulnerable households (Bouzarovski and Thomson, 2019).  

Furthermore, Pye et al. (2017) also note that, due independent interpretations 

of energy poverty among member states, the EU-wide response continues to 

be fragmented.  Thus, they emphasise the need for integration of efforts to 

address energy vulnerability, which could be rectified by adopting more robust 

ways of defining energy poverty and an outlook beyond the internal energy 

market.  More recently, Bouzarovski et al. (2021) highlight that, despite 

additional policy advances by member states in working towards alleviating 

fuel poverty, there is a lack of substantial and concrete actions in the health, 

infrastructure and housing domains.  In addition, socio-economic factors 

continue to be relied upon in determining energy unaffordability, whereas 

structural components of the properties, issues of energy use for cooling and 

transport, and gender and ethnic discrepancies are overlooked.      

Given the regional disparities in characteristics related to general deprivation 

and vulnerability as well as fuel poverty rates, historical legacies and climatic 

conditions, the next section focuses on the solutions and strategies adopted 

by different member states.  Critical appraisal of existing initiatives and 

interventions is offered with a particular focus on the solutions that led to 

improvements in household circumstances as well as their effectiveness in 

reducing levels of fuel poverty within a given region.    
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3.2.2 Fuel poverty policy measures in force 

Fuel poverty is a problem affecting approximately fifty million European 

households (BPIE, 2014) but given that various indicators can be used to 

measure energy-related issues along with the lack of readily available 

information with regard to living conditions and in-home budgets, its full extent 

is not truly known.  In fact, the number of people who struggle with energy 

affordability may be even higher depending on the fuel poverty metric or proxy 

indicators used to assess the phenomenon within a given region.  Further 

complications in relation to fuel poverty stem from geographical positioning of 

nations, and as Bouzarovski (2018) points out, similarities among regions of 

different countries are more likely to be identified than similarities among 

regions within one country.  Nonetheless, there is an unequivocal consensus 

across academics and various government agencies that those households 

who experience energy affordability issues need to be identified and 

safeguarded against such struggles (Bouzarovski and Thomson, 2019).  Even 

though one of the main drivers of fuel poverty is insufficient income within the 

household to adequately cover energy requirements, it is generally accepted 

that the distinguishing components of energy poverty from general deprivation 

are high energy prices and energy inefficient properties (Thomson and 

Bouzarovski, 2018).    

Fuel poverty has been widely recognised as a multidimensional issue (Liddell 

et al. 2012; Hills, 2012; Moore, 2012) and as such, is tackled through adoption 

of energy as well as social policy measures to increase support offered to 

vulnerable groups and those individuals who live in energy inefficient 

properties.  Across Europe, and in particular within the EU, there are numerous 

variations of governmental mechanisms deployed to alleviate energy poverty 

(Dobbins et al., 2019).  This, as the European Energy Network (2019) 

indicates, is a result of the lack of energy poverty definition that encompasses 

all countries.  However, development of a standardised measure to eradicate 

fuel poverty which is applicable to all member states is, as Sareen (2020) 

notes, perhaps impractical given that in addition to the three main drivers of 

fuel poverty, there is a number of region-specific and climatic characteristics 

that contribute to the existence of the problem.  Therefore, each member state 
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is guided by these characteristics as well as bound by the European legislation 

in which energy poverty is acknowledged.  Even though within Europe, several 

countries do not have official fuel poverty definition, EU member states are 

concerned with energy unaffordability issues of their citizens and attempts are 

made to address the issue and develop mechanisms, which protect those 

affected most severely (Chapman et al., 2019).  According to Bouzarovski 

(2018), due to the absence of formal energy poverty definition, issues in 

designing necessary policies and strategies to alleviate the problem arise, as 

development of the measures requires an understanding of what constitutes 

fuel poverty.  In this context, EU Directives and their recent updates provide 

many nations with a starting point towards the fight against fuel poverty and 

create an opportunity for these wider commitments to be transposed into 

national legislations (Dobbins et al., 2019).   

The diversity in approaches, measures and policies towards reducing levels 

of energy poverty is extensive, however, it is possible to distinguish between 

three broad mechanisms that are adopted, namely direct financial support as 

a means to improve financial circumstances of householders, energy 

expenditure reduction, and improvements of energy inefficient buildings where 

fuel poor households are more likely to reside.    

3.2.2.1 Financial support to combat fuel poverty 

Financial interventions are designed to provide general income support to 

those most in need.  Such measures are implemented through funding 

appropriated within the social welfare budgets and administered by central 

governments (Wickham et al., 2020).  This type of intervention based on the 

financial assistance, as noted by Preston et al. (2014), is designed to 

effectively increase disposable income of households where such relief is 

deemed necessary, and insufficient living circumstances have been 

confirmed.  Hence, this strategy targets the income component of fuel poverty, 

and as such, provides households with additional funding to fight energy 

unaffordability (Nolden et al., 2021).  In addition, Nolden et al. (2021) note that 

financial provisions are also administered to reduce energy bills, thus tackling 

the second fuel poverty driver, namely, high energy costs.  In that respect, the 
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additional funds can be allocated to cover energy needs and reduce the risk 

of going into debt or incurring any fees related to untimely paid or unpaid bills.  

Indeed, many European countries apply this type of intervention in order to 

protect their citizens (Creutzfeldt et al., 2020), however, the appropriation of 

funds and specific mechanisms employed to provide financial aids are often 

contingent upon the adopted vulnerability criteria, which are determined by 

nations individually.   

Despite existence of the European Directives which outline what steps should 

be taken by individual member states to create safeguarding mechanisms for 

vulnerable consumers, there is no consensus on what this category of 

consumers is characterised by.  Within the EU’s retail energy markets, the 

concept of vulnerable costumers has not always been explicitly defined, 

nonetheless, every member state adopts certain criteria to identify those 

householders who might be most susceptible to the negative outcomes 

associated with lack of appropriate energy provisions within the home (Pye 

and Dobbins, 2015).  These characteristics, Walker et al. (2014) notes, have 

normally been based upon personal and economic circumstances rather than 

more specific energy-related vulnerabilities, however a number of energy 

conditions have also been stipulated by some nations (Kyprianou et al., 2019).  

To illustrate this, receipt of social welfare is a proxy indicator of economic 

vulnerability that is utilised to assess financial circumstances, and in the 

context of fuel poverty, the ability of a given household to meet energy needs.  

Pye and Dobbins (2015) report that the countries that are guided by the 

allocation of social support for declaring vulnerability are Belgium, Cyprus, 

Germany, Denmark, Estonia, Finland, Croatia, Hungary, Lithuania, 

Luxembourg, Malta, Poland, Portugal and Slovenia.  In addition to income-

based categorisation of energy vulnerable consumers, four countries, Czech 

Republic, the Netherlands, Slovakia and Ireland recognise that presence of 

certain medical conditions requires governmental assistance with and 

protection against energy-related issues.  To illustrate this, the Commission 

for Energy Regulation (2005) released a decision paper on the provision of 

services to vulnerable consumers in Ireland, in which they are defined as 

persons, who during winter months due to age and health-related 
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circumstances and dependence on electrical medical equipment, are at risk of 

being disconnected from electricity supply.  Concerning identification of 

vulnerable customers in France, Italy and Sweden, low income as well as high 

energy expenditure are used as proxy indicators to recognise those who 

experience difficulties in meeting energy needs, and hence, are at risk of falling 

into fuel poverty (EPOV, 2019).   

Identification of energy vulnerable consumers by member states, as reported 

by EPOV (2019), is mainly achieved through adoption of criteria that are 

associated with general poverty and deprivation rather than being specifically 

focused on energy consumption, quality of the dwellings and income, the three 

indicators of fuel poverty.  This means, that whether a fuel poor household can 

avail of governmental financial assistance is often based on disability, age or 

any other factor deemed disadvantageous within a given society.  As Pye and 

Dobbins (2015) indicate, synergies between fuel poverty and vulnerability are 

not entirely clear even though the financial mechanisms to alleviate the former 

are based mainly on deprivation criteria, which does not automatically imply 

energy poverty.   Nonetheless, given that fuel poverty research is in its infancy 

in many European countries where identifying procedures remain 

underdeveloped, the social and economic circumstances may be indicative of 

further energy-related struggles.  Table 3.2 summarises the criteria used for 

assessing energy vulnerability across all member states.   
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Table 3.2 Vulnerability criteria across EU member states  

Country Energy Poverty/ Energy Vulnerability Criteria  

Austria Low income; above average energy costs 

Belgium High energy costs; difficulties in maintaining adequate 

heat in the home 

Bulgaria Low income 

Croatia Low income; disability 

Cyprus Low income; disability 

Czech Republic  High energy costs (30% of income) 

Denmark N/A 

Estonia Low income; living alone 

Finland High energy costs; low income; lack of transport due 

to country’s sparse population 

France Low income; high energy costs 

Germany Low income 

Greece Low income; large family; long-term unemployment; 

disability; age 

Hungary Social disposition 

Ireland Disability; age  

Italy Low income; high energy costs 

Latvia N/A 

Lithuania N/A 

Luxembourg Low income 

Malta Low income 

Netherlands Debt 

Poland Low income 

Portugal N/A 

Romania Low income 

Slovakia Low income; high energy costs; disability 

Slovenia Low income;  

Spain Low income; large family; age; unemployment 

Sweden Permanent lack of ability to meet energy needs 

United Kingdom Low income; age; disability 

Source: Pye and Dobbins (2015) 

Once energy vulnerability is assessed, the financial intervention offered 

through governmental mechanisms can take on a number of forms, depending 

on the proxy indicators used.  Monetary aids can be offered to eligible 

households to assist with meeting general as well as energy needs 

(Bouzarovski et al., 2012), however, as already indicated, this type of support 

is mainly targeted at and available to low-income households (Primc et al., 
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2019).  Even though social security benefits do not explicitly cover energy 

costs, the overall aim of social policy is to provide additional financial support 

to the vulnerable population inclusive of fuel poor, therefore allowing 

households to allocate a proportion of the payment to energy needs, as and 

when appropriate.  However, Bouzarovski and Thomson (2018) emphasise 

that, as fuel poverty is a function of insufficient income in addition to structural 

property components, the issue should be addressed via both social and 

energy policy mechanisms.  

In addition to support with general living through social security systems, a 

more specific, energy-oriented form of financial subsidy is offered to vulnerable 

consumers.  Across EU, as Dheret and Giuli (2017) report, the financial 

measures (excluding those in the form of social support), generally comprise 

of direct payments (39%), social tariffs (20%) and negotiated tariffs (5%).  In 

that regard, direct payments are more prevalent across the northern member 

states, whereas social tariffs are more widespread in southern territories of the 

EU.  For example, in Denmark pensionable age individuals who have low 

overall income can receive a reimbursement of heating costs if they exceed a 

specified threshold (Nierop, 2014) (Table 3.3).  In Sweden (EPOV, 2019) and 

the Czech Republic (Karasek and Pojar, 2018), housing allowances for eligible 

householders provide financial support with housing-related costs inclusive of 

heating needs.  To calculate the amount of financial provision in Sweden, 

climatic conditions and the floor area of the property are considered, resulting 

in payments proportionate to the external and structural conditions.   

Energy bill support is also offered in variety of forms to individuals with 

inadequate incomes who experience hardships with energy bills in Austria, 

Belgium, Bulgaria, Croatia, France, Greece, Ireland, Italy, Latvia, Lithuania, 

Malta, Poland and Romania (EPOV, 2019).  These energy supplements are 

predominantly administered to vulnerable consumers during the winter period 

to provide support with heating and electricity costs, however, they are not 

adjusted for varying weather conditions.  This means that such measures 

provide limited assistance to households as they do not recognise energy 

requirements for cooling of properties located in regions with warmer climate, 
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which as Simoes et al. (2016) conclude, is essential to pay attention to, in 

particular, in context of southern Europe countries.   

As opposed to and in some cases in addition to financial support with energy 

bills, a number of southern European countries offer vulnerable citizens a 

social tariff as a measure of protection against high energy costs (EPOV, 

2019).  This type of monetary aid is prevalent in Belgium, Bulgaria, Cyprus, 

Greece, Portugal, Romania and Spain, where, according to Pye and Dobbins 

(2015), consumers who are identified as eligible beneficiaries via social 

security mechanisms, are granted a reduced price for electricity.   Of the listed 

countries, EPOV (2019) identifies Belgium and Portugal as the only two EU 

member states that add a natural gas social tariff to their approach of 

consumer protection, and vulnerable households who rely on the two sources 

of energy within the home, can pay a discounted price for consumed energy.   
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Table 3.3 Summary of energy-related support measures across EU 

Country Type of fiscal measure 

Austria Electricity help fund; Heating allowance 

Belgium Electricity and gas fund; Social heating fund; Social tariff for 

natural gas and electricity 

Bulgaria Social tariff for electricity; Heating aid in winter; Monthly 

allowance; One time support 

Croatia Electricity allowance for vulnerable consumers; Firewood 

allowance; One time support; Guaranteed minimal support; 

Housing cost support 

Cyprus Social tariff for vulnerable consumers 

Czech Republic  Housing supplement; Living allowance; Housing allowance 

Denmark Heating allowance for pensioners; Financial help from 

municipalities 

Estonia Social support 

Finland Basic income support 

France Energy voucher; Financial help regarding arrears on energy 

bills 

Germany Social funding foe energy bills (Hannover); Basic social 

support; Care-Energy social tariff (Hamburg) 

Greece Heating oil allowance; Social residential tariff 

Hungary N/A 

Ireland Fuel allowance & household benefit package  

Italy Financial assistance for heating costs; Gas bonus; Electric 

bonus 

Latvia Support for electricity costs; Guaranteed minimum income 

level; Housing allowance 

Lithuania Heating compensation 

Luxembourg Income support; Guaranteed minimum income 

Malta Energy benefit 

The Netherlands Electricity tax reduction for basic needs 

Poland Energy lump sum; Energy allowance; Housing allowance; 

Special purpose allowance 

Portugal Social tariff 

Romania Heating aid during winter; Minimum income; Social tariff 

Slovakia Assistance in case of material distress 

Slovenia Let’s help survive; Financial social assistance; Exceptional 

financial social assistance 

Spain Social bonus for electricity; Social bonus for heating 

Sweden Housing allowance; Social assistance 

Source. EPOV (2019) 
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These types of financial interventions, as reported by ASSIST Consortium 

(2019), ensure a layer of protection against fuel poverty, as they provide 

affordable energy for income-poor and vulnerable households and 

simultaneously address one of the causes of energy poverty, namely 

excessive and disproportionate energy prices. However, the social tariff 

provision for consumers in the countries where such a measure applies, is 

subject to limited energy consumption whereby a household cannot exceed a 

specified threshold for electricity and/or gas in order to be granted the reduced 

fee (EPOV, 2019).  Where this threshold is not met by a small margin and a 

household is not eligible for the social tariff, Pye and Dobbins (2015) argue, a 

‘double penalty effect’ is induced, a situation where a potentially vulnerable 

consumer cannot avail of the assistance and, in addition, through paying a 

fully priced energy, contributes to the funding of the social tariff.  Furthermore, 

the authors indicate that although social tariffs reduce the burden of high 

energy expenditure to an extent, they often are not substantial enough to 

considerably improve circumstances of the economically disadvantaged or 

vulnerable households.  Another concern related to implementation of social 

tariffs can be attributed to their availability only for electricity and very seldom 

natural gas.  In that regard, Pye and Dobbins (2015) note that as electricity 

and natural gas are not the only two sources of heat and power within the 

nations where social tariffs for energy are implemented, off-grid household 

relying on the available alternatives, could be prevented from receiving a 

discounted price for their energy usage.  Financial assistance to fuel poverty 

issues has also been criticised by Dheret and Giuli (2017), who indicate that, 

not only the focus of such policies is mainly on the affordability issues rather 

than the structural property elements, but also, they interfere with and 

discourage uptake of energy efficiency measures and do not provide an 

incentive to behavioural change.          

3.2.2.2 Consumer protection  

While central governments are primarily obliged to oversee and administer 

financial interventions to households in need, energy regulator and the energy 

companies have the responsibility to implement consumer protection 

measures, such as disconnection safeguards and debt protection (Kyprianou 
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et al., 2019).  In connection to this, the European Parliament (2016) in their 

briefing paper, report that in most EU member states, electricity suppliers 

adopt the measure of prohibiting disconnections from the grid based on the 

certain vulnerability criteria.  This approach to fuel poverty alleviation ensures 

electricity supply to vulnerable customers and in particular those who rely on 

medical equipment or life supporting technologies, as well as those indebted 

households where a non-payment of energy bills occurred.  In some countries, 

for example in Belgium, the disconnection protection is implemented during 

the critical heating period in order to safeguard vulnerable households and 

prevent from exposure to cold temperatures (Social Energie, 2021), whereas 

in Catalonia, the autonomous community of Spain, even though this measure 

is employed throughout the year, only the most severely affected households 

with life threatening conditions, are protected (Autonomous Community of 

Catalonia, 2015) (Table 3.4).  Despite electricity disconnections being 

explicitly mentioned in the Directive 2009/72/EC of the European Parliament 

and of the Council of 13th July 2009 concerning common rules for the internal 

market in electricity, this is not a mandatory regulation and is not always 

implemented (European Parliament, 2016).  
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Table 3.4 Disconnection protection measures across the EU 

Country Disconnection protection 

Austria Prepayment electricity and gas meters for indebted households 

Belgium Disconnection protection during winter (Brussels, Flanders and 

Wallonia) 

Bulgaria N/A 

Croatia N/A 

Cyprus Disconnection protection for vulnerable consumers in critical 

periods 

Czech 

Republic  

N/A 

Denmark N/A 

Estonia Disconnection protection (between October and April 

disconnection after 90 days of notice) 

Finland Disconnection prohibition in winter 

France Winter truce (disconnection protection between November and 

March on natural gas; reductions in delivered powered are 

permissible to a certain limit) 

Germany Loans for outstanding energy payments; NRW combats energy 

poverty; Power limiters instead of disconnection in Cologne 

Greece N/A 

Hungary Protection for disabled consumers; Protection for indigent 

consumers 

Ireland Code of Practice for Energy Suppliers 

Italy Reduction of available power (indebted households) 

Latvia N/A 

Lithuania N/A 

Luxembourg N/A 

Malta N/A 

The 

Netherlands 

Disconnection protection households  

Poland N/A 

Portugal N/A 

Romania Disconnection protection vulnerable consumers 

Slovakia N/A 

Slovenia Disconnection protection vulnerable consumers 

Spain Energy advice points; Disconnection protection Catalonia (Law 

24/2015) 

Sweden Disconnection safeguards 

Source. EPOV (2019) 

Financial interventions and consumer disconnection protections available to 

vulnerable consumers are integral components of the actions taken in the fight 

against fuel poverty (Pye and Dobbins, 2015).  Across the EU, these 

approaches are widely adopted and, in many cases, are the only form of fuel 



100 
 

poverty prevention available given the lack of recognition of energy poverty as 

a standalone issue and the absence of other, more focused policies (EPOV, 

2019).  Certainly, Stockton and Campbell (2011) emphasise that these types 

of financial measures can provide much needed assistance with energy bills 

and ensure basic levels of energy provision for vulnerable consumers.  

However, they have also been widely criticised for being short-term solutions 

to a multidimensional problem and not addressing the underlying cause of fuel 

poverty, namely, poor energy performance of the properties (Santamouris, 

2016; Karatasou and Santamouris, 2019).  In that respect, Pye and Dobbins 

(2015) argue that tackling energy poverty through property improvements is a 

lengthy process and temporal solutions in the form of financial interventions, 

which are reasonably effective, are necessary to provide a relief to burdened 

households.  However, Santamouris (2016), who argues that such measures 

do not promote behaviour change and do not lead to economical energy use 

within households, challenged the effectiveness of financial support.   

Furthermore, concerning monetary aids as fuel poverty alleviation 

mechanisms, there is a concern regarding targeting individuals who may avail 

of this service.  As such, scholars (Pye and Dobbins, 2019; Walker et al., 2014) 

argue that identification of fuel poor and vulnerable consumers through social 

welfare systems may lead to inappropriate distribution of funds due to heavy 

reliance on receipt of certain income or disability-based benefits for additional 

energy-related assistance.  In addition, Walker et al. (2014) highlights that a 

method of delivery can be problematic as some allowances require a proactive 

approach from the consumer whereas other grants are directly paid as part of 

a social policy measure.  Overall, this financial support may not reach the fuel 

poor fraction of the population, and therefore, effective fuel poverty alleviation 

cannot be achieved through this measure alone (Primc and Slabe-Erker, 

2020).  

3.2.2.3 Energy efficiency response to fuel poverty across EU  

All EU member states recognise the need for improvements of own housing 

stock to achieve greenhouse gas emissions reductions required by climate 

policies (Akdag and Yıldırım, 2020).  By implementing a range of energy 

efficiency measures under the umbrella of EU-wide legislations, the European 
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Commission (2010) acknowledges that member states can contribute 

significantly to the EU targets and simultaneously provide maximum benefits 

to their residents.  Thus, the solution to tackle global warming crisis is, to an 

extent, consistent with the approach required for fuel poverty mitigation, which 

incorporates energy retrofitting of the existing properties (Varo et al., 2018).   

Hence, in addition to financial interventions for alleviating fuel poverty, 

countries should employ a range of energy efficiency measures.  These 

technological approaches (Varo et al., 2018) focus on the structural features 

of the buildings and are designed to improve their energy performance while 

simultaneously safeguard those who reside in the substandard homes from 

the negative outcomes associated with living in them.  Furthermore, retrofitting 

existing dwellings to higher energy efficiency standards is strongly 

emphasised as an effective solution to fuel poverty and protective measure for 

vulnerable populations (Santamouris, 2018).  However, such interventions 

require considerable capital investment to be allocated to every property that 

requires renovations, therefore, this type of approach requires strategic 

planning and accurate targeting.  Overall, Santamouris (2018) estimates, that 

in order to provide adequate support to the 50 million European citizens in 

need of such an intervention and completely eradicate energy poverty in the 

EU, an investment of €1.1 trillion, would be required.  

Energy poverty policies are not commonly present among the EU member 

states due to lack of recognition of fuel poverty as a problem or the assumption 

of its extension to general poverty, and hence, not requiring government led 

technological solutions.  Where fuel poverty policy measures do exist, they are 

sparse and seldom effective in targeting fuel poor households (Pye and 

Dobbins, 2015).  In reality, according to Varo et al. (2018), only countries of 

western and southern Europe demonstrate clear nationwide efforts taken to 

improve the energy situation of households in need.  Specifically, current 

measures are aimed at the most vulnerable fractions of populations and when 

in effect, they are determined, similarly to financial interventions, by criteria 

relating to income, age or disability.  Nonetheless, in accordance with the 

policy framework for EU member states and in line with the Clean Energy for 

all Europeans Package, which facilitates the transition from fossil fuels to 
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cleaner energy alternatives, efforts to identify long-term solutions to alleviate 

fuel poverty should be incorporated and executed effectively.   

With regards to the most recent NECPs (submitted June 2019), the European 

Commission undertook assessment of the individual documents as well as 

their cumulative impact against the EU climate target plan.  In the context of 

this research however, measures and approaches to mitigate fuel poverty are 

of interest, with a specific focus on energy efficiency policies and their potential 

in reaching those in need.  According to Bouzarovski and Thomson (2019), 

energy poverty across the EU member states remains, in large, under-

researched and underestimated.  As a result, the corresponding energy 

policies within the national plans are also underdeveloped, however they are 

substantially more ambitious than their predecessors, suggesting a progress 

towards recognition of the need for policy-wide response to the problem 

(European Commission, 2020).   

Despite the strong emphasis on energy poverty in the Directive 2018/2002 on 

energy efficiency (that assumes energy efficiency measures as central to any 

strategy for tackling fuel poverty further complemented by social welfare), only 

Belgium, Bulgaria, France, Ireland, Lithuania, Slovenia and Spain explicitly 

state in their plans the pathways to combat energy poverty and deployment 

required energy retrofits among the low-income or vulnerable households 

(Table 3.5).  Indeed, these countries established ambitious targets to tackle 

fuel poverty and are committed to delivery of energy renovating interventions, 

however their effectiveness in reducing the levels of fuel poverty remains, to 

date, unevaluated.  The remaining member states either view fuel poverty as 

a form of general poverty and address it through general social policies or 

acknowledge the need for further research into the problem prior to making a 

political commitment (Bouzarovski and Thomson, 2019).  
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Table 3.5 Individual NECPs in relation to energy retrofitting dwellings 
among energy poor  

Country Details of policies/strategies to tackle energy poverty 

Austria Support for buildings constructions and renovations put forward 

Belgium Continuation and refinement of existing measures to increase 
effectiveness; support for renovations of private and social 
dwellings, with priority for venerable consumers outlined 

Bulgaria Policy objectives regarding energy efficiency included, with 
priority for energy poor households; country-wide program for 
renovating multi-family buildings (not exclusive to energy poor) 
In force: Social Assistance Act and Regulation for heating grants 

Croatia Commitment to development of a program to tackle energy 
poverty  

Cyprus No energy policy to tackle energy poverty 

Czech 
Republic  

No energy policy to tackle energy poverty 

Denmark No energy policy to tackle energy poverty  

Estonia Acknowledgment of the link between energy poverty and energy 
efficiency; commitment to define objectives and corresponding 
policies to tackle energy poverty 

Finland No energy policy to tackle energy poverty 

France Energy efficiency improvements for homeowners; the final plan 
foresees investment of 1.2 billion Euro by energy companies to 
combat energy poverty; commitment to renovate 100,000 homes 
(annually) in the social sector (budgeted for 3 billion Euro) 

Germany No energy policy to tackle energy poverty 

Greece Commitment to development of energy efficiency scheme  

Hungary No energy policy to tackle energy poverty 

Ireland Commitment to update the energy poverty strategy; additional 
measures to already comprehensive strategy, such as further 
support for energy efficiency upgrades for low-income households 
and those in social housing 

Italy Commitment to develop a strategy to tackle energy poverty  

Latvia Commitment to develop an integrated strategy to tackle fuel 
poverty 

Lithuania Commitment to undertake modernisation of indoor heating and 
hot water systems in multi-apartment buildings; additional policies 
to be developed 

Luxembourg Initiatives to renovate social housing to high energy efficiency 
standards included 

Malta No energy policy to tackle energy poverty 

The 
Netherlands 

No energy policy to tackle energy poverty 

Poland Commitment to develop policies to tackle energy poverty 

Portugal Commitment to develop policies to tackle energy poverty 

Romania Commitment to develop policies to tackle energy poverty 

Slovakia No energy policy to tackle energy poverty 

Slovenia Housing policy to reduce energy poverty  

Spain Development of strategy against fuel poverty (in effect April 2019) 

Sweden No energy policy to tackle energy poverty 

Source. European Commission’s (EC) individual plans assessments; Bouzarovski 
and Thomson (2019) 
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3.2.2.4 Best practice examples across EU 

Across the EU, there are numerous examples of successful regional and 

community interventions designed specifically to tackle fuel poverty.  This 

subsection presents a sample of projects that were effective in and addressing 

energy poverty and which generated multiple benefits for the participating 

households.  

A recently completed, Energy Social Housing Innovative Financing Tender 

(EnerSHIFT, 2020) project is one example of where EU financed intervention, 

driven by the European-wide policy approach to reduce energy poverty, 

addressed issues of a lack of state funding to renovate existing buildings.   

EnerSHIFT, partially funded through Horizon 2020, was designed to promote 

large scale, replicable redevelopment of social housing properties in the 

Liguria region of Italy to reduce fuel poverty in the public housing sector.  

Through adoption of an innovative financing approach where financial benefits 

from householders’ reduced energy bills, were temporarily used to pay back 

for the investment.1  In total, approximately 3,000 households benefitted from 

improved energy efficiency of buildings which resulted in the reduction in 

energy consumption and related bills as well as in higher quality housing for 

the occupiers.  The retrofit consisted of extensive thermal insulation of walls 

and roofs, replacement of windows, substitution of the existing heating 

systems to thermal power plants and solar panels as well as installation of 

complementary technological tools for energy consumption monitoring and 

control in the form of thermostatic valves and metering systems.  Upon 

completion, occupants were approached by the tenants’ unions 

representatives who promoted good energy practices and made suggestions 

on how to manage and reduce energy consumption within the properties.  

Overall, EnerSHIFT sought to reduce energy consumption, improve the quality 

of life of low-income households living in energy inefficient properties and 

provided opportunities to boost the local economy, all of which were addressed 

and achieved through implementation of this innovative research-led approach 

(European Commission, 2020).   

 
1 The project involved retrofitting of 76 residential buildings 
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As EU countries are at a minimum bound by the European legislation to protect 

vulnerable citizens and improve the quality of the properties, a diverse portfolio 

of options is available.  Interventions include highly subsidised energy 

efficiency upgrades in the form of thermal insulations of walls, ceilings and 

floors, replacement of leaky or faulty windows and doors, heating systems 

conversions and adoption of renewable energy alternatives.  Zero or low 

interest loans are also often available to householders interested in investing 

in energy efficiency who are not eligible for the provisions dedicated to the 

most severely affected individuals.  However, due to varied recognition of fuel 

poverty across the member states, beneficiaries of energy renovating 

programmes are mixed in terms of their personal and financial characteristics.  

Hence, energy poor households, according to Kyprianou et al. (2019), due to 

multiple factors contributing to their status and different proxies used can be 

excluded from available interventions.  Specifically, the identification process 

of fuel poor households has been deemed faulty, given that it relies on 

provision of social security benefits, associated with material deprivation rather 

than very specific type of energy related poverty (Walker et al., 2014).  

Furthermore, reliance on proxy indicators that are related to a somewhat 

distinct concept may have consequences in the development of misguided 

interventions, not addressing the source of the issue.  Nonetheless, a 

considerable diversity in availability of energy efficiency measures exist which 

attempt to improve quality of the existing housing stock as well as the indoor 

living conditions to their residents.  The measures available differ between 

member states as a result of diverse political and environmental frameworks.  

For example, in order to promote uptake of energy efficiency measures in 

Belgium, an Energy Premium scheme (Broc, 2018) allows households in 

poorly insulated rental properties to be reimbursed a certain amount from 

energy renovations.  This financial incentive was developed to encourage 

vulnerable citizens to improve their homes with a specific aim of reducing 

energy bills and energy use within the household.  This type of intervention is 

contingent on individuals’ income and presence of vulnerability criteria.  A 

selected project promoter manages the discussions between the involved 

parties and can be the body that undertakes the approved energy retrofit.  
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Once the renovations are completed, partial refunds of the overall individual 

investment are offered to the householders.   

Financial support offered for the uptake of energy efficiency measures ranges 

in value between EU member states and is often directly related to the overall 

cost of the required renovations as well as financial circumstances of the 

households.  Whereas the Belgian government and energy regulator subsidise 

up to 50% of the investment (Flemish Energy and Climate Agency, 2019; 

Mebar II, 2018), in Greece, through Energy Efficiency at Household Buildings 

Programme (Ministry of Environment and Energy, 2016), this can reach up to 

70%, with lowest income households being able to receive the highest grant 

and the remaining 30% being paid through an interest free loan.  In order to 

become a recipient of the said grant however, a household is required to meet 

a set of eligibility criteria. In the case of Belgium, the funds are appropriated 

based on the income threshold.  In Greece, income of the households is taken 

into account as well as the type and condition of the property and its energy 

efficiency classification. The latter criterion for eligibility assessment suggests 

that the Greek programme is directed specifically at households living in fuel 

poverty and incorporates the efficiency aspect of the property as well as 

financial circumstances of the household.   

A common feature of the available retrofitting interventions across the EU is 

the focus on identifying low-income households, meaning that the beneficiary 

is often a consumer who is income rather than energy vulnerable.  As 

demonstrated in the case of Belgium and Greece, the funds for energy 

efficiency upgrades are appropriated to households who meet eligibility criteria 

of assistance through social welfare.  Other member states, such as Spain, 

Cyprus and Portugal, as highlighted by Kyprianou et al. (2019), adopt a similar 

strategy when developing energy renovation programmes, and as a result  

targeting the most vulnerable households rather than the fuel poor. 

Initiatives not directly aimed at amelioration of fuel poverty but developed to 

promote retrofits are also present across Europe.  These financial incentives 

for the uptake of energy renovations are not dependent on a set of eligibility 

conditions and are available to the majority of citizens within a given country.  
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For example, Germany does not have a specific fuel poverty alleviation 

intervention, instead, it offers energy efficiency grants to improve energy 

performance of homes to all households (Lopez et al., 2018).  As is the case 

with other schemes of this type, this one is a part of a larger energy renovation 

programme and only indirectly associated with tackling fuel poverty.  As 

indicated by Kyprianou et al. (2019) energy retrofits can provide sustainable 

solutions to energy poverty as they can improve the financial status of 

households and simultaneously contribute to the national and EU climate 

targets.  However, the effectiveness of the interventions is largely unknown 

with regards to reduction of fuel poverty levels.  Furthermore, as an upfront 

investment is required, which low income or vulnerable households may be 

unable to generate, those who benefit from the partially subsidised 

renovations may not be those who require assistance the most.  According to 

Kyprianou et al. (2019), this means that fuel poor households living in 

substandard homes may be omitted from available programmes as a result of 

proxy indicators used to assess socio-economic status or individuals’ inability 

to pay off the remainder of the retrofit.   

In the absence of partially subsidised retrofitting interventions, many EU 

member states offer incentives such as low interest loans to promote and 

encourage uptake of energy efficiency measures.  These intend to incentivise 

households to improve their homes with favourable conditions being offered 

(Economidou et al., 2019).  Households in all sectors and regardless of socio-

economic circumstances can implement housing renovations including wall 

insulations and replacement of existing heating systems.  As such, 

Economidou et al. (2019) suggest that low or zero-interest thermal renovation 

loans and affordable payment plans can also contribute to reductions of 

energy poverty levels.  In addition to upgrades to the fabric of the properties, 

energy efficiency appliances can also be purchased.  For example, to reduce 

the burden associated with reliance on energy inefficient household 

appliances, the Austrian government provides financial support for lower than 

average income households to exchange existing energy demanding 

equipment with new, highly efficient alternatives (Seebauer et al., 2019).  This 

measure although not directly tackling energy poverty, was developed for 
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households with insufficient incomes to mitigate high energy consumption 

from inefficient appliances and avoid being in ‘energy trap’, whereby a 

household is required to continue using inefficient equipment due to financial 

constraints to purchase new appliances, and hence incurring disproportionate 

to income electricity charges.   

At the national level, only a number of countries are specifically committed to 

fuel poverty recognition and alleviation by retrofitting housing stock through 

policy driven approach.  As such, the UK, Ireland, Spain and France 

demonstrate ongoing and proactive actions towards objective measurement 

and policy mechanisms to tackle fuel poverty.  A key element to alleviating the 

problem within those nations is the focus on building retrofits with a provision 

of fully subsidised interventions to the households most in need.  Government-

led energy efficiency improvement programmes have been carried out to date 

with a specific intent to improve the quality of the domestic dwellings through 

implementation of various measures.  For example, in Ireland, under the 

Strategy to Combat Energy Poverty (DCENR, 2015), an eligible household 

can be a beneficiary of a considerable package of home renovations.  A range 

of energy specific measures tailored to individuals’ needs are offered with an 

average cost per home estimated at €2,280.  These can include properties’ 

exterior insulation, heating system replacements and installation of suitable 

ventilation devices, measures selected to improve energy performance of the 

properties and to increase the comfort of living for the residents.  In addition, 

the document stipulates that a specific combination of measures, namely, 

cavity wall and loft insulations, yields the highest energy savings for the 

consumer for the lowest costs incurred by the state.  Given limited resources, 

an approach taken to improve building envelope provides a balanced 

alternative for fuel poor households living in substandard properties (Walker 

et al., 2017).    

With regard to identification of fuel poor households, the Irish Government 

utilises proxy indicators that relate to receipt of financial support for family, fuel 

and medical care along with age and home tenure.  The last item is crucial as 

the scheme is designed to assist those who are either owner occupiers or 
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living in social housing.  Hence, this energy efficiency intervention omits the 

private rented sector, a group of individuals largely affected by fuel poverty as 

reported by various scholars (Ambrose, 2015; Hope and Booth, 2014; Liddell 

and Gray, 2014).  In order to bridge this gap, the fuel poverty strategy attempts 

to facilitate a programme, which landlords are able to avail of. However, the 

split-incentive dilemma, whereby benefits of energy efficiency measures are 

enjoyed by the tenants and landlords are mandated to partially cover the 

investment, is a considerable barrier in the uptake of energy retrofits, as 

previously highlighted by Wilkinson et al. (2001).  Thus, landlord engagement 

is lower than the commitment of homeowners or social housing authorities and 

properties in the private sector continue to perform poorly leaving tenants 

unable to improve their homes (DCENR, 2015).    

Given that considerable levels of fuel poverty are observed in eastern 

European countries, development of effective solutions is of particular 

importance in this region.  The housing stock in many central/eastern EU 

member states is characterised by large numbers of apartment blocks which 

are heated by district heating systems (Csoknyai et al., 2016).  These buildings 

demonstrate a typical problem in the post-Soviet countries, whereby they do 

not meet the current building standards due to continuous reliance on the now 

obsolete technologies (Mazhar et al., 2018) to provide heat to the residents.  

Furthermore, they are associated with excessive maintenance costs, and 

there are issues around inadequate ventilation and old, defective window 

installations leading to mouldy walls and leaks.  Such conditions of outdated 

and poor quality communal buildings, as highlighted by Pye and Dobbins 

(2015) do not provide sufficient protection against fuel poverty.  As a result of 

the post-communist legacies, issues with energy affordability are experienced 

by considerably higher number of households than in the other parts of Europe 

(Tirado Herrero and Urge-Vorsatz, 2011).  Thus, there is particular need for 

energy efficiency programmes to tackle fuel poverty in these countries due to 

the type of housing stock and the form of heating offered to residents who are 

unable to implement individual energy efficiency improvements or change to 

alternative energy suppliers.  Cirman et al. (2013) argue that this lack of control 

over the heating system and, to an extent, energy use within the homes, create 
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a distinct set of barriers to upgrading the housing stock and eradicating energy 

poverty for the householders.  However, innovative approaches and 

technologies are being adopted to reduce fuel poverty while simultaneously 

improving the quality of life of the occupiers.   

Indeed, in line with the EU policy framework, a number of renovating projects 

have been implemented in central/eastern European countries.  The presence 

of energy retrofitting interventions is largely determined by the energy 

performance in buildings Directive as well as the energy efficiency Directive, 

which emphasise the need for fuel poverty amelioration and protection of the 

vulnerable fraction of the population.  However, due to definitional disparities 

across various regions or lack of recognition for energy poverty, those projects 

specifically targeted to fuel poverty alleviation are limited.  Rather, the 

prevalent reason for why these upgrades take place is situated in the urgent 

requirement to considerably reduce greenhouse gas emissions.      

An example of a large scale retrofit project, designed specifically to address 

the difficulties associated with retrofitting post-Soviet apartment blocks and to 

reduce high levels of fuel poverty, is the SOLANOVA project.  The award-

winning pilot project that incorporated renovating a residential building by 

adopting a passive house standard to significantly decrease energy 

consumption greatly benefitted the occupiers with their energy affordability.  

According to Tirado Herrero and Urge-Vorsatz (2011), through adopting this 

type of technologies in combination with solar-supported heating, reductions 

in the energy used for space heating were achieved in the range of 80-90%.  

Based on the success of this flagship retrofit, which was undertaken in 2005, 

the ambitious project, MLEI SOLANOVA was developed.  This more recent 

intervention targets fourteen properties, in which, measures would be 

replicated and implemented with an objective of reducing the overall heating 

energy demand that transposes into lower individual bills and increases 

thermal comfort and quality of life.  While the results from this project are not 

currently available, such state-of-the-art retrofitting backed by policy driven 

approach, as Tirado Herrero and Urge-Vorsatz (2011) suggest, can provide 
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an effective solution towards a complete eradication of fuel poverty, even 

among the households with the lowest incomes.            

In summary, the level of governmental engagement and commitment to fuel 

poverty alleviation is varied across EU member states.  Some nations do not 

recognise this phenomenon or the need to address it, whereas others continue 

to invest in interventions to safeguard affected households.  It is clear that 

where energy poverty policies are absent, much needed energy efficiency 

programmes are often underdeveloped and ineffective in targeting fuel 

poverty.  The proxies used to determine socio-economic status, presence of a 

medical condition, or other vulnerability, interfere with the delivery of the 

interventions to fuel poor households.  Furthermore, where preventative 

solutions are non-existent, state-supported policy responses in the form of 

consumer support are deployed.  Where fuel poverty alleviation policies do 

exist, they focus on financing energy retrofits for the affected households whilst 

maximising benefits from such renovations in relation to energy performance, 

quality of life and wider climate change goals.  However, there is an 

overwhelming lack of research evaluating energy retrofitting interventions and 

their role in alleviating fuel poverty levels.  Moreover, the existing evidence 

does not sufficiently address the impacts of energy retrofitting on households 

initially in fuel poverty.  In light of these gaps, this body of research seeks to 

firstly address the issues of fuel poverty and the validity of socioeconomic and 

property characteristics as causal factors (Chapter 5), and secondly, to provide 

an appraisal of the NI energy efficiency program designed to combat fuel 

poverty (Chapter 6).  Further, building upon previous research on extensive or 

whole house retrofitting solutions, Chapter 7 qualitatively examines the 

effectiveness of two bespoke pilot interventions in NI.  By doing so, this 

research enhances the knowledge and understanding of fuel poverty and 

generates evidence on the impacts of energy efficiency renovations on 

households, with a specific focus on energy costs, thermal comfort and health 

and wellbeing.   

Given that the context of this thesis is in the UK, and more specifically in NI, it 

is important to review existing fuel poverty amelioration policies across the four 



112 
 

countries of the UK.  The next section (Section 3.3) provides a summary of the 

initiatives employed across GB followed by an in-depth insight into the 

interventions adopted in NI in Section 3.4.   

3.3 Fuel poverty policies in Great Britain  

Great Britain has a longstanding history of defining and measuring fuel poverty 

as well as developing solutions for its alleviation.  Like other member states of 

the EU, England, Scotland and Wales (whilst the UK was a member state), 

have been legally bound by European directives in relation to fuel poverty 

mitigation and are required to follow the regulations for protection of vulnerable 

consumers within their own nations.  In addition, all three countries implement 

specific, fuel poverty focused, state-led policies in order to reduce levels of 

households affected energy-related difficulties.  Correspondingly to other 

European countries, across GB, financial interventions, consumer protection 

measures and energy retrofits are deployed to combat the problem of fuel 

poverty.  Collectively, these approaches are designed to increase household 

disposable income, ensure a steady supply of energy for households and to 

improve the energy performance of the properties (Liddell et al., 2012).  

However, fuel poverty in GB is a partially devolved issue and each nation is 

individually responsible for development and adoption of the strategies to 

tackle fuel poverty.  Furthermore, given the definitional disparities across all 

the regions (detailed in Section 2.3) and distinct methods of measuring fuel 

poverty in Scotland, Wales and England, available strategies are a 

consequence of somewhat different assumptions.  Similarities and differences 

are inevitable in the strategic approaches adopted across the three nations, 

hence the following sections are devoted to identification of the policy 

measures designed to tackle the problem of fuel poverty while accounting for 

diversity of the interventions.     

3.3.1 Financial interventions 

With regard to financial interventions to supplement household income, 

support is offered as a part of wider social policy.  This centrally governed 

strategy provides support to residents in need across GB, as the general 

principles of welfare programmes are applicable to the three nations (Millar 
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and Bennett, 2017).  Under the social security benefits, households in different 

circumstances can avail of financial support with daily expenses including 

housing costs and other necessary items.  Such payments, although not 

specifically targeted at the reduction of fuel poverty, can also assist with 

meeting energy-related expenses and domestic heating.  Under the benefit 

system in GB, there are two specific financial interventions to tackle energy 

poverty available to vulnerable citizens.   

The Winter Fuel Payment (WFP) is an age-based benefit that is paid directly 

to eligible citizens to provide support with heating and winter energy bills 

(Thurley et al., 2019).  It is provided as a single payment, the value of which is 

normally either £200 or £300 and is directly related to the age of a qualifying 

household member and the number of eligible residents within a given 

household (DWP, 2019).  The eligibility threshold for the lower value payment 

is 65 years of age, whereas in order to qualify for the higher payment, a 

householder must be 80 years of age.  These qualifying criteria are related to 

state pension eligibility, meaning that the tax-free fuel supplement is only 

available to elderly individuals, whether fuel poor or not.  The specified sum is 

automatically dispensed annually to qualifying households in either November 

or December, the time of year when energy and heating demands rise, 

allowing recipients to purchase additional heating fuel during the winter.  Whilst 

the WFPs are intended to assist with energy costs during the winter, the 

payments are made directly to eligible households who make individual 

decisions on spending and hence, may be allocated to items other than those 

of original purpose (Preston et al., 2014).  Regarding this issue, Beatty et al. 

(2014) investigated the effect of the WFP benefit labelling and found that 

approximately 41% of the payment was in reality allocated to household 

energy costs.  However, they also indicated that assuming a non-specific 

name for the payment would lead to only 3% of the entire amount being used 

for household fuels.  Thus, they concluded that the specific labelling combined 

with the time of the year for WFP distribution impacted on the propensity to 

utilise the funds as they were intended.   
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Overall, this fuel poverty policy has been criticised for being excessively costly 

and ineffective in targeting fuel poor households, with funds, in majority of 

cases, being appropriated to ineligible beneficiaries.  In fact, Hills (2012) 

highlighted that only 26% of all payments are indeed distributed to fuel poor 

households who require assistance with fuel costs during the winter.  This 

means, that almost three quarters of the WFP recipients, although qualify for 

the benefit, are not in need of government assistance with heating bills.   

In addition to the WFP, the Cold Weather Payment (CWP) is a form of financial 

support offered to GB residents who incur difficulties with energy bills.  This 

payment is offered to individuals who are in receipt of income-related state 

support and is directly associated with weather conditions (DWP, 2018).  

During the coldest time of the year, namely from November to March, there is 

a higher likelihood of households struggling to maintain reasonable levels of 

warmth within the home, therefore the payment can ease the financial burden.  

For the CWP to be initiated, the average recorded or forecasted temperature 

within a given region must be 0°C or below for a minimum of seven 

consecutive days.  This set of circumstances triggers a payment of £25 per 

week for eligible households, paid within two weeks of the cold weather 

instances, providing temporary financial support during the harshest periods 

of the year.    

3.3.2 Consumer protection 

In addition to direct financial supplements, vulnerable consumers in GB, like 

in many European countries are provided with a further protective measure 

offered by energy suppliers.  Those individuals on low income or in receipt of 

certain qualifying benefits who may struggle to meet their energy bills can 

receive a £140 rebate on electricity accounts under the Warm Home Discount 

Scheme (WHD) (BEIS, 2021).  The discount is a single indirect form of 

payment to help households with high energy bills and distributed by the 

participating suppliers between September and March every year (Ofgem, 

2018).  Although this form of support is generally applied to electricity, 

consumers who have gas and electricity from the same provider, can transfer 

the specified amount from one to the other.  This consumer protection initiative 
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managed by energy suppliers across England, Wales and Scotland has been 

introduced by the Government to prevent vulnerable individuals from incurring 

excessive energy bills during winter period and to reduce the financial burden 

for the already struggling households (BEIS, 2021).    

Liberalisation of the energy sector across GB culminated in an increased 

freedom in relation to individual decisions regarding energy suppliers and 

allowed households to have control energy tariffs to suit personal 

circumstances.  However, Flores and Waddams Price (2014) emphasise that 

in order to avail of the best value tariff, consumers are required to actively 

engage with the energy market to stimulate the prices accordingly by the 

providers, leading to the most competitive offer being selected.  This level of 

engagement is often absent resulting in almost 60% of the British population 

being on the most expensive, standard variable tariff (SVT), and hence, 

overpaying for their energy (Ofgem, 2019).  To ensure consumer access to a 

more favourable tariff and to protect those individuals who do not or cannot 

switch suppliers, including elderly and vulnerable individuals, the Government 

implemented a price cap to help reduce energy bills.  Under the Domestic Gas 

and Electricity (Tariff Cap) Act 2018, the independent energy regulator, the 

Office of Gas and Electricity Markets (Ofgem), was required to introduce an 

absolute price cap, above which energy suppliers could not charge consumers 

for provided energy.  This means that vulnerable consumers including fuel 

poor households on fixed term and standard variable energy tariffs cannot be 

charged for energy beyond the set threshold, allowing them access to fairly 

priced energy (Ioannidou and Mantzari, 2019).  Hinson and Bolton (2021) in a 

fuel poverty briefing indicate that this measure, although not specifically 

targeted at fuel poverty alleviation, can offer a degree of protection against 

unnecessary excessive energy expenditure. 

3.3.3 Energy retrofitting 

In GB, the most widely promoted and effective anti-fuel poverty strategy 

focuses on improving energy performance of domestic properties (Boardman, 

2010).  Through energy retrofitting, households, and in particular those 

affected by fuel poverty, can benefit in several ways.  Transformed homes, 
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improved thermal quality and heat retention of the property, and reduced bills 

together with health and social benefits are the many specific advantages of 

implementing energy efficiency measures (Liddell et al., 2011; Vilches et al., 

2017; Ortiz et al., 2019).  Several energy efficiency programmes, such as the 

Energy Company Obligation (ECO), the Warm Homes Programme, the Fuel 

Poor Network Extension Scheme (FPNES) and Warmer Homes Scotland are 

undertaken by civic organisations and currently employed to combat fuel 

poverty.  The scope of the existing intervention varies, with some applicable 

to citizens living across the three nations and others available in certain local 

authorities.  Given that fuel poverty is a devolved issue, each country is 

required to devise a set of energy efficiency programmes with a specific aim 

of reducing the levels of affected households.  By doing so, specific targets to 

be reached by individual nations can be set independently whilst considering 

their own distinct characteristics.  Hence, differences in the energy efficiency 

approaches undertaken in Scotland, England and Wales are apparent and 

noteworthy.   

In relation to GB-wide interventions, one such measure is the ECO.  Under 

this scheme, energy suppliers are obliged to implement energy efficiency 

upgrades in households in or at risk of being in fuel poverty (Hinson and 

Bolton, 2021).  This energy efficiency programme is dedicated to households 

in both the private and social rented sectors, with qualifying criteria relating to 

vulnerability of the person residing in a given property as well as physical 

characteristics of the property itself.  In their recent research paper BEIS 

(2021) highlights that under ECO, a person who is in receipt of certain income-

related or health benefits may be able to avail of the offered insulation and 

heating measures.  Furthermore, where properties are deemed as energy 

inefficient and do not meet the recommended EPC standards, resulting in 

residents having to spend considerably more to keep homes heated to a 

reasonable level, ECO can subsidise energy-saving upgrades.  The selected 

energy efficiency measures are fully covered by participating energy suppliers, 

therefore, eligible households do not incur additional charges.  The scheme, 

which is applicable to residents in England, Scotland and Wales, evolved over 

several years and its current version, ECO continues to deliver cost-effective 
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solutions to those most in need (Department of Energy and Climate Change, 

2014).  However, as these installations are funded by a levy on all customers’ 

bills, there is an ongoing debate whether this type of intervention is an effective 

solution for fuel poverty reduction given that the source of the investment 

partially comes from households who are eligible to receive that support 

(Rosenow et al., 2013).   

More importantly however, ECO has been criticised for being very poor at 

reaching the target audience.  In that regard, Emden et al. (2018) draw 

attention to the use of proxy indicators (based on receipt of the qualifying 

benefits) and estimate that only 29% of households approved for upgrades are 

regarded as fuel poor.  In addition, 20% of households in fuel poverty, who do 

not receive qualifying state benefits or are unaware of eligibility criteria, are 

inadvertently excluded from availing of this assistance.  Another component of 

ECO challenged by Emden et al. (2018) relates to distribution of measures 

based on settlement type, whereby due to higher delivery costs in rural areas, 

energy efficiency retrofits are more likely to be implemented in urban locations, 

consequently leading to rural properties being neglected and remaining in poor 

condition for longer.  In fact, the number of retrofits was exceptionally low in 

rural areas in comparison to urban counterparts, and thus disadvantageous to 

those living in rural locations, despite higher fuel poverty rates among these 

settlements.  Lastly, as ECO attempts to address two objectives, namely 

reduction of fuel poverty rates and of greenhouse gasses concurrently, the 

appropriated funds do not reach sufficient numbers of households, and 

consequently, dilute the effectiveness of the obligation. Carbon emission 

objectives are achieved when domestic energy consumption is reduced, 

which, to an extent, is in conflict with fuel poverty targets, given that fuel poor 

households are inclined to use less energy to begin with, as highlighted by 

Rosenow et al. (2013). 

Independently of each other England, Scotland and Wales have outlined 

ambitious targets to reduce fuel poverty and improve housing stock across 

their territories as discussed in the following subsections. 
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3.3.3.1 England 

In England, the aim of the most recent strategy introduced by DECC (2015) is 

“to ensure that as many fuel poor homes as is reasonably practicable 

achieve a minimum energy efficiency rating of Band C, by 2030.”  

The 2015 strategy titled Cutting the Cost of Keeping Warm outlines a series of 

requirements that the Government is mandated to implement by law and report 

on the progress towards meeting the target.  By including energy performance 

of the property in the statutory target, the government clearly indicates that 

improving energy efficiency through implementation of energy retrofits is the 

central focus of the anti-fuel poverty strategy in England (DECC, 2015) (Table 

3.6).  However, given that approximately 95% of fuel poor homes in England 

currently do not meet appropriate energy efficiency standards, meaning that 

only 5% of fuel poor households are occupying efficient dwellings with an EPC 

rating C or above, meeting the outlined target involves a range of 

transformative actions (DECC, 2015).  More specifically, ensuring that homes 

are adequately insulated and protected against low external temperatures 

along with subsequent changes to inefficient heating systems are the 

commitments made in the most recent strategy.  Furthermore, the fuel poverty 

policy is considered to be in line with the wider climate change agenda, 

meaning that the steps taken to protect fuel poor households simultaneously 

address the issues of meeting carbon emissions reduction targets in the 

domestic sector, and as fuel poverty incorporates various aspects of 

individuals’ lives, there is a recognition of the importance of establishing new 

partnerships to effectively reduce the number of struggling households.   

Table 3.6 Summary of fuel poverty targets in the strategy for England 

Definition Progress towards the target 

Low Income/High Cost 

Household income 

below 60% of median 

income + higher than 

average energy costs 

2020 Milestone (EPC E or above) 

2018 progress – 93% 

2025 Milestone (EPC D or above) 

2018 progress – 69% 

2030 Target (EPC C or above) 

2018 progress – 12% 

 

Source. UK Fuel poverty monitor 2019-20 
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The energy efficiency programmes available in England such as the Green 

Homes Grant and the Affordable Warmth (component of ECO) intend to 

deliver necessary services to as many vulnerable and low-income households 

as possible who are unable to finance the upgrades (BEIS, 2021).  Even 

though the exact number of households to be lifted out of fuel poverty is not 

stated in the strategy, interim milestones are put in place.  These are situated 

in energy efficiency ratings of the properties, with priorities given to the most 

severely affected households living in F and G-rated homes; the coldest and 

most difficult to heat properties.  In order to reach as many fuel poor 

households as is practically possible, various scenarios of retrofitting ranging 

from incremental improvements to whole-house solutions are feasible.   

With respect to Affordable Warmth, the scheme was subject to successive 

increases in the investment from £310 million in 2015, to £450 million in 2017 

and £640 million thereafter until 2022, which ensured that a significant number 

of fuel poor households had their properties upgraded.  In fact, the Department 

for Business, Energy and Industrial Strategy (2019a) in their consultation 

paper acknowledged that the energy efficiency of fuel poor homes continued 

to improve and emphasised that particularly noticeable was a decrease in poor 

quality dwellings rated E, F or G.  With the use of ‘flexible eligibility’, 

installations of energy efficiency measures in fuel poor or low-income 

households can be recommended by participating local authorities working 

alongside charities and health professionals, an approach used to maximise 

the scope in reaching the target group.  Despite the progress associated with 

the reformed Affordable Warmth, the scheme is an extension of ECO, which 

means that it is consumer-funded, and as argued by Rosenow et al. (2013), 

there is an ongoing debate in relation to appropriateness of fuel poverty being 

tackled through obligations on energy companies.  Nonetheless, this is the 

main policy intervention, whereby capital for carbon and fuel poverty initiatives 

is raised through levies on energy bills.  However, with respect to the allocated 

capital, Emden et al. (2018) indicated that the £640 million per annum is 

insufficient to achieve the fuel poverty targets as specified in the strategy and 

also noted that since 2013 there has been a steady decrease in the number 

of energy efficiency installations, deeming the goals unreachable.   
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The new anti-fuel poverty strategy in England has safeguarding individuals in 

the private rented sector as one of its major actions with the introduction of 

statutory Minimum Energy Efficiency Standards (MEES).  By law, from April 

2020, tenants in rented accommodation living in cold and inefficient homes 

rated F or lower, can expect property owners to take necessary actions to 

improve conditions for the occupiers (BEIS, 2021).  By implementing various 

energy efficiency measures and improving the property rating to band E, 

landlords can effectively increase energy performance of the home thereby 

reducing power and heating bills for the tenants.  The Minimum Level of 

Energy Efficiency, as outlined by the BEIS (2019b) is beneficial to private 

tenants, and in particular, the vulnerable and low-income individuals who are 

more likely to be affected by fuel poverty.  Moreover, the report highlighted 

that this fuel poverty response in the private rented sector has multiple benefits 

ranging from environmental, economic to health services and guarantees a 

level of protection for those most in need along with increased energy security. 

In addition to development and delivery of interventions, the current strategy 

in England emphasises the importance of targeting fuel poor individuals.   In 

this regard, access to and utilisation of several databases can inform relevant 

organisations about who fuel poor individuals are and the geographical 

positioning of these households.  The need for accurate targeting is therefore 

emphasised, as identification of vulnerable households eligible for energy 

retrofitting can increase uptake of energy efficiency measures and contribute 

to a reduction of overall fuel poverty levels.  Furthermore, as argued by BEIS 

(2019) precise targeting and involvement of local partners contributes to 

establishment of trust between households and those involved in delivery of 

interventions and leads to improved distribution of available resources. 

Overall, the anti-fuel poverty strategy in England incorporates several policies 

and schemes that are designed to improve quality of life for those living in fuel 

poverty.  The central premise of this framework relates to improvements of 

energy inefficient homes.  The strategy highlights that safeguarding those 

most in need is of utmost importance and through energy retrofits a range of 

personal benefits can be achieved, from improvements to health and wellbeing 
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to financial gains (DECC, 2015).  Moreover, it suggests that the collective 

benefits of retrofitting properties are an important driver for reductions in 

overall domestic energy demand, which could translate into a fulfilled carbon 

emission obligation.   

3.3.3.2 Scotland 

In Scotland, an equally ambitious target for mitigating fuel poverty was set out 

in 2018.  The full fuel poverty strategy received Royal Assent in July 2019 and 

the document outlines a set of robust actions to be taken to eradicate fuel 

poverty in Scotland.  The development of the new strategy came into force 

after passing of the Fuel Poverty (Targets, Definition and Strategy) (Scotland) 

Act 2019 in which various aspects of the complex issue are stipulated.   In 

particular, the Scottish Government is committed to ensure that: 

“In the year 2040, no more than 5% of households in Scotland are in 

fuel poverty.” (Scottish Government, 2018) 

Under this strategy and having the ambitious target in mind, the Scottish 

Government is intended on removing poor energy efficiency of the properties 

as a direct driver of fuel poverty (Table 3.7).  Furthermore, to address the 

current over-reliance on high carbon emitting heating technologies, the Energy 

Efficient Scotland (EES) programme was introduced.  Under this package of 

national and area-based interventions, the proposal is to transform homes in 

Scotland and bring their energy efficiency performance to satisfactory 

standards. 

Table 3.7 Summary of fuel poverty targets in the strategy for Scotland 

Definition Progress towards the target 

Household in fuel 

poverty if more than 10% 

of net income is required 

on heat and other 

energy services; 20% or 

more indicates extreme 

fuel poverty 

In fuel poverty 25% 

Target: <15% by 2030, 10% by 2035, 5% by 

2040 

In extreme fuel poverty 11.3% 

Target: <5% by 2030, 3% by 2035, 1% by 2040 

The median fuel poverty gap £650 

Target: £350 by 2030, £300 by 2035, £250 by 

2040 

Source. UK Fuel poverty monitor 2019-20 
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Warmer Homes Scotland is the Government’s flagship initiative under the EES 

agenda.  The scheme is designed to allow vulnerable homeowners and 

tenants in the private sector who incur difficulties in meeting energy needs to 

install energy efficiency measures and consequently make homes warmer and 

less expensive to heat.  More specifically, the Scottish Government (2018) 

indicates that an average annual saving to a customer, who receives energy 

efficiency measures to the value of approximately £4,000, is in the range of 

£300.  Such considerable reductions in energy bills alongside improvements 

in thermal comfort within the home reflect the importance of energy retrofitting 

dwellings for those who experience fuel poverty.   

The energy efficiency approach within the Scottish strategy is also sensitive to 

heterogeneity of the housing stock, access to heating sources and 

geographical positioning.  The Scottish Government (2019) under its current 

fuel poverty strategy, is committed to include resources for different types of 

dwellings and deliver interventions based on an assessment of need with 

equal opportunities for communities in the whole of Scotland, including its 

remote islands and rural locations.  

In order to ascertain the degree of effectiveness of retrofitting in removing 

energy efficiency as a factor contributing to fuel poverty in Scotland, the 

strategy outlines the need for evaluation of the national programme alongside 

regular monitoring of its direct impacts.  Delivery also requires establishment 

of strong partnerships and to determine the benefits from energy efficiency 

interventions, in particular the health and wellbeing, healthcare professionals 

in Scotland have a considerable role.  This partnership working for tackling 

fuel poverty is innovative with those in the healthcare settings having the 

power to refer their patients living in cold homes to energy efficiency 

programmes.  Such action complements the Scottish Government’s 

commitment to reducing health inequalities directly resulting from living in fuel 

poverty.   

3.3.3.3 Wales 

In 2010, the Welsh Government committed itself to eradicate fuel poverty 

“as far as reasonably practicable, in all households by 2018”.  
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However, the statutory obligation was not achieved and 12% of households 

continue to experience fuel poverty beyond 2018 (Welsh Government, 2019) 

(Table 3.8).  As a result of the missed target, Wales was required to develop 

a new strategy to tackle fuel poverty, originally due for publication in February 

2020.  The updated document outlines the approach for tackling fuel poverty 

between 2020 and 2035.  The objective to ensure that people in Wales, as far 

as reasonably practicable, are not in fuel poverty is to be achieved if by 2035: 

 “No households are estimated to be living in severe or persistent fuel 

poverty, 

 No more than 5% of households are estimated to be living in fuel 

poverty at any one time, 

 The number of households ‘at risk’ of falling into fuel poverty will be 

more that halved based on the 2018 estimate.”2 

The overall strategic position adopted by Wales is based on a holistic 

approach whereby behavioural change with respect to energy use is required 

alongside provision of reasonably priced energy and home retrofits (Welsh 

Government, 2021).  To undertake the ambitious policy objectives, the Welsh 

Government acknowledged that deliverable short-term (2021-2023) actions, 

due to an ongoing outbreak of Covid-19 resulting in an economic stagnation, 

are more pertinent and proposed a plan under which, these goals would be 

achieved and subsequently reviewed.   

Table 3.8 Summary of fuel poverty and targets in the strategy for Wales 

Definition Current estimates vs. previous targets 

Household in fuel 

poverty if more than 10% 

of income is required to 

maintain a satisfactory 

heating regime; 20% or 

more indicates severe 

fuel poverty 

Fuel poverty in all households 12% (0% by 

2018) 

Fuel poverty in vulnerable households 11% 

(0% by 2010) 

Fuel poverty in social housing 9% (0% by 

2012) 

The median fuel poverty gap £430 (using 

LIHC) 

In severe fuel poverty 2% 

Source. UK Fuel poverty monitor 2019-20 

 
2 ‘Tackling Fuel Poverty 2020-2035’ published 2nd March 2021. 
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Specifically, two national schemes, which are part of the Welsh Government’s 

Warm Homes programme, are the main initiatives developed to deliver the 

short- and long-term energy efficiency measures.  More specifically, Nest and 

Arbed, are both ongoing schemes to improve properties in the private sector 

(Auditor General for Wales, 2019).  Under these interventions, free energy 

efficiency measures include conversions and upgrades of heating systems 

and property insulation for solid and cavity walls as well as loft spaces.  The 

distinct features of the schemes are based on geographical positioning and 

eligibility criteria, with Nest being a demand led scheme designed for 

individuals in receipt of certain social security benefits and Arbed delivering 

necessary interventions for households living in the most deprived areas.  

However, the Auditor General for Wales (2019) reported that in 2018-19 Arbed 

faced considerable under-spending challenges, with only approximately 13% 

of the overall investment spent and in Arbed 3 changes to referral mechanisms 

were made and eligibility criteria adjusted so that a greater number of 

individuals could avail of the grants.    

Undoubtedly, the two flagship fuel poverty initiatives led to improvements in 

energy efficiency of the Welsh housing stock as reflected in increased SAP 

ratings (Auditor General for Wales, 2019).  The collective capital investment 

for both Arbed and Nest over a decade was estimated at £219 million with 

51,059 homes having energy efficiency measures implemented.3  However, 

the overall impact on reducing fuel poverty remains unclear, even though both 

schemes have been subject to evaluations.  In principle, the extent of the 

undertaken retrofits should lead to households’ lowered likelihood of being in 

fuel poverty, nonetheless the Auditor General for Wales (2019) reported that 

in the absence of pre- and post-retrofit assessments, specific fuel poverty 

impacts are difficult to measure.  Furthermore, additional barriers, such as the 

ability to gather accurate income and energy consumption data, changing fuel 

prices, rebound effects and monitoring intrusiveness, were shown in the 

Auditor General’s report to impede evaluation processes.     

 
3 Between 2011 and 2019 there were 37,733 properties improved through Nest (overall cost 
of £143.2 million) and 17,326 through Arbed (cost of £54.3 million; 2010 – 2019) 
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Both Nest and Arbed, have been scrutinised in relation to their targeting 

accuracy.  Indeed, statistics calculated as part of the Nest scheme evaluation 

undertaken by the Government Social Research (2015), indicate that this type 

of fuel poverty intervention can miss its target by approximately 22%, meaning 

that more than a fifth of the overall potential recipients of the grants could be 

omitted and not avail of energy retrofits.  Furthermore, as there are eligibility 

conditions, which need to be met by householders in order to qualify for the 

energy efficiency measures, including income thresholds and being in receipt 

of social security benefits, the Wales Audit Office (2019) considered that there 

is a danger of households requiring support being excluded from the schemes 

through failing to meet the criteria.  Nevertheless, the two main fuel poverty 

schemes in Wales continue to offer a package of free energy efficiency 

measures to those living in energy inefficient properties and who are at risk 

from negative consequences of living in cold homes.   

The anti-fuel poverty strategic framework in Wales also incorporates 

provisions for those in the social housing sector.  In order to safeguard 

individuals residing in properties owned by social landlords, regarded as 

amongst the most vulnerable fraction of society, the Welsh Government has 

invested in transforming their homes.  Under the Welsh Housing Quality 

Standard (WHQS) social landlords are required to ensure a good quality and 

safe indoor environment for current and subsequent residents.  Indeed, 

several quality indicators and standards are mandatory including the provision 

of adequately heated, fuel efficient and well insulated home (Statistics for 

Wales, 2019).  Specifically, in order to provide acceptable standards of 

housing to their residents, social landlords are required to implement energy 

efficiency improvements to achieve a minimum SAP rating of 65, which falls in 

the upper limit of band D on the EPC efficiency rating scale.   

In addition, the Welsh Government seeks to provide sustainable protective 

mechanisms in the form of standards for newly built properties whilst 

simultaneously contributing to carbon emissions targets due to reduced 

energy demand and high energy performing buildings (Welsh Government, 
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2019).  Although such decisions are not directly influenced by fuel poverty the 

overall goal is to achieve significant environmental gains.  

3.4 Fuel Poverty policies in Northern Ireland  

The previous sections have focused on the policy approaches to tackle fuel 

poverty in GB, whereas this section concentrates on the mechanisms adopted 

in NI.  As the focus of this thesis is on fuel poverty across NI, a detailed 

overview of the policy perspective in the province is important in establishing 

the reference position upon which this research is based.  Although in the UK 

there is an overwhelming agreement regarding the concept of fuel poverty and 

how it can manifest itself within society, there are regional differences 

regarding how it should be operationally defined and measured.  Such 

discrepancies stem from the evident societal and technological differences in 

England, Scotland, Wales and NI.  Furthermore, as detailed in Chapter 2, the 

network for natural gas is more advanced in GB than in NI, resulting in the 

majority of the Northern Irish population relying on oil or other alternatives for 

home heating (Liddell et al., 2011).  In fact, energy expenditure in NI resulting 

from this underdevelopment is considerably higher than in the other parts of 

the UK.  The Department for Social Development NI (2011) estimated that NI 

households spend approximately 60% more of their disposable incomes on 

energy than the reported UK average.   

To safeguard vulnerable residents from negative consequences of fuel 

poverty, the anti-fuel poverty strategy in NI is designed to provide solutions to 

reduce the rate of householders being unable to afford or maintain reasonable 

levels of warmth in their homes (Liddell et al., 2011).  The most recent fuel 

poverty strategy for NI was published in 2011 providing guidance and 

directions on how the Government intended to eradicate the problem. 

However, this strategy is now outdated and given the recent political instability4 

and the ongoing global public health emergency, there is uncertainty regarding 

the timeline for the new fuel poverty strategy development, which initially was 

set to be completed by March 2020.  One of the key challenges therefore is 

 
4 Power-sharing between the DUP (Democratic Unionist Party) and Sinn Fein collapsed in 
January 2017 over DUP’s handling of a green energy deal scandal and the Deputy First 
Minister resigned his post. NI’s government was restored in January 2020.  
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the absence of a strategy that has legal status to take proactive actions in 

combating fuel poverty.  However, as NI experiences considerably high levels 

of fuel poverty, the Department for Communities proposed a series of 

measures to address the main drivers of fuel poverty.       

3.4.1 Increasing incomes 

As discussed in Chapter 2, low household income is one of the main reasons 

why people are in or at risk of experiencing fuel poverty (Walker et al., 2014).  

Indeed, NI incomes according to Tinson et al. (2016), are the lowest in the UK 

and the region experiences higher levels of households’ dependency on social 

security benefits.  The NI Government addresses the issue of income in 

relation to fuel poverty through social policy and provides support through 

relevant income boosting mechanisms.  In addition to the benefits relating to 

employment, childcare support and health related allowances, namely those 

financial aids not directly related to fuel poverty, NI implements an energy 

specific aid.  The UK wide WFP, also applicable to residents in NI, is the only 

financial policy measure directly associated with fuel poverty.  It takes the form 

of an annual one-off allowance made to a certain group of householders.  As 

indicated in Section 3.3.1, this type of support is targeted at individuals of 

qualifying age, who may be vulnerable and at risk of experiencing energy 

affordability difficulties, hence increasing their disposable income during the 

coldest time of the year.   

3.4.2 Energy price reduction 

Policies and support mechanisms for fuel and energy prices applicable to 

residents in NI differ from those employed in the rest of the UK.  This 

distinctiveness stems from the fact that NI is heavily reliant on solid fuels and 

oil for home heating (Housing Executive, 2018).  Given the volatility of the oil 

market, households in NI do not have any protection from price fluctuations 

and may experience insecurities around continuity of fuel supply.  To deal with 

the difficulties, oil saving stamps and brokering clubs are community schemes 

designed for householders using home heating oil as fuel source.  The oil 

saving stamps scheme enables householders to purchase oil stamps of the 

value of £5 minimum, which can then be added to a savings card.  Up to £200 
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can be collected through participating retailers which subsequently provides 

an opportunity for householders to budget over time and spread the cost of 

fuel (Brutscher, 2012).  Given that oil prices fluctuate throughout the year, 

meaning it is cheaper to purchase in the summer than in the winter and 

suppliers require a payment on delivery, the stamp saving scheme promoted 

by local authorities throughout NI is an initiative that can help struggling 

households with oil affordability and debt management.  Initially, the scheme 

received positive recognition from sources such as Belfast City Council (2009) 

for its capacity to help people experiencing energy affordability issues through 

flexible fuel cost budgeting. Also, feedback provided from participating 

consumers with regards to the pilot scheme evaluation, albeit based on a very 

low sample, achieved an overall excellent response.  However, further 

assessment of outcomes and impacts on fuel poverty has not, to date, been 

undertaken.  

Energy brokering, the other community initiative, centres around bulk oil 

purchasing.  Given that buying oil in larger quantities results in lowering of the 

price per unit, such a strategy can be an effective money saving solution for 

the fuel poor households.  The effectiveness of oil buying clubs largely 

depends on the number of members and hence the amount of fuel purchased 

from the participating supplier.  The greater the number of participating 

households, the larger the volume of fuel can be purchased, and a better price 

can be negotiated on behalf of the consumers.  Oil buying clubs also allow 

households to buy smaller quantities of oil than generally is specified by 

suppliers for a single delivery, which can be beneficial to fuel poor households 

and in particular to those who practice oil purchasing in 20 litre plastic 

containers, the most expensive option of buying oil.  Membership of oil buying 

clubs and integration of budgeting options have been highly recommended by 

organisations in NI such as Bryson Energy (2013)5.  In fact, the currently 

existing network of 27 oil clubs is seemingly growing in popularity with 

membership figures increasing on yearly basis and according to Home Energy 

 
5 Bryson Energy is NI’s National Energy Agency that delivers energy services to 
householders. This includes advice, home visits, benefit entitlement assessments and grants 
administration.   
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Conservation Authority (HECA) progress report includes over 5,000 

participants, to date (Housing Executive, 2019).  The savings realised for 

individual consumers are in the range of £10-25 per order.  Overall, 

participation in oil clubs may lead to financial savings, however, initiatives such 

as saving schemes and community bulk buying cannot guarantee energy 

security nor they can prevent households from going into debt and fuel 

poverty.   

Unlike in the case of oil as a fuel source, a layer of protection is offered to 

electricity and gas consumers in NI as suppliers are subject to the regulated 

tariffs, therefore households reliant on these sources have a degree of 

certainty and price guarantee.  In relation to the offered tariffs for electricity, 

approximately 45% of households in NI use a prepayment meter (Utility 

Regulator, 2020).  This is the cheapest option and provides householders with 

an opportunity to undertake short term budgeting.  Furthermore, by using 

prepayment meters, consumers, can control and instantaneously manage 

their electric supply.  Similar payment methods are available to gas users in 

NI, with up to 80% of overall consumers relying on prepayment meters for their 

energy supply, allowing households to purchase smaller quantities of energy 

more frequently.  However, prepaying options for fuel poor and otherwise 

vulnerable households are the only safeguarding mechanisms against high 

energy expenditure and the risk of accruing debt.  Unlike GB, NI does not have 

extensive mechanisms for protecting energy consumers from disconnections.  

Even though the Utility Regulator in NI ensures safe pricing for both gas and 

electricity, it does not guarantee uninterrupted energy supply for those 

experiencing financial difficulties.   

The households whose main source of energy is electricity for power and gas 

for heating, can further attempt to reduce the amount they pay for their energy 

needs by engaging in the competitive retail market.  A number of companies 

offer price comparisons services whereby they provide up to date information 

about suppliers and what energy charges residents incur from the individual 

providers.  In addition, they enable consumer switching to a more favourably 

priced provider who offers a better energy deal if changeover occurs.  Energy 
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switching can be beneficial to fuel poor households who by engaging with the 

market can reduce their bills, though this requires consumers to have access 

to technology that can facilitate the switching process (Tyers et al., 2019).  

Whilst, switching energy suppliers can be purposeful in tackling fuel poverty, 

its effectiveness in improving households’ circumstances is largely dependent 

on the ability of the affected individuals to engage with the energy market as 

well as on the transparency of the suppliers and their offers.   

3.4.3 Energy efficiency interventions 

Energy efficiency has been a priority of the NI Government in the fight against 

fuel poverty for two decades.  A number of energy efficiency renovations to 

improve the housing stock across all tenures in NI actions in conjunction with 

financial interventions have been central tenets of policy measures to reduce 

the levels of fuel poverty in the region.  The main policy driven energy 

efficiency strategy is Affordable Warmth, a retrofit scheme funded by the 

Department for Communities (DfC) that targets the most vulnerable individuals 

in the private sector, both the owner occupiers and private renters.  This 

programme commenced in September 2014 as a result of changes to the 

Warm Homes Scheme, the initial energy efficiency approach for tackling fuel 

poverty (DfC, 2017).  The main change from its predecessor is that Affordable 

Warmth utilises a sophisticated algorithm for targeting fuel poor households in 

NI, whereas the previous intervention was based on a self-referring 

mechanism (Walker et al., 2013).  In order to find clusters of fuel poor 

households, several factors are taken into consideration by Walker et al. 

(2013) and a number of datasets from which the relevant information can be 

derived from are amalgamated.  The proxy variables utilised in area-based 

targeting integrate poverty and housing elements to reflect socio-economic 

and environmental burdens.  More precise income indicators, multiple 

deprivation measure, housing quality and heating burden are proxy indicators 

collected and subsequently a weighted algorithm is applied to calculate a fuel 

poverty score for every census super output area (SOA) in NI.   

Geographical targeting has been identified as advantageous in NI where fuel 

poverty resources are limited.  As Walker et al. (2013) indicated, such a 



131 
 

strategy increases accuracy in identifying those who require assistance 

through Affordable Warmth, whereas previously, the Warm Homes initiative, 

relied on potentially qualifying households to refer themselves to the scheme 

necessitating knowledge about the home retrofitting programme and having 

the ability to self-identify as vulnerable or low income, as required by the 

eligibility criteria.  

Furthermore, the calculated score for all the SOAs in NI provides information 

about geographical areas, where there is the highest concentration of fuel poor 

households.  The households in the areas with the lowest scores are prioritised 

for the Affordable Warmth measures, as they are most likely to be 

experiencing fuel poverty.  Local councils make the initial contact with the 

occupants in such areas, with eligibility screening subsequently initiated and if 

a given household qualifies, property assessment then takes place.  As 

Affordable Warmth is delivered by the NI Housing Executive, a property 

surveyor inspects the condition of the dwelling and makes a recommendation 

on the works to the housing authority.   

Affordable Warmth offers a range of energy efficiency upgrades, which are 

implemented based on priority needs (Housing Executive, 2018).  In the first 

instance, insulation, ventilation and draught proofing are assessed followed by 

inspection of the existing heating system and thereafter windows.  If the 

property is constructed with no cavity, provision for solid wall insulation 

measures is determined.  Overall, the Scheme offers energy improvements to 

fuel poor households aimed at achieving the highest gains from the selected 

retrofits.  As part of the available grant, the programme also offers eligible 

households the opportunity to replace old and inefficient oil-fired boilers with 

energy efficient oil or gas boilers or a full conversion from oil to gas.  The 

maximum value to be allocated per household (homeowners) with a cavity wall 

property cannot exceed £7,500, extended to £10,000 for solid wall dwellings.  

In the private rented sector different regulations apply with the owner of the 

property required to cover 50% of the overall retrofit cost.  This has led to 

uptake difficulties in the private rentals, as a result of this split incentive (Liddell 

and Gray, 2014).   
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The key objective of the Affordable Warmth scheme is to mitigate the impacts 

of fuel poverty through improving energy performance of dwellings and 

subsequently to reduce energy consumption among the fuel poverty affected 

households (McKenzie et al., 2019).  By investing in energy retrofits, the 

Government in NI recognises the importance of the energy efficiency 

improvements and their multiple benefits.  In that respect, an analysis of the 

Affordable Warmth scheme, reported in the HECA annual report indicates that 

energy savings from the retrofits during their lifetime are estimated at 

approximately 72,000 kWh per household, which when converted, are equal 

to £3,650 of financial savings (Housing Executive, 2020).  However, the 

magnitude of savings is determined by property type, with the greatest impacts 

anticipated among detached properties and bungalows, dwellings 

characterised by larger floor area and higher energy demand.   

Whereas the Affordable Warmth is a package of free energy improvements for 

fuel poor individuals, the Boiler Replacement Scheme (BRS) is a government 

measure aimed at providing an incentive to the vulnerable, but able to pay 

sector across NI, to invest in home upgrades.  Under this scheme, eligible 

homeowners who have old and inefficient oil or gas boilers can receive a 

partial subsidy when purchasing a new alternative (Housing Executive, 2020).  

The amount applicable to individuals is dependent on the overall income and 

the type of replacement boiler chosen by the household, with grant value 

ranging between £400 and £1,000.  The scheme, although subject to eligibility 

criteria, can provide financial aid to vulnerable consumers as an anti-fuel 

poverty tool.  Promoting energy efficiency and assisting households in 

replacing inefficient boilers with new high performing ones, which 

subsequently can lead to improvements in thermal comfort for households are 

the key elements of this scheme.   

Within the social sector, retrofitting properties is undertaken by the NIHE, the 

housing authority that oversees energy efficiency improvements to all of its 

stock.  This continued effort in ensuring dwellings in the social sector are 

adequately upgraded is evident as reflected in their SAP ratings, which 

according to the most recent statistics (Housing Excutive, 2018) is 72.63, the 



133 
 

highest among dwellings across all tenures.  This is partially due to the higher 

proportion of flats in this sector, in comparison to the privately owned or rented 

stock, which tend to have less exposed surface areas through which heat loss 

occurs (Housing Executive, 2018).  Nonetheless, in order to achieve and 

maintain high levels of energy efficient properties in the social sector, the NIHE 

deploys a number of interventions, which mainly focus on replacements of 

inefficient heating systems and installations of double-glazing.  As such, it was 

reported that for 2017/18 the cost of implementation of these measures 

approximated £20 million and for the year 2018/19 this was estimated at nearly 

£25 million (Housing Executive, 2019).6  The NIHE through its policy agenda 

is committed to continue improving energy efficiency of the housing stock to 

reduce carbon emissions and to simultaneously alleviate fuel poverty. 

Furthermore, a new energy strategy, which is currently under development will 

address these issues.  A Cavity Wall Insulation Action Plan, which will be 

incorporated in the new strategy, will ensure adequate levels of exterior fabric 

insulation across properties within the social stock (Housing Executive, 2020). 

In addition to the conventional energy efficiency improvements to its stock, in 

September 2019, the NIHE secured a nearly £20 million investments through 

the European Regional Development Fund, to undertake thermal efficiency 

improvements to non-traditional properties.  With a further £19 million of NIHE 

funds, the overall £39 million Energy Efficiency in Social Housing programme 

aims to improve the thermal performance of approximately 2,700 properties, 

including aluminium bungalows, by 2023 (Investment for Growth & Jobs 

Northern Ireland, 2019).  

In NI, responsibility for fuel poverty alleviation and housing stock 

improvements through energy efficiency retrofits is divided across various 

government departments and NGOs, with a series of interventions designed 

for the private and social housing sectors.  The free of charge energy upgrades 

available to households based on eligibility criteria that pertain to social 

security benefits, allow financially limited individuals to implement necessary 

 
6 In 2017/18, there were 3,684 heating conversions and 2,133 double-glazing implemented. 
5,232 and 2,461 of respective measures were implemented in 2018/19.   
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measures that could impact overall energy consumption and consequently, 

reduce spending.  Indeed, in the context of fuel poverty, the emphasis is on 

deployment of these types of lasting interventions and, financial support 

mechanisms.  

As NI’s main approach to fuel poverty in the private sector is the Affordable 

Warmth and, to date, there has been no review of the scheme, this research 

undertakes the task of evaluating this energy retrofitting programme.  In that 

regard, Chapter 6 analyses historic data on the uptake of energy efficiency 

measures as well as primary data from participating households.  Thus, this 

research determines the role of energy retrofitting in reducing fuel poverty 

levels in NI and showcases the impacts from the interventions on fuel poor 

households.      

3.5 Conclusions 

The focus of this chapter was to provide a policy context into fuel poverty and 

to highlight the position of various nations towards tackling the problem.  To 

begin with, the chapter provided an overview of the existing European 

Directives that EU member states are bound by, and which are pertinent to 

fuel poverty alleviation.  In that respect, the outlined regulations included those 

that focused on energy efficiency improvements to buildings as well as those 

that safeguard consumers within the gas and electricity markets.  The legally 

binding framework, inclusive of all member states and essential to combating 

fuel poverty, is a minimum requirement rather than ultimate mandate and 

countries can adopt own definitions, measurements and approaches in the 

fight against this problem, based on country-specific characteristics, such as 

climatic conditions or historical legacies.   

The chapter presented approaches that are most commonly implemented 

across the EU to protect those most in need.  In that regard, financial 

interventions, offered as part of social welfare agenda are intended to address 

the income component of fuel poverty.  However, a recurring issue highlighted 

in this chapter is, that synergies between fuel poverty and vulnerability are not 

entirely clear and that the financial mechanisms, which are mainly based on 

deprivation criteria, do not automatically imply energy poverty, and therefore, 
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may omit the fuel poor fraction of the population due to inaccurate design of 

such interventions.  Similar concerns were raised in the chapter with regards 

to consumer protection measures frequently adopted by the EU countries, 

which prevent energy supply disconnections or debt accrual.  Even though 

financial measures seemingly provide support to householders, due to their 

temporary nature and superficial dimension, they do not effectively address 

the underlying cause of fuel poverty that leads to inadequately heated 

properties.   

In relation to the energy efficiency interventions and the range of the 

technological approaches presented, it is apparent that given the 

heterogeneity of the housing stock across the EU, retrofits applied in one 

region oftentimes could not be replicated elsewhere. Hence, a bespoke 

approach tailored to particular types of dwellings is consequently required to 

protect occupiers from fuel poverty.   

Within the EU context, the chapter highlighted that where specific fuel poverty 

strategies are absent, the energy efficiency response is often underdeveloped 

or non-existent and targeting is ineffective due to inaccurate proxies utilised. 

Consequently, financial interventions are implemented to manage the fuel 

poverty crisis.  Wherein member states with explicit fuel poverty policies, the 

goal is to retrofit existing dwellings whilst maximising their benefits with respect 

to the climate change agenda. Thus, the focus is on a reduction of energy 

consumption which may be a challenge if expected from the fuel poor fraction 

of the population.      

Fuel poverty policies deployed in GB are shown to focus on financial aids, 

consumer protection and energy efficiency programmes.  In many respects, 

progress in understanding fuel poverty in GB, its components and 

consequences, is more advanced than in other countries and in this context 

the somewhat limited use of financial supplements is not surprising.  In GB, 

the most widely promoted and effective fuel poverty strategy focuses on 

improving energy performance of properties, with a number of government-

financed interventions available to homeowners and private renters.  However, 

there is no consistent and effective targeting approach, which ensures that fuel 
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poor households can avail of such schemes.  In contrast to the private sector, 

the obligations placed on social housing guarantee that a minimum standard 

has to be achieved for any property to be deemed fit for occupancy.   

The mechanisms available in NI are comparable to those deployed in GB.  

Financial assistance offered to NI households takes on the same form as for 

GB, with WFP being the primary energy-related support, however, given that 

68% of NI population relies on oil for space heating, the consumer protection 

measures are relatively limited in scope.  In this respect, the chapter brought 

to light the lack of safeguarding measures for the majority of NI residents due 

to prevalent oil reliance, with oil clubs offering a limited support in the form of 

small savings.   

In NI, the main fuel poverty approach is on improvements to energy efficiency 

of properties, with a considerable degree of retrofits implemented through 

government-led schemes offered to residents in the private sector.  

Furthermore, the chapter showed that within the social housing sector, energy 

efficiency solutions have produced highest energy performance ratings across 

all tenures.  Although extensive changes have been achieved in NI through 

implementation of retrofitting measures, the apparent observation made from 

the review of existing fuel poverty policies is that NI lags behind GB with 

regards to developing a new set of strategies to address the issue.  In NI, the 

2011 fuel poverty strategy remains the most recently published document and 

requires urgent revision.   

Chapters 2 and 3, collectively, have focused on various aspects of fuel 

poverty, its antecedents and outcomes, as well as the approaches developed 

to ameliorate its existence.  Going forward, with a deeper understanding of 

fuel poverty and its complexity, Chapter 4 outlines the methodological 

approach to empirical components of this thesis.  
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CHAPTER FOUR – METHODOLOGY 

4.1 Introduction 

As articulated in Chapter 1, the aim of this research is to evaluate the 

effectiveness of retrofitting existing domestic dwellings as a solution to fuel 

poverty alleviation.  The extensive literature review of fuel poverty and issues 

surrounding this multidimensional concept offered in Chapter 2 along with the 

discussion of the existing government policies and strategies to tackle fuel 

poverty in Chapter 3, provided conceptual and theoretical underpinnings for 

this research.  Drawing upon the knowledge base established in previous 

sections, this chapter examines, ascertains and justifies the methods and 

approaches used in the empirical investigations in this research. The 

positioning of this chapter in the thesis is illustrated in Figure 4.1.   

Figure 4.1 Structural context of Chapter Four 

 

Specifically, this chapter presents a detailed discussion of the methodology 

and methods adopted in this research based on the objectives outlined in 

Chapter 1, namely: 
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• Objective 3: to analyse the extent of fuel poverty in Northern Ireland 

and influencing factors, 

• Objective 4: to analyse behavioural and attitudinal perspectives prior to 

and post retrofits, and 

• Objective 5: to assess the impact of retrofitting options and their 

potential to reduce levels of fuel poverty. 

This chapter reviews available approaches and justifies the methodological 

designs most appropriate for the empirical investigations in this research.  

Therefore, this chapter begins with a review of study designs and associated 

with them various approaches of inquiry (Section 4.2).  Specifically 

quantitative, qualitative and mixed methods perspectives are explored.  

Section 4.3 provides a comprehensive description of the secondary data 

sources along with the purpose of their acquisition. Section 4.4 offers an 

extensive discussion on the primary data sources and procedures adopted 

during data collection.  The following Section 4.5 provides a detailed summary 

of how data were handled and outlines the analytical techniques selected.  

Section 4.6 provides a summary and reflections on the multi-dimensional 

nature of the empirical investigation.    

4.2 Approaches to research 

To adequately address the issue of fuel poverty and the effectiveness 

retrofitting solutions for its alleviation, this research adopted a 

methodologically mixed approach.  By utilising conceptually distinct research 

designs, and more specifically, both quantitative and qualitative approaches, 

the complexity of fuel poverty and energy efficiency interventions, as 

experienced by the participating households was captured.  Furthermore, 

using various sources of data consolidated numerical and experiential findings 

and highlighted important issues from different perspectives.  Thus, 

triangulation of evidence within this research was fundamental to uncover the 

deep-rooted nature of fuel poverty and the impacts of energy retrofitting, which 

was only possible by adopting a mixed methods approach that also facilitated 

the process of reaching pertinent conclusions.   
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To contextualise this methodologically mixed research and to demonstrate 

how the new scientific knowledge was created by adopting this approach, all 

available paradigms and their applicability to conducting research are 

subsequently discussed.     

Empirical research is associated with gaining knowledge about the world 

through direct or indirect observations of the phenomenon under investigation 

(Punch, 2014).  Through gathering information, an essential component of 

scientific research, a researcher is able to make inferences from and 

interpretations of the collected data and subsequently answer questions, test 

hypotheses and develop new ideas.  There are various pathways in which 

empirical research can be undertaken and a multitude of ways that label these 

approaches.  These approaches are linked to philosophical paradigms, a set 

of underlying principles and ideological beliefs about the world which influence 

the decisions regarding the methods of data collection used in a particular 

context, as well as analysis and interpretation of results (Creswell and 

Creswell, 2018).  Determining which research methods of data acquisition are 

deemed the most appropriate is further influenced by the nature of the 

research issue to be investigated, and as such, careful consideration of all the 

available alternatives is necessary.   

Despite the terminological differences and debates between researchers 

regarding philosophical ideas, a distinction between predominant worldviews 

can be made.  Typically, the distinction between the paradigms stems from the 

fundamental beliefs regarding new knowledge and how its creation occurs.  

Each of these ideological traditions has a set of underlying assumptions which 

are subsequently outlined.  However, as Bryman (2006), and more recently 

Punch (2014), in relation to paradigm issues point out, an appropriate 

application of a particular research method or methods that adequately explain 

the research problem is more important than commitment to a set of 

assumptions that relate to a given paradigm on which research is to be 

allegedly based.  Nonetheless, the beliefs developed by the researcher 

through past experiences, the predominant philosophical stance in the area 

under study, research communities and other influencing factors should not 
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be disregarded completely as they all impact the decisions regarding 

methodological approaches and the process of acquiring knowledge of the 

problem under investigation (Creswell and Creswell, 2018).  Furthermore, 

transparency of beliefs and values is important, however, the ability to adopt 

an objective and non-judgmental approach whilst acknowledging any 

preconceived biases are the essential components of conducting research. 

Hence, in order to choose appropriate strategies for conducting scientific 

research, knowledge and understanding of principles and paradigms as well 

as research designs that underlie the subsequent scientific processes are 

essential.  Thus, consideration of philosophical assumptions is at the forefront 

of planning a research study, however, as argued by Punch (2014), strict 

conformity to a set of rules implied by a given tradition is not essential.  

In debates concerning research paradigms or beliefs regarding scientific 

inquiry, a clear distinction between post-positivist and constructivist 

worldviews can be made.  The two traditions have historically been placed at 

opposite ends of the knowledge inquiry spectrum and are characterised with 

undeniably contrasting philosophical assumptions (Guba and Lincoln, 1994).  

As a result of these incompatible sets of underlying beliefs, different research 

approaches emerged. In that respect, post-positivism paradigm as noted by 

Guba and Lincoln (1994), is concerned with explanation of a phenomenon, 

with an emphasis on its prediction and control.  The tradition, derived from 

positivism, questions the traditional view of knowledge as an acceptable truth 

of facts and laws and acknowledges a degree of uncertainty and probability in 

claims regarding observed effects or research outcomes (Guba and Lincoln, 

1994).  Although post-positivism is not solely associated with a deductive 

approach, this perspective emphasises the need for ascertaining general 

truths through the adoption of the scientific approach that originates in 

identifying a theory, which can be either supported or called to be revised 

based on the evidence collected by the researcher.   

The data gathered in the process of observing the phenomenon in question is, 

according to Robson and McCartan (2016) reduced to smaller, more 

manageable sets of variables that are characterised by their ability to be 
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quantitatively organised and analysed.  Thus, developing a numerical 

representation of the observed reality, an essential component for hypotheses 

testing, is likely to be a means of constructing empirical evidence that leads to 

more confident assertions of the general truths and determination of causal 

relationships between variables of interest (Creswell and Creswell, 2018).  

Furthermore, post-positivism implies that being objective is a fundamental 

component of conducting research and being independent from the subjects 

under investigation allows for validation and replication of results (Creswell 

and Creswell, 2018). However, as Robson and McCarten (2016) indicate, 

studying behaviours of individuals in the real world, a setting where 

considerable amount of research is undertaken, poses a great challenge for 

those who assume the post-positivist approach.  Such environments may not 

allow for randomisation procedures required by an experimental design.  In 

addition, emotional detachment or objectivity may be threatened, as a degree 

of the researcher’s involvement is often required in order to produce 

meaningful interpretations of the issues under investigation.  In that respect, 

Saunders et al. (2019) suggest that exclusion of subjective influences from 

any research is debatable. 

Within the research context, on the other end of the rigorous post-positivist 

tradition lies constructivism.  This approach has typically been associated with 

the qualitative research methods, which are adopted to allow for subjective 

interpretations of the phenomenon under investigation.  In that regard, Robson 

and McCartan (2016) note that central to this tradition is creation of meaningful 

accounts of the reality and the social world as experienced by the participants.  

As different individuals may interpret the same situation considerably 

differently from each other, capturing the richness and complexity of these 

accounts is essential, rather than focusing on reduction of the data.  Hence, 

the goal is to rely on and interpret the multiple perspectives, and unlike post-

positivism, constructivism is inductive and as such leads to development of 

new theories or patterns of meaning (Creswell and Creswell, 2018).  

Furthermore, the role of the researcher in the constructivist tradition contrasts 

to that of post-positivism.  As Guba and Lincoln (1994) indicate, constructivism 

allows for involvement of the investigator in seeking to understand the 
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experiences of the participants through personal interviews and observations, 

leading to development of interactive links between the observer and the 

person being observed.  This subjectivity as Robson and McCartan (2016) 

note, is not perceived as a flaw that is tainting the outcomes of the 

investigation.  In contrast, it is viewed as an element that enriches the findings 

and contributes to creation of new knowledge as seen through a researcher’s 

lens and allows for a deeper understanding of the investigated phenomenon.   

Another generally accepted philosophical stance that is placed between the 

two already mentioned traditions, comes in the form of pragmatism.  Those 

individuals who adopt this worldview are concerned with the outcomes and 

consequences, as opposed to the antecedent factors that are the focus of the 

investigation under the post-positivist approach (Creswell and Creswell, 

2018).  The pragmatist strives to identify a satisfactory solution to the 

investigated problem.  Feilzer (2009) notes that within the research context, 

the pragmatic tradition accepts that the researcher adopts the ‘what works’ 

approach to the issues investigated in the real world, thus allowing for 

objectivity as well as subjectivity in observations, and is not restricted to a 

specific paradigm or research methods.  Furthermore, the alternative to the 

focus on the specific choice of methods that are in line with the philosophical 

tradition is a concern with the research question itself.  Pragmatism allows for 

an exploration of various methods and a combination of quantitative as well 

as qualitative approaches in order to achieve a better understanding of the 

studied phenomenon.  Supporting this, Feilzer (2009) observes that 

ascertaining causal relationships between variables is not of the highest 

importance for pragmatic researchers, however, in-depth investigation of the 

different layers results in multidimensional understanding of the concept.  

Overall, as Tashakkori and Teddlie (2010), and more recently, Creswell and 

Creswell (2018) conclude, pragmatism as a tradition justifies adoption of mixed 

methods in the research context, even though the debate regarding the 

philosophical underpinnings of mixed methodology continues.   
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4.2.1 Research designs  

The initial stages of conducting a research investigation involves extensive 

decision making.  In the main, this relates to the choices on offer and selection 

between quantitative, qualitative or mixed methods and specific research 

designs as the most adequate procedures to enhance the inquiry. 

Within the quantitative approach, emphasis is placed on variables that have 

data in the numeric form.  The key characteristic of the quantitative research 

design is that human behaviour can be explained through the use of measures 

and scales designed for mathematical and statistical interpretation (Shkoler, 

2018).  In that respect, central to quantitative research is hypothesis testing 

based on manipulation and analysis of variables and relationships between 

them that results in development of findings that can be generalised to a wider 

population and across settings (Punch, 2014).  In terms of the association 

between the variables, the ultimate goal within quantitative research is to 

establish the causality, namely, to determine that the observed outcome is 

caused by the manipulated variable.  Hence, application of rigorous 

techniques and procedures is required within the experimental research to 

give the researcher a high degree of certainty regarding the causal relationship 

between the variables upon completion of the research (Amaratunga et al., 

2002).  Within experimental research, Creswell and Creswell (2018) comment 

on the distinction between the true and quasi experiments, where random 

assignment of participants to different conditions is essential in the former 

whilst the latter assumes a non-randomised group assignment.  As true 

experimental design is particularly rare in social sciences research, a more 

common design is in the form of survey research.  This type of design provides 

quantitative information that relates to beliefs and opinions based on the 

surveyed sample. Cross-sectional and longitudinal studies can be carried out 

to establish, through statistical techniques, a degree of association between 

variables of interest (Creswell and Creswell, 2018).  

In contrast to quantitative research, qualitative designs have been developed 

to gain in-depth understanding of the studied phenomenon and capture the 

lived experiences of individuals and their perceptions of the topic or situation 
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(Punch, 2014).  The essential feature of qualitative research is that the 

observations are conducted with minimal intrusion from the researcher, as 

they typically occur in the natural settings.  Further, as Miles and Huberman 

(1994) indicate, the use of structured instruments to conduct required 

investigations is not common.  The qualitative inquiry produces non-numerical 

data and given its nature the researcher’s task is not to adopt statistical 

analyses, but to subjectively compare and contrast the emerging patterns as 

well as to identify the distinct aspects that arose in the course of the 

observations.  Supporting this description, Amaratunga et al. (2002) maintain 

that data collected through qualitative investigation is rich and holistic, 

providing the researcher with opportunities to uncover the complexities of the 

social phenomenon under study.    

Given that quantitative and qualitative research methods come with a set of 

strengths and weaknesses, there is a strong suggestion within the research 

community for integration of both.  A rationale for mixed methods approach, 

as articulated by Punch (2014), is that the quantitative and qualitative 

methodologies should be used in order to enrich the knowledge about the topic 

under study and combined in such a way that they are complementary of each 

other.  The increased interest in adoption of the multimethod approach stems 

from the importance of triangulation of evidence, the notion of linking 

quantitative and qualitative methods to study the same phenomenon to 

develop a better understanding of the concept itself as well as its placement 

in the real-world context (Creswell and Creswell, 2018).  The idea of 

triangulation of data sources as discussed by Amaratunga et al. (2002), is that 

the weakness associated with a given methodological approach are offset by 

the advantageous characteristics of another.  Thus, quantitative methods 

allow the researcher to conceptualise and refine social constructs, they assist 

in the creation of patterns between variables, lead to development of general 

truths and assertions about the occurring trends and patterns (Creswell and 

Creswell, 2018).  Group comparisons and profiling can also be achieved 

provided that statistical analyses are executed with sufficiently large samples.  

On the other hand, qualitative research has the strength of being a powerful 

tool for studying social processes and changes within them, is context-specific, 
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allows for in-depth investigations of the phenomenon and provides additional 

layer of the meaning and understanding of individuals’ experiences 

(Amaratunga et al., 2002).  Given that qualitative methods tend to be flexible, 

to be able to capture people’s perceptions, the evidence collected is suitable 

for highlighting, supplementing and validating quantitative findings collected 

through the objective investigations of the reality.   

In terms of decision making in relation to the type of design employed within 

the mixed method approach in this research, various techniques were 

considered based on their applicability to the research topic. Creswell and 

Plano Clark (2011) outline a number of different models adopted within the 

research community and their classifications with regard to the level of 

integration of the quantitative and the qualitative evidence, the weight 

assigned to both strands and the sequence of implementation of the specific 

components.  In terms of the level of interaction between the quantitative and 

qualitative elements of the study, the typology distinguishes between fixed and 

emergent variants, where the specific strands are either agreed upon on the 

outset of the study or are decided on during the investigation.  With regard to 

the weight of a particular component in the mixed methods designs, 

consideration is also required to the relative importance of the quantitative and 

the qualitative strands. Creswell and Plano Clark (2011) indicate that priority 

can be given to either one, however, if the research necessitates equal 

weighing, emphasis on both approaches can be distributed proportionally.  In 

addition to the issue of integration and weight of the quantitative and qualitative 

elements, sequencing of their implementation is subsequently decided upon.  

Within the mixed methods approach the distinction between parallel and 

sequential application of the empirical segments has been made, where the 

former involves simultaneous implementation of all the elements and the latter 

adopts a method under which collection of one type of data is carried out upon 

completion of collection and analysis of the other data type. Indeed, Creswell 

and Plano Clark (2011) argue that a decision made by the researcher to 

employ a given methodological design is justified based on the applicability of 

the approach to the research inquiry as well as the practical implications and 

challenges associated with the strategy.   
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The literature (Creswell and Creswell, 2018; Creswell and Plano Clark, 2011) 

suggests that there are six main designs that serve as a guide for conducting 

a mixed methods research study, namely convergent parallel, explanatory 

sequential, exploratory sequential, embedded, transformative and the 

multiphase.  In order to determine which strategy was the most appropriate for 

the topic of this thesis, fuel poverty and retrofitting investigation, and how to 

incorporate the quantitative and qualitative strands most effectively, various 

elements required consideration.   

As fuel poverty is a complex issue spanning the physical aspects of the built 

environment and various social characteristics, equal weight and attention was 

given to both numerical and experiential data, following a discussion on the 

importance of methodological unity by Ambrose and Marchand (2018).  In 

addition, it was decided by the researcher that these components should be 

undertaken independently of each other and analysed separately, as 

recommended by Creswell and Creswell (2018), to avoid any information loss 

associated with data merging and transformation of valuable evidence.  

Furthermore, the sequence of implementation of the quantitative and the 

qualitative strands within this inquiry was determined based on the 

assumptions outlined by the mixed methods experts (Creswell and Creswell, 

2018) and it was deemed that the concurrent or parallel collection for both 

types of data was the most appropriate strategy and one that would yield the 

most benefits given the multi-dimensionality of the studied issue.   

Based on the above aspects of this methodologically mixed research and 

having in mind the distinguishing features of various approaches, the most 

suitable and practically viable one was convergent parallel design, which is 

generally undertaken in instances where the aim is to develop an in-depth 

understanding of a specific phenomenon and where the quantitative and the 

qualitative findings are integrated during the interpretation stage of the overall 

research (Figure 4.2).  This in essence, allows for implementation of the 

triangulation strategy which, according to Kelle et al. (2019), involves 

application of methodologically distinct approaches to investigate the research 

problem and to utilise the findings in such a way that they complement each 
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other and provide a more comprehensive representation of observed reality 

and add richness to the topic under investigation.     

Figure 4.2 Research elements of the convergent parallel design

 

4.2.2 Fuel poverty research methods 

With respect to fuel poverty, the theme of this study, mixed methods research 

offers opportunities for using a number of data sources and producing 

evidence that is specific to the Northern Irish population.  Such evidence 

formed on the basis of quantitative as well as qualitative data has the potential 

of capturing the multidimensional complexities of fuel poverty and the lived 

experiences of households struggling with energy affordability (O’Sullivan et 

al., 2017).  Antecedents or risk factors along with the outcomes, both of which 

incorporate financial struggles, energy inefficient housing and individual 

coping strategies adopted, can be quantitatively measured and subsequently 

qualitatively explored in search for patterns, trends and distinct features of 

energy vulnerability.  In addition, inferences drawn from various data sources 

can create a wider picture of reality as observed from different perspectives.  

Potential novel solutions and effectiveness of existing strategies, including the 

role of retrofitting, can be validated based on the evidence established through 

integration of methodologies.  As fuel poverty is inter-linked with physical 
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aspects of the built environment as well as the social and behavioural 

characteristics of the household, mixed methods, multi-disciplinary research is 

considered to be the suitable approach to fulfil the aims and objectives of this 

research.   

4.3 Secondary data sources 

This section of the methodology articulates the secondary data sources 

utilised in subsequent chapters of the thesis and shows how this information 

is used to address whether and how retrofitting of residential property may 

impact on the level of fuel poverty experienced by households in NI.  The 

research draws upon two main sources of secondary evidence namely the 

Northern Ireland House Condition Surveys (NIHCS) and a database relating 

to the usage of the Affordable Warmth Scheme (3.4.3).  Other supplementary 

data sources employed in the thesis included climatic data derived from the 

Met Office, to provide a comprehensive description of the areas of NI where 

research had been undertaken and to demonstrate the uniqueness of the 

region in relation to weather and how external temperatures may affect 

households’ ability to maintain reasonable warmth within their homes.  

In order to address this thesis’s aim and objectives, namely, to analyse the 

extent of fuel poverty in NI and influencing factors and to assess the impact of 

retrofitting options and their potential to reduce levels of fuel poverty in NI, data 

retrieved from these sources offers an insight into the components of fuel 

poverty required for subsequent analyses.  Furthermore, given that fuel 

poverty can be measured through adoption of various methods as outlined in 

Chapter 2, the secondary data allows for building the evidence base through 

utilisation of the existing, high quality information regarding households and 

their circumstances.  Indeed, maximising options and sources of data led to 

additional analytical opportunities that have not been undertaken so far and 

would not be possible if the secondary, household-level data, were not 

available.  In this respect, the longitudinal research based on the 2011 and 

2016 NIHCSs, allowed the researcher to establish crucial changes over time, 

in particular the differences in households’ fuel poor status prior to and post-

implementation of energy efficiency improvements.  Additionally, 
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characteristics of fuel poor households were investigated along with predictors 

of fuel poverty and various levels of retrofitting options implemented by 

households independently or with the assistance of government schemes.  

The unique and specific components of the secondary dataset tailored to fuel 

poverty measurement and households’ social characteristics captured 

independently of each other allowed for detailed analyses and adoption of 

alternative techniques to those originally applied.  This, in essence, is one of 

the greatest benefits of utilising secondary data that has been initially collected 

for a different purpose and given the meticulous attention to detail in relation 

to procedures and techniques employed, it provides convenient and high-

quality data.  Further benefits of utilising government statistics relate to the 

sample size and its representativeness to the wider population.  Various 

techniques were applied by the respective agencies in order to ensure that 

data is gathered from a large enough sample of individuals and that 

generalisable inferences can be made.    

Conducting secondary data analysis also comes with a set of challenges and 

one of the biggest limitations discussed in the literature relates to the lack of 

variables that directly answer the research questions proposed in the research 

inquiry (MacInnes, 2017).  However, this aspect is not an issue within this 

study, as fuel poverty measurement in NI is a legal requirement and such data 

are readily available along with other key variables that can be utilised to 

directly fulfil a number of specific objectives of this research.  The complexity 

of dealing with secondary information can also be attributed to the large 

datasets, which indeed, are generally produced by government departments.  

This in turn means that a significant length of time may be required for 

familiarisation and necessary cleaning processes.  

Having the advantages and limitations of relying on secondary data in mind, it 

was deemed appropriate and crucial to utilise existing data retrieved from 

reliable secondary sources.  This contributed to a better understanding of fuel 

poverty and its nature and provided basis for the direction, in which further 

retrofitting, and fuel poverty investigations were carried out.  The next sub-

sections of this chapter are devoted to detailing the sources utilised in this 
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thesis along with descriptions of data collection procedures, sampling 

techniques and variables of interest.  

4.3.1 Northern Ireland House Condition Surveys (NIHCSs) 

House condition surveys have been undertaken in NI by the NIHE, the housing 

authority, which has had a legal responsibility to conduct a comprehensive 

overview of the housing stock in the region since 1974.  In this respect, the 

surveys have been exploring the structural condition of dwellings in NI 

including state of repair, energy efficiency and the habitable standards of 

domestic properties based on the government measures.  In order to 

complement the assessment of physical aspects of the properties and create 

household profiles, tenure and occupants’ social and economic characteristics 

have also been captured since the introduction of the survey.  Fuel poverty as 

a measurable concept was added in 2001, as a result of an increased interest 

in the issue in NI and indeed in other regions of the UK, and since then, its 

levels have been calculated at regular intervals.  As fuel poverty investigation 

is an integral part of this research, alongside the factors that have been 

identified in Chapter 2 as contributing to high levels of individuals in NI 

struggling to maintain thermal comfort in their homes, an inquiry into the 

NIHCSs to provide a historic overview and indicate changes that occurred over 

time, was deemed essential.   

For the research presented in this thesis, specific focus was upon those 

NIHCSs conducted in 2011 and 2016.  The rationale for utilising these two 

surveys stemmed from the fact that they provided the most recent fuel poverty 

statistics, and both have specific characteristics that were of particular interest 

to this research.  In this respect, the 2016 NIHCS differs from its predecessors 

through incorporating individual surveys undertaken as part of the 2011 

NIHCS.  This means that the available data for those households who took 

part in both the 2011 and 2016 surveys allowed for direct comparisons of 

occupants’ circumstances over the course of five-year period.  Fuel poverty 

levels and energy efficiency installations were tracked across those 

households and statistical techniques determined the impact of measures as 

well as social outcomes.  So far, longitudinal investigation has not been 
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undertaken in NI, and thus, analysis of the 2011 and 2016 NIHCSs effectively 

filled the gap in the knowledge and was particularly useful for evaluating the 

relationship between fuel poverty and individual household circumstances.  

Additionally, this analysis allowed for the development of a comprehensive 

representation of fuel poverty and its complexity with an emphasis on the 

degree and direction of change over time.  The results obtained provided the 

basis for subsequent, in-depth investigation of energy retrofits and their 

impacts on fuel poverty by enabling an understanding of the phenomenon and 

providing accounts of individuals/households struggling with consequences of 

fuel affordability (Section 5.4).   

The data derived from the NIHCSs are of highest possible quality and the 2016 

survey received the National Statistics status, meaning that the statistics 

presented are of the highest standards and compliant with the Code of 

Practice for Official Statistics.  The data provide the basis for the application 

of statistical techniques to explore factors impacting upon fuel poverty and any 

significant patterns emerging over time.  Given the importance of these data, 

a comprehensive description of samples, procedures and survey questions is 

included in the following subsections.   

4.3.1.1 NIHCS sample selection and size 

The 2011 NIHCS sample was taken from the property database held by the 

Northern Ireland Statistics and Research Agency (NISRA), which is 

maintained and regularly updated by the Valuation and Lands Agency.  A two-

stage random sample selection procedure, that involved initial identification of 

1,000, and further 1,030 households, was employed by the NIHE leading to 

an overall sample of 2,030 residential properties that was deemed 

representative of the population in NI (Table 4.1).  The response rate for fully 

completed physical and household surveys was 71% which equated to final 

sample size of 1,434.  

For the 2016 NIHCS, a random sample of 3,000 addresses was drawn, again 

using a two-stage process. The initial phase involved inclusion of the 2011 

survey respondents (1,434) and further 1,566 addresses were identified from 
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Pointer, the NI property database.7  These steps were taken to generate a 

sample of households with equal proportions of resampled and new addresses 

per the eleven council areas in NI8.  Sixty-seven per cent of the 3,000 potential 

respondents engaged in the data collection process with 2,023 full physical 

and social surveys completed9.  Overall, there were 1,035 properties and their 

respective households who were surveyed throughout the 2011 and 2016 data 

collection, and this sub-sample was of main interest in this stage of the 

research. 

Table 4.1 2011 and 2016 NIHCSs sampling outcomes 

 2011 2016 

Initial sample 2,030 1,434 (resample) + 
1,566 (fresh sample) = 
3,000 

Excluded   596 977 

Response rate 71% 67% 

Physical inspections 1,434 2,023 

Household surveys 1,314 1,917 

Source: NIHCS (2011) and NIHCS (2016) 

4.3.1.2 Data selection and preparation 

Utilising both the 2011 and 2016 NIHCSs provided an opportunity for 

longitudinal analyses in relation to fuel poverty levels in NI and the impacts 

from energy retrofitting.  The NIHCSs are the most viable data sources, 

providing information on various characteristics that relate to the physical 

attributes of the properties their respective households.  Both datasets were 

downloaded from the UK Data Archive website along with accompanying 

documentation that contained variables descriptions.  Subsequently, an in-

depth familiarisation with the survey instruments was required to identify the 

differences in measurements of variables between the two surveys.  Given 

that the 2011 household survey was deemed a reliable tool at that point in 

time, only minor alterations were made in relation to the 2016 survey.  Where 

 
7 Pointer is the addresses database for NI maintained by the Land and Property Services 
(LPS) with support from local councils and Royal Mail 
8 The new councils came into existence in 2015 following a reorganisation of local 
government in NI, thereby reducing the number of councils from 26 to 11 
9 Full details of fieldwork procedures in relation to the 2011 and 2016 NIHCSs are available 
in the appendices of the reports 
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those changes occurred, they related to the inclusion of additional energy 

items and questions regarding social characteristics of the occupants, deemed 

necessary by the Office for National Statistics (ONS).  The alterations to the 

2016 datasets did not impact this research, nonetheless only the variables that 

the researcher was able to successfully match in both surveys were utilised.  

As previously noted, the resampled subset of respondents drawn from the 

merged 2011 and 2016 NIHCSs was the focus of analysis in this research.  

This component allowed the researcher to investigate particular issues 

longitudinally given that the same property was surveyed twice, five years 

apart.  In order to create the new dataset, a merging process of the two 

sources took place with frequent checks made to ensure the correct variables 

and cases were combined.   Out of a possible 3,457 cases, 2,422 properties 

were identified as being either in the 2011 or the 2016 survey and were 

subsequently removed from the new dataset, not meeting the inclusion criteria.  

Hence, the remaining 1,035 cases were included in both surveys, of these 

8.2% were vacant properties, and thus discarded due to limited input with 

regards to various structural and household characteristics.  This process led 

to the removal of 85 dwellings with the remaining 950 cases forming the 

sample for the merged dataset (Table 4.2), upon which the statistical analyses 

on the distribution and characteristics of the housing stock presented in 

Chapter 5 are based.  However, it is essential to note that although the sample 

used in this thesis comprised only re-surveyed properties, this observation 

could not be extended to the households themselves.  This meant, that there 

was a combination of households who continued their occupancy in the 

properties between 2011 and 2016, as well as those, who changed their 

residence in the interim.  

Table 4.2 The merge of the 2011 and 2016 NIHCSs 

Action taken Outcome in number of cases 

2011 and 2016 datasets merged 3,457 

Only 2011 or 2016 cases removed 3,457 – 2,422 = 1,035 

Vacant properties 2011 1,035 – 62 = 973 

Vacant properties 2016 973 – 23 = 950 

Final sample 950 
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4.3.1.2 Variables of interest 

For the purpose of this research a number of variables were utilised.  As fuel 

poverty is undoubtedly related to the physical aspects of any given property 

as well as the social and economic characteristics of the households residing 

the dwellings, an investigation into all the aspects was essential.  Firstly, 

demographic characteristics were identified in order to create household 

profiles. In this respect, the information that allowed the researcher to 

determine the degree of household overlap, was captured.  The description of 

occupants’ characteristics involved inclusion of the following groups of 

variables:  

• age, gender of the household representative person (HRP),  

• employment status and income of the HRP, 

• tenure, household type and household size. 

In addition to household characteristics, variables that related to property 

attributes were utilised.  General descriptions of the static characteristics of 

the properties were based on the dwelling age, type and construction 

materials.  As Walker et al. (2014) highlighted, these variables were crucial in 

determining the association between fuel poverty and the physical attributes 

of the properties, independent of social characteristics of the occupants.  In 

addition, settlement type was investigated in order establish the likelihood of 

rural/urban location having an impact on their residents’ fuel poor status.   

In terms of energy efficiency of the housing stock, to measure the progress of 

the improvements over time, the NIHCSs collected detailed data on the quality 

and energy performance characteristics of the sampled properties.  For the 

purpose of this thesis, the researcher identified those measures that are 

associated with thermal and efficiency enhancements for both 2011 and 2016 

surveys.  Specifically, presence of and the depth of cavity wall insulation as 

well as the level of insulation in the loft space were investigated given their 

effectiveness in alleviating fuel poverty outcomes (Best and Sinha, 2021) 

(Table 4.3).  As these two measures have been most frequently adopted and 

prioritised in improving energy efficiency of the properties, establishing the 

relationship between these variables and fuel poverty was crucial.  
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Considering that these measures are all implemented in order to reduce 

energy demand within the home, the expectation was that the rates of 

individual fuel poor households across NI would decrease.  Similarly, those 

households who had their windows upgraded to higher, double-glazed 

standards, had an existing boiler replaced or the entire heating system 

transformed or those who had a combination of energy efficiency measures 

implemented over the five-year period were part of the inquiry.   

Table 4.3 Energy efficiency variables utilised from the NIHCSs 

Energy efficiency measure Level of analysis 

Central heating Age of primary appliance 

• 1 – 4  

• 5 – 9  

• 10 – 14  

• 15 – 19  

• 20 and more 
Fuel sources 

• oil 

• gas  

• dual fuel 

• solid fuel  

• electricity 

Loft insulation Depth of loft insulation 

• no insulation 

• less than 100mm 

• 100 to 150mm 

• 150mm and more 

Wall insulation Presence of wall insulation 

• no wall insulation 

• partial cavity wall insulation and/or 
solid wall insulation 

• full cavity wall insulation 

Double-glazing  Presence of double-glazing 

• full 

• partial 

• none 

Further, to assess the change in these energy measures, and hence, to 

identify what energy upgrades were undertaken between 2011 and 2016, the 

variables in the dataset were manipulated with the use of the combinations 

without repetitions formula (Table 4.4).  This meant, that the variable 
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commands executed led to properties with individual measures or groups of 

measures being isolated from the main dataset and subsequently analysed in 

terms of the modelled energy expenditure resulting from these interventions. 

Table 4.4 Energy retrofitting scenarios in the dataset 

Scenario Energy efficiency measures 

One measure Central heating upgrade1  

Loft insulation upgrade2  

Wall insulation upgrade3  

Double-glazing4  

Two measures5 Central heating + loft insulation  

Central heating + wall insulation 

Central heating + double-glazing 

Loft insulation + wall insulation 

Loft insulation + double-glazing 

Wall insulation + double-glazing 

Three measures Central heating + loft insulation + wall insulation 

Central heating + loft insulation + double-glazing 

Loft insulation + wall insulation + double-glazing 

Four measures Central heating + loft insulation + wall insulation + 

double-glazing 

Notes. 1 (boilerage2016 <=5 boilerage2011; all else constant); 2 (loft2016 > loft2011; 
all else constant); 3 (CWI2016 > CWI201; all else constant); 4 (glazing2016 > 
glazing2011; all else constant); 5 Two, three and four energy efficiency measures 
identified using a combination of one-measure commands 

 

In terms of fuel poverty status for each household, the indicator variable was 

utilised. The ratio, which was calculated based on the measuring techniques 

outlined in Chapter 2, was assigned to every household.  In essence, those 

residents whose energy expenditure was higher than 10% of their full income 

(ratio 0.1 or higher) were considered to be fuel poor.  Therefore, in the 

households, where energy efficiency improvements were identified, the 2011 

fuel poverty levels were also captured.  These were then compared with the 

more recent statistics available in the 2016 NIHCS dataset. Where no changes 

in households’ characteristics were observed, investigation of the extent of 

changes in fuel poverty rates based on energy efficiency measures 

implemented was undertaken through the application of statistical techniques.  

This was crucial in establishing the extent of effectiveness of retrofitting of 

existing dwellings on alleviating fuel poverty. 
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The analysis of the NIHCS datasets also incorporated longitudinal analyses of 

fuel poverty by housing sectors and household types.  Household 

comparisons in the private and public sectors were conducted as well as 

across all tenures.  Given that the evidence indicates that fuel poverty levels 

vary between rural and urban areas (Baker et al., 2008), the research in this 

thesis extended into examination of the relationship between settlement factor 

and energy efficiency retrofitting.  The rationale for this action was to 

investigate the disparity in improvements uptake, based on the dwelling 

location and the likelihood of the urban and rural households undertaking 

energy efficiency upgrades.  This was an essential part of this thesis’s 

analysis, as previous findings indicated fuel poverty levels are higher in rural 

than in urban regions (Housing Executive, 2018), an outcome which may be 

related to fewer services and opportunities available for households in rural 

locations as well as higher fuel costs.   

In addition to the analyses of the relationships between variables relating to 

fuel poverty and retrofitting and comparisons between specific groups of 

individuals, investigation into heating regimes adopted by the surveyed 

households was undertaken.  This allowed the researcher to establish the 

extent to which fuel poor households heated their properties and whether they 

were able to achieve thermally comfortable living environment prior to and 

after installation of energy efficiency measures.  Even though subjective 

responses differ from the rigorously measured objective variables in terms of 

their significance and statistical power, they provide an insight into attitudes 

and individuals’ perspectives, and therefore, are valuable in identifying trends 

omitted as a result of mathematical assumptions imposed on statistical testing. 

Furthermore, changes in these subjective opinions over the five-year period 

were investigated to establish the effectiveness of retrofitting on thermal 

comfort as reported by householders, and their perceptions of fuel costs.  

Hence, the examination of the differences in the self-reported factors in this 

thesis also serves as an indicator of improvements due to the implementation 

of energy efficiency upgrades.   
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4.3.2 Affordable Warmth Scheme dataset 

The Affordable Warmth programme to improve energy efficiency of the 

existing dwellings in the private sector was outlined in Chapter 3.  As a result 

of the researcher’s collaboration with the Department for Communities (DfC), 

the dataset of the completed works was made available for this research.  The 

database consisted of all the households who participated in the Affordable 

Warmth since its introduction in November 2014 to October 2018.  As 

Affordable Warmth was specifically designed to alleviate fuel poverty in NI, 

those households who were able to avail of the energy efficiency grants, were 

initially required to undergo eligibility screening, which ensured that those in 

need of assistance benefitted from the retrofits.  Thus, the dataset supplied by 

DfC, which consisted of 19,346 cases, represented a group of households who 

were identified as fuel poor, and as a result of this status, were able to receive 

support from the government scheme.   

Inquiries from all the households interested in the Scheme were recorded and 

the database, in addition to the details regarding successful retrofit 

completions, contained information relating to cancelled applications.  In that 

respect, 3,357 records, for which the date of cancellation was specified were 

removed together with a further 351 cases for which the amount of grant was 

zero, and as a result, they were not subject to energy upgrades (Table 4.5).  

The final sample comprised 15,638 eligible applicants who were approved for 

retrofits under the Affordable Warmth scheme and for whom the scheduled 

installations were completed. 

Table 4.5 Data screening process 

Action taken Outcome 

Initial dataset 19,346 

Cancellations identified (3,357) 15,989 

Records with ‘zero’ grant amount (351) 15,638 

Given that the objectives of this thesis include analysis of government 

strategies to ameliorate fuel poverty, an assessment of this flagship 

programme in NI provides another important element to this research.  The 

Affordable Warmth dataset contained variables that allowed the researcher to 

establish what energy efficiency measure were implemented in every 
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household and their total cost.   In addition, spatial distribution analysis was 

conducted based on the variables that indicated where the properties were 

situated. 

In addition to the tangible aspects of the retrofits, an inquiry into households’ 

characteristics was undertaken.  An analysis of household characteristics was 

based on a limited number of variables, however, a profile of individuals who 

benefited from Affordable Warmth measures, was created.  The variables 

utilised included age at the time of the retrofit, presence of children and home 

ownership status.    

4.3.3 Climatic data from the Met Office 

As a result of the researcher’s collaboration with the NIHE, permission was 

given to undertake two case studies with groups of households that were 

selected for the pilot retrofit interventions (fully detailed in Section 4.4).  

Although independent of each other, both projects were designed to increase 

energy efficiency of public sector properties as well as to be exemplars for 

potential future programmes.  The distinctive factors of the two projects were 

the location of the properties and structural factors of the dwellings 

themselves.  In terms of the settlement type, the properties were selected in 

Newry and Lisnaskea, location of which is represented in Figure 4.3.  The 

former was identified as an urban region and the latter classified as rural.  
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Figure 4.3 Location of the regions included in the case studies

Note. Map produced by Paul McKenzie, Ulster University 

The climatic data for Newry and Lisnaskea were duly obtained from the Met 

Office to cover the period of the longitudinal study and examine whether short-

term weather conditions may have impacted upon household perceptions of 

the efficiency of retrofit measures.  Historic as well as current readings were 

also collected in order to analyse whether climatic factors varied between 

different regions of NI and whether they may impact on occupants’ ability to 

maintain comfortable internal temperatures. Unfavourable external conditions 

along with residing in energy inefficient properties that do not have the capacity 

to retain reasonable temperatures for long periods of time, may lead to 

occupants increasing their energy usage to keep warm.  Therefore, historic as 

well as current national and regional climatic data were utilised to examine the 

degree of variability, in particular in winter temperatures, prior to and post 

retrofit.  
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4.3.3.1 Newry 

Newry is a city located in county Armagh, the south-eastern part of NI, with a 

population of 26,967 people, therefore holding an urban settlement 

classification.  The climatic station in the closest vicinity to the properties taking 

part in the retrofit programme in Newry were identified and considered in terms 

of their suitability for this research.  Out of the four possible stations, Killowen 

was chosen to derive the climatic data.  The distance between the station and 

the dwellings is 12 miles, the weather station is automated and positioned 4 

metres above mean sea level.   

The relatively short distance between the station and the dwellings ensured 

that the most accurate temperatures were gathered.  Given that the location 

of the properties in Newry is very exposed, it was necessary to obtain the 

climatic data for this region in order to create an accurate picture of the external 

conditions that residents of the properties in Newry are affected by on daily 

basis.   

4.3.3.2 Lisnaskea 

In contrast to Newry, Lisnakea is a rural town in county Fermanagh, the south-

western part of NI with a population of approximately 2,960.  There were three 

weather stations identified in the close vicinity with Thomastown, a distance of 

9 miles from the case study properties (Section 4.4) selected. Thomastown is 

also an automated weather station and there is a high degree of confidence 

that the obtained readings reflected the conditions in the town of Lisnaskea.  

Thomastown weather station is positioned 72 metres above mean sea level.   

The process of gathering climatic data mirrored the procedure undertaken for 

Newry.  Temperature readings were obtained from the Met Office in order to 

provide an accurate reflection of the weather conditions over the period of the 

longitudinal study. 

4.4 Primary data sources 

This section of the methodology chapter is concerned with detailing the 

processes involved in collecting primary data for this research.  In addition, as 

research methods best practices, discussed by Creswell and Creswell (2018), 
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highlight the importance of acknowledging and addressing strengths and 

limitations associated with data sourcing, these components are also 

subsequently outlined.   

Secondary data as outlined in the previous section, although valuable and of 

high quality, were deemed insufficient in their own right to adequately fulfil the 

objectives of this thesis.  Therefore, first-hand accounts were required to fill in 

the gaps identified through analyses of already existing datasets and to 

overcome the shortcomings associated with utilising secondary sources alone.  

This section also outlines how both the quantitative and the qualitative 

methods were integrated to produce findings that captured the complexity and 

multidimensionality of fuel poverty and energy retrofitting.  Two main 

components of primary data were incorporated in this inquiry, both of equal 

weight and importance. These are discussed in more detail in this section.  

In order to accurately and thoroughly address the aim and objectives of this 

thesis, namely, to analyse behavioural and attitudinal perspectives prior to and 

post retrofits as well as to assess the impacts of retrofitting options and their 

potential to reduce levels of fuel poverty, both quantitative as well as qualitative 

data were collected through primary research methods.  Incorporating both 

types of data, drawn from various sources, was deemed necessary to allow 

for comprehensive analysis of antecedent factors, as well as the outcomes of 

fuel poverty and the degree of effectiveness of the energy efficiency measures 

implemented in the properties.  These primary data sources were specifically 

tailored to this thesis’s objectives, however, the instruments used allowed for 

a degree of flexibility in order to capture the full extent of householders’ 

experiences.    

Understanding fuel poverty and interaction between the physical aspects of 

the built environment and the socio-economic factors that impact individuals’ 

lifestyles and wellbeing as experienced by occupants was a fundamental 

aspect of this research.  Hence, primary data from fuel poor individuals based 

on objective measuring, as well as from householders who subjectively 

indicated personal warmth affordability struggles were necessary to analyse 

the extent of this problem in NI despite policy efforts (Chapter 3) to reduce the 
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number of individuals affected.  Relying solely on data from secondary sources 

could perhaps provide a detached view of fuel poverty without fully capturing 

the role of energy retrofitting and impacts on occupants’ lifestyles and 

wellbeing.  In addition, reducing fuel poverty to a set of formulae and socio-

economic indicators had the potential of misinterpreting the true scale of the 

issue and ignoring the impacts that warmth affordability issues have on 

householders.  Furthermore, as the main policy measure of combating fuel 

poverty in NI (Chapter 3) involves increasing energy efficiency of domestic 

dwellings, the degree of its effectiveness cannot be fully assessed through 

analyses of secondary data, as valuable as that analysis has proved to be in 

this thesis (Chapters 5 and 6).  Thus, collecting primary data from fuel poor 

households who successfully participated in small-scale initiatives or a large, 

regional programme, all designed to improve energy efficiency of the 

properties, allowed for an in-depth investigation into the processes associated 

with identification of those in need of support as well as assessment of the 

short and medium-term impacts of these programmes.  In addition, given the 

discrepancies between strict objective measures and subjective techniques, 

primary data had the advantage of incorporating a mixture of both qualitative 

and quantitative methods in assessing the depth of the problem at a household 

level.  This approach ensured that those who did not meet the stringent criteria 

for inclusion in the fuel poor group yet indicated that they struggled to afford to 

keep their homes warm due to a number of factors, were also able to share 

their personal experiences.   

Collecting data from primary sources also provided an opportunity to create 

new knowledge from different perspectives, thereby adding to the richness of 

the research and its ability to triangulate between sources.  In this respect, the 

thesis adds to the existing evidence base by providing an insight into fuel 

poverty and its various levels of severity, along with experiences of retrofitting 

measures and their impacts on energy consumption and bills, as well as 

thermal comfort of householders.  Combining primary numerical and textual 

data within this research has ensured high quality results allowing statistical 

inferences made to be corroborated and supported by meaningful in-depth 



164 
 

personal accounts spanning the full spectrum of experiences as reported by 

the householders.   

Undertaking research which includes primary data collection comes with a set 

of challenges and one of the biggest issues relates to the time required for the 

research.  The development of materials and execution of a research plan can 

be time consuming and acquiring data is considerably longer than what is 

necessary in secondary data research.  Furthermore, the complexities of 

researching a multidimensional issue such as fuel poverty is a problem which 

requires in-depth analyses undertaken from various perspectives.   

Having the advantages and limitations of primary research in mind, there was 

a high degree of conviction that inclusion of quantitative and the qualitative 

sources was the most appropriate direction for this thesis.  Overall, collecting 

different evidence enabled the triangulation strategy, as a part of the mixed 

method approach employed within this research to deepen the understanding 

of fuel poverty and the factors that impact upon this issue.  Furthermore, 

through adoption of methodological triangulation, the utilisation of mixed 

methods compensated for the weaknesses associated with a single-method 

research approach, allowed for greater generalisability of the findings and in 

turn added new multidimensional perspectives to fuel poverty and the 

retrofitting body of knowledge. 

Two main approaches constituted the primary data collection stage of this 

investigation.  The next sub-sections of this chapter are devoted to detailing 

the primary sources utilised in this thesis along with descriptions of data 

collection procedures, sampling techniques and variables of interest.  

4.4.1 Survey of Affordable Warmth participants 

The policy chapter of this thesis (Chapter 3) identified a number of initiatives 

within NI and in particular stressed the significance of the Affordable Warmth 

scheme. In relation to the methodology underpinning this research, a survey 

of Affordable Warmth participants was undertaken in order to analyse 

behavioural and attitudinal perspectives prior to and post energy efficiency 

retrofits, as well as to assess the impacts of retrofitting options and their 
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potential to reduce levels of fuel poverty. This component of the methodology 

was designed to illustrate energy unaffordability and struggles associated with 

disadvantaged households living in energy inefficient properties and to assess 

the impacts, if any, of retrofitting domestic dwellings on households, through 

occupants’ behaviour and wellbeing.  In order to do so, the researcher sought 

the permission from the DfC and the NIHE, the organisations which oversee 

and deliver the current anti-fuel poverty strategy, to undertake this behavioural 

survey. Furthermore, the interview evidence of Affordable Warmth participants 

sought to both complement and extend the analysis of secondary data 

provided by the DfC on the Affordable Warmth scheme from its introduction in 

2014 to 2018, as discussed in the methodology (Section 4.3.2) and results 

(Section 6.2). 

4.4.1.1 Affordable Warmth sample selection and size 

For this part of the research, those households who were eligible to receive 

energy efficiency measures in 2019 as part of the Affordable Warmth package 

were targeted for participation. The 2019 round was opened in the month of 

August and the survey sought to focus upon those households selected for the 

scheme between August and December 2019.  This cohort was particularly 

pertinent to this research, as the screening of those individuals who would 

benefit from taking part in the flagship programme was completed by the 

relevant departments in NI.  To be able to avail of Affordable Warmth an overall 

household income could not exceed a specified threshold, an assumption 

made in order to maximise inclusion of low-income households living in energy 

inefficient properties (full details of the Affordable Warmth scheme provided in 

Chapter 3).  This component of the research was designed to include as many 

respondents as possible involving surveys pre and post the implementation of 

energy efficiency measures.  Overall, there were 141 participants who 

completed the survey prior to energy retrofit taking place, and of these, 99 

provided responses to the follow-up survey undertaken approximately six 

months post-retrofit, so that any changes within the households that related to 

financial circumstances and budgeting choices, daily routines, perceptions of 

thermal comfort and wellbeing could be captured.  The samples obtained, both 
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pre and post, were considered sufficient in size for the statistical analyses of 

these datasets (Table 4.6). 

Table 4.6 Response rates for pre- and post-retrofit surveys 

 Pre-retrofit 

survey 

Post-retrofit 

survey 

Number of households 

contacted 

297 141 

Total number of completed 

surveys 

141 99 

Response rate 47.5% 70.2% 

In order to initiate contact with potential participants and to gather data relating 

to household characteristics of those who were potentially going to avail of the 

Affordable Warmth grant, consent forms allowing the NIHE to share the 

personal details of the households with the researcher were distributed.  

Specifically, members of the relevant division within the NIHE who were 

undertaking technical assessment of properties pre-retrofit, were instructed to 

present the form to householders during that initial visit.  Those households 

who agreed and duly signed the consent form (n=297) then formed the 

effective target population for this survey, enabling the researcher to approach 

occupants and seek permission to conduct the study.  This step was taken as 

a result of the May 2018 General Data Protection Regulation (GDPR), which 

is a legal measure designed to improve individuals’ control over their own 

personal data and prohibited any contact with the householders prior to the 

formal agreement being signed.  A template of the consent form that was used 

for this element of the research is included in Appendix 1.  The NIHE provided 

details of those households agreeing on a batch basis over the period from 

August 2019 to December 2019, with the researcher undertaking the pre-

retrofit interviews over the period September 2019 to January 2020, the post-

retrofit interviews were carried out in May and June 2020. 

4.4.1.2 Study materials and procedures 

Given the importance of finding evidence on the impact of retrofitting solutions 

to alleviate fuel poverty and the knowledge gap on this subject within the 

Northern Irish population, a two-stage survey was undertaken.  The materials 



167 
 

utilised in this study included two surveys designed by the researcher.  These 

were approved by the PhD supervisory team and subsequently by the Faculty 

of Computing, Engineering and Built Environment, Ethics Research Filter 

Committee.  Accordingly, participants in the Affordable Warmth Scheme were 

asked to complete two surveys, approximately six months apart, so that any 

short to medium term changes relating to energy efficiency improvements, 

wellbeing and behavioural practices during this time could be captured.  The 

surveys were designed in such a way so that any longitudinal changes could 

be identified and analysed in terms of the significance and extent of impact. 

Both household survey templates are included in Appendices 2 and 3. 

The first stage of this component of the research involved administration of the 

pre-retrofit survey.  This tool consisted of 52 questions which complemented 

the assessment of the physical aspects of the properties conducted by the 

NIHE.  The survey included questions which allowed the researcher to 

construct household profiles, specifically demographic characteristics of the 

respondents namely gender, age, employment status, tenure, occupancy 

type, the number of individuals within a given household and mortgage/rent 

outgoings.  Variables relating to overall household income were not included 

in the survey as this information was gathered by the NIHE during the initial 

eligibility screening and participants’ income was below the qualifying 

threshold of £20,000 per annum.  This was sufficient to determine that all 

participating households were susceptible to energy unaffordability due to their 

lower income status.  In enabling the depth of analysis required for this 

research, capturing social characteristics was regarded essential to establish 

what type of households were most likely to avail of the retrofitting programme, 

as well as establishing to a reasonable degree of certainty, both the level and 

depth of fuel poverty among the supported group.    

In addition to the social and economic characteristics of respondents, general 

items that related to the properties and their locations were collected.  This 

was carried out in order to investigate any relationships between settlement, 

property type and fuel poverty.   
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In terms of energy efficiency, the survey collected information on any 

independently undertaken repairs and improvements carried out on the 

properties over the period of previous five years. The state of repair of the 

home was deemed an important aspect of this research in establishing the 

baseline, from which assessment of the impacts associated with the Affordable 

Warmth retrofits could be undertaken.  Therefore, items on existing energy 

efficiency measures or the extent to which the property could be regarded as 

energy inefficient were included.  Under this umbrella of items, questions 

relating to the presence of mould, damp and condensation within the home 

were regarded essential.  Although these three items were subjectively 

measured as reported by the respondents, they were the factors that if 

present, were an indication of thermal properties of the dwelling being 

compromised.  Equally important was examination of householders’ 

perceptions of fuel poverty, heating affordability issues and energy 

expenditure prior to the installation of energy efficiency measures.  In order to 

assess these components, the survey included a number of questions on 

electricity and heating costs as well the type of heating, any additional sources 

used and payment methods.   

A subjective measure of fuel poverty (as outlined in Chapter 2), based on items 

characterising households’ deprivation and house condition, was incorporated 

in the survey.  The items related to fuel affordability and accumulation of debt 

due to high fuel costs, ability to maintain thermally comfortable living 

environment and presence of unsightly symptoms of living in energy inefficient 

home.  The data collected in this survey, through analyses of the physical 

attributes of the properties, was designed to establish to what extent the 

characteristics of the homes contributed to issues around energy 

unaffordability and explore further factors leading to households experiencing 

fuel poverty.   

This flexible approach to fuel poverty measurement was deemed appropriate 

for the purpose of this thesis as the researcher was unable to undertake 

physical inspections of the properties necessary for the implementation of the 

official definition and calculation of energy requirements within a given home.  
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A subjective measure, although not as rigorous as the objective counterpart, 

allowed respondents to estimate to what degree they themselves considered 

their homes to be inappropriately heated.  Hence, the focus within the pre-

retrofit survey was around thermal comfort and coping strategies.  In this 

respect, a number of questions were included in the survey to assess whether 

respondents were able to achieve a thermally comfortable living environment 

during colder periods, and if unable to do so due to financial constraints or high 

fuel costs, what behavioural adjustments and compromises were adopted to 

manage.  These variables were specifically designed to provide an insight into 

individuals’ perceptions of thermal comfort and attitudes towards warmth 

within the home.  Exploring gender and age differences regarding these 

aspects of the living environment was also of particular interest to this thesis 

to establish whether adoption of distinct heating strategies between groups 

was evident.  In addition, impacts of living in energy inefficient homes on 

wellbeing, social interactions and daily routines were examined through open 

ended questions that allowed participants to share their experiences and 

acknowledge what difficulties they incurred.   

The second stage of this research involved utilisation of the follow-up post-

retrofit survey.  The demographic profiling of the householders availing of the 

Affordable Warmth scheme was undertaken during the pre-retrofit survey 

when data relating to gender, age, employment status and income were 

initially collected.  These characteristics only required confirmation during the 

second phase of this research to ensure that the responses provided in the 

first instance as well as those gathered during the follow-up survey were given 

by the same household representative.  In addition, responses on the number 

of household members before and after implementation of energy efficiency 

measures were recorded.  Collecting detailed information regarding every 

household allowed the researcher to examine any changes in the households’ 

structure that may have occurred over the data collection period, as accurate 

data at the two time points was an important component of determining the 

extent of potential impacts of the retrofit.  Where any differences in 

circumstances were identified, appropriate adjustments to those variables 

directly associated with the number of individuals in the home were made.  
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This specifically related to energy consumption within the home, which can 

either decrease or increase substantially due to the changes within the 

household structure.   

In addition, for every household, the number of rooms utilised, tenure and 

monthly costs associated with home ownership or renting the property were 

recorded in order to allow for further analyses of housing costs and energy 

costs in relation to the overall household income.   

In order to provide a comprehensive and accurate profile of the households 

and to complement the demographic characteristics gathered throughout the 

data collection period, a number of details relating to the physical attributes of 

the properties were essential for this investigation.  As such, the researcher 

utilised data regarding the type and the location of every property to examine 

the physical characteristics and spatial attributes of the dwellings and their 

relationship to fuel poverty.  The acquired addresses were analysed based on 

the postcode, which enabled the researcher to distinguish between properties 

being located in the rural and urban areas.  In addition, although not originally 

reported on with the post-retrofit survey, size of the property was a key 

characteristic in the analyses of the physical characteristics of the dwellings 

and fuel poverty.  As the Land and Property Services (LPS) agency collect, 

manage and process various property and land characteristics and publish this 

information regarding every domestic property in NI, the researcher was able 

to obtain floor area for each property in the survey through a process of 

address matching.  Such property characteristics, including the number of 

rooms, are critical in establishing the extent to which households, who by 

definition were fuel poor or indicated that they have experienced energy 

affordability issues, were in such circumstances as a result of living in 

properties which may have higher energy demands due to the location of the 

property, its type and size.  Furthermore, given that these property 

characteristics remained unaltered over the short time period between 

surveys, the post-retrofit survey was able to capture behavioural changes in 

individual households upon the implementation of energy efficiency measures 

and their circumstances.  The issues for which such impacts would be 
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considered of the highest value and most significant for this thesis in potentially 

influencing fuel poverty, included the perception of thermal comfort, energy 

expenditure and affordability as well as changes in the physical attributes of 

the properties such as damp, condensation and other minor defects.  In 

addition, health and wellbeing impacts were regarded as important, as it has 

been well established that the living environment and in particular low indoor 

temperatures considerably affects the quality of life (Marmot Review Team, 

2011; Liddell and Guiney, 2015).  

In order to assess the extent of the impacts of energy retrofitting properties, 

the post survey captured information on the implemented measures under the 

Affordable Warmth.  As outlined in Chapter 3, the Scheme provides support to 

householders in the private sector through improving energy efficiency of 

properties with various measures being offered and tailored to individual 

needs.  Hence, establishing which measures were completed was crucial for 

analyses of the impacts associated with those upgrades.   

In terms of energy expenditure, the survey asked the participants to provide 

information on any energy related outgoings.  This referred to the primary and 

secondary heating as well as electricity, all of which were also captured before 

the home improvements were implemented and allowed the researcher to 

conduct analyses on the changes in energy expenditure approximately six 

months after the completion of the retrofit.  Capturing any changes in 

households’ energy costs was essential in assessing the extent of the financial 

impact of retrofitting on the household budget and the direction in which such 

change occurred.  Given that the issue of rebound effect (outlined in Chapter 

2) is evident in homes where energy efficiency measures are implemented, 

the researcher investigated if this transpired within the sample, by including 

items on the post-retrofit survey that related to energy costs as well as thermal 

comfort.  As the direct take back effect occurs in circumstances where 

properties were initially under heated due to poor quality of the dwellings 

themselves or as a result of households’ energy affordability issues (leading 

to lower than expected financial gains associated with home energy efficiency 

improvements), the post-retrofit survey aimed at addressing the extent of this 
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issue.  This was examined through utilisation of questions that allowed 

assessment of thermal comfort within the home alongside behavioural 

changes and heating practices after the retrofit.    

Post-retrofit analysis of energy expenditure for every household was based on 

the actual rather than required consumption.  Modelled figures are very difficult 

to obtain and would require the researcher to gain access to every property to 

conduct a thorough assessment of energy demands.  Given the financial and 

time constraints of this research, such course of action was not feasible, and 

the analyses were based on household data.  As the aim of the thesis was to 

capture any changes in the levels of fuel poverty as understood by the non-

conventional definition of lack of affordable warmth, self-reported responses 

from householders were used in relation to energy outgoings and affordability 

issues post-retrofit.  This allowed for the analysis of any direct differences in 

energy costs as well as an insight into householders’ perception of difficulties 

associated with meeting those particular needs.    

To measure health and wellbeing impacts, information was collected in both 

the pre and post surveys relating to physical health as well as wellbeing, which 

participants were asked to rate on a scale from one to ten.  This process was 

carried out before implementation of energy efficiency measures within the 

properties as well as upon completion, with the transition period for most of 

the householders spanning the four coldest months of the year, namely 

December through March or early spring period of 2020 (March – April).  As 

assessing health impacts of energy retrofitting is very challenging and requires 

insight into peoples’ behaviours, their medical histories and lengthy interviews, 

the focus of this research was not to assess direct causal links between such 

measures and health.  Rather, the goal was to determine to what extent 

changes in self-rated general health and wellbeing could be attributed to home 

improvements as perceived by the respondents themselves.  Hence, in 

addition to the questions concerning health and wellbeing, the post-retrofit 

survey adopted an item that required the participants to indicate if any 

perceived changes occurred between the two time points, and if so, whether 

these changes were attributable to the recent energy upgrades to their indoor 
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environments.  Although this approach of assessing health impacts is not 

considered an objective method in the scientific community, such a measure 

was incorporated to demonstrate the importance of energy efficiency 

retrofitting in safeguarding from external influences and to present evidence 

on the extent of adverse health and wellbeing consequences stemming from 

substandard indoor living environment.   

In addition to the financial, economic and health benefits of energy retrofitting 

properties, the post survey also investigated impacts in participants’ social 

environments.  As the existing body of evidence indicates, a home, in addition 

to shelter, can incorporate domains of attachment and cultivation of social 

relationships (Dupuis & Thorns, 1998).  Thus, this research set out to explore 

if these areas of life were affected by the implemented energy efficiency 

measures.  In order to determine if any changes occurred in the immediate 

environment, the researcher asked participants about daily routines pre- and 

post-retrofit.  The areas of the greatest interest included time spent at home, 

the ability to invite others to the home and the level of satisfaction with the 

property.  By incorporating these items in both surveys, the researcher set out 

to investigate whether energy efficiency improvements within the home had a 

measurable impact on the quality and the amount of time spent in the property.   

4.4.1.3 Study procedures 

The previous section of this chapter focused on detailing materials utilised in 

this research and listed a number of variables of interest along with justification 

for their selection.  This section provides a detailed description of the methods, 

by which the survey was conducted, the actions undertaken by the researcher 

to compile a sufficient sample of participants, and the processes of obtaining 

high quality responses from the householders.  In order to reach the 

householders availing of the Affordable Warmth scheme, which, as Chapter 3 

presented, was created for individuals in the private sector to assist in 

improving energy efficiency of the properties, the researcher began necessary 

preparations a year prior to commencement of data collection.  As the NIHE 

is the body that delivers the scheme alongside the 11 local councils in NI, an 

agreement with those organisations was reached, in which approval for 



174 
 

personal data sharing from householders would be sought by the surveyor 

during the technical inspection of the property.  In practice, this meant that the 

consent form created in collaboration with the NIHE, which outlined the details 

of the project and the necessary relevant information regarding voluntary 

participation, anonymity and confidentiality of the personal data, was 

presented to the householders.  If signed, this allowed the researcher to initiate 

direct communication with the potential participants to invite them to take part 

in the study.  The signed consent forms were collected on a regular basis from 

the Housing Centre (located in Belfast) and a total number of 297 

householders agreed to their personal contact details to be released to the 

researcher.  Once consent forms were handled by the researcher and a 

spreadsheet containing all of the householders’ details created, the process of 

contacting householders commenced.  The researcher contacted every 

individual over the telephone, as this contact detail was included in the data 

sharing agreement.  During the first conversation, the researcher introduced 

herself and explained in detail the purpose of the phone call.  The research 

project and its relevance to the householder was also outlined along with the 

ethical principles including anonymity, confidentiality, the right to withdraw and 

ability to contact the researcher with any concerns regarding research 

participation.  In addition, the researcher offered to answer any further 

questions or concerns that arose during the initial telephone conversation.  

Where difficulties in contacting householders occurred and led to non-

response, three attempts were made to ensure higher response rate.  

However, upon exhausting the full list of potential participants, a decision was 

made to undertake fourth and fifth telephone tries, where possible, in an effort 

to increase the number of participants.  Moreover, to maximise the number of 

respondents and to accommodate various preferences of participating in the 

retrofitting investigation, the researcher offered three methods of survey 

completion.  Initially, an online method was designed as this was considered 

to be the most favourable approach in collecting valuable information from the 

householders, however, over the course of data collection, it became evident 

that the method associated with the highest success rates was the telephone 

survey.  As opposed to both the online and the more traditional paper surveys, 

which were considered to be the most time efficient methods of collecting data, 
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the telephone approach was the lengthiest and required a greater amount of 

effort from the researcher.  Nonetheless, due to the personal nature of a 

telephone conversation, this technique was the most suitable, one that 

enabled in-depth sharing of households’ experiences required for this 

research, and which would not be captured in the same way through utilisation 

of the other methods.  Upon completion of the pre-retrofit survey, the 

researcher expressed an interest in conducting a follow-up telephone survey 

after six months from the initial conversation.  All of the householders who 

shared their experiences with the researcher prior to implementation of any 

energy efficiency improvements indicated that they would be willing to provide 

further information after the transition period. On this basis, the agreement was 

confirmed, and consent noted. 

With respect to the paper version of the utilised instrument, if participants 

indicated that this was the preferred method, the researcher distributed letters 

containing instructions of survey completion, aims of the project as well as the 

survey itself and information regarding ethical principles of the study.  The 

pack also included an addressed envelope and a stamp to return upon 

completion.  Another method of data collection the researcher intended to 

adopt was an online survey.  Smart Survey, a platform for creating digital 

surveys was identified as the most appropriate and effective solution in 

reaching the targeted sample of householders.  However, even though the 

online approach is highly utilised and recommended in a number of studies, 

this was quickly recognised by the researcher as the option that the 

participants in this survey cohort favoured the least.  Therefore, no responses 

were collected via this method.   

In total, 141 completed surveys were accumulated by the end of January 2020, 

out of which: 

• 140 were conducted via telephone 

• 1 was returned in paper form 

• 0 were completed online. 

In the interest of measuring impacts of energy retrofitting and establishing the 

extent of changes from implementation of energy efficiency measures, the 
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researcher engaged with all the households in the pre-retrofit survey 

approximately six months after the first telephone survey took place.  This 

ensured that the subsequent responses given by the participants after the 

retrofit were gathered following an acceptable length of time necessary for the 

householders to adjust to the presence of new measures in the home.  

Furthermore, incorporating wintertime throughout data collection was an 

important feature, as it is the period when achieving warmth within the home 

is of the highest priority for individuals and when most difficulties in doing so 

are encountered.  This meant that the researcher was able to ask the 

respondents about their circumstances and experiences of having the home 

improvements completed during the following spring (May – June 2020).   

The process of conducting the second round of telephone calls mirrored the 

procedures of the initial data collection.  In May 2020, the researcher began 

contacting all of the householders and reminded the participants about the 

consent given during the first conversation.  Prior to commencing the follow-

up survey, ethical principles and the right to withdraw were again outlined.  

Even though all participants initially agreed to share their experiences with the 

researcher after the adjustment period, a final consent for participation was 

confirmed to ensure that it remained unchanged.  Once all the essential 

requirements and concerns were cleared, the researcher was able to proceed 

with the telephone surveys, which depending on participants’ enthusiasm, 

lasted between fifteen and forty-five minutes.  Upon each survey completion, 

the researcher expressed her gratitude for respondent’s willingness to share 

their experiences and offered an opportunity for clarifying any outstanding 

concerns.  Concluding remarks were then made and the conversation brought 

to an end and all responses entered into the SPSS file for analysis purposes.  

In total, 99 surveys post-retrofit were completed.  All of the responses were 

matched to the householders’ answers given during initial pre-retrofit survey.   

Hence, the final figure represents the overall sample size of individuals who 

provided insights into their circumstance before as well as after 

implementation of energy efficiency measures.  Due to the expected attrition 

from the initial survey, this was the total sample achieved for both phases, 
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which from an analytical perspective enabled the assessment of post-retrofit 

changes.   

4.4.2 Case studies 

In addition to the secondary data (Section 4.3) and the Affordable Warmth 

surveys (Section 4.4.1), a further strand of investigation was deployed.  In that 

regard, case studies allowed for a complementary evidence base for this 

research and facilitated triangulation of sources.  The case studies were 

designed to qualitatively examine individuals’ experiences of having various 

energy efficiency measures implemented in their homes.  A total of eight 

households across two case studies, in two different locales in NI, namely 

Newry and Lisnaskea (Figure 4.3), participated in this research component. 

The former is in an urban location with the city of Newry having a population 

of 26,967, while the latter is a more rural village settlement with a population 

of 2,960, as reported by 2011 Census (NISRA, 2012). 

The selection of the case study design was based on a number of factors.  

Firstly, as energy retrofitting of existing dwellings is one of the solutions to 

alleviate fuel poverty, this element of the research design, in common with 

Affordable Warmth, was selected to allow for any changes in householders’ 

circumstances to be detected.  The longitudinal nature of the case studies 

enabled in-depth observations of individual households at different time points 

over an elongated period, thereby providing insights into household 

characteristics before as well as after energy upgrades leading to inferences 

regarding effectiveness of this approach taking account of climatic conditions 

over the study period.  Secondly, as fuel poverty is a multifaceted issue 

affecting different domains of individuals’ lives including social, economic and 

wellbeing, the case study design enabled the researcher to gather data that 

captured short as well as medium-term impacts upon the householders.   

Hence, the case study design provided an in-depth understanding of 

household experiences.  Thirdly and lastly, case studies are an ideal method 

of answering the types of questions that relate to why and how things occur 

(Teegavarapu and Summers, 2008), allowing the researcher to explore fuel 



178 
 

poverty, energy retrofitting and householders’ behavioural patterns from these 

perspectives.   

Even though incorporating case studies within research community has 

numerous advantages, adoption of this approach is not without criticisms.  The 

main disadvantage of conducting this type of qualitative study, as noted by 

Flick (2017), relates to generalisability of the findings.  As such, data gathered 

through interviews or case studies has been widely criticised as being 

restricted in its power to produce reliable and robust knowledge beyond the 

studied environment or sample population.  However, as external 

generalisability of qualitative results was not prioritised in this thesis, a case 

study design proved to be the most adequate approach in exploring somewhat 

sensitive issues regarding energy affordability and quality of the home.  In fact, 

the uniqueness of the findings was viewed as advantageous, as it 

demonstrated the breadth of experiences, and the extent of variability of fuel 

poverty and energy inefficiency impacts these individuals were confronted 

with.  Furthermore, understanding of the complexities surrounding these 

issues was enriched through in-depth interviews with those who experienced 

the struggles surrounding energy affordability first-hand.   

4.4.2.1 Sample size and criteria 

In terms of appropriateness of the sample and its size, a variety approaches 

can be adopted depending on the study suitability.  Within this thesis, the 

researcher employed a purposive sampling technique as outlined by Patton 

(2002), which allows for identification a suitable group of information-rich 

individuals.  Thus, decision making in relation to selecting individuals to 

participate in the case studies was based on the premise that the identified 

householders would provide insights into their own experiences, which they 

were exceptionally knowledgeable about.  This meant that determining who 

would be most suitable for the study rested on the researcher’s judgment.  

Nonetheless, two essential criteria for participation were required, firstly 

householders’ acknowledgment of the struggles associated with energy 

affordability, and secondly, participation in a retrofitting intervention. An 

additional, although not essential criterion adopted for study participation, was 
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the location of the properties.  In that respect, the researcher undertook the 

longitudinal case studies in two locations comprising five households in Newry 

and six households in Lisnaskea, whose properties were subjected to various 

degrees of energy retrofits during the period that this research was 

undertaken.  Securing an overall sample of eight households willing to share 

their experiences and personal circumstances has provided this research with 

a further, rich line of evidence, given the difficulties surrounding recruitment of 

respondents for repeated and intensive interviews.  As Palinkas et al. (2015) 

noted, qualitative methods as opposed to the quantitative approaches, do not 

require large sample sizes, as their purpose is to further the knowledge and 

understanding of a phenomenon under study which relates to a fairly 

homogenous sample.   Homogeneity in the sample for this thesis was 

preferable, as it reduced the selection process to those individuals who 

experienced energy retrofitting.   

4.4.2.2 Newry 

A terraced row of five structurally similar properties in Newry was selected as 

the longitudinal case study for an urban location in NI.  To provide context, all 

of the occupants residing in these homes reported to the NIHE, the housing 

authority responsible for tenancies and maintenance of the social housing 

stock in NI.  Specifically, the householders disclosed that they incurred 

difficulties in meeting their energy needs due to financial struggles and the 

properties being energy inefficient and located in an elevated, exposed 

location, exacerbating their already precarious circumstances.  The NIHE 

funded improvements of these properties through its capital budget, with 

Bryson Energy (the energy agency described in Chapter 3) contributing to one 

dwelling that was privately owned.  The main objectives of what was 

considered by NIHE to be a pilot project, were to find a cost-effective retrofit 

solution that could be replicated in other properties and to significantly improve 

the circumstances of the occupants by increasing thermal comfort in the 

properties thus reducing the risk of fuel poverty.  The NIHE with Bryson Energy 

decided to tailor the improvements to maximise the potential benefits from 

implementing specific retrofitting measures.  Hence, a ‘fabric first’ approach 

was adopted that focused on the physical properties of the homes to increase 
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levels of airtightness.  This meant that each property had varying thickness of 

external wall insulation, new double or triple glazed windows and additional 

innovative products that further increased energy efficiency of the homes.  To 

complement the structural improvements, a number of technological 

measures were implemented that allowed for performance monitoring upon 

the project completion.  These included whole-house ventilation systems, 

where possible installation of renewable PV and solar hot water panels and 

smart meters.  The latter were integrated in the properties to record heating 

patterns and to collect internal temperatures of humidity levels data.  

Collectively, implementation of various energy efficiency measures and 

accompanying technology served as means to improve occupants’ 

circumstances.  However, as this was an extensive retrofit project, also known 

as the whole-house solution, where involvement of a number of organisations 

and outsourced contractors was necessary, it also required the householders 

to move out of their homes for the duration of the work.  This, in general, is 

regarded as an unconventional approach to retrofitting properties, 

nonetheless, due to the scale of this project, it was necessary for the 

occupants to do so, all of which agreed to for approximately four months in the 

summer of 2018 (June – September).  Once the householders returned to their 

properties, the researcher was able to begin the process of participants’ 

recruitment and data collection.   

4.4.2.2.1 Interviews and procedures 

This section outlines the interview approach adopted in the research including 

the materials and procedures to qualitatively gather data relating to 

householders’ energy affordability issues and personal circumstances prior to 

as well as post-retrofit.  It also offers a description of the specific method 

selected to produce high quality, extensive and information-rich data.  

Furthermore, this section provides the framework that was also implemented 

in Lisnaskea, a rural case study, where six properties were identified and 

selected for an extensive retrofit (detailed in Section 4.4.2.3).   Details of the 

undertaken interviews are presented in Table 4.7. 
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Table 4.7 Schedule of the interviews with Newry households10 

Household  Interview 1 Interview 2 Interview 3 Interview 4 

Household 1 31.07.2019 N/A N/A N/A 

Household 2 04.03.2019 29.10.2019 N/A 25.03.2021 

Household 3 13.03.2019 04.11.2019 08.05.2020 26.03.2021 

Household 4 28.03.2019 11.11.2019 08.05.2020 29.03.2021 

 

In order to conduct interviews with the householder in Newry, the researcher 

was required to gain permission from the occupants of the five properties to 

initiate direct contact.  Aligned with the technique employed in consent 

gathering in the Affordable Warmth part of the research, a form designed in 

collaboration with the NIHE (Appendix 1) was distributed by a member of the 

technical team overseeing the Newry Retrofit project.  If signed, it allowed the 

researcher to contact each individual householder via provided telephone 

numbers, thereby enabling the researcher to outline the scope of the research 

along with ethical principles that were to be adhered to.  Furthermore, over the 

course of the initial conversation it was emphasised that the householders 

were specifically selected as they had the knowledge and experience of 

participation in a retrofitting project, which was of great interest to the 

researcher.  The initial round of telephone conversations culminated in four 

occupants agreeing to be interviewed between March 2018 and March 2021, 

all these interviews were post-retrofitting.  Nonetheless, consent to participate 

was sought from each participant during every stage, to ensure that attitudes 

towards participation remained unchanged.  This aspect of research focused 

upon behavioural and social practices of the occupants prior to and post 

retrofits and included qualitative, in-depth accounts of individuals’ personal 

experiences.  

In terms of the materials used, open-ended, semi-structured interviews, as 

recommended by Miles and Huberman (1994), were deemed the most 

appropriate to engage the participants in sharing their experiences and to 

ensure a straightforward and an uncomplicated process that does not 

discourage further participation.  To facilitate the interview process, indicative 

 
10 Interviews were strategically scheduled to incorporate the coldest time of the year 
(December – February) for comparisons with warmer periods (March – November) 
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questions were designed and approved by the researcher’s supervisory team 

and the NIHE, prior to the conduct of the interviews.  The questions were 

grouped into broader themes of energy efficiency, budgeting choices, thermal 

comfort, daily management routine and health issues.  In the case of Newry, 

as the householders were initially approached upon completion of the 

retrofitting project, necessary adjustment were made to the interview 

questions to reflect household circumstances before the retrofit took place.  

This retrospective element of interviewing incorporated questions consistent 

with the themes outlined and served as a baseline for subsequent interviews.  

Overall, the questions were designed in such a way, so that any behavioural, 

financial, social, health and other unspecified changes, which may have 

occurred as a result of the implemented measures, could be captured.  Full 

set of questions is available in Appendices 4 and 5.  These guides were utilised 

over the course of study duration and used as a prompt during the interviews.   

The first set of interviews were arranged to take place in participants’ homes 

in March 2019.  Visiting householders in their homes was a decision made 

during study design stage and discussed with the NIHE members.  This 

ensured that those who agreed to participate in recorded interviews, and 

allowed probing into their personal experiences, were in a comfortable and 

familiar environment that potentially encouraged information sharing, as 

recommended by Creswell et al. (2007).  Furthermore, this course of action 

eliminated the process of locating a suitable place where participants would 

feel relaxed and at ease to participate and allowed the researcher to conduct 

observations in their natural settings that externally scheduled interviews lack.     

During the initial telephone conversation and immediately prior to the 

interviews, the researcher explained to all householders that their participation 

was voluntary and that they were not pressured or coerced to do so.  

Supplementary paperwork including consent form (Appendix 6) and 

information sheet (Appendix 7) were supplied and interviewees were required 

to provide their signatures on the former in order for the interview to take place.  

Two copies of the signed consent form were obtained, of which, one was 

returned to the participating householder and the other retained by the 
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researcher to be placed in the project file.  The information sheet provided 

details regarding the undertaken project along with ethical principles of 

anonymity and confidentiality and the right to withdraw from the study.  

Instructions and procedures were also incorporated so that householders were 

able to familiarise themselves with the study along with contact details to 

housing and civic organisations throughout NI.  Any concerns and questions 

that participants wanted to address prior to the interview were also responded 

to.  During the initial meeting, the researcher sought participants’ permission 

to audio record the full interaction for future analyses, which all four did not 

hesitate to give.  Recording interviews as noted by Bryman and Bell (2007) is 

beneficial to the overall research for a number of reasons.  Firstly, it is not 

possible for the interviewers to immerse themselves in the conversations with 

their participants, unless they themselves are at ease and not under pressure 

of noting everything as they go along.  A relaxed dialogue between the 

participant and the interviewee is a key element in a successful interview.  

Secondly, audio recording overcomes memory limitations of the interviewer 

and facilitates provision of valid accounts of experiences as disclosed by the 

participants.  Thirdly, and lastly, the recording serves as a means for creating 

essential quotes that are required when undertaking qualitative data analysis 

and provide supporting evidence for the claims made.   

The interview began with the researcher asking general questions about the 

household profile, length of time lived in the home and property details.  This 

information allowed for compilation of demographic characteristics of the 

occupants and provided baseline for subsequent interviews.  As this 

introductory probing served a purpose of gathering essential details about the 

occupants, it also created a relaxed atmosphere and reduced any initial 

tensions that the householders’ may have developed towards being audio 

recorded (Castillo-Montoya, 2016).  The first set of questions was also crucial 

in creating a form of bond and building trust between the interviewer and 

interviewee (McGrath et al., 2019).  Once participants felt at ease, they did not 

feel apprehensive about disclosing information in connection to energy 

affordability issues they experienced and the state of repair of the home before 

the retrofit.  In relation to householders’ circumstances before the implemented 
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measures, they were also asked to reflect on their previous ability to achieve 

a thermally comfortable living environment and difficulties they encountered 

attempting to do so.  During the first interview the occupants were probed 

about the process of the retrofit itself and their overall experience of their 

homes being subjected to major renovations.  Finally, the researcher was 

eager to question the householders about any changes in their circumstances 

upon completion of the retrofit within the financial, social, behavioural, thermal 

comfort and wellbeing domains.   

Over the course of the interview, participants were given as much time to 

answer the questions as they required.  The aim of the interview, which was 

evidently achieved at the end of the initial set, was to allow the participants to 

speak freely about their own experiences and to create an informal and 

relaxed atmosphere where the disclosure could take place.  Hence, the 

schedule developed by the researcher was used to facilitate the interview 

process and to ensure the right direction of the conversation, rather than being 

a rigid guide for information gathering.  Once the interviews were completed, 

the researcher offered participants an opportunity to disclose any details that 

could have been omitted during the conversations and if any additional 

remarks were made, they were acknowledged and incorporated in the 

transcripts and qualitative data analyses.  Although the length of each 

interview varied, forty minutes was a sufficient amount of time allocated for 

every householder.   

Subsequent interviews with the four householders were conducted in line with 

the schedule presented in Table 4.1.  The procedural steps taken during the 

follow-up interviews and the structure of the interview guide mirrored the 

processes involved in the previous set, however the duration of the interview 

was considerably shorter. Up to twenty minutes was required for each 

interviewee, which was sufficient in establishing and detecting any changes 

that occurred in personal circumstances and behavioural patterns of the 

occupants of newly retrofitted properties.   
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4.4.2.3 Lisnaskea 

Six properties for the longitudinal case studies are located in Lisnaskea, a rural 

settlement in the southwest of NI.  They were identified as part of HandiHeat, 

a North European Energy Efficiency project funded by the European Union, 

and in NI led by the NIHE.  The main objective of Handiheat, which 

commenced in October 2018, was to improve energy efficiency and identify 

renewable energy solutions for individuals and communities residing in remote 

areas.  Furthermore, it was designed to safeguard individuals from energy 

price fluctuations and to improve social wellbeing and quality of life of those 

who live in sparsely populated areas across northern Europe.   As NI is a 

European region where reliance on oil for home heating is extremely high and 

where fuel poverty levels are highly influenced by fossil fuel dependency 

(detailed in Chapter 5), the HandiHeat project provided an excellent 

opportunity for the NIHE to develop solutions for alleviating this issue in the 

region.  Given that collaboration established by the researcher with the NIHE, 

agreement and support was granted to conduct a further case study in 

Lisnaskea and to undertake a series of interviews with the identified 

householders.   

The occupants of the properties in Lisnaskea were selected based on their low 

income and residing in homes owned by the NIHE.  Although fuel poverty was 

not assessed as defined by any official measures, it was apparent that the 

householders incurred financial difficulties due to high energy costs and lived 

in energy inefficient properties.  Integral to Handiheat, the identified dwellings 

were subjected to an energy retrofit that included cavity wall insulation 

replacement, as detected during the technical assessment of the property, 

new external doors and double-glazed windows sealed with approved air tape.  

Additionally, smart technology measures such as Climote time clock were 

implemented that allowed for control and management of the new heating 

systems.  With respect to the heating systems, as each property had initially 

an old conventional oil boiler, a new low carbon heating solution was installed.  

The project implemented a combination of hybrid and low carbon heating 

solutions, air source heat pumps, solar photovoltaic and energy storage 

solutions.  Similar to the Newry retrofit project, upgrades and various energy 
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efficiency improvements were carried out to improve circumstances of 

residents and to alleviate fuel poverty.  As the researcher’s involvement in this 

project was secured in the initial stages and prior to implementation of the 

outlined measures, it was possible to follow each household over the course 

of the entire project including one pre-retrofit interview and a post-retrofit 

follow-up.  Ultimately however, four households took part in the research. 

4.4.2.2.2 Interviews and procedures 

Given that the procedural framework for conducting interviews with the 

householders in Lisnaskea mirrorred that adopted with the Newry residents 

and detailed in section 4.4.2.2.1, this section focuses on any the distinct 

aspects of the HandiHeat project.  Details of the undertaken interviews are 

presented in Table 4.8. 

Table 4.8 Schedule of the interviews with Lisnaksea households 

Household  Interview 1 Interview 2 

Household 1 13.11.2019 21.04.2021 

Household 2 26.11.2019 23.04.2021 

Household 3 26.11.2019 23.04.2021 

Household 4 26.03.2021 N/A 

 

In order to conduct interviews with residents in Lisnaskea, the researcher was 

obliged to seek permission from the occupants of the six properties to 

participate in the research project.  In order to do so, an introductory meeting 

was arranged between the householders and two NIHE employees, to which 

the researcher was also invited.  Aligned with previous consent available in 

Appendix 1, a form designed by the researcher and the NIHE was distributed 

to the residents, which when signed, allowed the researcher to initiate direct 

communication with the four householders.  Immediately after all the consent 

forms were secured, the researcher requested contact details to be released 

and began arranging the interviews.   

The protocol for conducting the interviews, supporting materials and the 

questions asked throughout were not altered from the original documentation 

developed for the Newry case study.  This consistency in approach was 

intentional as it allowed the researcher to collect the same type of information 
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from a different set of individuals.  This in turn, enabled a comparison of 

experiences of occupants residing in structurally different homes and living in 

distinct locations in NI.   

The first set of interviews took place in participants’ homes in November 2019.  

As with the Newry interviews, they were all audio recorded and transcribed 

upon completion.  Similarly, participants were presented with supporting 

documentation that was necessary for undertaking the research project 

(Appendices 6 and 7).  During the first interview, each participant was asked 

to disclose information about their personal circumstances, issues regarding 

energy affordability and the property itself.  With respect to the length of time 

required, thirty minutes was sufficient for the researcher to gather in-depth 

accounts from all of the respondents.  They were concluded by allowing all 

participants to reflect on what was shared and to provide an opportunity for 

clarification of any outstanding concerns regarding the project.   

Subsequent interviews were once again undertaken in line with the 

established protocol, and they took place over the telephone due to Covid-19 

restrictions on movement and in line with the schedule interview in Table 4.2.  

The length of time of the second interviews in April 2021 was considerably 

longer than the first (circa 45 minutes duration), as it was designed to probe 

the householders about their experiences of the retrofit as well as to ask the 

participants about any changes in their circumstances upon implementation of 

energy upgrades.  The areas of interest where impacts could be detected and 

of particular relevance to this thesis were social, financial, wellbeing and 

behavioural.  These provided an opportunity for the participants as well as the 

researcher to engage in a mutual interaction to discover and investigate any 

areas of satisfaction or perhaps aspects of energy retrofitting where 

improvements could not be detected.       

4.5 Analytical techniques 

As outlined in previous sections of this chapter, the research adopted a 

methodologically mixed approach due to complexity of the issues under 

investigation.  Therefore, a variety of quantitative and qualitative data were 

gathered throughout the project, which required employment of appropriate 
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analytical approaches to address the objectives of this thesis.  This section 

provides a detailed summary of how data were handled and outlines the 

techniques selected.   

4.5.1 Quantitative data analysis  

In order to understand quantitative secondary and primary data the researcher 

was required to immerse herself in the large volume of acquired information.  

With respect to 2011 and 2016 HCSs, the additional challenge pertained to 

data being outsourced and there was a lack of involvement in the collection 

processes, therefore, in-depth familiarisation with the data was required.  As 

opposed to secondary datasets, the primary data required considerably less 

amount of effort as the process of collection and variable manipulation was 

managed by the researcher from the outset.  Nonetheless, a systematic 

process of organising and identifying variables of interest was required for all 

quantitatively characterised datasets. 

4.5.1.1 Descriptive statistics 

Descriptive statistics describe the main features of quantitative data (Dietz and 

Kalof, 2009).  They are meaningful measures of summarising data which 

enable observation of patterns and initial interpretations of emerging 

knowledge.  However, descriptive statistics are not designed to allow 

inferences and conclusions, they merely provide an uncomplicated means of 

understanding what the dataset contains.  Measures of central tendency and 

spread were the main data features calculated for the variables of interest.  

These statistics described the data in terms of the central position of the scores 

and their overall spread in relation to these central points.  Therefore, means, 

modes, medians, ranges, variances and standard deviations were calculated 

for all of the variables of interest (as appropriate).  Furthermore, the distribution 

of the data was reflected in the shape of the histogram in order to provider a 

visual representation of how the scores on any given variable are dispersed.  

Initial examination of all the quantitative data also involved identification of 

outliers, missing values and transformation of variables, where necessary.   
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4.5.1.2 Inferential statistics 

Inferential statistics are the techniques adopted in the scientific community in 

order to test the available dataset with the view of making inferences about the 

wider population (Howell, 2007).  A variety of statistical methods is available 

for hypothesis testing that allow different aspects of the data to be investigated. 

Throughout this thesis, relationship and differences between mean sets of 

scores for the variables of interest were examined.  With regards to the 

correlational analyses, these were undertaken to test associations between 

fuel poverty indices against demographic and property characteristics.  Such 

actions, for example, were previously taken by Best and Sinha (2021) and 

Basagni and Borgarello (2019) and were a source of crucial information on the 

various dimensions of fuel poverty in different contexts.  Thus, this research 

applied the correlational techniques to test these relationships in the NI 

sample.  This course of action assisted with the progress validating claims 

made by other researchers, or in some instances, contributed to highlighting 

the region-specific differences of fuel poverty in NI.   

Concerning the investigation of differences, independent t-tests as well non-

parametric counterparts were calculated between variables of interest.  More 

specifically, fuel and non-fuel poor households were compared on a number 

of variables, such as incomes, property condition, presence of energy 

efficiency measures in the property, and energy costs (Chapter 5).  In that 

regard, this research builds upon Mould et al. (2014) and Tabata and Tsai 

(2020), who adopted similar approaches in statistical testing and were 

concerned with the understanding of the differences behind fuel poverty as 

experienced by affected households.   

In order to conduct these extensive analyses of household characteristics, fuel 

poverty, retrofitting options and associated impacts, several assumption tests 

were required to avoid obtaining incorrect and unreliable results.  In this 

regard, each statistical technique required a specific set of data assumptions 

to be considered prior to testing taking place.  These included: 

• level of measurement, 

• normality of data distribution, 
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• linearity, 

• absence of outliers, and 

• homogeneity of variance. 

4.5.1.2.1 Regression modelling 

A binomial logistic regression was selected to estimate the probability that a 

household was in or not in fuel poverty, based on a set of continuous and 

categorical variables, and was specifically aimed at determining the probability 

of a household to be in fuel poverty in 2011 and 2016.  This type of statistical 

technique is more suitable than other multivariate analyses given its flexibility 

in terms of underlying assumptions and the use of a binary outcome variable 

(Tabachnick and Fidell, 2019).  Although less stringent than other types, 

logistic regression dictates that there is large enough dataset to produce 

robust results and there are several criteria assigned to predictor and outcome 

variables, satisfaction of which is essential to ensure the best possible 

analysis. 

In order to generate comparable models for fuel poverty in both years, those 

variables available from both the respective NIHCs were incorporated in the 

regression models.  This provided a core group of predictors relating to 

demographic characteristics as well as energy performance as listed below:  

• gender of the HRP (household representative person) 

• age of the HRP 

• household income 

• household type 

• household size 

• settlement type 

• property construction date 

• tenure 

• energy efficiency rating (SAP09 recoded into bands for 2011 model and 

SAP2012 recoded into bands for 2016 model) 

• fuel expenditure 

• energy efficiency measures (for 2016 modelling) 
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Logistic regression analysis has the advantage of predicting individuals group 

membership based on a set of predictor variables (Howell, 2007), and in the 

context of fuel poverty, as illustrated by Belaid (2018), this method can result 

in identification of a distinct fuel poor household profile.  In addition, it is a 

powerful tool that allows for entering of multiple explanatory variables 

simultaneously whilst accounting for confounding factors (Tabachnick and 

Fidell, 2019).  In order for the data to fit the model precisely, a number of 

assumptions for the variables in the model are specified.  In particular, the 

dependent variable must be characterised by a binary and mutually exclusive 

outcome, which is referred to as independence of observations (Howell, 2007).  

With regards to this research, each household is classified as either being in 

or not in fuel poverty.  Therefore, the independence of observations for the 

outcome variable was satisfied. 

In terms of the predictor variables, Tabachnick and Fidell (2019) outline a set 

of assumptions for implementing a binomial logistic regression analysis, one 

of which requires continuous independent variables to be linearly related to 

the logit transformation of the outcome variable.  In order to test this, a Box-

Tidwell approach was adopted, whereby the interaction term between the 

predictor variable and its natural log is added to the regression model.  

Linearity is thereafter determined by interpretation of statistical significance of 

this interaction, meaning that the assumption is violated if the probability value 

is less than the assigned threshold (usually 0.05).  When this occurs, the 

continuous independent variable is subject to arithmetical transformation and 

linearity assessment method is repeated.    

Multicollinearity, a consequence of entering predictor variables in a logistic 

regression that are correlated with each other, can pose a serious threat to the 

validity of the model.  In that respect, where a relationship between 

independent variables is detected, inaccurate interpretation of the predictors 

in the variance of the outcome variable is a possibility.  This, as Tabachnick 

and Fidell (2019) note, is indicated by the presence of large standard errors 

as well as inflated regression estimates.  Furthermore, the authors recommend 

multicollinearity among independent variables to be assessed through 
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inspection of tolerance values, which are the values associated with each 

predictor in the model independently of other explanatory variables.  When 

tolerance statistic is examined, Menard (2010) recommend 0.2 as a cut-off 

value, with those above this threshold indicating low levels of collinearity 

between variables.   

The variance inflation factor (VIF) is another method of assessing collinearity 

between explanatory variables.  In regression modelling, this statistic 

estimates how much the variance of a coefficient is inflated as a result of linear 

relationship among the predictor variables.  When detected, multicollinearity is 

a concern, as it interferes with accurate inferences regarding contributions of 

the explanatory variables and may hinder reliability of the model.  Similarly, to 

tolerance statistic, a commonly accepted range of values determines the 

extent of multicollinearity, with values around 1 being unproblematic and 

values of 10, a cause for concern, however, in some instances, VIF values 

above 2.5 can be indicative of multicollinearity (Senaviratna and Cooray, 

2019). 

Tolerance and the VIF collinearity diagnostics are not readily available for the 

logistic regression modelling in the statistical software packages as opposed 

to this being an option for the linear regressions.  Nonetheless, Menard (2010) 

suggests that these procedures can be performed if the variables are entered 

into a linear regression model for the purpose of interpreting the relationship 

among the selected explanatory variables.   

Other methods for assessing multicollinearity are the chi-square-based 

measures of the strength of association between categorical variables, namely 

Cramer’s V statistic and Phi coefficient (only used for 2 by 2 tables).  The 

coefficients for both statistics range from 0 to 1 (perfect association) and a 

value of these greater than 0.31 suggests strong correlation (Marchant-

Shapiro, 2015).    

The number of predictor variables entered into a logistic regression model is 

restricted by sample size.  This means that it may be problematic if the ratio of 

cases to the number of predictor variables is insufficient to perform this type 
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of analysis, this can lead to inflated parameter estimates and standard errors 

(Tabachnick and Fidell, 2019).  In addition, it is important to observe 

frequencies for each level of the categorical variables as logistic regression is 

sensitive to data sparseness, nonetheless, to prevent incorporating cells with 

low counts, categories within the offending variables can be collapsed or 

removed altogether.  In order to determine power and to estimate required 

sample size for the logistic regression, G*Power programme was used prior to 

analysis.      

A logistic regression is sensitive to presence of variables with extreme scores, 

which can reduce the predictive accuracy.  Outlying variables are detected 

using casewise diagnostics cases with standardized residuals higher than 2 

standard deviations are inspected.  Once identified, a determination is made 

on removal of the offending variables from the model. 

4.5.1.4 Analytical software 

All quantitative data collected throughout the research was analysed using 

appropriate techniques through the use of SPSS version 25, the statistical 

software package, licensed by Ulster University.    

4.5.2 Qualitative data analysis 

As well as quantitative datasets, qualitative data collected as part of this thesis 

were subjected to a series of analytical procedures.  This section details the 

steps taken to identify patterns emerging from the extensive textual accounts 

of participants experiences of fuel poverty and energy retrofitting and to draw 

conclusions regarding these complex issues. Given that Mould and Baker 

(2017) previously documented experiences of fuel poor households with the 

use of qualitative analytical techniques, this research further explored the 

diversity of households’ experiences and underlying factors. 

Qualitative data is characterised by large volumes of non-numerical data.  

Throughout this research forty semi-structured interviews were undertaken 

which were subsequently transcribed and annotated with any observed non-

verbal cues that audio recording was unable to register.  Following on from 

this, a number of analytical approaches were considered, and given the type 
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and the extent of the collected material, qualitative content analysis techniques 

as outlined by Miles and Huberman (1994) were employed.   

Content analysis of qualitative data was the most suitable method, as it 

allowed the researcher to gain a deeper understanding of the issues under 

study as experienced by the participants themselves.  The process of 

qualitative content analysis began with reading the transcripts, a fundamental 

component that required immersing in the text to enable the process of 

recognition of meaningful portions of the transcripts.  Once the researcher was 

familiarised with the texts, the textual material had to be coded, which refers 

to process of labelling and organising data in a meaningful way so that different 

themes could be identified (Miles and Huberman, 1994).  Coding emerging 

concepts, although not a precise science, summarises and condenses data, 

which facilitates the process of identifying repetitive patterns, subsequently 

categorised and further simplified.  Recurrent themes and subthemes were 

discussed with the researcher’s supervisory team, which led to consensus 

regarding those that accurately reflected participants’ views and experiences.  

The identified concepts that emerged from the original textual material were 

subsequently interpreted and key issues discussed as part of the qualitative 

data analysis.  Verbatim quotes were also provided to support claims made by 

the researcher.  The findings of the qualitative data analyses of case study 

interviews and which enhance understanding of issues associated with fuel 

poverty and energy retrofitting are presented in Chapter 7. 

4.6 Conclusions 

This chapter provided an extensive review of the methodological designs 

adopted in this thesis along with a detailed justification for the selected 

approaches.  As the considered approaches are linked to theoretical 

paradigms, they also required an in-depth examination to understand which 

set of underlying assumptions most accurately corresponds with the issues 

under investigation.  Indeed, pragmatism was identified as the worldview that 

allowed adoption of ‘what works’ approach of examining the complexities of 

fuel poverty and retrofitting solutions in the real world, and also accepting that 

objectivity and subjectivity in scientific inquiry are equally valuable and 
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meaningful.  Following from this a range of methods and techniques within the 

methodologically mixed design were considered, giving the researcher the 

opportunity to select the quantitative and qualitative methods to develop a 

greater understanding of fuel poverty, its antecedents and outcomes and to 

investigate the impacts associated with the main solution to this problem, 

namely energy retrofitting.   

A mixture of quantitative and qualitative, although two distinct approaches to 

studying the phenomenon, facilitated the process of triangulation, whereby 

sources are combined in a way that they complement each other and address 

different, equally important, aspects of the problem.  Therefore, the chapter 

highlights that fuel poverty is a multidimensional issue requiring a triangulation 

strategy in the interest of addressing the various issues associated with energy 

affordability and home retrofitting.  With that view, a combination of numerical 

as well as experiential data was deemed the most appropriate, and in order to 

have sufficient volumes of both types, this chapter also outlined the methods 

available for the researcher along with the techniques adopted.  In that 

respect, sources of quantitative data derived from secondary databases and 

collected through the use of surveys provided the basis for detailed analysis 

and similarly, qualitative data sourced from participating householders.  

Furthermore, this chapter illustrated how antecedents or risk factors along with 

outcomes, both of which incorporate financial struggles, energy inefficient 

housing and individual coping strategies, were captured, and subsequently 

qualitatively explored in search for patterns, trends and distinct features of 

energy vulnerability.   

Finally, this chapter outlined analytical techniques employed in the subsequent 

chapters of this thesis.  Given that adoption of a mixed method approach 

resulted in quantitative and qualitative data, consideration was given to a 

variety of options and those that directly addressed the objectives of this thesis 

were selected and justification for incorporated correspondingly.   

The methodological assumptions and data sources along with analytical 

techniques presented in this chapter provided a basis for undertaking analyses 

of the information-rich knowledge assembled in the course of this research.  
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Drawing upon the methods contained within this chapter, the following 

chapters of the thesis (Chapters 5, 6 and 7), are dedicated to analyses of the 

various datasets to provide informed insights on fuel poverty and the role of 

retrofitting strategies and policies.
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CHAPTER FIVE – HOUSING CONDITION, RETROFITTING AND FUEL 

POVERTY: EVIDENCE FROM NORTHERN IRELAND HOUSE CONDITION 

SURVEYS 

 

5.1 Introduction 

The preceding chapters of this thesis provided an overview of fuel poverty from 

a theoretical perspective and outlined the practical solutions and interventions 

currently implemented across various nations in attempts to alleviate this 

problem.  More specifically, Chapter 2 focused on the definitional and 

measurement issues associated with fuel poverty and subsequently explored 

several determinants for this complex phenomenon.  As well as social 

antecedents, building characteristics were identified as fuel poverty 

contributory factors, all leading to a range of negative consequences.  Chapter 

3 focused on policy related issues, identifying and assessing government-led 

policies and strategies aimed at reducing fuel poverty levels including energy 

retrofitting solutions.  Collectively, these chapters provided the contextual 

underpinnings for this research and informed the methodological approaches 

adopted for investigating fuel poverty and its principal issues.  In Chapter 4, a 

detailed overview of data sources, collection techniques and types of analyses 

within the mixed methods design was presented.  The chapter also highlighted 

that to advance current knowledge and understanding of fuel poverty, the 

research required triangulation strategy, where data sources and analytical 

techniques were combined to address households’ experiences of fuel poverty 

and energy retrofitting from different perspectives.  Hence, this chapter 

comprises the first of three empirical components of fuel poverty investigation.  

The positioning of this chapter is illustrated in Figure 5.1. 
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Figure 5.1 Structural context of Chapter Five 

 

Specifically, Chapter 5 begins the extensive analytical process of identifying 

statistical patterns of fuel poverty in NI as well as associated factors, and as 

such addresses, in part, the following objectives of this thesis: 

• Objective 3: to analyse the extent of fuel poverty in Northern Ireland 

and influencing factors, 

• Objective 4: to analyse behavioural and attitudinal perspectives prior to 

and post retrofits,  

• Objective 5: to assess the impact of retrofitting options and their 

potential to reduce levels of fuel poverty. 

In order to fulfil the outlined objectives, this chapter focuses on the analysis of 

the house condition databases available for NI, sourced from the UK Data 

Archive.  In particular, this chapter focuses on the 2011 and 2016 Northern 

Ireland House Condition Survey (NIHCS) datasets exploring in a longitudinal 
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perspective fuel poverty, housing stock and energy efficiency over the course 

of five years.  The chapter begins with a comparison of the housing stock 

between 2011 and 2016 using key variables from the NIHCSs (Section 5.2).  

Thereafter, Section 5.3 examines the types of energy retrofitting measures 

undertaken in those properties that were specifically identified as the re-

sampled fraction of the two datasets in question.   

Section 5.4 analyses the social and household characteristics, as fuel poverty 

is by definition embedded in a range of demographic components, which are 

crucial in understanding how energy affordability can affect different groups.   

Section 5.5 subsequently analyses fuel poverty variations between the two 

surveys, focusing upon whether the observed changes occurred due to energy 

retrofitting and heating system upgrades, changes in fuel costs and/or income 

levels.  Historic and regional climatic data was utilised in order to identify long-

term trends and any short-to-medium term fluctuations between 2011 and 

2016 that may impact directly on energy requirements and indirectly on fuel 

poverty.   

The focus of the following Section 5.6 is to construct comparable fuel poverty 

models which determine the probability of being in fuel poverty based on the 

available data for 2011 and 2016.  Binomial logistic regressions are performed 

to ascertain which explanatory variables contribute to households 

experiencing fuel poverty. 

Section 5.7 draws the findings together from the statistical analyses of the 

NIHCSs and presents a set of conclusions on fuel poverty trends drawn from 

secondary data.   This section also presents inferences with respect to the role 

of energy retrofitting in alleviating fuel poverty, which in combination with the 

policy issues outlined in Chapter 3, informs the discourse of Chapter 6.  
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5.2 Housing stock 

This section examines the characteristics of the housing stock in NI using the 

key variables available in the 2011 and 2016 NIHCSs.  The condition of 

dwellings, state of repair and fitness, type and age of construction as well as 

energy efficiency are among the physical aspects of the properties that are 

inspected at regular intervals and thus of interest to this investigation.  More 

specifically, a revised dataset of 950 properties and their respective 

households, containing evidence from both 2011 and 2016 surveys, was 

created to allow for these in-depth analyses (detailed in Chapter 4).   

5.2.1 Settlement type 

Examination of the geographical coverage of the data across NI was 

undertaken to investigate the spread and spatial distribution of the 950 

properties that were common to both years (2011 and 2016).  Within the broad 

urban-rural split, a detailed distribution of the housing stock is available based 

on a NISRA settlement classification of eight separate bands, which relate to 

the number of inhabitants and access to services.  In 2016, the NIHCS opted 

for this eight-band classification, with five categories characterising urban 

regions (bands A to E) and three associated with residency in rural locations 

(bands F to H).  For the purpose of this analysis and to account for small 

numbers in certain bands, urban and rural settlements were collapsed into 

these two categories, with the revised classification reflecting the geographical 

distribution of the properties in the 2016 survey.  This rural-urban classification 

is adopted in all subsequent analyses in this chapter.   

Overall, the geographic distribution of all existing dwellings in NI currently 

stands at 65% urban and 35% rural (NIHE, 2018).  The historical trends for 

urban-rural settlement split are presented in Table 5.1, with the percentage 

classified as urban seemingly peaking in the early 2000s. The more recent 

increase in properties classified as rural may reflect the high level of single 

house construction in the countryside, with Northern Ireland Housing Statistics 

2017-18 released by the Department for Communities (2018) supporting this 

trend. 
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Table 5.1 Historical data on the geographic distribution of NI’s housing 

stock (data source NIHCSs) 

 1974 1991 1996 2001 2004 2006 2009 2011 2016 

Urban 59% 70% 67% 67% 71% 70% 70% 70% 65% 

Rural 41% 30% 33% 33% 29% 30% 30% 30% 35% 

Unfortunately, due to the NISRA update in the location classifications of the 

dwellings in 2015, the 2011 survey could not be used to provide a direct 

comparison between the two time points, thus the analysis (Table 5.2) is based 

on the 2016 dataset.  

Table 5.2 Geographical distribution of the properties in the dataset using 

the 2016 NIHCS (based on NISRA classification) 

Settlement Type Frequency Percent 

Urban (bands A – E) 570 60% 

Rural (bands F – H) 380 40% 

Total 950 100% 

5.2.2 Property type 

The sample is characterised by four dominant property types (Table 5.3). The 

terraced house sector (27.9%, n=265) is the modal category, followed by 

bungalows (detached and semi-detached) which make up 24.9% (n=237), 

semi-detached houses (21.4%, n=203) and detached houses (18.7%, n=178). 

Collectively these property types account for 92.9% of the sample with 

apartments/flats of lower representation, with only 7.1% (n=67) of the 

dwellings. The distribution by property type provides a high level of 

representation of the overall NI dwelling stock, with data from the Department 

of Finance (DoF, 2021) for 2016 showing a similar pattern of terraced 

properties as the predominant type and accounting for 29% of all dwellings, 

followed by bungalows, semi-detached and detached dwellings, which 

together, made up 60% of housing stock in NI.  The remaining 11% was 

accounted for by apartments/ flats, being the least common types of properties 

in 2016.   
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Table 5.3 Distribution of properties by type 

Property type Frequency Percent Cumulative 

percent 

Bungalow 237 24.9% 24.9% 

Terraced house 265 27.9% 52.8% 

Semi-detached house 203 21.4% 74.2% 

Detached house 178 18.7% 92.9% 

Flat/Apartment 67 7.1% 100% 

Total 950 100%  

Assessment of property type by rural and urban areas (Table 5.4) shows that 

the housing stock is not equally distributed across urban and rural settlements.  

Overall, in urban locations there are fewer bungalows (14.4%, n=82) and 

detached dwellings (12.5%, n=71) compared to terraced (36.5%, n=208), 

semi-detached houses (25.8%, n=147) and flats (10.9%, n=62).  The most 

notable difference in property types by urban and rural locations is for single-

storey bungalows, which are predominately found in rural settlements.  In 

contrast, flats or apartment-style properties are almost non-existent in remote 

locations, accounting for only 1% of all rural housing (n=5).  Overall, 

bungalows and detached dwellings together make up more than two thirds 

(69%) of the housing stock in the dataset in rural settlements, whereas the 

spread of different property types in urban areas is more heterogeneous.     

The analysis shows that the distribution of property types across urban and 

rural settlements χ2 (4, N = 950) = 174.01, p<0.001 is statistically significant, 

at a high probability level.  This means that the observed housing pattern 

represents a real difference in how types of dwellings are distributed based on 

either urban or rural locations.   

Table 5.4 Distribution of different property types across urban and rural 

settlements 

 Bungalow Terraced 

house 

Semi-det. 

house 

Detached 

house 

Flat Total 

Urban Freq. 82 208 147 71 62 570 

% 14.4% 36.5% 25.8% 12.5% 10.9% 100% 

Rural Freq. 155 57 56 107 5 380 

% 40.8% 15.0% 14.7% 28.2% 1.3% 100% 
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5.2.3 Dwelling age/construction date 

The NIHCSs collect information on the age of the existing dwellings in NI and 

report on construction rates over time using eight age bands.  The age 

categories used by the NIHE, although useful, required re-structuring for the 

purpose of this research in order to create construction bands, which are 

harmonised with other surveys undertaken in the UK.  Therefore, the existing 

eight bands were subsequently recoded into six.  This meant that with the 

exception of the 1919-1945 band, which characterised a 26-year period, the 

categories adopted were of 15 to 20 years duration.   

The analysis reveals that the majority of respondents (69.6%, n=661) reside 

in properties built from 1965 onwards, meaning that more than two thirds of 

the sample live in properties built in an era in which considerable 

improvements in building standards occurred (Table 5.5).  In that regard, the 

Parker Morris standards for homes built in the social sector (Ministry of 

Housing and Local Government, 1961) introduced in 1967 were upheld in NI 

beyond 1980, even though the rest of the UK ceased to apply such 

requirements.  This meant that NI’s social stock continued to be built with 

quality in mind over quantity.  Further, the beginning of legal requirements in 

the building sector was marked with the introduction of the Building Regulation 

(Northern Ireland) Order 1972, which was amended in 1979.  This document 

was subsequently replaced by the Building Regulations (Northern Ireland) 

Order 1979 and further revised in 1990, and thereafter in 2009.  Currently, the 

Building Regulations (Northern Ireland) 2012 apply, which, as their 

predecessors, intend to provide a set of requirements and standards for 

buildings to ensure safety, health and welfare of the occupants and 

convenience in and around buildings.  In addition, these regulations were 

designed to enable and facilitate the conservation of fuel and energy.   

On the contrary, nearly a third of the sample (30.4%, n=289) live in what could 

be considered as older dwellings, for which minimum construction standards 

were not applicable at the time of build.  Furthermore, the percentage of 

occupied properties built prior to 1919 is 7.1% (n=67) and even though this 

figure is lower than the overall 11% for NI, as presented in the 2016 NIHCS 
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(Housing Executive, 2018), it translates to 67 households living in properties 

that have existed for at least a century.  With regards to the newest dwellings, 

14.1% (n=134) of respondents live in properties built post 2001.       

Table 5.5 Distribution of the data by construction date 

Construction year Frequency Percent Cumulative 

percent 

Pre 1919 67 7.1% 7.1% 

1919 – 1944 59 6.2% 13.3% 

1945 - 1964 163 17.2% 30.4% 

1965 - 1980 261 27.5% 57.9% 

1981 - 2000 266 28.0% 85.9% 

Post 2001 134 14.1% 100% 

Total 950 100%  

Analysis of dwelling age by location shows that properties constructed prior to 

1919 and also those post-1981 (60.5%, n=230) are found in rural areas to a 

greater extent than in urban settlements (41.6%, n=237).  Conversely, 

dwellings built in the period between 1919 and 1980 are more likely to be in 

urban (58.4%, n=333) rather than rural areas (39.5%, n=150) (Table 5.6).  

Seemingly, the largest discrepancies are found in the proportion of the oldest 

stock across urban (2.8%, n=16) and rural (13.4%, n=51) settlements, with the 

latter having a considerably higher number of dwellings constructed pre- 1919.  

As well as high proportion of old properties in rural locations, there is also a 

higher likelihood for the most recently constructed dwellings to be located in 

these areas.  More specifically, those properties constructed post- 2001 

account for 18% (n=69) of all rural housing stock, whereas in urban areas, the 

figure stands at 11% (n=65).   

These differences in how housing stock is distributed by age and location are 

consistent with what was reported by the Housing Executive (2018), again 

underpinning the representativeness of the sample selected for this 

investigation.  Furthermore, the analysis reveals a statistically significant 

difference in the distribution of dwellings by age across urban and rural 

settlements χ² (5, N = 950) = 61.82, p<0.001. 
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Table 5.6 Distribution of dwellings by age and settlement type 

 Pre 

1919 

1919 - 

1944 

1945 - 

1964 

1965 - 

1980 

1981 - 

2000 

Post 

2001 

Total 

Urban Freq. 16 45 113 175 156 65 570 

% 2.8% 7.9% 19.8% 30.7% 27.4% 11.4% 100% 

Rural Freq. 51 14 50 86 110 69 380 

% 13.4% 3.7% 13.2% 22.6% 28.9% 18.2% 100% 

Analysis of properties by age and tenure (Table 5.7) indicates that, within the 

owner-occupied sector there is a small percentage of pre-1919 properties 

(8.4%, n=50) and a much higher proportion of those constructed post-1981 

(44.8%, n=267).  Seemingly, this housing sector had the largest rates of 

dwellings constructed in the last four decades, however homes in the private 

sector had almost double the proportion of the newest properties built post-

2001 (26.1%, n=40).  In this sector, there was also the highest proportion of 

the oldest homes, with 9.2% (n=14) of the pre-1919 dwellings and accounting 

for all homes in this category.  The analysis also shows that in the dataset, the 

social housing sector had the lowest number of the oldest properties (1.5%, 

n=3) in comparison to the owner occupied and privately rented homes, 

however the proportion of the homes built post- 2001 was also significantly 

lower and less than 4% (n=7) of this housing sector.   

The overall distributions found in the dataset are comparable to what was 

reported for NI housing stock in 2016 and as such provide further support 

regarding the representativeness of the sample to the wider population.  

According to the Housing Executive (2018), 42% of homes in the owner-

occupied sector were constructed post-1980 and 11% of properties in this 

category were built pre-1919 whereas in social housing approximately 3% of 

all the homes were of this vintage (2016 data).  Again, these findings are 

statistically significant χ² (10, N = 950) = 94.67, p<0.001, indicating real 

differences in the specific occupancy types when the age of the properties was 

taken into account.      
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Table 5.7 Analysis of property age and tenure      

 Pre 

1919 

1919 - 

1944 

1945 - 

1964 

1965 - 

1980 

1981 - 

2000 

Post 

2001 

Total 

Owner 

occupied 

Freq. 50 37 108 135 180 87 597 

% 8.4% 6.2% 18.1% 22.6% 30.2% 14.6% 100% 

Private 

rented 

Freq. 14 17 23 34 25 40 153 

% 9.2% 11.1% 15.0% 22.2% 16.3% 26.1% 100% 

Social 

housing 

Freq. 3 5 32 92 61 7 200 

% 1.5% 2.5% 16.0% 46.0% 30.5% 3.5% 100% 

 

5.2.4 Dwelling tenure  

As vacant dwellings have been excluded, all the properties in the dataset were 

occupied between 2011 and 2016, and for this analysis are classified as either 

owned or rented (private and social).  Regarding the latter, social housing 

associations (NIHE housing and housing association stock) are collapsed into 

one category, as more specific analysis was not necessary for this research.  

Hence, tenure analysis and changes over the period 2011-2016 (Table 5.8) 

relate to three tenure categories.   

Overall, no significant change in tenure is apparent across the sample 

between 2011 and 2016.  Approximately 63% of all properties in the dataset 

are owned and 16%, privately rented.  The social sector accounts for 21% of 

all housing and in this sample is the second largest home provider.  The 

obtained figures are similar to those of the whole of NI for 2016, whereby 

owner occupiers account for 66% of all occupied homes, 16% are private 

renters and social housing accounts for 17% of all housing, as reported in the 

Northern Ireland Housing Statistics 2016-17 (DfC, 2017).   

Table 5.8 Tenure profile of the 2011 and 2016 NIHCSs 

Tenure 2011 2016 

Frequency Percent Frequency Percent 

Owner occupied 600 63.2% 597 62.8% 

Private rented 153 16.1% 153 16.1% 

Social housing  197 20.7% 200 21.1% 

Total 950 100% 950 100% 

Given that tenure was consistent over the five-year period, the analysis of 

tenure across location, focusing on urban/rural splits, was based on the 2016 
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data.  This shows that home ownership is higher in rural locations (74%, 

n=280) compared to urban areas (56%, n=317), which had 28% (n=161) of 

the social sector housing compared to 10% (n=39) in rural areas (Table 5.9).  

In contrast, both rural (n=61) and urban areas (n=92) had 16% of privately 

rented dwellings in their respective samples.  The patterns observed in the 

dataset with regards to distribution of owner- occupied stock across different 

settlements are highly representative to the whole of NI, with the Housing 

Executive (2018) reporting figures of 71% and 59%, for rural and urban 

regions, respectively.  The proportion of privately rented properties across both 

settlements in the dataset was also comparable to the whole of NI, with the 

overall figures showing just slightly higher rates of 17% in rural and 18% in 

urban locations.  The most notable difference was in the distribution of social 

housing in the two types of settlements, which in 2016 was 20% in urban and 

7% in rural locations.  

Overall, the analysis shows a highly significant statistical difference in dwelling 

tenure and its distribution across urban and rural settlements χ2 (2, N = 950) = 

46.87, p<0.001.  The results indicate that properties are most likely to be 

occupied through home ownership in rural locations with a small minority living 

in homes provided by the social housing sector.   

Table 5.9 Distribution of tenure by settlement type     

  Owner occupied Private rented Social housing Total 

Urban Freq. 317 92 161 570 

% 55.6% 16.1% 28.2% 100% 

Rural Freq. 280 61 39 380 

% 73.7% 16.1% 10.3% 100% 

 

Analysis of tenure across all property types (Table 5.10) reveals significant 

differences in the distribution of homes in the owner occupied and private 

sectors.  Detached properties in the sample were exclusively in the private 

sector, 94% (n=167) owner-occupied and 6% (n=11) in private rental.  

Bungalows and semi-detached houses were also found to be highly prevalent 

in the owner-occupied sector and even though the figures (69.2%, n=164) and 

(69%, n=140) for the respective types were not as high as for the detached 
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dwellings, they accounted for more than two thirds of the overall stock in their 

categories.   

The lowest proportion of owner-occupiers was found in flats or apartments 

(14.9%, n=10), the property type in which social occupancy was the most 

prevalent (62.7%, n=42).  This analysis also shows that the social housing 

stock accounted for a third of all terraced properties (33%, n=87) and just over 

a fifth of bungalows (21.1%, n=50).  The proportion of private rental in terraced 

and semi-detached houses and flats was relatively consistent, 23.4% (n=62), 

20.7% (n=42) and 22.4% (n=15), respectively.  

Again, these results are statistically significant χ2 (8, N = 950) = 220.84, 

p<0.001, indicating a real difference in tenure distribution across a number of 

property types.    

Table 5.10 Analysis of tenure by property type 

  Owner 

occupied 

Private 

rented 

Social 

housing 

Total 

Bungalow Freq. 164 23 50 237 

% 69.2% 9.7% 21.1% 100% 

Terraced house Freq. 116 62 87 265 

% 43.8% 23.4% 32.8% 100% 

Semi-detached house Freq. 140 42 21 203 

% 69.0% 20.7% 10.3% 100% 

Detached house Freq. 167 11 0 178 

% 93.8% 6.2% 0% 100% 

Flat/ Apartment Freq. 10 15 42 67 

% 14.9% 22.4% 62.7% 100% 

 

5.2.5 Condition of the properties 

Structural fitness and living conditions of the properties in the dataset were 

assessed through the use of three main measures, namely the Fitness 

Standard (Department for Social Development, 2016), the Decent Homes 

Standard (Department for Communities and Local Government, 2006) and the 

relevant aspects of the Housing Health and Safety Rating System (HHSRS) 

(DCLG, 2006).  The metrics adopted in the NIHCSs were essentially used to 

determine the quality of the NI housing stock, its state of repair and whether 

the properties were deemed fit for purpose, specifically the extent to which 
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they provided adequate shelter for their occupants and whether they adhered 

to health and safety standards.   

In order to make judgments on the condition of domestic dwellings in NI 

various physical attributes of the properties were examined with an emphasis 

on the structural stability, provisions for heating, lighting and ventilation and 

presence of hazards or defects that could cause harm and be detrimental to 

residents’ wellbeing.  A number of these characteristics directly relate to those 

fuel poverty features that have a root cause in the structural quality of the 

dwellings.  Hence, for this initial analysis, the specific issues relate to the 

presence of damp, measurement of thermal comfort, adequate heating and 

general state of repair.   Furthermore, given that the dataset comprises the 

properties surveyed in both 2011 and 2016, changes in the quality of the 

dwellings based on these characteristics are examined.     

5.2.5.1 Fitness standard 

In NI, the Fitness Standard for domestic properties was set out in the Housing 

Order 1992, with the lawful obligation for the inspections of the habitable 

conditions in the dwellings to be undertaken.  Within the Order, a set of nine 

standards are outlined that need to be met for a property to be deemed fit for 

occupancy.  The minimum requirements relate to structural stability of the 

dwelling, absence of major disrepairs, adequate supply of cold and hot water, 

provision for heating, lighting and ventilation, satisfactory facilities for food 

preparation and a working waste disposal system.  Although all the standards 

are essential to provide at least a minimum quality of living conditions for the 

residents, the analyses presented in this thesis focuses on those 

characteristics that may impact occupants’ ability to maintain a warm house.  

Furthermore, changes in energy efficiency aspects between 2011 and 2016 

captures the extent of the improvements in quality of the properties in the 

dataset.   

5.2.5.1.1 Dampness 

Presence of damp in the home can be detrimental to human health and can 

negatively affect the occupants’ efforts to maintain safe and adequately warm 

indoor environments for those living in the property (Liddell and Morris, 2010).  



210 
 

Furthermore, damp has often been associated with fuel poverty (Shortt and 

Rugkasa, 2007), whereby excess moisture in buildings may be present as a 

result of insufficient heat circulating throughout the property or structural 

defects in the dwelling itself (Heseltine and Rosen, 2009).   

Within the dataset, the properties that were deemed unfit for occupancy as a 

result of damp accounted for a small proportion of the overall sample in both 

2011 and 2016 (0.2%, n=2 and 0.3%, n=3, for the respective years) (Table 

5.11), meaning that the majority of properties met this standard.  Between 

2011 and 2016 there was an increase in the number of defective properties 

from 1.3% (n=12) to 2.3% (n=22) in which damp was deemed to pose a 

significant threat to the occupants.  A similar pattern was observed in the 

number of dwellings with an acceptable level of dampness, which rose from 

1.9% (n=18) to 3.1% (n=29).  In such properties, damp was identified as a 

minor issue, which overall did not negatively impact dwellings’ structural 

condition or their fitness standard.  With regards to the properties with a 

satisfactory standard, 96.6% (n=918) of the surveyed dwellings in 2011 were 

not affected by damp. This decreased to 94.3% (n=896) five years later.  The 

overall figures for NI in 2016 showed that 1.3% of the housing stock was 

deemed unfit as a result of damp, 2.2% of the properties surveyed were 

defective, 3.6% were acceptable and 92.9% had no damp at all.11 

A Wilcoxon signed-rank test showed that between 2011 and 2016 there was 

a statistically significant change in the dampness fitness ratings of the 

properties (Z = -2.88, p<0.05).  This increase in the extent of damp, although 

narrow in scope, could suggest that given the humid and generally cool 

climatic conditions of NI and lack of regular maintenance of the homes, both 

lead to slow degradation of the existing dwellings.   

 

 

 

 
11 The results from the dataset approximated the NI profile, however it is worth noting that 
within the 2016 NIHCS vacant properties were included in the analysis and the unfitness of 
the dwellings was most commonly observed in the unoccupied proportion of the housing 
stock, whereas this segment of the dwellings was removed from the dataset 



211 
 

Table 5.11 Fitness Standard - damp 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Unfit 2 0.2% 0.2% 3 0.3% 0.3% 

Defective 12 1.3% 1.5% 22 2.3% 2.6% 

Acceptable 18 1.9% 3.4% 29 3.1% 5.7% 

Satisfactory 918 96.6% 100% 896 94.3% 100% 

Total 950 100%  950 100%  

Analysis of dampness fitness standard by settlement type (Table 5.12) shows 

a higher likelihood of properties with severe damp that are deemed unfit for 

occupancy to be in rural rather than in urban locations.  Overall, dwellings in 

the database with the highest fitness standard accounted for 95.4% (n=544) 

of all urban housing, whereas in rural locations this equated to 92.6% (n=352).  

Similarly, there were more properties with an acceptable standard with regards 

to excess moisture in urban (3.2%, n=18) than rural (2.9%, n=11) regions.  On 

the contrary, there was a higher proportion of dwellings with an unfit or 

defective rating in rural settlements (4.4%, n=17) than in urban locations 

(1.4%, n=8).  Perhaps, this discrepancy in fitness standards could be partially 

explained by the overall stock characteristics, meaning that, as rural housing 

tends to consist of older detached properties, in large not connected to natural 

gas network, these homes may be more difficult to maintain and heat.  This 

can result in more moisture build-up, and in turn development of damp 

conditions. These findings are statistically significant χ2 (3, N = 950) = 8.41, 

p<0.05 indicating a significant difference in distribution of unfit houses across 

urban and rural settlements.   

Table 5.12 Severity of damp by settlement type 

 Unfit Defective Acceptable Satisfactory Total 

Urban Freq. 1 7 18 544 570 

% 0.2% 1.2% 3.2% 95.4% 100% 

Rural Freq. 2 15 11 352 380 

% 0.5% 3.9% 2.9% 92.6% 100% 

Analysis by the severity of damp by type of property shows that bungalows 

had the highest percentage of unfit and defective dwellings (5.8%, n=14) 
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(Table 5.13).  Conversely, 97% of apartments (n=65) had no or very little damp 

present.    

Table 5.13 Severity of damp by property type 

 Unfit Defective Acceptable Satisfactory Total 

Bungalow Freq. 2 12 7 216 237 

% 0.8% 5.1% 3.0% 91.1% 100% 

Terraced house Freq. 1 3 12 249 265 

% 0.4% 1.1% 4.5% 94.0% 100% 

Semi-detached 

house 

Freq. 0 3 4 196 203 

% 0% 1.5% 2.0% 96.6% 100% 

Detached 

house 

Freq. 0 3 5 170 178 

% 0% 1.7% 2.8% 95.5% 100% 

Flat/ apartment Freq. 0 1 1 65 67 

% 0% 1.5% 1.5% 97.0% 100% 

Analysis by age, not surprisingly shows that the highest proportion of 

properties severely affected by damp (unfit/defective) were built prior to 1919 

(23.9%, n=16) (Table 5.14).  Overall, the fewest properties impacted by excess 

moisture were built between 1980 and 2000 (0.8%, n=2), followed by the 

newest housing stock constructed post- 2001 (2.2%, n=3).  In essence, the 

distribution of defective and unfit properties suggests that the older the 

dwelling the more severe the impacts from dampness.   

Table 5.14 Severity of damp by property construction date 

 Unfit Defective Acceptable Satisfactory Total 

Pre- 1919 Freq. 3 13 7 44 67 

% 4.5% 19.4% 10.4% 65.7% 100% 

1919 – 1944 Freq. 0 2 5 52 59 

% 0% 3.4% 8.5% 88.1% 100% 

1945 – 1964 Freq. 0 2 10 151 163 

% 0% 1.2% 6.1% 92.6% 100% 

1965 – 1980 Freq. 0 3 4 254 261 

% 0% 1.1% 1.5% 97.3% 100% 

1981 – 2000 Freq. 0 1 1 264 266 

% 0% 0.4% 0.4% 99.2% 100% 

Post- 2001 Freq. 0 1 2 131 134 

% 0% 0.7% 1.5% 97.8% 100% 
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Examination by tenure (Table 5.15) highlights that 3% (n=18) of properties in 

the owner-occupied sector had severe issues with excess moisture, whereas 

damp to this extent, affected 3.3% (n=5) and 1% (n=2) of homes in the 

privately rented and social sectors, respectively.  Where dampness was 

identified as a minor issue and did not have a significant impact on the overall 

fitness rating of the property, it was found in 2.5% (n=15) of owned homes, 

5.9% (n=9) of private rentals and 2.5% (n=5) of properties occupied in the 

social sector.  Moreover, the analysis showed that the social housing stock 

represented the highest fitness standard, with 96.5% (n=193) of the properties 

in this sector having no faults in relation to damp.  Similar, to the previous 

analyses, concerns regarding the low number of cases within each fitness 

category restricted any further statistical testing.    

Table 5.15 Severity of damp by tenure 

 Unfit Defective Acceptable Satisfactory Total 

Owner 

occupied 

Freq. 3 15 15 564 597 

% 0.5% 2.5% 2.5% 94.5% 100% 

Private 

rented 

Freq. 0 5 9 139 153 

% 0% 3.3% 5.9% 90.8% 100% 

Social 

housing 

Freq. 0 2 5 193 200 

% 0% 1.0% 2.5% 96.5% 100% 

 

5.2.5.1.2 Heating 

As part of the nine-point Fitness Standard measure, the NIHCS assessed all 

dwellings in relation to provision of heating (Table 5.16).  The inclusion of 

heating in the assessment of the condition of the properties is essential given 

that a lack of adequate warmth can adversely affect occupants’ health and 

wellbeing.  In relation to heating, the 2011 survey showed that all of the 

properties were regarded as fit for occupation, with 99.3% (n=943) achieving 

the highest rating on the heating standard.  The remaining properties (0.7%, 

n=7) were reported to have minor faults, which were not significant enough in 

nature to negatively affect the occupants.  The difference in heating fitness 

ratings of the same homes in 2016 was marginal, with the majority achieving 

the highest possible standard (99.2%, n=942).  A Wilcoxon signed rank test 

confirmed that no statistically significant changes in heating fitness standard 
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occurred over the period of five years.  No major differences in heating are 

apparent by location, type, age or tenure.  

Table 5.16 Fitness Standard - heating 

 2011 2016 
Frequency Percent Cumulative 

Percent 

Frequency Percent Cumulative 

Percent 

Unfit 0 0% 0% 1 0.1% 0.1% 

Defective 0 0% 0% 1 0.1% 0.2% 

Acceptable 7 0.7% 0.7% 6 0.6% 0.8% 

Satisfactory 943 99.3% 100% 942 99.2% 100% 

Total 950 100%  950 100%  

 

5.2.5.2 The Decent Home Standard 

The Decent Home Standard (DHS) is another measure of assessing the 

quality of housing stock with a particular emphasis on the dwellings’ weather 

tightness characteristics and thermal properties.  Using this scale, for a 

property to be deemed decent, it is required to meet minimum regulatory 

standards for occupancy in terms of being in a reasonable state of repair, have 

reasonable facilities and provide adequate thermal comfort to its occupants.  

Every component of this house condition measure contains a detailed list of 

characteristics that a dwelling is assessed against, therefore, a rigorous 

procedure of evaluating property decency is undertaken in all of the surveyed 

homes.   

The component of the DHS that was crucial for this research was the thermal 

comfort criterion, under which, a property was required to have sufficient 

insulation and efficient heating.  Any heating system that could be 

programmed and controlled by the occupants regardless of the fuel source, 

and capable of generating adequate thermal output was accepted.  However, 

heating sources that were not considered to be reasonably energy efficient 

were deemed non-decent and therefore failed the thermal comfort criterion.  In 

addition to efficient heating, adequate levels of property insulation were also 

considered in this component of the DHS.  Depending on the source of heating 

in the property, the requirements for wall and loft insulation differ, however 
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specific levels of both are required to amount to an efficient insulation package 

and thus meet this criterion of a decent home.   

Data for thermal comfort standard (Table 5.17) shows that 95.6% (n=908) met 

the requirements for provision of adequate heating and insulation in 2011, 

rising to 97.5% (n=926) in 2016.  This finding is in accordance with historical 

trends, which show gradual improvements in thermal comfort standards, for 

example, 2004 data from the Interim HCS showed that 16.9% of properties did 

not meet this requirement (Housing Executive, 2011).   

A McNemar’s test with continuation correction confirmed that this change was 

statistically significant, indicating a real improvement in the quality of the 

thermal properties of the homes in the dataset χ2 (1, N = 950) = 6.89, p<0.05. 

Table 5.17 The Decent Homes Standard – thermal comfort 

 2011 2016 
Frequency Percent Cumulative 

Percent 

Frequency Percent Cumulative 

Percent 

Pass 908 95.6% 95.6% 926 97.5% 97.5% 

Fail 42 4.4% 100% 24 2.5% 100% 

Total  950 100%  950 100%  

The majority of properties that fail the decency standard using the thermal 

comfort criterion were built before 1980 (4.0%, n=22), whereas only a small 

fraction of those built post- 1981 were non-decent (0.5%, n=2) (Table 5.18).  

The fact that fewer newer properties fail on this criterion is not surprising given 

that building regulations post-1979 ensured that properties were built to higher 

standards.  This difference was found to be statistically significant χ2 (1, N = 

950) = 11.52, p<0.05.  However, no statistical difference was found by location 

while sample sizes are too small to test for differences by type and tenure. 

Table 5.18 Thermal comfort by property age 

  Pass Fail Total 

Pre- 1980 Freq. 528 22 550 

 % 96.0% 4.0% 100% 

Post- 1981 Freq. 398 2 400 

 % 99.5% 0.5% 100% 
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5.2.5.3 The Housing Health and Safety Rating System 

The Housing Health and Safety Rating System (HHSRS) allows any identified 

defects to be scored based on their potential to adversely affect occupants of 

the property, visitors, neighbours or anyone located in the vicinity.  Threats to 

health and safety that have a score greater than 1,000 are labelled as 

‘Category 1’ implying that they pose a severe risk to individuals and their 

presence leads to failure of the minimum statutory standard.  Within the 

HHSRS, a number of hazards are directly measured while others are based 

on certain property assumptions and assessed through modelling.   

For the purpose of this thesis, one hazard in particular was identified as directly 

linked to fuel poverty and substandard living conditions.  Excess cold, the 

variable of interest, is a modelled hazard, analysis of which is undertaken with 

the use of Standard Assessment Procedure (SAP) methodology (Section 

2.4.1).  In essence, this method of measuring energy efficiency of homes in NI 

was designed to determine how costly space and water heating as well as 

lighting is under a prescribed heating pattern and accounting for the heating 

systems, fuel source, building fabric, thermal insulation and climatic factors, 

for any given property.  SAP is rated on a scale from 1 to 100 with the higher 

scores indicating greater energy efficiency of the properties which in turn is 

translated in lower domestic energy costs (BRE, 2014).  The methodology 

underpinning SAP has been subject to continuous upgrades to ensure that 

current technological advances, fuel pricing and thermal transmittance values 

as well as other characteristics are accurately reflected in this measure. 

Hence, adaptations to SAP make it difficult to provide direct comparisons. 

Indeed, the NIHE (2018) cautioned against such analyses.  Nonetheless, an 

examination of historic trends with respect to excess cold across the NI 

housing stock shows a consistent decline in rates of properties that were 

considered to be below the minimum standard.  In 2006, the rate of dwellings 

failing on the excess cold hazard standard was 11.8% of the overall stock, 

which three years later, in 2009, declined to 5.3%.  Subsequent, the 2011 

NIHCS, indicated a slight increase (6.8%) in the number of properties where 

excess cold posed a severe hazard, however, in 2016, this figure was reduced 

to 2%.  In the dataset used in this research (Table 5.19), the figures for 
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excessively cold homes in 2011 and 2016 were 3.7% (n=35) and 0.8% (n=8), 

respectively.  Previous reports on the condition of the housing stock in NI 

consistently reported that where excess cold was a severe hazard were more 

likely to be present in vacant properties (Housing Executive, 2018; Housing 

Executive, 2013).  The lower numbers in the dataset reflect the removal of 

unoccupied dwellings during initial data screening. 

A McNemar’s test with continuation correction confirmed that this change was 

statistically significant, indicating a real reduction in the number of properties 

which were identified as excessively cold χ2 (1, N = 950) = 20.49, p<0.05, 

however, given the revisions to SAP methodology between 2011 and 2016, 

this change should be treated with caution.   

Due to a small number of properties in the dataset for 2016 where excess cold 

presented a threat to individuals’ health and safety, it was not possible to 

perform more meaningful analyses.  Statistical testing with respect to age, 

tenure, settlement and property type could not yield any significant results.    

Table 5.19 The HHSRS – excess cold 

 2011 2016 

 Frequency Percent Cumulative 

Percent 

Frequency Percent Cumulative 

Percent 

Not 

present 

915 96.3% 96.3% 942 99.2% 99.2% 

Present 35 3.7% 100% 8 0.8% 100% 

Total  950 100%  950 100%  

5.2.5.4 Energy Efficiency Rating (EER) 

Energy efficiency ratings in the NIHCSs are undertaken through the use of 

SAP.  The obtained values are subsequently converted into energy efficiency 

bands ranging from A to G (Figure 5.2) as part of a regulatory requirement for 

properties to have an Energy Performance Certificate (EPC).  Whereas band 

A denotes the highest efficiency standard, and thus, properties with this rating 

require less energy for heating and lighting, band G represents the other end 

of the scale, namely the least energy efficient homes with high energy costs.       
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Figure 5.2 SAP ratings converted into EPC bands 

 

Source. 2016 NIHCS 

As indicated, the SAP methodology is subject to continuous revisions.  With 

respect to the datasets used for this research, data for the 2011 NIHCS were 

calculated with the SAP09 methodology, whereas the 2016 survey was based 

on SAP2012, making a longitudinal analysis of energy efficiency ratings 

problematic.  However, although not directly comparable, there seems to be a 

gradual improvement in energy efficiency ratings of the housing stock in NI.  

This was reported to be primarily due to upgrades of the heating systems over 

time from solid fuel and electric sources to more efficient alternatives as well 

as implementation of retrofitting solutions.  For the purpose of this thesis, the 

most recent SAP ratings (SAP2012) are used to analyse energy efficiency of 

properties in the dataset and to assess how this rating differs based on various 

property characteristics.  Using this measure, the dwellings in the 2016 dataset 

had an average SAP rating of 66.48 compared to the whole of NI housing 

stock which was 65.83 (NIHE, 2018).  The slightly higher figure for the 

properties in the dataset can again be explained by the removal of the vacant 

dwellings, which according to the NIHE (2018) had the lowest SAP rating out 

of all tenures (51.78).      

Analysis of the SAP ratings by various property characteristics was undertaken 

to assess whether there were statistically significant differences in energy 
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efficiency performance of the dwellings based on the selected variables.  With 

respect to settlement type, the analysis showed that the mean SAP rating was 

higher for properties located in urban settlements (x̅=68.40, s=9.73) than for 

those in rural locations (x̅=63.59, s=10.89) (Table 5.20).  This perhaps could 

be explained by more rural properties being off the gas grid, as dwellings’ 

heating type and fuel source affects the overall energy performance score.  In 

that regard, homes with fuel sources other than natural gas (oil and solid fuels), 

according to BRE (2014), continue to underperform in terms of energy 

efficiency.  A Mann-Whitney U test confirmed this difference as statistically 

significant U = 78198.5, p<0.001.   

Table 5.20 SAP2012 rating by settlement type 

 SAP2012 rating 

x̅ s n 

Urban 68.40 9.73 570 

Rural 63.59 10.89 380 

Overall 66.48 10.48 950 

Differences in SAP ratings are observed based on property types (Table 5.21). 

Mean energy efficiency score is highest for flats/ apartments, with a rating of 

75.21 (s=8.23) and the rating denoting the least energy efficient properties was 

attributed to bungalows 61.98 (s=9.96).  In contrast, there is little difference in 

the mean SAP rating for detached and semi-detached properties in the 

dataset, which for both dwelling types is 66.84 (s=11.32, s=9.53 for the 

respective types), whereas terraced houses had a mean of 67.77 (s=9.70). 

Even though these scores are not comparable between years, these variations 

are consistent with previous surveys of house conditions in NI (Housing 

Executive, 2013). 

A statistically significant difference between groups was determined using a 

one-way ANOVA (F(4,945) = 26.19, p<0.001).  A Tukey post hoc test for 

individual pairs comparisons revealed that there is a statistically significant 

difference in the SAP ratings between bungalows and flats and all other types 

of properties combined.  A statistically non-significant result is found for 

terraced homes, detached and semi-detached dwellings, confirming that 
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energy efficiency ratings for these three property types are not distinct from 

each other.   

Table 5.21 SAP2012 rating by property type 

 SAP2012 rating 

x̅ s n 

Bungalow 61.98 9.96 237 

Terraced house 67.77 9.70 265 

Semi-detached house 66.84 9.53 203 

Detached house 66.84 11.32 178 

Flat/ apartment 75.21 8.23 67 

All property types 66.48 10.48 950 

Analysis of the SAP ratings by property age revealed a gradual and consistent 

increase in the energy efficiency scores of homes over time (Table 5.22).  

Dwellings constructed prior to 1919 had a mean SAP rating of 52.18 (s=11.45), 

whereas those built post- 2001 had a mean of 75.13 (s=4.35).  Overall, 

assessment of the SAP scores of properties in the dataset indicates that the 

newer the home the more energy efficient it is.  A one-way ANOVA determined 

that there were statistically significant differences in the SAP ratings of 

properties by different age bands.  A Tukey post hoc test determined the 

differences in specific age groups.  In general, the mean SAP scores are 

statistically different for most of the property age categories.  Where results 

are non-significant, they relate to the 1919 – 1944/1945–1964 and 1945–

1964/1965–1980 pairings, confirming that energy efficiency ratings are 

significantly lower for the older properties and higher for the newer dwellings.    

Table 5.22 SAP2012 rating by property construction date 

 SAP2012 rating 

x̅ s n 

Pre- 1919 52.18 11.45 67 

1919 – 1944  60.80 10.70 59 

1945 – 1964  64.24 10.73 163 

1965 – 1980  65.93 8.71 261 

1981 – 2000  68.89 8.67 266 

Post- 2001 75.13 4.35 134 

All age groups 66.48 10.48 950 
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Analysis of SAP rating by tenure shows that social housing has the highest 

energy efficiency scores (x̅=72.18, s=6.18) (Table 5.23).  Owner occupied and 

private rented sectors have comparable ratings of energy efficiency 

performance (x̅=65.07, s=10.82 and x̅=64.50, s=11.02, respectively), which 

are considerably lower than what is observed for social housing.  Again, these 

findings are consistent with what was reported by the NIHE (2018) with respect 

to all housing stock for that year, as well as the earlier house condition 

publications (NIHE, 2013). 

To determine whether the differences in the mean SAP scores for the three 

tenures are statistically significant, a one-way ANOVA was performed.  There 

is an overall statistically significant result F(2,367.10) = 74.87, p<0.001 and a 

Tukey post hoc test revealed significance of individual pairings, showing no 

difference in the mean SAP scores of homes in the owner occupied and private 

rented sectors, whereas energy efficiency is significantly higher in the social 

housing sector in comparison to the other two tenures.   

Table 5.23 SAP2012 ratings by tenure 

 SAP2012 rating 

x̅ s n 

Owner occupied 65.07 10.82 597 

Private rented 64.50 11.02 153 

Social housing 72.18 6.18 200 

All tenures 66.48 10.48 950 

As the SAP ratings can also be represented as energy efficiency bands, the 

approach was applied in this research.  To ensure that a sufficient number of 

cases for the analyses in individual categories, all dwellings with SAP ratings 

higher than 68 were collapsed into one band (A–C), which represented the 

most energy efficient homes.  Also, those homes with the lowest ratings below 

38 (bands F–G) were also grouped together and regarded as energy inefficient 

(Figure 5.3). 
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Figure 5.3 Visual representation of the energy rating groups 

 

 

Analysis of energy efficiency ratings for 2011 and 2016 suggests that there is 

an overall improvement in the quality of dwellings in the dataset over time 

(Table 5.24).  In 2016, the most energy efficient properties in bands A–C 

accounted for 51.6% (n=490) of all properties, however, it should be noted that 

there were no properties in band A, and a small number in band B.  

Furthermore, there were 35.5% (n=337) of properties in band D and a further 

11.3% (n=107) in band E.  Dwellings that were performing poorly with respect 

to energy efficiency, namely those in bands F and G, accounted for 1.7% 

(n=16) of all homes in the dataset.  These figures are representative of what 

was reported for the NI housing stock in 2016, whereby 49% of all dwellings 

were in bands A–C and only 3% in bands F–G.  As already noted, direct 

comparisons of energy efficiency bands over time were not possible, however, 

there was an apparent change in the quality of dwellings in the dataset.  In 

2016, there were more properties with the highest, and fewer with the lowest 

energy efficiency rating than there were in 2011, which the NIHE (2018) 

attributed to considerable investments in improvements of the housing stock.  
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Table 5.24 EERs of properties in 2011 and 2016 

 2011 2016 
Frequency Percent Cumulative 

Percent 

Frequency Percent Cumulative 

Percent 

Band A–C 

(> 68) 

286 30.1% 30.1% 490 51.6% 51.6% 

Band D  

(55 – 68) 

418 44.0% 74.1% 337 35.5% 87.1% 

Band E  

(39 – 54) 

195 20.5% 94.6% 107 11.3% 98.3% 

Band F–G 

(1 – 38) 

51 5.4% 100% 16 1.7% 100% 

Total 950 100%  950 100%  

Analysis of the distribution of energy efficiency ratings by settlement type 

shows that there was a higher proportion of dwellings in bands A–C in urban 

(59.1%, n=337) than rural areas (40.3%, n=153) (Table 5.25).  Conversely, the 

properties with poor energy performance ratings (bands E–G) were more likely 

to be found in rural (17.9%, n=68) than urban (9.7%, n=55) settlements.  

Overall, this analysis yields comparable results to the whole of NI and the 

findings were statistically significant χ2 (3, N = 950) = 35.34, p<0.001 indicating 

a real difference in the distribution of the properties with different energy 

efficiency ratings across urban and rural settlements.   

Table 5.25 Energy efficiency rating by settlement type 

  A – C  D E F – G  Total 

Urban Freq. 337 178 49 6 570 

% 59.1% 31.2% 8.6% 1.1% 100% 

Rural Freq. 153 159 58 10 380 

% 40.3% 41.8% 15.3% 2.6% 100% 

Analysis of energy efficiency bands by property type shows that dwellings in 

bands A–C accounted for 83.6% (n=56) of all flats/ apartments, again 

confirming that these types of dwellings were the most energy efficient (Table 

5.26).  On the other hand, for bungalows, only 31.6% (n=75) had a high energy 

efficiency rating in bands A–C.  Furthermore, more than a fifth of all bungalows 

(20.7%, n=49) were rated E or less, whereas only 3% (n=2) of all flats had a 

rating E or lower.   
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Table 5.26 Energy efficiency bands by property type 

 A – C  D E F – G  Total 

Bungalow Freq. 75 113 45 4 237 

% 31.6% 47.7% 19.0% 1.7% 100% 

Terraced house Freq. 152 88 20 5 265 

% 57.4% 33.2% 7.5% 1.9% 100% 

Semi-detached 

house 

Freq. 104 76 20 3 203 

% 51.2% 37.4% 9.9% 1.5% 100% 

Detached house Freq. 103 51 20 4 178 

% 57.9% 28.7% 11.2% 2.2% 100% 

Flat/ apartment Freq. 56 9 2 0 67 

% 83.6% 13.4% 3.0% 0% 100% 

Analysis of energy efficiency ratings by property age demonstrates a clear 

association between energy performance and age of the dwelling (Table 5.27).  

For properties, built post- 2001, 97.8% (n=131) were categorised as highly 

energy efficient as they were in bands A – C, whereas only 6% (n=4) of those 

constructed prior to 1919 reached this standard.  At the bottom end of the 

energy efficiency scale, 55.2% (n=37) of all pre-1919 homes were rated E or 

lower, whereas there were no dwellings in this band for homes constructed 

after 2001, providing further evidence that for newly constructed properties’ 

energy performance was considerably greater than that of older homes.   

Table 5.27 EERs by property age/ construction date 

 A – C  D E F – G  Total 

Pre- 1919 Freq. 4 26 29 8 67 

% 6.0% 38.8% 43.3% 11.9% 100% 

1919 – 1944  Freq. 17 26 14 2 59 

% 28.8% 44.1% 23.7% 3.4% 100% 

1945 – 1964  Freq. 67 69 23 4 163 

% 41.1% 42.3% 14.1% 2.5% 100% 

1965 – 1980  Freq. 115 123 21 2 261 

% 44.1% 47.1% 8.0% 0.8% 100% 

1981 – 2000 Freq. 156 90 20 0 266 

% 58.6% 33.8% 7.5% 0% 100% 

Post- 2001 Freq. 131 3 0 0 134 

% 97.8% 2.2% 0% 0% 100% 

Investigation of energy efficiency ratings by tenure revealed that social 

housing had the highest proportion of the most energy efficient properties 
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(75.5%, n=151) (Table 5.28).  Furthermore, within this sector there were no 

dwellings with an energy rating in categories F – G, and only 0.5% (n=1) in 

band E.  This analysis is in line with what was reported for NI housing stock in 

2016 (NIHE, 2018), with properties in the social housing sector being more 

likely to be rated as highly efficient.  Figures for energy efficiency ratings in the 

owner occupied and private rented sectors are somewhat similar, with 45.7% 

(n=273) and 43.1% (n=66) of dwellings in the respective tenures found in 

bands A – C and 2.3% (n=14) and 1.3% (n=2), in the lowest bands F – G.  

Furthermore, homes in bands D and E accounted for more than half of all 

dwellings in these two sectors, with 51.9% (n=310) being in the owner 

occupied and 55.5% (n=85) in the privately rented homes.  Overall, this 

analysis yielded comparable results to the whole of NI and the findings were 

found to be statistically significant χ2 (6, N = 950) = 70.90, p<0.001, indicating 

a real difference in the distribution of the properties with different energy 

efficiency ratings across the three tenure categories.   

Although currently not applicable to NI, the legal minimum energy efficiency 

standard (MEES) for properties in the private rented sector in England and 

Wales introduced in April 2018, can be used to illustrate the statutory 

compliance based on the UK-based policy.  Given the possibility of extending 

this regulation to NI in the near future, analysis of the dataset from this 

perspective is of relevance to this research.  With regards to the MEES, the 

regulations stipulate that all the privately rented properties must adhere to a 

minimum EER rating of E (BEIS, 2020).  In fact, property owners of dwellings 

rated F or G must not renew existing or sign new tenancy agreements and are 

required to take necessary measures to improve the properties to the specified 

standard.  While building regulations ensure that new properties conform with 

the current energy efficiency standards, the MEES addresses the quality of 

the UK's older stock by ensuring no substandard property is rented out. 

Within the dataset, only a fraction of the properties (1.3%, n=2) could be 

considered as below the MEES, 17.6% (n=27) would meet the required rating, 

and the remaining 81.0% (n=124) have EERs that would be regarded as 

above the minimum standard.  Indeed, the majority of dwellings adhere to the 
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MEES, however, when compared to the other two sectors (in particular to 

social housing), it is clear that the private rented one has the highest rates of 

the poorest quality homes.  

Table 5.28 Energy efficiency rating by tenure 

 A – C  D E F – G  Total 

Owner 

occupied 

Freq. 273 231 79 14 597 

% 45.7% 38.7% 13.2% 2.3% 100% 

Private rented Freq. 66 58 27 2 153 

% 43.1% 37.9% 17.6% 1.3% 100% 

Social 

housing 

Freq. 151 48 1 0 200 

% 75.5% 24.0% 0.5% 0% 100% 

5.3 Retrofitting measures 

This section examines the type of energy efficiency and retrofitting measures 

implemented in the subject properties between 2011 and 2016.  As part of the 

regulatory obligation to assess energy efficiency of the housing stock, the 

NIHCSs collect information on various energy-related measures at regular 

intervals and monitors the progress over time.  Given that the dataset used in 

this research consists of the re-surveyed dwellings of the two most recent 

NIHCSs, it was possible to capture any energy retrofitting measures 

undertaken in the 950 properties, specifically those concerned with potential 

improvements in energy performance.  Furthermore, as energy retrofits are 

the main approach in NI’s fuel poverty alleviation strategy, by addressing the 

physical aspects of poorly performing homes, this section captures the extent 

of the overall uptake of energy improvements through both privately 

implemented retrofits as well as those benefitting from publicly funded 

initiatives.  Energy efficiency measures and home upgrades contribute to fuel 

poverty alleviation through the potential to reduce users’ energy consumption 

due to improvements in thermal performance of the properties.  This in turn, 

can translate into lower energy expenditure, thermal comfort benefits for the 

householders and wider environmental gains.  Thus, this section focuses on 

the retrofitting approaches used by households interviewed as part of the 

NIHCSs and considers the degree of change in relation to heating systems 

and other energy efficiency measures such as wall and roof insulations and 

windows upgrades over the period 2011-2016.    
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5.3.1 Central heating 

Given the climatic characteristics of NI, the presence of central heating is a 

key component of housing standards.12  In itself, central heating is not 

considered an energy efficiency measure, however, as it is a requisite for heat 

distribution and is integral to the provision of warmth, its presence and quality 

impacts the overall energy performance of dwellings.  In addition to the 

presence of central heating, the source of fuel used to generate heat is also a 

major determinant of energy efficiency of the property and impacts on the cost 

of energy consumed, which in turn can affect the ability of individual 

households to maintain affordable levels of warmth.  

Analysis of heating systems shows that all the properties in the dataset were 

equipped with some form of heat generating appliances (Table 5.29).  Overall, 

the most common type is a central heating system, with 96.0% (n=912) of 

homes in 2011 and 97.4% (n=925) in 2016 having such a system of heating.  

Electric storage heaters, although not very common, accounted for 2.4% 

(n=23) of all available systems in 2011, a figure which declined to 1.3% (n=12) 

by 2016.  Communal or combined heat and power systems remained at a 

relatively similar level and approximately 1% of all dwellings in the dataset 

having their heat provisions outsourced.   

Table 5.29 Primary heating systems 

 2011 2016 
Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Central 

heating 

912 96.0% 96.2% 925 97.4% 97.8% 

Storage 

heaters 

23 2.4% 98.6% 12 1.3% 99.0% 

Communal/ 

CHP 

10 1.1% 99.7% 9 0.9% 100% 

Room 

heaters 

3 0.3% 100% 0 0%  

Total 948 99.8%  946 99.6%  

Missing  2 0.2%  4 0.4%  

 
12 Central heating is a system that generates and distributes heat in the property; depending 
on the type of boiler and fuel source, it can also control the heating of water. In this context, 
it also includes electric storage heaters that run on off-peak electricity. 
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The majority of households relied on the primary heating systems as a main 

source of heat (Table 5.30).  In 2011, 97.9% (n=928) and in 2016, 98.5% 

(n=932) of the householders indicated that heat was generated through the 

main supply, with only a small fraction unable to do so.  Whilst there was a 

slight increase in the number of households that used their primary heating as 

the main source between 2011 and 2016, this difference is not statistically 

significant. 

Table 5.30 Primary heating system as main source 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Yes 928 97.7% 97.9% 932 98.1% 98.5% 

No 20 2.1% 2.1% 14 1.5% 1.5% 

Total 948 99.8% 100% 946 99.6% 100% 

Missing 2 0.2%  4 0.4%  

The amount of time a heating system is in service is an important factor that 

impacts its functioning and efficiency.  Appliances generally require regular 

maintenance and those over 15 years old are considered inefficient, as the 

newer the system the more effective it is in reducing energy consumption and 

potentially energy bills for consumers.  In this respect, there was a higher 

proportion of newer boilers in 2016 (25.2%, n=169) than in 2011 when they 

accounted for 22.4% (n=141) of all appliances (Table 5.31).  However, there 

was also more outdated appliances in 2016 (n=313, 46.7%) compared to 2011 

(n=240, 38.1%).  

Table 5.31 Age of primary heating appliances 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

1 – 4  141 22.4% 22.4% 169 25.2% 25.2% 

5 – 9  132 21.0% 43.3% 109 16.3% 41.5% 

10 – 14 117 18.6% 61.9% 79 11.8% 53.3% 

15 – 19  111 17.6% 79.5% 108 16.1% 69.4% 

Over 20 129 20.5% 100% 205 30.6% 100% 

Total  630 100%  670 100%  

Missing 320   280   
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In identifying properties where heating systems upgrades or full conversions 

were undertaken between 2011 and 2016, dwellings were included if the 

appliance’s age in 2016 was less than or equal to 5 years.  Overall, 151 

dwellings formed the subsample of properties with upgraded heating systems, 

with the analysis showing an appreciable decrease in the reliance on oil as the 

fuel source declining from 65.6% (n=99) in 2011 to 48.3% (n=73) in 2016 

(Table 5.32).  Conversely, the number of dwellings with gas heating increased 

between 2011 and 2016, from 19.2% (n=29) to 48.3% (n=73).  The shift from 

oil and other fuel sources to gas, the cleanest of the fossil fuels, represents 

considerable progress towards more efficient and cheaper alternatives, 

provision of which is essential in tackling fuel poverty.  Continued and instant 

heat supply, control over energy consumption as well as flexible payment 

options available with gas heating can improve householders’ circumstances 

and reduce the magnitude of the energy burden. 

Table 5.32 Fuel sources  

 2011 2016 
Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Oil 99 65.6% 65.6% 73 48.3% 48.3% 

Gas 29 19.2% 84.8% 73 48.3% 96.7% 

Dual fuel 10 6.6% 91.4% 4 2.6% 99.3% 

Solid fuel 6 4.0% 95.4% 1 0.7% 100% 

Electricity 7 4.6% 100% 0 0%  

Total 151 100%  151 100%  

Several observations are made based on the upgrades and the types of 

heating fuels selected for those installations.  Firstly, two thirds of the heating 

systems upgrades were in urban locations as defined in Section 5.2 (see 

Appendix 8 for distribution of upgrades by all property characteristics).  Also, 

within urban settlements, 70.3% (n=71) of the newly installed systems were 

fuelled by gas, compared to 27.7% (n=28) that were oil fired.  In contrast, in 

rural locations, oil systems accounted for 90% (n=45) of all upgrades.   Dual 

systems, which are fuelled by a combination of solid fuel and oil accounted for 

6% (n=3) of the upgrades in rural areas and gas systems were installed in 4% 

(n=2) of the properties.  The differing mix of fuel sources between urban and 

rural areas highlights the underdeveloped gas network in NI outside of the 
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main centres of population and as a result, reliance on home heating oil 

continues to be high in rural areas.13  

Secondly, concerning property type, the majority of systems in bungalows and 

detached properties were fuelled by home heating oil, with 73.7% (n=28) and 

68% (n=17) respectively, reflecting the predominance of these dwelling types 

in rural settlements.  In contrast, upgrades of or to natural gas heating systems 

were undertaken in 69.8% (n=30) of terraced houses and 81.3% (n=13) of 

apartments.   

Thirdly, with respect to property age, there are no significant differences in the 

distribution of various types of fuels.  Seemingly, within the older (pre-1980) 

properties, the presence of gas heating systems is somewhat higher (55%, 

n=55) than oil fired alternatives (43%, n=43) and the opposite is observed for 

post-1981 dwellings (58.8%, n=30 of oil upgrades and 24.7%, n=18 gas).  

However, these small differences in the distribution of fuel sources do not 

signify longstanding practices.  

Fourthly, in terms of tenure, two thirds of the heating upgrades were 

undertaken in the owner-occupied properties (67.5%, n=102), and within this 

sector 54.9% (n=56) of the new appliances were fuelled by oil.  Gas heating 

systems accounted for 40.2% (n=41) of the upgrades in the owned sector and 

the remaining 4.6% (n=5) were associated with the least popular options of 

dual or solid fuel systems.  Upgrades of, or conversions to gas systems are 

more apparent in the social sector 73.2% (n=30) reflecting policy initiatives 

within NI (Section 3.4.4).  In contrast, for the privately rented properties in the 

subsample there was little apparent upgrading of heating systems in 

properties with only 5.3% (n=8) the subject of a heating intervention, of which 

(n=6) were heated with oil fired heating systems and two by gas.        

 
13 Statistical analyses by property characteristics were not undertaken as chi-square test 
requires 80% of cells to have expected count more than or equal to 5; in all instances this 
test assumption was violated  
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Overall, the analysis shows that in the owner-occupied sector, there is a slight 

predominance of oil heating systems over gas, whereas in the social sector 

the majority of upgrades to gas heating appliances are undertaken. 

In addition to the use of central heating, many households also utilise 

secondary sources to heat their homes. These can take a form of individual 

fixed heaters or portable alternatives fuelled by a range of fuel types.  The 

majority of the properties in the selected subset in 2011 were equipped with 

an open fire as an additional source of heating in the home (43.7%, n=59) and 

fixed electric heaters were the second most prevalent alternative (25.2%, 

n=34) (Table 5.33).  Over time, the practice of using very inefficient or carbon 

intensive secondary heating declined and in 2016 open fires were in 34.6% 

(n=46) dwellings, whereas usage of electric alternatives increased to 42.8% 

(n=57).  Overall, the less energy intense options for secondary heating are 

beneficial to households as they generate heating more efficiently and in turn 

are less costly, which is important in terms of the fuel poverty equation.      

Table 5.33 Secondary sources of heat 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Gas 15 11.1% 11.1% 9 6.7% 6.7% 

Electric-

fixed 

34 25.2% 36.3% 57 42.8% 49.5% 

Electric-

portable 

13 9.6% 45.9% 1 0.8% 50.3% 

Open fire 59 43.7% 89.6% 46 34.6% 84.9% 

Stove 13 9.6% 99.2% 19 14.3% 99.2% 

Other 1 0.8% 100% 1 0.8% 100% 

Total 135 100%  133 100%  

Missing 16   18   

 

5.3.2 Loft insulation 

Insulating loft space in the home is considered one of the essential energy 

efficiency measures designed to prevent excess heat loss within the property. 

In fact, as much as 25% of warmth can be lost due to an uninsulated loft space 

(Energy Saving Trust, 2019) and to insulate is an inexpensive, easy and 

effective method of improving thermal comfort of building occupants.  
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Furthermore, given that the procedure is reasonably straightforward and is 

generally non-intrusive, it is frequently the first action taken in the fight against 

fuel poverty.  

The most commonly implemented method of loft insulation is the roll out of 

mineral wool/ fibre glass material due to its insulating properties and ease of 

use.  In 2011, this type of loft insulation was present in 98.5% (n=853) 

properties and 98.4% (n=836) in 2016 (Table 5.34).  The remaining types 

accounted for a fraction of insulating materials and as such offer limited 

additional insights.   

Table 5.34 Types of loft insulation     

 2011 2016 
Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Mineral wool/ 

fibre glass 
853 98.5% 98.5% 836 98.4% 98.4% 

Vermiculite 

beads 
3 0.3% 98.8% 1 0.1% 98.5% 

High 

performance 

quilt 

3 0.3% 99.2% 4 0.5% 98.9% 

Rigid foam 

board 
7 0.8% 100% 9 1.1% 100% 

Total 866 100%  850 100%  

Missing 84   100   

As the majority of the properties’ lofts are insulated with mineral wool/ fibre 

glass, it was possible to assess thickness of the material present in 2011 and 

2016.  This analysis illustrates the extent to which homes met the 

recommendations for loft insulation and captures any changes that occurred 

between two time points.  The evidence shows that there were considerable 

loft insulation upgrades undertaken, with 54.8% (n=432) of dwellings having 

more than 150mm of insulating material in the loft space in 2016, an increase 

from 39.9% (n=325) in 2011 (Table 5.35).  Simultaneously, the number of 

properties with no insulation or an inadequate depth thereof declined from 

60.1% (n=489) in 2011 to 45.2% (n=356), by 2016.  These improvements to 

loft spaces can be linked to an anti-fuel poverty agenda in NI whereby 

implementation of this energy efficiency measure can positively impact the 
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living standards of fuel poor households.  A Wilcoxon signed ranks test 

confirms that the increase of properties with a greater depth of loft insulation 

is statistically significant (Z = -6.17, p<0.001).   

Table 5.35 Depth of loft insulation   

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

No 

insulation 
13 1.6% 1.6% 10 1.3% 1.3% 

Less than 

100mm 
93 11.4% 13.0% 58 7.4% 8.6% 

100 to 

150mm 
383 47.1% 60.1% 288 36.5% 45.2% 

More than 

150mm 
325 39.9% 100% 432 54.8% 100% 

Total 814 100%  788 100%  

Missing 136   162   

In order to analyse property characteristics where loft insulation upgrades 

were undertaken, the dataset was reduced to cases where the depth of the 

insulating material in 2016 was greater than in 2011.  Subsequently, 232 cases 

were selected and formed the subsample required for the following 

investigations (Appendix 9 contains data on the distribution of loft insulation 

upgrades by property characteristics). 

In terms of settlement type, 58.6% (n=136) were urban and 41.4% (n=96) were 

rural, a distribution that reflects the spread of properties in NI (NIHE, 2018).  

This indicates that location of the properties was not a distinguishable 

component of loft insulation upgrades, meaning that homes across all 

settlement types had this energy efficiency measure implemented 

proportionately.   

With regard to property type, insulation upgrades in bungalows and terraced 

homes combined accounted for more than two thirds of all loft measures 

(69.4%, n=161), whereas less than a third of all insulations were implemented 

in detached and semi-detached dwellings (28.5%, n=66).  Seemingly, loft 

insulations upgrades were implemented somewhat disproportionately among 

different property types and even though the distribution of the implemented 
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loft measures broadly reflects the proportion of dwelling stock in NI, loft 

upgrades are skewed towards two particular property types.  

In relation to dwelling construction date, the majority of properties in which loft 

retrofits were undertaken were built between 1945 and 2000 (81.4%, n=189).  

The remaining 18.6% (n=43) of homes with adequately insulated loft spaces 

accounted for the oldest as well as the newest stock.  Overall, there is a 

proportionate number of dwellings within each construction date classification 

with retrofitted lofts, with the exception of post-2001 homes, as the majority of 

the newest homes already meet the recommended standards for loft 

insulation, at the point of construction.  

In relation to tenure, 57.3% (n=133) of loft upgrades were undertaken in the 

owner-occupied sector, followed by 27.2% (n=63) in the social housing stock 

and the remaining 15.5% (n=36), in the privately rented properties.  Given the 

tenure characteristics of the original dataset as well as NI as a whole, social 

housing stock had a higher incidence of properties for which loft insulation 

upgrades were implemented, whereas dwellings in the private sector, both 

owned and privately rented, had a slightly smaller proportion of homes with 

retrofitted lofts.   

5.3.3 Wall insulation 

Wall insulation is another energy efficiency measure implemented as part of 

the anti-fuel poverty agenda as well as the wider commitment to reduce energy 

consumption, and consequently, greenhouse gas emitted through energy use 

in the residential sector.  This type of retrofit can take the form of internal or 

external insulation for solid walls or consist of filling of the cavity for layered 

walls.  Dwellings constructed with non-standard materials can also be energy 

proofed, which can be achieved with the use of unconventional methods.  

Insulating the external fabric of the property can considerably reduce heat loss, 

as it is estimated that 35% of warmth can dissipate through uninsulated walls 

(Energy Saving Trust, 2020).  Therefore, households who are unable to 

maintain adequate heat in the home for a reasonable cost, can benefit from 

this type of retrofit as it creates a more comfortable living environment for the 

occupants and simultaneously reduces excessive energy costs.  However, 
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solid wall retrofit can be a complex and costly procedure which requires any 

inadequate ventilation and moisture building issues to be addressed prior to 

intervention, and as a result, is not commonly implemented.  In contrast, the 

cost of cavity wall insulation (CWI) is much lower, and the methods are non-

intrusive, which is a more favourable approach to home retrofitting.    

In the dataset, cavity wall property was the predominant type of construction 

method (80.3%, n=763), followed by solid walls (11.6%, n=105).  The 

remaining 8.6% (n=82) of dwellings, were constructed of timber, steel or 

concrete.  Due to low numbers of homes in the latter category and inability to 

extract data on presence of or type of insulation techniques implemented, they 

were deemed as outliers, and subsequently removed from this part of the 

analysis.  Thus, 868 solid and cavity walled dwellings formed the subsample 

for the following insulation analyses.  However, as the NIHE (2018) reported, 

the insulation of the exterior fabric poses a challenge, especially in the older 

housing stock.  As a result, data on partial cavity wall insulation as well as 

internal or external forms of solid wall insulation were collapsed to account for 

the existence of homes originally built with solid walls, cavity walls or a 

combination of both, and which upon examination, were classified as homes 

with incomplete insulation.    

Analysis of the existence of wall insulation reveals that a degree of 

improvement occurred between 2011 and 2016.  Overall, there were more fully 

insulated homes in 2016 (78.8%, n=684) than in 2011 (73.5%, n=638) (Table 

5.36).  Conversely, in 2016, there were fewer homes in which there was no 

evidence of any insulation (10.3%, n=89), a decrease from 16.9% (n=147), in 

2011.  This analysis shows that there is a gradual progress of energy proofing 

the properties through the implementation of wall insulation, which is designed 

to improve householders’ thermal comfort and reduce incidence of fuel 

poverty.  A Wilcoxon signed ranks test confirmed that these findings are 

statistically significant (Z = -7.30, p<0.001).   
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Table 5.36 Presence of wall insulation in the sample 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

No wall 

insulation 
147 16.9% 16.9% 89 10.3% 10.3% 

Partial CWI 

and/or solid 

wall 

insulation 

83 9.6% 26.5% 95 10.9% 21.2% 

Full CWI 638 73.5% 100% 684 78.8% 100% 

Total 868 100%  868 100%  

Those dwellings (66 in total) in which insulating retrofit occurred were identified 

through application of inclusion criteria.  Analysis shows a higher proportion of 

these properties in urban (69.7%, n=46) compared to rural locations (30.3%, 

n=20) (full details available in Appendix 10).  Given this finding, it is 

unsurprising that the types of properties which were more likely to be the 

subject of this energy efficiency measure were semi-detached (30.3%, n=20) 

and terraced homes (27.3%, n=18), property types shown to be predominately 

found in the more populated areas.  Wall insulating retrofit was undertaken in 

31.8% (n=21) of bungalows and detached properties collectively, and in only 

10.6% (n=7) of apartment style properties.   

In terms of the age of the dwellings, the analysis shows that wall insulation 

was mainly implemented in the older properties, in particular those constructed 

prior to 1980 (87.9%, n=58).  Newer homes are more likely to have wall 

insulation fitted as a result of building regulations, and thus, seldom require 

the wall retrofitting intervention.  Examination of tenure revealed that the 

upgrades were proportionality implemented across all three tenures, with wall 

insulating retrofit carried out in 39 owner-occupied homes (59.1% of this sub-

sample), 11 in private rentals (16.7%) and 16 in the social housing sector 

(24.2%).   However, overall, only 6.9% of the properties in the dataset were 

subject to this retrofit, a seemingly low number given the protective capacity 

of this measure against fuel poverty.  In fact, the NIHE (2018) reports that the 

proportion of fully insulated homes remained consistent over time due to lower 

capital investment in wall insulations relative to other energy efficiency 

measures.   
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5.3.4 Double-glazing 

Another energy efficiency measure frequently implemented as part of fuel 

poverty reduction agenda is upgrading old and leaky windows with efficient 

double-glazed alternatives (NIHE, 2018).  This measure, as reported by 

Walker et al. (2014) increases airtightness of properties and is considered a 

relatively inexpensive solution that can improve quality of internal living 

conditions.  Indeed, given that approximately 25% of heat can be lost through 

faulty windows (Energy Saving Trust, 2020), upgrades can lead to increases 

in thermal comfort, prevent moisture build-up in the home and reduce overall 

energy costs, though the greatest changes for the householders can be 

realised when double-glazing is undertaken in conjunction with other energy 

efficiency measures (Vilches et al., 2017). 

Analysis of this energy efficiency measure shows that the number of homes 

with full double-glazing increased between 2011 and 2016.  In 2011, 82.2% 

(n=781), and in 2016, 90.6% (n=861) of homes in the dataset had double-

glazing throughout (Table 5.37).  Moreover, there were fewer homes with 

partial or no double-glazing in 2016 (9.3%, n=89) than there were in 2011 

(17.8%, n=169), which signifies a considerable improvement in the condition 

of the properties over time.  A Wilcoxon signed ranks test confirmed these 

findings to be statistically significant (Z= -7.33, p<0.001), indicating, that 

between 2011 and 2016 efforts were taken to implement this energy efficiency 

measure to reduce discomfort associated with draft, leaky and improperly fitted 

windows and to energy-proof the homes.  

Table 5.37 Presence of double-glazing in the sample 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Full 781 82.2% 82.2% 861 90.6% 90.6% 

Partial 112 11.8% 94.0% 65 6.8% 97.5% 

None 57 6.0% 100% 24 2.5% 100% 

Total 950 100%  950 100%  

In order to analyse the characteristics of the properties in which this type of 

retrofit was undertaken, 109 homes met the inclusion criterion applied 

(Appendix 11).  With respect to settlement type, the majority of window 
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upgrades took place in the urban (61.5%, n=67) as opposed to rural (38.5%, 

n=42) locations.  This distribution reflects the overall NI urban/rural split and 

indicates proportionate implementation of windows retrofit across both 

settlements.  

In relation to dwelling type, bungalows, terraced homes and semi-detached 

properties had the highest rates of windows retrofit and collectively accounted 

for 88.1% (n=96) of all upgrades.  Retrofitting of windows in detached homes 

and apartments was marginal (6.4%, n=7 and 5.5%, n=6, for the respective 

property types).  Moreover, homes built prior to 1980 (76.1%, n=83) were 

subject to windows upgrades compared to post-1981 homes (23.9%, n=26).   

Again, this reflects the deterioration in the quality and efficiency of windows 

with age and the fact that most post-1980 constructions were fitted with full 

double-glazing.     

Analysis of tenure suggests that properties in the owner-occupied sector (45%, 

n=49) and social housing (40.4%, n=44) are where the majority of window 

enhancements took place. In contrast, the extent of upgrading in privately 

rented property was appreciably lower (14.7%, n=16) again highlighting how 

this sector lags behind the rest of the housing stock in terms of retrofitting. 

5.3.5 Combinations of energy efficiency measures 

The previous subsections outlined the types of energy efficiency measures 

most commonly implemented in NI and offered an analysis of selected 

property characteristics.  These four types of retrofits were considered to have 

the ability to generate a degree of impact for the occupants if undertaken as 

standalone measures but more importantly, the effects can be enhanced 

further when implemented simultaneously as part of a whole house approach.  

Crucially, as fuel poverty is partly caused by poorly performing homes, these 

measures, when implemented, can reduce the financial burden associated 

with excessive energy costs and improve the living conditions of households.  

In addition, environmental contributions can also be realised from individually 

installed, single measures or a combination of interventions.  
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In relation to the dataset of 950 properties, almost a fifth of all dwellings 

(19.1%, n=182) were subject to single-measure interventions, with loft 

insulating upgrades being most frequently implemented (42.8%, n=78) (Table 

5.38).  Thereafter, the measure that was implemented most frequently as a 

standalone intervention, was the replacement of an inefficient heating system 

(33%, n=60).    Wall insulating upgrades and windows replacements were 

carried out in 11.0% (n=20) and 13.2% (n=24) (respectively) of dwellings and 

were the least common types of standalone interventions in the dataset. 

Overall, 7.7% (n=73) of homes implemented a combination of two types of 

energy efficiency upgrades.  The most frequent (46.6%, n=34) was the 

replacement of an inefficient heating system with a loft insulation intervention.  

Other sequence included loft space insulations upgrades combined with either 

exterior wall fabric insulations (20.6%, n=15) or double-glazing (17.8%, n=13).  

Seemingly, homes where two types of retrofitting measures were carried out 

had as a common feature loft insulation, which is generally considered to be a 

relatively low-cost measure.  

A combination of three-measures was implemented in only 1.2% (n=12) of the 

950 properties, with a combination of central heating, loft insulation and 

double-glazing seemingly the approach that is more frequently adopted (n=9 

or 75% of this small sub-set). Only one property had included a combination 

of all four measures.  

These findings suggest that a single measure retrofit was the most frequent 

approach, whereas a whole house retrofit, whereby three or four energy 

efficiency measures are implemented incrementally, were seldom undertaken.  

Similar findings with respect to retrofits depth and comprehensiveness were 

reported by Collins and Curtis (2016), who highlighted that one-measure 

intervention of an upgrade to a heating system remained the most frequently 

adopted approach by households in Ireland to date.14  With respect to the two-

measure retrofits, a combination of loft and wall insulation was cited as the 

predominant method of improving energy efficiency of the homes.  The authors 

 
14 The study focused on the Better Energy Homes scheme, which offers grants for 
households to implement energy efficiency measures 



240 
 

also emphasise that adopting up to two measures has limited impacts on the 

overall energy efficiency rating, whereas interventions consisting of more than 

two measures are more beneficial.  However, the three or four-measure 

retrofits are implemented to a lesser extent due to the costs associated with 

such retrofit.  In order to overcome this, a further financial bonus is offered to 

maximise the uptake of whole house solutions, albeit with limited effect.    

In the German context, Neuhoff et al. (2011) investigated thermal efficiency 

retrofits of residential buildings and note that the depth of energy efficiency 

retrofits varies considerably, ranging from single-measure to comprehensive 

multiple-measure solutions.  With regards to the former, the improvements 

delivered are considered as minor, whereas the extensive interventions, may 

have the capacity to outperform new buildings in terms of energy efficiency by 

up to 50%.  Thus, the authors emphasised the need for deep retrofitting 

initiatives.    
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Table 5.38 Combinations of measures implemented in the properties in 

the dataset  

Retrofitting measures Number 
of cases 

Percent 
within 
category 

Percent 
in the 
dataset 

One measure 

Central heating 60 33.0% 6.3% 

Loft insulation 78 42.8% 8.2% 

Wall insulation 20 11.0% 2.1% 

Double-glazing 24 13.2% 2.5% 

Total 182 100% 19.1% 

Two measures 

Central heating + loft insulation 34 46.6% 3.6% 

Central heating + wall insulation 3 4.1% 0.3% 

Central heating + double-glazing 5 6.8% 0.5% 

Loft insulation + wall insulation 15 20.6% 1.6% 

Loft insulation + double-glazing 13 17.8% 1.4% 

Wall insulation + double-glazing 3 4.1% 0.3% 

Total 73 100% 7.7% 

Three measures 

Central heating + loft insulation + 

wall insulation 

2 16.7% 0.2% 

Central heating + loft insulation + 

double-glazing 

9 75.0% 0.9% 

Central heating + wall insulation + 

double-glazing 

1 8.3% 0.1% 

Loft insulation + wall insulation + 

double-glazing 

0 0% 0% 

Total 12 100% 1.2% 

Four measures 

Central heating + loft insulation + 

wall insulation + double-glazing 

1 100% 0.1% 

Total 1 100% 0.1% 

Total number of retrofits  268 100% 28.2% 

5.3.6 Retrofit measures and energy expenditure 

Thus far, the focus of this chapter was the analysis of properties’ 

characteristics, quality of the dwelling and the retrofitting measures 

implemented between 2011 and 2016.  Another important component of fuel 

poverty investigation is energy expenditure, which can affect individuals’ ability 

to maintain thermal comfort in the home and given that 57% of all energy 

consumed in the domestic sector in NI is on account of space heating (Ofgem, 
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2016), this means that heating costs make up the majority of consumers’ 

energy bills.  As this element is crucial in calculating fuel poverty, the NIHCS 

frequently undertakes modelling of annual fuel costs for the surveyed 

properties.  To do so, the NIHCS is bound by definitional requirements of 

specified heating regimes, which incorporate the average number of hours that 

appliances are active and optimal temperatures for the occupants are 

specified, consequently leading to estimations of required rather than actual 

fuel costs.   

In the 2011 NIHCS, fuel poverty calculations were based solely on the ‘10% 

indicator’.  As discussed in Section 2.3, fuel poverty definitions and 

determinations differ and are contested.  Indeed, the four nations of the UK all 

adopt a somewhat different approach to its measurement.  Thus, to provide a 

degree of comparability, the 2016 NIHCS, in addition to the modelled fuel 

costs, incorporated the equivalised alternative (used for the ‘Low Income/ High 

Cost’ measure), which adjusts required fuel costs by the number of people in 

the household.  However, due to unavailability of the adjusted fuel cost figures 

for 2011, the analysis presented follows the required expenditure method.  

Adoption of this approach allows comparable estimates for 2011 and 2016 

across the same 950 properties, thereby enabling the change in fuel costs to 

be tested over time.  In addition, modelled fuel costs can reflect the change in 

energy expenditure resulting explicitly from the retrofitting interventions 

undertaken over the course of five years. 

Since fuel cost data significantly deviates from the normal distribution, median 

as opposed to mean values are more representative of the general population, 

and therefore, used for the subsequent analyses.  The results show, that with 

respect to the whole dataset, median annual household fuel cost in 2011 was 

£1,572.44, decreasing to £1,452.22 by 2016 (Table 5.39). A Wilcoxon signed 

ranks test confirming this difference as statistically significant (Z= -10.77, 

p<0.001).  

Where energy efficiency improvements were undertaken, the 2016 figures for 

modelled fuel costs indicate that the improvements implemented led to a 

decline in energy costs.  Indeed, the most significant individual decrease of 
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£1,015.72 per annum was to a property which was subject to an extensive 

upgrade involving the combined effect of four retrofit measures.  Indeed, every 

retrofit combination yielded a beneficial outcome (Table 5.39), which 

reinforces the argument of home energy upgrades, at least partially, 

responsible for fuel poverty alleviation. 

Table 5.39 Median fuel costs per annum for 2011 and 2016 

 Median fuel costs (£) 

 2011 2016 Difference N 

Dataset  1,572.44 1,452.22 120.22 950 

One retrofitting measure 

CH15 1,722.52 1,334.79 387.73 60 

LI16 1,521.11 1,394.56 126.55 78 

WI17 1,699.85 1,695.91 3.94 20 

DG18 1,448.28 1,339.20 109.08 24 

Two retrofitting measures 

CH + LI 1,445.34 1,217.76 227.58 34 

CH + WI 1,769.02 1,174.41 594.61 3 

CH + DG 1,757.85 1,516.71 241.14 5 

LI + WI 1,543.16 1,456.17 86.99 15 

LI + DG 1,755.28 1,284.23 471.05 13 

WI + DG 1,591.34 1,305.30 286.04 3 

Three retrofitting measures 

CH + LI + WI 1,538.96 1,029.25 509.71 2 

CH + LI + DG 1,487.37 1,026.92 460.45 9 

CH + WI + DG 1,381.16 849.91 531.25 1 

Four retrofitting measures 

CH + LI + WI + DG 1,818.76 803.04 1,015.72 1 

 

 
15 CH – central heating upgrade 
16 LI – loft insulation upgrade 
17 WI – wall insulation upgrade 
18 DG - double-glazing upgrade 
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This analysis however, disregards household characteristics, behaviour and 

any changes over time.  Hence, before further analysis of fuel poverty in 

Sections 5.5 and 5.6, the chapter considers the structure and composition of 

households from data collected as an integral part of the 2011 and 2016 

NIHCSs.  

5.4 Household characteristics  

The previous sections of this chapter focused on the analyses of those key 

dwelling characteristics, derived from the 2011 and 2016 NIHCSs associated 

with the existence of fuel poverty, and which are indicative of the physical and 

structural qualities of the properties.  This section turns to the analysis of the 

social and household characteristics as fuel poverty is by definition embedded 

in a range of demographic components, which may affect individuals of 

different age, gender or income level differently.  As the NIHCS collects these 

data, this section examines the household profile of the merged sample of 950 

re-surveyed properties using the variables of interest from the 2011 and 2016 

datasets.    

5.4.1 Age of household representative person (HRP)  

Analysis of HRP’s age shows that between 2011 and 2016 there was an 

increase in the respondents’ age by just over 2 years from x̄=52.67 to x̄=54.97 

and similarly, median age rose from 52 to 55.  This increase in respondents’ 

age was expected due to the nature of the dataset used, which incorporates 

the re-surveyed proportion of the properties from the 2011 and 2016 NIHCSs, 

therefore it is anticipated, that the responses were given by the same HRPs 

(further examined in Section 5.5).   

Analysis of HRP’s age as aligned with the ONS classification shows, that the 

highest proportion of respondents were between 40 and 59, with 38.9% 

(n=368) of individuals in 2011 and 38.7% (n=363) in 2016 in this age category 

(Table 5.40).  Furthermore, the majority of respondents in both surveys were 

between 25 and 59 and accounted for 62.3% (n=589) in 2011 and 57.6% 

(n=540) in 2016 of HRPs.  Between 2011 and 2016 there was a 2% increase 

in the proportion of HRPs over 75, increasing from 10.8% (n=102) to 12.9% 

(n=121) and reflecting an ageing demographic.  Comparing the survey 
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demographics to the overall NI population, based on data retrieved from 2011 

Census and 2017 Mid-year Population Estimates for NI supplied by NISRA 

(2012) and NISRA (2018), for the respective years, the proportion of 25- to 59-

year-olds in 2011 was 46.8%, which slightly fell to 46.4% by 2016, whereas 

there was a slight increase in the proportion of those over 75, from 6.5% in 

2011 to 7.1% in 2016.  

Table 5.40 Age of HRPs in 2011 and 2016   

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

17 – 24  17 1.8% 1.8% 16 1.7% 1.7% 

25 – 39  221 23.4% 25.2% 177 18.9% 20.6% 

40 – 59  368 38.9% 64.1% 363 38.7% 59.3% 

60 – 74  237 25.1% 89.2% 261 27.8% 87.1% 

Over 75 102 10.8% 100% 121 12.9% 100% 

Total 945 100%  938 100%  

Missing 5   12   

 

5.4.2 Gender of HRP 

The proportion of male to female respondents remained comparable over time, 

whereby males were more frequently identified as HRPs.  As such, almost two 

thirds of all HRPs in 2011 (64.2%, n=607) and in 2016 (65.4%, n=613) were 

male, and just over a third households had a female HRP (35.8%, n=338 in 

2011 and 34.6%, n=325 in 2016) (Table 5.41), which is clearly at odds with 

the general population with a male to female ratio of 51:49 (NISRA, 2017).   

Table 5.41 Gender of HRP 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Male 607 64.2% 64.2% 613 65.4% 65.4% 

Female 338 35.8% 100% 325 34.6% 100% 

Total 945 100%  938 100%  

Missing 5   12   
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5.4.3 Employment status of HRP 

Employment status is one of the key socio-economic characteristics collected 

as part of a household profiling procedures under the NIHCS.  Four categories 

are identified to denote economic activity of the HRP, namely, working, not 

working, retired and permanently sick or disabled.19 

Analysis shows that almost half of the HRPs in 2011 (49.9%, n=472) and also 

in 2016 (48.2%, n=452) were in some type of employment, whereas 13.4% 

(n=127) and 12.3% (n=115) were non-working in the respective years (Table 

5.42).  There was a slight increase in those HRPs retired, from 28.3% (n=267) 

in 2011 to 30.5% (n=286) in 2016.  Permanently sick or disabled respondents 

accounted for a small fraction of the overall sample, with 8.4% (n=79) in 2011 

and 9.1% (n=85) in 2016 affected by a long-term health condition. 

Table 5.42 Employment status of the HRP 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Working 472 49.9% 49.9% 452 48.2% 48.2% 

Not 

working 

127 13.4% 63.4% 115 12.3% 60.4% 

Retired 267 28.3% 91.6% 286 30.5% 90.9% 

Disabled  79 8.4% 100% 85 9.1% 100% 

Total 945 100%  938 100%  

Missing 5   12   

 

 

 

 

 

 

 

 

 

 

 
19 Due to small numbers in the student and looking after family categories, these were 
combined with the non-working group. 
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5.4.4 Household income 

Historically, gross income data referring to overall earnings from employment 

as well as benefits and other sources, has been collected as part of the 

NIHCSs to generate a socio-economic profile of NI households.20  To ensure 

comparability and compatibility with other data collected by the government, 

harmonised income bands are used in the survey.  However, due to changes 

in income classification between 2011 and 2016, direct comparisons between 

the surveys are not possible.  Given that income is a key fuel poverty 

component, assessment of change over time as well as poverty thresholds 

estimations are further examined in Section 5.5.  

Analysis of income distribution in 2011 shows that, in the dataset, nearly half 

of households had a combined income of less than £14,999 per year (46.7%, 

n=442) (Table 5.43), and those who had overall income between £15,000 and 

£29,999 accounted for nearly a third of the sample (31.4%, n=297).  The 

remaining 21.8% (n=206) were the highest earners, with a total annual income 

above £30,000. 

Although a direct comparison between 2011 and 2016 incomes is not possible 

due to different thresholds used, analysis of 2016 data shows that there were 

fewer households than in 2011 with lowest incomes, below £15,599 (42.4%, 

n=398), indicating a potential increase in household disposable income in 

2016.  Furthermore, similar to 2011, approximately a third of all households in 

2016 had an overall income between £15,600 and £31,199 (32.8%, n=308), 

though the proportion of the highest earners increased to 24.7% (n=232). 

 

 

 

 

 

 

 
20 Annual individual median income in NI in 2011 from full time employment was estimated 
at £23,034, whereas by 2016, this figure rose to £25,978 (NISRA, 2016). When earnings 
from part-time and full-time employment were taken into account, in 2011, individual gross 
annual income was estimated at £18,208 and in 2016, at £20,966.  
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Table 5.43 Household income  

Household income per annum 

 Frequency Percent Cumulative percent 

2011 

Up to £9,999 177 18.7% 18.7% 

£10,000 - £14,999 265 28.0% 46.8% 

£15,000 - £19,999 151 16.0% 62.8% 

£20,000 - £29,999 146 15.4% 78.2% 

£30,000 or more 206 21.8% 100% 

Total 945 100%  

Missing 5   

2016 

Up to £10,399 149 15.9% 15.9% 

£10,400 - £15,599 249 26.5% 42.4% 

£15,600 - £20,799 126 13.4% 55.9% 

£20,800 - £31,199 182 19.4% 75.3% 

£31,200 - £46,799 142 15.1% 90.4% 

£46,800 or more 90 9.6% 100% 

Total 938 100%  

Missing 12   

5.4.5 Household type 

With regards to household type, the NIHCS distinguishes between adult 

households (comprising of adults below pensionable age and no dependants), 

households with children and older households (at least one person of 

pensionable age).   

Analysis of household types in the dataset showed little variation between 

2011 and 2016.  The proportion of adult households rose from 38.2% (n=361) 

in 2011 to 40.3% (n=378) in 2016, whereas the number of households with 

children fell from 32.1% (n=303) to 30.1% (n=282) during this period (Table 

5.44).  The proportion of older households remained stable over time with just 

a slight decrease from 29.7% (n=281) in 2011 to 29.6% (n=278) by 2016.  

 

 

 

 

 



249 
 

Table 5.44 Household type 

 2011 2016 
Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Adult 

households 

361 38.2% 38.2% 378 40.3% 40.3% 

Households 

with children 

303 32.1% 70.3% 282 30.1% 70.4% 

Older 

households 

281 29.7% 100% 278 29.6% 100% 

Total 945 100%  938 100%  

Missing 5   12   

 

5.4.6 Household size 

Size is another household composition characteristic of importance to this 

research.  Analysis of this component in 2011 and 2016 shows little variation 

over time.  The proportion of single-person households decreased marginally 

from 29.8% (n=282) to 29.1% (n=273) and households comprising two 

individuals remained consistent over time with 29.4% in both years (n=278 in 

2011 and n=276 in 2016) (Table 5.45).  In addition, there was an increase in 

three-person households, the proportion of which rose from 14.6% (n=138) in 

2011 to 16.3% (n=153) in 2016, however, during this period there was a slight 

decrease of those with four or more occupants from 26.1% (n=247) to 25.2% 

(n=236).  

Table 5.45 Household size 

 2011 2016 

Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

1 282 29.8% 29.8% 273 29.1% 29.1% 

2 278 29.4% 59.3% 276 29.4% 58.5% 

3 138 14.6% 73.9% 153 16.3% 74.8% 

4 plus 247 26.1% 100% 236 25.2% 100% 

Total 945 100%  938 100%  

Missing 5   12   
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5.5 Fuel poverty  

Due to the overlaps of households between the 2011 and 2016 HCSs, for the 

first time in NI it is possible to undertake a longitudinal analysis of fuel poverty 

and associated factors. This forms the focus of this section.  Indeed, capturing 

fuel poverty variations between the two surveys, with a specific focus on 

changes in its prevalence due to retrofits and energy efficiency measures 

implemented over time, is central to the objectives of this thesis (Section 1.2).  

In addition, analysis of energy costs prior to and post-retrofits is undertaken to 

detect the impact of retrofitting measures on energy expenditure for the 

householders.  Given that fuel poverty determinants are multiple and reflect 

both the physical property components as well socio-economic and 

behavioural factors, analysis of key household characteristics is also pertinent.  

The operational definition of fuel poverty in NI over the last two decades 

remains unchanged, with a fuel poor household being one which spends more 

than 10% of their income on all aspects of energy use in the home (Northern 

Ireland Assembly, 2009).  This means, that space and water heating, cooking, 

lighting and appliances are all incorporated when fuel poverty calculations are 

undertaken.  In addition to energy consumption within the home, fuel prices 

and household income are key components of the fuel poverty model 

employed by NIHE and used to identify households who experience difficulties 

in energy affordability.  Each time the NIHCS is undertaken, the fuel poverty 

model is subject to minor changes to improve reliability of the assessment, 

nonetheless direct comparisons between 2011 and 2016 are possible due to 

rigorous quality assurance procedures.   

Analysis of the incidence of fuel poverty in the dataset discussed in this 

chapter highlights a considerable reduction in the number of affected 

households between 2011 and 2016.  In 2011, 41.1% (n=388) of surveyed 

households were regarded as fuel poor, whereas by 2016, this figure fell to 

21% (n=197) (Table 5.46).  The apparent reduction in fuel poverty incidence 

of 20 percentage points between 2011 and 2016 is statistically significant, with 

a McNemar’s test, indicating a real reduction in the number of households 

living in fuel poverty between 2011 and 2016 χ2 (1, N = 933) = 115.23, p<0.001.    
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Table 5.46 Fuel poverty incidence  

 2011 2016 

 Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

In FP 388 41.1% 41.1% 197 21.0% 21.0% 

Not in FP 557 58.9% 100% 741 79.0% 100% 

Total 945 100%  938 100%  

Missing 5   12   

 

In addition to the incidence of fuel poverty, this analysis highlights the severity 

of the problem and how this has changed between the two surveys.  In 2011, 

26.7% (n=252) of households spent between 10% and 15% of their income on 

energy within the home, whereas by 2016, a 43% decrease was observed, 

and the proportion of affected households was 15.2% (n=143) (Table 5.47). 

Likewise, the number of households whose energy expenditure was in excess 

of 15% of their overall income, representing severe fuel poverty, decreased 

from 8.7% (n=82) in 2011 to 3.7% (n=35) in 2016, reflecting a 57% decrease.  

A similar pattern of decline is also apparent for the most extreme forms of fuel 

poverty, whereby households’ spending 20% or more of their income fell from 

5.7% (n=54) in 2011 to 2.0% (n=19) in 2016.  This change in severity of fuel 

poverty over time is statistically significant, as confirmed by a Wilcoxon signed 

ranks test (Z= -10.84, p<0.001).21 

Table 5.47 Proportion of income spent on energy 

 2011 2016 

 Frequency Percent Cumulative 

Percent  

Frequency Percent Cumulative 

Percent 

Less than 10% 557 58.9% 58.9% 741 79.0% 79.0% 

10% - 15%  252 26.7% 85.6% 143 15.2% 94.2% 

15% - 20%  82 8.7% 94.3% 35 3.7% 98.0% 

More than 20% 54 5.7% 100% 19 2.0% 100% 

Total 945 100%  938 100%  

Missing 5   12   

Analysis of the 2011 and 2016 fuel poverty data by settlement type shows 

somewhat conflicting findings.  Fuel poverty distribution in 2011 revealed a 

 
21 Terms ‘severe’ and ‘extreme’ fuel poverty were previously used by Liddell et al. (2010) to 
emphasise the severity of the problem in NI 
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higher proportion of fuel poor households in rural (44.9%, n=170) than urban 

(38.5%, n=218) areas, however these findings are non-significant, meaning 

that no statistical difference was detected in how fuel poverty affected 

households, based on their rural/urban classification.  Conversely, by 2016, 

the proportion of affected individuals in different locations was more prominent 

and fuel poverty was much higher in areas classified as rural (28.8%, n=108) 

rather than urban (15.8%, n=89) (Figure 5.4).  This could be due to the fact 

that Government investment22 in energy efficiency improvements between 

2011 and 2016 was skewed towards the social housing stock and given that 

the majority of NIHE-owned properties are located in urban settlements, this 

could have led to a greater urban bias in home energy retrofitting.  

Furthermore, home ownership is more prevalent in rural locations and 

available funding for renovating the private stock could have been insufficient 

to reach significant numbers of rural dwellers in order to balance the incidence 

of fuel poverty based on settlement type.  The unequal distribution of fuel 

poverty in 2016 based on geography is statistically significant χ2 (1, N = 938) 

= 22.90, p<0.001.   

Figure 5.4 Fuel poverty by settlement type 

 

 
22 £117 million in the private housing stock and £180 million in the HE properties  
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With respect to fuel poverty incidence by dwelling type, significant associations 

were not found for neither 2011 nor 2016.  Seemingly, the highest rates of fuel 

poor households were among those residing in bungalows, with 46.9% 

(n=112) in 2011 and 25.6% (n=60) in 2016 (Table 5.48).  Contrary to this, fuel 

poverty rates are consistently the lowest (33.3%, n=22 in 2011 and 13.6%, 

n=9 in 2016) in flats or apartments.  Although non-significant, the results are 

indicative of lower fuel poverty among those households occupying smaller 

and energy efficient properties, which reinforces the assumption that 

occupying highly performing homes from an energy perspective reduces the 

risk of falling into fuel poverty. 

While significance based on property type was not found for both survey years, 

there is a link between fuel poverty and the age of the dwelling.  In 2011 as 

well as 2016 comparable findings were apparent, whereby the oldest homes, 

and in particular those built prior to 1919, had the highest level of households 

regarded as fuel poor (73.6, n=53 in 2011 and 53.7%, n=36 in 2016).  

Conversely, the rate of fuel poverty among households occupying the newest 

housing stock was the lowest, with 21.7% (n=31) in 2011 and only 7.6% (n=19) 

in 2016.  In addition, as fuel poverty rates declined considerably between 2011 

and 2016, this is reflected across dwellings constructed in different time 

periods, however the most notable decrease (of 31.5%) is observed for 

dwellings constructed between 1919–1944.  The difference in fuel poverty 

distribution by age of dwelling is statistically significant for both years χ2 (5, N 

= 945) = 85.03, p<0.001 (for 2011) and χ2 (5, N = 938) = 61.21, p<0.001 (for 

2016). 
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Table 5.48 Fuel poverty by property characteristics      

 Not in 

FP 

In FP Total Not in 

FP 

In FP Total 

2011 2016 

Dwelling type 

Bungalow Freq. 127 112 239 174 60 234 

% 53.1% 46.9% 100% 74.4% 25.6% 100% 

Terraced 

house 

Freq. 146 111 257 215 47 262 

% 56.8% 43.2% 100% 82.1% 17.9% 100% 

Semi-detached 

house 

Freq. 129 78 207 161 41 202 

% 62.3% 37.7% 100% 79.7% 20.3% 100% 

Detached 

house 

Freq. 111 65 176 134 40 174 

% 63.1% 36.9% 100% 77.0% 23.0% 100% 

Flat/ Apartment Freq. 44 22 66 57 9 66 

% 66.7% 33.3% 100% 86.4% 13.6% 100% 

Construction date 

Pre- 1919 Freq. 19 53 72 31 36 67 

% 26.4% 73.6% 100% 46.3% 53.7% 100% 

1919 – 1944  Freq. 29 37 66 43 14 57 

% 43.9% 56.1% 100% 75.4% 24.6% 100% 

1945 – 1964  Freq. 92 88 180 127 35 162 

% 51.1% 48.9% 100% 78.4% 21.6% 100% 

1965 – 1980  Freq. 130 112 242 200 58 258 

% 53.7% 46.3% 100% 77.5% 22.5% 100% 

1981 – 2000 Freq. 175 67 242 218 44 262 

% 72.3% 27.7% 100% 83.2% 16.8% 100% 

Post- 2001 Freq. 112 31 143 122 10 132 

% 78.3% 21.7% 100% 92.4% 7.6% 100% 

Analysis by tenure shows that fuel poverty continues to be highest within 

private rentals and affected more than half the households in this sector in 

2011 (53.0%, n=80) and almost a third of households in 2016 (30.1%, n=46) 

(Figure 5.5). Although a 43% decrease is observed, this result signifies that 

the private rented sector lags behind the social and owned counterparts in 

terms of efforts to alleviate fuel poverty in NI.  For the other two tenures, 

substantial changes in the incidence of fuel poverty are also detected.  In 2011, 

the social housing sector had the second highest rates for fuel poverty at 

39.8% (n=78), however, by 2016, only 9.7% (n=19) were regarded as fuel 

poor, reflecting a 76% decrease.  Indeed, this sector had the lowest fuel 

poverty rate overall.  Owner-occupied homes, although of similar magnitude 
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to social housing, were the least affected (38.5%, n=230) in terms of fuel 

poverty in 2011, and whilst the rate of fuel poverty declined by 2016, the rate 

of decrease has been slower than that for social sector housing, with more 

than a fifth of households in home ownership (22.4%, n=132) affected (overall 

a 43% decrease).   

Figure 5.5 Fuel poverty rates by tenure  

 

The findings associated with the distribution of fuel poverty by tenure in 2011 

and 2016 are statistically significant χ2 (2, N = 945) = 10.66, p<0.001 (for 2011) 

and χ2 (2, N = 938) = 23.39, p<0.001 (for 2016).  This suggests that the 

interventions undertaken between 2011 and 2016 led to a considerable fall in 

the levels of fuel poverty in the social housing sector, whereas the progress 

towards alleviating the problem in the private sector, both rented and owned, 

is seemingly slower.  As already suggested and outlined in further detail in 

Section 3.5.3, the fact that there was a considerably higher capital investment 

allocated to social housing stock renovations, could have led to this imbalance 

in how fuel poverty affects individuals occupying homes in different sectors.  

In relation to the private sector, knowledge regarding availability of funding for 

energy efficiency interventions is not widespread among home-owners and it 

could be that the upfront cost required to improve the home is a significant 

deterrent regarding retrofit uptake (Liddell and Gray, 2014).  High fuel poverty 

rates among private renters, as highlighted by Wilkinson et al. (2001), could 
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also be due to a lack of funds and/or unwillingness to invest in the properties 

that are not owned by the occupiers themselves.  Furthermore, where capital 

is available through government schemes, landlords’ approval and 

contribution is required, which perhaps at times could not be sought by the 

tenants due to personal or logistical constraints.      

According to Boardman (1991) the incidence of fuel poverty has been linked 

to structural defects of the properties, inefficient heating systems and 

inadequate energy efficiency measures.  Hence, in undertaking an 

assessment of fuel poverty it is important to consider those physical aspects 

of the dwellings, which can and are being upgraded over time.  Accordingly, 

fuel poverty incidence is analysed with respect to the selected energy-related 

aspects identified in Section 5.3.   

In terms of fuel source, although no statistical significance for 2011 was 

detected, the highest proportion of households in fuel poverty was among 

those with solid fuel heating (57.9%, n=11), whereas those relying on gas-fired 

alternatives were least likely to be affected (33.6%, n=44) (Table 5.49).  In 

2016, differences in fuel poverty distribution by fuel type are more apparent 

and statistically significant χ2 (4, N = 925) = 19.02, p=0.001.  Analysing by 

individual fuel sources, the highest proportion of fuel poor households is 

detected where solid fuel heating is used in the home (41.7%, n=5), followed 

by electricity users (25%, n=3) and thereafter, households with oil central 

heating (23.8%, n=159).  Reliance on oil, although not directly linked to fuel 

poverty, can exacerbate the problem, as discussed in Chapter 3, prices 

fluctuate on a seasonal basis and payment methods are not flexible.  The 

lowest rate of fuel poor households is associated with gas as the main source 

of heating (10.3%, n=19), which could partially be due to its lower price and 

flexible paying options. As discussed earlier, mains gas is restricted to the 

principal cities and larger towns in NI, notably those in the east of the province, 

a factor adding to the differential rates of fuel poverty between urban and rural 

settlements. 

Households occupying properties with full loft insulation have consistently 

lower incidences of fuel poverty.  To illustrate this, in 2011, 34.6% (n=112) of 
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households with a recommended amount of loft insulation were regarded as 

fuel poor compared to 84.6% (n=11) of households where loft insulation was 

not detected, a finding that is statistically significant χ2 (3, N = 811) = 24.20, 

p<0.001.  By 2016, 17.1% (n=73) of households with fully insulated lofts were 

regarded as fuel poor, as opposed to 50% (n=5) with no insulation in the loft 

space.  Again, this distribution is statistically significant χ2 (3, N = 777) = 19.86, 

p<0.001.   

In terms of wall insulation measures, a similar pattern is detected.  In 2011, 

fuel poverty incidence among households occupying properties with the 

exterior of the dwelling fully insulated was 33.6% (n=227), while 60.2% (n=97) 

of fuel poor households lived in properties without wall insulation.  This pattern 

remained consistent over time, and in 2016, there were fewer households in 

fully insulated homes suffering from fuel poverty (16.5%, n=119) than there 

were in uninsulated properties (43.0%, n=40).  The distribution of fuel poverty 

by presence of wall insulation is significant for 2011 and 2016, as confirmed 

by statistical tests (χ2 (2, N = 945) = 54.91, p<0.001) and (χ2 (2, N = 938) = 

43.30, p<0.001), for the respective years. 

Likewise, the extent to which double-glazing is present in the dwelling 

influences fuel poverty rates.  In 2011, 37.3% (n=290) of households living in 

fully double-glazed properties and 64.9% (n=37) with no double-glazing were 

in fuel poverty.  By 2016, these figures declined to 19.1% (n=162) and 41.7% 

(n=10), respectively.  Again, the findings are statistically significant χ2 (2, N = 

945) = 27.42, p<0.001 (for 2011) and χ2 (2, N = 938) = 20.01, p<0.001 (for 

2016).   

Overall, these results (Table 5.49) are indicative of the beneficial and impactful 

effects that energy efficiency measures have on the incidence of fuel poverty.  

This finding suggests that fuel poverty is dynamic and susceptible to change 

even when only the physical property elements are being considered.  Gains 

realised from seemingly easy to install and relatively inexpensive energy 

efficiency measures can relate to improvements in thermal comfort and 

reduced energy burden, consequently contributing to alleviation of fuel 

poverty. 
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Table 5.49 Fuel poverty by energy-related characteristics 

 Not in 

FP 

In FP Total Not in 

FP 

In FP Total 

2011 2016 

Fuel type 

Oil Freq. 402 282 684 510 159 669 

% 58.8% 41.2% 100% 76.2% 23.8% 100% 

Gas Freq. 87 44 131 165 19 184 

% 66.4% 33.6% 100% 89.7% 10.3% 100% 

Dual fuel  Freq. 41 35 76 39 9 48 

% 53.9% 46.1% 100% 81.3% 18.8% 100% 

Solid fuel Freq. 8 11 19 7 5 12 

% 42.2% 57.9% 100% 58.3% 41.7% 100% 

Electricity Freq. 11 12 23 9 3 12 

% 47.8% 52.2% 100% 75.0% 25.0% 100% 

Depth of loft insulation 

No insulation Freq. 2 11 13 5 5 10 

% 15.4% 84.6% 100% 50.0% 50.0% 100% 

Less than 

100mm 

Freq. 41 51 92 36 22 58 

% 44.6% 55.4% 100% 62.1% 37.9% 100% 

100 to 150mm Freq. 216 166 382 215 67 282 

% 56.5% 43.5% 100% 76.2% 23.8% 100% 

More than 

150mm 

Freq. 212 112 324 354 73 427 

% 65.4% 34.6% 100% 82.9% 17.1% 100% 

Wall insulation 

No wall 

insulation 

Freq. 64 97 161 53 40 93 

% 39.8% 60.2% 100% 57.0% 43.0% 100% 

Partial wall 

insulation 

Freq. 44 64 108 85 38 123 

% 40.7% 59.3% 100% 69.1% 30.9% 100% 

Full wall 

insulation 

Freq. 449 227 676 603 119 722 

% 66.4% 33.6% 100% 83.5% 16.5% 100% 

Double-glazing 

None Freq. 20 37 57 14 10 24 

% 35.1% 64.9% 100% 58.3% 41.7% 100% 

Partial Freq. 49 61 110 40 25 65 

% 44.5% 55.5% 100% 61.5% 38.5% 100% 

Full Freq. 488 290 778 687 162 849 

% 62.7% 37.3% 100% 80.9% 19.1% 100% 

 

 



259 
 

Section 5.3 has explored the relationships between fuel costs and energy 

efficiency measures.  Extending this analysis further, as energy expenditure 

increased so did the rate of fuel poor households, a finding that is consistent 

for both the 2011 and 2016 surveys.23  More specifically, in 2011, 25.3% 

(n=22) of households with fuel costs below £1,000 were fuel poor, whereas 

47.6% (n=78) of respondents whose energy expenditure ranged from £2,000 

to £2,499 experienced fuel poverty (Figure 5.6).  Furthermore, half of the 

respondents (n=41) with annual fuel costs in excess of £2,500 were regarded 

as fuel poor. This unbalanced fuel poverty distribution based on fuel costs is 

statically significant χ2 (4, N = 944) = 15.39, p<0.05.   

Figure 5.6 Fuel poverty rates by household annual fuel costs in 2011 

 

Similar results are evident for 2016 (Figure 5.7), whereby 5.6% (n=8) of 

households with relatively low energy needs of less than £1,000 were fuel poor 

compared to 37.5% (n=21) whose annual fuel cost exceeded £2,500.  Again, 

this uneven distribution is statistically significant at a high probability level χ2 

(4, N = 938) = 35.60, p<0.001. 

 

 
23 Annual fuel costs were transformed from a continuous into a categorical variable to 
highlight how fuel poverty rates change with increasing costs as opposed to presenting 
mean and median values for fuel poor and non-fuel poor households. 
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Figure 5.7 Fuel poverty rates by household annual fuel costs in 2016 

 

In addition to the tangible, physical dwelling features, household 

characteristics (Section 5.4) are fundamental in understanding how fuel 

poverty varies among different demographics.  Indeed, the analysis shows that 

a number of household variables are significant and constitute risk factors in 

terms of experiencing fuel poverty.    

Specifically, the analysis of both the 2011 and 2016 datasets confirms that fuel 

poverty rates are disproportionately high within the youngest and the oldest 

groups of individuals.  In 2011, fuel poverty was evident for almost half of 

respondents (47.1, n=8) below 25 years of age24 and more than two thirds of 

those over 75 (67.6%, n=69).  By 2016, the comparable figures fell to 

approximately a third of the households who were regarded as fuel poor when 

age is either less than 25 (31.3%, n=5) or more than 75 (33.9%, n=41) (Table 

5.50).  The analysis indicates that fuel poverty is at its lowest among 

households aged 25 to 39, a finding that is consistent between the 2011 and 

2016 surveys, with 26.7% (n=59) of households in 2011 and 13.6% (n=24), in 

2016.  Differences by age group are statistically significant χ2 (4, N = 945) = 

61.96, p<0.001 (for 2011) and χ2 (4, N = 938) = 21.06, p<0.001 (for 2016) 

 
24 Figures for households where HRP is 25 years old or less, are consistently low for 2011 
and 2016. Generalized inferences based on this age category are to be treated with caution. 
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suggesting that there is a higher likelihood of experiencing energy-related 

issues by either the youngest or the oldest individuals.  

Concerning employment status (Table 5.50), the analysis shows that fuel 

poverty affected a lower proportion of working households in 2011 (25.0%, 

n=118), an observation that was repeated in 2016 (13.9%, n=63) compared to 

economically inactive individuals (48.8%, n=62 in 2011 and 33.0%, n=38 in 

2016).  In addition, within retired households (60.7%, n=162 in 2011 and 

26.6%, n=76 in 2016) and those where permanent illness was disclosed 

(58.2%, n=46 in 2011 and 23.5%, n=20 in 2016), fuel poverty rates were higher 

despite the overall reduction in the proportion of affected households.   These 

findings illustrate that fuel poverty is rooted in low incomes, and households 

who are unable to be economically active are by default generally financially 

limited.  The distribution of fuel poverty by employment status is statistically 

significant for the 2011 (χ2 (3, N = 945) = 105.53, p<0.001) and the 2016 data 

(χ2 (3, N = 938) = 27.27, p<0.001), indicating that employment is an indirect 

factor that determines energy affordability issues.   
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Table 5.50 Fuel poverty by household characteristics  

 Not in 

FP 

In FP Total Not in 

FP 

In FP Total 

2011 2016 

Age of household representative 

17 – 24  Freq. 9 8 17 11 5 16 

% 52.9% 47.1% 100% 68.8% 31.3% 100% 

25 – 39  Freq. 162 59 221 153 24 177 

% 73.3% 26.7% 100% 86.4% 13.6% 100% 

40 – 59  Freq. 236 132 368 296 67 363 

% 64.1% 35.9% 100% 81.5% 18.5% 100% 

60 – 74  Freq. 117 120 237 201 60 261 

% 49.4% 50.6% 100% 77.0% 23.0% 100% 

75 plus Freq. 33 69 102 80 41 121 

% 32.4% 67.6% 100% 66.1% 33.9% 100% 

Employment status 

Working Freq. 354 118 472 389 63 452 

% 75.0% 25.0% 100% 86.1% 13.9% 100% 

Not working Freq. 65 62 127 77 38 115 

% 51.2% 48.8% 100% 67.0% 33.0% 100% 

Retired Freq. 105 162 267 210 76 286 

% 39.3% 60.7% 100% 73.4% 26.6% 100% 

Permanently 

sick/ disabled 

Freq. 33 46 79 65 20 85 

% 41.8% 58.2% 100% 76.5% 23.5% 100% 

Income is generally a reflection of employment status with the analysis 

indicating a higher likelihood of experiencing fuel poverty among lower-income 

households, a finding that is consistent over time.  In 2011, an overall 

household income of below £10,000 per annum was associated with 

extremely high rates of fuel poverty (76.3%, n=135) and likewise 61.1% 

(n=162) for households whose overall income was within the band £10,000 to 

£14,999 (Figure 5.8).   
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Figure 5.8 Fuel poverty by annual household income in 2011 

 

Even though fuel poverty rates have declined significantly between 2011 and 

2016, a similar fuel poverty/income relationship is observed in the 2016 data 

(Figure 5.9).  Households in the lowest income bands were more likely to be 

affected by fuel poverty with more than half of those with annual earnings 

below £10,399 affected by energy affordability (53%, n=79).  With higher 

earnings fuel poverty rates decrease to the extent that for households with an 

overall income in 2011 in excess of £30,000 only 4.9% (n=10) are considered 

fuel poor.  In 2016, in the somewhat comparable income band of more than 

£31,200, there were 2.1% (n=3) affected households.  Despite the changes in 

income classification, these findings are highly significant χ2 (4, N = 945) = 

281.93, p<0.001 (in 2011) and χ2 (5, N = 938) = 187.80, p<0.001 (in 2016) 

confirming that income inequality is a major factor reinforcing the link between 

general poverty and fuel poverty (detailed in Section 2.2.1).     
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Figure 5.9 Fuel poverty by annual household income in 2016 

 

Concerning household characteristics (Section 5.4), those comprised of adults 

only and those with children are highly comparable, with 33.2% (n=120) fuel 

poor in the former and 32.3% (n=98) of the latter suggesting no distinction at 

this level of analysis.  However, the incidence of fuel poverty was much higher 

for older households, 60.5% (n=170) of which were fuel poor.  Although fuel 

poverty rates significantly decreased by 2016, the pattern of individuals in 

older households being disproportionately affected by fuel poverty remained 

consistent.  As such, 30.6% (n=85) of older households were regarded as fuel 

poor in comparison to 16.9% (n=64) of adult households and 17.0% (n=48) of 

those with children.  These findings are statistically significant χ2 (2, N = 945) 

= 62.51, p<0.001 (for 2011) and χ2 (2, N = 938) = 21.83, p<0.001 (for 2016), 

adding to the evidence that fuel poverty affects different types of households 

disproportionately.   

Analysis by number of occupants highlights the challenges of single-person 

households, where in 2011, almost two thirds (63.8%, n=180) were fuel poor, 

a figure which fell considerably (by 51%) by 2016, though remained 

disproportionately high 32.6% (n=89).  However, the relationship between fuel 

poverty and the number of persons in a household is complex, with the 

proportion of households experiencing fuel poverty declining with the greater 

the number of occupants (Table 5.51). Four person households in 2011 
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(20.3%, n=30) and three person households in 2016 (12.4%, n=19) 

experienced the lowest incidence of fuel poverty, suggesting some optimal 

household size/income relationship. Thereafter, as household size increased 

so did the rates of fuel poverty.  These differences in the incidence of fuel 

poverty by household size are statistically significant χ2 (3, N = 945) = 101.02, 

p<0.001 (for 2011) and χ2 (3, N = 938) = 36.02, p<0.001 (for 2016). 

Table 5.51 Fuel poverty by household characteristics (type/size) 

 Not in 

FP 

In FP Total Not in 

FP 

In FP Total 

2011 2016 

Household type 

Adult 

households 

Freq. 241 120 361 314 64 378 

% 66.8% 33.2% 100% 83.1% 16.9% 100% 

Households 

with children 

Freq. 205 98 303 234 48 282 

% 67.7% 32.3% 100% 83.0% 17.0% 100% 

Older 

households 

Freq. 111 170 281 193 85 278 

% 39.5% 60.5% 100% 69.4% 30.6% 100% 

Number of people in the household 

One  Freq. 102 180 282 184 89 273 

% 36.2% 63.8% 100% 67.4% 32.6% 100% 

Two Freq. 168 110 278 220 56 276 

% 60.4% 39.6% 100% 79.7% 20.3% 100% 

Three Freq. 97 41 138 134 19 153 

% 70.3% 29.7% 100% 87.6% 12.4% 100% 

Four or more Freq. 190 57 247 203 33 236 

% 76.9% 23.1 100% 86.0% 14.0% 100% 

Given the disproportionately high rates of fuel poverty among single person 

households, it was essential to examine the degree of individuals’ exposure 

based on gender. In that respect, in 2011 gender was a non-significant factor 

in terms of fuel poverty distribution as both single male households (64.0%, 

n=73) and single female households (63.7%, n=107) were affected equally by 

energy affordability issues (Table 5.52).  However, by 2016, gender 

differences became apparent and there was a higher likelihood for single 

females (40.5%, n=66) than single males (20.9%, n=23) to experience fuel 

poverty, a result that is statistically significant χ2 (1, N = 273) = 11.46, p=0.001.   
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Table 5.52 Fuel poverty in single households by gender 

 Not in 

FP 

In FP Total Not in 

FP 

In FP Total 

2011 2016 

Gender 

Male Freq. 41 73 114 87 23 110 

% 36.0% 64.0% 100% 79.1% 20.9% 100% 

Female Freq. 61 107 168 97 66 163 

% 36.3% 63.7% 100% 59.5% 40.5% 100% 

Such observations could be due to several factors, one of which relates to 

differences in the perception of thermal comfort, however, given that fuel 

poverty is rooted in low incomes and that a gender gap persists, it is likely that 

income inequality disproportionally affects females resulting in higher 

incidences of fuel poverty.  As such, a statistically significant income 

distribution among single-person households by gender in 2011 (χ2 (4, N = 

282) = 15.36, p<0.05) (Table 5.53) shows that there were more females than 

males in the lowest income bands (with earnings up to £14,999) and this was 

also the case among the highest earners (where income was more than 

£30,000).  However, the differences in income distribution by gender (with the 

exception of £10,000 to £14,999 band), although detectable, were generally 

small.  A more apparent income inequality by gender is reflected in the 

analysis of 2016 data, whereby more females (62.4%, n=133) than males 

(37.6%, n=80) were in all income bands below £20,799.  The opposite is 

observed for earners above £20,800 with the proportion of 73.4% (n=47) 

males to 26.6% (n=17) females in this income category.  These findings, which 

are highly significant χ2 (5, N = 277) = 31.06, p<0.001, suggest that females 

are more likely to be in fuel poverty as a direct result of lower earnings. 

Overall, the influence of income and its unbalanced distribution by gender is 

evident, however, it is essential to note that gender pay gap in NI, although 

narrowed, remains an issue for female workers.  The difference between male 

and female annual earnings is partly due to males working more hours 

(NISRA, 2016), which is synonymous with more males in full-time employment 

as opposed to females, who are more likely to undertake part-time work due 

to child caring responsibilities or fewer opportunities for professional 
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development post-child caring (Dias et al., 2016).  However, where females 

are in full-time employment in NI, they are consistently higher earners (based 

on hourly rate) in comparison to their male counterparts.             

Table 5.53 Distribution of incomes among single households by gender 

 Males Females Total 

2011 

Up to £9,999 Freq. 48 51 99 

% 48.5% 51.5% 100% 

£10,000 - £14,999 Freq. 30 82 112 

% 26.8% 73.2% 100% 

£15,000 - £19,999 Freq. 19 16 35 

% 54.3% 45.7% 100% 

£20,000 - £29,999 Freq. 11 10 21 

% 52.4% 47.6% 100% 

£30,000 or more Freq. 6 9 15 

% 40.0% 60.0% 100% 

2016 

Up to £10,399 Freq. 32 43 75 

% 42.7% 57.3% 100% 

£10,400 - £15,599 Freq. 34 70 104 

% 32.7% 67.3% 100% 

£15,600 - £20,799 Freq. 14 20 34 

% 41.2% 58.8% 100% 

£20,800 - £31,199 Freq. 21 12 33 

% 63.6% 36.4% 100% 

£31,200 - £46,799 Freq. 19 5 24 

% 79.2% 20.8% 100% 

£46,800 or more Freq. 7 0 7 

% 100% 0% 100% 

5.5.1 Fuel poverty beyond 2016 

So far, analysis of fuel poverty and associated components was based on data 

derived from the 2011 and 2016 NIHCSs, sources of objective fuel poverty 

measurement.  However, as these estimates are generated every five years, 

there is a possibility that by the time the survey is published, fuel poverty 

figures can already be outdated.  Fuel poverty is dynamic and susceptible to 

change as a result of fluctuations in fuel prices, incomes and energy use within 

the home and managing outdated data can impede the progress towards its 

alleviation or, at the very least, lead to inaccurate and unreliable information 
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being disseminated.  To overcome this problem, the NIHE commissioned the 

BRE to model fuel poverty figures for 2017 and 2018 whilst accounting for 

changes in the three main components of fuel costs, household income and 

energy efficiency measures using 2016 NIHCS as a baseline.25 

With respect to fuel prices by fuel types, the BRE utilised data sourced from 

the BEIS and the Sutherland Tables.  As these figures are updated regularly, 

fuel poverty modelling was based on real, rather than simulated prices.  The 

following subsections examine specific components individually and 

collectively, to illustrate how fuel poverty drivers changed over time and 

impacted fuel poverty beyond 2016.  Whilst utilising the modelled and current 

data, where possible, this analysis further highlights the dynamic nature of fuel 

poverty in NI.    

5.5.1.1 Changes in fuel prices 

With regards to gas, a price-regulated fuel in NI, there has been a steady 

increase in prices over time.  Historically, natural gas has been the cheapest 

option for indoor space heating.  In 2011, an average heating bill for a 

consumer relying on gas was estimated at £436 (based on gas prices 

presented in Figure 5.10).26  However, by the end of 2011, there was an almost 

30% increase in gas prices, which meant that an average bill rose to £570.  In 

2016, gas bills approximated £503 representing a considerable decrease for 

an average consumer relative to that at the end of 2011.27  Adopting the most 

up to date prices per kilowatt-hour for 2020, the average heating bill for an end 

user was £694 meaning that the average gas bill rose by £191 or 38%, from 

2016.  Thus, although regulations exist the price of gas to consumers has 

varied with rises from the period of the 2016 HCS to the start of 2020. 

 

 

 

 

 
25 ‘Estimates of fuel poverty in NI in 2017 and 2018’ report is available on NIHE website 
26 Average annual gas consumption in 2011 was 12,200kWh 
27 For 2016 annual gas consumption was adjusted to 12,500kWh  
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Figure 5.10 Gas prices in NI in 2011, 2016 and 2020 

 

Source. BEIS and the Sutherland Tables 

In terms of electricity, and based on standardised electricity consumption, an 

average bill in 2011 was estimated at £513, whereas by 2016 and adjusting 

for increased yearly electricity usage, the cost to consumer was approximately 

£557 (based on electricity prices in Figure 5.11).28  Adopting the most recent 

prices for electricity and estimates for electricity consumption, the annual cost 

to end users in NI in 2020 was £678, again representing a considerable 

increase from 2016, by £121 or 22%. 

 

 

 

 

 

 

 

 

 

 
28 Annual electricity consumption for 2011 and 2016 was 3,300kWh and 3,800kWh, 
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Figure 5.11 Electricity prices based on standard tariff in 2011, 2016 and 

2020 

 

Source. BEIS and the Sutherland Tables 

Given that oil remains the predominant heating fuel in NI with 68% of the 

population reliant on this source, its price and fluctuations affect the majority 

of households.  As an unregulated fuel type, oil, as discussed in Section 3.4.2, 

is subject to price variations due to seasonal conditions as well as wider 

economic factors.  This means that, on the whole, the price of oil during winter 

months is higher, which stems from an increase in demand, and less 

expensive in the summer, when the demand is considerably lower.  

Furthermore, global economic processes drive oil pricing in such a way that 

the end users are unprotected against the unstable and unpredictable 

fluctuations.  For example, due to the Covid-19 pandemic in 2020, the price of 

oil decreased significantly and households in NI relying on this source were 

able to purchase oil for a price comparable to 2016 for most of the year.29  

Moreover, as a result of this substantial price reduction, it is also possible that 

fuel poverty in NI also decreased.  However, economic stagnation and the 

restrictive measures imposed on the population meant that the demand was 

 
29 West Texas Intermediate (WTI) crude oil price in January 2020 was $63.27/per barrel and 
by April the price dropped to $11.57/per barrel and thereafter, the price increased and on the 
17th of December 2020 it reached $48.14/per barrel. This highlights volatility of the oil 
market, which 68% of NI consumers are exposed to. 
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higher than usual, which could have offset the benefits of cheaper fuel.  

Indeed, the NEA (2020) in the UK Fuel Poverty Monitor 2019-2020 report 

highlights, that the impacts of the pandemic on fuel poor households were 

unparallel.  Households across the UK, including NI, increased their energy 

use due to greater emphasis on home-working and many experienced income 

reductions as a result of terminated employment or temporary placement on 

the furlough scheme.30 Inadvertently, energy efficiency measures installations 

were also halted or delayed, further exacerbating difficulties among fuel poor 

households, who are more likely to occupy properties that require most 

extensive improvements (specifically in the private housing sector).  In fact, 

the Energy and Climate Intelligence Unit (2020) estimated that, on average, 

energy expenditure of families living in poorly insulated homes during 

lockdown (winter months December to March) was £124 per month, as 

compared to £76 per month for those occupying well-insulated homes.  This 

meant that cold and leaky properties were responsible for the £49 excess in 

energy bills, which for families with already stretched budgets, posed 

significant risks to wellbeing.   

With regards to oil prices in 2011 and 2016, significant variations are evident.  

In 2011, the year when fuel poverty in NI was at 42%, the price of oil was at 

its highest, with the price of 300 litres of oil ranging from £184.11 to £209.29 

(Figure 5.12).  This means that a single unit of 1 litre was charged at a rate of 

0.61p to 0.70p.  In contrast, in 2016, when fuel poverty was reported to drop 

to 22%, oil was relatively inexpensive and during some months, its cost was 

half of what consumers were paying in 2011, for the same amount.  As such, 

at its lowest the cost for 300 litres of oil was £93.34 reaching £136.09 by the 

end of that year; a single unit of oil was charged at a rate of between 0.31p to 

0.45p per 1 litre in 2016    

 

 

 

 
30 The furlough scheme guaranteed 80% of wage up to monthly maximum of £2,500; 
government contributions were cut to 60% from 1st August 2021, requiring employers to 
contribute 20% plus National Insurance and pension payments. 
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Figure 5.12 Oil prices in NI 

Source. The Consumer Council 

Overall, it has been widely acknowledged that the lower fuel costs and more 

specifically, significantly lower oil prices in 2016 led to a considerable reduction 

in fuel poverty rates in comparison to 2011.  Indeed, this analysis highlights 

the extent of oil price fluctuations in a relatively short period of just five years.  

Hence, in the context of fuel poverty households who use oil as a source of 

heat can be extremely vulnerable and susceptible to even the smallest 

changes in fuel pricing and as a consequence can fall into or be lifted out of 

fuel poverty, depending on fuel costs alone.   

5.5.1.2 Changes in incomes  

The BRE estimates of full income (as defined in Section 2.3.1.3) used for the 

2017 and 2018 fuel poverty predictions included earnings from employment, 

state benefits and other sources.  The modelled figures reflected the change 

in incomes based on their sources and household types, with an overall annual 

adjustment from £23,820 in 2016, to £23,901 for 2017 and thereafter to 

£24,371, for 2018.  This means, that the overall net effect was an increase in 

annual incomes for individual households between 2016 and 2018, which 

although not directly comparable to, is supported by income data retrieved 

from the Annual Survey of Hours and Earnings (ASHE) for those years (Figure 

5.13).   
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In terms of the broader income trends from full-time and part-time employment 

collectively, since 2011, there has been as a steady increase in overall 

earnings in NI (with the exception for incomes in 2013 where there was a slight 

decrease) (Figure 5.5).  More specifically, median income from both full-time 

and part-time employment in 2011 was £18,208 and by 2016, this figure rose 

to £20,966, which is an increase of £2,758.  Thereafter, incomes increased 

further, and data derived from the most recent ASHE released by NISRA 

(2020) shows that median earnings from all employments are currently 

estimated at £23,043, which, in relation to 2011 figures, represents an 

increase of £4,835.  In the context of fuel poverty, this is important to consider 

given the integral role of incomes to this problem.  The fact that incomes 

continue to rise and fuel poverty levels decline suggests that increases in 

earnings and higher levels of disposable income contribute to fuel poverty 

reductions in NI.  Indeed, fuel poverty incidence fell considerably between 

2011 and 2016 from 42% to 22% and even further beyond 2016, based on the 

modelled scenarios, which highlights a significant achievement in the fight 

against fuel poverty.   

Figure 5.13 NI income trends 2011 – 2020 (median gross annual earnings 

in £ for full-time*, part-time and all employees) 

 

Source. Annual Survey of Hours and Earnings (NISRA).*employees in the same job 
for at least 12 months  
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5.5.1.3 Energy efficiency projections 

With regards to energy efficiency measures being implemented in NI, 

projections were applied in the BRE model.  Within this domain, the focus was 

on estimating the number of loft insulations, cavity wall insulations and central 

heating upgrades to be installed in 2017 and in 2018, implementation of which 

was accordingly adjusted to reflect installation trends of energy efficiency 

measures between 2011 and 2016 (Table 5.54).  As such, within each year, 

there were 3,000 cavity wall insulations, 22,000 loft insulations and 38,000 

central heating upgrades incorporated in the model.  Energy consumption was 

re-calculated whilst accounting for randomly allocated energy efficiency 

measures in the sample and thereafter, fuel poverty levels were estimated 

based upon a combination of all three components. 

Table 5.54 Projected EE measures for fuel poverty modelling  

Modelled EE measures EE measures                 

2016 – 2017  

EE measures                

2016 – 2018  

Cavity wall insulations 3,000 6,000 

Loft insulations 22,000 44,000 

Central heating upgrades 38,000 76,000 

Source. Reproduced from ‘Estimates of fuel poverty in Northern Ireland in 2017 and 
2018’ revised report. 

The model estimated that fuel poverty incidence in NI declined in 2017 to 17%, 

which is an equivalent to 128,000 households.  This was due to decreases in 

households’ energy expenditure of 7% from the year before, marginal 

increases in projected incomes and a combination of predicted energy 

efficiency measures installations.  In 2018, with energy costs 3% lower than in 

2016, a further increase in incomes and projected energy retrofits, fuel poverty 

was projected to impact 18% or 131,000 of NI households.  Overall, the model 

created by the BRE highlighted that fuel poverty levels considerably declined 

in 2017 and 2018, relative to 2016 (Table 5.55). These reductions were mainly 

attributed to lower oil prices, the primary fuel source used in NI.  However, in 

2018, higher electricity prices offset the steady oil price reductions observed, 

and in turn, the magnitude of the overall decline in fuel poverty.   

Within the model, a specific distinction was made with respect to fuel poverty 

changes based on implemented energy efficiency retrofits.  Comparing 2016 
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to 2017, there were 28,000 fewer households in fuel poverty due to fuel 

prices/income and 32,000 fewer due to combined measures. This suggests a 

retrofit impact of 4,000 households taken out of fuel poverty.  In 2018, the net 

effect of fuel and income was 20,000 households, a lower figure due increases 

in fuel prices from 2017 and in particular oil (as shown in Figure 5.12) but the 

combined effect was 29,000 fewer households in fuel poverty with the retrofit 

component of growing importance.  As such, the model estimated that 2018 

saw a further benefit of 5,000 households taken out of fuel poverty over the 

year due to energy efficiency measures alone.  Although limited to two years, 

the model suggests that a 20% increase in the number of households being 

taken out of fuel poverty from the year prior is solely attributed to the home 

retrofits and if applied beyond 2018, this means that approximately 4,500 

households can be expected to be lifted out of fuel poverty on yearly basis.  

Table 5.55 Fuel poverty projections for 2017 and 2018 

 2016 2017 2018 

 Baseline Fuel price, 

income 

Fuel price, 

income, EE 

measures 

Fuel price, 

income 

Fuel price, 

income, EE 

measures 

Number of 

households 

160,000 132,000 128,000 140,000 131,000 

Percentage of 

households 

22% 18% 17% 19% 18% 

Note. Table reproduced from ‘Estimates of 2017 and 2018 fuel poverty in NI’. 

 

5.5.2 Climatic and weather effects on heating needs in NI 

For the purpose of this thesis, external temperatures along with heating degree 

days data (HDD) for 2011 and 2016, are retrospectively investigated to provide 

an environmental context for fuel poverty as well as identifying potential 

differences in weather conditions for the years in question.  With respect to the 

mean temperatures (Figure 5.14), average summer temperatures (June – 

August) in 2011 ranged from 12°C to 14°C, which for the same period in 2016 

were only slightly higher (between 14°C and 15°C).  In 2016, warmer summer 

temperatures of 26°C were recorded for the month of July, in contrast to 23°C, 

registered in the same month, in 2011.  For the coldest winter temperatures, -

9°C was registered in January 2011 and -7°C, in November 2016, however 

these anomalies occurred throughout acute cold spells and were not 
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experienced for prolonged periods.  On average, winter temperatures were in 

the range between 3°C to 6°C in 2011 and 4°C to 6°C, in 2016, which 

demonstrates that even during the coldest months, temperatures in NI rarely 

fall below freezing.   

Figure 5.14 Mean and extreme temperatures in NI in 2011 and 2016 (°C) 

 

Source. Historical temperatures for NI retrieved from the Met Office. 

In order to provide a related, yet more specific to fuel poverty perspective, 

estimated HDD are also presented (Figure 5.15).  This measure allows the 

use of a specified external temperature as a threshold, which is thereafter 

treated as a baseline for when indoor heating is required to reach a reasonable 

level of warmth within the home.  In other words, HDD measurement quantifies 

energy demand for heating properties whilst utilising outdoor temperature data 

for a stipulated location and is an informative approach to presenting NI 

climate.   

Although various baseline temperatures can be applied, 15.5°C is most widely 

used for comparative purposes and was therefore adopted in this thesis with 

Belfast selected as the location.  The results show that in NI, and in particular 

in Belfast, demand for heating continued throughout the whole year (for both 

2011 and 2016), albeit to a lesser degree in the summer months.  As expected, 

the highest demand was in the colder months between October and May, 

nevertheless, there was also a need for indoor space heating from June 
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through to September. Overall, energy demand was seemingly higher in 2016 

despite lower winter temperatures recorded for 2011, which weakens the 

assertion that the infrequent extreme cold spells drive the energy demand for 

NI homes.  The opposite however, although somewhat counterintuitive, seems 

to be the case.  Unlike other countries with more prominent seasonal 

variations, and where space heating is required only in the winter months, NI 

exemplifies a region with the need for consistent indoor heating.  As such, the 

energy burden for NI households, especially those in fuel poverty persists 

throughout the year are exacerbated by occupying energy inefficient 

properties, which are known to require more energy to sustain a warm and 

damp-free environment.   

Figure 5.15 HDDs for Belfast in 2011 and 2016 

 

Source. HDD estimates for Belfast sourced from SaveenergyOnline. 

 

5.6 Logistic regression models 

Having assessed the relationships between fuel poverty and a range of 

property, energy efficiency, household, fuel costs and income variables, this 

section seeks to analyse these relationships further through the use of 

regression analysis (Section 4.5.1.2.1).  In this context, binomial logistic 

regression was selected to estimate the probability that a household is in or 

not in fuel poverty (coded dichotomously 1 and 0 respectively), based on a set 

of continuous and categorical variables, and was specifically aimed at 

0

50

100

150

200

250

300

350

400

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2011 2016



278 
 

determining the probability of a household to be in fuel poverty in 2011 and 

2016. In the course of this analysis multiple models were generated, and what 

is presented in this section are the best fit models based on the data for 2011 

and 2016 respectively. 

A priori G*Power analysis (Faul et al., 2009) was carried out to determine if 

the sample size was adequate for binomial logistic regression. Based on their 

recommendations with regards to input parameters, the minimum number of 

participants required was 337, the size of the dataset based on the 950 cases 

identified in Section 5.2 is well in excess of this criterion.  In addition, all 

categorical variables were inspected for frequencies within each category to 

ensure a sufficient number of cases per level.  These procedures are 

applicable to both 2011 and 2016 fuel poverty models.  

5.6.1 Logistic regression model for 2011 data 

For the 2011 model, ten predictors were entered consisting of one continuous 

and nine categorical variables (Table 5.56).31 Forced entry, which 

simultaneously enters all predictor variables was used.   

 

 

 

 

 

 

 

 

 

 

 

 
31 The Box-Tidwell approach was applied to the two variables measured on a continuous 
scale, namely age of the HRP and annual fuel costs.  Upon inspection of the interaction 
terms of the variables in question and their natural log transformations, which were entered 
into the regression model, it was determined that only age met the assumption of linearity of 
the logit and therefore it was analysed in its original form.  However, fuel expenditure failed 
to meet the required criteria resulting in its transformation into categorical variable as 
recommended by Tabachnick and Fidell (2019).     
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Table 5.56 Variables entered in the 2011 regression model  

Variable name Variable coding 

Age of HRP Continuous variable  

Gender 1-female/2-male 

Tenure 1- owner occupied/2-private rented/3-social housing 

Household size 1-single-person household/2-more than one person in 

household 

Household type 1-adult household/2-family household/3-older 

household 

SAP09 1-A – C (68+)/2- Band D (55 – 68)/3- Band E (39 – 

54)/4-Band F – G (1 – 38) 

Fuel cost 1-less than £1,000/2-£1,000 – £1,499/3-£1,500 – 

£1,999/4-£2,000 – £2,499/5-£2,500 and more 

Income 1-up to £14,999/2-£15,000 – £29,999/3-£30,000 and 

more 

Settlement type 1-urban/2-rural 

Construction date 1-Pre- 1919/2-1919 – 1944/3-1945 – 1964/4-1965 – 

1980/5-1981 – 2000/6-post 2001 

All explanatory variables selected for the regression model showed low risk 

tolerance values ranging from 0.47 to 0.85 and the VIF from 1.29 to 2.11.  In 

addition, Cramer’s V and Phi coefficients were examined for the fuel cost 

variable (which had the lowest tolerance value and highest VIF) and its 

association with other predictors and multicollinearity was deemed not to be 

an issue.   

Overall, the model created for 2011 with ten explanatory variables is 

statistically significant χ2 (22, N = 910) = 647.374, p<0.001 as determined by 

the Wald chi-square statistic.  Furthermore, the Hosmer and Lemeshow 

goodness of fit test confirmed that the model is adequate for analysis purposes 

χ2 (8, N = 910) = 13.272, p = 0.103.32 

According to the classification table generated, the model correctly classified 

85.5% of cases, an improvement from 60.0% prior to independent variables 

entry, which in turn reinforces the model’s accuracy.  In addition, contained in 

the classification table are the ‘true positives’, namely the number of 

 
32 A non-significant Hosmer and Lemeshow test is required to conclude that the generated 
model has a good fit. The null hypothesis that the data fit the model is accepted. 
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respondents in fuel poverty who were correctly predicted by the model to be 

in fuel poverty (sensitivity) as well as the ‘true negatives’, respondents not in 

fuel poverty who were also correctly predicted as not being in fuel poverty 

(specificity).  With regards to these measures, the model’s sensitivity and 

specificity values are 78.6% and 90.1% respectively, which indicate a high 

degree of correct predictions. 

A visual representation of the model’s ability to discriminate between ‘true 

positives’ and ‘false positives’ as well as its quantitative counterpart are offered 

in the form of the Receiver Operating Characteristic (ROC) curve and area 

under the curve (AUC), respectively (Figure 5.16).  This approach is used to 

provide further support for the model’s accuracy in predicting binary classifiers 

as it plots sensitivity against 1 – specificity.  With an increasing probability of 

correctly predicting a household in fuel poverty, the likelihood of inaccurate 

predictions of households in fuel poverty also increases, therefore the AUC is 

interpreted to determine the model’s ability to predict households in and not in 

fuel poverty.  The bigger the AUC and the quantitative expression, the greater 

the discriminative ability of the model.  This measure for the proposed model 

is 0.93 (95% CI, 0.92 to 0.95), which as indicated by Hosmer et al. (2013), is 

an outstanding level of discrimination.  

Figure 5.16 The ROC curve for 2011 logistic regression model 
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The regression model produced two R2 indices, which are the approximation 

of the R2 generated in linear regression that estimates the percentage of the 

variance in the outcome variable explained by the predictor variables.  In 

logistic regression, the pseudo R2 is inferred from Nagelkerke indicator, 

however it should be treated with caution in explaining the amount of variance 

in the dependent variable.  Rather, as Peng et al. (2002) noted, the Nagelkerke 

R2 should be interpreted as supplementary to the other measures of the model 

fit and the overall evaluation statistics.  With regards to the proposed fuel 

poverty model for 2011, the R2 was equal to 0.69, which was an improvement 

over other models generated for this research with a combination of different 

or fewer variables.33 

The odds ratio estimates for each explanatory variable is presented in Table 

5.57.  Of the ten variables entered into the model, seven are statistically 

significant, namely: gender, household size, household type, tenure, income, 

fuel costs and EER.   The significance of several household characteristics in 

the final model highlights the critical role of such variables in explaining fuel 

poverty incidence as well as in predicting fuel poor status of respondents in 

2011; variables that have not been previously included in models of fuel 

poverty developed by the NIHE (Section 5.1.1) and indeed other comparable 

bodies in the UK.   

With respect to gender, the odds of being in fuel poverty for males were 2.31 

greater than the odds for females, all else constant, meaning that male 

respondents were almost twice as likely to be in fuel poverty as females.  This 

surprising and counterintuitive outcome, however, could be a function of the 

combined explanatory variables in the model given that the distribution of fuel 

poverty by gender (as shown in Section 5.5) demonstrated that there were 

more households in fuel poverty with females as HRPs.  As a result of 

incorporating influential household characteristics such as composition, 

income, fuel expenditure and energy performance rating related to the quality 

 
33 With respect to the outlying variables, SPSS produced a list of 34 offending variables and 
upon their investigation, they were removed from the regression model.  The threshold used 
for removal was based on standardised residuals above 2. When all variables remained, the 
Nagelkerke R2 = 0.56. 
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of the occupied properties in the logistic regression, the significance of gender 

in predicting the likelihood of being fuel poor became more prominent.  When 

tested in isolation, gender of the HRP was non-significant. 

A highly influential variable in determining fuel poverty status in 2011 was 

household size, whereby the odds of experiencing home energy-related 

issues increased as the household size decreased.  In fact, the results show 

that single-person households are almost 19 times more likely to be fuel poor 

than those with at least two members.  This could be due to single-person 

households being confronted with high housing and energy costs, which for 

sole property occupiers unable to share these responsibilities with others, 

could be a considerable burden.  Consequently, the proposed model highlights 

single occupancy as a significant risk factor for being in fuel poverty.   

Regarding household type, there was an overall significant contribution of this 

variable in the regression model.  As such, a comparison of households 

comprised of adults and those with children or dependants shows that families 

are almost two and a half times more likely to be in fuel poverty.  Furthermore, 

the odds ratio for an adult versus older household was 6.77, meaning that the 

likelihood of experiencing fuel poverty by households consisting of 

pensionable age individuals was far greater than for younger adult 

households.  This could be because adult households as opposed to older or 

family units could have more disposable income and fewer outgoings 

associated with caring responsibilities.  Moreover, pensionable age adults are 

more likely to be spending more time within their homes if retired, living on 

reduced incomes, with higher energy consumption and subsequently, costs, 

making this segment of the population more susceptible to fuel poverty.        

Another statistically significant contribution in predicting fuel poverty outcome 

was detected with respect to tenure.  In that regard, owner occupiers had a 

higher likelihood of being in fuel poverty in comparison to households in the 

social sector by a factor of 2.03.  In addition, a slightly higher odds ratio of 2.33 

was obtained with respect to renting a property in the private as opposed to 

social sector.  Overall, the findings indicate that the likelihood of experiencing 

fuel poverty was significantly higher in the private housing sector as opposed 
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to social sector supporting previous analysis in this chapter (Section 5.5).  

Given that household incomes are disproportionately lower in the latter 

(NISRA, 2018), the results reinforce the importance of energy efficient 

properties in tackling fuel poverty, which the social housing sector is more apt 

in achieving.     

Household income and fuel costs are shown to significantly influence model 

predictions for households in fuel poverty in 2011.  With respect to income, all 

other variables held constant, the odds ratio for households with the lowest 

levels of income in comparison to the highest earners was unsurprisingly large, 

indicating that income was highly influential in predicting fuel poverty.  In 

addition, income was also a significant contributor for those on medium income 

and the likelihood of being in fuel poverty for the households with overall 

income between £15,000 and £29,999 was much greater than for those 

households with income above £30,000.  Similarly, fuel costs had a significant 

impact on predicting households in fuel poverty with regression modelling 

clearly indicating that as households’ energy expenditure increased, so did the 

odds ratios for experiencing fuel poverty.  To illustrate this, the regression 

model shows that having annual fuel costs between £1,000 and £1,499 

increased the likelihood of being in fuel poverty by more than eight times when 

compared to those households with heating bills below £1,000.  Thereafter, 

the odds ratios increased sharply and proportionately.  As household energy 

costs increased incrementally so did their likelihood of being in fuel poverty, 

with the odds ratios associated with the highest energy costs of more than 

£2,500 considerably higher when compared to those with lowest energy 

outgoings.  Thus, the substantial change in the odds ratios at all levels of 

energy costs in regression modelling highlights the extent to which energy 

expenditure drives fuel poverty reinforcing the discussion in Section 5.5.1. 

When energy efficiency rating of the properties was considered, there was an 

overall significant contribution of the variable in the proposed fuel poverty 

model.  More specifically, the odds ratios for experiencing fuel poverty 

increased as the energy performance of the homes decreased.  To illustrate 

this, occupying properties with a rating of D as compared to homes rated A– 
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C increased the likelihood of experiencing fuel poverty by a factor of 2.90, 

whereas living in homes rated E meant that experiencing fuel poverty was over 

8 times more likely.  Furthermore, the likelihood of experiencing fuel poverty 

for householders living in the least efficient homes in bands F–G when 

compared to households living in highly performing homes (bands A–C), 

holding other variables constant, further increased to a factor of 23.20.  

Overall, the results show that energy performance is a property component, 

which is influential in determining the outcome for households, and more 

importantly, the likelihood for being in fuel poverty is considerably higher for 

the households in the least energy efficient homes, also supporting previous 

analysis in this chapter (Section 5.2.5.4).   

Given that fuel poverty by definition is partially determined by energy efficiency 

of the property, the influence of energy efficiency rating in fuel poverty 

modelling is not surprising.  The created model suggests that in 2011 energy 

efficiency was significant in fuel poverty prediction, however it is worth noting 

that in comparison to household income and fuel costs, this theoretically 

crucial fuel poverty driver, did not contribute to the same extent the other two 

variables.  Nonetheless, it is known that energy efficiency ratings of the 

properties impact energy expenditure and the homes with higher ratings 

require less energy and hence are less costly for the households in 

maintaining desirable levels of thermal comfort.  
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Table 5.57 Logistic regression predicting likelihood of households 

experiencing fuel poverty in 2011 

 B Std. 

Error 

Wald Odds 

Ratio 

Exp (B)  

95% CI for Exp (B) 

Lower       Upper 

Age of HRPa -0.022 0.012 3.237 0.978 0.955 1.002 

Genderb 0.838* 0.268 9.816 2.312 1.369 3.906 

Tenurec*   6.073    

Owner occupied 0.706* 0.336 4.415 2.026 1.049 3.913 

Private rented 0.845* 0.376 5.056 2.327 1.114 4.860 

Household sized 2.926** 0.361 65.629 18.649 9.188 37.850 

Household 

typee** 

  29.081    

Family 

households 

0.847* 0.334 6.420 2.332 1.211 4.490 

Older 

households 

1.912** 0.394 23.567 6.768 3.127 14.647 

SAP09 (EER 

bands)f** 

  28.518    

Band D (55–68) 1.064* 0.322 10.914 2.897 1.541 5.444 

Band E (39–54) 2.108** 0.439 23.045 8.231 3.481 19.464 

Band F–G (1–38) 3.144** 0.679 21.438 23.202 6.130 87.816 

Fuel costg**   48.866    

£1,000 – £1,499 2.103** 0.478 19.363 8.191 3.210 20.901 

£1,500 – £1,999 3.487** 0.600 33.788 32.700 10.089 105.979 

£2,000 – £2,499 4.391** 0.688 40.799 80.757 20.988 310.738 

£2,500 and more 5.139** 0.758 45.952 170.474 38.585 753.184 

Incomeh**   163.476    

Less than 

£14,999 

5.605** 0.466 144.613 271.693 108.984 677.319 

£15,000–£29,999 3.847** 0.343 126.022 46.873 23.944 91.761 

Settlement typei -0.007 0.240 0.001 0.993 0.620 1.589 

Construction datej   4.978    

Pre- 1919 0.082 0.590 0.019 1.086 0.341 3.453 

1919 – 1944 -0.310 0.615 0.254 0.733 0.219 2.449 

1945 – 1964  -0.526 0.477 1.219 0.591 0.232 1.504 

1965 – 1980  -0.244 0.418 0.340 0.784 0.345 1.778 

1981 – 2000  -0.653 0.403 2.619 0.521 0.236 1.148 

(Constant) -8.171 0.966 71.544    

Note. N=910. Reference categories for the annotated variables are as follows: aage of HRP 
measured on a continuous scale, bfemale, ,csocial housing dtwo or more persons in household, 
eadult households, fband A-C (68+), gbelow £1,000, h£30,000 or more, irural, jpost 2001. 
*p<0.05, **p<0.001.  

 
5.6.2 Logistic regression model for 2016 data 

Similar to the 2011 analysis, a binomial logistic regression was performed for 

the 2016 data to examine the relationship of explanatory variables and their 
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contribution to households experiencing fuel poverty.  In addition, this analysis 

was undertaken to determine the extent to which those significant 

characteristics identified in 2011 remained influential in predicting fuel poverty 

in 2016.  The outcome variable, as in the 2011 model, namely fuel poverty was 

coded dichotomously and denoted those not in fuel poverty (0) and those in 

fuel poverty (1).  Predictors entered into the model consisted of one continuous 

and ten categorical variables (Table 5.58) and as with the previous model, the 

method of variable input was forced entry, an option for simultaneous variable 

entry.34 

Table 5.58 Variables entered in the 2016 regression model 

Variable name Variable coding 

Age of HRP Continuous variable  

Gender 1-female/2-male 

Tenure 1- owner occupied/2-private rented/3-social housing 

Household size 1-single-person household/2-more than one person in 

household 

Household type 1-adult household/2-family household/3-older 

household 

SAP2012 1-A – C (68+)/2- Band D (55 – 68)/3- Band E (39 – 

54)/4-Band F – G (1 – 38) 

Fuel cost 1-less than £1,000/2-£1,000 – £1,499/3-£1,500 – 

£1,999/4-£2,000 – £2,499/5-£2,500 and more 

Income 1-up to £15,599/2-£15,600 – £31,199/3-£31,200 and 

more 

Settlement type 1-urban/2-rural 

Construction date 1-Pre- 1919/2-1919 – 1944/3-1945 – 1964/4-1965 – 

1980/5-1981 – 2000/6-post 2001 

Retrofit  0-no retrofit between 2011 and 2016/1-any type of 

retrofit identified between 2011 and 2016 

 
34 Similar, to the procedures undertaken for 2011 fuel poverty modelling, the Box-Tidwell 
approach was applied to the two variables measured on a continuous scale, namely age of 
the HRP and annual fuel costs.  Likewise, the interaction terms of the variables and their 
natural log transformations, which were entered into the regression model, were inspected.  
Only age met the assumption of linearity of the logit and therefore was analysed in its 
original form, whereas fuel expenditure failed to meet the required criteria resulting in its 
transformation into categorical variable as recommended by Tabachnick and Fidell (2019).     
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All explanatory variables selected for the regression model showed low risk 

tolerance values ranging from 0.39 to 0.89 and the VIF from 1.12 to 2.59.  In 

addition, Cramer’s V and Phi coefficients were examined.35 

Correspondingly with the procedures undertaken for 2011 fuel poverty 

modelling, a number of statistical measures were investigated to ensure an 

acceptable fit of the model.  Initially, the statistically significant Wald chi-square 

for the logistic regression with eleven variables shows that the selected 

explanatory variables improved the overall fit of the model χ2 (23, N = 783) = 

486.347, p<0.001.  In addition, the non-significant Hosmer and Lemeshow 

goodness of fit test confirmed that the model is adequate for analysis purposes 

χ2 (8, N = 83) = 4.854, p=0.77. 

With regards to the classification table, the overall proportion of correctly 

classified cases was 91.6%, an increase from 81.2% where only the model 

intercept was taken into account.  This in turn indicates, that the accuracy of 

model predictions improved with the addition of independent variables, with 

overall sensitivity of 76.2% and specificity of 95.1%.  Relative to this, the ROC 

curve (Figure 5.17) provides a visual representation of the model’s 

discriminatory ability with the AUC value of 0.97 (95% CI, 0.96 to 0.98).  As 

previously noted, the bigger the AUC and its quantitative counterpart, the more 

accurate the model, both of which in this case represent an outstanding level 

of discrimination (Hosmer et al., 2013).    

 

 

 

 

 

 
35 In 2016, the WFP variable was explored in the model, however it had the lowest tolerance 
value and highest VIF and its association with other predictors was examined.  Clear 
relationships were detected whereby being in receipt of WFP was associated with household 
size and type and the coefficients exceeded acceptable thresholds.  Therefore, the WFP 
variable was removed from the final regression model.   



288 
 

Figure 5.17 The ROC curve for 2016 logistic regression model   

 

The Nagelkerke R2 of 0.75, which although treated with caution, indicates that 

75% of variability in fuel poverty can be explained by the selected variables 

entered into the model.  The statistically significant variables and associated 

odds ratios are subsequently identified and assessed in relation to their 

contribution to fuel poverty.  The results are presented in Table 5.59.  Of the 

eleven explanatory variables, six were statistically significant, namely tenure, 

household size and type, income, energy costs and EER.   

With respect to tenure, those in home ownership as well as those renting 

privately were again shown to be more likely to experience fuel poverty in 

comparison to social housing occupiers.  However, the odds ratios are higher 

for households who own their homes than for the private renters, whereas in 

2011, the odds ratios were alike for the two.  This means, that over time, 

differences in the likelihood of being in fuel poverty where tenure is concerned, 

became more prominent, which could be due to extensive improvements of 

homes undertaken in the social sector and/or the inability of home owners to 

implement required energy efficiency measures in their properties, as a result 

of considerable upfront capital investment needed and the lack of incentives 

offered to them.  Indeed, Trotta (2018) cites credit constraints, among other 

factors, as one of the main barriers preventing households from implementing 

energy efficiency measures in the properties.   
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Household size continues to be a highly influential variable in predicting fuel 

poverty in 2016.  As such, the logistic regression shows significant differences 

in probabilities of experiencing fuel poverty based on the number of individuals 

in the home, whereby the likelihood for single-persons households being 

adversely affected is the highest.  In fact, the odds ratio for single versus two 

or more residents’ households is 7.98, meaning that, as was the case with the 

2011 modelling, living alone increases the risk for being in fuel poverty.   

Where household type is concerned, the results show that the households with 

children or dependants had a higher likelihood of being in fuel poverty as 

opposed to adult households (odds ratio of 6.37).  Additionally, older 

households were more likely to find themselves struggling with meeting their 

energy needs in comparison to those consisting of adults by a factor of 3.69.   

Income and fuel costs are by far the two most influential components in 

predicting fuel poverty.  As was the case with the 2011 fuel poverty modelling, 

all other variables held constant, income, and more specifically, low income, 

highly significantly predicts households fuel poverty status.  Indeed, the odds 

ratio for households with overall income below £15,599 in comparison to the 

highest earners (more than £31,200) was remarkably high, which is indicative 

of the extent to which income plays a role in fuel poverty.  When income rises, 

a households’ likelihood of being in fuel poverty decreases.  Overall, income 

is a variable, which is statistically significant at all, levels, meaning that even 

small changes in earnings can impact the outcome.   

Likewise, households’ fuel costs are highly significant in predicting fuel 

poverty.  The results from the logistic regression show that the higher the 

energy expenditure, the higher the likelihood of being in fuel poverty.  In fact, 

having fuel cost in the range of £1,000 to £1,499 compared to less than £1,000 

for a year, increases households’ likelihood of being in fuel poverty by more 

than fourteen times and households with the highest energy expenditure of 

more than £2,500 have seemingly high odds ratio, when compared to 

households with the lowest energy costs.     
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In addition, overall statistical significance was detected with respect to energy 

efficiency rating of the properties.  Households living in band E properties, 

compared to those in bands A–C increases the likelihood of being in fuel 

poverty by a factor of 16.07.   Indeed, the odds of being in fuel poverty for 

those households in most energy inefficient homes (bands F–G) increases 

sharply relative to those in energy efficient properties.  Where a non-significant 

result was found, it related to homes with an EER rating D, which did not 

increase the likelihood of falling into fuel poverty, compared to A–C rates 

properties when all other household characteristics were held constant.   

Concerning dwelling construction date, the results from logistic regression 

show that the odds of being in fuel poverty are greater for households living in 

older homes in comparison to those in newer homes.  For example, the 

likelihood of fuel poverty for those occupying homes built prior to 1919 was 

much higher than for households in homes constructed post 2001, whereas 

the odds were non-significant for occupiers of dwelling built until 1980.  

Furthermore, and counter to expectations, there was an increased likelihood 

of being in fuel poverty living in properties constructed between 1980 and 2000 

by a factor of 6.52, which could be due to the majority of energy upgrades 

being implemented in the older stock as opposed to the newer and seemingly 

more efficient homes but built prior to the increased focus on climate change 

and energy efficiency savings of construction in the 21st century. 

For the 2016 logistic regression, a retrofit variable was added into the model 

to determine the changes in the odds ratios of being in fuel poverty for 

households occupying homes where any type of energy efficiency measure 

was implemented.  As such, properties were identified where any one out of 

four retrofit measures was detectable, namely central heating replacement, 

upgrades to loft or wall insulation or double-glazing.  Subsequently, a binary 

variable was created, which denoted presence or absence of any retrofit.36  

Whilst the logistic regression shows that the energy efficiency measures 

implemented between 2011 and 2016 did not significantly contribute to the 

 
36 A logistic regression was also run with energy efficiency measures as separate variables, 
however, they did not yield statistically significant results. To ensure adequate sample size, 
a substitute binary retrofit variable was used.   
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final model, this seemingly counter-intuitive outcome may be more nuanced 

with potentially several reasons for this finding.  Firstly, the effect is not strong 

enough to impact on the likelihood of being in fuel poverty due to the majority 

of households receiving a single energy efficiency measure as opposed to a 

deeper retrofit.  Secondly, the portion of properties retrofitted could be too 

small and consequently insufficient to detect statistical changes in fuel poverty 

status.  Thirdly, time-lags between retrofits and fuel poverty impacts may vary 

between households whereby for some the effects may be immediate and for 

others not.  Furthermore, rebound effect, namely the behavioural component 

whereby occupants use more energy post-retrofit consequently reducing the 

amount of energy saving potential and, in some cases, actually increasing their 

energy bills (as discussed in Section 2.6.2), can impact on households’ fuel 

poverty status, and in reality, impede statistical detection.  Fourthly, the 

implementation of retrofit measures may be factored into the energy rating 

bands leading to reduced statistical effect of the retrofit variable.  
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Table 5.59 Logistic regression predicting likelihood of households 

experiencing fuel poverty in 2016 

 B Std. 
Error 

Wald Odds 
Ratio 
Exp (B)  

95% CI for Exp (B) 
Lower      Upper 

Age of HRPa -0.034 0.019 3.173 0.967 0.931 1.003 

Genderb -0.586 0.364 2.584 0.557 0.272 1.137 

Tenurec**   32.714    

Owner 
occupied 

3.381** 0.592 32.654 29.406 9.221 93.775 

Private rented 2.071** 0.584 12.556 7.930 2.523 24.927 

Household sized 2.077** 0.532 15.218 7.977 2.810 22.643 

Household 
typee** 

  17.226    

Family 
households 

1.852** 0.529 12.256 6.374 2.260 17.978 

Older 
households 

1.306* 0.583 5.025 3.693 1.178 11.574 

SAP2012 
(bands)f** 

  21.072    

Band D (55 – 68) 0.499 0.456 1.196 1.647 0.674 4.027 

Band E (39–54) 2.777** 0.750 13.696 16.071 3.692 69.951 

Band F–G (138) 4.846** 1.247 15.094 127.266 11.039 1467.271 

Retrofitsg 0.468 0.346 1.830 1.597 0.810 3.148 

Fuel costh**   26.260    

£1,000 – £1,499 2.664** 0.727 13.424 14.353 3.452 59.682 

£1,500 – £1,999 4.296** 0.923 21.663 73.387 12.023 447.956 

£2,000 – £2,499 4.301** 1.054 16.635 73.751 9.337 582.544 

£2,500 and more 5.818** 1.203 23.408 336.381 31.858 3551.815 

Incomei**   91.007    

Less than 
£15,599 

7.942** 0.833 91.003 2813.442 550.263 14384.852 

£15,600 –
£31,199 

5.502** 0.680 65.459 245.257 64.675 930.049 

Settlement typej 0.026 0.353 0.005 1.027 0.514 2.051 

Construction 
datek* 

  18.854    

Pre- 1919 3.813** 1.000 14.539 45.272 6.378 321.349 

1919 – 1944 1.512 0.995 2.307 4.534 0.645 31.880 

1945 – 1964 1.206 0.886 1.852 3.340 0.588 18.967 

1965 – 1980  1.563 0.823 3.601 4.771 0.950 23.966 

1981 – 2000 1.874* 0.795 5.557 6.515 1.372 30.945 

(Constant) -13.993 1.726 65.702    

Note. N=783. Reference categories for the annotated variables are as follows: aage of HRP 
measured on a continuous scale, bfemale, ,csocial housing dtwo or more persons in household, 
eadult households, fband A-C (68+), genergy efficiency measures implemented, hless than 
£1,000 i£32,000 or more, jurban, kpost 2001. 
*p<0.05, **p<0.001. 
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5.6.3 Model comparisons 

Given that two separate logistic regressions were carried out for fuel poverty 

and associated variables collected under the 2011 and 2016 NIHCSs, a 

number of comparative observations are drawn.  With respect to similarities 

between the two models, household income and fuel costs were consistently 

highly influential in predicting fuel poverty outcome.  Even though direct 

comparisons of the odds ratios for income variable are not possible due to the 

changes in income classification, the magnitude of the negative impact 

associated with low income is evident in both models.  Concerning energy 

expenditure, the odds ratio values obtained in 2016 analysis are seemingly 

higher than those for 2011, even though prices of heating fuels in 2016, as 

discussed in Section 5.5, were considerably lower than in 2011.  In support of 

this, analysis of energy expenditure among the sample (Section 5.3) showed 

that in 2011 there was a higher proportion of households with excessive fuel 

costs in comparison to 2016.  The fact that impact of energy expenditure on 

fuel poverty is more prominent in 2016 is indicative of the dynamic nature of 

the concept and its sensitivity to this influencing factor.  As a result of fewer 

households with excessive energy outgoings in 2016, the logistic regression 

highlighted that the proportion of population who struggled to meet their energy 

needs despite availability of relatively inexpensive energy, were indeed, more 

likely to be in fuel poverty and explains why their odds ratios are higher.  

Furthermore, due to considerable capital investment appropriated to home 

retrofits between 2011 and 2016, energy expenditure became more prominent 

in predicting fuel poverty over time, meaning that with extensive home 

upgrades in NI implemented by 2016 and fuel costs at their lowest, those 

whose energy costs were still in excess, were indeed, by far, more likely to be 

fuel poor.     

While energy costs and income are likely determinants of fuel poverty, 

household characteristics, such as type and size, are generally less 

acknowledged.  The regression models for 2011 and 2016 produced 

consistently significant results, which indicate that household structure and 

composition are indeed crucial in predicting fuel poverty outcome, inferring that 

household behavioural issues can be very important.  The fact that single-
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person households continued to experience fuel poverty to a greater extent in 

comparison to larger family units means that those types of households are at 

risk.  Interestingly, with respect to household type, the logistic regressions 

revealed that, in 2011, older rather than family households where more likely 

to be in fuel poverty, whereas by 2016, the opposite was true.  Overall, the 

results from regression modelling highlighted the dynamic nature of household 

characteristics, which reinforces the behavioural debate in relation to energy 

affordability. 

Tenure highlights the inequality of fuel poverty based on home ownership 

status.  The results show that those living in the social housing sector 

consistently suffer least from fuel poverty, whereas those in the private sector 

are more likely to.  Furthermore, in 2011, although this asymmetrical finding 

was significant, the magnitude of the odds ratios for specific groups were not 

significantly high.  By 2016, however, the differences in odds ratio had become 

more prominent and households in the social housing sector were least likely 

to be in fuel poverty.  This could be due to the extensive retrofitting of the 

housing stock undertaken in the social sector as part of the obligation to 

improve and renovate social homes, which in the private sector, although 

encouraged and often subsidised, is not implemented on the same scale.      

The findings on the energy efficiency ratings of the dwellings remained 

consistent over time with regards to overall significance.  However, there 

continues to be a seemingly low predictive effect of EER in band D in 

comparison to A–C.  Where impact is more prominent, it relates to the 

properties in lower bands, whereby households occupying the lesser energy 

efficient homes are at risk of being in fuel poverty.  Given that fuel poverty is 

at least partially rooted in poorly performing homes, the results are 

unsurprising, however, the overall contribution of this property characteristic 

on the variance in fuel poverty in both models, although significant, was lower 

than expected.  In fact, the results suggest that other household characteristics 

are more effective and influential in predicting households’ fuel poor outcome. 

Gender and dwelling age had the highest inconsistencies in the models and in 

2011, gender was a characteristic, which significantly contributed to the overall 
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logistic regression model, whereas construction date was non-significant 

across all age bands.  Conversely, in 2016, gender was not a factor that 

significantly strengthened fuel poverty prediction among households and the 

opposite was found for the construction dates of the properties.  In relation to 

gender, these seemingly contradictory findings could reflect the changing 

landscape of household structures, incomes and/or residency patterns over 

time, which in turn had an impact on how gender influenced fuel poverty 

outcome.  With respect to construction date, it is possible that the capital 

investment of £117milion in private dwellings and £181 million in socially 

owned properties between 2011 and 2016 for home retrofitting, was in most 

cases allocated for improvements in the housing stock built between 1919 and 

1980.  Such course of action could have led to the upgraded homes being of 

comparable quality to the new-built properties and subsequently, influencing 

fuel poverty.    

5.7 Conclusions 

The analysis in this chapter is underpinned by a robust database of 950 

domestic homes with two sets of information for these properties drawn from 

the NIHCSs for 2011 and 2016.  The range of properties by tenure, type, age 

and location is shown to be representative of the housing stock in NI.  Energy 

efficiency ratings (EER, SAP) are shown (Section 5.2) to vary significantly by 

tenure with an appreciable deficit in the private rental sector and elements of 

the owner-occupied housing, by age with low energy efficiency in pre-1945 

stock, also by type with bungalow ratings being particularly low and location 

with properties in rural locations experiencing poorer energy efficiency. 

 

Most of the housing stock pre-dated 1981, and therefore, such properties are, 

in theory, suitable for different aspects of retrofitting.  However, as shown in 

Section 5.3, the extent to which energy efficiency enhancements have been 

undertaken, despite consensus regarding greater benefits achieved from 

implementing a number of measures in order of priority in a successive 

manner, single-measure retrofits continue to dominate.  Nonetheless, results 

obtained in Section 5.5 are indicative of the beneficial and impactful effects 

that energy efficiency measures have on the incidence of fuel poverty.  In fact, 
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fuel poverty is consistently lower among households whose properties were 

subject to various retrofits.     

 

A weakness of current calculations of fuel poverty (Chapter 2) is the absence 

of behavioural considerations.  The analysis in this chapter (Section 5.4) 

initially highlights the wide variations in household composition including 

income levels with implications on energy usage and fuel poverty with Section 

5.5 showing how sensitive fuel poverty is to changes in energy prices and 

income.  As such, when both fuel prices as well as income projections were 

examined, fuel poverty rates declined to 18%, in 2017 and 19% in 2018, as 

compared to 2016 figure.  The smaller impact associated with 2018 is 

attributed to higher oil as well as electricity prices than in 2017.  Thereafter, 

incorporating retrofits has a significant impact on fuel poverty rates.  The 

analysis undertaken in this chapter suggests that energy efficiency upgrades 

alone, have the capacity to remove approximately 4,500 households out of 

fuel poverty on an annual basis, regardless of fluctuating fuel prices or 

changes in incomes.   

   

Modelling based on binary logistic regression (Section 5.6) quantifies in terms 

of odds ratios how fuel costs, income and energy efficiency measures impact 

upon the likelihood of being in fuel poverty.   However, this analysis also 

emphasises the significance of household characteristics with type and size 

being highly influential in predicting fuel poverty.  The 2011 and 2016 models 

consistently showed that households incurring excessive energy outgoings 

and those with low incomes are more likely to experience fuel poverty.  In 

addition, low energy efficiency rating is a property characteristic that has high 

fuel poverty predictive value and those households living in poorly performing 

homes, in particular in bands F and G, continue to be adversely affected to a 

greater extent than households with comparable incomes living in energy 

efficient homes.  This finding was more evident in the 2016 model and taking 

into consideration broader economic characteristics of that year, during which, 

fuel prices were more favourable to the consumers and incomes increased 

from 2011, the model exposed the impact of poorly performing homes on fuel 
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poverty.  This in turn, reinforces the need for retrofitting properties to higher 

standards to protect vulnerable individuals against energy-related issues.   

 

With respect to household composition, single-person households and older 

households, in particular, continue to be at a greater risk of experiencing fuel 

poverty with the two models consistent in determining these household 

characteristics as highly influential in experiencing fuel poverty along other 

predictors.  The greatest difference in the models with respect to social 

characteristics was found in tenure, which in 2011, although significant, only 

slightly differentiated between social housing and the private sector.  By 2016, 

the likelihood of being fuel poor was much higher for private renters and owner 

occupiers in comparison to those in social housing.  Given the extensive home 

upgrades implemented during the five years (2011-2016), the impacts of 

retrofits on fuel poverty are undeniable and unequivocal, however the progress 

of retrofitting is more evident in the social sector, with the privately rented or 

owned homes not being improved expeditiously enough to generate 

comparable effects.  The added value the regression models provided in terms 

of understanding fuel poverty relates to the characteristics of households most 

likely to be affected by fuel poverty, which may have implications with respect 

to interventions and targeting of specific groups of individuals who require 

governmental assistance.      

 

This chapter shows that energy efficiency of dwellings is a major factor in 

reducing energy costs and hence contributes to reducing the incidence of fuel 

poverty.  Thus, retrofitting of houses is essential as a policy solution though 

upfront costs required to institute sufficient changes to individual households.  

Furthermore, there is a need for deeper retrofit solutions as opposed to single-

measure approach, so that fuel poor households can simultaneously benefit 

from increased thermal comfort and lowered energy burden.   

With regard to the specific objectives underpinning this thesis outlined in 

Section 5.1, this chapter determined that fuel poverty in NI is primarily driven 

by low incomes, energy inefficient properties and high energy costs due to 

continuous oil dependence.  Furthermore, climatic conditions, and the need 
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for space heating throughout the year, means that energy expenditure, 

although perhaps slightly lower in the summer months, continues to be an 

issue for the NI population.  Overall, this chapter highlighted that energy 

retrofitting measures lead to considerable reductions in energy outgoings, 

however an annual median heating bill of £1,452.22 remains too high for many 

households.    

 

The focus of this chapter was on assessing fuel poverty and associated 

property and household characteristics derived from the NIHCSs.  This 

secondarily sourced data has provided a wealth of evidence with the analysis 

identifying critical variables and relationships.  Regarding retrofitting, the 

analysis shows that the policy objectives surrounding energy upgrading are 

advancing and starting to make an impact on the incidence of fuel poverty 

levels, however, this is tenure biased. The analysis also identifies the 

importance of household characteristics and behaviour in understanding fuel 

poverty.  Currently, house condition surveys and fuel poverty calculations lack 

a behavioural and a more idiosyncratic perspective, which is necessary for 

deepening the knowledge regarding fuel poverty, and for understanding 

interactions between the socio-economic, property and behavioural 

characteristics.  Going forward, Chapter 6 examines fuel poverty from the 

householder perspective and delves into individuals’ experiences with first-

hand accounts of energy retrofits examined in detail and impacts at an 

individual household level.   
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CHAPTER SIX – FUEL POVERTY AND RETROFITTING:  BEHAVIOURAL 

EVIDENCE FROM THE AFFORDABLE WARMTH SCHEME 

6.1 Introduction 

In the initial chapters of this thesis, a number of conceptual components 

relating to fuel poverty were outlined.  In Chapter 2, the complexities of fuel 

poverty regarding definitional and measuring approaches were highlighted, 

with region-specific intricacies largely influencing what is understood by this 

term.  Thereafter, Chapter 3 focused on assessment of effectiveness of 

international as well as local fuel poverty policies and strategies deployed to 

safeguard individuals who experience energy-related issues.  Collectively, 

Chapters 2 and 3 provided the theoretical framework for this thesis and 

identified areas of further investigation, which in the methodological context 

were outlined in Chapter 4.  Chapter 5, the first of three empirical components 

provided a comprehensive analysis of the 2011 and 2016 NIHCSs while 

focusing on analysis of a number of elements associated with existence of fuel 

poverty and condition of the NI housing stock.  

Chapter 6 is the second in the series of empirical evidence and builds upon 

previous findings in relation to fuel poverty and policy-driven retrofitting.  

However, in contrast to secondary data utilised in Chapter 5, the following 

empirical component is based on evidence from primary sources.  Hence, with 

the use of surveys, this chapter overcomes limitations associated with 

secondary data by providing an insight into behavioural issues, households’ 

perceptions of fuel poverty and retrofitting, and offers an element of policy 

analysis on the effectiveness of retrofitting in alleviating fuel poverty in NI.  The 

positioning of this chapter is illustrated in Figure 6.1. 
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Figure 6.1 Structural context of Chapter Six 

 

Specifically, Chapter 6 continues with the analytical process of identifying the 

antecedents as well as outcomes of fuel poverty as experienced by NI 

residents.  Moreover, it centres around retrofitting solutions designed to 

alleviate fuel poverty, thus building upon the evidence established in Chapter 

5, and further addressing the following objectives of this thesis:  

• Objective 3: to analyse the extent of fuel poverty in Northern Ireland 

and influencing factors, 

• Objective 4: to analyse behavioural and attitudinal perspectives prior to 

and post retrofits,  

• Objective 5: to assess the impact of retrofitting options and their 

potential to reduce levels of fuel poverty. 
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In order to fulfil the specified objectives and to provide a wider policy context 

of retrofitting in NI, this chapter begins with analysis of a secondary database 

pertaining to the Affordable Warmth, the flagship fuel poverty alleviation 

programme (Section 6.2).  Analysis of the scheme’s functioning and execution 

from 2015 and 2018 allows for inferences to be made in relation to targeting 

mechanisms, energy efficiency measures uptake, retrofit types and costs.    

Section 6.3 turns to examination of pre-retrofit surveys conducted with a 

sample of participants who were eligible for home energy upgrades through 

Affordable Warmth.  There, the aim is to highlight how energy unaffordability 

results in development of coping strategies associated with occupying energy 

inefficient properties and to capture first-hand accounts derived from fuel poor 

households.  In addition, the survey provides a baseline for retrofit impact 

assessment with respect to behavioural adjustments, health and wellbeing, 

rebound effects and energy consumption. 

The focus of subsequent Section 6.4 is an analysis of post-retrofit surveys to 

determine the degree of change in household circumstances resulting from 

the implemented energy efficiency measures.  In that respect, issues around 

energy outgoings, perception of thermal comfort, level of satisfaction with 

various aspects of retrofit are assessed.  The impacts of retrofitting for 

individual households are presented along with the overall effectiveness of this 

type of intervention on fuel poverty reduction.      

Section 6.5 draws the findings together and presents a set of conclusions on 

fuel poverty as experienced by NI households along with wider inferences with 

respect to the role of energy retrofitting in alleviating fuel poverty.  The main 

innovation in this chapter is capturing householders’ perspectives pre and post 

a major policy intervention and the ability to assess through this behavioural 

evidence the contribution of retrofitting measures in the alleviation of fuel 

poverty.  
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6.2 Analysis of the Affordable Warmth data (2014 – 2018) 

The Affordable Warmth dataset in its final format consists of 15,638 applicants 

to the energy efficiency scheme and covers the period between 20th 

November 2014 to 10th October 2018.  Nonetheless, in its original form, the 

dataset also contained details of cancellations and refusals to avail of energy 

efficiency measures installations at no cost.  This information provides certain 

insights into decision making process involved in delivery of energy efficiency 

schemes and highlights individual circumstances, as essential components, in 

the uptake of such schemes. The most common reason for households being 

unable to continue with the Affordable Warmth scheme was disqualification 

based on the overall household income exceeding the threshold of £19,999 

(28.7%, n=965) (Table 6.1).  As the total gross household income of less than 

£20,000 is the main eligibility criterion for the Affordable Warmth energy 

efficiency scheme regardless of the condition of the property, it can be argued 

that the programme’s qualifying criteria focus on deprivation metrics rather 

than fuel poverty itself.  Failure to respond was the second highest reason for 

not moving forward with the application, with 21.6% (n=723) of targeted private 

sector not engaging with the designated Council staff.  Non-response could 

reflect a variety of reasons, including but not limited to, existing medical 

conditions preventing householders from engaging in efforts to implement 

energy efficiency measures in the home, properties being unoccupied, lack of 

knowledge regarding the Scheme and fears of its illegitimacy.  Another reason 

for applications cancellations, as cited by 16.8% (n=563) households, was 

presence of all energy efficiency measures offered by the Scheme, thereby no 

further improvement to the occupied properties could be made.   
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Table 6.1 Affordable Warmth cancellation reasons   

Reason Freq. % 

Income over £19,999 965 28.7% 

Failure to respond 723 21.6% 

All scheme measures present 563 16.8% 

Work not commenced 209 6.3% 

Resident not interested  180 5.4% 

Applicant deceased 74 2.3% 

Too much disruption 61 1.8% 

Applicant ineligible 39 1.2% 

Documentation not complete 37 1.1% 

Landlord does not wish to proceed 35 1.0% 

Change of circumstances 33 0.9% 

Work not completed 33 0.9% 

Application form not returned  32 0.9% 

Not specified/ other 373 11.1% 

Total 3,357 100% 

Having discussed the cancellations, subsequent subsections are designated 

to the analysis of the completions segment of the Affordable Warmth dataset 

to examine the retrofitting measures undertaken using the Scheme.  

6.2.1 Property characteristics37 

Concerning property types, the highest rates of retrofits were among terraced 

dwellings, which accounted for 31.4% (n=4,902) of all installations, followed 

by 21.0% (n=3,282) in semi-detached homes (Table 6.2).  Properties with 

lowest levels of energy efficiency measures implemented were apartments 

with only 2.3% (n=361) subjected to retrofits.  Overall, the number of retrofits 

undertaken by property types broadly reflects the proportion of the various 

property types across NI, as detailed in Section 5.2.2. 

 

 

 

 

 

 
37 The dataset was analysed based on available characteristics of property type and tenure. 
Information on age of property was not available from the dataset. 
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Table 6.2 Retrofits by property types  

Property type Frequency  % of total 
uptake 

Valid % 

Terraced 4,902 31.4% 33.4% 

Semi-detached 3,282 21.0% 22.4% 

Bungalows 3,230 20.7% 22.0% 

Detached 2,891 18.5% 19.7% 

Flats/apartments 361 2.3% 2.5% 

Housing type not stated 972 6.2%  

Total 15,638 100% 100% 

 

Tenure analysis shows that 86.6% (n=13,570) of the applicants were owner-

occupiers, and only 4.6% (n=720) tenants in the private rental sector (Table 

6.3). The analysis shows that relatively few landlords (0.3%, n=41) engaged 

in the Scheme and completed energy efficiency measures through Affordable 

Warmth to improve properties for rental.  The low uptake by landlords may 

reflect the requirement to contribute 50% of the overall cost of installations. 

This may be an insufficient incentive to engage landlords in retrofitting homes 

that they themselves do not occupy, with the tenant enjoying the benefit for a 

similar rent (the split-incentive problem has recently been addressed by 

authors such as Miu and Hawkes (2020)). 

Table 6.3 Retrofits by tenure 

Tenure Frequency % in tenure 
groups 

Valid % in 
tenure groups 

Owner-occupiers 13,570 86.6% 90.1% 

Life interest in the property38 726 4.6% 4.8% 

Tenants  720 4.6% 4.8% 

Landlords 41 0.3% 0.3% 

Tenure not stated 581 3.7%  

Total 15,638 100% 100% 

6.2.2 Household characteristics 

Analysis of age reveals that the majority of successful applicants were 

between 60 and 74 (39.8%, n=6,218) and those over 75 accounted for a 

further 28.1% (n=4,399) of all individuals (Table 6.4).  This implies that those 

 
38 This type of tenure is included in the Affordable Warmth eligibility criteria; it refers to a 
beneficiary of income from and/or a person who has the use of the property     
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householders targeted under the Affordable Warmth scheme are older private 

sector owners who lack the financial capability of retrofitting their properties.  

Only 44 (0.3%) of the households using the Scheme were below 25.  

Table 6.4 Age of the applicants 

Age Frequency % in age 

group 

Valid % in 

age group 

Below 25 44 0.3% 0.3% 

25 – 39 553  3.5% 3.7% 

40 – 59  3,732 23.9% 25.0% 

60 – 74  6,218 39.8% 41.6% 

Over 75 4,399 28.1% 29.4% 

Age not stated 692 4.4%  

Total  15,638 100% 100% 

 

With respect to income, the completed retrofits dataset contained records of 

applicants whose total household annual earnings did not exceed the 

threshold of £19,999, as per eligibility criteria, with median income equal to 

£14,360.  In most cases an income range was given (apart from 137 cases) 

and of these just over a fifth of individuals, 20.2% (n=3,131), had an overall 

income of less than £10,000 per annum and 35.5% (n=5,498), between 

£10,000 and £14,999 (Table 6.5).  The remaining 44.3% (n=6,872) reported 

annual income of more than £15,000 but less than £20,000.  

Table 6.5 Applicants’ income 

Income Frequency % in income 

band 

Valid % in 

income band 

Up to £9,999 3,130 20.0% 20.2% 

£10,000 - £14,999 5,499 35.2% 35.5% 

£15,000 and more 6,872 43.9% 44.3% 

Income data missing  137 0.9%  

Total  15,638 100% 100% 

Data pertaining to household composition was limited.  The only information 

available was presence of children under 16, though no indication of the 

number of children per household.  Furthermore, for 895 households this 

information was absent. Consistent with the older demographic of these 
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households, only 8.8% (n=1,293) of those households for which data were 

available had at least one child aged sixteen or less (Table 6.6).   

Table 6.6 Household composition 

Under 16s Frequency % of 

households 

with children 

Valid % of 

households with 

children 

No 13,450 86.0% 91.2% 

Yes 1,293 8.3% 8.8% 

Missing information on 

number of children 

895 5.7%  

Total 15,638 100% 100% 

 

6.2.3 Energy efficiency measures 

Under the Affordable Warmth scheme, the assessment of the properties’ 

needs incorporates inspection of all areas where energy efficiency measures 

can be implemented.  Thus, subsequent recommendations regarding 

improvements are not based on one specific intervention, but rather, include 

a multiple measure retrofit tailored to any given property, the total cost of which 

does not exceed the specified value.  In terms of the interventions, the scheme 

offers a range of measures to improve the quality of the properties.  These, 

however, are carefully selected and completed in the order of priority.  Firstly, 

the property’s insulation is assessed, which encapsulates the exterior as well 

as loft space.  If inadequate, top-up or full loft insulation is provided, and 

similarly, cavity wall insulation is inspected and upgraded according to the 

needs of the dwelling.  Secondly, the heating component is evaluated, and 

various options are considered when selecting a replacement.  Natural gas 

heating is offered in the first instance to substitute inefficient electric (Economy 

7) or oil appliances (over 15 years old), however, where there are geographical 

restrictions and gas is not a viable option, highly energy efficient oil-fired 

alternatives are installed.  The third priority are windows, whereby replacement 

of single-glazed or defective double-glazed windows is undertaken.  Fourthly, 

and lastly, where property is of solid wall construction and lacks insulation, 

external or internal measures are considered to rectify this.  Under these 

circumstances, the grant can be extended accordingly to factor in the expense 

associated with insulating solid walls, from £7,500 to £10,000.   
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Given that in NI, it is the DfC rather than the Department for Economy or 

Infrastructure, that has the sole responsibility of delivering the flagship energy 

efficiency program, this seems to suggest that the cost-effectiveness of the 

retrofits is viewed in terms of the societal and wellbeing returns.  This means, 

that the main priority of the scheme in its current format is to identify the at-

risk, low-income fraction of the population and vulnerable households with the 

aim of improving the properties they live in, and hence, to reduce fuel poverty.  

Certainly, the Affordable Warmth scheme prioritises the measures that 

improve energy performance of the home within the grant limit, however, SAP 

assessments prior to and post-retrofit are not undertaken, and quantification 

of improvements in terms of energy demand is non-existent.  Nonetheless, 

Sigrist et al. (2019) recently noted, that the choice of heating system is more 

definitive in terms of retrofit cost-effectiveness in comparison to the building 

fabric interventions.  The latter on the other hand, are more crucial for reducing 

household energy consumption.  Thus, it seems intuitive to combine both 

heating and energy efficiency measures to maximise rewards from the 

investments to transform the housing stock in NI.  Indeed, Morris (2014) 

recommends more extensive forms of interventions as opposed to shallower 

retrofits, those that may require more substantial initial investment but may 

yield greater economic and social benefits.  In the context of the Affordable 

Warmth measures, there does not seem to be an apparent cost-effectiveness 

criterion that guides the retrofit selection process.  Rather, it is determined 

through a holistic perspective, one that in addition to the tangible property 

characteristics, acknowledges wants and needs of the householders 

themselves.   

With regards to energy efficiency measures, the Affordable Warmth database 

contained a detailed schedule of all the installations, ranging from minor 

draught-proofing items through to multiple measures retrofits.  Overall, 

between 2014 and 2018, the most significant progress was seemingly made 

in connection with heating systems, with 69.6% of all properties in the dataset 

(n=10,881) subject to a heating upgrade.  Within this subset of properties, the 

majority underwent a full conversion from existing central heating to either oil 

fired (n=5,801) or gas (n=2,173) systems (Table 6.7).   
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Forty percent (n=6,249) of dwellings had loft insulation upgrades, thickness of 

which ranged from 80mm to 300mm.  Furthermore, these upgrades were 

inclusive of appropriate ventilation to ensure adequate airflow and to prevent 

build-up of moisture in the loft space.  Where cavity wall insulation measures 

were undertaken, one of three options was offered to eligible properties, 

including full insulation to a previously uninsulated dwelling (n=1,513), a top 

up of partially insulated walls (n=1,017), and removal of defective insulation 

followed by an installation of full cavity wall insulation (n=145).  Overall, 17.1% 

of all dwellings in the dataset benefited from cavity wall insulation, whereas a 

solid wall equivalent, which included external or internal measures, was 

implemented in 2% (n=318) of properties.   

With regards to draught-proofing, 7.1% (n=1,111) of properties had this type 

of minor improvement implemented comprising mainly external and/or internal 

door frames draught-proofing elements.  In the dataset, 53% (n=8,328) of 

households had windows-related works, the majority of which related to 

window replacements and installations of energy efficient double-glazing.39 

Based on the overall number of installations (n=29,562), every property 

received approximately two different types of energy efficiency measures 

(x̄=1.89).  The most prevalent were central heating systems upgrades, 

followed by windows replacements and thereafter by loft insulation 

installations. This suggests that the most commonly implemented retrofits 

included a combination of these three elements.  Indeed, the upper limit of 

£7,500 per property (£10,000 when solid wall intervention was required), 

allowed for a degree of flexibility in terms of the required improvements, with 

the costliest item being the installation of oil-fired heating system (estimates 

ranging from £3,750 – £4,800 determined by property size).  The contingent 

upon the awarded grant surplus, allowed for implementation of an additional, 

 
39 Triple glazing is currently not available under Affordable Warmth. Secondary glazing is a 
form of energy efficiency measure that involves installation of a slim second window 
(internally) to preserve the external features of the property; particularly suited for listed and 
period properties, where installation of double-glazing cannot be considered; this measure is 
not available under Affordable Warmth. 
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but lower in value energy efficiency measure that complemented the main 

component of the retrofit.     

Table 6.7 Retrofitting measures for the whole of the dataset (2014-2018) 

Type of measure Frequency 

Heating 

Heating conversion to oil 5,801 

Heating conversion to gas 2,173 

Boiler replacement40 1,628 

Full oil heating installation 706 

Full gas heating installation 573 

Insulation and draught-proofing  

Loft insulation 6,249 

Cavity wall insulation – to previously uninsulated cavity 1,513 

Cavity wall insulation – top up 1,017 

Removal of defective cavity wall insulation + new  145 

Draught-proofing 1,111 

Windows 

Windows (removal/replacement) 8,328 

Solid wall measures 

External/internal wall insulation 318 

Overall number of measures 29,562 

   

Details of the costs associated with the energy efficiency measures installed 

are provided for individual properties.  Using these data, the overall capital 

investment in the Affordable Warmth during the period 2014 to 2018 was over 

£65 million with the mean retrofit grant award per household £4,198.52 

(s=£2,028.38). In terms of the distribution of costs, 32.7% (n=5,120) of all 

householders in the Scheme were awarded a grant of value between £2,001 

and £4,000, 30.8% (n=4,811) received a grant of between £4,001 and £6,000 

and 19.7% between £6,001 and £8,000 (Table 6.8).  Only 1.1% (n=174) of 

households had energy efficiency measures costed between £8,001 and 

£10,000.  Under the Affordable Warmth scheme, a grant award in this range, 

is typically allocated to and approved for interventions that included solid wall 

insulation. 

 

 
40 1,249 oil and 379 gas boilers replacements  
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Table 6.8 Grant values  

Grant value Freq. % 

Up to £2,000 2,452 15.7% 

£2,001 – £4,000 5,120 32.7% 

£4,001 – £6,000 4,811 30.8% 

£6,001 – £8,000 3,081 19.7% 

£8,001 – £10,000 174 1.1% 

Total 15,638 100% 

The analysis shows that detached properties had the highest value 

interventions, with mean grant for this dwelling type estimated at £8,905.19, 

followed by bungalows, for which the mean retrofit costs approximated 

£8,309.69 (Table 6.9).  Capital investment required for retrofits in terraced and 

semi-detached dwellings was somewhat lower; mean grants values ranged 

from £6,169.38 to £6,892.24.  The cost of energy efficiency installations in flats 

and apartments was the lowest averaging £4,353.85.  A Kruskal-Wallis test 

confirmed that the observed differences in the mean value of the grant by 

property type were statistically significant X2(5) = 1096.33, p<0.001. 

Table 6.9 Mean grant values by property type 

Property type Mean grant value rank 

Detached £8,905.19 

Bungalows £8,309.69 

Semi-detached  £6,892.24 

End of terrace  £6,521.56 

Terrace £6,169.38 

Flats/apartments £4,353.85 

 

Having examined the secondary data pertaining to the Affordable Warmth 

scheme, the types of energy efficiency measures implemented and associated 

costs, as well as the household characteristics of those who availed of the 

government financed retrofits, the chapter turns to the core part of this aspect 

of the research namely the analysis of the primary data sources and 

householder perceptions.  In this respect, the following section addresses fuel 

poverty from a household-specific perspective and highlights respondents’ 

energy affordability issues pre-retrofit.  Furthermore, the next section serves 
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as baseline, upon which, subsequent impacts of energy efficiency measures 

are assessed.    

6.3 Analysis of pre-retrofit surveys 

This section centres around analysis of pre-retrofit surveys of participants 

availing of the Affordable Warmth scheme.  As discussed in Chapter 4, primary 

sourced data overcomes the limitations associated with secondary sources, 

offers direct insights into fuel poverty and provides first-hand accounts as 

experienced by households.  Furthermore, administering surveys prior to the 

intervention of energy efficiency measures as opposed to retrospective 

questioning provides an unbiased and current perspective in relation to energy 

performance, fuel costs, wellbeing and perceptions of thermal comfort.  

Overall, 141 participants qualifying for energy efficiency upgrades through the 

round of the Affordable Warmth scheme that opened in August 2019 

completed the pre-retrofit telephone survey, a process that spanned over six 

months, from 8th August 2019 until 14th February 2020.  Given that this part of 

the thesis is concerned with the impacts from energy retrofits, a post-retrofit 

survey was imperative in capturing any changes associated with energy 

efficiency measures.  The post-retrofit data collection process had an attrition 

rate of 42 participants, who either did not respond to repeated contact attempts 

or, some who did respond, indicated that the scheduled installations were not 

undertaken due to Covid-19 restrictions or other delays.  Therefore, 

subsequent analyses for both the pre-survey (Section 6.3) and post-survey 

(Section 6.4) are based on the final sample of 99 properties and their 

respective households, collected on two separate occasions.  Utilising data 

exclusively from the re-surveyed households allows for direct comparisons of 

their perceptions and experiences prior to and post-retrofit whilst providing 

robust evidence on the impacts of retrofitting interventions.   

6.3.1 Property characteristics  

In terms of settlement type and adopting the NISRA (2015) classification, the 

analysis reveals that the geographical distribution of the properties in the 

dataset is 68.7% (n=68) in urban versus 31.3% (n=31) in rural locations (Table 

6.10).  This is broadly representative to the NI settlement split of 63% to 34%, 
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for the respective locations and remaining 3% attributed to mixed regions 

(Department of Agriculture, Environment and Rural Affairs, 2020) and similar 

to the urban/rural split found in Chapter 5. 

Table 6.10 Location of the properties 

Settlement type Frequency % of the sample 

Urban 68 68.7% 

Rural 31 31.3% 

Total 99 100% 

In line with the analyses of property types undertaken in Chapter 5 and Section 

6.2 of this chapter, this dataset is characterised by predominance of terraced 

homes (31.3%, n=31), followed by 29.3% (n=29) of both semi-detached 

dwellings and bungalows (Table 6.11).  Collectively, these three property types 

accounted for almost 90% of the sample, with the remaining 9.1% (n=9) being 

detached homes and only one apartment/flat in the dataset.41   

Table 6.11 Property type 

Property type  Frequency % of the sample 

Terraced 31 31.3% 

Semi-detached 29 29.3% 

Bungalows 29 29.3% 

Detached 9 9.1% 

Flats/apartments 1 1.0% 

Total 99 100% 

In order to enhance the assessment of property characteristics, participants 

were asked about the number of available bedrooms in their homes.  This 

component provides an insight into the size of the properties, which in the 

context of fuel poverty is crucial, as the bigger the house, the more energy 

intensive it may be.  In addition to properties’ condition, achieving a thermally 

comfortable indoor environment is contingent upon property size and/or under-

occupancy.  Given that unused rooms also require a certain amount of heat 

maintain a dry, damp and mould-free property throughout, such additional 

energy costs may place a considerable burden on household budgets and 

 
41 Analysis of property type distribution by settlement was not undertaken due to expected 
cell count assumption violation 
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adversely impact individuals’ ability to achieve thermal comfort in the lived-in 

areas.  

The results show that nearly a quarter of all participants occupy two-bedroom 

properties (24.2%, n=24) (Table 6.12).  The most frequent property in the 

dataset, however, features three bedrooms, with almost two thirds of all 

respondents living in this type of home (62.6%, n=62).  Four or five bedrooms 

collectively account for 13.1% (n=13) of all dwellings. 

Table 6.12 Number of bedrooms in the property 

Number of bedrooms Frequency % of the sample 

Two bedrooms 24 24.2% 

Three bedrooms 62 62.6% 

Four bedrooms 12 12.1% 

Five bedrooms 1 1.0% 

Total 99 100% 

To complement data collected from the participants, information in relation to 

the size of the properties was retrieved from the LPS database, maintained by 

the Department of Finance.42  Analysis shows that the floor space of the 

properties in the dataset ranges from 54m2 to 260m2, with an average property 

size equivalent to 102m2.  In total, 11 properties had floor areas exceeding 

135m2 and map to those with the greater number of bedrooms. 

As all participants qualified for and received assistance through the Affordable 

Warmth scheme, the subsequent analysis is based on the two eligible tenure 

types.  In that respect, the majority of respondents (96%, n=95) were those 

individuals who owned and occupied their homes and the remaining 4% (n=4) 

lived in the privately rented properties (Table 6.13).   This tenure pattern, 

evident in the secondary Affordable Warmth data (Section 6.2), is further 

highlighted by the survey and reflects a continuation of the disproportionate 

energy retrofit uptake by tenure, with the private rental sector having a low 

uptake.  Perhaps, as suggested in Section 6.2, the asymmetrical distribution 

can be partially explained by the split-incentive dilemma, whereby property 

owners in the private sector are obliged to contribute to the retrofitting 

 
42 Property size is expressed in square meters (m2) 
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investment.  In addition, this could also be a function of the differing lengths of 

occupancy, with private rentals characterised by shorter terms, which in turn 

could affect tenants’ willingness to engage in the Scheme to implement energy 

efficiency measures of the properties they occupy temporarily.  Moreover, 

many rentals are apartment properties, retrofitting of which continuous to be 

disproportionately lower in relation to other types of dwellings. 43  

Table 6.13 Participants’ tenure 

Tenure Frequency % of the sample 

Owner-occupiers 95 96.0% 

Private renters 4 4.0% 

Total 99 100% 

 

6.3.2 Condition of the properties  

Condition of the properties in the dataset was assessed through the use of 

evidence in the pre-retrofit survey (Appendix 2), as it was not possible to adopt 

objective but intrusive measuring techniques.  In that regard, several items 

were incorporated in the survey which attempt to assess perceptions of damp, 

condensation and mould, the symptoms of under-heated properties.  Thermal 

comfort and adequate heating provisions were also subjectively examined due 

to the well-established association of these components to fuel poverty, with 

absence thereof indicative of substandard living conditions and poorly 

performing homes.  Moreover, given that the analysis of property 

characteristics in the modelling in Chapter 5 highlighted their significance in 

relation to fuel poverty, this subsection builds upon this evidence and further 

extends the investigation into defects and inefficient heating systems from a 

household perspective. 

6.3.1.1 Dampness, condensation and mould 

In relation to this thesis, presence of dampness in the home or perception 

thereof refers to the excess moisture, which in the context of fuel poverty is 

often associated with cold homes.  Unlike penetrating or rising damp, damp 

due to high relative indoor humidity is a symptom of an energy inefficient 

home, although human activity may also contribute to or exacerbate its 

 
43 All 42 respondents not used for the main analysis were owner occupiers 
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existence.  Likewise, condensation and mould growth can also be associated 

with inadequate heating and ventilation within the home, which, if experienced 

for prolonged periods, can adversely impact occupants’ health and well-being 

(discussed in detail in Chapter 2).   

Analysis of defects in the respondents’ properties highlights that the most 

commonly experienced issue by householders pre-retrofit was condensation, 

followed by presence of mould and thereafter dampness (Table 6.14).  More 

specifically, over half of all respondents (55.6%, n=55) reported presence of 

condensation, albeit to a varying degree, from slight and infrequent 

appearances to a great extent throughout the home.  Unsightly and/or 

unpleasantly smelling mould was detected by 40.4% (n=40) of respondents, 

intensity of which also varied among the households. 

Dampness was less frequently reported with just over a third of householders 

(35.4%, n=35) highlighting this defect.  Out of these, 19.2% (n=19) indicated 

slight instances, 10.1% (n=10) moderate and 6% (n=6) had considerable or 

major issues with damp.44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
44 Further analysis of defects by certain property characteristics was not undertaken due to 
insufficient expected frequencies  
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Table 6.14 Perceptions of damp, condensation and mould pre-retrofit 

 Frequency Percent Cumulative 
percent 

Condensation 

Not at all 44 44.4% 44.4% 

Slightly  24 24.2% 68.7% 

Moderately 20 20.2% 88.9% 

Considerably 5 5.1% 93.9% 

A great deal 6 6.1% 100% 

Total 99 100%  

Mould 

Not at all 59 59.6% 59.6% 

Slightly  28 28.3% 87.9% 

Moderately 6 6.1% 93.9% 

Considerably 2 2.0% 96.0% 

A great deal 4 4.0% 100% 

Total 99 100%  

Damp 

Not at all 64 64.6% 64.6% 

Slightly  19 19.2% 83.8% 

Moderately 10 10.1% 93.9% 

Considerably 4 4.0% 98.0% 

A great deal 2 2.0% 100% 

Total 99 100%  

Overall, the three components adopted in the assessment of the properties’ 

condition are difficult to disentangle and may have been used interchangeably 

by the participants who do not possess the technical knowledge to differentiate 

between them and their sources.  Nonetheless, it is clear that the majority of 

households who were eligible for the Affordable Warmth scheme lived in 

properties that were inadequately heated, as determined by the presence of 

condensation, mould and/or damp.  Furthermore, given that fuel poverty is 

partially a function of the physical property characteristics, the analysis 

indicates that prior to energy efficiency interventions, the properties did not 

provide sufficient protection to their occupants against the climatic conditions 

of NI.  Consequently, this presence of condensation, mould spores and damp 

in under-heated homes, as stated by Baker (2001), increases their residents’ 

risk of developing health problems including but not limited to allergies and 

breathing difficulties.  
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6.3.1.2 Heating systems  

As all properties in the dataset were equipped with heating systems, this 

subsection focuses on the specific heating components that are known to 

affect households’ ability to achieve thermal comfort as well as those indicators 

that may contribute to excessive energy costs.  As such, fuel sources, energy 

costs and households’ perceptions of thermal comfort and supplementary 

heating-related aspects are examined to determine the extent of heating and 

energy affordability issues prior to retrofitting interventions. 

Among the sample, the predominant type of fuel pre-retrofit was oil, with 79.8% 

(n=79) of households reliant on this source for heating (Table 6.15).  The 

second most commonly used fuel type was gas, however, only 10.1% (n=10) 

of households had gas fired heating systems.  The remaining 10.1% (n=10) 

had either solid fuel or electricity-powered heating sources, the most energy 

intensive and thus expensive heating systems.  

Table 6.15 Fuel sources pre-retrofit 

 Frequency Percent Cumulative 

percent 

Oil  79 79.8% 79.8% 

Gas 10 10.1% 89.9% 

Electric storage heaters 3 3.0% 92.9% 

Solid fuel 7 7.1% 100% 

Total 99 100%  

 

In terms of participants satisfaction levels with heating systems pre-retrofit, 

excluding the non-response values, more than half of the sample were either 

dissatisfied or very dissatisfied (54.2%, n=52), followed by 5.2% (n=5) of 

households who expressed neutral attitudes (Table 6.16).  Hence, the 

remaining 40.7% (n=39) of respondents indicated that they were either 

satisfied or very satisfied with the type of heating system in their properties at 

the time.   
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Table 6.16 Heating system satisfaction rating pre-retrofit 

 Frequency % of the 

sample 

Valid % Cumulative 

percent 

Very dissatisfied 37 37.4% 38.5% 38.5% 

Dissatisfied 15 15.2% 15.6% 54.2% 

Neutral 5 5.1% 5.2% 59.4% 

Satisfied 21 21.2% 21.9% 81.3% 

Very satisfied 18 18.2% 18.8% 100% 

Satisfaction rating 

missing 

3 3.0%   

Total 99 100% 100%  

In addition to primary heating systems, participants were asked about the 

presence of any secondary heating sources in the properties.  Where 

existence of such alternatives had been acknowledged, frequency of use as 

well as associated reasons were examined.  More than two thirds of all 

respondents in the dataset indicated that they used additional sources of 

heating in their homes (68.7%, n=68) (Table 6.17).  Of those, 39.4% (n=39) 

relied on portable electric alternatives, such as fan or halogen heaters, 

whereas 29.3% (n=29) used solid fuel alternatives, including but not limited to 

open fires and wood burning stoves.   

Table 6.17 Secondary sources of heat 

 Frequency Percent Cumulative 

percent 

No 31 31.3% 31.3% 

Electric 39 39.4% 70.7% 

Solid fuel 29 29.3% 100% 

Total 99 100%  

 

The main reasons cited by participants for use of secondary heating referred 

to having a source of additional heat in the home (Table 6.18).  More 

specifically, of those respondents who initially indicated that alternative 

sources of heating were used, 55.9% (n=38) did so as they found the primary 

heating insufficient in achieving desired levels of thermal comfort.  This was 

typically a result of a combination of factors, which included poor performance 

of the properties due to absence of energy efficiency measures such as 

adequate insulation, inefficient heating systems and/or cold weather.   
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Another reason, offered by respondents was cost efficiency (11.1%, n=11).  

More specifically, those participants indicated that by occasionally using 

secondary as opposed to primary heating, they were able to manage their 

energy costs.  Furthermore, this strategy allowed individuals to heat the room 

that was in use at any given time whilst being economical with the main fuel 

source.   

Comfort factor was additionally considered in using a secondary heating 

source (10.1%, n=10).  Respondents consistently referred to the comfortable 

and warm atmosphere generated by an open fire or wood burning stove.  

Likewise, where an electric alternative was used, the glow provided a room-

brightening effect emerged as an important factor.   

In terms of the emergencies, 9.1% (n=9) of participants used secondary 

heating for a variety of circumstances, the main being that the primary heating 

was not functioning properly or at all.  Moreover, health and safety concerns 

of using the main system were also identified to be a reason for use of 

available alternatives.   

Table 6.18 Reasons for secondary heat in the home pre-retrofit  

 Frequency % of the 

sample 

Valid % Cumulative 

percent 

Additional heat 38 38.4% 55.9% 55.9% 

Cost efficiency  11 11.1% 16.2% 72.1% 

Comfort 10 10.1% 14.7% 86.8% 

Emergency 9 9.1% 13.2% 100% 

Secondary heating 

N/A 

31 31.3%   

Total 99 100% 100%  

With regard to the frequency of use of secondary heating sources, the sample 

was reduced to 62.6% (n=62) of all respondents (Table 6.19).  Overall, 42% 

(n=26) of this subset indicated that their usage of alternative forms of heating 

was either very rarely or sometimes, which translated into additional heating 

requirements during cold weather spells, weekends or holidays.  The 

remaining 58% (n=36) of the subset, seemingly used secondary heating 

sources more frequently, namely very often or every day, which signified the 
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need to do so rather than choice. This behaviour has impacts upon additional 

energy costs in the winter season and the incidence of fuel poverty. 

Table 6.19 Frequency of secondary heating use in the winter pre-retrofit 

 Frequency % of the 

sample 

Valid % Cumulative 

percent 

Very rarely  13 13.1% 21.0% 21.0% 

Sometimes 13 13.1% 21.0% 41.9% 

Very often  10 10.1% 16.1% 58.1% 

Every day 26 26.3% 41.9% 100% 

Frequency N/A 37 37.4%   

Total 99 100% 100%  

In the context of fuel poverty, analysis of the secondary heating components 

pre-retrofit was important in the wider understanding of behaviour in revealing 

that those struggling to achieve and maintain adequate levels of thermal 

comfort are compelled to resort to the use of secondary sources of heat in 

addition to the main heating systems. Furthermore, the analysis highlighted 

that the frequency of use was much higher for those seemingly experiencing 

more severe hardship and who felt they were doing so through necessity.  

Reliance on multiple sources of heating, could be argued, provides only short-

term benefits in the form of much needed warmth, however such practises 

inadvertently lead to increased energy expenditure, as alternative heating 

systems are regarded as more costly and/or inefficient options.  As a result, 

the reality of the energy burden experienced by fuel poor households may be 

more profound for those who frequently use secondary heating sources in their 

properties alongside their primary systems but have the need to do so in order 

to achieve a perceived thermally comfortable indoor environment.          

6.3.1.3 Home temperatures and thermal comfort pre-retrofit 

Although thermal comfort was used in the previous discussion as a conceptual 

state, in this subsection the component itself is under analysis given that fuel 

poverty centres around the issue of inability to achieve adequate levels of 

warmth in the home.  Thus, consideration of respondents’ living room 

temperatures throughout the winter, as reported by those householders who 

were able to adjust their thermostats, as well as the perception of thermal 
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comfort in the home, provides an insight into individuals’ internal environment 

conditions prior to energy efficiency interventions.   

With regards to data on indoor temperatures, 78.8% (n=78) of respondents 

were unable to internally adjust the output of their heating systems and set a 

temperature via room thermostat.  This statistic alone highlights the plight of 

many households who could not themselves control the amount of heat 

generated by the primary system, and for whom, the only two options available 

were heat or no heat.  Due to these constraints, the strategy to intermittently 

turn the heating on when required could adversely impact respondents’ ability 

to maintain reasonable levels of warmth and/or energy expenditure.  More 

specifically, management of heating times to reduce heating costs whilst not 

having adequate heating controls, such as thermostats, timers and 

programmers to monitor energy usage, can consequently have the opposite 

effect, and exacerbate the energy burden.  

Analysis of ambient temperatures based on the remaining respondents 

(21.2%, n=21), shows that, the average living room temperature in the winter 

was adjusted to 23°C (s=3.19), with an overall range of 18°C to 30°C.  

Moreover, adopting the 21°C threshold for the occupied rooms, the majority of 

those householders who were able to thermostatically control their homes, met 

this standard (76.2%, n=16), whilst 23.8% (n=5) did not.  

Meanwhile, examination of the more subjective measure of thermal comfort 

applicable to the whole sample (with one exception) reveals that whilst 54.1% 

(n=53) of respondents perceived their home comfortable, the remaining 46% 

(n=45) found their home insufficiently warm (Table 6.20).  Furthermore, this 

group of householders experiencing thermal discomfort can be differentiated 

between those who perceived their homes as much too cold (27.6%, n=27) 

and those who considered their home to be slightly colder than they would like 

(18.4%, n=18).  These statistics indicate that a considerable proportion of 

participants found their properties insufficiently warm despite being able to 

achieve the recommended temperature for the occupied spaces.  Moreover, 

thermal discomfort, although subjective and determined by individual 

preferences, does not have to be experienced by all fuel poor household, the 
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implication being, that those who reported adequately heated homes may 

have incurred excessive energy costs whilst achieving thermal comfort.45  

Table 6.20 Perception of thermal comfort pre-retrofit     

 Frequency % of the 

sample 

Valid % Cumulative 

percent 

Much colder than I 

would have liked 

27 27.3% 27.6% 27.6% 

A bit colder than I 

would have liked 

18 18.2% 18.4% 45.9% 

Comfortable 53 53.5% 54.1% 100% 

Thermal comfort not 

specified 

1 1.0%   

Total 99 100% 100%  

Given that almost half of all respondents reported thermal discomfort in their 

homes during the winter, a follow-up assessment of impacts associated with 

under-heated properties is an important area of inquiry.  Specifically, six 

adverse outcomes were selected to examine the extent to which feeling cold 

at home pre-retrofit affected respondents’ physical health, well-being and 

ability to interact socially.  Similar to the items examined in previous 

subsections, these components are based on subjective, self-reported 

perceptions and reflect individuals’ accounts.  The complex nature of fuel 

poverty dictated adoption of this approach to overcome participants’ potential 

reluctance of expressing sensitive issues whilst providing the opportunity to 

confidentially and anonymously disclose their experiences.     

Analysis of impacts associated with thermal discomfort is based on a 

subsample of the 44 respondents who indicated inadequate and 

unsatisfactory levels of warmth in their homes.  As the follow-up questions 

were not mutually exclusive, participants were able to indicate multiple effects 

of being unable to achieve thermal comfort in their homes.  Indeed, on 

average, respondents in this subset specified three adverse outcomes, 

 
45 It has been widely acknowledged that perception of thermal comfort differs by gender.  
Further analysis of these differences in the sample did not yield statistically significant 
results as determined by Mann-Whitney U test (Z= 857.5, p=0.165). 
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highlighting the multidimensionality of impacts related to thermal discomfort, 

with different aspects of life affected simultaneously. 

Seemingly, the most negatively affected domain was participants’ self-

reported wellbeing, as indicated by the responses given to the two 

corresponding components: 56.8% (n=25) reported feeling anxiety or having 

depressive symptoms, albeit to a various degree, and 50% (n=22) felt 

miserable as a direct result of not having adequate levels of warmth in the 

home (Figure 6.2).  Even though reported reduced well-being cannot be 

directly attributed to experienced thermal discomfort, as discussed in Chapter 

2, prolonged exposure to substandard housing conditions can either 

exacerbate pre-existing conditions or contribute to their development.  In this 

context, the results highlight the importance of adequate ambient 

temperatures in preventing episodes of poor well-being.   

Social aspects of individuals’ lives were also negatively impacted as a result 

of living in insufficiently heated homes.  More specifically, 47.7% (n=21) 

participants specified they were unable to invite a family member and/or 

friends into their homes and those who offered to elaborate further, stated they 

did not socialise as they felt uncomfortable or embarrassed.  Overall, 36.4% 

(n=16) of these respondents indicated that, to avoid spending time at home, 

where they struggled to keep themselves warm, they felt compelled to spend 

as much time as possible elsewhere, examples included frequenting public 

spaces such as libraries or visiting family members.   

Physical health impacts, although to a lesser extent, were also reported by the 

affected participants, with 47.7% (n=21) indicating that pre-existing health 

problems were exacerbated by thermal discomfort and 9.1% (n=4) attributing 

onset of new conditions to insufficient heating.  Specifically, chest infections, 

asthma and arthritis were among the illnesses that were cited as linked to living 

in under-heated homes.  

Importantly and highlighting the nuances of fuel poverty, 29.5% (n=13) of 

respondents indicated that none of the provided options accurately reflected 

their circumstances and experiences (Figure 6.2).  However, given that the list 
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was not exhaustive, but rather developed to highlight the extent of adverse 

outcomes due to thermal discomfort, it could be speculated that those 

remaining respondents were either not detrimentally affected, displayed 

resiliency to adversity or perhaps some other, not included in the survey life 

components were impacted.  

Figure 6.2 Impacts of perceived thermal discomfort 

 

Overall, this analysis reveals how prevalent thermal discomfort was among the 

participants prior to retrofitting interventions.  Moreover, it highlights the 

importance of thermal comfort, given a range of adverse impacts.  In the 

context of fuel poverty, the results show that the consequences of being 

unable to achieve satisfactory levels of warmth, albeit restricted to three 

domains in this thesis, can be detrimental to peoples’ wellbeing but also impact 

individuals’ financial circumstances.  

Moving on, the following subsection focuses on householders’ energy costs 

and associated elements.  As such, householders’ engagement with the 

energy market is examined along with strategies adopted to reduce energy 

expenditure. 
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6.3.3 Energy costs  

As one of the main fuel poverty components, respondents’ energy costs are 

central to this thesis’s investigation.  Although the current definition dictates 

that required, rather than actual, costs are to be used in determining fuel 

poverty status, the former method involves intrusive technical assessments of 

properties and energy efficiency aspects that were not practically possible to 

attain.  Moreover, the goal of this section is to address the extent of the energy 

burden experienced by the households and to understand energy expenditure 

patterns as opposed to characterising fuel poverty per se.  Furthermore, given 

that all participants in the dataset were required to meet eligibility criteria in 

order to avail of the Affordable Warmth scheme, the vulnerability, low-income 

and/or energy efficiency indicators assessed during the initial screening 

independently of this research, determined participants’ fuel poverty status at 

the time.   

With regards to energy expenditure, electricity as well as heating outgoings 

were examined based on the information supplied by the respondents.  For 

the most part, the collected data reflect estimated costs due to pricing 

fluctuations of all fuels throughout the year whilst factoring in seasonal 

differences in energy consumption.  Overall, it was deemed that the reported 

energy outgoings were accurate and, consequently, transformed into annual 

power and heating as well as combined costs that subsequent analyses are 

based on. 

In terms of electricity outgoings, an average annual cost for the participants 

prior to retrofitting interventions as derived from self-reported survey data is 

estimated at £577.05 (s=£268.56), whereas heating, calculated in the same 

manner, amounted to £868.10 (s=£377.41).  Taking into consideration missing 

data in both categories, overall yearly energy burden approximated £1,422.07 

(s=490.67) and ranged from £252.00 to £2,880.00, a distribution that signifies 

an extensive spectrum of energy costs from seemingly low to excessively high 

outgoings. 

Analysis of the combined costs associated with space heating and power use, 

based on the subsample of 85 respondents, for whom both components were 
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available shows, that for less than a fifth of this subset (18.8%, n=16) annual 

bills were less than £1,000, whilst for the majority of participants’ energy 

expenditure was in excess of £1,000 but did not exceed £1,499 (43.5%, n=37) 

(Table 6.21).  In addition, 28.2% (n=24) reported having energy costs between 

£1,500 and £1,999 and a further 9.4% (n=8) had experienced expenditure in 

excess of £2,000, per annum.  

Table 6.21 Respondents’ annual energy costs pre-retrofit 

Energy costs Frequency % of the 

sample 

Valid 

% 

Cumulative 

% 

Below £1,000 16 16.2% 18.8% 18.8% 

£1,000 – £1,499 37 37.4% 43.5% 62.4% 

£1,500 – £1,999 24 24.2% 28.2% 90.6% 

£2,000 – £2,499 5 5.1% 5.9% 96.5% 

More than £2,500 3 3.0% 3.5% 100% 

Energy costs not 

available 

14 14.1%   

Total 99 100% 100%  

The relationship between of the magnitude of energy burden and the size (m2) 

of the occupied properties, analysed by a Spearman’s rank-order correlation, 

was determined as a statistically non-significant association between the two 

variables (rs = -0.14, p>0.05).46 The inference being that the energy costs as 

experienced by the householders did not increase with the floor area of their 

properties.   

Similarly, analysis of energy expenditure taking into consideration the number 

of bedrooms undertaken using a Kruskal-Wallis H test did not yield statistically 

significant results χ2 (3) = 2.202, p>0.05.  In fact, distribution of annual energy 

costs by number of bedrooms shows that participants living in the smallest, 

two-bedroom properties had the highest overall energy costs (x̄=£1,516.94) 

(Table 6.22).  In comparison, energy outgoings were considerably lower for 

occupiers of three- or four-bedroom homes, x̄=£1,397.26 and x̄=£1,406.40, 

respectively.47  Perhaps, this is a function of household composition and the 

 
46 Spearman’s test was used as data violated the assumption of normal disribution 
47 Only one five-bedroom property is present in the dataset and it was not possible to 
incorporate it in the analysis to avoid making inaccurate inferences.  
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number of people living in the home and the length of time spent within the 

property rather than driven by the number of rooms per se.  Analysis of the 

association between the household size and overall energy bills in this 

instance however did not yield statistical significance (rs = 0.19, p=0.087). 

Table 6.22 Mean energy expenditure by number of bedrooms in the 

property pre-retrofit 

Number of bedrooms n  x̄ s 

Two bedrooms 17 £1,516.94 £397.97 

Three bedrooms 57 £1,397.26 £468.41 

Four bedrooms 10 £1,406.40 £760.88 

Since electricity and heating figures were collected independently, it was 

possible to examine the two components separately in the context of energy 

bills.  Seemingly, heating costs are primarily driving the energy burden for the 

participants and accounted for 60% of their total energy expenditure, whereas 

electricity-based use was 40%.   

Taking this a step further, subsequent analyses are centred around payment 

methods for electricity and the primary heating fuel.  As discussed in Chapter 

2, household energy bills or ability to make timely payments can both be 

affected by the type of paying schedule or fuel delivery method.  Specifically, 

with regards to electricity, providers offer several tariffs for customers to 

choose from, with the direct debit paying options triggering the lowest price 

per unit of power, whilst the standard rate is being charged for electricity 

consumption when the consumer has the option of payment method upon 

receipt of the bill.  Moreover, charges per unit for the pre-payment alternative 

are positioned between the two ends of the pricing spectrum, making this 

option the second most expensive tariff.48  Based on the most recent figures, 

the 6% discount applicable to the cheapest tariff, means, that in practice, all 

else constant, households can benefit from a maximum of £60 savings per 

annum.   

 
48 Analysis based on Electricity Price Comparison Table (prices for 1st February 2021) 
pertaining to the largest electricity company in NI, Power NI 
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Based on the subsample of participants for whom information on electricity 

payment methods was available, just over half of the respondents avail of ‘Pay 

as you go’ option, which means that they have a pre-payment meter installed 

in their properties (50.6%, n=45) (Table 6.23).  This paying option is popular 

among many NI consumers and provides a great deal of flexibility in electricity 

management by allowing customers to add funds when required.  

Furthermore, 32.6% (n=29) of respondents indicated that they had a direct 

debit arrangement associated with the lowest electricity charges, whilst 16.9% 

(n=15) continued to pay the most expensive rates for electricity pre-retrofit.   

Table 6.23 Payment methods for electricity 

Payment method Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Monthly Direct Debit 24 24.2% 27.0% 27.0% 

Quarterly Direct 

Debit 

5 5.1% 5.6% 32.6% 

Pay as you go 45 45.5% 50.6% 83.2% 

Any method on 

receipt of bill 

15 15.2% 16.9% 100% 

Payment method 

not disclosed 

10 10.1%   

Total 99 100% 100%  

Regarding primary heating fuels, customers do not have the same degree of 

flexibility of payment options or choice of suppliers as is the case with 

electricity.  Specifically, considering the disclosed payment methods for 

primary heating fuel, 6.5% (n=6) of respondents had a direct debit 

arrangement with their energy supplier and 7.6% (n=7) were availing of ‘Pay 

as you go’ alternative (Table 6.24).  In terms of the price differential between 

the two methods, the latter offers a slightly more favourable outcome to the 

consumer, with an estimated £20 saving achievable on a yearly basis whilst 

on this paying option.  The vast majority of respondents, 85.9% (n=79), 

indicated that the way they paid their heating bills was upon receipt of the bill.  

This is unsurprising given the prevalence of oil-reliant householders in the 

dataset and the fact that, in general, there are no flexible paying arrangements 

associated with home heating oil consumption offered to consumers.  In 

addition to being the most expensive fuel source, those using oil-fired systems 
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have the challenge of meeting the upfront, on delivery payment, which for fuel 

poor households may not be easily achievable and be a source of concern.     

Table 6.24 Payment methods for primary fuel 

Payment method Frequency % of the  

sample 

Valid 

% 

Cumulative 

percent 

Monthly Direct Debit 5 5.1% 5.4% 5.4% 

Quarterly Direct 

Debit 

1 1.0% 1.1% 6.5% 

Pay as you go 7 7.1% 7.6% 14.1% 

Any method on 

receipt of bill 

79 79.8% 85.9% 100% 

Payment method 

not disclosed 

7 7.1%   

Total 99 100% 100%  

In the context of fuel poverty, energy market engagement plays an important 

role in ensuring that consumers have access to fairly priced fuels, meaning 

that this process creates opportunities for householders to manage their 

energy supply and facilitates decision making based on transparent energy 

prices.  As such, householders who engage with the energy market by 

frequent alternating between electricity and/or heating fuel suppliers have the 

capacity to select a more favourable tariff or provider and consequently reduce 

their energy expenditure and alleviate, to an extent, household energy burden.   

With regards to respondents’ behaviours and actions towards securing 

competitive energy prices, the analysis shows differing patterns for electricity 

and primary heating fuel markets.  More specifically, accounting for non-

responses, engagement was considerably lower with electricity providers as 

opposed to the heating counterparts, with 28.3% (n=26) and 42.9% (n=39) 

households in the respective categories, actively and frequently seeking to 

obtain low-priced fuels (Table 6.25).  This evident asymmetry could stem from 

the fact that relying on oil, the most prevalent and costly heating fuel, compels 

householders to take actions that could reduce their spending, whereas the 

incentive to change electricity tariff or supplier, is not as ample and thus less 

effective. 

 



330 
 

Table 6.25 Participants’ energy market engagement pre-retrofit 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Electricity 

Yes 26 66.7% 28.3% 28.3% 

No 66 26.3% 71.7% 100% 

No data available 7 7.1%   

Total 99 100% 100%  

Primary heating fuel 

Yes 39 39.4% 42.9% 42.9% 

No 52 52.5% 57.1% 100% 

No data available 8 8.1%   

Total 99 100% 100%  

Given that a considerable proportion of participants reported they did not make 

attempts to adjust their expenditure by securing a reduced energy price, a 

follow-up inquiry into the reasons for this lack of engagement was undertaken.  

However, due to a low subset of responses, analysis of which could jeopardize 

anonymity of participants, only an emerging overall pattern could be 

discussed.   

The main issue surrounding the switch of electricity providers centred around 

respondents’ not perceiving the change as financially beneficial and hence 

unnecessary.  Moreover, some respondents indicated, that fear and worry 

contributed to their energy market apathy.  More specifically, conviction that 

electricity costs can in fact increase due to limited duration of discounted 

pricing offered by alternative providers, acted to prevent householders, apart 

from a fraction of participants, from changing their electricity supplier in the 

past.  Finally, not having sufficient knowledge and understanding regarding 

switching options was another reason stipulated by the respondents.    

In contrast, the arguments cited against supplier change in relation to heating 

fuels involved, for the most part, trust and loyalty concerns, meaning that 

householders preferred to continue with their trusted providers and were 

unwilling to avail of services offered by others.  Furthermore, supplier change 

was not associated with substantial financial gains and some participants were 

reluctant to engage with other providers for this reason.   
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6.3.3.1 Behavioural energy management pre-retrofit 

Concerning energy management, the research sought to ascertain the 

behaviour of participants before retrofitting interventions.  Specifically, the 

focus is around the actions and strategies that householders adopted in order 

to conserve or reduce their energy consumption, and hence, expenditure.  

Given that, in the context of fuel poverty and energy unaffordability, coping 

strategies are often an integral part of peoples’ daily lives, this subsection 

seeks to investigate the extent of participants’ behavioural concessions, 

ranging from minimum impact behavioural adaptations to more difficult 

choices that infringe on personal liberties.   

With regards to behavioural adjustments, the options provided were not 

mutually exclusive and participants were encouraged to select applicable 

choices (see Appendix 2, item 17).49  The most frequent behavioural strategy 

relating to home heating and adopted by 58.8% (n=57) of participants 

concerned turning heating off throughout the home despite experiencing 

thermal discomfort (Figure 6.3).  More than half of all respondents (50.5%, 

n=49) were also compelled to reduce ambient temperatures, even though they 

did so reluctantly.  Another commonly selected behaviour that 48.5% (n=47) 

of householders engaged in, was to partially heat the properties, which means, 

that only frequently used areas of the homes were heated and unoccupied 

rooms, were not.  Moreover, nearly a third of householders (30.9%, n=30) felt 

that they had to restrict their heating to one room of the house, leaving 

remaining areas unheated.   

Concerning heating adjustments, the results show that the majority of 

respondents engaged in a combination of energy conserving practices in order 

to reduce their expenditure.  In doing so, they inadvertently experienced 

thermal discomfort, however due to energy affordability concerns, alternating 

between behavioural strategies, was commonplace among the sample pre-

retrofit.   

 
49 Analysis based on n=97 (2 cases excluded were no response available for all categories) 
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Moving on from specific, heating-related behaviours, other techniques were 

also adopted.  Specifically, 37.1% (n=36) indicated they engaged in energy 

conserving through management of lights and electrical appliances and 29.9% 

(n=29) restricted their use of hot water.  Furthermore, in order to budget for 

their heating requirements, respondents also experienced further hardship 

with 10.3% (n=10) limiting their intake of hot meals.  Intermittent food insecurity 

coupled with fuel poverty, or the heat or eat trade-off that a proportion of 

householders in the survey had experiences of, highlight the difficult and 

extreme choices individuals had to make as they were unable to meet both of 

those essential needs concurrently.  Moreover, this suggests that those most 

severely impacted have already exhausted less extreme measures, and due 

to the strategies being unsuccessful, were consequently forced to restrict their 

food provisions as a last resort.   

Figure 6.3 Strategies adopted by participants to reduce energy 

expenditure  

 

In terms of the compromises made in achieving thermal comfort, weather 

conditions dictate the extent to which behavioural and material adjustments 

are adopted.  Specifically, winter is the most critical period when with the 

increased energy demand various cutbacks are most prominent.  Thus, 

respondents’ energy burden during the coldest time of the year is explored 
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further, even though, as discussed in Chapter 5, NI is characterised by almost 

all-year round need for heat.50  

Analysis of respondents’ experiences with respect to achieving thermal 

comfort in the home in exchange for purchasing non-essential items shows 

that just over a half of the sample (55.1%, n=54) never had to forgo certain 

things during the winter (Table 6.26).  However, the remaining 44.9% (n=44) 

of householders, indicated that in order to achieve thermal comfort in the home 

they had to make sacrifices along with intentional and responsible spending 

choices.  More specifically, 25.5% (n=25) stated that they imposed such 

restrictions occasionally, whereas 19.4% (n=19) exercised constraint more 

frequently.   

Table 6.26 Forgoing non-essential items during winter 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Never 54 54.5% 55.1% 55.1% 

Occasionally 25 25.3% 25.5% 80.6% 

Often  13 13.1% 13.3% 93.9% 

Very often 6 6.1% 6.1% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

Another aspect of energy hardship concerned the complete lack of heating 

provisions during the coldest time of the year.  In that regard, more than three 

quarters of participants who responded to this sensitive issue (76.5%, n=75) 

indicated that there were no instances of forgoing heating due to excess costs. 

(Table 6.27).  This suggests that participants, who experienced energy-related 

difficulties and struggled to attain adequate heating provisions whilst adopting 

energy conserving measures, were able to secure a quantity of fuel to ensure 

continued heating supply. 

However, nearly a fifth of householders (19.4%, n=19), despite adopting 

behavioural changes and restricting non-essential as well as essential 

spending, were occasionally unable to meet their winter heating needs due to 

 
50 Analysis of winter-related energy burden relates to time spanning from December 2018 to 
March 2019 
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high energy costs, whereas for the remaining 4.1% (n=4) instances of having 

no heating during cold weather occurred more frequently.   

 Table 6.27 Forgoing heating completely during winter 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Never 75 75.8% 76.5% 76.5% 

Occasionally 19 19.2% 19.4% 95.9% 

Often  3 3.0% 3.1% 99.0% 

Very often 1 1.0% 1.0% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

Given the behavioural adaptations and difficulties associated with thermal 

discomfort and energy unaffordability, the following analysis examines the 

extent to which the cost of heating and powering the home is a source of worry 

to the householders.51  In that regard, nearly a third of all participants (32.7%, 

n=32) indicated they either never or hardly ever worried over the costs of 

energy (Table 6.28).  Almost equally, 31.6% (n=31) stated that indeed, the 

costs associated with energy use were a source of worry, albeit it was not a 

frequent occurrence.  For the remaining 36.7% (n=35) however, financial 

strain of having to heat and power the home was considerably worrying, to the 

extent that this aspect pre-occupied a significant portion of individuals’ daily 

lives.   

Table 6.28 Worry as a function of energy costs pre-retrofit 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Never 19 19.2% 19.4% 19.4% 

Hardly at all 13 13.1% 13.3% 32.7% 

Sometimes 31 31.3% 31.6% 64.3% 

Quite a lot 24 24.2% 24.5% 88.8% 

Almost all of the time 11 11.1% 11.2% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

 

 
51 Analysis based on n=98 and excludes non-response cases 



335 
 

6.3.4 Household characteristics 

The previous subsection examined physical condition and energy-related 

components of the properties in the dataset.  Moreover, it provided an insight 

into behavioural strategies that householders adopted prior to retrofitting 

interventions and highlighted the plight of individuals whose continued struggle 

to achieve reasonable levels of warmth led to difficult compromises.  The 

adverse consequences of thermal discomfort as experienced by the 

respondents were also identified, which allowed for expansion of knowledge 

and understanding of the magnitude of impacts stemming from energy 

insecurity and living in inadequately heated homes.       

Following from this, the next subsection focuses on household characteristics 

to provide an accurate profile of the individuals who qualified for the energy 

retrofitting scheme.  More importantly, analysis of socio-economic 

components allows for inferences in relation to fuel poverty, its antecedents 

and consequences.   

6.3.3.1 Age of the householder  

The average age of survey respondents was 66 and ranged between 27 and 

89.  A more specific classification by age group shows that only 6.1% (n=6) 

were between 25 and 39, and a further 19.2% (n=19) aged 40 to 59, which 

means, that only a quarter of all householders in this sample who received 

assistance through Affordable Warmth were aged 60 or less (Table 6.29).  In 

fact, the highest proportion of respondents who availed of the Scheme were 

between 60 and 74 (52.5%, n=52) and 22.2% (n=22) were over 75. This is 

indicative of findings in Section 6.2.2, which suggest that older owner-

occupiers are more likely to qualify for the Government-led energy efficiency 

programme due to the limited financial resources to improve their homes.   

Table 6.29 Classification of respondents by age group 

 Frequency % of the sample Cumulative percent 

25 – 39  6 6.1% 6.1% 

40 – 59  19 19.2% 25.3% 

60 – 74  52 52.5% 77.8% 

Over 75 22 22.2% 100% 

Total 99 100%  
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6.3.3.1 Gender of the householder 

Analysis of gender shows a disproportionate distribution of males and females 

in the dataset.  Female respondents were in the majority and accounted for 

68.7% (n=68) of all the participants and thus, as a consequence, male 

counterparts were under-represented and formed the remaining 31.1% (n=31) 

of the sample (Table 6.30).      

Table 6.30 Respondent gender 

 Frequency % of the sample Cumulative percent 

Male 31 31.3% 31.3% 

Female 68 68.7% 100% 

Total 99 100%  

Analysis of respondents’ employment status corresponds with the age profile.  

Specifically, given the predominance of individuals over 60, more than two 

thirds of all participants for whom employment data was available, were in 

retirement (69.1%, n=67) (Table 6.31).  Only 14.4% (n=14) were economically 

active in either part-time, full-time or self-employment.  Economically inactive 

respondents due to unemployment or permanent unfitness for work accounted 

for 16.5% (n=16) of the sample.   

Table 6.31 Employment status 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Retired 67 67.7% 69.1% 69.1% 

Employed 14 14.1% 14.4% 83.5% 

Unemployed 7 7.1% 7.2% 90.7% 

Unfit for work 9 9.1% 9.3% 100% 

No data available 2 2.0%   

Total 99 100% 100%  

 

With regards to household composition and based on the available data for 

the sample (with one exception), there was a prevalence of single-person 

households (67.3%, n=66) (Table 6.32).  Two-person households accounted 

for 27.6% (n=27) of the sample and incorporated a combination of adult 

couples, single-parent family units as well as other non-specified types of 
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households.  Five percent (n=5) of households had three or more persons and 

represented structurally different household types.52 

The analysis of household composition and size coupled with properties’ 

physical components such as the number of bedrooms and floor space, 

showed that three-bedroom properties with a floor area of circa 100m2 are the 

predominant dwelling types in the dataset. This can provide a partial 

explanation to existence of fuel poverty among older single-person 

households.  Specifically, in light of the household characteristics, the analysis 

indicates, that the majority of the properties requiring energy retrofits were 

under-occupied, which suggests that the elderly retired or permanently ill 

individuals, who had the sole responsibility of upkeep of energy efficiency 

standards in their properties, were unable to implement necessary upgrades. 

This in turn led to energy-affordability and thermal discomfort hardship.  

Indeed, Chapter 5 highlighted the higher likelihood of falling into fuel poverty 

by single-person and older households who face additional difficulties of 

having to heat space in the home they may not be using to protect it from cold 

and damp.       

Table 6.32 Household size 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Single person  66 66.7% 67.3% 67.3% 

Two persons 27 27.3% 27.6% 94.9% 

Three persons 2 2.0% 2.0% 96.9% 

Four or more persons 3 3.0% 3.0% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

 

Length of occupancy in the property, although not a direct contributor to fuel 

poverty, can impact on householders’ knowledge and understanding of energy 

efficiency measures and their importance in the ability to achieve and maintain 

thermal comfort. Moreover, with the EPC requirements (discussed in Chapter 

3) mandated from 2009 and only applicable to the new-built and marketed for 

sale properties as well as those in the private rented sector, the householders 

 
52 Four were owner occupiers and 1 in the private rented sector 
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living in their properties for more than eleven years may not be privy to the 

energy efficiency recommendations to improve their homes.  

Analysis of the length of the occupancy shows that 54.5% (n=54) of all 

respondents have been occupants of their homes for a minimum of 25 years 

and a further 15.2% (n=15), between 15 and 25 (Table 6.33).  Those with 

shorter occupancies of up to 15 years accounted for 30.3% (n=30) of the total 

sample.   These results suggest that a high proportion of the sample could 

have been relatively uninformed and/or unaware of the energy efficiency 

needs of their properties prior to their participation in the Scheme.  

Table 6.33 Length of occupancy      

 Frequency % of the 

sample 

Cumulative 

percent 

Up to 5 years 18 18.2% 18.2% 

5 to 15 years 12 12.1% 30.3% 

15 to 25 years 15 15.2% 45.5% 

More than 25 years 54 54.5% 100% 

Total 99 100%  

 

In terms of respondents’ attempts to undertake energy upgrades 

independently, 29.6% (n=29) indicated that in the 5-year period prior to 

partaking in the Affordable Warmth scheme, they had sought to implement 

energy efficiency measures. In contrast, 70.4% (n=69) had not done so (Table 

6.33).  Furthermore, the main reason for not undertaking energy efficiency 

upgrades previously was the upfront cost associated with the extensive 

improvements and of those who had undertaken past improvements invariably 

this was a single item with loft insulation and double-glazing installations 

accounting for the majority of the independent improvements.53  This suggests 

that those householders who attempted to improve their properties were only 

able to invest in the low-cost items.  

 

 

 
53 Identified interventions included: loft insulation (n=17), draught proofing (n=2), cavity wall 
insulation (n=5), conversion of heating system to natural gas (n=1), double-glazing (n=14), 
other (n=1) 
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Table 6.34 Energy efficiency measures installed in the last 5 years 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

No 69 69.7% 70.4% 70.4% 

Yes 29 29.3% 29.6% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

 

Another element central to fuel poverty and to this thesis relates to housing 

costs, as having considerable monthly outgoings can impact the amount of 

disposable income available and consequently, the ability to meet energy 

needs.  However, the analysis shows (Table 6.35) that more than three 

quarters of all respondents, were not burdened with housing costs (77.6%, 

n=76).  Given the demographic profile of the sample this is unsurprising, 

however, it highlights the predicament of elderly, single-person households 

living in under-occupied homes who may be described as asset rich but 

income poor, and despite having no monthly mortgage or rent outgoings, 

perhaps live in properties that have not been energy maintained for many 

years and thus have poor energy performance rating, leading to excessive 

energy costs.   

With respect to those who incur housing costs, monthly mortgage or rent 

payments were below £300 for 13.3% (n=13) and for the remaining 9.2% 

(n=9), these outgoings were between £300 and £550.  Furthermore, three of 

the four private renters in the dataset were among those with the highest 

housing cost. The inference being, that energy unaffordability or householders 

in this sector could be exacerbated by already high monthly property rental 

payments and hence insufficient levels of disposable income to meet energy 

requirements, albeit this is based on a small proportion of the sample and not 

generalised to the wider population.   
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Table 6.35 Monthly housing costs 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

No mortgage/rent 

payments 

76 76.8% 77.6% 77.6% 

Up to £300 per month 13 13.1% 13.3% 90.8% 

£300 – £550 per month  9 9.1% 9.2% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

 

Regarding householders’ perception of their financial capabilities in meeting 

energy costs pre-retrofit, 45.7% (n=43) indicated no great difficulties in paying 

for the consumed energy, both electricity and heating fuels (Figure 6.4).54  In 

contrast, 33.0% (n=31) reported that a degree of difficulty was associated with 

meeting all the energy costs and 21.3% (n=20) indicated that the energy 

burden was financially very difficult to manage.  The results suggest that, for 

more than half of the respondents, energy costs prior to retrofitting 

interventions were indeed a source of financial difficulty, and without 

government assistance, they would not be able to finance the upgrades 

themselves.    

Figure 6.4 Perception of financial difficulties associated with energy  

 

 
54 Analysis based on n=94 valid cases 
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Another component of interest to this research and connected to respondents’ 

age profile is the Winter Fuel Payment (WFP).  More specifically, the focus 

here was to determine the extent to which householders found the additional 

benefit helpful in offsetting their fuel expenses during winter period.  In that 

regard, 61.9% (n=60) (Table 6.36) of respondents received the WFP between 

October and December 2018, and of those, 56 responded to a follow-up 

question on the use of this payment. This shows that more than three quarters 

of this subset (78.6%, n=44) used the payment in its entirety for household 

energy and a further 5.4% (n=3) indicated that most of the received funds were 

allocated for this purpose.  The remaining 16.1% (n=9) acknowledged they 

were unable to specify what proportion of the WFP was used for heating as 

the instalment supplemented household income for all house-related 

outgoings, which also included energy.  However, overall, it is apparent that 

the WFP is an important added source of income and indeed is utilised 

extensively as intended and clearly is an efficient mechanism that alleviates, 

at least partially, the energy burden for those on low income.  

Table 6.36 WFP received between October and December 2018 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

No 37 37.4% 38.1% 38.1% 

Yes 60 60.6% 61.9% 100% 

No data available 2 2.0%   

Total 99 100% 100%  

 

This subsection focused on analysis of various property, energy and 

household characteristics of the sampled respondents pre-retrofit whilst 

highlighting the extent of householders’ thermal discomfort the adverse 

outcomes associated with lack thereof.  Moreover, it demonstrated how 

householders struggled financially to meet their energy needs and what 

behavioural strategies were implemented to manage energy consumption and 

thus expenditure.  The next subsection assesses the impacts of retrofitting 

properties through the post survey of these respondents with an emphasis on 

short and medium-term effects.  Specifically, changes in thermal comfort, well-

being and, to a degree, financial aspects are examined.    



342 
 

 6.4 Analysis of post-retrofit surveys 

The previous subsection centred around householders’ experiences prior to 

energy efficiency interventions and highlighted the plight of householders who 

struggle to achieve thermal comfort in their homes.  The central premise of this 

part of the thesis is to assess the impacts associated with energy retrofitting 

of the properties through Affordable Warmth, which, as outlined in the previous 

section, is based on the sample of 99 respondents whose properties were 

subject to energy upgrades.  The process of implementing post-retrofit surveys 

took place between 11th May and 1st July 2020, a timeline that accommodated 

and facilitated any immediate changes to be realised by the householders from 

energy retrofitting.   

It essential to note that, in the final stages of post-retrofit data collection the 

UK Government announced a national lockdown, a ‘stay at home’ order as a 

response to the Covid-19 pandemic.  In reality, this meant that from the 23rd 

of March 2020, with the exception of essential travel, all residents’ movements 

were restricted, and the vast majority of businesses closed, to reduce the 

spread of the virus.  Although this measure did not disrupt data collection per 

se given that the post-retrofit surveys were conducted over the phone, the new 

circumstances the households found themselves in, could have impacted on 

the final results.  More specifically, as the majority of surveys were completed 

in May, the data is inclusive of approximately six weeks of lockdown.  

Certainly, the questioning centred around householders’ experiences since 

the completion of the energy retrofit (which for the majority was October 2019), 

with particular interests on evaluating retrofitting impacts during the coldest 

months of the year (December-March).   Thus, despite the timing of data 

collection coinciding with the national lockdown, there was seemingly minimal 

interference from this period on the data and overall results.   

This is not to minimise the potential negative consequences from the 

pandemic on fuel poverty.  On the contrary, it is more likely that fuel poverty 

issues were exacerbated, as households’ circumstances deteriorated even 

further due to the lockdowns and economic decline.  Unfortunately, due to 

ethical restrictions and the timeline of this research, it was not possible to 
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extend the investigation beyond its remits and into the specific impacts of the 

Covid-19 pandemic on fuel poverty.    

In order to evaluate the extent of the short and medium-term impacts from the 

interventions, it was imperative to identify what energy efficiency measures 

were installed in the properties occupied by the respondents.  In that regard, 

the analysis shows that, collectively, 200 individual measures were 

implemented, which signifies that on average two physical components of the 

homes were subject to simultaneous improvements.  In terms of the specific 

areas of improvements, heating system upgrades were the most frequent and 

accounted for the majority of retrofits, with conversions to new fuel sources 

implemented in 40.4% (n=40) of properties and boiler replacements 

undertaken in a further 45.5% (n=45) (Figure 6.5).  The upgraded heating 

systems were complemented with additional energy efficiency measures that 

addressed the fabric or inefficient components of the property.  Among these 

upgrades, replacements of or repair of double-glazed windows were 

commonplace, with 44.4% (n=44) of dwellings subject to this type of 

intervention, followed by loft insulations that were implemented in 38.4% 

(n=38) of homes.  Furthermore, in 17.2% (n=17) of properties’ external 

structure was insulated, which contingent upon the construction materials, 

took form of either cavity or to a lesser extent, solid wall interventions.  Minor 

energy efficiency measures, including ventilation and draughtproofing, 

although individually implemented sporadically, were collectively carried out in 

16.1% (n=16) of homes.      
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Figure 6.5 Energy efficiency measures implemented in the properties 

 

Analysis of the retrofits indicates, that within this sample, heating systems 

upgrades were the central component of the interventions, which were 

thereafter complemented with more traditional energy efficiency measures.  

This is not surprising given the demographic profile of the respondents, whose 

asset rich and income poor status coupled with eligibility criteria for heating 

upgrades meant that the vast majority were able to receive this type of 

intervention.55  Moreover, although no conclusive inferences can be made, this 

pattern of heating upgrades could indicate, that there is a need to transform 

the outdated heating systems, in particular, among the elderly and low-income 

portion of the population, who continue to rely on inefficient heating 

alternatives and who are unable to undertake the task themselves.      

Having summarised the measures implemented, the components outlined in 

the previous section are re-examined to evaluate the extent of change and 

respondents’ perceptions of the impacts resulting from the energy retrofits.  

6.4.1 Condition of the properties impacts  

With regards to the condition of the properties, under the umbrella of defects 

associated with inadequate heating and excess moisture in the home, mould, 

 
55 Qualifying criteria for heating system upgrade include existing boiler over 15 years old and 
householder over 65  
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damp and condensation were the selected components assessed pre-retrofit.  

Accordingly, respondents’ perception of these components post-retrofit was 

re-examined with a specific focus on the extent of and the direction of the 

observed change.  In that respect, condensation is the most frequently cited 

defect for which improvements were made. The survey identifies that 51.5% 

(n=51) of householders indicated either a small or a significant decrease in 

condensation post-retrofit (Table 6.37), whilst a further 45.5% (n=45) did not 

detect changes in either direction.  The opposite effect, namely a small 

increase in the presence of condensation post-retrofit was noted by only 3.0% 

(n=3) of respondents.   

Change in mould, although not to the same degree, was also detected by the 

respondents, with 31.3% (n=31) of respondents observing a reduction in its 

appearance, though 65.7% (n=65) indicated no difference post-retrofit.  

Furthermore, similar to perceptions of condensation, 3.0% (n=3) of 

householders noted a small increase in mould appearances after energy 

efficiency measures were implemented. 

In terms of dampness, it was the least frequently cited component where 

changes in its presence or intensity were identified.  As such, 73.1% (n=73) of 

respondents detected no differences in this defect versus 25.3% (n=25) who 

indeed noticed a small or significant reduction.  Only 1.0% (n=1) of the sample 

observed a small increase in damp post-retrofit. 
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Table 6.37 Perception of condensation, mould and damp post-retrofit 

 Frequency Percent Cumulative 

percent 

Condensation 

Significant decrease 28 28.3% 28.3% 

Small decrease 23 23.2% 51.5% 

No change 45 45.5% 97.0% 

Small increase 3 3.0% 100% 

Total 99 100%  

Mould 

Significant decrease  11 11.1% 11.1% 

Small decrease 20 20.2% 31.3% 

No change 65 65.7% 97.0% 

Small increase 3 3.0% 100% 

Total 99 100%  

Damp 

Significant decrease  12 12.1% 12.1% 

Small decrease 13 13.1% 25.3% 

No change 73 73.1% 99.0% 

Small increase 1 1.0% 100% 

Total 99 100%  

The results suggest overall an appreciable improvement in the condition of the 

properties post-retrofit, albeit determined through an assessment of 

respondent’ perception of the defects rather than their objectively measured 

presence.  The extent of reductions in condensation, mould and damp is 

indicative of the impacts of energy retrofitting and their role in tackling 

symptoms of inadequately heated homes, although causality cannot be 

inferred from this analysis.  In addition, given that the majority of retrofits in the 

dataset incorporated upgrades to heating systems, this further augments the 

role of efficient and well-functioning substitutes in preventing formation of 

moisture-related defects.  Moreover, this improvement reaffirms the notion 

that, prior to energy retrofits, respondents’ homes were under-heated to the 

extent that excess moisture was pervasive, thus, by implementing energy 

efficiency measures and consequently improving energy performance of the 

dwellings, the beneficial effects were immediate and apparent.   

Despite overall extensive perception of improvement in the condition of the 

properties, a very small proportion of households had indeed contrary 
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experiences, whereby the perception of intensity of the defects increased post-

retrofit.  Perhaps the issue of increased moisture could be partially explained 

by the improved airtightness of the properties post-retrofit, the intended 

outcome, effectiveness of which however can be affected by the occupiers’ 

behavioural practices.  In other words, knowledge and understanding of 

ventilation requirements or lack thereof, could have impacted on the presence 

of excess moisture in respondents’ homes.  However, due to complexity of the 

investigated concepts other possibilities, such as, structural defectiveness or 

continued insufficient heating provisions, could have also lead to excess 

moisture in the properties post-retrofit.   

6.4.2 Heating systems impacts  

Following energy retrofits, the heating systems were fuelled by two sources, 

namely gas and oil, which accounted for 49.5% (n=49) and 50.5% (n=50) of 

the sample, respectively (Table 6.38).  This signifies a considerable progress 

in conversions of or upgrades to existing heating systems among the sampled 

properties through Affordable Warmth, whereby solid fuel and some oil-fired 

systems are being replaced by natural gas alternatives.    

Table 6.38 Fuel sources post-retrofit 

Fuel source Frequency Percent  Cumulative 

percent 

Gas 49 49.5% 49.5% 

Oil 50 50.5% 100% 

Total 99 100%  

 

Given that the majority of properties in the dataset were subject to heating 

upgrades, it was pertinent to assess respondents’ satisfaction with the 

systems post-retrofit.  In that regards, respondents’ perceptions of the heating 

systems were altered considerably with 86.9% (n=86) expressing that they 

were very satisfied and a further 8.1% (n=8) satisfied with the heating 

appliances (Table 6.39).  Overall, only 3.0% (n=3) felt they were either 

dissatisfied or very dissatisfied with their heating systems, perceptions that 

were attributed to respondents whose energy retrofit did not include an 

upgrade of heating appliances.   
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This increased degree of satisfaction with heating systems post-retrofit as 

compared to pre-retrofit satisfaction levels was statistically significant at a high 

probability level as determined by a Wilcoxon signed rank test (Z = -7.42, 

p<0.001).   

Table 6.39 Heating system satisfaction rating 

 Frequency Percent  Cumulative 

percent 

Very dissatisfied 2 2.0% 2.0% 

Dissatisfied 1 1.0% 3.0% 

Neutral 2 2.0% 5.1% 

Satisfied 8 8.1% 13.1% 

Very satisfied 86 86.9% 100% 

Total 99 100%  

 

Regarding additional sources of heating, 27.3% (n=27) of respondents 

declared presence of solid fuelled systems and a further 25.3% (n=25) of 

electric alternatives (Table 6.40).  Compared to the pre-survey (Table 6.17) 

the analysis shows a decline in the rates of households who initially indicated 

that they used secondary heating sources post-retrofit, a change that is most 

notable among those whose reliance on, in most cases, electricity-powered 

supplementary appliances prior to energy retrofit was linked to inefficient 

heating systems.   

Table 6.40 Secondary heating systems 

 Frequency Percent  Cumulative 

percent 

No 47 47.5% 47.5% 

Electric  27 27.3% 74.7% 

Solid fuel 25 25.3% 100% 

Total 99 100%  

Of those who continued their use of secondary heating, only 16.2% (n=16) 

respondents did so for additional heat provision, which represents a 

considerable decrease from 38.4% (n=38) pre-retrofit (Table 6.41).  Comfort 

reasons became more prominent post-retrofit and 16.2% (n=16) cited this in 

comparison to 10.1% (n=10) households pre-retrofit.  Importantly, there were 

no householders in the dataset post-retrofit who indicated their use of 
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secondary heating was a result of a non-functioning primary system, or due to 

health and safety concerns stemming from faulty or inefficient appliances, 

which was the case, for a number of respondents (n=9), prior to energy 

interventions.  Only one householder, despite having an oil-fired boiler 

upgraded as part of the retrofit, indicated that cost-efficiency was the main 

driver for using secondary heating and disclosed that the cost of the main fuel, 

oil, was unaffordable.   

Table 6.41 Reasons for use of secondary heating sources 

 Frequency % of the 

sample 

Valid % Cumulative 

percent 

Comfort 16 16.2% 48.5% 48.5% 

Additional heat 16 16.2% 48.5% 97.0% 

Cost efficiency  1 1.0% 3.0% 100% 

Reason for heating 

N/A 

66 66.7%   

Total 99 100% 100%  

 

In terms of the frequency of supplementary heating use post-retrofit, the 

analysis is based on the subset of 47 respondents.  More than half of 

householders recognised that their reliance on secondary heating was 

reduced (40.4%, n=19) or stopped altogether (14.9%, n=7) (Table 6.42).  This 

suggests that the energy efficiency measures implemented in the properties 

facilitated behaviour change and householders were more likely to manage 

their heating needs with primary heating systems with no or reduced reliance 

on additional sources.  Those who indicated that their use of supplementary 

heating remained unchanged accounted for 42.6% (n=20) of this sub-set and 

only one respondent noted an increase in this behaviour.  Indeed, a Wilcoxon 

signed ranks test confirmed that the decline in the frequency of supplementary 

heating use is statistically significant (Z = -4.06, p<0.001). 

It is worth noting that for the majority of those who continued to use a 

secondary heating system to the same extent post-retrofit, comfort rather than 

need factor was driving this behaviour.   
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Table 6.42 Frequency of secondary heating use post-retrofit 

 Frequency % of the 

sample 

Valid % Cumulative 

percent 

I don’t use it anymore 7 7.1% 14.9% 14.9% 

Less than before 19 19.2% 40.4% 55.3% 

Same as before 20 20.2% 42.6% 97.9% 

More than before  1 1.0% 2.1% 100% 

Frequency of use N/A 52 52.5%   

Total 99 100% 100%  

 

In the context of this thesis, the survey findings indicate a particular demand 

for transformation of existing appliances.  The upgrades to and conversions of 

old and inefficient systems as part of the Affordable Warmth scheme in the 

majority of properties has positively impacted respondents’ satisfaction with 

the newly installed appliances and allowed them to reduce their reliance on 

supplementary heat sources. Moreover, the analysis highlights the importance 

of well-functioning and efficient heating systems in maintaining structural 

quality and condition of the properties.  The perception of improvements in 

relation to presence of excess moisture as reported by the respondents is an 

important implication that post-retrofit, properties are adequately heated, to a 

standard capable of inducing a change, albeit this is based on self-reported 

assessment of short-term effects.  In relation to fuel poverty, an environment 

free from moisture-related defects or their alleviated intensity due sufficient 

heating provisions is a central component of energy retrofitting.  

6.4.3 Home temperatures and thermal comfort impacts 

In relation to impacts on home temperatures, 77.8% (n=77) of respondents 

were able to adjust the output of the heating systems by using a room 

thermostat post-retrofit.  This means, that for those householders, energy 

consumption and thermal comfort management conceivably became more 

transparent and immersive as the newfound ability to control the heating 

system allowed for inclusion of personal preferences, and for whom the heat 

or no heat dilemma was, at least in theory, eliminated.  However, the extent of 

the favourable outcome is largely determined by householders’ willingness to 

engage with the technology and/or the degree of technological literacy rather 

than the presence of heating controls alone, which are supposed to facilitate 
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behavioural changes.  Given that fuel poverty is often associated with 

insufficient energy consumption and thermal discomfort, thermostats and 

timers, rather than to reinforce further reductions, may indeed aid efficient 

energy management and consequently reduce energy burden.   

Analysis of ambient temperatures post-retrofit revealed that, on average, the 

setting for the living room was 22°C (s=3.06), which represents a decrease of 

1°C in comparison to temperatures pre-retrofit, a statistically non-significant 

difference as determined by a Wilcoxon signed ranks test (Z = -0.48, p>0.05).  

The overall scope of temperatures post-retrofit was almost identical to that of 

pre-retrofit condition and ranged from 17°C to 30°C, which suggests that the 

thermal dimension remains varied and households continue using settings 

below and above the 21°C threshold.  Furthermore, adopting this convention 

of adequate heating, 63.6% (n=49) of respondents’ homes did meet the 

standard whilst 36.4% (n=28) did not.  Although a seemingly counterintuitive 

finding of higher rates of householders not meeting the 21°C standard post-

retrofit, this could in fact be due to personal preferences rather than the 

inability to achieve satisfactory levels of warmth in the home. Indeed, analysis 

of the perception of thermal comfort confirmed that almost all respondents 

(98.0%, n=97) perceived their homes as comfortably warm (Table 6.43).  This 

is a considerable improvement from the self-reported rates of thermal 

discomfort pre-retrofit and moreover, a statistically significant change as 

determined by a Wilcoxon signed ranks test (Z= -5.92, p<0.001).     

Table 6.43 Perception of thermal comfort post-retrofit 

 Frequency Percent Cumulative 

percent 

Much colder than I would 

have liked 

1 1.0% 1.0% 

A bit colder than I would 

have liked 

1 1.0% 2.0% 

Comfortable 97 98.0% 100% 

Total 99 100%  

 

These findings demonstrate that the implemented energy efficiency measures 

led to considerable increases in householders’ perception of thermal comfort, 
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a particularly desirable outcome in the context of fuel poverty.  Moreover, given 

the magnitude of the impact whereby almost all householders were able to 

benefit from a comfortably warm living space post-retrofit, this provides further 

evidence regarding the effectiveness of a well-designed and tailored retrofit 

that simultaneously addresses multiple property components.    

6.4.4 Energy costs impacts 

Similar, to the analysis of energy costs pre-retrofit, this subsection centres 

around estimated electricity and heating outgoings.  To assess the impact of 

retrofits on energy costs, annual power and heating as well as collective 

energy expenditure were calculated for each household for which data was 

obtained. 

With regards to electricity costs, the self-reported annual average equated to 

£504.00 (s=236.09), whereas heating expenditure amounted to £727.58 

(s=320.01) though as evidenced by the respective standard deviations there 

is a widespread of costs across the households.  Moreover, accounting for 

non-responses in both categories, overall yearly energy expenses 

approximated £1,242.44 (s=443.71), with the lowest recorded expenditure of 

£420.00 and the highest of £2,544.00.56   

Importantly, and in comparison with the pre-retrofit situation, the short-term 

effect suggest that both electricity and heating costs post-retrofit declined by 

13% and 16%, respectively.   Whilst the extent of the change in short-term 

electricity costs is not sufficient to be statistically significant (Z= -1.87, p>0.05) 

the scale in the reduction of heating costs is statistically significant (Z= -2.03, 

p<0.05), as determined by Wilcoxon signed ranks tests.  Given the nature of 

the retrofits implemented in the properties and the extent of heating systems 

upgrades, it is not surprising that reductions in respondents estimated heating 

costs are more prominent in comparison to electricity-based expenses.  The 

combination of new heating systems and energy efficiency measures 

designed to increase airtightness of the properties has allowed householders 

to achieve thermally comfortable internal temperatures at a lower cost.  

 
56 Electricity figures based on n=84, heating n=57, overall annual energy estimates n=54 
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Moreover, the difference in the heating bills of approximately £140 realised 

from the energy retrofit, means that those who were unable to achieve thermal 

comfort in their homes prior to the interventions regardless of the expenditure, 

had the opportunity of benefitting from warmer home and lowered financial 

burden post-retrofit. 

To complement the analysis of estimated energy expenditure, respondents’ 

perception of energy outgoings post-retrofit was also considered.  In this 

context both electricity and heating outgoings were assessed in relation to 

direction of change and the magnitude of impact resulting from energy 

retrofitting.  With regards to electricity expenditure, just over a fifth of 

householders (21.2%, n=21) noted either considerable or slight reductions, 

whereas more than half (56.6%, n=56), perceived their bills as unchanged 

(Table 6.44).  Furthermore, an unexpected pattern of increased expenditure 

was observed by 20.2% (n=20) of respondents, the effect being either slight 

or to a lesser extent considerable.  

Overall, the magnitude of impact from energy retrofitting on electricity 

expenditure is somewhat inconclusive.  Indeed, for some householders, 

reductions in electricity bills post-retrofit could stem from behavioural changes 

with regards to secondary heating use given the reliance on electricity-

powered appliances rather than being a direct result of the implemented 

energy efficiency measures.  In other words, those who frequently depended 

on the electric heaters as a method of achieving thermal comfort pre-retrofit 

were not compelled to do so post-retrofit and thus, were able to reduce 

electricity consumption and consequently expenditure. 

In contrast, for those who noticed the opposite effect, it is unlikely a result of 

the energy efficiency interventions.  Other components, including changes in 

household composition, electricity price increases and/or electricity 

consumption through non-heating appliances are perhaps more likely to 

adversely impact electricity bills.    
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Table 6.44 Perception of electricity bills post-retrofit 

 Frequency Percent Cumulative 

percent 

Considerably lower 6 6.1% 6.1% 

Slightly lower 15 15.2% 21.2% 

No change 56 56.6% 77.8% 

Slightly higher 18 18.2% 96.0% 

Considerably higher 2 2.0% 98.0% 

Don’t know 2 2.0% 100% 

Total 99 100%  

 

The magnitude of perceived change with regards to heating bills is more 

pronounced.  Almost half of all respondents declared that the heating bills 

post-retrofit were lower, and more specifically, 19.2% (n=19) noted a slight 

change, whereas 30.3% (n=30) noted considerable reductions (Table 6.45).  

With respect to the remainder, 29.3% (n=29) of householders perceived their 

heating bills to be equivalent to those prior to energy interventions, whereas 

9.1% (n=9) detected either slight or considerable increases in heating 

expenditure.   

Although short-term financial gains are difficult to quantify, analysis shows that 

energy retrofits have the capacity to impact on householders’ energy burden 

by reducing the costs associated with home heating.  This assessment 

provides further evidence regarding the effectiveness of energy interventions 

in the context of fuel poverty and energy affordability difficulties, albeit based 

on self-reported measures.  

Table 6.45 Perception of heating bills post-retrofit 

 Frequency Percent Cumulative 

percent 

Considerably lower 30 30.3% 30.3% 

Slightly lower 19 19.2% 49.5% 

No change 29 29.3% 78.8% 

Slightly higher 6 6.1% 84.8% 

Considerably higher 3 3.0% 87.9% 

Don’t know 12 12.1% 100% 

Total 99 100%  
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Where heating bills reductions were not achieved or householders’ perception 

of heating expenses approached an undesired direction, this could be 

influenced, to an extent, by behavioural and/or environmental factors.  For 

example, effectiveness of having a new heating appliance and complementary 

energy efficiency measures could be suppressed by householders’ inability to 

manage programming features, which require a degree of technological 

literacy and not used as originally anticipated.  This can affect the overall cost 

of energy and may introduce a time lag on benefits being apparent in bills as 

householders to familiarise themselves with how to use timers, thermostats 

and other settings. This might explain why certain impacts were not 

discoverable in the short-term by a number of respondents. 

Moreover, the rebound effect, whereby certain householders consumed more 

energy immediately after energy retrofits were implemented, could affect the 

magnitude of energy expenditure impacts.  Given that many householders had 

prior difficulties in achieving thermal comfort, which upon energy retrofit were 

no longer an issue, perhaps newfound ability to enjoy comfortable ambient 

temperatures offset the extent of financial benefits. 

The impact of energy interventions, although difficult to quantify, can also be 

inferred from the changes in combined energy expenditure post-retrofit, 

analysis which is based on the subset of 54 respondents who were able to 

provide estimates for both space heating as well as power use.  For more than 

a third of the sample (35.2%, n=19) annual energy bills were less than £1,000 

while 40.7% (n=22) of respondents incurred energy expenditure in excess of 

£1,000 but less than £1,499 (Table 6.46).  Thereafter, 16.7% (n=9) of 

householders estimated their energy expenses between £1,500 and £1,999 

and only 7.5% (n=4), in excess of £2,000.   
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Table 6.46 Respondents estimated annual energy costs 

Energy costs Frequency % of the 

sample 

Valid 

% 

Cumulative 

% 

Below £1,000 19 19.2% 35.2% 35.2% 

£1,000 – £1,499 22 22.2% 40.7% 75.9% 

£1,500 – £1,999 9 9.1% 16.7% 92.6% 

£2,000 – £2,499 3 3.0% 5.6% 98.1% 

More than £2,500 1 1.0% 1.9% 100% 

Energy costs not available 45 45.5%   

Total 99 100% 100%  

 

Analysis of the combined energy costs post-retrofit as compared to those prior 

to interventions confirms that, the measures implemented in the properties 

have had a tangible impact on householders’ energy costs.  More specifically, 

in the context of fuel poverty, the projected annual savings on energy bills of 

approximately £180, although not statistically significant at the 0.05 probability 

level could nevertheless alleviate energy affordability difficulties experienced 

prior to the retrofits.  Moreover, the magnitude of potential financial gains is 

not fixed but rather depends on occupants’ behavioural practises, individual 

circumstances and energy prices, thus making it difficult to quantify. Arguably, 

the energy expenditure saving juxtaposed with satisfactory levels of thermal 

comfort achieved post-retrofit clearly indicate that the energy efficiency 

improvements simultaneously address two main fuel poverty symptoms, 

namely quality of the property and energy costs.   

These results highlight the potential of energy retrofits to effectively reduce 

energy-related hardship for society’s most vulnerable individuals and those 

most severely affected by energy unaffordability.  While the findings may be 

based on a limited sample and hence generalisation to the wider population is 

difficult, the identified patterns and direction of change are indicative of the 

benefits of the effectiveness of energy efficiency interventions to tackle fuel 

poverty in NI. 

6.4.5 Behavioural impacts 

To assess the impacts of retrofitting interventions on behavioural energy 

management, the strategies initially adopted by respondents to reduce energy 
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expenditure were re-examined.  In essence, a set of identical heating-specific 

items along with non-energy concessions were analysed.  

Analysis of the coping strategies revealed an overall beneficial impact of 

energy retrofitting on behavioural energy management as reflected in 

considerable reductions across all behaviour concessions.  The number of 

respondents whose post-retrofit experiences did not include the need for any 

of the previously identified energy conserving concessions nearly doubled to 

45.5% (n=45) (Figure 6.6).   

In relation to heating-specific strategies, the most frequently deployed 

approach pre-retrofit of turning the heating off throughout the home fell by 

53%, resulting in 27.3% (n=27) of households post-retrofit practicing this 

method.  Furthermore, 26.3% (n=26) of respondents post-retrofit reluctantly 

lowered their indoor temperatures, representing a 47% decline from pre-

retrofit figure. 

However, a seemingly minimal change of 6% is apparent in the management 

of heating of various rooms.  In that regard, 44.4% (n=44) continued to adopt 

a strategy of partial heating, whereby the frequented rooms were heated but 

not unoccupied rooms.  Given the households’ demographic profile and 

prevalent under-occupancy, householders’ ongoing engagement with this 

strategy is unsurprising.  In fact, respondents frequently indicated that it was 

unnecessary to maintain heating in unused areas, and perhaps being income-

poor means that this type of frugality continues regardless of the retrofit.  A 

behaviour that does not compromise achieving thermal comfort and 

simultaneously prevents wasteful energy consumption.   

With regards to non-heating energy management in the home post-retrofit, 

12.1% (n=12) of respondents restricted their use of hot water and 21.2% 

(n=21) indicated that they consciously and deliberately controlled electricity 

consumption via lights and appliances.  A comparison of these practices pre-

retrofit revealed a 57% and 41% decrease in the engagement with the 

respective strategies.  Furthermore, the energy hardship resulting in food 

insecurity declined post-retrofit and 70% fewer householders were compelled 
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to make difficult ‘heat or eat’ decisions, however for 3.0% (n=3) this trade-off 

continued to be in issue.     

Responses post-retrofit are indicative of a positive change in householders’ 

energy hardship with thermal comfort is achieved whilst adopting fewer and 

potentially harming concessions.  Where respondents did engage with certain 

behavioural adaptations to manage expenditure post-retrofit, the extent of 

these adjustments seems less severe and in the context of fuel poverty, is a 

highly desirable outcome.   

Figure 6.6 Strategies adopted by participants to reduce energy 

expenditure 

 

Given that despite energy retrofits, 54 respondents continued to practice 

behavioural energy management and, to an extent, restricted energy 

consumption, the following analysis focuses on the changes in terms of the 

frequency of these concessions.      

As a result of retrofits, 29.6% (n=16) of this sub-sample reduced certain 

behavioural adaptions but the majority, over two thirds (68.5%, n=37) still 

adopted the strategies to the same extent (Table 6.47).  However, again the 

short-term period considered might not be sufficient time to fully appreciate 

behavioural changes. 
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Table 6.47 Changes in behavioural adaptations post-retrofit 

 Frequency % of the 

sample 

Cumulative 

percent 

Less than before 16 29.6% 29.6% 

Same as before 37 68.5% 98.1% 

More than before 1 1.9% 100% 

Total 54 100%  

 

As noted in the previous subsection, energy expenditure management can 

involve forgoing various essential as well as non-essential items throughout 

the year and the following analysis assesses the impacts of retrofitting solution 

in this domain.  The analysis shows that the majority of respondents (79.8%, 

n=79) did not experience issues with purchasing various non-essential items 

during the winter season (Table 6.48).  Indeed, this represents an increase of 

47% from pre-retrofit responses (Table 6.26).  Overall, only a fifth of all 

respondents (20.2%, n=20) indicated the need to either occasionally or often 

forgo non-essential items during the winter to be able to meet their energy 

requirements (a decline of 55%).   

The frequency and intensity of responses post-retrofit indicate that 

householders’ ability to manage energy needs improved with presence of new 

energy efficiency measures.  Indeed, a Wilcoxon signed ranks test confirmed 

that the difference in experiences before and after the retrofits is statistically 

significant, the implication being that the energy retrofits facilitated reduction 

of the financial strain and allowed for a greater degree of flexibility in non-

essential purchases post-retrofit (Z= -4.78, p<0.001).   

Table 6.48 Forgoing non-essential items during winter 

 Frequency Percent Cumulative 

percent 

Never 79 79.8% 79.8% 

Occasionally 14 14.1% 93.9% 

Often 6 6.1% 100% 

Total 99 100%  

 

Analysis of energy hardship associated with forgoing heating throughout the 

coldest time of the year, post-retrofit, shows that the majority of respondents 
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(92.9%, n=92) did not experience complete lack of heating during the winter, 

whereas for 6.1% (n=6) this occurred occasionally and for 1.0% (n=1), often 

(Table 6.49).  In comparison to pre-retrofit circumstances, there was a 23% 

increase in the number of householders not having to forgo heat during the 

winter due to high energy costs.  Further the number of respondents who 

experienced instances of going without heating during cold weather declined 

(equivalent to a 71% decline).  This highlights the positive impact of energy 

efficiency measures on householders’ ability to meet their heating needs, 

statistically significant to a high probability level as determined by Wilcoxon 

signed ranks test (Z= -3.51, p<0.001).    

Table 6.49 Forgoing heating completely during winter 

 Frequency Percent Cumulative 

percent 

Never 92 92.9% 92.9% 

Occasionally 6 6.1% 99.0% 

Often 1 1.0% 100% 

Total 99 100%  

 

Overall, analysis of behavioural concessions post-retrofit revealed that 

respondents benefitted considerably from energy retrofitting, and for the 

majority, the strategies that were identified prior to energy efficiency measures 

installations were either no longer present or at least declined in intensity.  In 

the context of fuel poverty, behavioural adaptations that were a necessity 

before the retrofit seemingly turned to optional choices that facilitated 

spending flexibility.  Whilst for some, energy retrofitting did not sufficiently 

enhance the properties’ physical components to conclude their energy 

predicament, but at a minimum, it alleviated the burden as reflected in the 

frequency and intensity of adopted strategies.   

The following subsection focuses on the final set of impacts, health and 

wellbeing domain and the changes elicited through the implemented energy 

retrofits.  
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6.4.6 Health and wellbeing impacts  

In Chapter 2, the ways in which physical health and wellbeing can be adversely 

affected by energy unaffordability issues and living in substandard housing 

were presented.  In light of these impacts, the previous subsection offered an 

insight into householders’ experiences of thermal discomfort along with its 

links to physical health and wellbeing.  The results from the self-reported 

measure used revealed how prevalent thermal discomfort was amongst the 

sample and resultant adverse consequences. 

In this subsection, the impacts of energy retrofitting on householders’ health 

and wellbeing are examined through analysis of quantitative as well as 

qualitative evidence, albeit subjective in nature and limited to short-term 

experiences.  With respect to the former issue, respondents were asked about 

general health and wellbeing as well as existence of conditions they thought 

were exacerbated by inadequate housing conditions.  Regarding the latter, the 

average length of time since completion of the retrofit was six months, which 

restricted the scope of potential impacts.57  Even though health and wellbeing 

effects of energy retrofits are particularly difficult to determine under any 

circumstances, householders’ perception of short-term changes allowed for 

inferences regarding immediate impacts on subjectively measured 

components.  

With respect to householder’ perception of any change in general health and 

wellbeing, almost three quarter of those who provided a response (74.4%, 

n=61) indicated that their health was unaffected by the implemented energy 

efficiency measures (Table 6.50).  Where changes were acknowledged, the 

most prominent improvements were in the psychological wellbeing domain.  In 

that regard, collectively 14.6% (n=12) of respondents acknowledged that post-

retrofit their levels emotional and psychological wellbeing improved as a direct 

result of the implemented energy upgrades.  More specifically, increased 

levels of happiness and satisfaction with the home were among the immediate 

and noticeable changes linked to achievable adequate thermal comfort.  

 
57 For the most part, the six-month period refers to the coldest time of the year between 
October and March 
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Moreover, for some, decreased intensity of depressive symptoms and/or 

financial energy-related worries were associated with implemented upgrades 

resulting in perceived improvements of respondents’ overall wellbeing. 

With respect to physical health conditions, 6.1% (n=5) of respondents cited 

improvements in chest-related conditions.  Collectively, these respondents 

referred to alleviated symptoms of asthma, improved breathing as well lowered 

frequency of flu-like and chest infections.  Concerning the remaining 4.9% 

(n=4) of the sample, health and wellbeing improvements collectively included 

conditions such as arthritis, fibromyalgia and sleeping difficulties.  With respect 

to these afflictions, respondents felt that the adequate levels of thermal comfort 

in the properties post-retrofit alleviated certain symptoms that intensified in 

cold conditions.     

Although based on a small number reporting a change, assessment of the 

health impacts seems to suggest that improved housing conditions, to an 

extent, can indeed positively impact upon householders perceived physical 

health and wellbeing.  The extent of this relationship is particularly difficult to 

establish due to existence of confounding variables as well as the complexity 

of environmental and biological components in the development of any health 

condition.  Furthermore, while some respondents reported improvements in 

respiratory and musculoskeletal conditions, impacts to mental wellbeing seem 

to be more prominent, the implication being that the wellbeing effects of energy 

retrofitting homes may be more immediate as opposed to physical health 

outcomes that may require long-term assessment.   
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Table 6.50 Perception of change in general health and wellbeing post-

retrofit 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

% 

No change  61 61.6% 74.4% 74.4% 

Psychological wellbeing 

improvements 

12 12.1% 14.6% 89.0% 

Improvements with 

respiratory conditions 

5 5.1% 6.1% 95.1% 

Improvements with other 

conditions 

4 4.0% 4.9% 100% 

No data available on health 

changes 

17 17.2%   

Total 99 100% 100%  

 

To enhance the findings on the health impacts from energy retrofitting, 

respondents’ perception of own health was examined prior to and post-energy 

intervention, based upon a subset of 39 householders who provided self-

reported measure of general health and wellbeing on both occasions.  The 

analysis shows that post-retrofit, the proportion of householders who 

perceived their health as very good or excellent rose from 48.7% (n=19) to 

69.2% (n=27), meanwhile the figures for the remaining health classifications 

dropped from 51.3% (n=20) to 30.8% (n=12) (Figure 6.7).  Seemingly, upon 

completion of energy interventions, respondents perceived their health as 

improved and a Wilcoxon signed ranks test confirmed the differences in 

wellbeing as statistically significant (Z= -2.85, p<0.05).58   

 

 

 

 

 

 

 
58 Self-reported health originally assessed on a 10-point Likert scale and recoded into 
categories for transparency purposes. The mean pre- and post-retrofit self-reported health 
was 6.46 and 7.23, respectively. A paired samples t-test applied to the set of responses 
based on the original scale also confirmed statistical significance of the differences in 
subjectively measured health t(38) = -3.29, p<0.05.  
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Figure 6.7 Self-reported health pre- and post-retrofit 

     

A somewhat distinct component of overall health yet associated with energy 

unaffordability difficulties and adversely affecting wellbeing is the worry over 

the incurred heating and power costs.   For this thesis, respondents’ subjective 

assessment of worry and the impacts of energy retrofitting interventions on 

this health component was examined.  This sub element shows that for 50.0% 

(n=49) of the sample, there was a positive change in the extent of self-reported 

concerns, and a further 5.1% (n=5) of respondents who offered a response 

never worry about the costs of energy (Table 6.51).  This infers that half of all 

householders considered that they worried either a little or much less about 

financial ramifications of heating and powering their home post-retrofit.   For 

41.8% (n=41) experiences of worry remained unchanged once energy 

efficiency measures were implemented and 3.1% (n=3) were a little more 

concerned.  With respect to those in the latter category, perhaps unfavourable 

energy prices and/or financial insecurity led to a judgment of increased worry 

rather than it being a direct result of the energy retrofit itself.   

The difference in the perception of concerns over energy costs pre-retrofit as 

compared to post-retrofit is statistically significant as confirmed by a Wilcoxon 

signed ranks test (Z= -5.75, p<0.001), the inferred health implication being 

reduced stress and anxiety, and thus improved wellbeing.   
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Table 6.51 Concerns over energy costs post-retrofit 

 Frequency % of the 

sample 

Valid 

% 

Cumulative 

percent 

Don’t worry at all 5 5.1% 5.1% 5.1% 

Worry much less 21 21.2% 21.4% 26.5% 

Worry a little less 28 28.3% 28.6% 55.1% 

No change 41 41.4% 41.8% 96.9% 

Worry a little more 3 3.0% 3.1% 100% 

No data available 1 1.0%   

Total 99 100% 100%  

 

6.4.7 Qualitative feedback of impacts from retrofitting  

To complement the quantitative component associated with impacts of energy 

retrofitting, the qualitative responses offered by the respondents were 

compiled and assessed.  The supplementary evidence of householders’ 

experiences strengthened the understanding of retrofitting as a tool for 

alleviated fuel poverty and highlighted the areas of particular significance as 

viewed from the householders’ perspectives.   

The most frequently cited component and thus of greatest value to 

householders post-retrofit was heat-related.  More specifically, this umbrella 

term integrated three factors, namely thermal comfort throughout the home, 

properties’ heating retention capacity as well as speed or immediacy of heating 

provisions when required.  With regards to these, the vast majority of 

respondents were positively surprised with the extent of improvements and 

appreciated how the energy upgrades impacted on their ability to attain 

comfortable warmth.  Given the extent of thermal discomfort experienced by 

the householders prior to the retrofits, it is not surprising that achieving 

adequate levels of heat throughout the home was fundamentally the most 

desired and appreciated outcome, as acknowledged by the householders 

themselves.  

Contrary to common belief, financial savings or reduced energy burden were 

not among the most frequently acclaimed impacts.  In fact, only a fraction of 

the respondents quoted financial energy security as a benefit of the 

implemented energy efficiency measures.  This apparent lack of economic 
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gains from energy retrofitting could perhaps be partially explained by presence 

of rebound effect immediately after the energy retrofit and householders 

satisfying their more essential needs of adequate heat provisions as opposed 

to more arbitrary and financially driven requirements.  This supports the 

findings from the previous subsection whereby thermal comfort gains 

seemingly outweighed the extent of tangible savings.  However, as the 

quantitative analysis was based on projected annual figures for heating and 

electricity and the qualitative component, on the lived and current experiences, 

perhaps householders were unable to detect significant changes to the 

financial component due to insufficient length of time post-retrofit.  Indeed, 

some respondents noted that a full year of living with the energy upgrades 

would allow them to make accurate assertions regarding energy savings.   

For the most part, properties subjected to retrofits resulted in improved 

physical condition and energy efficiency, which in turn positively impacted 

occupants of these dwellings, albeit to varying degree.  The unintended 

consequences, although to a much lesser degree, also shaped householders’ 

experiences and led to somewhat conflicted perception of the effectiveness of 

energy interventions in those instances.    

In that regard, the issues included confusion associated with heating system 

management, appearance of moisture-related defects in the property post-

retrofit and the house not retaining the heat to the expected standards post-

retrofit.  The nature of the feedback seems to suggest that technological 

illiteracy and behavioural practices are responsible for the negatively 

perceived outcomes from and experiences of taking part in an energy 

retrofitting intervention rather than attributable to the set of measures selected 

for these properties, issues that could be rectified with additional support from 

stakeholders and advice on energy management. 

Within a different category of respondents’ observations, financial limitations 

of the allowance and disruption associated with the internal components of the 

retrofits, although minor and non-energy related, were perceived as 

shortcomings of the interventions.  Overall, they did not affect householders’ 

satisfaction with the results and the improved quality of the properties post-
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retrofit and thus were accepted as prerequisite of a programme designed to 

tackle energy efficiency of the properties.     

6.5 Conclusions 

This chapter was the second in the series of empirical evidence with a specific 

focus on first-hand experiences of fuel poverty and energy retrofitting as 

pertaining to a sample of householders eligible for assistance through NI’s 

policy-led initiative, the Affordable Warmth.  With regard to specific objectives 

underpinning this thesis outlined in Section 6.1, this component highlighted the 

extent of energy affordability issues prior to energy retrofit and the impacts 

associated with such difficulties.  In that respect, pervasiveness of thermal 

discomfort, unreasonably high energy costs and reliance on alternative 

sources of heat, all compounded with low incomes, were among the fuel 

poverty symptoms that, although not included in the operational definition, 

clearly indicated that energy-related struggles were, at least for some, an 

ongoing battle.  This often resulted in householders’ adopting energy 

conserving behavioural strategies, concessions that inadvertently had 

adversely affected their physical health as well as mental wellbeing.   

In essence, this chapter initially highlighted the plight of householders affected 

by fuel poverty through first-hand accounts offered by those affected and 

thereafter proceeded to identify specific changes in those householders’ 

experiences upon completion of energy retrofits.  Regarding retrofitting and its 

effectiveness to alleviate fuel poverty, the analysis showed that improvements 

to thermal comfort were detected immediately, a much anticipated outcome 

given the persistence of adverse experiences stemming from lack thereof prior 

to the interventions.  This was followed by subtle improvements to health and 

wellbeing, decrease in energy affordability concerns and projected financial 

gains, although the magnitude of specific outcomes seems to be largely 

influenced by householders’ behavioural practices post-retrofit as well as the 

extent of energy hardship prior to the interventions.  Overall, based on the 

analysis presented in this chapter, the impacts of energy retrofitting are evident 

and indisputable, with the potential of improving several crucial aspects of 

householders’ lives simultaneously.  Although changes in fuel poverty levels 
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based on the quantifiable metrics is not conclusive, considerable alleviation of 

the symptoms post-retrofit provides sufficient support for the effectiveness of 

energy efficiency interventions as a solution tackle the problem in NI.  For 

those few in number who experienced negative consequences post-retrofit 

such as higher energy burden or increased intensity of moisture-related 

defects, perhaps additional support in behavioural and technological energy 

management techniques could rectify the issues and augment the intended 

consequences. 

Regarding the policy initiative, the tailored approach adopted in the Scheme 

ensures that required measures, selected based on priority criteria, are 

implemented in a way that they complement each other, rather than as 

standalone upgrades.  This type of intervention execution increases the 

likelihood of taking any given household out of fuel poverty, as bespoke 

retrofits are designed to the needs of the properties and their occupants.  

However, even though the Scheme intends to target householders in both 

private rented and owner-occupied sectors, the uptake by those in the former 

is quite deficient.  Unfortunately, this lack of engagement in the Scheme by the 

housing sector worst affected by fuel poverty, as shown in Section 6.2, 

prevents householders from implementing necessary energy efficiency 

measures in the homes they occupy, making it more difficult for them to avoid 

the fuel poverty trap.     

Going forward, Chapter 7 examines fuel poverty and energy retrofitting 

impacts again from the householder perspective examining their experiences, 

medium term, with the use of qualitative techniques alone.  Moreover, given 

the distinctiveness as well as extensiveness of the implemented solutions, the 

chapter provides a holistic representation of fuel poverty as experienced prior 

to energy interventions and the impacts of upgrades.   
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CHAPTER SEVEN – EFFECTIVENESS OF RETROFITTING 

INTERVENTIONS: QUALITATIVE EVIDENCE FROM CASE STUDIES 

7.1 Introduction  

Collectively, Chapters 5 and 6, the first two empirical components of this 

thesis, provided extensive evidence concerning fuel poverty, factors 

associated with its existence and consequences, implemented energy 

efficiency measures and their impacts on key aspects of householders’ lives.  

Whereas the central premise of Chapter 5 was to examine secondary data 

derived from the 2011 and 2016 NIHCSs to provide a perspective of rigorously 

measured fuel poverty and how its levels changed over time based on socio-

economic as well as property characteristics, Chapter 6 offered an 

assessment of fuel poverty as experienced by the householders prior to 

energy retrofits approved under Affordable Warmth and subsequently 

revealed the magnitude of the impacts realised from these interventions.   

Following the triangulation strategy outlined in the methodology (Chapter 4), 

this Chapter 7 is based on qualitative evidence alone to further investigate the 

central theme of this research on whether retrofitting can either provide a 

solution or at least in part to fuel poverty.   A series of case studies designed 

to capture householders’ full range of experiences, prior to as well as post-

retrofit, provides a holistic representation of householders’ insights and offers 

analysis on the effectiveness of bespoke retrofitting solutions in alleviating fuel 

poverty.  The positioning of this chapter is illustrated in Figure 7.1 
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Figure 7.1 Structural context of Chapter Seven 

     

Specifically, Chapter 7 extends the analytical process of identifying fuel 

poverty antecedents as well as its consequences via qualitative routes as 

experienced by households in Newry and Lisnaskea, but mainly focuses on 

the impacts of the extensive energy retrofits, tailored to occupiers’ needs and 

their effectiveness in alleviating fuel poverty.  Thus, the chapter addresses the 

following objectives of this thesis:    

• Objective 4: to analyse behavioural and attitudinal perspectives prior to 

and post retrofits,  

• Objective 5: to assess the impact of retrofitting options and their 

potential to reduce levels of fuel poverty. 
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In order to fulfil the objectives, the chapter begins with an overview of the 

implemented retrofits and highlights the comprehensive nature of the adopted 

approaches designed not only to enhance energy efficiency qualities of the 

individual properties, but also in a number of instances, to completely 

transform fabric and heating components (Section 7.2).  In the context of fuel 

poverty, this holistic deep retrofitting approach, although uncommon, provides 

an opportunity to examine householders’ experiences and the impacts 

resulting from extensive interventions.         

Section 7.3 offers analysis of the heating and electricity costs whilst accounting 

for fuel price fluctuations over time.  This section reports householders’ 

experiences relating to energy affordability prior to the retrofits to highlight the 

extent of the financial burden stemming from energy demands.  The financial 

component is re-examined upon completion of the interventions and the 

impacts are validated with supporting evidence.   

Section 7.4 evaluates energy efficiency impacts on the properties post-retrofit 

as well as the behavioural changes regarding households’ usage and 

management of heating/energy.  The impacts on thermal comfort and the 

quality of internal environment as reflected by the householders are 

addressed.     

The focus of Section 7.5 is appraisal of general health and well-being impacts 

resulting from the implemented energy upgrades.  Changes to any pre-existing 

conditions experienced by respondents prior to interventions are evaluated 

and a judgment is made on the role of the retrofits in driving these outcomes.      

Section 7.6 draws the qualitative evidence together and offers conclusions on 

the scale of impacts from bespoke energy retrofitting solutions in relation to 

fuel poverty.   

7.2 Properties and retrofits 

The Newry Retrofit Scheme consisted of a terrace of five properties in an 

elevated and exposed location on the western outskirts of the city (Figure 7.2).  

This urban setting in combination with the householders’ perceived energy 

affordability issues stemming from their socio-economic background and the 
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dwellings physical characteristics making them difficult to heat, determined 

their suitability for extensive energy interventions.  Furthermore, given that the 

properties are similar in size and construction materials, this facilitated the 

comparisons of energy performance post-retrofit and allowed the impacts from 

energy interventions on householders’ personal circumstances to be 

established based on the similarities whilst acknowledging the two types of 

dwellings under investigation and differing household characteristics.  

Ultimately, four of the five households took part in the longitudinal case studies 

and thus the discussion of the implemented upgrades are based on their 

properties. 

Figure 7.2 Location of the properties in Newry 

 
Source: Google Maps. Left image: location of the properties; right image: close-up 
image of the retrofitted properties; street labels and location identifiers were removed 
to preserve anonymity of the householders 
 

With respect to the retrofitting intervention, the whole house deep retrofit 

approach was adopted in all properties, meaning that building fabric and 

energy-related components within the homes were considered for 

improvement, and where appropriate, complemented by technological 

solutions.  Moreover, the transformations included decorative elements to 

improve the aesthetic qualities of the properties for the occupiers, however this 

component is not the primary focus of the analysis, and only the energy-related 

measures are outlined.  In terms of selecting energy efficiency interventions in 

the identified properties, the NIHE’s objective was to design an archetype for 

energy retrofitting in the social housing sector to reduce fuel poverty.  In 

addition, innovation and sustainable construction that could inform energy 

retrofitting in the future were the catalysts for the specific approaches 



373 
 

implemented.  In that regard, each dwelling was subject to a ‘fabric-first’ 

approach which included external wall insulation, double or triple glazed 

windows and loft insulation, measures that collectively increase airtightness of 

the properties and thus improve energy performance (Table 7.1).  For the 

heating systems, three properties were subject to an oil to gas conversion.59 

Table 7.1 Schedule of energy interventions in Newry properties  

Item Property 1 Property 2 Property 3 Property 4 

Property type Mid-terrace Mid-terrace Mid-terrace End-terrace 

Heating Gas Gas Gas N/A* 

Loft insulation 300mm 300mm 300mm 300mm 

Ventilation* N/A Smart Vent 
decentralis
ed wifi 
enabled 
system 

Demand 
controlled 
MEV 
system** 

N/A 

Wall insulation External 
wall 
insulation 
130mm 

External 
wall 
insulation 
130mm 

External 
wall 
insulation 
210mm 

External 
wall 
insulation 
130mm 

Windows Double-
glazed 

Double-
glazed 

Triple-
glazed 

Double-
glazed 

Solar Hot Water Yes No No No 

PV Panels + 
SHW boost 

No  No Yes No 

Energy 

monitoring  

Switchee 
Smart  
heating 
thermostat 

Switchee 
Smart  
heating 
thermostat 

Switchee 
Smart  
heating 
thermostat 

N/A 

Note. *Gas central heating installed in the property prior to the intervention; 
**mechanical extract ventilation 

 

In conjunction with the fabric and heating components of the interventions, 

technology-led elements were implemented, where applicable, to enhance the 

effectiveness of the retrofits and to facilitate householders’ behavioural energy 

management.  Collectively, this included installation of energy monitoring 

options, whole-house ventilation systems, as well as solar hot water and 

 
59 Gas heating was installed in one of the properties prior to the intervention, therefore a 
substitute was not required. 
 



374 
 

photovoltaic panels.  Innovative energy monitoring technologies were installed 

in three homes and allowed those householders to control the central heating 

system, manage its temperature output and monitor internal humidity.  The 

data subsequently collected from these devices, could in theory, inform the 

landlords or property owners if any given property is under-heated or at risk of 

developing moisture-related defects.        

Given the bespoke approach of the retrofitting solutions adopted in the Newry 

properties, further technological elements were tailored to the needs of the 

occupants, and thus, installed in individual properties accordingly (Table 7.1).  

Overall, due to the extent of the retrofitting interventions and to ensure their 

expeditious completion, the householders were required to vacate their homes 

for approximately 6 weeks during the summer of 2018. 

Although the central premise of this Chapter surrounds the effectiveness of 

retrofitting to fuel poverty alleviation and the impacts on households and their 

ability to meet energy needs, it also offers an element of analysis on the carbon 

emissions reduction.  In that regard, the figures for the Newry homes indicate 

considerable improvements from the bespoke retrofitting interventions.  

Initially, the emissions for all the properties approximated 90kg of CO2/m2 per 

annum, which indicates that they were carbon intensive.  Upon completion of 

the interventions, carbon dioxide emission reductions were in the range of 70-

84% (Table 7.2).  This means, that although the lowest, an appreciable 70% 

decrease was observed for Property 4, with estimated 26.43kg of CO2 being 

emitted per year post-retrofit.  Unsurprisingly, the highest annual carbon 

emissions reductions (of 84%) were achieved in Property 3, which in addition 

to extensive fabric measures and natural gas heating system, incorporated PV 

panels.  This led to some of the electricity being displaced from the grid that 

facilitated further carbon reductions, with the final emissions estimates of 

14.33kg CO2 per annum.  Despite not achieving carbon neutrality, the deep 

retrofits undertaken in all the Newry homes highlight the capacity of such 

interventions to extensively cut carbon emissions in properties with 

exceptionally poor initial energy performance.  
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Table 7.2 CO2 emissions pre- and post-retrofit 

Total CO2 emissions rate kg/yr/m2* 

 Property 1 Property 2 Property 3 Property 4 

Pre-retrofit 90.85 90.85 90.85 87.75 

Post-retrofit 20.26 23.33 14.33 26.43 

% decrease 78% 74% 84% 70% 

Note. Data supplied by the NIHE. 

The rural counterpart to the Newry Retrofitting Scheme, namely HandiHeat, 

consisted of six properties, 4 terraced and 2 bungalows, in two separate 

locations (1.3 miles apart) in Lisnaskea, in the southwest of NI (Figure 7.3).  

The rural location of the properties, where natural gas for heating is 

unavailable, coupled with energy affordability difficulties as reported by the 

occupants, determined the properties’ suitability for the retrofitting 

interventions.  Hence, this set of case studies provides a perspective to 

retrofitting experiences, whereby heating alternatives, excluding gas, are 

explored in conjunction with the traditional energy efficiency measures.  

Ultimately, the data were collected for five of the six properties and their 

respective households and included in subsequent analyses.   

Figure 7.3 Location of the properties in Lisnaskea 

 
 

Source: Google Maps. Left image: location of four properties subject to retrofits. Right 
image: location of two properties selected for retrofits. Street labels and location 
identifiers were removed to preserve householders’ anonymity   

Specific fabric interventions included full cavity wall insulation (including 

extraction of previous materials where necessary), installation of double-
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glazed windows as well as recommended thickness of insulation in the loft 

(Table 7.3).  The heating component interventions varied between the 

properties, with a particular objective of finding renewable and effective 

alternatives to oil-fired heating systems.  Thus, solar photovoltaic systems and 

air source heat pumps were installed in four properties, while the remaining 

dwelling received a modern oil-fired heating system to accommodate the 

householder’s preferences as well as for comparison purposes.  

Table 7.3 Schedule of energy interventions in Lisnaskea properties 

Item 

 

Property 1 Property 2 Property 3 Property 4 Property 5 

Property type Mid-

terrace 

End-

terrace 

End-

terrace 

Bungalow Bungalow 

Heating  Oil Hybrid oil 

boiler with 

ASHP 

Hybrid oil 

boiler with 

ASHP 

Solar PV + 

battery 

Solar PV + 

battery 

Loft insulation 300mm 300mm 300mm 300mm 300mm 

Ventilation* PIV PIV PIV PIV PIV 

Wall 

insulation 

Cavity wall 

insulation 

replacement 

Cavity wall 

insulation 

replacement 

Cavity wall 

insulation 

replacement 

Cavity wall 

insulation 

replacement 

Cavity wall 

insulation 

replacement 

Windows Double-

glazed 

Double-

glazed 

Double-

glazed 

N/A N/A 

Hot water 

cylinder 

Replacement Replacement Replacement Replacement Replacement 

Energy 

monitoring  

Climote 

timeclock 

Climote 

timeclock 

Climote 

timeclock 

Climote 

timeclock 

Climote  

timeclock 

Note: *PIV – positive input ventilation 

To complement the energy-related measures, technological components 

including positive input ventilation systems and smart metering devices were 

also installed in all the Lisnaskea case-study properties.  Overall, the set of 

measures selected for these retrofits in a rural setting support the whole house 

deep retrofit approach with all the factors that determine energy use in the 

home targeted simultaneously and as part of the overall intervention.60 

The following sections critically examine householders’ experiences, based on 

several interviews, conducted prior to and post-retrofit (data collection 

 
60 Due to Covid19 restrictions imposed during the interventions, measures were 
implemented incrementally over the course of 2 months, potentially affecting the anticipated 
outcomes 
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processes are outlined in detail in Chapter 4).  Given the small number of 

households participating in both pilot interventions, it is not possible to provide 

specific details regarding their demographic and socio-economic 

characteristics.  Indeed, such actions would jeopardise the confidentiality and 

anonymity agreements, and threaten the integrity of the qualitative component 

of this research.  It is, however, possible to highlight that the householders 

represented all of the at-risk groups identified within the literature as well as in 

Chapter 5.  This means that among the sample, there were older retired 

households, single-parent families, permanently ill individuals and single-

person households.  Moreover, all households were considered to have low 

incomes, which exacerbated their energy vulnerability and ability to maintain 

thermal comfort.   

The data around households’ occupancy patterns in this research is limited.  

Although it would be highly informative to incorporate data on the length of 

time the householders spent at home on a daily basis, this would require 

detailed accounts of participants movements and their daily routines.  As this 

was not possible to sustain, general statements can be made based on 

householders’ employment and/or health status.  In essence, it can only be 

speculated that those householders who are suffering from ill health, are 

economically inactive or have child caring responsibilities, spend considerable 

proportion of the day within the home, whereas economically active 

participants (part-time basis), are more likely to be away for at least half of the 

day.  As the households were already identified to be in the at-risk groups of 

experiencing fuel poverty and there were none in full-time employment, 

continued occupancy could be assumed for the most part.  However, this is 

speculative and inferences in relation to specific daytime benefits from certain 

measures cannot be isolated from the findings on the whole.    

Regarding the approach to data analysis, thematic content analysis was 

adopted to assess the large volume of qualitative information achieved 

through the course of these householder interviews, with a particular focus on 

the impacts of the retrofitting interventions.  Three main themes emerged and 

although not mutually exclusive, are examined individually in the following 
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sections of this chapter, offering supporting evidence from the householders. 

The themes included: 

• energy costs, 

• energy efficiency, condition of the properties and thermal comfort, and 

• health and wellbeing. 

 

7.3 Energy costs  

This theme focuses on householders’ experiences of energy hardship prior to 

retrofitting and their associated behavioural and budgeting strategies.  

Thereafter, energy costs and financial outcomes post retrofit are re-assessed 

to examine the extent and direction of impacts on householders’ financial 

resources.   

Householders were asked about the heating systems in place prior to the 

interventions and the costs associated with heating and powering the home.  

All householders disclosed that their overall heating expenditure was 

excessive in proportion to their disposable income and that they were 

experiencing difficulties in meeting their needs, albeit to varying degrees.  

Electricity usage, although captured in the overall concept of fuel poverty and 

energy unaffordability, was not the main focus for the study.   

The majority of the interviewees revealed that their initial disadvantage as 

pertaining to the type of fuel used for heating was twofold, in that the price of 

oil itself was beyond affordable and the payment method often unmanageable.       

“…oil was quite expensive, which you would have to go to the credit 

union to borrow the least amount that was £150 or £180 to get it.” (N4) 

Given the financial difficulties associated with heating provision as 

experienced by the householders using an oil fuel source, a frequently adopted 

strategy, linked to their inability to meet the oil suppliers’ specifications with 

regards to the minimum quantity of fuel per order, was purchasing oil via non-

traditional routes that involved filling 20 litre drums with fuel at a local petrol 

station that supplied home heating oil.61 This behaviour is paradoxical given 

 
61 Minimum order of oil for the majority of providers in NI is 300l 
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that the price per unit of oil purchased from a petrol station can double in 

comparison to the prices offered by oil supplying companies, subsequently 

leading to householders’ fuel expenditure being excessive and their financial 

hardship exacerbated even further.  Nonetheless, due to householders’ low 

incomes and limited fuel purchasing options, they were compelled to continue 

with the short-term strategy regardless of the long-term consequences.  

Indeed, this type of behaviour has been previously highlighted by Liddell and 

McKenzie (2013), who recognised that many fuel poor households in NI are 

forced to engage in the practices of purchasing heating oil in drums due to 

their economic insecurity.  

“…there was a lot of issues with trying to pay off oil and going getting 

drums was, you know… We just would have went and filled them 

ourselves, in the car.” (N1) 

“I depended on that for a long time, because if I hadn’t got the money 

built up then I couldn’t get oil, you know, so that’s the way it was…” (L1) 

Indeed, a common thread through several of the interviews was householders’ 

recognition that prior to the retrofitting interventions heating was the energy 

component within the home that contributed significantly to financial 

difficulties.  To reinforce this point, heating the home was the second highest 

priority within households following purchase of food supplies, and available 

income was seemingly allocated and distributed accordingly to meet these two 

needs.  Given such financial struggles the householders’ strategy adhered to 

strict budgeting practices which often meant a reduction in spending on 

essential items having already and frequently foregone non-essential 

purchases.   

“…I would never have the kids without heating the house. There was 

always heat but it just took a lot…”  (N1) 

In the context of behavioural adaptations, fuel rationing and the ‘heat or eat’ 

trade-off have both been identified as strategies adopted among fuel poor 

households.  For example, Anderson et al. (2012) found that households 

reduce spending, including on essential items, to meet their financial 
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commitments.  While food expenditure was effectively reduced by purchasing 

lower quality and fewer products, spending on energy was associated with 

reduced consumption.  Similarly, Snell et al. (2018) concluded that the 

decisions involved in behavioural strategies are not clear-cut, however, 

households experiencing financial hardship are likely to ration both energy and 

food to avoid more drastic cutbacks.  

By adopting several behavioural strategies, reducing energy consumption and 

limiting overall spending, the householders, for the most part, were able to 

avoid going into energy-related debt.  Indeed, this was an imperative to all the 

householders, even those who struggled the most.  Those householders who 

were at times overwhelmed with financial obligations sought support from 

friends or family members rather than money lending institutions and repaid 

what they owed in agreed instalments over time.  

“…like you can't get credit for things like oil or that so it would be more 

owing people money… I had to borrow money off to get oil or just get a 

drum or two of oil like.” (L1) 

“Definitely, we definitely had to budget cause we had to choose when 

to put it on and how long we could put it on for, which wasn’t very long.” 

(N2) 

During the post retrofit interviews, the householders were again asked about 

their financial circumstances and energy affordability.  Householders’ overall 

experiences differed and seemingly were linked to the type of heating system 

installed in the home as part of the intervention.  More specifically, those 

householders whose properties were, in addition to building envelope 

upgrades, subject to conversions from oil-fired to natural gas systems, 

reported that their heating bills had reduced considerably, and electricity 

outgoings remained comparable.  Taking into consideration both components, 

the householders enthusiastically acknowledged that the overall energy 

burden post-retrofit had decreased, which in turn facilitated more effective 

management of their heating needs and finances.  As the demand for heating 

was not as overwhelming post-retrofit as it was prior to the interventions and 
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gas prices were lower than home heating oil, this was immediately reflected in 

households’ overall energy outgoings.   

“I would say it was at least £600 a year for the oil, so it’s nearly half, you 

know. It’s a big difference you know.” (N4) 

“The heating is on whenever we want it now. When before we had to 

budget. Because it was so expensive compared to the gas. We can 

have that switched on and off four times a day. When we had the oil we 

couldn’t afford to do it.” (N2) 

When questioned about further financial impacts stemming from the 

interventions, all the interviewees emphasised the advantages of fuel payment 

options as a result of being connected to the natural gas network.  More 

specifically, the householders highlighted simplicity, flexibility and 

convenience of the fuel purchasing process; aspects that, due to their low-

income status, were highly desirable and appreciated post-retrofits.  Rather 

than having to save for an upfront large payment as was the case with oil, 

householders’ newfound ability to purchase gas as and when required, for the 

amount they could afford, consequently resulted in a constant fuel supply, and 

rationing behaviour by householders’ was no longer compulsory.    

“No, the winter we had was unbelievable, it was just so much different. 

It's just hassle free! Because when you do keep topping up every £10 

a week, you're still always in credit with the gas and to know you're good 

bit in advance.” (N1) 

“There’s a huge difference to me. It’s so much more convenient, I 

cannot stress this enough…” (N4) 

In addition to the post-retrofit interviews conducted during one session, two 

households continued to share their views and opinions beyond the initial 

settlement period.  By conducting several interviews, a longitudinal 

perspective of householders’ experiences of the retrofits and associated 

impacts was established, which in turn allowed for discovery of patterns that 

perhaps were not detected immediately after the interventions.  With regard to 
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energy costs, during the approximately three years of living in the retrofitted 

properties, both households continued to perceive their heating bills as much 

lower than under prior circumstances.  Specifically, energy burden was halved, 

and this remained consistent over time, even during the winter period, when 

the demand for heat is at its highest.  Accounting for temperatures for three 

consecutive winters that the householders were able to compare between, 

both households expressed that their heating costs were not excessive and 

meeting their needs was within financial abilities.  Furthermore, despite the 

first winter post-retrofit perceived as considerably milder than the following 

two, which meant that energy demand likely increased with time, the 

households continued to achieve satisfactory levels of thermal comfort and still 

believed that they were financially benefitting from the retrofitting 

interventions.62   

“…the price of heating the house has more than halved.” (N2) 

Along with the benefit of continued reduced heating outgoings, the households 

also expressed their appreciation of the fuel payment methods.  Convenient, 

hassle-free purchasing of heating fuel was an ongoing subtheme throughout 

the householders’ narrative over time and was seen as being a particular 

advantage to the householders.  Indeed, being able to obtain fuel in small 

quantities directly transferable onto a card as opposed to having to either bulk-

buy oil or rely on drums remained a greatly appreciated benefit as well as a 

preferred payment method.        

“…they wouldn’t come out and fill the oil unless it was £150 and you 

just didn’t have that money, so it’s a lot more convenient you know.” 

(N4) 

Where innovative alternatives or traditional heating systems were installed in 

addition to energy efficiency measures in the properties in Lisnaskea, 

householders’ perceptions of financial impacts were somewhat inconclusive, 

or even opposite to the expected outcome.  Given that the novel heating 

 
62 Monthly winter temperatures for Newry sourced from timeanddate.com: 2018/19: Dec 
(7°C), Jan (5°C), Feb (7°C), Mar (7°C); 2019/20: Dec (6°C), Jan (6°C), Feb (5°C), Mar (6°C); 
2020/21: Dec (5°C), Jan (3°C), Feb (5°C), Mar (7°C)   
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systems, that replaced existing, inefficient ones, included air source heat 

pumps and photovoltaic panels with battery storage and hence were either 

partially or fully electricity-powered alternatives, a change in the proportion of 

fuels used was expected.  However, accounting for the fluctuating fuel prices 

and householders’ behavioural adjustments, some expressed the opinion that 

the difference in their energy costs was undetectable, whereas others noted 

that their energy-led outgoings had increased post-retrofit.  The former 

outcome, although not desirable, was accepted by the householders without 

any concerns or discontent.  Where householders experienced the latter 

however, they expressed their dissatisfaction and concerns with increased 

energy outgoings that further jeopardized their already precarious 

circumstances and heightened their energy vulnerability.63    

“The whole financial pressure it has put me under…I’m still forking out 

for the electric.” (L4) 

In summary, householders’ experiences of financial impacts from retrofitting 

interventions, which included installation of different types of heating systems, 

highlighted the importance of suitable heating alternatives to accommodate 

occupiers’ needs and complement the energy efficiency measures.  All the 

householders whose properties were subject to extensive retrofits and had 

gas-fuelled systems benefitted financially from the interventions in the form of 

lower heating bills, whereas gains associated with standard energy efficiency 

measures complemented by the innovative oil/electric hybrid and solar 

alternatives were not as apparent.  Certainly, the householders were able to 

heat their homes to their personal preferences, however the costs associated 

with different fuel types determined their level of satisfaction with the 

interventions.  The results suggest that households’ perception of financial 

gains from retrofitting was contingent upon the quality and extent of the 

upgrades to the fabric of the property, meaning that when improvements to the 

condition of the home took priority over the type heating system, households’ 

experiences of energy unaffordability were more likely to be alleviated.     

 
63 Householders whose energy bills post-retrofit were higher were reimbursed for the excess 
costs 
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7.4 Energy efficiency, condition of the properties and thermal comfort 

The quantitative analysis in Chapter 6 highlighted linkages between poor 

energy performance, under-heated properties and moisture-related defects 

such as condensation and mould.  Moreover, it captured the behavioural 

concessions individuals struggling with energy affordability are compelled to 

adopt on a daily basis in their efforts to attain at least a minimum standard of 

warmth.   A core theme running through the interviews was householders’ 

perception of their homes in terms of the habitable conditions and energy 

efficiency elements as well as their ability to achieve thermal comfort.  In this 

section householders’ experiences prior to and post-retrofits are explored to 

determine the impacts of energy retrofitting interventions with respect to the 

specified components.     

Prior to the energy interventions, all of the householders in both Newry and 

Lisnaskea conveyed their dissatisfaction and discomfort experienced when 

living in energy inefficient homes.  More specifically, the main complaint 

centred around the inability to maintain a satisfactory or adequate standard of 

warmth in the property.  Indeed, this is one of the hallmarks of living in fuel 

poverty, as highlighted by Healy and Clinch (2002) and Boardman (2010) 

among others, one that is often used as a proxy for measuring the extent of 

the problem.   In relation to this research, the interviewees characterised their 

efforts as futile due to leaks, faulty doors and windows, absence of energy 

efficiency measures and overall poor airtightness of the properties.  These 

property defects in combination with already limited resources meant that 

energy hardship among the householders was severe and ongoing. 

“Well, we had the wooden windows, and with the wind… the wind was 

always blowing. We had to put heavy curtains on to stop the draught.” 

(N2) 

 “… the heat’s escaping so much you have to have it on in every room 

to try and build it up… so I close all the curtains and things so it’s 

hopefully helping a little bit, like draught excluders to try and stop it 

getting out so much.” (L1) 
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Regarding the condition of the properties, the majority of the householders 

were exposed to moisture-related defects in the form of dampness, 

condensation and mould, all appearing throughout various areas of their 

properties.  Moreover, the intensity of the defects was so severe that many 

were adversely impacted by the exposure. Specifically, interviewees disclosed 

that despite their frequent efforts to remove the symptoms of under-heated 

and energy inefficient properties, the problems persistently reappeared 

affecting their health and wellbeing as well as their ability to socially interact in 

the homes.   

“This house is too cold to have people over a lot. It is. It’s a bad house. 

It’s full of damp… I wake up, I can smell damp and I just cough, you can 

actually taste the damp in that room, it’s horrendous.” (L1) 

“…from the day I moved in to this house I would have a problem with 

the wardrobes, the damp, a musty smell from day one, is still the 

same…” (L3) 

The issue of condensation, mould and damp in energy inefficient homes is a 

theme that has attracted attention in the research community and the findings 

from the case studies correspond with the existing literature.  In that regard, 

Grey et al. (2017) highlighted that having damp in the home is commonplace 

among fuel poor occupying underheated homes, a problem which is of great 

concern to the householders themselves.    

Given the extent of the perceived energy inefficiency of the properties and 

presence of moisture-related defects, unsurprisingly, thermal discomfort was 

prevalent among many of the householders whilst others were able to achieve 

satisfactory levels of warmth by ensuring a continuous heating supply, making 

it very expensive for the householders to maintain long-term.   

“I would sometimes put it on constantly, leave it on, let it run, just leave 

it on, at the thermostat number 20 and that’s how sort of the house 

stays a nice temperature if you know what I mean, whereas if I was to 

put it on for an hour and turn it off again I’d have to find myself then a 



386 
 

few hours later putting it back on because the house has got cold again, 

you can find that cold chill in the house, especially upstairs.” (L2) 

For most, thermal comfort was unachievable due to a combination of 

properties’ energy inefficiency and financial constraints.  Indeed, throughout 

the interviews, many householders disclosed their inability to meet energy 

needs despite adopting various behavioural concessions and adjustments into 

daily routine, such as having to wear additional clothes, going to bed early or 

using one room to keep warm, inevitably leading to constant experiences of 

thermal discomfort.  Again, the findings regarding experiences of thermal 

discomfort and behavioural attempts to manage available resources reflect the 

evidence from the existing literature.  For example, Chard and Walker (2016) 

and O’Sullivan et al. (2017) drew attention to the behavioural compromises 

and coping strategies that were adopted by older as well as younger 

individuals across different settings as a direct result of thermal discomfort, 

thus highlighting these as universal experiences among the fuel poor.  The 

qualitative responses from the householders in this research also complement 

the findings from Chapter 6, in that they emphasise the pervasiveness and 

severity of thermal discomfort among fuel poor households.  

“Oh before it was dreadful. You could have heard, the house was 

freezing all the time, the wind or the air would have come in through the 

door, the windows you would have heard… and the minute the oil went 

off the house was freezing.” (N1) 

“Even with the heating on, it never went above 15 degrees. Never! I had 

a thermometer here to check. And the minute you turned it off, it just 

went cold.… I went to bed in a woolly hat, that’s how cold it was.” (N2) 

Post retrofit, the interview evidence highlights that in the opinion of almost all 

the householders the energy efficiency qualities of their homes had clearly 

improved. More specifically, there was a high level of satisfaction with how 

their homes performed in terms of retaining the heat and the levels of 

airtightness.  Households felt that due to the insulation upgrading of the 

properties’ fabric, their homes were warmer and remained warmer for longer 
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periods of time when heating was used intermittently.  Furthermore, there was 

recognition that requirements for heating had decreased and there were no 

longer draughts or leaks that would compromise the energy performance of 

their properties.  Similar findings were previously published by Broderick et al. 

(2017), who indicated that, properties’ airtightness parameters improved due 

to installation of energy efficiency measures such as windows and insulation, 

which resulted in fewer reports of draughts among the studied group of 

households, and also, in reductions of relative humidity.  In addition, although 

statistically non-significant, changes, and more specifically, increases in the 

average temperatures in the occupied rooms were recorded. 

Indeed, for householders in this research, the retrofitted and now energy 

efficient homes allowed for a greater degree of flexibility with regards to 

behavioural heating management. This also impacted on how they perceived 

their properties, meaning that, with consistent heat throughout and draught-

proofed homes, the householders were more satisfied and content with where 

they lived.  

 “We don’t feel draughts anymore. The curtains don’t blow. So, there’s 

no coldness coming in. And it’s always windy.” (N2) 

“(the house)…It holds the heat better and I can isolate each individual 

radiator, in each individual room when I need it.” (L4) 

 “I just love it… it was like walking in to a new house…” (N1) 

For a small minority of the interviewees occupying properties in Lisnaskea, the 

outcomes from energy retrofitting were less conclusive.  More specifically, 

despite the efforts to improve energy efficiency of the properties by installing 

an innovative heating system alongside the traditional measures, a few 

householders were unable to detect any changes in home’s energy 

performance.     

“I don’t really see the difference, to be honest with you… and because 

we’re the end house, it does get colder quicker.” (L2) 
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With regards to the presence of a performance gap from a wider perspective, 

Fylan et al. (2016) listed a number of eventualities, among which, the stage of 

the intervention and its specifications along with the limitations in the accuracy 

of the measuring toolkit were identified as design-related problems that may 

skew the overall calculations from the retrofit.  Furthermore, in terms of the 

intervention execution, substituting materials and installation errors can have 

an impact upon the final results and the retrofit not achieving its full potential.  

Lastly, behavioural factors of the occupants can affect the outcomes, whereby 

the lack of knowledge on how to engage with the technology or absence of 

best practice advice post-retrofit can hinder the achievement of best possible 

results.  Householders’ reluctance in adapting to new technologies was also 

cited as an element influencing decision making and resulting in misguided 

choices about energy use in the home.    

Within the context of this research, perhaps the presence of the perceived 

performance gap in terms of the households’ expectations may be a product 

of collective influences.  Seemingly, minor design issues combined with 

insufficient householder knowledge regarding the functioning of low-carbon 

heating systems and the timing of the retrofit appraisal, which arguably did not 

account for long-term effects, could have all affected the ways in which energy 

efficiency was perceived post-retrofit.  At this stage of the research and 

because of its qualitative nature, it is difficult to disentangle all the components 

and conclusively determine the dominance of one particular factor.  

Furthermore, although data on the performance of individual properties in the 

rural energy efficiency pilot project in Lisnaskea was not available, a 

measurable 40% reduction in carbon emissions from the implemented 

measures was observed across all the studied properties (NIHE, 2021).  This 

seems to suggest that the overall energy performance improved post-retrofit 

and that the gap was more likely to be perceived as opposed to the 

intervention not having an impact whatsoever.       

In terms of condition of the properties, all of the households considered that 

dampness, condensation and mould were no longer an issue once the energy 

efficiency measures were implemented.  In fact, where the defects were 



389 
 

treated during the intervention, the householders noticed that these defects 

did not reappear afterwards engendering a high degree of satisfaction.  

Moreover, having damp and mould-free home positively affected 

householders in a way that they ceased to worry about the condition of their 

home. 

“Not at all, it’s been brilliant.” (N2) 

For the majority of the householders, the retrofit measures, resulted in 

considerable improvements in thermal comfort, though a small minority was 

uncertain of the overall effects.  Specifically, for many the experiences of being 

able to achieve and maintain thermal comfort post-retrofit was highlighted as 

the greatest benefit of the interventions.   

“The house is constantly sitting at 23 degrees, so it’s roasting, it is so 

warm, it’s brilliant.” (N1) 

Moreover, the householders with this level of improvement in thermal comfort 

also disclosed that visits from friends or family members post-retrofit became 

more frequent. 

“Yes we’ve got no issues with them staying over whereas before the 

house was just cold, they were younger as well at the time.” (N2) 

Those householders who expressed that their perception of thermal comfort 

post-retrofit was comparable to that prior the interventions, although not 

entirely dissatisfied, had anticipated some improvements and were thus 

disappointed when this did not occur.       

“The house is still only warm… it’s sort of designed to stay at one level, 

I just left it at that.” (L2) 

However, at the time of interviewing, the participants could have had 

insufficient technological expertise on how to engage with the property and the 

heating system post-retrofit to maximise the overall benefits.  In addition, 

having overestimated expectations of the possible thermal gains from the 
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retrofits, could have influenced the householders’ perception of thermal 

comfort.  

When the perception of energy efficiency, the condition of the property and 

thermal comfort was reassessed during follow-up interviews as part of the 

longitudinal perspective, householders upheld their initial views regarding 

improvements in connection to all three components over time.  Specifically, 

they commented on the airtightness of the properties, which in combination 

with adequate ventilation practices assisted with maintaining a damp and 

mould-free indoor environment.  Moreover, they emphasized that due to the 

implemented measures, they were able to sustain thermal comfort 

permanently even though their financial circumstances remained unchanged.  

Evidence from the longitudinal case studies highlights the long-term 

implications of retrofitting properties and, in particular, that substantial 

upgrades to the fabric of the dwellings can affect change in households’ 

perception of the quality of their homes and in their ability to achieve thermal 

comfort, a belief that is maintained over time. 

 “Heat staying in the house has quadrupled.” (N2) 

Overall, energy retrofitting impacted upon all three crucial components of the 

properties.  Not only did householders’ perception of thermal comfort improve, 

but the condition as well as energy efficiency qualities were enhanced as a 

direct result of the implemented measures.  Whilst householders’ experience 

differed and the extent of the impacts was not universally equal, the capacity 

of carefully selected measures to affect change is immense.  The next section 

considers householders’ perceptions of health and wellbeing prior to energy 

efficiency upgrades along with the implications from the interventions. 

7.5 Health and wellbeing 

With respect to physical health, all of the householders indicated that their pre-

existing illnesses were not directly caused by the condition of their homes.  

However, those whose conditions were respiratory in nature perceived that the 

substandard internal environments exacerbated the frequency as well as 

intensity of poor health episodes.  In that regard, prolonged chest infections 
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and asthma attacks were illnesses that householders struggled with, and 

which were detrimental to overall physical health.  Moreover, acute respiratory 

incidents, although experienced by a small minority, resulted in further health 

complications, which by householders’ accounts would not have occurred 

under different circumstances.   

“…myself and my daughter are asthmatic, it has impacted a lot on us, 

to the point where I had to move my daughter out of the back room to 

stop her asthma attacks.” (L1) 

Householders’ wellbeing was also impacted prior to interventions.  In fact, non-

physical negative implications were prevalent among the householders, the 

majority recognising that their wellbeing had deteriorated due to ongoing 

energy affordability difficulties.  Throughout the interviews, a pattern emerged 

whereby householders frequently experienced depressive symptoms, anxiety, 

stress and worry.   Even though for the most part, the underlying cause for 

these was unrelated to their homes, episodes intensified when householders 

experienced energy-related financial difficulties.  Furthermore, as the 

householders acknowledged their struggles, they were also helpless to 

change their circumstances as they were limited financially and thus unable to 

upgrade the properties themselves.   

“…the house was getting me down so much.” (N2) 

The relationship between fuel poverty and adverse health outcomes 

(discussed previously in Chapter 2) is undeniable.  The findings from this 

qualitative research add to the existing body of knowledge in that they 

reinforce Biermann (2016) and Thomson et al. (2019), who reported that fuel 

poor are more likely to experience negative health and wellbeing than their 

non-fuel poor counterparts.  As such findings are consistent across different 

settings, this seems to suggest that the negative consequences of energy 

unaffordability are universal, however, it is important to note that the pathways 

to poor health and wellbeing may be entirely different and contingent upon 

much broader characteristics of fuel poverty within a given country. 
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The process of unpacking impacts from energy retrofitting pertaining to health 

and wellbeing is exceptionally difficult and challenging due to the role of 

environmental, biological and psychological mediators in clinical conditions.  

Nonetheless, when all householders’ health and wellbeing were appraised 

post-retrofit, the evidence suggests the alleviation of either the frequency or 

intensity of symptoms was experienced in many instances.  Those 

respondents, who occupied properties where dampness, mould and 

considerable thermal discomfort were pervasive, were no longer worried about 

being adversely affected by the defects.    

“I know that the air is good in the house and there’s no damp or black 

pores, you know, to affect us, so you just sleep better knowing that 

they’re in a warm, safe home.” (L1) 

Furthermore, for householders experiencing reduced energy demand, there is 

evidence that their overall wellbeing had improved.  This was specifically 

related to householders’ financial obligations and their ability to manage 

expenditure more effectively resulting in fewer depressive symptoms along 

with lowered levels of anxiety, stress or worry about meeting their energy 

needs.   

“…just as I say the stress of having… to get oil, so in that way it’s a 

relief.” (N4) 

In addition, it was apparent that post-retrofit, the majority of householders 

exhibited overall satisfaction with their homes and an enhanced level of 

happiness.  Indeed, an improved condition of properties, notably absence of 

damp and mould, as well as a thermally comfortable indoor environment 

clearly was positively perceived by householders as impacting upon their own 

and other family member’s wellbeing.  

 “Well, mental health. We are happier. Cause you don’t have to worry 

about the heating. So yeah, mental health, definitely happier.” (N2) 
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“They just love it, like my eldest girl before she wouldn’t have had any 

of her friends… and now you know she’s happy to take them in and it’s 

nice, so it’s good.” (N1) 

A contrary viewpoint was expressed by a minority of householders in 

Lisnaskea.   More specifically, those householders whose energy bills 

increased post-retrofit disclosed that the pressure of having to meet additional 

energy obligations strained their already vulnerable state of wellbeing. 

“My mental health has deteriorated… I’ve gone without food, without 

milk. I was sacrificing everything to keep my eyes above the water.” 

(L4) 

The long-term health and wellbeing effects evaluated from a series of follow-

up interviews with two of the households in Newry reflected the immediate 

impacts of energy retrofitting.  Specifically, the householders upheld their initial 

beliefs concerning physical health and acknowledged that their health did not 

deteriorate further.  With respect to their wellbeing, the householders were 

consistent in their prior views, whereby they experienced fewer anxiety and 

depressive symptoms, had lower stress and worry, alongside perceptions of 

enhanced sense of happiness and satisfaction due to the improvements 

implemented in their homes.    

 “I’m very very happy, absolutely.” (N4) 

Seemingly, well delivered interventions have the capacity to reverse the 

adverse psychological consequences initially experienced by fuel poor 

households, whereas the impacts on physical health are not as apparent.  

However, due to the nature and complexity of physical conditions and the 

subjective inquiry into the effects of energy interventions, it is exceptionally 

difficult to disentangle all the confounding components and conclusively 

determine the role of home upgrades on individuals’ health.  Furthermore, 

whereas the wellbeing impacts are essentially immediate, the effects of 

retrofitting on physical health may remain undetectable for many years.  Given 

that development of physical conditions does not progress rapidly, reversal of 

fuel poverty issues, if at all possible, requires a significant period of time to 
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transpire.  Furthermore, there is a possibility of retrofitting interventions 

resulting in increases in energy costs thereby exacerbating experiences of fuel 

poverty, with negative impact on physical health and wellbeing.   

With regards to the impacts of energy retrofitting interventions on health and 

wellbeing in the wider context, the evidence base is somewhat sparse.  Where 

studies using validated scales were collectively evaluated, Liddell and Guiney 

(2015) reported that, there are ‘reasonable grounds’ to assume existence of a 

positive relationship between energy retrofits and mental wellbeing.  Fisk et al. 

(2020), in their appraisal of domestic energy efficiency retrofits also concluded 

that general health as well as mental wellbeing, albeit based on subjective 

reports, almost always improved after the interventions.   However, they also 

highlighted that in the absence of quality data, they were unable to determine 

with certainty, how the health impacts vary based on the type of energy 

efficiency measures implemented.   

7.6 Conclusions 

This chapter in qualitatively assessing householders’ experiences of fuel 

poverty and their lived experience of retrofit measures makes a significant 

contribution to addressing the aim/objectives of this thesis.  Based on 

householders’ first-hand accounts, energy costs and condition of their 

properties impacted on already strained finances and affected physical health 

and more prominently, psychological wellbeing.  Concurrently, this chapter 

has offered insights into householders’ perspectives of the impacts resulting 

from energy interventions.   

The most apparent and seemingly most desirable outcome of energy 

retrofitting for the householders, regardless of the intervention type, was the 

improvement in thermal comfort and energy efficiency of the properties, 

features that the households were able to appreciate immediately.  Financial 

gains on the other hand were contingent upon the implemented measures as 

well as behavioural practices and adaptations post-retrofit, hence the 

magnitude of savings was not uniform across the households.  In this respect, 

households whose properties were subject to retrofits, enjoyed considerable 

benefits, as opposed to those whose homes received standardised energy 
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efficiency measures in conjunction with non-traditional heating alternatives.  

This suggests that in designing retrofitting interventions, air-tightening 

solutions may have precedence over the type of heating system installed in 

the property.  A further component impacting the extent of financial savings 

irrespective of the type of energy intervention could be the rebound effect, 

whereby householders’ ability to satisfactory heat homes led to higher than 

expected energy consumption and hence, cost. 

With regards to health impacts, better living conditions juxtaposed with 

reduced financial obligations were likely to improve householders’ overall 

wellbeing, however, impacts on physical conditions were limited due to lack of 

objective data and time constraints.   

With regards to the effectiveness of energy retrofitting in alleviating fuel 

poverty, the qualitative evidence reveals the dichotomy of the outcome, as 

determined by the type of intervention.  Specifically, retrofits that incorporated 

extensive improvements to the fabric of the properties and gas heating 

systems conversions resulted in householders unanimously declaring their 

satisfaction with and appreciation for the ability to attain exceptional levels of 

warmth and for reasonable costs. In contrast, the interventions where the main 

priority was to pilot innovative heating alternatives in conjunction with widely 

implemented fabric insulating solutions, although positive in terms of 

householders’ changed perception of properties’ energy efficiency, ultimately, 

did not yield the financially driven benefits to the expected extent.  Thus, for 

those participating in the former, fuel poor status was more likely to be 

alleviated even though their financial resources remained unchanged, 

whereas those householders in the latter intervention, in all likelihood, 

remained in fuel poverty due to energy pricing post-retrofit. 

Given the direction of energy policy in NI to decarbonise heat, replace fossil 

fuelled systems and reinforce installations of renewable alternatives in the 

domestic settings, implementation of emerging technologies may be, to an 

extent, unpredictable in terms of the potential to considerably reduce 

household energy expenditure, a much-needed outcome that the affected 

households depend on.   Indeed, it has been widely acknowledged that fuel 
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poor households struggle with energy affordability, which in combination with 

more costly innovative heating systems, could potentially intensify their energy 

vulnerability.  This is not to say that the renewable alternatives cannot be 

installed alongside precisely selected high-standard energy efficiency 

measures, however installed as standalone or in a piecemeal fashion, may not 

yield desired outcomes.  Hence the dilemma that this chapter raises in policy 

terms. This is explored further with other key issues, in the next and conclusion 

to this thesis. 
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CHAPTER EIGHT – CONCLUSION 

8.1 Introduction 

This chapter presents the key findings of the theoretical and empirical 

investigation of fuel poverty, its antecedents, consequences and, crucially, 

solutions to alleviation.  Section 8.2 demonstrates how the aim of this thesis, 

which was to investigate the role of energy retrofitting domestic dwellings and 

its contributions to providing an effective policy solution for alleviating fuel 

poverty in Northern Ireland, was fulfilled through five interlinked objectives and 

ensured that the diversity of fuel poverty at a macro as well as household level 

along with available energy retrofitting interventions were thoroughly explored.  

By adopting of a mixed methods approach, this research captured the 

multidimensional concept of fuel poverty and the complexity of retrofitting 

interventions. Furthermore, through triangulation of quantitative and qualitative 

evidence, a number of important conclusions (Section 8.3) with regard to fuel 

poverty and its alleviation are made.  In addition to contributing to the 

knowledge base and understanding of fuel poverty, the conclusions from this 

research have wider impacts and practical implications in terms of 

development of effective policies and are discussed in Section 8.4.  Further 

research opportunities emanating from this research are presented in Section 

8.5.    

8.2 Achievement of research objectives  

1. To contextualise the concept of fuel poverty and its impacts. 

The first objective in this research, to contextualise the concept of fuel poverty 

and its impacts, was fulfilled primarily through the review of existing literature.  

In that regard, it was emphasised that fuel poverty is distinct from general 

poverty due to its requirement for capital investment into retrofitting housing 

stock to combat this complex problem (Boardman, 2010; Hills, 2011).  

Furthermore, conceptual discrepancies, terminological and measuring 

inconstancies highlighted in Chapter 2 serve to amplify the confusion around 

the concept of fuel poverty.   
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While fuel poverty is an international problem that originates from a 

combination of three main factors, namely energy inefficient housing, low 

incomes and high energy costs (Liddell et al., 2012), within the conceptual 

framework a number of additional drivers were considered.  The discussion in 

Chapter 2 articulates that fuel poverty determinants can be country-specific 

with historic legacies (Tirado Herrero and Ürge-Vorsatz, 2012) and climatic 

conditions being the driving forces compounded by within-country factors such 

locational differences between rural and urban areas (Thomson and Snell, 

2013), housing tenure (Ambrose, 2015), household structure (Snell et al., 

2014) and the extent of energy illiteracy (Brunner et al., 2012).   

In the case of NI, the combination of climatic effects resulting in almost an all 

year round need for domestic heat, lower incomes, the cost of heating and 

lighting and the region’s continued dependence on oil for primary domestic 

heating due to an under-developed gas network, contribute to the existence of 

fuel poverty (Walker et al., 2014).  Despite having the most energy efficient 

housing stock in the UK, NI has the highest proportion of households using 

heating oil (68%), the most expensive type of fuel, as their main heating source 

thus significantly increasing energy expenditure.   

2. To analyse government policies and strategies aimed at reducing fuel 

poverty levels including retrofit solutions from regional, national and 

international perspectives. 

This objective, to analyse government policies and strategies aimed at 

reducing fuel poverty, was initially addressed using extant literature sources 

but also fulfilled in part through the empirical investigation of the Affordable 

Warmth Scheme, pilot interventions as well by utilising evidence from NI 

House Condition Surveys.  Essentially, three pathways were identified through 

which governments address fuel poverty either directly or indirectly.  While the 

indirect approaches in the form of financial interventions and consumer 

protection initiatives attempt to mitigate the economic drivers of fuel poverty, 

they are criticized for being temporary solutions and ineffective due to the use 

of inappropriate proxies and their misalignment with the core property quality 

component (Kypriaou et al., 2019).  Indeed, energy retrofitting has been 
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identified in the literature, which thereafter also transpired in the primary 

research, as the only direct, most sustainable and effective solution, due to the 

capacity of various measures to impact on energy efficiency that results in 

improved energy performance of the dwelling (Boardman, 2010).  However, 

poor targeting of fuel poor households or complete absence of such strategies 

was shown to impede the progress of fuel poverty alleviation (Walker et al., 

2012).   

3. To analyse the extent of fuel poverty in Northern Ireland and influencing 

factors.   

This objective, which was concerned with analysis of the extent of fuel poverty 

in Northern Ireland and influencing factors, was achieved through a detailed 

examination of the 2011 and 2016 NIHCS findings.  Specifically, regression 

modelling for the respective years highlighted the predictive strength of a 

number of household and property characteristics.  The models consistently 

identified single-person and older householders are at a greater risk of 

exposure to fuel poverty as well as those with excessive energy outgoings and 

lower incomes.  More importantly, accounting for economic changes over time 

and factoring in the extent of the investment into energy retrofitting properties 

between 2011 and 2016, comparison of the models exposed the impact of 

poorly performing homes on fuel poverty and highlighted the importance of 

energy efficiency interventions contributions in reducing household energy 

costs and consequently, fuel poverty levels. Significantly the models identified 

the important differences by tenure, in 2016, the likelihood of a household in 

social rented property being fuel poor decreased appreciably from 2011, 

whereas for those in the private rented sector, the outcome was opposite. 

4. To analyse behavioural and attitudinal perspectives prior to and post 

retrofits. 

This objective, to analyse behavioural and attitudinal perspectives prior to and 

post retrofits was fulfilled through primary research.  In exploring households’ 

experiences of retrofit interventions through NI’s Affordable Warmth scheme 

and two independent pilot retrofit schemes, the research consistently 

highlighted the extent of the issues associated with fuel poverty.  Thermal 
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discomfort, excessive energy costs, occupancy of properties with energy 

related defects and reliance on alternative sources of heat, were among the 

tangible symptoms of fuel poverty, albeit experienced to a varying degree.  

These factors, compounded with limited financial resources, resulted in 

householders’ behavioural concessions (pre-retrofit) in an attempt to manage 

energy consumption by restricting use of heating, hot water, and in extreme 

instances, purchases of essential items such as food.  Furthermore, 

experiences of fuel poverty as well as constant financial worries over meeting 

energy needs, adversely impacted upon householders’ health and mental 

wellbeing.  The analysis shows that post-retrofit, several crucial aspects of 

householders’ lives altered immediately.  For the most part, due to the 

improved condition of the properties, behavioural strategies identified prior to 

energy efficiency measures installations were either no longer present or had 

declined in intensity, thus making energy services for the householders more 

achievable and affordable.   

5. To assess the impact of retrofitting options and their potential to reduce 

levels of fuel poverty. 

This objective is addressed through the collective empirical evidence, analysis 

and findings.  The impacts of energy retrofitting was most notably detected 

immediately post-retrofit where improvements to thermal comfort was evident, 

an outcome experienced by all households regardless of the retrofitting 

intervention they participated in.  Financial impacts however were more 

ambiguous.  Specifically, the magnitude of household expenditure on energy 

is shown to be contingent upon the type of retrofit as well as behavioural 

practises post-retrofit. In this respect, the most evident gains are associated 

with the highest standard of a fabric-first approach to energy retrofitting.  

Overall, given households’ prior socio-economic circumstance and factoring in 

the possibility of the rebound effect post-retrofit, in most cases, households 

benefitted from certain financial savings, thermal comfort and affordable 

energy.     

In the absence of a quantifiable fuel poverty metric, assessment of reductions 

in fuel poverty levels was based on the alleviated symptoms resulting from 
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energy retrofits. The evidence from this research shows that bespoke property 

upgrades reduced households’ demand for energy, which in combination with 

efficient heating systems that lowered energy costs even further, facilitated 

households’ progress out of fuel poverty.   

8.3 Principal Conclusions 

Reflecting upon the overall aim of this research, the evidence, data, analysis 

and findings presented across the various chapters of this thesis eight principal 

conclusions concerning fuel poverty and energy retrofitting arise from this 

study.  

1. Fuel poverty is an international issue affecting many households.  However, 

the evidence presented demonstrates that there is a lack of definitional 

sophistication that clearly identifies the problem and enables its consistent 

measurement.  In the absence of consensus and the contested nature of fuel 

poverty the contribution of energy inefficiency of properties to fuel poverty is 

often not fully appreciated and thus impacts on the development of a holistic 

and effective policy response. 

2. The research concludes that due to discordance of policy-led solutions to 

fuel poverty, energy efficiency interventions remain underdeveloped and often 

ineffective in targeting fuel poverty.  While existing policies designed to target 

the socio-economic component of fuel poverty are achieved through actions 

on general deprivation, the energy efficiency agenda is driven by the wider 

climate change targets to reduce energy consumption.  Thus, there is no 

effective policy driven by fuel poverty per se, that factors in all the driving 

components, utilises appropriate criteria to identify the affected households 

and successfully delivers the required energy interventions based on the 

household-specific needs.  

3. Although fuel poverty originates from a combination of three main factors, 

several secondary components contribute to its existence.  These can be 

country-specific and embedded in historic legacies, but also, demographic-

driven and universally affecting households regardless of regional heritage. 

Due to the complexities of the interacting factors, it remains difficult to 
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disentangle the specific drivers and to establish their relative importance in 

households falling into fuel poverty.    

4.  The empirical evidence offered in this research with regard to socio-

economic and demographic profiling of fuel poor households clearly shows 

propensity for specific groups of individuals to be affected by energy 

affordability issues.  In that regard, property location, tenure and social 

structure of the households determine their likelihood of being in fuel poverty.  

The research concludes that among the strongest property and social 

predictors of fuel poverty, are age of the property, living in the private rental 

and single occupancy of houses (all tenures).  The evidence presented in this 

research also highlighted that, due to financial barriers, energy retrofitting in 

the private rented sector is stagnant and impedes the progress of fuel poverty 

alleviation in this housing domain.    

5. The research shows, through evidence presented from a range of sources 

and analyses that energy retrofitting is central to fuel poverty alleviation.  

Upgraded properties provide the most sustainable and effective outcomes, 

due to the capacity of various measures to impact on energy efficiency that 

results in improved performance of the dwelling and reduced energy demand.  

The evidence also shows that unique approaches to energy retrofitting tailored 

to consumers’ needs are more likely to result in households being taken out of 

fuel poverty.  Such approaches ensure measures are implemented to 

complement each other and suit property characteristics, as opposed to 

interventions with upgrades being installed haphazardly as individual 

measures.   

6. Throughout the research it is shown that energy efficiency interventions 

fundamentally improve property and living conditions of fuel poor households 

and subsequently lead to changes in attitudes and perceptions regarding fuel 

poverty symptoms and consequences.  The most notable impacts of improved 

thermal comfort are universal, whereas the financial gains are more 

ambiguous, their magnitude contingent upon the type of retrofit and 

behavioural practices of households post-retrofit.  The attitudinal and 

behavioural evidence demonstrates that these components contribute to the 
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effectiveness of retrofitting solutions and households’ active participation in the 

process is thus required to facilitate further favourable outcomes and to 

increase their confidence in home energy management.     

7. The research shows that energy retrofitting is an effective policy response 

to fuel poverty given its requirements for large-scale deployment.  Whilst deep 

retrofitting solutions are more transformative, due the high costs associated 

with the upgrades per property, their implementation via full government 

sponsorship would be challenging. 

8. The evidence for NI highlights the dilemma of energy policy designed to 

decarbonise heating systems and the fuel poverty alleviation agenda which 

may have differing objectives.  Currently, fuel poverty policy response does 

not offer emerging technologies as part of the retrofit, but rather, gas heating 

systems, and in some instances, efficient oil alternatives are installed.  

Although seemingly in conflict with the energy policy, implementing emerging 

heating technology options, is at present, counterintuitive.  There is sufficient 

evidence from case studies in Lisnaskea, which suggests that households 

struggling with energy affordability are not financially equipped to manage 

renewable heating systems as part of a standard property retrofit.  Adequate 

property fabric upgrades have the capacity to offset any changes in energy 

costs due to considerable reductions in overall energy demand. 

8.4 Impact and recommendations 

In light of the evidence and conclusions presented in this thesis, a number of 

practical implications and recommendations are proposed. 

1. Given its multidimensional nature, fuel poverty needs to be given recognition 

as a major area of social concern in its own right. 

2. Development of a universal operational definition of fuel poverty would 

eliminate the issue of international confusion regarding terminological 

inconsistencies and facilitate progress within individual countries to tackle the 

problem.   
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3.  The method of measuring fuel poverty should adequately reflect 

households’ unique socio-economic characteristics, state of the dwelling and 

energy requirements.  Presence of an official metric could simplify the process 

of identifying fuel poor households and also facilitate delivery of an effective 

policy response.   

4. There is a need for policy measures and interventions to be specifically 

designed and targeted at fuel poverty.   

5. Whilst energy retrofitting should be central in tackling fuel poverty, the 

interventions need to be co-ordinated and holistic in nature.   

6. Energy interventions should be implemented in conjunction with fiscal aids 

from social welfare programs.  Efforts should be made to minimise household 

energy costs post-retrofit via prompt placement on favourable tariffs (where 

applicable), or through advice on how to source competitively priced fuel.  By 

adopting a three-way approach, this would simultaneously address the main 

drivers of fuel poverty and increase the likelihood of alleviating the problem.  

7. While designing an energy efficiency policy, a fuel poverty severity criterion 

should be added to the overall list of qualifiers to ensure that those most in 

need receive the necessary energy efficiency measures promptly. 

8. To enhance the effectiveness of the retrofits, additional support in 

behavioural and technological energy management techniques should be 

incorporated in the retrofitting package.  This should take a form of advice in 

the energy market engagement to provide households with options for 

available energy providers that offer competitive prices, guidance on 

ventilation and effective heating systems use. 

9. For energy retrofitting to make substantial impacts on the levels of fuel 

poverty, extensive and comprehensive changes to dwellings are required. 

10. Low levels of commitment to uptake energy efficiency retrofits apparent 

amongst property owners in the private rented sector should be addressed by 

offering further financial stimulus to undertake necessary improvements.  This 
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should also be combined with longer-term incentive of tax contributions 

reductions for participating in energy efficiency interventions. 

11. Well-established, low-carbon systems should remain the preferred heating 

options for fuel poor households as part of any energy efficiency retrofits until 

the innovative alternatives are standardised and their effectiveness in 

contributing to fuel poverty alleviation, thoroughly evaluated.    

8.5 Call for further research  

This research has made a significant contribution to knowledge surrounding 

fuel poverty and the effectiveness of policy responses, particularly the role of 

retrofitting solutions.  Moreover, it enhanced the understanding of the concept 

of fuel poverty, its antecedents and outcomes, by combining quantitative 

evidence from the secondary and primary datasets, with the qualitative data 

pertaining to households’ experiences of energy related struggles.   

The research in addressing the aim of the study has identified many issues 

that require further consideration and some of the most pertinent questions 

are articulated in this section. 

Building upon the findings from this research whilst considering the direction 

of energy policy to decarbonise heat, further work should expand on evaluating 

retrofitting solutions with renewable heating alternatives among fuel poor 

households. This thesis identified the key challenges associated with 

execution of such home renovations and highlighted, to an extent, the 

unpredictability of cost-reducing and fuel poverty alleviation impacts.  Thus, 

future work is required to further unpack householders’ experiences of the 

emerging interventions and their ability as well as willingness to engage with 

new technologies.  This, along with analysis of barriers associated with 

implementation of these solutions would inform the direction of a successful 

Net Zero policy among fuel poor households.    

The investigation into longitudinal impacts of fabric energy retrofitting 

undertaken in the Newry case studies was not possible in Lisnaskea, where 

renewable technologies were being used, due to time constraints.  As initial 

evidence points to some short-term increases in energy costs, additional 
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longitudinal research is required to assess the longer term patterns of energy 

expenditure associated with home electrification of heat.  Specifically, 

additional studies are required with fuel poor households who, in the near 

future, will have a single primary energy source.  This work would inform the 

development of safeguards for fuel poor households and ensure energy 

security for the most in need.   

Further work is required on the conflicting policy objectives between fuel 

poverty energy retrofitting and energy consumption reduction for climate 

change policy.  In that respect, this research highlighted that energy retrofitting 

among fuel poor households, where heating upgrades are undertaken, is 

essentially monopolized by natural gas systems.  As there is no real indication 

of this being altered in the near future, this is in direct conflict with the climate 

agenda, and thus, should be researched going forward in terms of the 

electrification of heating systems based on renewables.    

Future research should also focus on the investigation of fuel poverty and the 

impacts of the Covid-19 pandemic.  Throughout the duration of the ‘stay at 

home’ order imposed by the governments to restrict peoples’ movements in 

2020-2021 lives have been considerably impacted.  Specifically, the majority 

of households experienced changes to working patterns, and some, loss of 

income consequently increasing their energy consumption.  Further wok in this 

respect could provide invaluable insights into understanding of fuel poverty 

during a global crisis and household resilience in the face of adversity.    

Reflecting upon the research process and the subject under investigation, this 

thesis confirmed the multidimensional nature of fuel poverty at a household 

level and also highlighted how it is interlinked with the complex issues of 

climate change.  These wider questions of reducing carbon emissions by 

improving energy efficiency of the housing stock among fuel poor or the cost-

effectiveness of energy retrofitting solutions must be however researched in 

their own right to avoid obscuring or minimising their significance.   As the 

scope of this research was limited to energy retrofitting and its role in 

alleviating fuel poverty, further work can explore the nuances of the 
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interventions’ cost-effectiveness and their potential to meet the climate 

obligations in the domestic sector. 
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APPENDICES 
 
Appendix 1. Consent form for Affordable Warmth participants    

                                     
Declaration of Consent for the Passing of Personal Information to a 

Third Party Organisation 

Please read the following information carefully and sign below to confirm consent 

for the data to be collected and used as described. This is completely voluntary 

and you are not obliged to share your personal information with the third party.   

1. Name of any third party controllers who will rely on the consent 

given:  
Anna Czerwinska, PhD researcher, Ulster University  

2. What data is required?  
Contact details for the household representative person (telephone number 
or email) and address will be required. Your data will be collected by the 
Housing Executive at time of technical survey once eligibility checks have 
been completed and it has been confirmed that the property requires 
energy efficiency measures.  

3. Why is the data being collected?  
This data is required by Ulster University to initiate a research that will 
review the impact of installing energy efficiency measures to existing 
buildings (energy retrofitting) for occupants and how these measures have 
addressed the symptoms of fuel poverty previously experienced prior to the 
work being completed.  

4. How will the data be used?  
This information will be shared with Anna Czerwinska, a PhD researcher 
from Ulster University to assist her in her research to analyse the impact of 
energy retrofitting on fuel poverty levels. The information will form the basis 
of a research study conducted by Anna to gather the first-hand experiences 
of the occupants. The first survey will be administered before the work has 
commenced and the second survey will take place approximately six 
months after the implementation of energy efficiency measures.  Initial 
contact will be made upon the householder’s completion of the scheme 
eligibility screening and technical assessment has been completed. If 
permission to participate in the study is given, the data retention period is 
10 years which is in line with Ulster University guidelines. The householder 
has the right to have their personal data erased at any point of the study.  

Please note:  

• Personal information will not be passed to any individual or 
organisation beyond those named as a third party controller and the 
data will only be used for the purpose of this study.  

• Personal information will not be represented in such a manner to 

allow recognition or identification of the occupants of the houses. 

Reports will not contain any personal information.  
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• Personal information collected for this exercise will be destroyed 

under Ulster University guidelines. which can be viewed on:  

https://internal.ulster.ac.uk/research/rg/0613%20data%20handling%

20procedure%20 V1.pdf.  

• You are not obliged to take part in this research project and you 

reserve the right to withdraw at any time.  

  
Consent to Sharing Contact Information  

  
I consent to the Housing Executive and the Department for Communities 

sharing my contact details to Anna Czerwinska, PhD Researcher, Ulster 

University to assist her in her research to analyse the impact of energy 

retrofitting on fuel poverty levels.   

Withdrawal of Consent  

You can withdraw your consent:   

• To the Housing Executive and the Department for Communities 

sharing your contact details to Anna Czerwinska, PhD researcher, 

Ulster University  

at any time by telephone, in person at any Housing Executive office, by 

emailing dataprotection@nihe.gov.uk or in writing to your local Housing 

Executive office, the Department for Communities or Anna Czerwinska at 

Ulster University.      

You do not need to explain why you are withdrawing your consent.  We 

would, however appreciate if you can identify the service/process you are 

withdrawing your consent from.  This will enable staff to address your 

request accurately and promptly.  

If you refuse consent, or subsequently withdraw it:  
• You will not be contacted by the researcher and will not be 

asked to take part in the research.  

  
Householder’s 
Name…………………………………………………………………………… 

Householder’s 
Address……………………………………………………………………....... 

Householder’s 
Signature……………………………..….Date…………………………........

https://internal.ulster.ac.uk/research/rg/0613%20data%20handling%25
https://internal.ulster.ac.uk/research/rg/0613%20data%20handling%25
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Appendix 2. Pre-retrofit survey (Affordable Warmth) 
  

                                   ID                               

 

 

 

 
Chief Investigator: Trevor Hyde 
Reader 
Belfast School of Architecture and the Built Environment 
Ulster University 
Shore Road 
Newtownabbey 
Co. Antrim 
BT37 0QB 
T: 028 90368235 
E: t.hyde@ulster.ac.uk  
 
PhD Researcher: Anna Czerwinska 
T: 07912502675 
E: czerwinska-a@ulster.ac.uk 
 
Project title: Fuel Poverty – retrofitting as a policy solution 
 
 

Household Survey 
 
Date:  
 
 
Thank you for agreeing to take part in this survey. It will take about 15 
minutes to complete. 
 
This survey is completely voluntary.  All of your answers will be treated in 
complete confidence.  It is also completed by you anonymously.  If you feel 
uncomfortable at any time or you do not wish to answer a particular question, 
please do not feel under any pressure to do so. 
 
If you have any questions about the study or if there is anything that is not 
clear to you please feel free to contact me, Anna Czerwinska, on czerwinska-
a@ulster.ac.uk 
 
 
 
 
 
 
 

   

mailto:t.hyde@ulster.ac.uk
mailto:czerwinska-a@ulster.ac.uk
mailto:czerwinska-a@ulster.ac.uk
mailto:czerwinska-a@ulster.ac.uk
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Property description and occupancy 
 

1. Tenure  
o Owner occupied 
o Private rented 
o Housing Executive 
o Housing Association 
o Other………………………………………………………………………….. 

 
2. How many bedrooms are there in your property? 
………………………………………………………………………………………… 

3. How long have you lived at the current address? 
Years……………………………….Months………………………………………... 

4. What is the property type?   
o End-terrace 
o Mid-terrace 
o Semi-detached house 
o Detached house  
o Semi-detached bungalow 
o Detached bungalow 
o Maisonette/ flat/ apartment 

5. How much is the monthly rent or mortgage for this accommodation?  
………………………………………………………………………………………… 

Heating systems in your home 
 
6. What is the main form of heating you regularly use in your home? 

o Gas 
o Oil 
o Electric storage heater 
o Coal fire  
o Coal fire with back boiler 
o Other………………………………………………………………………….. 

 
7. Can you tell me how much do you pay monthly for your primary 
heating? 
………………………………………………………………………………………… 

8. What is the payment method for heating? 
o Monthly Direct Debit 
o Quarterly Direct Debit 
o Quarterly cash or cheque (on receipt of the bill) 
o Pre-payment meter 
o Upfront on receipt of the bill 
o Other………………………………………………………………………….. 
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9. Do you use a secondary source to heat your home in addition to the 
main heating system? 

o No 
o Yes, electric 
o Yes, gas 
o Yes, solid fuel  
o Yes, 

other…………………………………………………………………………... 
 
10. How often do you use a secondary source of heat in the home 
during winter? 

o Vary rarely 

o Sometimes 

o Very often 

o Every day 

 
11. Can you tell me how much do you pay monthly for your secondary 
heating? (if applicable) 
………………………………………………………………………………………… 
 
12. What are the reasons for using a secondary source of heat in the 
home? (if applicable) 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
………………………………………………………………………………………… 

 
Property outgoings 

 
13. Can you tell me how much do you pay monthly for electricity? 
………………………………………………………………………………………… 

14. What is the payment method for electricity? 
o Monthly Direct Debit 
o Quarterly Direct Debit 
o Quarterly cash or cheque (on receipt of the bill) 
o Pre-payment meter 
o Other………………………………………………………………………… 

 
15. Last winter (December 2018 to March 2019), did you go without 
things such as treats or luxuries so that you could keep your home 
warm?  

o Never        
o Occasionally 
o Often              
o Very often             
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16. Last winter (December 2018 to March 2019), how often did your 
household go without heating because of the cost?  

o Never at all  
o Occasionally 
o Often 
o Very often 

 
17. Thinking about any time of day or night, did your household cut 
back on fuel use at home in any of these ways last winter, because you 
were concerned about the costs? Please tick all that apply.  

o Turned heating off, even though I would have preferred to have it on 

o Turned the heating down, even though I would have preferred it to be 

warmer 

o Turned the heating down or off in some rooms but not others, even 

though I would have preferred not to  

o Only heated and used one room in my house for periods of the day  

o Used less hot water than I would have preferred  

o Turned out lights in my home, even though I would have preferred to 

have them on  

o Had fewer hot meals or hot drinks than I would have liked  

o None of these 

 

18. Do you worry about the cost of heating and powering your home? 

Please tick the response that best describes your situation. 

o Never 
o Hardly at all 
o Sometimes but not very often 
o Quite a lot 
o Almost all of the time 

 
19. Over the past year, how easy or difficult has it been for you to get 
the money to pay for electricity, gas and other fuel? 

o Very easy  

o Fairly easy  

o Fairly difficult  

o Very difficult 

 
20. In the last twelve months, has the household been in arrears, i.e. 
unable to pay utility bills (heating, electricity, gas, water) for this 
property on time due to financial difficulties? 

o Yes 

o No 
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21. Did you change any of your energy suppliers or switch to a different 
tariff in the last twelve months?  

o Yes, changed supplier (please provide 

details)…………….......……………….……………………………………

………………………………………………………………………………. 

o Yes, switched tariff (please provide 

details)….……………………………………………………………………

……………………………………………………………………………….. 

o No 

 
22. Do you normally shop around to find a better deal for your heating 
fuel? 

o No 

o Yes 

 
23. Do you normally shop around to find a better deal for your 
electricity? 

o No 

o Yes 

Energy efficiency measures 
 
24. Are you aware of any energy efficiency measures installed in your 
current home in the last 5 years? 

o No 
o Yes 

 
25. If yes, what measures have been installed? Please select as many 
from the list below as applicable 

o Loft insulation 

o Loft ventilation 

o Hot water cylinder jacket 

o Draught proofing of doors/windows 

o Cavity wall insulation 

o Conversion of existing central heating to natural gas  

o Conversion of existing central heating to oil central heating 

o Conversion of economy 7 to high efficiency electrical storage system 

o Boiler replacement/system upgrade 

o Replacement of single glazed windows 

o Repair or replacement of double glazed windows that are defective 

o Solid wall insulation (internal/ external) 

o Other………………………………………………………………………… 
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26. If yes, what do you feel have been the greatest benefits of energy 
efficiency measures in the property? 

o Benefit 1……………………………………………………………………… 

o Benefit 2……………………………………………………………………… 

o Benefit 3……………………………………………………………………… 

 
27. If yes, what do you feel have been the drawbacks of energy 
efficiency measures in the property? 

o Drawback 1…………………………………………………………………... 

o Drawback 2…………………………………………………………………... 

o Drawback 3…………………………………………………………………... 

 
28. If no to question 24, which of these best describes why you have 
not installed any measures? 

o Upfront cost 
o Didn’t see the benefit 
o Disruption 
o Didn’t have the time to have work carried out 
o Didn’t have time to organise the work  
o House is fine 
o House is new build with measures installed  
o Didn’t know about energy or money saving benefits  
o Trouble finding an installer 
o Recently purchased home    
o Ineligible to avail of government scheme    

o Other………………………………………………………………………….. 
 
29. Does your home have an Energy Performance Certificate (EPC)?    

o Yes  
o No 
o Don’t know  

 
30. If your home does have an EPC certificate, can you state its band or 
SAP rating? 
………………………………………………………………………………………… 
 

House condition 
 

31. Does your home suffer from damp? 
o Not at all 

o Slightly 

o Moderately 

o Considerably 

o A great deal 
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32. Does your home suffer from condensation? 
o Not at all 

o Slightly 

o Moderately 

o Considerably 

o A great deal 

 
33. Does your home suffer from mould growth? 

o Not at all 

o Slightly 

o Moderately 

o Considerably 

o A great deal 

 
34. Are you able to control the temperature in your home with a room 
thermostat? 

o Yes 

o No 

 
35. If yes, what temperature is the living room thermostat set for in the 
winter? 

o Lower than 18°C 

o 18°C 

o 19°C 

o 20°C 

o 21°C 

o 22°C 

o 23°C 

o Higher than 23°C 

 
36. How would you describe the overall level of warmth in your home 
last winter? 

o Much colder than I would have liked 

o A bit colder than I would have liked 

o Comfortable 

o A bit warmer than I would have liked 

o A lot warmer than I would have liked 

 
37. If you said that your home was colder than you would have liked, 
did this affect you or other household members in any of the following 
ways? 

o Made an existing health problem or problems worse  

o Brought on a new health problem or problems  

o Made me/us feel miserable  

o Made me/us feel anxious or depressed  

o I/we did not feel able to invite friends or family to the house  
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o I/we spent as much time as possible away from the house  

o None of these 

 
38. Overall, how satisfied are you with the type of your heating system?  

o Very dissatisfied  
o Fairly dissatisfied  
o Neutral 
o Fairly satisfied  
o Very satisfied 

39. Overall, how satisfied are you with your home?  
o Very dissatisfied  
o Fairly dissatisfied  
o Neutral 
o Fairly satisfied  
o Very satisfied 

Personal Questions 
 
40. Gender of the household reference person 

o Male  
o Female 

 
41. What is the age of the household reference person? 
………………………………………………………………………………………… 

42. How many people are in your household? 
………………………………………………………………………………………… 
 
43. How would you describe your household? 

o Single person 
o Couple 
o Family 
o Single parent family 
o Other………………………………………………………………………….. 

 
44. Employment status (head of household) 

o Full time employed 
o Part time employed 
o Self employed   
o Full time education 
o Unemployed 
o Retired 
o Unfit for work 
o Other…………………………………………………………………………..

. 
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45. In general, between Monday and Friday, how much time do you 
spend at home? 

o I am out most of the day 

o I am out a few hours every day 

o I am out a few hours a couple of times a week 

o I spend most of the time at home 

 
46. Do you feel that the household has sufficient income and you can 
afford to cover home energy costs? 

o Yes 
o No 

 
47. On a scale of 1 to 10, where 1 is very poor and 10 is excellent, how 
would you rate your general health and well-being?................................... 
 
48. Do you feel that any of your health conditions (if you have any) are 
linked to living in a cold home? 

o No 

o Yes……………………………………………………………………………

…………………………………………………………………………………

………………………………………………………………………………… 

 
49. Are there any people in the household who have increased energy 
needs? 

o No 
o Yes……………………………………………………………………………

…………………………………………………………………………………
………………………………………………………………………………… 

 
50. Did any member of the household receive the Winter Fuel Payment 
between October and December 2018? 

o Yes 
o No 
o Don’t know 

 
51.  What portion of this payment do you think was allocated to pay for 
your fuel needs? 

o 0% 

o 25% 

o 50% 

o 75% 

o 100% 

 
52. Did you contact the council yourself or where you approached by 
the HE team to avail of the AW? 

o Self-referral 

o Through targeting 
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Appendix 3. Post-retrofit survey (Affordable Warmth) 

  

                                          ID                          

 

 

Chief Investigator: Trevor Hyde 
Reader 
Belfast School of Architecture and the Built Environment 
Ulster University 
Shore Road 
Newtownabbey 
Co Antrim 
BT37 0QB 
T: 028 90368235 
E: t.hyde@ulster.ac.uk  
 
PhD Researcher: Anna Czerwinska 
T: 07912502675 
E: Czerwinska-a@ulster.ac.uk 
 
Project title: Fuel Poverty – retrofitting as a policy solution 
 
 

Household Survey 
 
Date:  
 
 
Thank you for agreeing to take part in this survey. It will take about 15 
minutes to complete. 
 
This survey is completely voluntary.  All of your answers will be treated in 
complete confidence.  It is also completed by you anonymously.  If you feel 
uncomfortable at any time or you do not wish to answer a particular question, 
please do not feel under any pressure to do so. 
 
If you have any questions about the study or if there is anything that is not 
clear to you please feel free to contact me, Anna Czerwinska, on czerwinska-
a@ulster.ac.uk 
 
 
 
 
 

   

mailto:t.hyde@ulster.ac.uk
mailto:Czerwinska-a@ulster.ac.uk
mailto:czerwinska-a@ulster.ac.uk
mailto:czerwinska-a@ulster.ac.uk
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Property and household details 
 
I would like to begin with confirming some details about yourself and 
the property. Has there been any change to your circumstances since 
we last spoke a few months ago? 
 

o Tenure 

o Length lived in the property 

o Number of bedrooms in the property 

o Monthly rent or mortgage outgoings 

o Household size 

 
Heating systems in your home 

 
1. What is the main form of heating you regularly use in your home? 

o Gas 

o Oil 

o Electric storage heater 

o Coal fire  

o Coal fire with back boiler 

o Other……………………………………………………………………………... 

 
2. Can you tell me how much you pay monthly for your primary heating? 

…………………………………………………………………………………….. 
 

3. To what extent this changed following the works completed under the 

Affordable Warmth? 

o Heating bills are considerably lower 

o Heating bills are slightly lower 

o There is no change in heating bills 

o Heating bills are slightly higher 

o Heating bills are considerably higher 

 
4. Has there been a change in the heating payment method since the works 

done under the Affordable Warmth? 

o No 

o Yes, please specify…………………………………………………………….. 

 

5. Do you use a secondary source to heat your home in addition to the main 

heating system? 

o No 

o Yes, electric 

o Yes, gas 

o Yes, solid fuel  

o Yes, other……………………………………………………………………….. 
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6. If so, can you tell me to what extent this has changed since the works done 

under the Affordable Warmth? 

o I use my secondary heating less than before 

o I use my secondary heating the same as before 

o I use my secondary heating more than before 

 
7. How often do you use a secondary source of heat in the home during 

winter? 

o Vary rarely 

o Sometimes 

o Very often 

o Every day 

 
8. Can you tell me how much do you pay monthly for your secondary heating? 

(if applicable) 

………………………………………………………………………………………… 
 
9. What are the reasons for using an additional form of heat in the home? (if 

applicable) 

…………………………………………………………………………………………
………………………………………………………………………………………… 

 
Energy outgoings 

 
10. Can you tell me how much do you pay monthly for electricity? 

……………………………………………………………………………………… 
 
11. To what extent this changed following the works completed under the 

Affordable Warmth? 

o Electricity bills are considerably lower 

o Electricity bills are slightly lower 

o There is no change in electricity bills 

o Electricity bills are slightly higher 

o Electricity bills are considerably higher 

 
12. Has there been a change in electricity payment method since the works 

done under the Affordable Warmth? 

o No 

o Yes, please specify…………………………………………………………….. 

 
13. Last winter (December 2019 to March 2020), did you go without things 

such as treats or luxuries so that you could keep your home warm?  

o Never        

o Occasionally 

o Often              

o Very often        

o If yes, please specify…………………………………………………………… 
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14. Last winter (December 2019 to March 2020) was there any circumstances 

when your household had to go without heating because of the cost?  

o Never at all  

o Occasionally 

o Often 

o Very often 

 
15. If there were times during last winter that you had to go without heating, 

can you tell me how this affected your household? 

………………………………………………………………………………………… 
 

16. Thinking about any time of day or night, did your household cut back on 

fuel use at home in any of these ways last winter, because you were 

concerned about the costs? Please tick all that apply 

o Turned heating off, even though I would have preferred to have it on 

o Turned the heating down, even though I would have preferred it to be 

warmer 

o Turned the heating down or off in some rooms but not others, even 

though I would have preferred not to  

o Only heated and used one room in my house for periods of the day  

o Used less hot water than I would have preferred  

o Turned lights off in my home, even though I would have preferred to 

have them on  

o Had fewer hot meals or hot drinks that I would have liked  

o None of these 

 
17. If you had to cut back on fuel during last winter and adopted some of the 

strategies, can you tell me how this has changed since the Affordable Warmth 

improvements? 

o I did it, but less than before 

o I did it as much as before 

o I did it more than before 

 
18. Do you worry about the cost of heating and powering your home? Please 

tick the response that best describes  

o Almost all of the time  

o Quite a lot  

o Sometimes but not very often 

o Hardly at all 

o Never 

 
19. Since the Affordable Warmth improvements, has there been a change in 

the level of worry around energy expenditure? 

o I worry much less now 

o I worry a little less now 

o There has been no change 

o I worry a little more now  

o I worry a lot more now 
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20. Since the Affordable Warmth improvement in your home, how easy or 

difficult has it been for you to pay for electricity, gas and other fuel? 

o Very easy  

o Fairly easy  

o Fairly difficult  

o Very difficult 

 
21. Since the works done under the Affordable Warmth, has the household 

been in arrears, i.e. unable to pay utility bills (heating and electricity) for this 

property on time due to financial difficulties? 

o Yes 

o No 

 
22. How do you think your energy expenditure this past winter (December 

2019 to March 2020) compares to previous winter? 

o My bills were considerably lower this winter past 

o My bills were slightly lower this winter past 

o I haven’t noticed any change in my bills 

o My bills were slightly higher this winter past 

o My bills were considerably higher this winter past 

 
23. Did you change any of your energy suppliers or switch to a different tariff 

since the works done under the scheme?  

o Yes, changed 

supplier…………………………………………………………………………... 

o Yes, switched 

tariff……………………………………………………………………………… 

o No 

Energy efficiency measures 
 
24. What energy efficiency measures have been installed in your home under 

the Affordable Warmth scheme? Please select as many from the below as 

applicable 

o Loft insulation 

o Loft ventilation 

o Hot water cylinder jacket 

o Draught proofing of doors/windows 

o Cavity wall insulation 

o Conversion of solid fuel heating to oil fired central heating 

o Conversion of solid fuel heating to natural gas 

o Conversion of oil central heating to natural gas 

o Conversion of economy 7 to high efficiency electrical storage system 

o Conversion of economy 7 natural gas 

o Boiler replacement/system upgrade 

o Replacement of single glazed windows 

o Repair or replacement of double glazed windows that were defective 

o Solid wall (internal/external) insulation 

o Other……………………………………………………………………………... 
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25. What do you feel have been the greatest benefits of AW energy efficiency 

measures in the property? 

o Benefit 1…………………………………………………………………………. 

o Benefit 2…………………………………………………………………………. 

o Benefit 3…………………………………………………………………………. 

 
26. What do you feel have been the drawbacks of AW energy efficiency 

measures in the property? 

o Drawback 1……………………………………………………………………… 

o Drawback 2……………………………………………………………………… 

o Drawback 3……………………………………………………………………… 

 
27. Has the AW work led to any financial savings for you? 

o No 

o Yes, please provide details….………………………………………………… 

 

28. Has the AW work led to any changes in your daily activities within the 

home and how you use your home? 

o No 

o Yes………………………………………………………………………………

……………………………………………………………………………………

……………………………………………………………………………………. 

 

29. Has the AW work led to your home being noticeably warmer? 

o No 

o Yes………………………………………………………………………………

……………………………………………………………………………………

…………………………………………………………………………………… 

 
30. Does your home have an Energy Performance Certificate (EPC)?    

o Yes  

o No 

o Don’t know  

 
31. If your home does have an EPC certificate, can you state its band or SAP 

rating? 

………………………………………………………………………………………… 
 

House condition 
 
32. If experienced before installation of energy efficiency measures, has the 

Affordable Warmth work led to any changes in the instances of damp? 

o Significant decrease 

o Small decrease 

o No change 

o Small increase 

o Significant increase 
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33. If experienced before installation of energy efficiency measures, has the 

Affordable Warmth work led to any changes in the instances of 

condensation? 

o Significant decrease 

o Small decrease 

o No change 

o Small increase 

o Significant increase 

 
34. If experienced before installation of energy efficiency measures, has the 

Affordable Warmth work led to any changes in the instances of mould 

growth? 

o Significant decrease 

o Small decrease 

o No change 

o Small increase 

o Significant increase 

 
35. What temperature was the living room thermostat set for last winter 

(December 2019 to March 2020)? 

o Lower than 18°C 

o 18°C 

o 19°C 

o 20°C 

o 21°C 

o 22°C 

o 23°C 

o Higher than 23°C 

 
36. How would you describe the overall level of warmth in your home last 

winter (December 2019 to March 2020)? 

o Much colder than I would have liked 

o A bit colder than I would have liked 

o Comfortable 

o A bit warmer than I would have liked 

o A lot warmer than I would have liked 

 
37. If you said that your home was colder than you would have liked, did this 

affect you or other household members in any of the following ways? 

o Made an existing health problem or problems worse  

o Brought on a new health problem or problems  

o Made me/us feel miserable  

o Made me/us feel anxious or depressed  

o I/we did not feel able to invite friends or family to the house  

o I/we spent as much time as possible away from the house  

o None of these 

o Others, please specify:………………………………………………………... 
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38. Overall, how satisfied are you with your heating?  

o Very satisfied  

o Fairly satisfied  

o Neither  

o Fairly dissatisfied  

o Very dissatisfied 

 

39. Overall, how satisfied are you with the living conditions within your 

home?  

o Very satisfied  

o Fairly satisfied  

o Neither  

o Fairly dissatisfied  

o Very dissatisfied 

 
Personal Questions 

 
40. How would you describe your household? 

o Single person 

o Couple 

o Family 

o Single parent family 

o Other…………………………………………………………………………… 

 
41. Employment status (head of household) 

o Full time employed 

o Part time employed 

o Self employed   

o Full time education 

o Unemployed 

o Retired 

o Unfit for work 

o Other……………………………………………………………………………... 

 
42. In general, last winter (December 2019 to March 2020) between Monday 

and Friday, how much time did you spend at home? 

o I am out most of the day 

o I am out a few hours every day 

o I am out a few hours a couple of times a week 

o I spend most of the time at home 

 
43. Do you feel that the household has sufficient income to cover home 

energy costs? 

o Yes 

o No 
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44. In what respect has this changed since the Affordable Warmth 

improvements? 

…………………………………………………………………………………………………

………………………………………………………………………………………………… 

 
45. On a scale of 1 to 10, where 1 is very poor and 10 is excellent, how would 

you rate your general health and wellbeing?.......................................................... 

 

46. Are there any people in the household who have increased energy needs? 

o No 

o Yes, please specify…….……………………………………………………..... 
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Appendix 4. Interview questions for Newry and Lisnaskea households 
 
Interviews – household information gathered on the themes:  

• energy efficiency,  

• budgeting choices,  

• thermal comfort,  

• daily management routines, and  

• health issues 
 
To facilitate the process, indicative questions for the participants are: 

 
Before retrofit 

• To begin with, can you tell me anything about your home? How long 

have you lived here? Who do you live with? How many bedrooms are 

there in the house and how do you use available space in your home? 

• Can you tell me something about you and your home before retrofit?  

• Have you previously had problems with damp, mould and 

condensation? 

• Have you been able to afford to heat your home to your liking? 

• What heating system did you have? What was your typical 

heating pattern? 

• Were you actively using all the rooms in the home? 

• Can you tell me a little bit about your typical daily routine before 

the retrofit? (for example working, looking after children) 

• Can you tell me a little about your general health and wellbeing before 

the retrofit? Have you had any illnesses? 

• Were you able to afford to heat your home to your liking in the colder 

months? 

• Were there days in the winter when you were worried or unable to 

heat your home? Can you tell me how you were able to manage? 

• Can you tell me if you had to go into debt to be able to afford heat in 

your home? 

 

After retrofit 

• Can you tell me something about your experiences since the retrofit? 

• Can you tell me about any changes to your household in terms of who 

lives here now? 



462 
 

• What type of heating system is there in the home and what recent 

change was to that? 

• Were you able to maintain comfortable temperatures in your home 

during this winter? 

• Can you talk me through your set daily routine that you have for using 

the heating system? 

• How many hours per day is the heating switched on for? 

• What temperature do you consider to be comfortable? 

• What is the number of rooms heated? Do you actively use all 

the space in the house? 

• Do you now have problems with damp, mould and condensation in 

your home? 

• Can you tell me about your perceptions of thermal comfort in your 

home? 

• To what extent do you think your home is better or worse after the 

retrofit? 

• Do you use other heating methods (for example, electric heaters, 

stove, and open fire)? If so, can you tell me the reasons for using 

them?  

• Can you tell me a little about your routine in relation to electrical 

appliances? 

• Do you switch electrical equipment and lights on and off? 

• Do you try to make savings by switching things off? 

• Can you tell me anything about the fuel you use and what payment 

method have you got for electricity and other fuel bills?  

• Are you having difficulties in keeping warm, and if so, why? 

• Can you tell me about changes to your general health and wellbeing, 

if any? 

• Have you ever had to choose between food and heat because you 

couldn’t afford both? 

• Can you tell me how much you used to spend on heating and 

electricity and how it compares to your expenditure now? 
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About the retrofit 

• Can you tell me something about the retrofit in your house? Do you 

know what measures were implemented?  

• How are you managing your heating controls? Are you happy with the 

technology used in the home? 

• Are you happy with the control you have over your heating system? 

• Can you think of anything that could possibly prevent you from making 

energy efficiency improvements if you lived in a different property? 

• Do you think things could have been done differently? 

• What differences did the retrofit make to your home? 

• Can you think of any benefits of having energy efficiency measures 

installed? 

• Can you think of any problems of having energy efficiency measures 

installed? 

• Can you tell me how easy or difficult was it for you (and your family) 

having to leave your home during the retrofit? 

• Are there any other things you would like me to note down? 
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Appendix 5. Follow-up questions for Newry and Lisnaskea households 
 
Household profile 

• Has there been changes in the structure of your household since the 

last time we spoke? 

• Can you tell me about your daily routine in relation to time spent in 

your home? 

• Has there been changes in your daily routine since the retrofit?  

• How much time would you normally spend at home?  

Behavioural changes 

• How do you normally use the available space in your home? 

o Has there been any change to this since the retrofit? 

o Do you use all the rooms in your home actively? 

• How do you think the retrofit has had an impact on how you are able 

to use your home? 

• Has there been any changes since the retrofit in the amount of time 

you spend in your home and/or in the quality of this time spent at 

home? 

Thermal comfort 

• Can you tell me about your perceptions of thermal comfort in your 

home over the last six months? 

• Has there been any changes to this since the retrofit? 

• How do you find the winter period in terms of thermal comfort in your 

home in comparison to your experiences before the retrofit around the 

same time of the year? 

• To what extent have you been using the heating system in your home 

in the last six months? Has the retrofit had an impact on this? 

o What temperature would you have your heating set for? Is this 

higher, lower or the same as the setting before the retrofit? 

• Was the house able to retain a comfortable temperature for longer 

periods of time after the retrofit? How does this differ to the situation 

before the retrofit? 
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• Over the last six months have you used any other sources of heating 

in your home that you previously would not have used? If yes? What 

source have you used and why?  

Energy affordability 

• Since the retrofit, have you been able to afford to heat your home to 

your liking? 

• Over the last six months, have you experienced any concerns about 

your household’s ability to pay for energy bills? If so, are these recent 

worries or a continuation of ongoing concerns?  

• Are you worried about being unable to pay for your energy needs in 

the upcoming winter? 

• Has there been any apparent financial benefits to your household 

since the retrofit? If so, could you tell me about them? 

• Do you normally save on a weekly or monthly basis to have sufficient 

money to pay for your energy bills? Has the retrofitting of your home 

changed this behaviour in any way? 

Home defects and physical properties 

• Since the retrofit have you had and problems with condensation, 

damp, or mould in your home?  

• How did this change over the last six months? 

o Are there any previous problems which no longer exist? 

o Are any previous problems still occurring and has there been a 

change in severity? 

o Have any new problems arisen since the retrofit? 

Health and wellbeing 

• Has there been changes to you or anyone in your household in terms 

of health and wellbeing since the retrofit?  

o If so, to what extent do you consider that this is attributable to 

the upgrading/retrofitting of your home? 

Experiences of the retrofit 

• Has the level of satisfaction with your home been influenced by 

retrofitting? 

• What are your experiences of and thoughts on the retrofit? 
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o How satisfied are you with the completed works? 

o Are there any outstanding or unfinished aspects of any 

measures? 

o Are there any further benefits that you can identify? 

o What were the major challenges you faced during the retrofit 

and do the benefits outweigh these? 

o Has there been any drawbacks? 
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Appendix 6. Consent form for undertaking recorded interviews 
 
 

Consent Form 
 

Project title: Fuel Poverty – retrofitting as a policy solution 
 
Name of Chief Investigator: Dr Trevor Hyde, t.hyde@ulster.ac.uk 
 
 
                 
Please tick 

• I confirm that I have been given, read and understood the                         [   ]  

information sheet for the above study and have asked and  

received answers to any questions raised. 

 

• I understand that my participation is voluntary and that I am free               [   ]    

to withdraw at any time without giving a reason and without my 

rights being affected in any way.  

 

• I understand that the researchers will hold all information and data            [   ]     

collected securely and that I am anonymous. As a participant in the  

study I give permission for the researchers to hold relevant  

personal data.  

 

• I agree to the interview being audio-recorded                                             [   ]     

 

• I understand that if I have any further questions I can contact                    [   ]     

Anna Czerwinska on 07912502675 or czerwinska-a@ulster.ac.uk or 

Trevor Hyde on t.hyde@ulster.ac.uk 

 

• I agree to take part in the study                                                                   [   ]       

 
 
 
Name of participant                           Signature                                              Date 
 

.......................................................................................................................... 
 
Name of person taking consent       Signature                                              Date 

 
.......................................................................................................................... 
Name of researcher                           Signature                                              Date 

 
.......................................................................................................................... 
 
 
 
 

mailto:t.hyde@ulster.ac.uk
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Appendix 7. Participant information sheet 
 
Chief Investigator: Dr Trevor Hyde 
Belfast School of Architecture and the Built Environment 
Ulster University 
Shore Road 
Newtownabbey 
Co Antrim 
BT37 0QB 
T: 028 90368235 
E: t.hyde@ulster.ac.uk  
 
PhD Researcher: Anna Czerwinska 
E: Czerwinska-a@ulster.ac.uk 
 
 

Project title: Fuel Poverty – retrofitting as a policy solution 
 
I would like to invite you to take part in a research study. Before you decide 
you need to understand why the research is being done and what it would 
involve for you. Please take time to read the following information carefully. 
Ask questions if anything you read is not clear or if you would like more 
information. Take time to decide whether or not to take part.   
 
What is the purpose of the study? 
My name is Anna Czerwinska and I am a PhD student at Ulster University in 
Jordanstown. I am currently undertaking research into the impacts of 
retrofitting the existing domestic dwellings to improve energy efficiency.  In 
particular, how this contributes to providing an effective policy solution to 
alleviate fuel poverty. Of interest to this study is the extent to which occupants’ 
behaviour before and after retrofit affect their behaviour and energy choices. 
 
Why have I been chosen? 
You have been chosen to take part in this study as the house you live in has 
recently had energy efficiency measures implemented and you reported that 
you had difficulties heating your home prior to the retrofit. I would like to 
gather valuable information on the impact of different improvements on your 
lifestyle and wellbeing. 
 
Do I have to take part? 
Your participation in the study is entirely voluntary. You will remain completely 
anonymous. You may change your mind and ask to be withdrawn from the 
study at any time without having to provide a reason. You can do so by 
contacting me at the email address above. All information provided by you will 
be held in compliance with data protection legislation and will not be shared 
with any third parties beyond those directly pertaining to this research. 
 
What will happen to me if I take part? 
If you are willing to participate, I will arrange a convenient time to visit your 
home to compile a case study. During the visit, I will conduct an interview with 
you about your experiences of the energy efficiency measures installed in your 
home. I will ask about the impact these changes have had on your lifestyle, 

mailto:t.hyde@ulster.ac.uk
mailto:Czerwinska-a@ulster.ac.uk


469 
 

health and wellbeing. This will be audio recorded for later transcription and 
analysis but your individual response will not identify you by name. 
 
Will my taking part in the study be kept confidential? 
All information collected during the course of the research will be kept strictly 
confidential, and any information, which you share, will have your name and 
address removed so that you cannot be identified. 
 
 
Further information and contact details: 
If you wish to seek further advice and/or support contact details for different 
organisations are listed below: 

• Northern Ireland Housing Executive 03448 920 90 

• Bryson Energy 0800 14 22 865 

• Housing Rights 028 9024 5640 

• Advice NI 028 9064 5919 

• Citizens Advice Northern Ireland 028 9023 1120 
 
If you have any questions about the study or if there is anything that is not 
clear to you please feel free to contact me, Anna Czerwinska, on czerwinska-
a@ulster.ac.uk 
 
Your participation in the study will be greatly appreciated. 
 
Who has reviewed this study? 
The study has been reviewed by the Ethics Committee in accordance with the 
Ulster University procedures. For further details, please contact the University 
Research Governance section. 
 
What if there is a problem? 
If you have a concern about any aspect of this study, please contact the Chief 
Investigator, Trevor Hyde, t.hyde@ulster.ac.uk with all the relevant details. 
Your complaint will be reviewed and you will be contacted to discuss your 
concerns. 
 
 
 
 
 
 
 
 
 

mailto:czerwinska-a@ulster.ac.uk
mailto:czerwinska-a@ulster.ac.uk
mailto:t.hyde@ulster.ac.uk
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Appendix 8. Heating fuels post-upgrade by settlement type, property 
type, property construction date and tenure 
 

  Oil Gas Dual 

fuel  

Solid 

fuel 

Total 

Settlement type 

Urban Freq. 28 71 1 1 101 

% 27.7 70.3 1.0 1.0 100 

Rural Freq. 45 2 3 0 50 

% 90.0 4.0 6.0 0 100 

Property type 

Bungalow Freq. 28 5 4 1 38 

% 73.7 13.2 10.5 2.6 100 

Terraced house Freq. 13 30 0 0 43 

% 30.2 69.8 0 0 100 

Semi-detached 

house 

Freq. 12 17 0 0 29 

% 41.4 58.6 0 0 100 

Detached 

house 

Freq. 17 8 0 0 25 

% 68 32 0 0 100 

Flat/ apartment Freq. 3 13 0 0 16 

% 18.8 81.3 0 0 100 

Property age 

Pre- 1919 Freq. 6 4 0 0 10 

% 60.0 40.0 0 0 100 

1919 – 1944  Freq. 4 5 1 0 10 

% 40.0 50.0 10.0 0 100 

1945 – 1964  Freq. 12 21 0 1 34 

% 35.3 61.8 0 2.9 100 

1965 – 1980  Freq. 21 25 0 0 46 

% 45.7 54.3 0 0 100 

1981 – 2000  Freq. 27 16 3 0 46 

% 58.7 34.8 6.5 0 100 

Post- 2001 Freq. 3 2 0 0 5 

% 60.0 40.0 0 0 100 

Tenure 

Owner 

occupied 

Freq. 56 41 4 1 102 

% 54.9 40.2 3.9 0.7 100 

Private rented Freq. 6 2 0 0 8 

% 75.0 25.0 0 0 100 

Social housing Freq. 11 30 0 0 41 

% 26.8 73.2 0 0 100 
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Appendix 9. Distribution of loft insulation upgrades by settlement type, 
property type, property construction date and tenure 
 

 Frequency Percent Cumulative 

percent 

Settlement type 

Urban 136 58.6% 58.6% 

Rural 96 41.4% 100% 

Total 232 100%  

Dwelling type 

Bungalow 80 34.5% 34.5% 

Terraced house 81 34.9% 69.4% 

Semi-detached house 44 19.0% 88.4% 

Detached house 22 9.5% 97.8% 

Flat/ Apartment 5 2.2% 100% 

Total 232 100%  

Dwelling construction date 

Pre- 1919 20 8.6% 8.6% 

1919 – 1944  18 7.8% 16.4% 

1945 – 1964  53 22.8% 39.2% 

1965 – 1980  72 31.0% 70.3% 

1981 – 2000 64 27.6% 97.8% 

Post- 2001 5 2.2% 100% 

Total 232 100%  

Tenure 

Owner occupied 133 57.3% 57.3% 

Private rented 36 15.5% 72.8% 

Social housing 63 27.2% 100% 

Total 232 100%  
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Appendix 10. Distribution of wall insulation upgrades by settlement 
type, property type, property construction date and tenure 
 

 Frequency Percent Cumulative 

percent 

Settlement type 

Urban 46 69.7% 69.7% 

Rural 20 30.3% 100% 

Total 66 100%  

Dwelling type 

Bungalow 12 18.2% 18.2% 

Terraced house 18 27.3% 45.5% 

Semi-detached house 20 30.3% 75.8% 

Detached house 9 13.6% 89.4% 

Flat/ Apartment 7 10.6% 100% 

Total 66 100%  

Dwelling construction date 

Pre- 1919 5 7.6% 7.6% 

1919 – 1944  7 10.6% 18.2% 

1945 – 1964  18 27.3% 45.5% 

1965 – 1980  28 42.4% 87.9% 

1981 – 2000 8 12.1% 100% 

Post- 2001 0 0  

Total 66 100%  

Tenure 

Owner occupied 39 59.1% 59.1% 

Private rented 11 16.7% 75.8% 

Social housing 16 24.2% 100% 

Total 66 100%  
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Appendix 11. Distribution of double-glazing upgrades by settlement 
type, property type, property construction date and tenure  

 Frequency Percent Cumulative 

percent 

Settlement type 

Urban 67 61.5% 61.5% 

Rural 42 38.5% 100% 

Total 109 100%  

Dwelling type 

Bungalow 41 37.6% 37.6% 

Terraced house 33 30.3% 67.9% 

Semi-detached house 22 20.2% 88.1% 

Detached house 7 6.4% 94.5% 

Flat/ Apartment 6 5.5% 100% 

Total 109 100%  

Dwelling construction date 

Pre- 1919 9 8.3% 8.3% 

1919 – 1944  10 9.2% 17.4% 

1945 – 1964  33 30.3% 47.7% 

1965 – 1980  31 28.4% 76.1% 

1981 – 2000 24 22.0% 98.2% 

Post- 2001 2 1.8% 100% 

Total 109 100%  

Tenure 

Owner occupied 49 45.0% 45.0% 

Private rented 16 14.7% 59.6% 

Social housing 44 40.4% 100% 

Total 109 100%  

 
 


