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Abstract 

Cold weather causes thousands of Excess Winter Deaths (EWDs) annually in the UK. 

Yet, a common contributor to EWDs remains poor energy efficiency in residential 

buildings and high costs of heating homes which exacerbate risks of respiratory, 

circulatory, fuel poverty and mental health problems. Evidence shows that vulnerable 

groups in households, such as elderly people and children, are most at risk of health 

detriments associated with cold homes. In the 2020 to 2021 winter period, there were 

an estimated 63,000 Excess winter deaths (EWDs) in the UK. Despite energy 

efficiency policies and schemes, 3.2 million households in England alone live-in fuel 

poverty. The housing survey data of England reveal that almost 6.3% of private 

housing is still rated with Energy Performance Certificate (EPC) F or G (where G is 

the worst performing on a scale of A-G).  

Thus, this study predicted the inter-relationship between energy efficiency in 

residential buildings and the health vulnerabilities of elderly people in the UK. The 

study adopted mixed research methods of sequential explanatory design. Archive 

data, Quantitative and qualitative data were employed for a better understanding of 

the research problem. Archive data were obtained from the Office of National Statistics 

(ONS) and consisted of EWDs from 1950 to 2019. The quantitative method used a 

questionnaire survey where 246 participants from the Midland region of the UK took 

part. The qualitative used semi-structured interviews, and 18 participants were 

interviewed. The Midland region of the UK was chosen due to its high reported cases 

of EWDs in 2017/18 and where an increased number of low-income households live. 

The survey participants comprised elderly people, carer and support workers, health 

professionals, energy professionals and building professionals.  

Questionnaire results from the survey participants showed that 71% agree relationship 

exists between EWDs and cold homes occupied by elderly people. Similarly, the 

interview results reported several factors such as cold housing, fuel poverty, 

technology, adaptive behaviour, and energy policies to be the main issues determining 

energy efficiency in residential buildings and health risks of elderly people.  
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Predictive models result using regression analysis showed that in the next 20 years, 

EWDs will be decreasing, and other parameters such as household/pensioner income, 

fuel cost and temperature to be increasing. The multivariate analysis showed that 

increasing fuel cost contributes to an increase in EWDs, and an increase in both 

average temperature and pensioners' income decreases EWDs. The study's future 

outcome and best scenario reports declining EWDs, high income, reduced fuel poverty 

and no global warming. However, to experience the best future outcome, government, 

health, energy and building bodies need to take drastic policies and actions to address 

energy efficiency in residential buildings, fuel poverty, climate change impact and 

public health inequalities.   
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Chapter 1 

1.0 Introduction  

This study predicts the inter-relationship between energy efficiency in residential 

buildings and the health vulnerability of elderly people in the UK. The study is tested 

in the context of elderly people and sectors that include health, energy, and residential 

buildings. In achieving the aim of this study, energy efficiency, excess winter deaths 

and health vulnerability of elderly people were examined from different aspects such 

as fuel poverty, cold housing, adaptive behaviour, technology, and energy policy. In 

addition to detailed analysis, the study also used predictive models to forecast future 

EWDs and future outcomes toward energy efficiency delivery. This chapter provides 

an overview of the research problem, background, rationale, aim, objectives, 

contribution to knowledge and proposed structure of the study 

1.1 Research Problem 

Generally, the UK government, National Health Services (NHS), civil society, the 

public and the energy industry have debated the relationship between energy usage, 

fuel poverty and well-being. The consequence of energy-saving for elderly people in 

the UK has been criticised by the main public domain and campaigners hence labelled 

‘fuel poverty (Day et al.2016). Concerns about the affordability of heating and warm 

houses have led to health implications for low-income households and the elderly and 

contributed to thousands of deaths in the UK during winter (ONS 2018). Recent 

research reveals that the UK has the “sixth-highest rate of excess winter death in 

Europe”, according to the 3rd Environmental Generation (E3G, 2018) and National 

Energy Action (NEA, 2018). An estimated 63,000 EWD deaths occurred in England 

and Wales in 2020/21(ONS 2022). The figures were highest since 1960/70 when 

EWDs were 67,790. Between March 2020 and April 2021, Covid 19 pandemic 

contributed to higher deaths among elderly people (ONS 2022). 

Similarly, the heatwave in August 2003 and June-July 2018 resulted in 863 excess 

deaths across the UK ( PHE 2018). Elderly people from the age of 65 and above are 

the most vulnerable. During these adverse weather conditions, they suffer increased 

fatalities from cardiac arrest and respiratory disease.   
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Although winter mortality rates are higher in other countries with extremely cold 

conditions, recent research shows that most UK homes have poor energy efficiency 

systems (Age UK 2020). The UK government introduced Green Deal (GD) and Energy 

Company Obligation (ECO) in 2013 to provide energy-efficient homes and reduce 

consumer bills. However, at the end of 2016, the program only installed 1.8 million 

energy efficiencies in 1.44 million houses out of the 6 million low-income homes in the 

UK with an energy efficiency of Band D or lower (Age UK 2018). Similarly, the UK 

government tasked energy companies with obligations to install insulation and heating 

measures to reduce energy usage and heating cost. Consequently, there has been a 

decline in the number of installations, with the government failing to pass legislation 

and issue guidance at the time of the ECO3 launch in October 2018 (NEA 2020).    

Furthermore, the UK population is ageing; figures from the Office of National Statistics 

(ONS 2020a) reveal that 26.2% of the UK population in 2019 was over 65. The UK 

government prediction shows that by 2050 one in four people in the UK will be 65 

years and over (ONS, 2020). Essentially, people in the UK live longer than ever, thanks 

to healthcare improvements and lifestyles (Farrow & Reynolds 2018). However, most 

elderly people in the UK tend to fall into the low-income range due to low pensions 

and rising energy costs; and are more susceptible to fuel poverty (Robinson et al., 

2017). Thus, a recent report by the Joseph Rowntree Foundation (JRF 2017) found 

that more than 400,000 children and 300,000 pensioners have lived in fuel poverty in 

the last five years. 

Moreover, emerging studies reveal that specific issues such as heat loss and moisture 

movement in modern and traditional buildings impede energy efficiency in the UK 

(Shrubsole et al., 2014). Hence, green-deal and ECO schemes do not consider these 

differences when applying energy-efficient technologies. Subsequently, managing 

thermal comfort during hot and cold climates influences home energy usage. 

Consequently, maintaining thermal comfort for low-income and elderly homes can be 

a challenging experience and costly (Watson & Watson 2017). In a different context, 

Romanach et al. (2017) argue that achieving thermal comfort is the highest contributor 

to residential energy consumption.  

 



15 
 

Ali Mohamed Abdi 5991677 

Subsequently, building residents' comfort and energy consumption are closely linked 

to indoor temperature. To date, there is no precise method for deciding what 

temperature to aim for in a building or most homes to achieve comfort (Ahmed et al., 

2021, Nicol et al., 2012).  

Energy efficiency is significant to elderly people, especially when they retire and start 

living alone or in care/nursing accommodation. However, there are concerns that tight 

financial constraints compel elderly people to save energy and are less likely to heat 

or cool their homes (Age UK 2018). Hence this makes elderly people more prone to 

physical and physiological changes that are often detrimental to their health 

(Romanach et al., 2017). Day et al.(2016) claim that inadequate heating of houses 

affects body thermoregulation and musculoskeletal systems, which also impacts the 

mobility and ability to generate heat for elderly people.  

An earlier study by Schipper (1997) shows that “90% of elderly are pensioners, they 

spend more time at home, which leads to high energy consumption”. Moreover, Moll 

(2005) researched the ‘average annual energy requirement of household in the UK, 

Netherland, Sweden and Norway’ and identified that elderly people usually have low 

energy requirements for transport and fuel.   

The UK Government Office of Science (GOS 2015) believes that elderly people use 

of digital technologies to manage and control their energy usage is a significant 

challenge across the United Kingdom. The general aspect of learning and use of 

technology has been slow among elderly people (Barnard et al., 2013). In fact, it has 

been reported that using a computer or smart devices has brought them fear and 

anxiety rather than excitement. Besides, the use of emerging technologies by elderly 

people depends on the right training and whether the technology will change their 

behavioural aspect of energy usage.  

However, based on elderly people's norms and attitudes, engaging with technology 

and performing the task required for their energy conservation can be a daunting 

experience. At some point, this can result in “ineffective technology as lack of 

engagement from the elderly people especially when they are required to interact and 

engage with the technology in some way” (Robinson et al. 2017).  
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Conversely, most people believe that assisting elderly people in adapting energy-

efficient technologies is like brushing under the carpet “societal issues” such as fuel 

poverty and well-being (Robinson et al. 2017). Thus, there is little or no empirical 

research about adaptive behaviours of elderly people vis-a-vis energy efficiency in 

residential buildings.  

Understanding behavioural change of elderly people to energy efficiency theory and 

technological devices is essential to managing the health vulnerability of senior 

citizens in the communities. A report by the Centre for Sustainable Energy (CSE) and 

Energy Demand Research Project outlined four theories that can be used to explain 

how people use energy. These are Economic theories, psychological theories, 

sociological theories, and educational theories. The four views highlight how energy 

users can be seen through different lenses. None of the views provides a complete 

picture regarding energy usage by people; however, the theories emphasise energy 

issues in a relatively manageable way. For instance, making a cup of tea, watching 

TV and cooking food all involves some energy usage; hence this can be viewed as a 

sociological approach where people carry out a range of activities or practices that 

lead to energy consumption (Chatterton 2011). Subsequently, traditional economic 

models predict that people make choices in line with their budgets and rational 

preferences (Frederiks et al., 2015) 

1.2 Research Background 

According to Energy Technology Institute (2016), energy efficiency can be best 

described as using less energy such as electricity, heat, and transport fuel to produce 

the same output or service. Some different methods and measures are used primarily 

to improve energy efficiency, for instance, home insulation, motor insulation, 

Infrastructure, business processes and facilities. Energy efficiency benefits include 

reducing cost, waste, fuel poverty and Greenhouse Gas emissions (GHG) and 

improving household well-being. In the UK, adequate measures are “increasing 

insulation, draught-proofing, installing good quality-double glazed doors, switching to 

more efficient appliances and light bulbs” (Lopes et al. 2019). The Committee on 

Climate Change (CCC) estimates that “focusing on the energy efficiency in the UK 

could reduce annual Carbon dioxide (C02) emission from British homes by around 17 

million tonnes by 2025”. Similarly, energy efficiency is also central to the UK achieving 

the GHG emissions target by at least 80% by 2050, relative to1990 levels.  
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Notably, making homes, vehicles, and businesses more energy efficient is seen as an 

essential aspect, especially in addressing global warming, energy security and fossil 

fuel depletion (Hinson 2020)  

From the UK government's perspective, several policies, both from present and past, 

have been implemented to measure energy efficiency in domestic buildings. Some of 

these policies include Energy Efficiency Standard of Performance (EESoP1 1994-

2002), Energy Efficient Commitment (EEC 2002-2008), Carbon Emission Reduction 

Target (CERT 2008-2013), Community Energy Saving Programme (CESP2009-

2013), Green-Deal (GD 2013-2015), Energy company obligation (ECO 2014-

ongoing), smart metering and billing (2011-ongoing). Although, since 2015, a number 

of these policies have either been scrapped or reduced in scope, the government 

continues to have alternative energy-efficient approaches (Hinson  2020). 

Moreover, EU directives have also helped shape substantial parts of the UK’s energy 

efficiency policies. For instance, in 2016, the European Commission (EC) proposed a 

revision of the Energy Efficiency Directive (EED) to deliver a 30% efficiency 

improvement by 2030 with the task of: improving efficiency, lowering energy bills and 

reducing energy demand in buildings. Thus, in the UK, these policies have helped to 

drive an 18% fall in energy demand between 2000 and 2014 (Paone & Bacher 2018). 

However, under the EU, different aspects such as the nature of the current buildings, 

technology at hand, cultural expectations, thermal comfort, and available fuels 

determine saving targets (Rosenow et al. 2016). In the same context, common ground 

is shared across all EU members regarding technical and technological features. 

Consequently, with Brexit, the UK government could comply with or change some of 

the EU energy efficiency directives (House of Parliament 2017). Hence, according to 

Building Research Establishment (BRE 2014), better building stock such as loft 

installation, cavity walls, and solid wall insulation could reduce winter deaths, GP visits 

and cold-related emergency referrals. On the same note, “homes designed for a 

warmer world can also help to avoid overheating, which can cause heat stress and 

serious illness among the elderly and those with existing health conditions” (Zero 

Carbon Hub 2015). The health implications for the elderly can be because of different 

issues; for example, difficulty paying their energy bills often compromises healthy 

thermal comfort levels.  
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Thermal comfort is influenced by several factors, which include physiological, 

psychological, and environmental factors for household members during the day or 

over time (Howden-Chapman et al. 1999). These factors are humidity, air temperature, 

ventilation, surrounding surface temperature, and air movement, which typically vary 

for an individual in a household that includes the elderly. Similarly, the clothes worn, 

health status, age, gender, adaptation to climate, household crowding, and type of 

activity determine thermal comfort (Vandentorren et al. 2006). However, different 

studies by Roelofsen (2015),  Halawa and Van Hoof  (2012) found that when it comes 

to thermal comfort trigging factors, elderly people react differently to temperature than 

younger people.  

However, elderly people's comfort adaptation may not be the only reason for 

explaining their energy usage, but it is an essential aspect of well-being. For instance, 

Hovemand et al. (2012) reiterate that increasing the disposal income of elderly people 

and at the same time intervening by either the state or family member could help in 

energy efficiency and well-being. In support of the argument, Energy UK (2017) states 

that “it is the legal obligation of government to support the low-income families and the 

elderly with the issue of fuel poverty and energy efficiency”. Hence, the policy to reduce 

fuel poverty in the UK has mainly focussed on relieving high energy costs through 

direct payment to elderly people and a few low-income families, specifically in the 

winter period and, to a greater extent, improving the energy efficiency of people’s 

home. Consequently, economic austerity has taken a toll on the two groups; low-

income & vulnerable people, including the elderly & disabled. Both have their welfare 

reduced to take them off the benefit and be able to work. However, this has led to 

thousands of disabled people mistakenly declared fit for work and the end, suffering 

severe health consequences (Gillard et al. 2017) 

From an academic perspective, different authors have sought to elaborate on a future 

of fuel poverty and energy efficiency in either UK or other countries. Drawing on a 

concept of social and environmental justice, they apply a range of philosophical 

principles and social sciences aspects to highlight contemporary issues related to 

energy systems and energy consumption. For example, Walker and Day (2012) 

looked at fuel poverty and how it could be aligned with various alternative social and 

environmental justice concepts.  
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The authors argue that fuel poverty emerges because of distributional injustice related 

to poverty, inequality, and the interests of the least advantaged. Emerging studies call 

for greater awareness regarding fuel poverty, low-income families, and elderly 

people's energy consumption. In support, researchers, campaigners, and advocacy 

groups in the UK have demanded that fuel poverty and energy efficiency measures 

among low-income households and elderly people be addressed and monitored 

through policy responses (Sovacool 2014)  

Day et al. (2016) conceptualised energy use and poverty using a capabilities 

framework. The authors investigated the relationship between energy consumption 

and well-being in developed and developing countries. The research findings 

presented mixed views in terms of energy consumption and well-being. For instance, 

in western countries, including the UK, the focus is shouldered on ‘thermal comfort’, 

mainly warmth through heating, with other issues such as fuel poverty and energy 

vulnerability being acknowledged. In the US, an analysis of energy consumption 

survey found that per capita residential energy expenditure increases with household 

age (O’Neil and Chen 2002, Liddle 2004). The same fate is shared in Germany, where 

researchers (Kronenberg and Engel 2008) found that monthly energy expenditure 

increases with age for things like heating and hot water production. Conversely, in 

developing countries, billions of people, especially in rural areas, lack the provision of 

clean and reliable energy. Instead, they rely on solid fuels such as biomass and coal 

for basic needs like cooking and cooling their houses. 

1.3 Research Rationale 

The motivation of this work is based on the evidence that EWDs remain a challenging 

issue for the UK and western European countries in general (Hajat et al., 2018, Zhou 

et al., 2020, Ahmed et al., 2021). Advanced knowledge of impending EWDs profile 

among elderly people could help the government, health authorities, energy 

companies, building companies, and care providers safeguard and raise awareness 

about EWDs and cold-related health risks.  
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The UK has one of the worst records of cold-related deaths in Europe. Marmot's 

special report on cold home and health (2012) states, “there is a strong relationship 

between cold temperatures, cardiovascular and respiratory disease”. Attributes of cold 

housing include colds and flu, arthritis and rheumatism, mental health, and excess 

winter deaths. Circulatory diseases are believed to cause around 40% of excess winter 

deaths, whilst respiratory illness is responsible for about a third. Hence, mental health 

comes from financial stress associated with fuel poverty (Friends of the Earth 2011). 

On average, for the last five years, there have been 36,000 winter deaths in the UK; 

more than 90% of these deaths occur in over 65 age group and are caused by cold-

related illnesses such as respiratory, influenza and circulatory diseases (E3G and NEA 

2018, ONS 2018).   

Economically, the UK ageing phenomenon has created huge housing problems and 

fuel poverty among low-income and elderly people. A person or a family fall in the fuel 

poverty category if they use 10 per cent of their disposable income to pay for energy 

or ensure a comfortable temperature in their homes (Nicol et al. 2012). In 2016, the 

number of households across England with fuel poverty was estimated at 2.55 million, 

11.1% of all English households (BEIS 2017). Due to the population level, fuel poverty 

in Scotland (649,000), Wales (291,000) and Northern Ireland (159,530) was lower 

compared to England. Consequently, 82.1% of all fuel-poor households are vulnerable 

to children, the elderly, long-term illness, and disability. 

Technologically, evidence from researchers and campaigners (Robinson et al 2017, 

Age UK 2018 and Czaja 2005) find that most elderly people in the UK fear using 

modern systems to reduce their energy consumption and costly energy bills. 

According to the author, anxiety, fear, and distrust contribute to elderly people not 

interacting and accepting technology.  

Subsequently, affordable, appropriate housing plays a significant role in assuring the 

quality of life and independent living, decreasing demand for health and the aged care 

system. The design, quality, and standard of homes in the UK have a measurable 

impact on physical and mental health.  

 



21 
 

Ali Mohamed Abdi 5991677 

Housing was also identified as an essential social determinant factor in the Marmot 

strategic health inequalities report (2011). However, the Department of Communities 

and Local Government (DCLG 2010) reported a link between elderly people's health 

conditions and housing. Elderly people spend an average of 80% of their time at home. 

Thus, they become prone to risks such as falls, colds and dump-related problems. 

Similarly, many chronic health conditions experienced by elderly people are 

exacerbated or linked to poor housing (Age UK 2018).  

Regarding energy consumption, housing design reduces household bills and 

maintains energy efficiency. In the same context, energy efficiency is significant in 

improving housing energy consumption and better sustainable developed housing 

(Kamand et al. 2014). Brunsgaard and Larsen (2019) document that sustainable 

housing involves either new efficient buildings or energy-renovated buildings. 

However, when it comes to meeting expected low energy consumption levels, the two 

types of buildings do not condone the same results. According to the authors, two 

concepts explain this division; rebound and prebound. Most researchers have 

articulated that expected saving is not achieved for the rebound within energy-efficient 

building technologies. Instead, they are devoted to higher comfort. A similar view is 

opined by GramHansen (2014), Christensen & Petersen (2012), Sorrel, Dimitropoulos, 

& Sommerville (2009) that 20% of the expected energy saving are not met. Hence, 

housing design needs to be incorporated with thermal comfort, insulation, lighting, and 

equipment power density parameters. Besides, there is limited research about modern 

energy efficiency in residential buildings and the health risk of elderly people. 

In the government context, several policies and programmes by the UK government 

and energy companies to improve household energy efficiency and tackle fuel poverty 

were established. Despite this, more than one in 10 households living in the UK live in 

fuel poverty (Independent 2018). Several studies have also concluded that there is 

insufficient evidence to identify which policies work better for low-income households 

and elderly people in the UK (Rosenow and Galvin 2013). To take on these critics, the 

government scrapped or reduced several UK energy efficient policies in scope. A good 

example is the Green Deal; although, it did effectively raise the bar regarding energy 

efficiency for homes, it has been criticised for prioritising the financial aspect of 

renovation rather than looking at underlying issues of low-income households and 

elderly people (Wilson 2018).  
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Consequently, despite all government policies and schemes, fuel poverty and EWDs 

have continued to be a concern in the UK.     

Generally, most research is attributed to energy management, energy consumption, 

fuel poverty, energy efficiency and well-being. Hence there is little research conducted 

that analyses energy efficiency in buildings and the health vulnerability of elderly 

people in UK. Although there is a high number of deaths in both winter and summer in 

the UK. The annual excess winter deaths in the UK outnumbers the summer period 

deaths. For instance, in 2017-2018, there were an estimated 50,100 excess winter 

deaths in England and Wales compared to summer heatwaves, with less than 10,000 

deaths (ONS 2018). Therefore, from an academic perspective, there is a need for 

empirical evidence to justify how energy efficiency in residential buildings will reduce 

excess winter deaths and health vulnerability of elderly people in the UK 

1.4 Aim 

This study aims to predict the inter-relationship between energy efficiency in 

residential buildings and the health Vulnerability of elderly people in the UK. 

1.4.1 Objectives 

1) To investigate the relationship between excess winter deaths (EWD) among 

elderly people and cold houses. 

2) To determine the impact of energy efficiency policies and health risks of elderly 

people. 

3) To determine whether fuel poverty influences common health risks associated 

with elderly people. 

4) To analytically predict excess winter deaths and future outcomes towards 

energy efficiency delivery. 
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1.4.2 Research Hypotheses 

  Null Hypothesis Alternative Hypothesis 

1 
There is no significant relationship 
between EWDs among elderly 
people and cold homes 

There is a significance 
relationship between EWDs 
among elderly people and cold 
homes 

2 
 There is no significant relationship 
between energy efficiency policies 
and health risks of elderly people  

 There is a significance 
relationship between energy 
efficiency policies and health risks 
of elderly people  

 

  

1.4.3 Research Question 

I. What is the relationship between EWDs among elderly people and cold homes? 

II. Do energy efficiency policies impact elderly people's health and well-being?  

III. Does fuel poverty contribute to EWDs for the elderly people?  

IV. What is the future energy efficiency scenario in residential buildings and the health 

vulnerability of elderly people? 

1.5 Brief Research  

The research used a sequential mixed method approach, 'Quan-Qual', where 

qualitative data collection supports the primary quantitative method. According to 

(Creswell 2003), the mixed method sequential explanatory design consists of two 

distinct phases: quantitative and qualitative. The rationale for using both approaches 

is that; the quantitative data and the analysis provide a general understanding of the 

research problem, whereas the qualitative data and the analysis refine and elaborate 

in detail the statistical result hence exploring the participant’s views in more depth 

(Creswell 2003; Rossman and Wilson 1985; Teddlie and Tashakkori 2012). The study 

also used predictive analytical software such as R, SPSS, and Microsoft Excel to 

predict future EWDs, pensioner income, fuel cost and temperature.   
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1.6 Contribution to Knowledge 

Reducing energy demand through better efficiency can help the UK government meet 

its obligation toward the climate target, decrease energy bills, tackle fuel poverty and 

drive economic growth. On the same note, greater efficiency will reduce health costs 

to NHS and winter and summer deaths associated with cold homes and heat waves. 

However, there is a need to establish whether energy efficiency in residential buildings 

enhances the well-being and health vulnerability of elderly people in the UK.  

The significance of this study lies in the lack of previous research to correlate energy 

efficiency in domestic households and its effect on vulnerable people, including the 

elderly. Previous research on energy efficiency and government policies focused on 

‘improvement of energy efficiency in households’ and ‘fuel poverty.  

For instance, studies by Walker and Day (2012), Day et al. (2016), Gillard et al. (2017), 

and Romanach et al. (2017) based their research results on the impact of fuel poverty 

on low-income households, particularly paying attention on the relationship between 

energy consumption, energy services and well-being. Similarly, Robinson et al. (2017) 

researched the ‘well-being of elderly people by reducing their energy consumption 

through an energy-aware system’.  

The study uses predictive analytical models to analyse and predict the future of 

parameters such as EWDs, income, fuel cost and temperature. Thus, the study fills 

the gap by drawing a correlation between temperature, income, EWDs and fuel 

cost.The study also gives an insight and predict EWDs, future scenario and future 

outcome about energy efficiency in building and the health vulnerability of elderly 

people.. Most importantly, the results from this study will assist all stakeholders 

(government, energy companies, contractors) in understanding excess winter deaths, 

summer heat waves, fuel poverty, health-related problems and general well-being of 

elderly people and implement viable policies.  
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1.7 Structure of Thesis 

The study is organised into seven chapters which are. 

Chapter one: A general insight is given into the study, which includes an introduction, 

background of the study, rationale, aim, objectives, contribution to knowledge and 

different contexts that include government, academic, industry, social and economic. 

Chapter two: gives an overview of existing knowledge about energy efficiency and 

the health vulnerability of elderly people in the UK. The chapter also looks at excess 

winter deaths, extreme heatwaves, the impact of excess winter deaths and heatwaves 

on the elderly people, fuel poverty and energy efficiency, and adaptive behaviour. The 

adaptive behaviour will explore more thermal comfort, indoor temperature, thermal 

comfort of different residential buildings and suitable housing for the elderly people.   

Chapter three: consists of a detailed examination of methodology, research methods, 

research design, data collection method, data analysis method and research ethics. 

As a quantitative/qualitative approach will be adopted, the chapter will discuss the 

reasons and significance of using the approach. Archive data collection and analysis 

will be addressed. Also, the chapter looks at a predictive analysis which will use 

different software to predict the future outcome of energy efficiency in buildings and 

the health vulnerability of elderly people in the UK. Lastly, the chapter explains the 

steps taken for the reliability and validity of the study.   

Chapter four: This chapter looks at the analysis of the study's Archive data, 

quantitative data, and qualitative data. First, the chapter looks at archive data from the 

UK Office of National Statistics and Meteorological website. EWDs from 1951 and 

2019 were analysed to understand the research problem better. The survey 

participants and the primary job sector profiles were analysed in quantitative data. For 

equal distribution and consistency of the survey result, several tests such as Man 

Whitney for homogeneity, Cronbach Alpha for reliability and Skewness for data 

distribution were conducted.  

 



26 
 

Ali Mohamed Abdi 5991677 

In qualitative data, the chapter analysed interview results conducted from the survey 

participants, including health professionals, energy professionals, building 

professionals, carer and support workers, and elderly people. NVivo version 1.5 

software was used to transcript interview results and obtain codes and themes for the 

study measured objectives.  

Chapter five: The chapter looks at predictive analysis from the variables revolving 

around energy efficiency and health vulnerability and the factors influencing them. The 

variables come from the study of archive data, quantitative data, and qualitative data. 

First, the chapter explains the factors surrounding the variables: excess winter deaths, 

cold housing, fuel poverty, technology, adaptive behaviour, and climate change. Then 

the chapter projects the possible future scenarios and predicts the future outcome of 

the variables using R software, Microsoft Excel and SPSS.    

Chapter six discusses the whole study, including the relevant findings and results, 

research contribution, research implication and limitations. 

Chapter seven:  The chapter gives a summary of the research in conclusion and 

possible recommendations for future research 

1.8 Definition of Key Terms 

Elderly People- the “elderly” are considered to be those persons age 65 and older 

Residential Buildings- this type of building provides half of its floor area for dwelling 

purposes such as sleeping, cooking and leisure. Residential buildings include 

individual homes, apartments, care homes, hotels and dormitories.   

Energy: the term can refer to different aspects; heat (thermal), light (radiant), motion 

(kinetic), electrical, chemical, nuclear energy and gravitation (EIA 2018). However, in 

this study, energy refers to fossil fuels (oil, gas, coal) and renewable energy (solar, 

wind, nuclear, biomas).    

Energy Efficiency:  This means using less energy (such as electricity, heat, and 

transport fuel) to produce the same output or service (ETI 2016) 

Excess winter Deaths- a statistical measure of the increase in mortality during winter 

months (December to March) compared with non-winter months (ONS 2020) 
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Fuel Poverty refers to “having to spend 10% or more of a household’s net income to 

heat their home to an adequate standard of warmth”. However, Walker and Day (2012) 

argue that fuel poverty is linked to the injustice that comes under three segments: 

inequalities in income, energy prices, housing, and technology energy efficiency. 

Energy Consumption: This is the amount of energy used to act. 

Energy Policies: Firstly, Policy is the government's response to the prevailing 

circumstances in a sphere of activity in a society. Hence Energy policies “addresses 

the economic, environmental, political, planning, and social aspects of energy supply 

and utilization that confront decision-makers, corporate planners, managers, 

consultants, politicians, and researchers” (Owen 2011 ). 

Sustainable energy: is the “energy that meets the needs of the present generation 

without compromising the ability of future generations to meet their own needs” 

(sustainable energy 2018). Similarly, sustainable energy is all about finding clean, 

renewable energy rather than extracting the earth for new sources.  

Sustainable Housing refers to building environmentally friendly housing with energy 

efficiency, safety, and quality of life for both present and future generations.  

Adapting to energy efficiency (adult & children): this refers to managing energy 

efficiency in homes, for example, heating and hot water spending, home appliances, 

saving water, energy-efficient lighting and smart meters.  

The behavioural aspect of elderly people mainly refers to the behaviour perceived 

by elderly people regarding energy efficiency and smart meters. Robinson et al. (2017) 

state that elderly people fear the use of technology, and this can impact the successful 

deployment and adoption of measures that address fuel poverty.   

Health risks to elderly people (adverse weather conditions)- This refers to 

diseases contracted by elderly people in adverse weather conditions. For instance, 

cold weather and cold homes contribute to cases of respiratory and circulatory 

infections (Influenza, Hypothermia, pneumonia, asthma, bronchitis, and chronic 

pulmonary disease).      
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1.9 Definition of Key Variables 

Dependent and Independent Variable- For the aim of this study to be explored, it is 

necessary to define and identify independent variables (IV’s) and dependent variables 

(DV). Independent variables refer to the variable changed or controlled in research, 

whilst the dependent variable is the entity being tested. Thus, IV causes a change in 

DV, and it is not possible that (Dependent Variable) could cause a change in 

(Independent Variable). The DV and IV’s for this study are illustrated in figure 1.9 

IV   DV 

Energy Efficiency Fuel Poverty 

Excess winter/heatwave Winter/summer deaths 

Indoor temperature Winter Deaths 

Fuel Poverty  Behavioural Change towards Energy  

Figure 1.9: Proposed research IVs and DVs 

 

1.10 Summary 

The chapter looked at energy efficiency in residential buildings and the health 

vulnerability of elderly people in the UK. The research problem in this study identified 

issues of living in fuel poverty, cold homes and damp conditions that harm the physical 

and mental health of the elderly people. Hence exposure to indoor temperature 

increases the risk of respiratory disease, the leading cause of EWDs. The research 

background reveals the issues of energy efficiency and health vulnerability from 

different perspectives; economic, social, government, technology, and academia. 

Similarly, the study rationale is based on EWDs, and fuel poverty remains a 

challenging issue in the UK. Around 40% of EWDs are attributed to living in cold 

homes, which cost the NHS approximately £1.36 billion each year. The study stresses 

that cold-related morbidity and mortality are avoidable with the right action in place. 

For instance, living in a warm heated home that regulates temperature might reduce 

cold-related diseases such as respiratory, cardiovascular, and mental ill-health and 

social isolation for the elderly people. However, different studies have concluded that 

there is an adaptability problem with how elderly people engage with modern 

technology. On the same note, elderly people consume more energy for warming and 

heating than younger people. 
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The chapter also examined the different studies on fuel poverty and energy efficiency. 

Thus, people experiencing fuel poverty employ other coping mechanisms, including 

rationing food, reducing household expenditure, and falling into debt. Moreover, living 

in the least energy-efficient home contributes to higher energy cost for low-income 

households and vulnerable people. The study contributes to knowledge is gained from 

academics, ONS, elderly people, health and residential buildings professionals, 

charity organisations and energy industry viewpoints. They are all designed to 

establish a relationship between energy efficiency in residential buildings and the 

health vulnerability of elderly people.  
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Chapter two  

2.0 Energy Efficiency in Buildings and Excess Winter 

Deaths 

 

2.1 Introduction  

The study explored energy efficiency in residential buildings and the health 

vulnerability of elderly people in UK. The chapter is developed through a set of 

objectives, including the relationship between fuel poverty and energy efficiency in 

elderly people's homes. The literature reviewed includes Energy efficiency and fuel 

poverty, Winter mortality deaths, excess heat waves deaths, health risks to elderly 

people in the UK, thermal comfort, and adaptive behaviour of elderly people.  

2.2 Mortality: Excess Winter Deaths 

In England and Wales, more deaths occur in winter than in summer, where the 

mortality level is low and stable (ONS 2017). Excess winter deaths (EWDs) and health 

conditions are attributable to cold housing, according to a survey conducted by E3G 

and NEA (2018). The survey suggests one common contributor of EWDs is poor 

efficiency homes that are hard or expensive to heat, thereby exacerbating the risks of 

respiratory, circulatory problems and poor mental health. Table 2.2a below shows the 

number of excess winter deaths in the UK since 2011. 

Table 2.2a: Excess winter deaths across UK (adapted from NEA & E3G  2018) 

 

Winter England Northern Ireland Scotland Wales UK Total

2011/12 22,820 500 1,420 1,250          25,990

2012/13 29,370 560 2,000 1,840          33,770

2013/14 16,330 590 1,600 1,010          19,530

2014/15 41,300 870 4,060 2,580          48,810

2015/16 22,780 640 2,850 1,790          28,060

2016/17 27,520 2,720 1,800          32,040

2016/17 32,500 630 2,440 1,710          37,280

2017/18 50,100 - 50,100

Latest 5 year average 30,340 632 2,441 1,711 34,448

Latest 5 year total 242,720 3,790 17,090 11,980 275,580
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The UK experiences an average of 32,000 deaths each December to March, which is 

in excess of yearly mortality rates. Of the above numbers, 9,700 are linked to avoidable 

circumstances of living in cold homes. Thus, the elderly people with existing health 

conditions make up 6,900 out of 9,700 yearly. Table 2.2b shows excess winter deaths 

considered to be linked to cold housing.  

Table 2.2b: Excess winter deaths attributed to cold housing (Adapted from 

NEA & E3G 2018). 

 

In contrast, EWDs linked to cold housing, according to NEA (2017), are in the same 

calibre as the number of people dying from breast cancer or prostate cancer. Likewise, 

the number of EWDs attributable to the coldest quarter of homes and fuel poverty is 

comparable to deaths from alcohol-related brains and skin cancer. Whilst there is a 

clear link between marked winter mortality peaks and incidence of Influenza and 

hypothermia, cold housing still plays a significant role in health complications from 

both epidemics. Subsequently, there is still excess winter mortality in years when both 

influenza and hypothermia are low.  

Using national death registration statistics in England and Wales, the ONS provides 

the scale of cold homes related to excess winter deaths. Figure 2.2a shows 2016/17 

EWDs in England and Wales linked to cold housing, the coldest quartiles of homes, 

fuel poverty and causes of fatalities from ONS data 2016. 

Winter UK Total EWDS Fuel Poverty

Coldest 

quarter of 

homes

Cold 

housing 

Condition

2011/12 25,990               2,600                       5,590          7,800          

2012/13 33,770               3,380                       7,260          10,130       

2013/14 19,530               1,950                       4,200          5,860          

2014/15 48,810               4,880                       10,490       14,640       

2015/16 28,060               2,810                       6,030          8,420          

2016/17 37,020               3,700                       7,960          11,110       

2017/18 50,100               - - -

5 year Average 34,754               3,220                       6,922          9,660          

5 year Total 243,280             19,320                     41,530       57,960       
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Figure 2.2a: deaths in England & Wales, selected causes (ONS 2017a, 2017b) 

Johnson and Griffiths (2003) investigated seasonal mortality and reported that 

historically in the UK, the mortality rate is seen between December and March. The 

standard method used to calculate looks at deaths from December to March, the 

average deaths from August to November, and the following April to July. The ONS 

standard method for measuring excess winter deaths is calculated as: 

EWD = winter deaths – Average non-winter deaths  

Similarly, comparisons between sexes, age groups and regions use EWM (Excess 

Winter Mortality Index). This is calculated as the number of excess winter deaths 

divided by the average non-winter deaths expressed as percentage. 
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In the 2016/17 winter period, there were an estimated 34,300 EWDs in England and 

Wales, an increase of 39.5% from 2015/16 (ONS 2018). Looking at the EWM index, 

this represents 20.9% meaning 20.9% more deaths happened in winter months than 

non-winter months in 2016/17. Despite the increase of two-fifths in EWDs in 2016/17, 

the number does not surpass the peak of deaths observed in the 2014/15 period, 

which was exceptionally large compared to the 21st century period (ONS 2017b). 

Figure 2.2b shows EWDs and five years major moving average in England and Wales 

from 1950 to 1951 and 2016/17. 

 

Figure 2.2b: England and Wales EWDs and five-year central moving average 

(ONS 2018) 

Studies comparing EWDs across different European countries state that the UK 

experiences higher EWDs than other countries. Out of 30 European countries, the UK 

has the sixth highest EWM index. Surprisingly, four are warm southern European 

countries in the five countries with EWM than the UK. Table 2.2c shows the EWM 

index for 30 European countries from 1980-2013.  
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Table 2.2c: EWM index for 30 European countries (Adapted from Liddel et al. 

2017).  

 

 

Liddel et al. (2016) refer to the above as the ‘excess winter mortality paradox’ where 

people are more likely to die in warmer countries in cold seasons than in northern 

countries where winters are consistently severe. However, questions linger about how 

countries such as Finland and Iceland experience more severe winter than the UK, 

yet they have a lower EWM index. According to the authors, numerous factors 

contribute to the paradox, for example, “higher spending on heating being accepted 

necessity, thermal efficiency on building fabric and different response to cold weather 

in terms of clothing”. Subsequently, the above finding highlights that countries with 

higher building standards than the UK often have much lower rates of excess winter 

deaths.  

Healy (2003) carried out an analysis of excess winter deaths and reported on 

variations in excess mortality in European countries. The study concludes that 

“variations in mortality rates are due to differences in indoor temperatures, healthcare 

systems and socioeconomics circumstances”. Other studies, such as Wilkinson et al. 

(2004) and Woodhouse et al. (1993), have supported Healy's notion and linked excess 

winter deaths with domestic heating or low outdoor temperatures. Another factor 

Liddel et al. (2016) raises is that “The UK has amongst the oldest, least efficient and 

most cold-vulnerable housing stock in Europe”.  

Country EWM Index Country EWM Index

Malta 29.4 Slovenia 13.2

Portugal 28 Hungary 12.3

Cyprus 23.6 Denmark 12.2

Spain 20.6 Norway 12.1

Ireland 18.6 Netherland 11.8

UK 18.6 Germany 11.7

Greece 17.9 Poland 11.7

Bulgaria 17.8 Latvia 11.5

Romania 17.5 Lithuania 11.5

Italy 16 Luxermbourg 11.2

Switzerland 14.2 Estonia 10.9

France 13.8 zech Republi 10.8

Belgium 13.6 Finland 9.5

Sweden 13.3 Iceland 8.4

Austria 13.2 Slovakia 8.2
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2.3 Excess Summer Deaths-Heatwave 

High summer temperatures are regarded as nice weather by many people in the UK; 

however, heatwaves could be dangerous to people’s health, productivity, and well-

being (House of Commons 2018). There is no official definition of what explains a 

heatwave in the UK; it’s generally understood to be a period of unusual weather that 

affects human health and activities. Thus, the most common definition is used by the 

World Meteorological organisation. 

“When the daily maximum temperature of more than five consecutive days exceeds 

the average maximum temperature by 5 °C, the normal period being 1961-1990”( Met 

Office 2018). 

The 2003 heatwave temperatures reached an average of 38.5C in the UK, resulting in 

a death toll of 2,234 (ONS 2004). The ten days of extreme heat are the warmest for 

up to 500 years. Across Europe, the 2003 heatwave resulted in 20,000 deaths, with 

France alone having 15,000 deaths. Similarly, in the 2018 summer heatwaves, the 

average temperature reached 35.5C contributing to 863 deaths (ONS 2019). In 

essence, England observed four heatwave periods in 2018 with a significant mortality 

impact on the elderly people. Figure 2.3a shows 2018 daily mortality data for 65+-

year-old. 

 

Figure 2.3a: Daily Mortality for 65+ years olds in England 2018 (PHE 2019)   
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The four heatwaves observed in England occurred in different intervals/months: 1st 

heatwave was recorded on 25th, and 27th June 2018, resulting in 188 deaths, 2nd the 

heatwave was recorded from the 30th   June to 10th July 2018 -with 266 deaths. The 

3rd heatwave was recorded from the 21st July to 29 July 2018-with 409 deaths, and 

the 4th heatwave was recorded from 2nd August to 9th August 2018-no deaths (Met 

Office 2019). Table 2.3a illustrates Excess Heatwave deaths in England by 60+ years 

old in the summer of 2018. 

Table 2.3a: Excess summer heatwaves deaths by 60+ years old in England (Met 

Office 2019). 

 

 

Prediction by the Met Office states that heatwaves of similar calibre will continue to 

dominate every other year by the 2040s. Subsequently, the average number of deaths 

during summer is expected to triple by more than 7000 annually by the 2050s. Unlike 

winter, where low temperatures are recorded between December and March, summer 

heatwaves mainly occur between June and August. In the UK, there have been 

periods of scorching weather/heatwaves; these are months; July 2006, July 2013, July 

2015, July 2016, August 2016, September 2016, June 2017, June 2018, July 2018, 

and August 2018. Figure 2.3b shows extreme heatwaves events per year. 
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Figure 2.3b: Extreme Heatwave events per year (NCAS 2018)  

 

2.3.1 Impact of Heatwaves on Human Health  

Heatwaves are associated with increased high mortality- in 2003, excess mortality in 

England and Wales was 17% (Kovats and Kristie 2006). Public health England reports 

a relationship between temperature increases above 25°C and heat-related deaths. 

For instance, in 2006, there were an estimated 75 extra deaths per week for every 

degree increase in temperature. Consequently, respiratory, and cardiovascular 

diseases are the leading causes of death during a heatwave(Wolf et al., 2010). As the 

air temperature increases, the human body keeps cool through sweating-this may 

affect the heart and can be fatal for people with an underlying heart condition. 

Respiratory disease is also a result of high temperature, which is linked to increased 

air pollution.  

Research evidence by Arnell and Freeman (2021) show that rising temperatures 

across the globe because of climate has already been impacting people with high 

health risk. Findings reveal that since 2017, 157 million vulnerable people have been 

subjected to the heatwave. In numbers, 153 billion hours were also lost due to extreme 

heat in 2017.  

This item has been removed due to 3rd Party Copyright. The unabridged version of the thesis 
can be found in the Lanchester Library, Coventry University.
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Heatwaves also cause several specific heats related illnesses; heat rash, heat cramp, 

swelling on the ankles, dizziness, fainting, heat exhaustion, mental health, and 

heatstroke (HC 2018). The most affected are elderly people living in care homes and 

living alone. Numerous studies conducted in 2003 heatwaves found that deaths in 

care homes increased by 42%. Similarly, in Paris, 92% of deaths in 2003 were from 

elderly who lived alone (Kovats and Kristie 2006)         

2.4 Health Vulnerability of Elderly people in UK 

In cold climates, the danger of exposure to cold and hypothermia is severe among 

elderly people. Combinations of physical (physiological) and behavioural factors that 

lead to cold issues in the elderly are: 

I. Ability to control and regulate temperature  

II. Elderly people with chronic illness and multiple medications are more 

vulnerable 

III. Poor nutrition and tendency to drink less water 

IV. Inactivity at home and inappropriate dressing during winter 

V. Less heating of house to save heating cost. 

Moreover, elderly people are more likely to be fuel poor as they are likely to spend 

more time at their homes than younger people and therefore incur a high cost from 

heating their houses. In the UK, the elderly are subjected to the highest deaths in 

winter, with 50,100 EWDs in 2017/18 (ONS 2019). From the reported figures, 56.1% 

were males (28,100 EWDs), and 43.7% were females (21,900 EWDs). Excess winter 

mortality is higher among females than males due to a higher proportion of females 

over 85 than males (ONS 2018a). Regarding males, the highest EWM index was for 

those aged 65 or younger. The report is based on an analysis of routine mortality 

registration for England and Wales using the standard definition of excess winter 

death. Figure 2.4a shows Excess winter mortality by age group, male, and Figure 2.4b 

shows EWM by age group, female.  
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Figure 2.4a: Excess Winter Mortality Index by age group, male (ONS 2019) 

 

Figure 2.4b: Excess Winter Mortality Index by age group, Female (ONS 2019) 
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As mentioned previously, the primary health condition associated with cold housing 

are circulatory disease, respiratory problems, and mental ill-health. Circulatory 

disorders are believed to cause around 40% of excess winter deaths, whilst respiratory 

illness is responsible for about a third. Hence, mental health comes from financial 

stress associated with fuel poverty (Friends of the Earth 2011). Other conditions 

influenced by cold housing include common flu, cold, arthritis and rheumatism. 

Consequently, in the 2017/18 period, respiratory disease was the leading cause of 

excess winter deaths with 84.9% in winter months compared to non-winter months 

(ONS 2019). The number of deaths caused by respiratory disease in 2017/18 reached 

a record 17,400, accounting for 34.7% of all EWD. Figure 2.4c shows excess winter 

mortality index by the underlying cause of death.  

 

Figure 2.4c: Excess Winter Mortality Index by underlying cause of death (ONS 

2019). 
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It has also been suggested by research that elderly people are more vulnerable during 

cold periods. For instance, the temperature can cause blood pressure in elderly 

people, increasing the risk of strokes and other circulatory problems (Woodhouse et 

al. 1993). Similarly, a cold can cause physiological effects leading to death in elderly 

people and lower the immune system's resistance to respiratory infections (Hajat et 

al. 2018). Additionally, as influenza cases increase in the winter period, vulnerable 

people, including the elderly, could contract it hence leading to life-threatening 

complications such as bronchitis or secondary bacteria pneumonia (HPA 2010 

Moreover, damp and cold houses increase the risk of arthritic symptoms and risks of 

falls in the elderly. Domestic accidents that include fatalities are more common in cold 

homes in winter, making it difficult to get warm due to prolonged immobility. In the 

same context, living in cold homes exacerbates social isolation among the elderly: 

costly fuel and inability to cater for heating bills. Other studies also reported that elderly 

people who cannot keep their homes warm usually have health conditions or sustained 

injuries due to cold. This result in increased care by families or need to care homes 

thus increasing the country's financial budget(Webb et al. 2016). However, most 

energy efficiency literature barely acknowledges the psychological impact facing 

vulnerable people such as the elderly. Most academic work in this field concentrates 

on fuel poverty, cold housing, and cold-related diseases (Day et al., 2016; Gillard et 

al., 2017; Romananch et al. 2017).    
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2.5 Fuel Poverty and Energy Efficiency 

Over the past 30 years in UK, fuel poverty has become a norm of inequality and an 

undesired feature of 21-century living ( Walker & Day, 2012, Wilkinson et al. (2007). 

Fuel poverty is caused by low-income, high-energy prices and energy-inefficient 

houses (NEA 2018). In a different narration, “fuel poverty is defined as having to spend 

10% or more of a household’s net income to heat their homes to an adequate standard 

of warmth” (Friends of the Earth 2011). Concisely, there is a fine line between fuel 

poverty and living in poverty. The former links to a shortage of income or wealth, while 

the latter happens when household resources are well below their minimum needs. In 

addition, house size, age and type of heating are some significant aspects defining 

whether a household is fuel poor. Thus, elderly houses are less prone to energy 

efficiency than newly built ones.  

Similarly, each year the UK government publishes a survey on income poverty known 

as ‘Household Below Average Income’ (HBAI). The poverty target line in the survey is 

60% of the median UK household income. For example, if a household’s income is 

less than 60%, the HBAI considers them to live in poverty. Nonetheless, there are two 

types of data that HBAI look at; before housing, the cost is deducted and after housing 

cost is paid. Based on these surveys, 14 million people live in households below the 

poverty line (Independent 2018). Despite setting the poverty line at 60% of median 

household income, also HBAI suggests that any amount over this level is well enough 

to lift households out of poverty. Child Poverty Action Group (CPAG 2018) argue that 

the poverty line is not enough for people to enjoy a socially acceptable standard of 

living.  

To fill the gap in income required to live at a socially acceptable level, CPAG 

recommends Minimum Income Standard (MIS). This approach identifies changes in 

customary lifestyles and the necessary resources needed to live a decent and 

inclusive life. Additionally, research by JRF and the Institute of Fiscal Studies (2015) 

found that low-income earners experience a higher annual rate of inflation than 

wealthier households over the period from 2003-2014.   On the other hand, fuel poverty 

in the UK is measured as a low-income high-cost indicator which considers a home to 

be in fuel poverty if: 
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I. The cost of fuel is above average (national median level) 

II. They will be left with almost nothing or residual income below the official poverty 

line. 

In 2016, the number of households across England with fuel poverty was estimated at 

2.55 million, 11.1% of all English households (BEIS 2017). Due to the population level, 

fuel poverty in Scotland (649,000), Wales (291,000) and Northern Ireland (159,530) 

was lower compared to England. However, NEA (2017) argues that fuel poverty using 

methodological approaches cannot be summed, but it’s estimated that 3.5 million UK 

households are affected. Table 2.3 illustrates UK’s fuel poverty figures.  

Table 2.5: Fuel poverty in UK (BEIS 2017). 
 

10% definition 
 

Low income, 
high cost 

 

 
No of FP 

households 
% of FP 

households 
No of FP 

households 
% of FP 

households 

England 2,361,400 10.40% 2,551,000 11.10% 

Scotland 649,000 26.50% . . 

Wales 291,000 23% 132,000 10% 

Northern 
Ireland 

159,530 21.50% . . 

       

Nevertheless, 21.5% of all households living in properties with energy ratings of (E, F 

& G) are fuel poor, making 39.7of all poor fuel households (BEIS 2021). Regarding 

private rented homes and social tenants, they complete 19.4% and 13.8% respectively 

of fuel poor, making up almost 40% of all fuel-poor households. Private low-income 

renters often face difficulties getting energy efficiencies for houses they live in for fear 

of rent increases or evictions from landlords (Friends of the Earth 2011). In the same 

stance, improving private properties' standards and energy efficiency has been 

challenging. Private landlords are only required to upgrade homes in line with health 

and safety regulations rather than any thermal efficiency standards. 

Consequently, 82.1% of all fuel-poor households are vulnerable to children, the 

elderly, long-term illness, and disability. Hence, fuel poverty injustice can be 

understood to impact certain groups living in poor housing quality. For example, fuel 

poverty is generally associated with excess winter deaths; hence most of these deaths 

occur in elderly people (Robinson et al. 2017).  
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2.6 Level of Pensioner Poverty in the UK 

The percentage of Pensioners in the poverty line 2016/17 period was 16% after 

housing costs, of less than 60% of median household income (ONS 2018). For 

instance, 9% had less than 50% median income which can be termed ‘severe poverty 

and 9% had income above 60%, but less than 70% of median income to be described 

as just above the poverty line. Figure 2.6 illustrates pensioner poverty rates before 

and after housing costs. 

 

Figure 2.6: Pensioners' household below-average income 1994/95 to 2016/17 

(DWP 2018).   

The DWP (2018) survey also includes a measure of material deprivation among 

people aged 65 and over. The survey asked the pensioners if they have access to 15 

basic needs or services that simulate the excellent quality of life among elderly people. 

For instance, a damp-free home, pay regular bills and have time with family or friends 

at least once a month. Consequently, people can, in these circumstances, fall into the 

material deprivation category if they lack 3 or 4 items or more (Age UK 2017). The 

DWP survey found that in 2016/17, around 800,000 pensioners aged 65 or over were 

in material deprivation.  
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Another qualitative research conducted for DWP by Kotecah et al. (2013) looked at 

the links between poverty and material deprivation. The study found that many factors 

contribute to elderly people living on a low income.  

➢ Health 

➢ Social support networks 

➢ Financial management  

➢ Attitudes and priorities  

➢ Area and housing support 

Nonetheless, having encouragement and support from family and friends, government 

support in the form of welfare payments, bus passes, free prescriptions, and local 

authority support contributes to a positive impact on elderly people's wellbeing and 

those living on a low income. However, according to the survey by Age UK (2017), 

elderly people were finding tough life living on a low income. Most elderly people 

strongly oppose debt; to stay debt free, they believe they must stay within their limits. 

On top of all, elderly people could not manage household bills, stopped going out or 

on holidays, and some even took drastic measures to reduce their heating and energy 

costs.  

2.7 Adaptive Energy behaviour of Elderly people 

Worldwide, the number of elderly people (65 years and over) will continue to grow, 

reaching 21.1% by 2050 and exceeding young people for the first time by 2047 (UN 

2013). The total population in England for people aged 65 and over is projected to 

increase by 49%, from 10 million in 2017 to 14.9 million by 2040 (ONS 2020). Similarly, 

75- and 85-year age brackets are also expected to double in 30 years, with most 

elderly people likely needing health and care services. Figure 2.7 shows the actual 

and projected number of people aged 65 and over from 2011 to 2050.  
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Figure 2.7: Actual and Projected of People Aged 65 and Over (Adapted 

from ONS 2020) 

Thus, the rapidly ageing population in the UK has meant that the elderly need to 

change their way of living to stay healthy and safe. However, the living experiences of 

elderly people are different due to physical ability, health, financial capabilities, and 

domestic situation. Hence, for some, they are in good health and capable of doing 

everyday routine work at their home. They can also understand and adopt modern 

technology whilst leading entire mobile lives. On the other hand, some elderly people 

are out of touch living sedentary lifestyles and spending most of their time at 

home(Adams 2016)..  

2.7.1 Housing Adaptation of Elderly People  

Generally, elderly people can be more socially vulnerable than other adults; however, 

not all elderly people are sensitive or equally vulnerable (Jiao et al., 2017). Whilst most 

evidence links to chronological age, there are huge differences between people in the 

same age bracket due to biological, social, and psychological factors. For instance, 

health, income, and mobility issues can influence elderly people to the extent that they 

become sensitive to climate impacts and extreme weather. Similarly, elderly people 

with long-term disabilities often face difficulties at home, such as reaching the toilet, 

having a bath, or going upstairs (Abramsson and Andersson 2015).  

 



47 
 

Ali Mohamed Abdi 5991677 

Housing adaptation can be described in different terminologies such as ‘home 

modification’, which refers to housing repair, bath replacement and home installations.  

However, the most common description defines housing adaptation as modifying 

permanent physical features catering to indoor and outdoor environments that reduce 

environmental barriers and restore independent living (Zhou et al., 2019). For 

example, in the UK, the local authorities provide funding for housing adaptation to 

improve the accessibility of the property that helps disabled and elderly people live 

safely in their homes.  

Numerous studies (Pettersson et al. 2012), Zhou et al 2019) have reported that house 

adaptation contributes to good quality of life, health, and independence for later life. 

Other benefits of house adaptation include reduced support from family members, falls 

and injury prevention, avoiding hospital admission, saving to NHS, social service 

budget and home care costs. However, a study by Zhou et al. (2019) found out that 

not all housing adaptation contributes to elderly people's well-being. Most live in 

mainstream housing with small room sizes, steep internal stairs, baths instead of 

showers and steps outside. Thus, elderly people need effective ways to adapt and 

modify their homes to remain mobile.   

2.7.2 Energy Consumption by the Elderly  

Estiri and Zagheni (2019) research in the US asserts that ‘ageing population increases 

energy use’. Using a statistical model to extrapolate individual energy usage in the 

US, the results showed that different age groups have additional demand for energy. 

Findings from the research state that energy consumption remains flat for the 20s,30s, 

40s and late 50s. Subsequently, energy consumption rapidly increases from the late 

60s and above, and the results from this research are consistent with the (2012) study 

that found elderly people consuming more energy. Other influencers of energy 

consumption include income, family size, building type and occupants' behaviour 

(Estiri and Zagheni 2019). Another study by Romanach et al (2017) about energy 

consumption found that elderly people did perform energy-saving behaviour regarding 

efficient heating and cooling systems. Some of the self-reported energy behaviour 

reported by elderly people include. 
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➢ Switching off the lights in unused rooms 

➢ Hanging clothes outside to dry naturally 

➢ Set air condition temperature to 25° I summertime 

➢ Set heater between 18°and 21° in wintertime 

➢ Consider energy rating when purchasing new appliances  

Nonetheless, to enable elderly people to manage their energy costs, efficient heating 

and cooling systems need to be implemented. Effective programs such as a high 

energy demand system will help elderly people reduce energy costs with health and 

well-being demands (Willis et al. 2011)  

 2.9 Thermal Comfort  

There are several definitions and understanding of the term ‘thermal comfort’, but it 

mostly used is by the American Society of Heating, Refrigerating and Air Condition 

Engineers (ASHRAE) as the ‘condition of mind that expresses satisfaction with the 

thermal environment (ASHRAE 2021). Based on the adaptive approach, there are two 

internationally used standards, namely ANSI/ASHRAE standard 55 and European 

Standard EN 15251(Halawa and Hoof 2012). These adaptive approaches are 

commonly used for thermal evaluation in naturally ventilated environments where 

occupants can access operable windows and adjust clothing insulation (Candido et 

al., 2011). However, window control for occupants in natural ventilated residential 

buildings is quite limited as weather or nature plays its part in the indoor environment. 

Essentially, it is harder to control via operable windows and other passive buildings 

than air-conditioned buildings (Jowkar et al., 2020).     

The most common model in the built environment for evaluating thermal comfort is the 

predicted mean vote (PMV) by Fanger (1970). Hence, the optimum condition 

according to the model opines that a ‘person does not prefer either cold or warm 

environment. By human body heat balance calculation, the PMV model is adopted to 

evaluate thermal comfort in the air-conditioned environment (YU Jingyu 2020). 

However, the PMV model fails to appreciate the psychological aspect of adaptive 

behaviours in natural ventilated residential buildings (De Dear and Brager 1998). On 

the contrary, other models that measure thermal comfort in the naturally ventilated 

environment have been developed; they include the adaptive predicted mean vote 

(APMV) and the perceived thermal comfort model.  
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2.9.1Thermal comfort for elderly people  

There are different thermal requirements between elderly and young people; for 

example, elderly people are more vulnerable to extreme weather conditions such as 

cold season and heat waves than younger people (van Hoof et al. 2017).  Past decade 

studies (Collins et al. 1981, Natsume et al. 1992) reported that when elderly people 

controlled their environment, they preferred the same mean temperature but explored 

the ambient temperature less precisely than young people. Hence, during constant 

temperature sessions, the elderly people prefer a higher temperature than younger 

age groups (Schellen 2010). Thus, some of the reasons contributing are weak immune 

systems and underlying health conditions(Anderson et al. 2012). Different medications 

can also be an aggravating factor for the elderly (McGreevy & Mulkerrin 2005).  

Other reasons inhibiting elderly people from using cooling and heating systems in their 

homes is reduced income and living in poverty. A survey conducted by (Crawford et 

al. 2015)  in southern Australia found that elderly people were reluctant to use heating 

and cooling equipment for fear of paying huge electrical and gas bills. Hills (2012) 

states the fact elderly people spend more extended periods at home; they become 

severely affected by issues such as fuel poverty and mental illness. Although biological 

and physiological factors of ageing play a crucial role in determining comfort, it is 

worthwhile to consider daily activities, energy consumption, elderly people 

expectations and preferences. For instance, elderly people who suffer from mental 

illnesses such as dementia may not be able to access or adapt to residential buildings 

with controlled heating systems. The housing types lived by the elderly vary 

significantly: some elderly people live alone while others live in shared or care home 

where management of thermal comfort is beyond their control. To achieve thermal 

comfort, the elderly people with the underlying condition will need help adjusting their 

thermal environment. These include adding or reducing their clothing layers, 

opening/closing their windows, and drinking more fluids (van Hoof et al., 2017). Hence, 

technological interventions are vital to lowering carbon emissions and universal design 

principles that create a flexible indoor environment for elderly people (Day 2015). 
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2.9.2 Indoor Temperature and Thermal comfort 

The success of a building relies mainly on an ideal indoor temperature as this will not 

only make occupants comfortable but will also dictate its energy consumption vis-à-

vis sustainability (Nicol & Humphreys 2002). Adequately, the indoor temperature set 

for a building during winter and summer is the key to determining energy consumption. 

In other words, the heat loss from or gain depends on the difference between indoor-

outdoor temperatures (Nicol et al. 2012). However, there is a close relationship 

between Indoor temperature, occupants’ comfort and energy consumed in a building. 

Hence, the indoor temperature is an issue for building owners and those living and 

working in them. Indoor temperature and thermal comfort depend on various factors, 

including daytime, year, and the human body's physiological and psychological 

responses to the environment (Ormandy and Ezratty, 2016, Rupp et al., 2015). 

However, it’s essential to understand what temperature is comfortable for the human 

body. For example, research conducted by Griffith (1990) found that having the ‘right 

temperature’ and ‘air freshness’ was the most critical aspect of people's dwellings. At 

the same time, there is always dissatisfaction with how people perceive the right 

temperature, for instance, overheating in winter and coldness in the air-conditioned 

building during summertime.  

There are numerous guidelines regarding indoor temperature for different types of 

buildings; the Chartered Institute of Building Services Engineers (CIBSE 2006), and 

the America Society of heating, refrigerating, and air-conditioning engineers (ASHRAE 

2009). It is from these bodies that many heating and ventilating engineers take notes 

when it comes to calculating building temperate.  However, these guidelines are based 

on professional experience informed by comfort standards with the assumption that 

for a given situation, there is always the ‘best temperature that works well for any given 

circumstances’ (Nicol et al. 2012).   
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2.9.3 Thermal Comfort on Different Buildings 

Mounting research reports that comfortable occupants are alert, have good energy 

levels, and are occasionally ill (McClurg 2016). It is essential to focus on an individual 

when designing comfort rather than the thermostat on the wall. Thus, thermal comfort 

is felt differently by each person or gender-wise. Previous studies suggest that women 

prefer higher temperatures than men in offices (Karjalainen 2007).  Considering the 

interaction with buildings (using the fan, window opening), occupants commonly 

experience diverse thermal sensations within the same room (Li et al. 2017). The state 

of equilibrium is reached when the heat generated by the human body can dissipate. 

In other words, for people to maintain thermal comfort, ‘heat produced must equal heat 

lost’ (Nicol et al. 2012).  Six primary variables dictate thermal comfort. 

I. Air temperature 

II. Radiant temperature 

III. Relative humidity  

IV. Ait motion 

V. Metabolic Rate 

VI. Clothing insulation 

When planning and designing buildings, it’s essential to consider the above six 

variables. At the same time, knowing how these systems impact residential buildings' 

energy load is equally relevant.  

Research by Leather et al. (1998) and Stone (1998) also demonstrates that ‘people 

perform better in closed spaces with transparent surfaces. As far as local climate 

influence on indoor thermal environment, different buildings characteristics influence 

the impact of outdoor climate hence play a major role in controlling the indoor thermal 

conditions (Raja et al. 2001). Subsequently, whatever the building the occupant lives 

in, adaptation is no issue as long there exists ‘adaptive opportunity’ that allows 

occupants to adapt to indoor and outdoor temperature changes over time (Nicol et al. 

2012). Of course, the type of weather (summer, winter, autumn, spring) usually 

dictates outdoor temperature; hence comfortability problem arises.   
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2.9.3.1 Cooled and Heated Buildings 

These buildings are those whose indoor temperature is automatically controlled by 

their structure and design, not by mechanical heating or cooling system. Also known 

as passive building, the mean indoor temperature in these buildings is not decided by 

the service engineer who designs and sets the cooling system but by several factors 

that include the building architecture, orientation, mass, windows, insulation, 

construction, and materials.  The cooling concept in the building is derived by 

preventing heat from entering the building or removing it once it has entered. Similarly, 

maintaining comfortability within the building in a hot climate relies on limiting the rate 

of heat gains in the building and encouraging the removal of excess heat from the 

building (Kamal 2012, Santamouris and Kolokotsa 2013) 

2.9.3.2 Hybrid Buildings 

A hybrid type of building functions in a free-running mode at whatever stage but has 

heating and cooling available if needed in both winter and summer time (Nicol et al. 

2012). These buildings are ordinary In the UK and northern European countries; 

hence, they are made of mixed-mode energy that requires heating or cooling over the 

year. In another sense, it’s possible to note that during winter, the thermostat of the 

building controls the indoor temperature. In contrast, in the summertime, it’s controlled 

by both the thermal properties of the building and occupants’ actions. However, hybrid 

residential buildings are becoming less favourable with emerging technology and ever-

changing climate (global warming, heatwaves, and extreme coldness).   

2.9.3.3 Traditional Buildings 

Traditional residential buildings mainly use locally available materials such as stone, 

wood, mud, and lime (Samuel et al. 2017). The characteristics of these buildings vary 

from ground-couple basement to the lightweight upper floor. Thus, in responding to 

daily and seasonal changes, the occupants usually move around the building to gain 

comfort. However, as modern buildings have advanced to use air conditioning, 

traditional buildings have rapidly been replaced, primarily in urban areas. 

Consequently, there is the danger that building regulation will need traditional buildings 

to conform to modern buildings, hence excluding the planning of the original designer 

or builder (Nicol et al. 2012).   
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2.9.4 Suitable Housing for the Elderly People   

Comfortable housing is a crucial determinant for all elderly people regarding a place 

to live and age. There are 26 million households in England, and 9.5 million are 

occupied by elderly people aged 60 years and above. Consequently, from these 

numbers, almost 90% is occupied by all age groups leaving less than 10% to be 

specially built for elderly people's retirement (Zhou et al. 2016).  

Most elderly people prefer to age in a nice comfortable place and continue to live 

independently for as long as possible (van Hoof et al., 2017). However, different 

countries have different rules for elderly people's living places. For example, in western 

counties such as the UK, the elderly people reside with their families or in aged nursing 

care homes. The care homes in the UK mainly provide all-day care services to elderly 

people who can longer live in their home environment. It is also where elderly people 

with special needs and others who require health care reside. Usually, care homes 

compromise small residential units offering services such as meals, cleaning, and 

medication. Elderly people living in this type of housing still feel at home and enjoy 

most of the services provided compared to their previous houses. However, a survey 

conducted by (Walker et al. 2016) about thermal comfort in a care home found that 

differences exist in the wants and needs of elderly people living in care homes.   

Elderly people have various needs to be catered to; identifying those needs can be 

difficult. Some of these needs include dressing in cool or warm weather, opening 

windows, adjusting the heating system, and cleaning their rooms.  They also prefer a 

common housing type in their existing dwellings and resist the idea of moving to a 

different location (Ytrehus 2011).  
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2.10 Summary 

The chapter looked at the existing knowledge regarding energy consumption in the 

UK, energy efficiency and Fuel Poverty, level of pensioner poverty, Excess winter 

deaths and health vulnerability of elderly people in the UK. The chapter also looked at 

adaptive energy behaviour for elderly people, thermal comfort, and suitable housing 

for the elderly. It can be noted from the chapter that the cause of EWDs in the UK is 

mainly attributed to living in cold homes and cold-related diseases such as respiratory 

and circulatory. Although summer heatwaves contribute to deaths in the UK, the 

number of deaths due to EWDs is higher than at other times. Another issue that 

contributes to EWDs stated in the chapter is fuel poverty, which can negatively impact 

elderly people’s physical and mental health. Fuel poverty is also a concern for 

numerous policy areas, including poverty, health, thermal comfort, carbon emissions, 

financial well-being, and social interaction. Yet, from the literature perspective, studies 

investigating combined issues of EWDs, fuel poverty and cold housing are limited. 

There is a clear need for research about contributing factors leading EWDs and a 

better understanding of the complex socio-economic factors and elderly people 

experience on issues affecting their health and well-being.   
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Chapter Three 

 

3.0 Methodology 

 

3.1 Introduction 

This chapter discusses the methodology used in achieving the study's aim and 

objectives. Subsequently, it examines the main methods and procedures for 

conducting the research in detail. The chapter explores research philosophy, research 

design, data collection methods, data analysis and presentation of data. Lastly, the 

chapter sheds light on research ethics, validity, and reliability.  

3.2. Research Design  

Research design can be defined as the strategy employed in various sections of a 

study logically and coherently (McGregor 2018). As the survey investigated energy 

efficiency in residential buildings and the health vulnerability of elderly people in the 

UK, a mixed-methods quantitative and qualitative approach was used.  Creswell 

(2013) reiterates that mixed methods aid the researcher in “collecting, analysing and 

integrating both quantitative and qualitative in a study to address aims, objectives and 

problem statements”. Figure 3.2 shows the study research
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Figure 3.2: Study Research Design 

Research Aim 

To Predict the inter-relationship between energy efficiency in residential buildings and the 

health Vulnerability of elderly people in the UK. 

Research Objective 

To investigate relationship between excess 

winter deaths (EWD) among elderly people 

and cold houses. 

  

Research Objective 2 

To determine the impact of energy 

efficiency policies and health risks of 

elderly people 

  

Research Objective 3 

To determine whether fuel 

poverty influences common 

health risks associated with 

elderly people 

  

        Research Objective 4 

To analytically predict excess 

winter deaths and future 

outcome towards energy 

efficiency delivery. 

Data Collection Method for Objective 

1 

Archive data consisting of Excess 

winter death statistics from ONS, Fuel 

poverty    

Data Collection Method for 

Objective 2 

Questionnaire and interviews 

targeting Energy company’s 

professionals 

Data Collection Method for 

Objective 3 

 Questionnaire and interview 

responses from various Energy 

professionals, carers and 

elderly people 

Data Collection Method for 

Objective 4 

  

Analysing and predicting result 

from questionnaire and 

Interview data 

Analytical Technique for Objective 1 

  

Archive &Questionnaire Data 

analysis/correlation  

Analytical Technique for Objective 

2 

  

Correlation analysis 

   

Analytical Technique for 

Objective 3 

  

Interview data analysis, coding 

using NVivo version 1.5 

Analytical Technique for 

Objective 4 

Using predictive model software 

R, R studio, linear forecast using 

excel 
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3.3 Research methodological stance 

Over the years, the need for understanding the research knowledge and methodology 

has led to the introduction of some philosophical terminology such as ontology, 

epistemology, subjectivism, objectivism, relativism, and post-modernist ideas (Dainty 

2008). The origin of these words goes back to almost two centuries, coming to the 

limelight with the famous philosophers: Plato’s world of ideas, Aristotle's world of 

senses and British pragmatism James Ferrier (1808-1864), thus making references to 

epistemology as ‘theories of knowledge and perception of science (Flick 2009)    

The word Ontology is concerned with the general nature of existence of an issue-for 

instance, ‘what is possible to know about the world’ (Snape & Spencer 2003). Hence, 

ontological issues concern how things evolve or exist in society (Richard 2003). 

Additionally, Bryman (2008) introduces the term ‘social ontology’ and defines it as a 

“philosophical consideration in research which concerns with nature of social entities”. 

In summary, ontology questions the existence of a social reality that exists 

independently of social actors (Ormston et al., 2014)  

 On the other hand, epistemology refers to the philosophical field that revolves around 

knowledge and how to reach it (Snape & Spencer 2003). Similarly, Bryman (2008) 

defines epistemology as an “issue or concern of what is proper knowledge. However, 

other research paradigms fall within the two philosophies: positivism, constructivism, 

and pragmatism.  

The positivist's central belief is that the world is external, and there is a single objective 

reality for any research phenomenon (Hudson and Ozanne 1998). When conducting 

the research, Positivists researchers often create boundaries, for example, reason and 

feelings, science and personal experience, fact, and value judgement. Concisely, 

“constructivism is the recognition that reality is a product of human intelligence 

interacting with experience in the real world” (Elkind 2004). In other words, 

constructivism argues that knowledge can be obtained through human and social 

interaction. Thus, the difference between positivists and constructivists is that the 

former state that knowledge is generated by the scientific method whilst the latter 

maintains that scientists construct knowledge; hence, they oppose any single 

methodology to develop an understanding (Andrew et al. 2011). 
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Pragmatism research philosophy argues that there is no single point of view to any 

research and that could be multiple realities on any side (Saunders et al. 2012). 

Therefore, pragmatists can combine both positivists and constructivists within the 

scope of single research according to the nature of research question. Notably, 

pragmatism studies often use Given that a different methodological stance can 

influence the findings of any investigation, this research adopts a pragmatic position.  

3.3.1 Justification for Using Pragmatic Philosophy  

Originated in the US in 1870, Pragmatism is an advanced philosophy that provides 

epistemology and the logic of merging qualitative and quantitative research methods 

(Johnson and Christensen 2012). However, other authors have different notations and 

arguments when it comes to using pragmatism as a research paradigm. For instance, 

the first developers of ‘classical pragmatism’ attributed to Charles Pierce, William 

James and John Dewey in 1878. In their view, pragmatism goes beyond the individual 

and that human experience involves some interpretation. In other words, interpreting 

knowledge and beliefs leads to action, and reflecting on actions leads to new ways of 

knowing and acting (Morgan 2014).  Other theorists argue that classical pragmatism 

maintains a ‘soft approach’ and avoids the significance of distinctions between 

qualitative and quantitative research at the epistemology level (Denzin 2010). Thus, 

adopting a logical and authentic pragmatist approach needs careful study and 

understanding of underlying principles (Teddlie and Tashakkori 2003). The 

underpinning code of pragmatism is that knowledge in this world is socially 

constructed, but some elements in the social construction match individual attributes 

and experiences more than others (Morgan 2014).      

Therefore, without going deep into a philosophical argument, the study is mainly driven 

by the pragmatist paradigm, which addresses the research question and investigates 

a phenomenon with the most appropriate research method. For instance, the study 

investigates energy efficiency in buildings and the health vulnerability of elderly 

people; the researcher will at some point interact with the survey participants to 

understand the root problem. Although the right questions must be asked when 

engaging with the participants, using a pragmatic approach allows the researcher to 

accommodate multiple stances and values.  
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Subsequently, being a pragmatic researcher permits the researcher to be flexible in 

their investigation techniques. As quantitative research is more motivated by the 

researcher’s concern and qualitative research is driven by desire to listen and 

understand the participants point of view, a pragmatic stance helps merge two 

emphases into a single investigation (Collier and Adcock 1999). Hence, combining the 

two methods in answering the research questions means that the study effectively 

contributes valuable and actionable knowledge based on the respondent’s 

experience.   

3.4 Research methods 

The research method determines the strategies, processes or techniques used in the 

collection of data or evidence of analysis to explore new information or gain a better 

understanding of a phenomenon (Dane 1990). Different research methods use other 

data collection tools: quantitative, qualitative, and mixed methods.  

3.4.1 Quantitative Research 

Quantitative research is applicable in scientific studies involving experimental 

examination through the application of computation, mathematical or statistical 

techniques (Babbie 2010). The main goal of this study's quantitative approach was to 

investigate and attain more excellent knowledge about the energy efficiency issues 

and health risks of elderly people. For example, one objective of this study is to 

investigate the relationship between EWDs and cold homes among elderly people. 

Using a questionnaire approach, the study measures the impact of cold homes on 

elderly people's health. The study also examines whether there is a correlation 

between EWDs and temperature. Hence, the primary data analysis and study outcome 

of this study's quantitative data are based on empirical evidence and statistical 

analysis that seeks a degree of association between variables.   
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3.4.2 Qualitative Research  

Qualitative research involves understanding a research query as a humanistic or 

idealistic approach. In other words, the method is meant to understand people's 

beliefs, opinions, experiences, attitudes, behaviours, and interactions (Pathak et al., 

2013). Qualitative research has been gaining ground among researchers for its ability 

to add a new dimension to interventional studies that cannot be obtained through 

measurements (Gibson et al. 2004). In this study, qualitative goes beyond establishing 

the root problem of energy efficiency in residential buildings and the health 

vulnerability of elderly people. 

3.4.3 Mixed Method  

The mixed-method research technique involves collecting, analysing, and integrating 

quantitative and qualitative methods (Creswell 2003).  According to Creswell (2013), 

mixed methods research has been primarily used in health and social science sectors 

to combine statistical trends and stories to study human and social problems. In other 

words, when a researcher combines quantitative and qualitative methods, a better 

understanding of the research problem or study objective is achieved. Hence when 

used in combination, quantitative and qualitative methods complement each other and 

allow for a better robust analysis whilst taking advantage of the strength of each 

(Tashakkori and Teddlie 1998).   

Nonetheless, there are numerous mixed-method types, but the main ones shortlisted 

by Creswell (2003) are; sequential explanatory, sequential exploratory, sequential 

transformative, concurrent triangulation, concurrent nested and concurrent 

transformative. This study adopts a sequential explanatory method with the 

quantitative data collected and analysed first, followed by collecting and analysing 

qualitative data. Thus, qualitative data collected second builds on the quantitative data 

collected first, and the two methods are connected in the intermediate stages of the 

study.    

As this study investigates health risks and excess winter/summer deaths-the 

researcher will be able to understand the main situation at hand facing the elderly 

people. Figure 3.4.3 shows sequential explanatory design. 
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3.5 Initial Pilot study 

This study conducted a feasibility study to test the logistics and gather information 

before the primary survey (Creswell 2003). A total of 20 questions relating to energy 

efficiency in buildings and the health vulnerability of elderly people were proposed in 

the questionnaire design. The questionnaire design targeted five types of 

respondents: elderly people (65 years old and above), carers and support workers, 

health professionals, energy professionals and building professionals.  

However, from the stated categories, only 20 participants, mainly the building 

professional, carers and support workers, filled back the questionnaire. Conducting 

the pilot study was vital as it helped appraise the viability, time, cost, research sample 

size, identify logistical problems and design of research protocol., Few issues drew 

attention and needed to be changed. For instance, the survey questionnaire was 

completed and distributed using Google Docs; hence this was not in line with the 

university's ethical requirements. The university encourages all researchers to use the 

‘Coventry online Survey’ formerly ‘Bristol online survey’. The main reason to use the 

University online survey is to secure data or sensitive information. 

Other changes to the questionnaire were the wording of some of the questions asked 

to the elderly people. For example, the questionnaire avoided asking for personal and 

sensitive information about the elderly. Instead, it aimed to get general information and 

any experience they might have when it comes to energy efficiency, health risks and 

excess winter deaths 

3.6 Archive Data  

In addition to quantitative and qualitative approach to this study, archive data from the 

ONS relating to excess winter from 1950 to 2019 were obtained for analysis. 

Generated and verified by ONS, archive data gives this study a unique opportunity to 

uncover EWD patterns.   

3.6.1 Archive Data collection  

Excess winter deaths from 1950 until 2019 were obtained from ONS as no previous 

year’s record of EWDs is reported. The Used data also included the average mean 

temperature from 1950 to 2019. Since 1950, the highest number of deaths occurred 

in the winter of 1951 with 106,000 deaths, followed by 1962 with 89,600 deaths 

(Statista 2021).  
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Subsequently, no existing data published before 1950 explains in more detail the 

cause of deaths or any other underlying conditions apart from cold-related diseases 

such as respiratory, Influenza and circulatory (ONS 2018). The reported statistics from 

ONS consisted of male and female mortality, age, geographical area of the deaths 

and cause of deaths. ONS established these figures by calculating the number of 

excess winter deaths (December to March) minus non-winter deaths (August to 

November and April to July).  

3.6.2 Archive Data Analysis 

The excess winter deaths data obtained from ONS were analysed using correlation 

analysis. A correlation analysis consisting of the Spearman coefficient was conducted 

to determine the link between excess winter deaths through years and temperature. 

Spearman correlation measures the strength and direction of association between two 

variables. In this study, spearman correlation measured the monotonic relationship 

between EWDs and temperature. Section 4.2.3 states the rationale and explains the 

difference between Pearson and Spearman correlation. The result and findings are 

shown in table and figure in 4.2.3a and 4.2.3b, respectively. 

3.7 Questionnaire Data Collection Procedure 

For the aim of this study, a cross-sectional quantitative questionnaire was designed 

and used to analyse energy efficiency in buildings and the health vulnerability of 

elderly people in the UK. The questionnaire was distributed using different ways these 

are. 

➢ Online –by registering through Coventry University's internet technology 

department, an online survey was created. After designing the online 

questionnaire, the Uniform Resource Locator (URL) was emailed to 

participants.  

➢ Site Visits (Face to face) - Since some questionnaires were meant for elderly 

people. Getting a quick response through email was impossible since most 

elderly people are unfamiliar with technology.  
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The above techniques were employed to increase reliability by getting a response from 

different disciplines and measuring the research objectives effectively. Similarly, the 

nature of the research problems requires collecting comprehensive data from the 

stated groups and departments within the UK. Hence in reaching many participants, 

collecting the data through the above ways was the most viable and cost effective. 

However, in facilitating the research design and at the same time measuring ‘energy 

efficiency in residential buildings and health vulnerability of elderly people’, the author 

sought that it’s necessary to infer ‘health risks, fuel poverty and excess winter deaths 

to measure energy efficiency in residential buildings.  

The questionnaire design was extracted from current and published issues by 

academics and organisations regarding excess winter deaths, cold housing, fuel 

poverty, energy efficiency and energy behaviour.   

3.7.1 Participants, population, and sample 

In generalising the results of this study, the researcher targeted different groups of 

people that include Elderly people, medical professionals, building professionals, 

energy professionals, carers, and support workers. The table below illustrates the 

entire population of the selected groups in the UK.  

Table 3.7.1: Population of selected groups in the UK 

Group Individual  Companies 

Medical Professionals 150,000 (Rolewicz & 
Palmer 2019) 

 

Energy Professionals  60  

Cares and Support Workers 7 million (carers.org 2019)  

Elderly people (65 years old 
and above) 

12 million (ONS 2018) 11,300 care homes 
(Gov.uk 2018) 

Building Professionals 2,732,160 314,590 (Statista 2019)  

 

Based on the above figures, having direct contact with every individual or company in 

the study population is challenging. Thus, the study used a stratified random sampling 

technique to interfere with the entire population. Stratified random sampling is used 

when the measurement of interest varies between different subgroups; hence, all 

subgroups need to be represented (Mugenda & Mugenda 2003).   
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The subgroups identified in the study are Health professionals (GPs, Doctors, Nurses, 

and medical consultants), Building professionals (surveyors, architects, engineers, 

construction managers), and Energy professionals (Energy experts, energy 

consultants, energy managers), Carers and support workers and elderly people. The 

main geographical target sample was conducted in England's Northeast and West 

midland region. These areas were chosen due to higher excess winter deaths reported 

for the last five years (ONS 2019). Similarly, in 2017 and 2018 EWDs index in both 

regions was 31% compared to the London area, which was significantly lower (27%).   

3.7.2 Procedure and Data collection 

Specific procedures were followed to ensure the data collected aligns with the study 

aims and objective. For instance, the individuals or people selected as part of the study 

population and sample were categorised as professionals and non-professionals. The 

professional group were mainly from a health background, construction/ buildings, and 

experienced energy companies’ personnel. On the other hand, the non-professionals 

comprised the elderly, carers, and support workers. In contacting the target sample, 

several methods were used, for example, NHS hospitals in the region were contacted 

to obtain the contact details of their registered health professionals. The same applies 

to building and energy companies.  

Moreover, other professionals volunteered to take part in the survey, which were from 

the Fuel Poverty Research Network (FPRN). The author is registered and subscribed 

to their emailing and communication panel. The registered members of FPRN 

represent disciplines including academic lectures, Energy professionals, pensioners 

and Building professionals. Regarding the elderly people and carers, the company's 

house online search tool found email and contact addresses for carer homes. 

Telephone conversations and email communication were made to the managers of 

the selected carer’s home. On the same note, participants were given the option to 

complete the questionnaire anonymously or reveal themselves.  
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Subsequently, with the appointment, the researcher visited the care homes and 

presented the questionnaire to carers and the elderly. Some elderly people did not 

understand some questions due to their educational level. In these scenarios, help 

was given by illustration and filling the questionnaire on their authority. Due to time 

limitations, some of the questionnaires were left, and the researcher had to follow up 

and collect them.  

Another method used for collecting data included placing a piece of equipment that 

reads the room temperature in several homes belonging to elderly people. There were 

seven homes comprising four private residentials and three carer homes. Before 

placing the temperature gadget, permission was sought from the homeowners. The 

period the equipment was set and started to read the temperature lasted one year and 

four months, from October 2018 until January 2020.  

3.7.3 Questionnaire Design and Measures 

The questionnaire design was employed to measure Energy efficiency in residential 

buildings and the health vulnerability of elderly people. As mentioned previously, there 

are five questionnaires, each targeting five people. To start with elderly people, the 

questionnaire measured their health risks, energy behaviour and affordability. The 

carers and support workers questionnaire measured elderly people's accommodation, 

health risks and general welfare. The health questionnaire measured the impact of 

excess winter deaths on the elderly, health risks and alternative plans to reduce winter 

deaths. The building questionnaire measured energy efficiency standards in 

residential buildings, indoor temperature, and cold housing. Lastly, the Energy 

questionnaire measured fuel poverty, energy prices and energy affordability. 

In total, there were 35 questionnaires: Elderly (8 questions), Carers and support 

workers (10 questions), Health professionals (7 questions), Building professionals (5 

questions) and Energy professionals (5 questions). An additional question about their 

occupation or accommodation type (elderly people) was included in each 

questionnaire. The answers to most questions were of a scale measurement 

technique that allows participants to indicate the extent to which they agree or disagree 

with the item on the descriptive part of the questionnaire. The measurement scale was 

made on a point basis (Likert style) 0-5 for 27 of the 35 statements. 
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I. 5=Very strongly agree 

II. 4=Strongly agree 

III. 3=Agree 

IV. 2= Disagree 

V. 1=Strongly disagree 

VI. 0=very strongly disagree 

VII. Unsure 

For the remaining 8 of 35 statements, there was a mix of multiple-choice answers, 

yea-sayers, and nay-sayers. Subsequently, in ascertaining the fairness of the chosen 

scale, numbers were assigned to each scale option, which was also converted to a 

percentage. Hence, a high percentage score indicated a high correlation between 

energy efficiency and the health vulnerability of elderly people. 

For percentage response calculation, this is done by multiplying the total number of 

questions in the questionnaire by the maximum possible code of 5. So, for this study, 

each group questionnaire had a different number of questions. Table 3.7.3 illustrates 

the study questionnaire measurement scale and code. 

 

Table 3.7.3: Questionnaire measurement scale and code 
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3.7.4 Questionnaire Data Analysis 

The data obtained using the questionnaire approach was edited, and responses with 

inaccurate, unstable, or invalid information were eliminated. In determining whether 

the data have been distributed and the consistency of the survey result, several tests 

such as Man Whitney for homogeneity, Cronbach Alpha for reliability, Skewness for 

data distribution and correlation analysis were conducted. The remaining data were 

then coded by assigning a number to the options, as illustrated in table 3.3.2. Cross-

tabulation of data was manually done, and each questionnaire was inputted in the 

manner received or returned.  Each participant questionnaire was aligned as 1, 2, and 

3 (depending on the way received) on the vertical axis. The variable questions were 

arranged in a cross-sectional aspect on the horizontal axis to match questionnaire 

responses.  

The study also applied statistical measurement tools (mean, mode, median & range) 

to identify the central position with a set of responses from the questionnaire. For 

instance, using the assigned numbers (codes), the total scores in each question 

(measured variable). In addition to the percentage in the energy efficiency of elderly 

people homes (∑cs -%), mean scores for individual and total scores were calculated, 

respectively.  Similarly, each range percentage was calculated, with the score of five 

represented by 100% and the score of 0 represented by 0%. 

3.8 Qualitative Approach to Study 

For this study, one significant aspect was conducting a qualitative inquiry to get 

information and answers to the research problem. However, there is no perfect 

designed study, as an avoidable event will always arise (Bengtsson 2016). The main 

issue is how much time, cost, resources and risk a researcher takes to understand the 

phenomenon.     

3.8.1 Participants, Populations and Sample  

Several methods were proposed in the qualitative data; interviews, observation (overt 

observation) and case study approach. Although interviews may not be the best in 

getting all the facts needed (Sayer 2000) with this study, they helped elicit narrative 

data that allows researchers to investigate people's views in greater depth (Kvale 

2003). Overt observation involves visiting elderly residents and observing their energy 

management and behaviour.  
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On the other hand, the case study approach allows the researcher to understand the 

subject at hand, reducing potential bias. For instance, one objective of this research 

is to investigate the relationship between energy efficiency and the health 

vulnerabilities of elderly people in the UK. The case study in this research relates to 

fuel poverty, cold housing, health risks and adverse weather deaths of elderly people 

in the UK. Multiple case studies were employed to gain their relationship and 

attributable factors in great depth regarding the mentioned issues. 

The population sample used for the interview was the health professionals, energy 

professionals, elderly people, carers and building professionals. Like the questionnaire 

distribution, the author contacted the University hospital research department in 

Coventry by email for an appointment. However, for energy and building professionals, 

the population was drawn from contact directory(yellow.com), energy digital, building 

magazine and professional development programmes (CPD).  

3.8.2 Procedure and Data Collection  

The interview process was highly impacted by the Covid19 pandemic, thus limiting the 

chances of conducting face-to-face interviews. It meant that the only option was to 

conduct online interviews. However, there were many hurdles and obstacles along the 

path as not many participants preferred online interviews. Many emails and telephone 

calls made were politely rejected. Eventually, some participants agreed to participate 

in the interview but only online. The Online platform used in conducting the interviews 

included Microsoft Teams and Zoom. Some participants agreed to be voice recorded 

during interviews, and their identities were disclosed.  

3.8.3 Measure and Design  

A semi-structuredd interview technique was employed to allow the participants to 

express their views on their own terms (Farell 2011). A list of five to seven questions 

in each survey section (Elderly people, carers, energy professionals, health 

professionals and building professionals) and other probe questions were prepared, 

allowing the researcher to ask the participants for more details regarding the research 

problem (Flick 2007). The interview questions, consent form and participation sheet 

are attached in Appendix 9.3. 
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Additionally, the overt observation technique employed in the study gathered 

participants’ attitudes towards energy management. The technique helped the 

researcher identify, interact, and guide relationships with participants so that the right 

questions could be asked and simultaneously answered the research questions 

(Schensul et al. 1999).  Similarly, by observing participants, the researcher can 

understand and learn participants’ feelings, likes, dislikes and how much time is spent 

on different activities.    

3.8.4 Qualitative Data Analysis Method 

Qualitative research is about putting oneself in another person's shoes and looking at 

the world from that person's perspective; hence the essential aspect in the data 

analysis and management is to be honest with participants (Sutton & Austin 2015). In 

other words, it is their voices that the researcher is trying to hear so that they can be 

analysed and reported on for others to read and learn from it.    

The interview data were analysed using content analysis. Braun & Clarke (2006) 

defines content analysis as identifying, analysing, organising, describing, and coding 

textual materials. Content analysis also provides flexibility and a more accessible form 

of analysis. The data were analysed to investigate energy efficiency in residential 

buildings and the health vulnerability of elderly people in the UK. Subsequently, all 

audio recording was transcribed verbatim, and lines of text were numbered (Sutton & 

Austin 2015).  

Once transcribed, the data was coded and inputted into computer software Nvivo 12. 

The codes were developed by selecting themes that directly related to the study aim 

and objectives. Gibbs (2010) defines coding as “the process of combing data for 

themes, ideas and categories and then marking similar passages of text with a code 

label so that they can be easily retrieved later for further comparison and analysis”.  

Nonetheless, the choice of Nvivo version 1.5 software for coding is informed by several 

aspects, including consistency, efficiency, adequate data, analysis and systematic 

data management.  
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3.9 Predictive Analysis 

Predictive analysis was used in this study to forecast future outcomes and events. 

Several programmes were used that including R studio, Microsoft excel and SPSS. 

The models used excess winter deaths data (1950 to 2019), household income (1974 

to 2019), pensioner income (1995 to 2019) and temperature (1990 to 2019) to predict 

the next 20 years (2040). Subsequently, the other variables, cold housing, fuel poverty, 

energy policy, technology, adaptive behaviour, and climate change, are projected to 

determine the future outcome.      

3.10 Ethical Consideration 

The study follows and adheres to Coventry University's code of good conduct in 

research and integrity. Before the data collection stages, ethics application was 

submitted, and approval was received (See page 2 ). The research committee of 

Coventry University is responsible for ensuring that “any research activity undertaken 

by students/staff meets the highest ethical standards and in line with its policy in 

governance”. Subsequently, the study fulfilled the ethical requirement of various 

engineering and social science such as the UK Engineering and Physical Science 

Research Council (EPSRC 2018) and Social Science Research Council (SSRC 2018). 

Their guidelines in conducting research cover issues such as integrity, quality and 

transparency, participant awareness, confidentiality, coercion, and transparency.  

3.11 Reliability 

Reliability is the degree to which a research instrument yields consistent results or 

data after repeated trials (Mugenda & Mugenda 2003). Essentially, “if the same results 

can be consistently achieved by using the same method under the same 

circumstances, then the measurement is considered reliable” (Middleton 2019). 

Hence, reliability in research is influenced by random error-as random error increases, 

and reliability decreases. Random error is the deviation from an accurate 

measurement which arises from factors effectively not addressed by the researcher. 

For instance, errors can occur from inaccurate coding, unclear instructions to 

participants, interviewees fatigue and interviewers' bias (Mugenda & Mugenda 2003). 

Consequently, a random error will always exist regardless of the procedure used in 

the study. 
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In this study, the researcher minimised random error and hence increased the 

reliability of the data collected. For instance, in qualitative data, the random error was 

minimised using standardised transcription of the interview data and constant 

comparison with analysis using Nvivo version 1.5. On the other hand, a quantitative 

random error will be minimised using computer software-SPSS and conducting tests 

such as Cronbach Alpha, homogeneity test, Pearson, and Spearman correlation 

coefficient analysis test. A coefficient of 0.80 or more implies high data reliability (Mun 

2014).  

3.12 Validity  

Validity refers to the accuracy and meaningfulness of inferences based on the 

research results (Blumberg et al. 2005). If the research has high validity, it produces 

results corresponding to real properties, characteristics, and variations in the physical 

or social world (Robson 2011). However, validity can be understood from qualitative 

and quantitative perspectives. Qualitative research-based validity assimilates matters 

of trustworthiness, utility, and dependability. In other words, it is when a researcher 

uses specific procedures to check the accuracy of research findings (Heale 2015). On 

the other hand, quantitative research validity refers to how equipment measures what 

is intended to measure (Thatcher 2010).   

Winter (2000) categorises validity as a ‘positivist tradition’ that emerged as the results 

and culmination of other empirical conceptions, deductions, objectivity, mathematical 

data, evidence, and universal laws. In the same context, Winter (2000) argues that 

validity in qualitative research is not straightforward as its inescapably grounded in the 

process and direction of the study. Other researchers such as Golafshani (2003), 

Maxwell (1992) and Seale (2000) expressed their opinion that validity does not apply 

to qualitative methods. Concerning these opinions, validity has two essential parts: 

internal (credibility) and external (transferability).  

This study validity consists of robust development of the research design, articulation 

of literature review, research methodology clarification, the establishment of data 

collection methods, probing and integration, interview process and analysis with the 

aim that the whole process and procedures will yield valid information.     
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3.9 Summary 

The chapter established and justified the study's methodological stance and research 

methods. The chapter also examined the research design, data collection, data 

analysis, predictive analysis, ethical consideration, reliability, and validity. An initial 

pilot survey was essential to this study as it helped identify problems such as time, 

cost, viability, logistics and research protocol design. The study used stratified random 

sampling to interfere with the entire population consisting of elderly people, carers, 

support workers, building professionals, health professionals and energy 

professionals.  Data for the study was collected using a questionnaire and interviews, 

academic journals, government websites, departments, and organisations such as 

NHS, DWP, OFGEM, IFS, HSE, ONS, Age UK and UK Data Archive. In analysis, the 

study used SPSS, Structural Equation Modelling and Content analysis. Thus far, the 

following statistic tests have been conducted: NVivo, R-Square, Regression analysis, 

Cronbach-Alpha, descriptive statistics, correlation analysis, R studio and Linear 

forecast.  
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Chapter Four 

 

4.0 Data Analysis: Results and Findings 

 

4.1 Introduction 

This chapter looks at data from the archive, quantitative and qualitative. The archive 

data analyses excess winter deaths that occurred in 1950 to 2019. It also looks at 

excess winter deaths from 2009 to 2019 and the type of disease that contributed to 

these deaths. Correlation analysis is conducted by comparing excess winter deaths 

and average temperature   

Moreover, the study used descriptive and inferential statistics to analyse, summarise, 

estimate, and predict future outcomes. The difference between the two statistics is 

that descriptive summarises the survey data in an organised manner by describing the 

relationship between variables in a sample or population. On the other hand, inferential 

statistics are calculated to generalise from a sample to the entire population of interest 

(Shane and Cheryl 2009, Kaur et al. 2018). Subsequently, both use different 

measurement tools to analyse and present result: descriptive use central tendency 

(mean, mode, median), distribution and variability (standard deviation, range, 

skewness, kurtosis, minimum and maximum values), and Inferential statistics use 

hypothesis testing, confidence interval, regression, and correlation analysis (Murray 

et al. 2009).  

Hence, tests such as Mann-Whitney, Cronbach Alpha, Skewness and Kurtosis 

determine the normal distribution of data and consistency of the survey result. Mann-

Whitney in this study was used to compare the difference between online and face-to-

face survey results. Cronbach Alpha measures the internal consistency (reliability) of 

questionnaire results from the survey participants. Another test conducted is 

correlation coefficient analysis which measures whether there is any relationship 

between Excess winter deaths (EWDs) and elderly people's indoor temperature.  
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Lastly, the chapter analyses interview results from the survey participants, which 

include health professionals, energy professionals, building professionals, carer and 

support workers, and elderly people. In determining sample representation, first-hand 

responses from the interview participants are analysed. It is followed by a brief 

description of how the interview was conducted, structured, and transcribed. An 

analysis of interview participants' views on various issues relating to energy efficiency 

in residential buildings and the health vulnerability of elderly people in the UK. The 

chapter also sheds light upon fuel poverty, health diseases, excess winter deaths and 

energy behaviour of elderly people in the UK. The participant's take on the above 

issues is analysed using content analysis and coded using the latest version of NVivo 

12 software.  

 

4.2 Archive Data 

The archive data compromised EWDs from ONS 1950 to 2019 and the annual 

temperature from Met-Office 1999 to 2019. The months used for the winter 

temperature are December, January, February, and March. Both ONS and 

Meteorological data are robust and reliable data available to the public or any 

interested party. Mortality statistics are recorded from the information when deaths are 

certified and registered as part of civil registration (ONS 2020). Similarly, the Met office 

data dates to 1870, reflecting accurate time weather records, climate patterns and 

meteorological observations across the UK cities (Met Office 2021). In terms of 

analysis, a correlation coefficient of excess winter deaths and average temperature 

between 2009 and 2019 to establish any relation.   

4.2.1 Excess Winter Deaths  

Figure 4.2.1 below shows excess winter deaths from 1950-2019, the highest recorded 

number of deaths was in 1950/1951, with 106,400 deaths. Moreover, in the last 20 

years, the highest EWDs recorded happened in 2017/2018, with 49,410 deaths. In the 

2018/2019 winter period, England and Wales had 23,200 excess winter deaths (ONS 

2020). 
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Figure 4.2.1 Excess winter death over the years 

 

Table 6.2 below shows excess winter deaths and excess winter mortality index from 

2015 to 2018. The table also shows the sex and ages of people who have died 

because of the winter deaths. For instance, in the 2017/2018 period, there were 

49,410 deaths; 45,800 deaths happened to elderly people aged 65 years and over. 

The excess winter mortality index from 2018 to 2019 shows that 14.2%(England) and 

13.1%(Wales) more deaths occurred in the winter compared to non-winter months. 

However, the most recent EWDs figures in 2019 were significantly lower than in 2016, 

2017 and 2018.  

Table 4.2.1 Excess Winter Deaths and Excess Mortality from 2015 to 2019. 
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Excess Winter Deaths from 1950 to  2019

2015/2016 2015/2016 2016/2017 2016/2017 2017/2018 2017/2018 2018/2019 2018/2019

Sex Age

Excess 

Winter 

Deaths

Excess 

Winter 

Mortality 

Index

Excess 

Winter 

Deaths

Excess 

Winter 

Mortality 

Index

Excess 

Winter 

Deaths

Excess 

Winter 

Mortality 

Index

Excess 

Winter 

Deaths

Excess 

Winter 

Mortality 

Index

Male 0–64 1,730 11.1 1,350 8.7 2,700 19.2 12.5

65–74 1,820 11.2 1,790 10.8 3,200 19.4 10.7

75–84 3,370 13.4 4,440 17.8 6,700 26.5 12.9

85+ 4,290 17.5 6,810 27.5 9,300 36.1 30.8

Male Total 11,200 13.8 14,390 17.6 21,900 26.8 10,100    66.9

Female 0–64 1,200 11.7 890 8.7 1,500 15.1 11.2

65–74 1,520 13.2 1,850 16.0 2,500 21.1 14.0

75–84 3,520 15.9 4,690 21.5 6,800 30.9 15.1

85+ 7,140 17.8 12,720 32.3 17,300 43.3 35.1

FemaleTota 13,380 58.6 20,150 78.5 28,100 110.4 11,800    75.4

Total 24,580 34,540 24.3 50,000 33.6 21,900    
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4.2.3 Correlation Analysis 

The two most used correlation coefficients are Pearson’s and Spearman's correlation. 

Pearson correlation is a parametric measure of strength in a linear relationship 

between normally distributed variables, while Spearman correlation is non-parametric 

and measures strength between two variables (Hauke and Kossowski 2011). Hence, 

the difference between the two is that Spearman assesses how well an arbitrary 

monotonic function can distinguish the relationship between two variables. However, 

a particular assumption needs to be implemented when using one or both correlations.  

For Pearson correlation: 

I. The data is derived from a random or at least representative sample to draw a 

meaningful conclusion about the population. 

II. Both variables are continuously distributed using the bivariate normal 

distribution, which shows a linear relationship. 

On the other hand, Spearman correlation does not require normally distributed data 

and can be used to analyse continuing increasing or decreasing relationships 

(Schober et al. 2018). Therefore, this study used Spearman correlation to avoid data 

violation, with no published evidence from ONS stating whether the EWDs are 

normally distributed.   

The data used to perform the Spearman correlation analysis compromised EWDs from 

1999 to 2019 and the average winter monthly temperature. Using SPSS, a scatter 

diagram was produced to determine the linearity and distribution characteristics of the 

paired data. Figure 4.2.3a below shows a scatter diagram of the correlation coefficient 

regarding the last 20 years' EWDs and average winter temperature.  
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Figure 4.2.3a: Scatter chart comparing Outdoor Temperature and EWDs 

 

Table 4.2.3 below shows Spearman’s correlation coefficient between EWDs and the 

average winter monthly temperature. The correlation coefficient shows a weak 

negative monotonic relationship between the two variables tested. Statistically this is 

insignificant results as Spearman’s is   (rs = -0.386, p = 0.438).  

Table 4.2.3: Spearman’s Correlation Coefficient Between EWDs and Outdoor 

Winter Months Average Temperature  

      Temperature Death 

Spearman's rho Temperature Correlation 

Coefficient 

1 -0.386 

    Sig. (2-tailed) . 0.092 

    N 20 20 

  Death Correlation 

Coefficient 

-0.386 1 

    Sig. (2-tailed) 0.092 . 

    N 20 20 
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4.2.4 Archive Data Findings 

The chapter looked at EWDs from the past 69 years (1950-2019) and average winter 

monthly temperatures. Archive data helped the researcher link results from the 

collected data and causes of EWDs from previous years. So far, the highest EWDs 

happened in 1950/1951 with 106,000 deaths, followed by 1962 with 89,600 deaths 

(Statista 2021). However, in 2017/2019, there were 49,410 EWDs, with elderly people 

affected the most with 45,800 deaths. Additionally, the Cause of EWDs deaths was 

looked at in the chapter. In 2018/19, almost 88% of EWDs in England and Wales were 

caused by respiratory disease. Hence, for the last ten years (2009-2019), respiratory 

illness has been a major player in driving EWDs. Moreover, correlation analysis was 

conducted to establish the relationship between EWDs and outdoor temperatures. 

Performing Spearman correlation was significant in this study in determining whether 

there was a link between temperature and EWDs.  

The EWDS data was from ONS with years from 2009 to 2019 and average winter 

monthly temperatures in the same years. Scatter plots in Figures 4.2.3a and 4.2.3b 

show a negative correlation with Spearman’s -0.386. Although the results show no 

relationship between the two variables tested, many deaths have been recorded in 

moderate winter conditions  (Hajat and Gasparrini 2016). For example, ONS figures 

report that, on average, 3,213 cold-related deaths occur every year from the winter 

months of December and March; however, 2,257 senseless deaths occur outside this 

period(ONS 2018). Other EWDs arise due to underlying health conditions such as 

diabetes, chronic kidney disease, severe liver disease, down syndrome and cancer 

(Baker et al., 2020). Nevertheless, cold-related illnesses such as respiratory and 

circulatory diseases remain a severe public health problem and a significant 

contributor to EWDs in the UK.  

.  
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4.3 Quantitative Data Analysis 

The section provides an analysis of quantitative study data. It shows results from 

sample representative and participants' demographic data. The questionnaire result 

analysed and measured the impact of excess winter deaths, energy efficiency policies, 

fuel poverty and health risks of elderly people. The findings are presented in various 

tables and figures in the section.  

4.3.1 Sample Representatives 

The questionnaires correctly filled by participants for this study came from various 

disciplines, including health professionals, carers, building professionals, energy 

professionals and elderly people. Table 4.3.1 below illustrates the breakdown of 

participants with regards to category and number of questionnaires filled correctly and 

returned.   

Table 4.3.1: Category of survey participants and questionnaire returned 

 

 

4.3.2 Homogeneity Test  

Data obtained face-to-face and online were compared to determine if they have equal 

mean scores.  The test performed is Mann-Whitney which is used to compare the 

difference between two independent groups. There are two reasons for conducting the 

test: one is associated with the response rate of the face-to-face and online survey, 

and the other is to avoid biases and false information about energy efficiency and 

health vulnerability data from the survey participants. Table 4.3.2 shows the Mann-

Whitney test with the mean value of 69.12 for Face to face (FF) and 67.59 for Online 

(OL).  

Category of Suvey 

Participants 

Total number of 

questionnaire 

returned

Eldery People 47

Carers & Support Workers 49

Health Professionals 50

Energy Professionals 51

Building Professionals 49

Total 246
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Figure 5.4d illustrates the histogram of building professionals; however, compared to 

a normal distribution, it has slightly positive skewness as the tail is towards the right. 

Overall, with a mean score of 3.60, there are no significant issues regarding normal 

distribution  

 

Figure 4.3.4d: Histogram data distribution of building distribution  

 

Figure 4.3.4e shows the histogram data distribution of the energy professionals. Like 

building professionals, there is slightly negative skewness with leptokurtic kurtosis 

shape. However, the graph shows normally distributed responses from the survey 

participants with a mean score of 3.53 and a standard deviation of 0.96. 

 

 

Figure 4.3.4e: Histogram data distribution of Energy professionals 
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Figure 4.3.4f shows histogram data distribution of carers and support workers with a 

mean score of 3.30 and a standard deviation of 1.053. Although this illustrates slightly 

negative skewed results, the study participants show moderate distribution. 

 

Figure 4.3.4f: Histogram data distribution of Carer and Support Workers 

 

Lastly, figure 4.3.4g below shows histogram data distribution of the elderly people 

category. The mean score is 3.02 with a standard deviation of 1.141, thus illustrating 

normally distributed responses from the study participants.     

 

Figure 5.4g: Histogram data distribution of Elderly People 
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Thus, an acceptable level of reliability ranges is α of 0.6-0.7, with 0.8 or greater being 

an excellent level. However, values higher than 0.95 indicate a level of redundancy 

and are not necessarily good (Hulin et al. 2001).  

4.3.6 Analysis of Measured Variables 

The section looks at the measured variables in the questionnaire regarding energy 

efficiency in residential buildings and the health vulnerability of elderly people. The 

analysis in this section measured three variables that are. 

I. Relationship between excess winter deaths among elderly people and 

cold homes (health professional, Carers/support workers & building 

professionals’ questionnaire) 

II. The correlation between energy efficiency policies and health risks of 

elderly people (Energy professionals’ questionnaire). 

III. Whether fuel poverty influences the health risk associated with elderly 

people (Elderly people, Carers and Energy professionals) 

IV. Relationship between excess winter deaths and indoor temperature for 

the elderly homes 

4.3.7 Excess winter deaths among elderly people and cold homes  

Table 4.3.7 illustrates participants' mean score from health professionals, 

carers/support workers and building professionals. In a Likert scale analysis (ranging 

from very strongly agree 5=100% to Very strongly disagree 0 = 0%), the participants 

were asked to give their views and experience about excess winter/summer heat 

deaths among elderly people and cold homes. A score of 3.00 and above indicates 

that participants agree that there is a relationship between excess winter deaths 

among the elderly and cold homes. Thus, a mean score of 3.55, corresponding to 

71.10% was recorded in these categories. Most participants agree that there is a 

relationship between excess winter deaths among elderly people and cold homes. The 

response to these statements aligns with the ONS report of 2018/19 excess winter 

deaths attributing most deaths to elderly people. For instance, from 2016 to 2017, 

there were 32,000 EWDs; 9,700 of these were attributable to avoidable circumstances 

of living in cold homes (NEA & E3G 2019).  



78 
 

 

Guertler and Smith (2018), in their study, have attributed almost 30% of EWDs to living 

in cold homes. Likewise, in the 2017/2018 period, there were estimated 50,100 EWDs 

in England and Wales, thus making it the highest of all the years from the 1975 to 1976 

winter period where there were 58,100 EWDs (ONS 2019). The questionnaire result 

underlines the growing crisis around cold homes and its impact on vulnerable people.  

Table 4.3.7: Measurement of Excess winter Deaths among elderly People and 

cold homes 

  Health Professionals        
 

Measurement  Mean 
Score 

S.D Mean 
Score% 

Q1 The impact of excess winter deaths has become increasingly 
evident in the last decades 

4 0.70 80 

Q2 Do you believe that elderly people are the most affected by 
Excess Winter Deaths 

4 0.76 80 

Q3 Is there any correlation between cold housing and Excess 
winter deaths among the elderly? 

4 0.68 80 

Q4 From your experience, is there any relationship between cold 
houses and Excess winter deaths? 

4 0.72 80 

  Building Professionals       

Q3 Most houses with poor energy efficiency contribute to ill 
health? 

3.65 0.97 73.06 

Q5 Do you agree that there is a strong association between 
excess winter deaths and lower indoor temperature? 

3.57 0.84 71.43 

  Carers and Support Workers       

Q2 There is reason to believe that during the winter season elderly 
people are most affected with cold related illness? 

3.65 0.90 73.06 

Q3 Most elderly people homes are unsuitable especially during 
winter hence, there is rise in hospital admissions? 

3.06 1.18 61.22 

Q4 Do you believe that elderly people home contribute to health 
issues; hence hospital admissions? 

3 1.19 60.00 

Q5 There is reason to believe that cold houses contribute to 
elderly people illness. 

3.45 0.89 68.98 

Q6 Winter fuel pay to the elderly people in the UK is enough to 
cover their house energy bills 

2.35 1.07 46.94 

Q9 Do you believe that winter significantly affect elderly people in 
the UK? 

3.92 0.61 78.37 

 
Average Index 3.55 0.88 71.10 

Regarding health implications and diseases attributed to elderly people, Q1 to Q4 of 

the health professional sector measured their responses. The overall mean equates 

to 80%, with all agreeing that excess winter death severely affects the elderly people. 

The same applies to cold housing, excess winter deaths and elderly people, who 

strongly agree that there exists a correlation between the three factors.  







81 
 

 

In the same context, many studies (Marmot review 2012, Walker and Day 2012) link 

energy in-efficiency as one contributor to fuel poverty. These studies focus on the 

causal pathway between health and energy efficiency. However, this study fills the 

gap by investigating factors behind fuel poverty, cold homes and EWDs among elderly 

people.    

Furthermore, Carer and support workers questionnaire mainly looked to answer issues 

relating to the wellbeing of elderly people and excess winter deaths. Respondents from 

this sector agreed that most elderly people homes contribute to health issues, hence 

high hospital admission rates. An average score of 3.24 (Agree) and a total percentage 

of 65% were achieved. In terms of winter fuel incentives(Q6) offered to the elderly 

people, the average score of 2.4 was recorded, meaning that the participants disagree 

with the question that winter fuel payments are enough to cover elderly people's winter 

energy bills.     

4.3.9 Fuel Poverty and Health Risks of Elderly People  

Table 5.5.3 recorded a mean score of 3.29, which translates to 65.8%. On average, 

the participants show that they agree with the measured items. Although fuel poverty 

has been covered in 4.3.8, the elderly people questionnaire further determined the 

well-being of elderly people. For example, in Q2, the section asked whether they 

prioritise energy bills before and clothing; 60% of the participants agreed with the 

question. Similarly, a mean score of 3.98 which translates to 79.6% (strongly agree), 

was recorded when the participants were asked whether excessive winter cold 

significantly affects their health.   

Table 4.3.9: Measurement of Fuel Poverty and Health Risks of Elderly People 
 

Elderly People Mean 
Score 

SD Mean 
Score% 

Q2 Do you prioritise energy bills before food and clothing? 3 1.03 60 

Q3 Do you believe your house or accommodation is very cold 
during winter? 

3.23 0.86 65 

Q4 Is your heating restricted due to cost related issues? 2.94 0.96 59 

Q5 Excessive winter cold significantly affects your health? 3.98 0.85 80 
 

Average Index 3.29 0.93 66 

Q7 Excessive winter cold does not significantly affect my 
health 

2.17 1.29 43.40 
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Table 4.3.10a: Indoor Temperature of Elderly People Living in Care and 

Residential Homes 

 

Other factors also considered are different season temperatures such as Winter, 

Autumn, Spring and Summer. For instance, most houses' summertime (June, July, 

and August) temperature was above 19° Celsius.  On the other hand, the temperature 

in Winter in both care and residential homes was less than 19° Celsius.  

Moreover, the study investigated the relationship between EWDs and indoor 

temperature. Figure 4.5.4 below shows a scatter diagram between daily indoor 

temperature collected from residential and care homes. The temperature figures were 

from October, November, December, January, February, and March. Similarly, for 

EWDs, the Office of National statistics retrieved daily deaths for the above months. 

The correlation analysis in table 4.5.4 indicates no relationship between EWDs and 

Indoor temperature; Spearman’s is rs = -0.301, p = .000). 
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Carer 1

Home 72 1 17.84 18 18.22 19.45 17.5 18.5 18 18.25 23.2 24.22 28.4 20.12 18.5 17.52 18.3 18.57 17.84

Carer 2

Home 82 1 18.85 19.1 19.32 20.01 18.87 19.05 18.97 18.5 20.3 26.5 24.2 20.21 19.3 18.65 18.3 18.98 18.85

Carer 3

Home 75 1 19.46 18.88 19.45 21.42 19.22 18.47 19.86 20.22 21.5 21.87 22.5 19.23 18.8 18.46 18.8 18.95 19.46

Residential 

Home 1

72 &

75 2 17.3 17.35 17.38 18.05 18.18 17.39 17.89 18.15 18.1 19.34 18.1 17.33 18.6 18.03 18 18.98 17.3

Residential 

Home 2

68 &

69 2 16.6 17.66 16.86 17.45 17.97 17.55 17.72 18.54 20.6 23.46 21.4 21.02 18.3 17.89 17.2 17.53 16.6

Residential 

Home 3 72 1 17.55 17.86 18.34 18.54 18.58 17.31 18.33 18.78 21.5 23.28 22.6 20.21 18.9 18.23 17.8 17.8 17.55

Residential 

Home 4 79 1 18.24 18.78 18.96 19.03 19.56 18.75 19.54 20.12 19.5 22.14 23.2 19.54 18 18.21 18.2 18.35 18.24
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Figure 4.3.10: Scatter chart comparing indoor Temperature and EWDs 

 

Table 4.3.10b: Spearman’s Correlation Coefficient Between    EWDs and 

Indoor Winter Months Average Temperature  

Correlations         

      Temperature Death 

Spearman's rho Temperature Correlation 
Coefficient 

1 -0.301 

    Sig. (2-tailed) . 000 

    N 182 182 

  Death Correlation 
Coefficient 

-0.301 1 

    Sig. (2-tailed) 000 . 

    N 182 182 
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4.3.11 Quantitative Data Findings 

This chapter demonstrates that the survey participants from all five sections (health 

professionals, energy professionals, building professionals, carers, and elderly 

people) have good knowledge and understanding of the research questions. For 

example,52% of health professionals were doctors who have one way or other treated 

and gave consultation to elderly patients impacted by winter disease. Different 

categories such as energy and building professionals demonstrated their experience 

when asked technical questions about energy efficiency or building categories. 

Likewise, the elderly people, carers and support workers contributed significantly to 

the study view of EWDs and factors contributing to health vulnerabilities 

Table 4.3.11: Summary of Hypothesis and Empirical Results 

Alternative 

Hypotheses 

 

Study reference Result findings 

 

There is a significant 

relationship between 

EWDs among elderly 

people and cold homes 

Table 4.3.7 results from 

health professionals, 

carers and elderly people 

show a relationship 

between EWDs and cold 

homes occupied by 

elderly people.  

However, the null 

hypotheses in figure 

4.3.10 cannot be 

rejected as the indoor 

temperature was 

taken from elderly 

people homes. The 

correlation coefficient 

gave a weak negative 

relationship (rho = - 

0.301, p = .000).  

 

 There is a significance 

relationship between 

energy efficiency 

policies and health risks 

of elderly people  

Table 4.3.8 results from 

energy and elderly people 

gave a mean score of 

3.16, equating to almost 

63.04%. This means that 

most participants agree 

that there is a relationship 

between energy efficiency 

policies and the health 

risks of elderly people. 
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Regarding fuel poverty and health risks, there was a mean score of 3.29, equating to 

66% agreement from the participants. It means that most participants agree that fuel 

poverty contributes to the health risks of elderly people. Subsequently, the participants 

ticked respiratory disease as the most common disease suffered by elderly people 

during the winter. However, further analysis regarding the relationship between indoor 

temperature and EWD deaths proves daunting; correlation analysis based on daily 

deaths and indoor daily temperature in elderly homes indicates a weak negative 

relationship. Consequently, interpreting daily temperature against EWDs daily deaths 

can provide insignificant results as many deaths attributable to low temperature occur 

in even moderate winter conditions.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 
 

 

4.4 Qualitative Data Analysis 

4.4.1 Introduction 

The section looks at the responses from the interview conducted to ascertain sample 

representatives. This section also states how the interview results were collected, 

transcribed, and analysed. A review of participants' views on issues such as excess 

winter deaths, fuel poverty, energy policy, adaptive behaviour and modern technology 

is conducted. NVivo version 1.5 software was used to organise, code, and visualise 

the transcribed data and enable the identification of themes and patterns. The results 

and findings were tabulated with participants' views about the issues raised during the 

interview presented and interpreted.   

4.4.2 Study Participant Profile 

The study interview participants comprised elderly people, health professionals, 

building professionals, energy professionals, carers and support workers. Together 18 

participants took part in the interview process. There were four building professionals, 

three health professionals, four carers and support workers, three energy 

professionals and four elderly people. Most of the participants were in the Midlands 

parts of the UK. Consequently, due to the Covid19 pandemic, face-to-face interviews 

were not applicable; hence all the interviews were conducted online. Table 4.4.2 

illustrates the participant's profile and their job description.   
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Table 4.4.2: Participant’s profile   

 

 

4.4.3 Description of the Interview Data 

The interview process was highly impacted by the Covid19 pandemic, thus limiting the 

chances of conducting face-to-face interviews. It meant that the only option was to 

conduct online interviews. However, there were many hurdles and obstacles along the 

path as not many participants preferred online interviews. Many emails and telephone 

calls made were politely rejected. In the end, only 18 participants agreed to participate 

in the interview process. The online platform mainly used was Zoom and Microsoft 

Teams. Most of the conversations were recorded with the given consent of the 

participants. After each interview, the recorded audio was transcribed to ensure that 

all conversation was fully captured, readable and in line with the aims and objective of 

the study.  
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4.4.4 Interview Data Analysis 

A semi-structured interview approach enabled the researcher to probe and explore 

participants' more information. Appendix 9.3 shows a list of interview questions and 

interview full transcripts. The textual content of the interview data was transcribed into 

a manuscript and inputted into NVivo version1.5 to store, compare and organise coded 

themes (see Appendix 9.3.3). Codes were assigned to key themes to facilitate the 

filtering and sorting of data. The themes emerged from the transcribed data with the 

help of codes and sub-codes created during the analysis. The data coding was carried 

out independently on all five sectors transcribed due to the interviewees' varied nature 

and experience on the research topic. Thus, the coding process ensured that multiple 

phrases or sentences resulting from keywords, ideas and terms were observed in line 

with the study's aim and objective (Petty et al., 2012). Subsequently, for clarity and a 

better understanding between the researcher and interviewees, few textual contents 

were removed from the transcript to enhance readers' experience of the findings.  

4.5 Qualitative Findings 

The data analysed various issues ranging from excess winter deaths, cold housing, 

fuel poverty, health risks, energy policy and adaptive behaviour. Below are some key 

findings and tabulations from the five sector participants.  

4.5.1 Excess Winter Deaths Among Elderly People and Cold Homes 

Starting with the health professionals, they were asked whether there was a 

relationship between excess winter deaths among elderly people and cold homes. The 

response indicated that a relationship exists between the issues. The below 

statements reflect direct answers given by the health professionals.  

“Most elderly people we treat at the hospital usually have underlying conditions 

triggered by the cold. For example, conditions such as asthma, hypertension, thyroid, 

diabetes, high cholesterol and few others can reduce blood flow, affecting the body's 

ability to regulate temperature. Off courses living in cold homes is a contributing factor 

for the elderly people to fall ill but as I say most people, we see in the hospital have 

underlying condition which one way or another is triggered by cold” (Medical Doctor 1, 

University Hospital Coventry).  
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“Cold homes certainly contribute to EWDs, as for instance when homes have 

insufficient heating or are damp, this increases the risk of respiratory, circulatory and 

influenza diseases. Subsequently, the main reason elderly people cannot persevere 

cold temperature or environment is decreased metabolic rate that makes them 

struggle to maintain comfortable body temperature and thinning of skin making them 

to feel colder” ( Medical Doctor 2,Queen Elizabeth Hospital, Birmingham).  

“Cold itself does not necessarily increase viral illness and excess winter deaths, but it 

can exacerbate certain health conditions like Copd, asthma, Bronchiectasis and other 

medical conditions triggered by cold. Cold houses that are dump and mouldy are more 

likely to increase the risk of certain respiratory illness because the fungal scores flying 

about can raise allergies and cause spasm of the lower parts of the lungs. 

Subsequently, all these links to excess winter deaths” (General Practitioner (GP) 1, 

Leicester).  

However, similar responses were given when participants were probed further about 

the age bracket the excess winter deaths affect most and what could be the reason 

behind it. 

“The category of people mainly affected are the elderly people, emm let’s say from the 

age of 65 years old and above. Emm, the elderly people are more likely to be 

vulnerable to the cold weather and emm partly because they are more likely to have 

existing health conditions. Also, their temperature control can be weaker because of 

less subcutaneous fat, making them vulnerable to diseases such as hypothermia” 

(Medical Doctor 1, University Hospital Coventry).  

“Certainly, the rates of illnesses particularly elderly patient tend to increase anyway, in 

all age categories we have deaths during this time, but majority of the deaths comes 

from the elderly population. So, in wintertime, there is excessive increase in hospital 

admission particularly the ages from 65 years old and above. And increases in those 

with coexisting medical condition even if they are middle age group”. (General 

Practitioner (GP) 1, Leicester).  

 4.5.2 Health Risks Associated with Excess Winter Deaths  

The participants were also asked about the most common diseases associated with 

excess winter deaths. The response from the health professionals pointed out mixed 

views.  

“Regarding Ewds, as in this time of the year, I think many people will say Influenza is 

up there with the cause of worsening health and contributing to many deaths. But also, 

underlying health conditions contributes to Ewds for some elderly people. These also 

triggers things like heart attack, severe asthma etc. But I think flu is a major problem 

and a priority during wintertime and it’s a main cause and underlying condition of Ewds 

for certain population of people” (GP 1, Leicester).  
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The disease mostly associated with Ewds include Respiratory illness, circulatory, 

influenza, Chronic Obstructive Pulmonary Disease (Copd) and Asthma. However, the 

main leading cause of EWDs is respiratory disease followed by circulatory disease. 

The main respiratory disease categories are chronic lower respiratory disease and 

Pneumonia. In my opinion emm I would say this are main killers when it comes to 

EWDs” (Medical Doctor 1, University Hospital Coventry). 

“There are number of diseases that mainly contribute to EWDs, some as I mentioned 

like respiratory illness, circulatory, influenza, hypothermia, and asthma. However, from 

current elderly people diagnosis, respiratory and circulatory are the main killers and If 

I can add as well, Influenza is up there” (Medical Doctor 2, Queen Elizabeth Hospital, 

Birmingham) 

Further, the health professionals were asked about any preventive solution to reduce 

excess winter deaths and health risks to elderly people.  

The best option in reducing EWDs is timely vaccination of vulnerable people and those 

caring for them including front line NHS workers. This in the meantime reduces winter 

mortality and relieve winter pressure on NHS and social care. Other ways to prevent 

EWDs include following Public Health England directions on how to stay safe from the 

cold season and ensuring your home is warm by contacting the social services and 

relevant authorities. Finally, if you have any underlying condition, make sure that your 

GP and health services are aware of your situation and any updates or change in your 

health” (Medical Doctor 1, University Hospital Coventry). 

Yes, so Public Health England has been looking to reduce Ewds caused by viruses 

that will by flu vaccination campaign, streamlining the medication and making sure that 

they are taking the medication. Another way of doing that is increasing awareness of 

lifestyle changes, mental health, and exercise diet. So preventive medicine is a key 

thing. Suppose there are issues like homelessness with the elderly, social isolation, 

unfit home, neglect, and living alone. In that case, we do involve social care services 

and ensure that the elderly person needs assistance. This can be financial funding, 

benefits, winter fuel payments and if it’s either paying for carers for them to come and 

give the necessary care and daily activities of living. However, we do as GPs look at 

it holistically and ensure that health and wellbeing are maintained (GP 1, Leicester).      

Firstly, I want to stress that EWDs can be prevented and to do this, there are several 

things that needs to be done. For example, good heating, well balanced temperature 

at homes, 21°C for a living room and 18°C for bedrooms. The main reason for this is 

that living in low temperature impacts the mobility of the elderly people, hence 

triggering underlying conditions. It’s also very significant that elderly people are rolled 

in the vaccination program to reduce cold related illness and mortality. Since living in 

cold homes and low temperature contributes to winter illness, improving the health 

condition of the elderly people and protecting them from avoidable harm is vital 

(Medical Doctor 2, Queen Elizabeth Hospital, Birmingham) 
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One of the issues as I stated include psychological trauma which can be stress and 

anxiety due to dependency on heating their homes and not financially secure enough 

to pay these bills. So, to add to these factors include winters illness mainly contributed 

by living in very cold homes. Emm in my view, there is a link between fuel poverty and 

EWDs when the mentioned factors come into play or are experienced by the elderly. 

(Energy Consultant 2, British Gas).  

At some point, I agree with the statement as the main issue revolves around 

affordability to pay for energy bills. This leads to number of scenarios that include non-

heating homes and low bills. If a household limits their use of heating during winter, 

then their homes will be very cold, leading to several cold-related illnesses. I 

understand that elderly people emm they are vulnerable with the cold weather, which 

can affect their health. cold homes do impact the general health of the occupants, and 

if there are elderly people living in these homes then the stake is high for them to fall 

ill and develop cold related illness. However, I am not a health expert and I will not be 

able to tell you that there is a relationship between living in cold homes and excess 

winter deaths. (Energy manager 3, Scottish Power).  

To follow up with the question of fuel poverty, the energy professionals were also 

asked whether elderly people need help when paying for energy bills, the below 

statements was their response. 

 Under the Energy Company Obligation policy (ECO), we are tasked with helping and 

considering those struggling to keep up with their energy bills. We don’t cut supply 

straight away as we allow enough time for the occupants, emm also we write to them 

inquiring about the problem they are facing. For elderly people, there is a government 

scheme known as winter fuel payments and they could get between £100-£300 to pay 

off their energy bills during winter. Also, there is cold weather payment given to people 

on low income when the temperature reaches zero degree Celsius or below. Warm 

home discount of £140 is another payment given to low income families between the 

month of December and March. (Energy Consultant 2, British Gas). 

There are several benefits paid to household or elderly people when it’s confirmed that 

they are in fuel poverty or the houses they live have low energy efficiency. For 

example, if a household has band E energy performance certificate, they will get £140, 

which is deducted from their energy bill as part of warm home discount. Other benefit 

accessible to elderly people is the winter fuel payment and cold weather payment. I 

would like to encourage households to regularly switch suppliers and opt for fixed 

energy tariffs as this helps save their energy spending. (Energy manager 3, Scottish 

Power). 

Yes, I do believe that elderly people need help with their energy bills, emm without any 

form of assistance will really impact their wellbeing and putting the lives at risk. There 

are few numbers of benefits that needs to be applied and this include warm home 

discount (£140), winter fuel payment (£100-300) and cold weather payment (£25). 

However, schemes such as warm home discount are not signed by some energy 

companies, which makes elderly people not get the discount.  
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Just few weeks ago my father was sent to hospital via accidents and emergency 

because of the cold weather causing sickness. Emm due to the cold weather, it 

causes internal bleeding as he got sensitive valves that was triggered by the cold 

weather and need to consume hot drinks during the cold weather contributed that as 

well. Similarly, this was the advice given by the consultant to try managing it better 

so that it does not happen again. (Parent Carer 1, Birmingham). 

The elderly people that I look after mostly complain in winter and they develop disease 

such as pneumonia, Flu, Respiratory disease. For those having underlying condition, 

the winter season can trigger it. From my experience, I visit different houses, but I 

observed that some houses are very cold, and the elderly complain a lot. Due to cold 

season, I have witnessed some elderly people being hospitalised with pneumonia and 

other cold related diseases. (Company Carer 2, Coventry). 

Additionally, carers and elderly were asked whether the local authorities provided 

winter fuel payment is enough to cover the energy bills of the elderly. Starting with the 

carers, below are the answers given. 

No is not enough to cover most of their energy bills. As most of them live in houses 

where energy is not conserved due no or less insulation. So, no matter how the 

houses are heated, it is still cold. This also result in accumulating huge bills hence 

the winter fuel payment will not be enough. (Company Carer 2 Coventry) 

No, it’s not enough, because it obviously shaves off the amount in the bill, but it does 

not allow them to cover large portion of their bills in the winter period. (Parent Carer 

1 Birmingham ) 

No, the winter payment is not enough, and most of them rely in other sources to pay 

for their energy bills. These sources can be benefits money, family and friends help. 

(Care worker 3 )  

Elderly people response. 

When it gets cold with freezing temperature, I have no choice but to heat the house 

more. The only problem is that this contributes to high energy bills. I rather spent a 

lot of money in energy bills than living in a cold house that will eventually impact my 

health. (69 Years old 1 from Coventry) 

If it gets really  cold annual temperatures with sub-zero degrees, then what happens 

t is that he has to prioritise the heating and obviously with the food he can't .He'll 

have to go by and eat less that week you know buy less meat for example and sort 

of relying more on cheaper food substances that he can afford for the week. Also, 

because the fact that he is elderly person with little to no income and it will be too 

cold to leave the heating off (75 Years old 2, Residential home, Coventry) 
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4.5.6 Adaptive Behaviour and Modern Technology  

The question was asked randomly to all the participants in the interview with the 

regard’s behavioural aspect of the elderly people when it comes to energy 

conservation and how they adapt to modern residential buildings with smart 

technology. Below are answers given by different participants. 

It all depends on their age and demographic characteristic such as income, education, 

geographical location, and disability. However, with right mindset, elderly people can 

have ability to use the technology. For any difficulties facing the elderly, the 

government and health professional should provide adequate information to contribute 

to their quality of life and adaptation to the new technology (Project Manager 1, 

Construction Company). 

For old residential buildings and those with no energy efficiency, I would say elderly 

people will find it difficult to use new technology such smart gadgets or even smart 

phones to control their energy usage. The new residential buildings have already been 

incorporated with smart meters and therefore there is not much for the elderly people 

to do apart from turning on and off the smart meter (Energy Company Manager 3-

Scottish Power) 

Technology brings enormous benefit to everyone, so with elderly people this will 

change how they manage their everyday activity such as switching the heating system, 

checking, and adjusting room temperature and communicating with their loved one. 

However, elderly people have been known to have difficulties using modern 

technologies to an extent that some distrust and fear technology. All and all, I think 

with right mindset and proper training , elderly people can be able to adapt to 

technology and use it for everyday purpose. As a company,  our main goal is to bond 

with our customers and try to find the best options available for them to save energy. 

So, if there can be advanced technology where we can interact and understand our 

customers energy behaviour the I can say this is a major triumph. So will save energy 

consumption for the elderly people and limit their chances of contracting winter 

illnesses (Energy Consultant 2, British Gas).  

The use of technology benefits everyone irrespective of their age, it makes life easier 

achieving more qualitative living. when it comes to elderly people, there age matters , 

the elderly they are, the less they are into or even interested with technology .For new 

residential buildings, things are easier for the elderly people with smart meters and 

energy efficient which don’t require too much of the heating. However, there is huge 

problem with most elderly people not using smart technology and living in homes that 

need to constant heating (Civil Engineer 2, Construction Company). 

We normally categorise them depending on their health condition and age, emm there 

some of them that can take care of themselves and control their heating system. 

However, some them have illness such as dementia, they wouldn’t remember doing it 

and so we must help. In terms of adaptability, I do not think it will be possible for the 

elderly people to use the smart technology.  
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4.6 Qualitative Result and Findings 

Findings from the interview data indicate distinctive differences and similarities to the 

quantitative analyses in chapter 5. For instance, the health professionals were asked 

about excess winter deaths (EWDs) and how it affects the elderly. Their responses 

gave a better understanding of the issues contributing to excess winter deaths. They 

stated that elderly people are most vulnerable to cold-related illnesses. The diseases 

that mainly contribute to EWDs include respiratory, circulatory and exacerbation of 

pre-existing health conditions such as asthma and chronic obstructive pulmonary 

disease (Copd). The health professionals also mentioned living in cold housing and 

how these triggers increase the risk of respiratory illnesses.  

Further, the qualitative findings raised important issues regarding fuel poverty and its 

links to EWDs. Interview participants from the category of elderly people, carer 

workers and energy professionals reiterate that fuel poverty contributes to EWDs. For 

example, high energy bills are accumulated when elderly people spend most of their 

time indoors. In return, this affects their budget leading to psychological impact and 

eventually contract diseases. Some of the responses given by the elderly people 

include higher bills, scared to turn on the heater, wrapping themselves in blanket to 

stay warm and staying in one room, leaving the rest of the house in a damp state. 

These statements aligned with the quantitative result when participants were asked to 

prioritise energy bills over basic needs such as food and clothing.  

Another area of concern highlighted by the qualitative data is the issue of buildings 

and the type of houses elderly people reside. The elderly people supported by the care 

and support workers have expressed concern about the houses or accommodation 

they live under. Most places the elderly people live are old and have no or less energy 

efficiency. Consequently, some of the elderly people homes become hard to warm no 

matter how long they are heated. Other issues reported include leaking roofs, damp 

walls, and rot in window frames.  

Lastly, all the interview participants were asked about modern technology and how 

elderly people use or adapt it. As stated by the elderly, some have little knowledge on 

how to use devices such as phones and smart meters to control their energy usage. 

Other reasons behind the lack of engagement, as mentioned by the elderly, include 

health status, income, education, digital skills, and suitable training.  
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Similarly, other participants in the interview gave their opinion when asked about how 

elderly people use or adapt to modern technology. Almost all have indicated that 

elderly people may struggle with using modern technology for their energy.  Thus, in 

understanding the difficulties faced by the elderly people, more help needs to be given 

for them to adapt to modern technology.  

Overall, the view highlighted by the interview participants shows that elderly people 

suffer the most regarding Ewds. Thus, issues such as fuel poverty, type of housing, 

underlying condition, health risks and cold-related illnesses contribute to Ewds Figure 

4.6.1 illustrate the most common codes retrieved from the participant's interview data 

through Nvivo version 1.5. See Appendix 9.3 for the different participant's interview 

sectors coding.    

 

Figure 4.6.1: Retrieved codes from the interview data  
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4.2.5 Summary 

The chapter analysed and gave findings for the three sections: archive data, 

quantitative data (questionnaire) and qualitative data  (interviews).  The first section of 

archive data was retrieved from ONS and Met Office, consisting of EWDs and outdoor 

temperature. Since 1950, EWDs have decreased; however, over the last ten years, 

the number of deaths has increased. It can also be noted that respiratory disease is 

the leading cause factor of EWDs. The correlation coefficient test between EWDs and 

monthly average temperature gave a score of - 0.386, p = .000 for Spearman 

correlation. This result means there is no relationship between EWDs and winter 

monthly temperature. However, the negative correlation does not solely determine the 

cause of death as other factors such as underlying conditions(diabetes, kidney failure, 

cancer) and cold-related diseases (respiratory, cardiovascular, influenza) play a major 

role in EWDs.  

The quantitative section analysed the questionnaire result from survey participants 

that were made of five categories: health professionals, energy professionals, building 

professionals, elderly people and carers and support workers. Several tests were 

conducted to determine the consistency and reliability of data distribution, including 

Mann Whitney (Homogeneity), Cronbach Alpha (internal reliability) and Skewness and 

Kurtosis. The result from all the tests showed a good consistency level, the acceptance 

level of reliability and normal distribution of survey data. Subsequently, the 

questionnaire analysis measured several variables in line with the study objectives: 

the relationship between EWDs and cold homes, energy efficiency policies and health 

risks of elderly people, fuel poverty influence on elderly people's health and the 

relationship between EWDs and indoor temperature of elderly people homes. Table 

4.3.7 shows the percentage mean score from health professionals, Care/support 

workers and building professionals. The overall mean is 80%, with all the participants 

agreeing that excess winter deaths highly affect elderly people. Similarly, the average 

score of 66% and 63% (table 4.3.8 and 4.3.9) was recorded for fuel poverty and energy 

efficiency policies' influence on elderly people's health. The results mean that 

participants agree that fuel poverty and energy efficiency policies contribute to the 

health risks of elderly people. 
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However, the relationship between EWDs and indoor temperature gave weak negative 

Spearman’s correlation (rho = - 0.301, p = .000). Table 4.3.11 illustrates the study 

hypothesis based on the empirical data analysis findings.  

The qualitative section gathered first-hand information about the study content from 

health professionals, energy professionals, building professionals, care and support 

workers and elderly people. The chapter findings confirm quantitative results as some 

of the information was similar. However, apart from ensuring the quantitative data, the 

chapter gave important information contrary to the one provided by quantitative data. 

For example, when it comes EWDs experienced by elderly people, the health 

professional in the interview explained in detail the main problems that contribute to 

EWDs.  

Similarly, the energy and building professionals understood fuel poverty and housing 

issues that finally lead to elderly people experiencing health risks. Elderly people, Care 

and Support workers too gave their opinions and experience on EWDs and other 

issues contributing.  
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Chapter Five 

5.0 Predicting Future Scenario 

 

5.1 Introduction  

The chapter looks at predicting the future scenarios of energy efficiency and health 

vulnerability of elderly people in the UK. Predictive models in this study help forecast 

and report future events concerning energy efficiency and health vulnerability of 

elderly people in the UK. The model also helps to determine future EWDs and whether 

they will increase or decrease. The data from the prediction model will serve as a 

connection between possible future scenarios and future outcomes in the delivery of 

energy efficiency and the health vulnerability of elderly people.  

Thus, in determining the prediction, the chapter will look at variables revolving around 

energy efficiency and health vulnerability and the factors influencing them. The 

variables are the outcome of the analysis of archive data, quantitative data, and 

qualitative data.  

5.2 Energy Efficiency and Health Vulnerability Variables 

Result findings from archive, quantitative and qualitative data report several variables 

that mainly contribute to energy efficiency and health vulnerability of elderly people. 

These are excess winter death, cold housing, fuel poverty, technology, adaptive 

behaviour, energy policies and climate change.  

5.2.1 Excess Winter Deaths 

The interview and questionnaire data response report that excess winter deaths of 

elderly people are mainly contributed to by several issues, including cold weather, 

winter health risks and housing types. Cold weather can have a detrimental impact on 

the health of elderly individuals and those with underlying conditions. Most of the 

elderly people in the questionnaire and interview stated that it becomes harder for their 

bodies to recognise how cold it is, and they are exposed to cold-related illnesses. 

Some of these illnesses include influenza, hypothermia, respiratory, circulatory, cold, 

and flu. Similarly, evidence from medical literature indicates that low temperature 

triggers several biological issues, including blood pressure, viscosity, and heart rate 

(Ahmed et al., 2021).  
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Other evidence shows that cold-related illnesses increase hospital admissions, with 

elderly people being the majority (PHE 2018). Thus, the average number of deaths 

yearly in the UK from low temperature or extremely cold weather is around 25,000 

(ONS 2021). Moreover, the indirect impact of cold weather increases issues such as 

heart attack, stroke, falls and injury, isolation and loneliness, anxiety, and depression.  

5.2.2 Cold Housing  

Most of the answers from the elderly during this study indicated that they live in cold 

homes, which become hard to heat during the cold season. However, living in cold 

homes depends on a few things such as type of building, poor housing, overcrowding, 

housing cost, energy efficiency and affordability (Anderson et al. 2012). The primary 

perception from the elderly during the interview suggested that living in cold houses 

impacts their financial capability. Hence, cold housing has been linked to cold-related 

illnesses and resistance to respiratory infections and circulatory disease (Pevalin et 

al., 2008, Gret et al., 2017). Cold houses are more likely to be affected by 

condensation, leading to mould growth, which develops allergies and infections in 

elderly people and young children. Studies by Easter et al. (2000) and Friends of the 

Earth (2011) reported that people with health problems are more likely to live in poor 

housing conditions, which may exacerbate their health conditions. In the same context, 

it is challenging to assess elderly people who live in cold homes and with long-term 

health conditions (Liddell et al., 2012).  Another factor contributing to cold homes is 

the type of building in which elderly people live or reside. Thus, most of the houses 

built in the UK date before the 1990s, when energy efficiency was not implemented.  

In addition, a report published by the Government office of science in 2014 stated that 

the UK population is ageing fast, and the demand for housing will considerably 

change. The report projected that by 2037, housing demand would be high due to the 

ageing population, and there would be a scarcity of homes that meet the needs of 

elderly people. Hence most elderly people live in mainstream housing rather than 

retirement homes or sheltered accommodation.   
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In recent years there has been an increase of elderly people living alone in the UK-in 

2020; nearly 50% of people living alone were aged 65 years and over (ONS 2020). It 

has also been estimated that 52% of people aged 65 and over had age-related or 

underlying conditions; hence 40% of the NHS budget is spent on caring for them 

(Adam 2016). Thus, many chronic health conditions experienced by elderly people 

have causal links (respiratory, circulatory, and mental health) or are exacerbated by 

housing conditions.  

5.2.3 Fuel Poverty  

Fuel poverty is associated with energy-inefficient homes. It is driven by low income, 

high fuel prices and under-occupation, which further results in either low indoor 

temperature or budget impact where heating comes at the expense of other basic 

needs such as food (Charlotte et al. 2017). According to ‘The Low-Income Low Energy 

Efficiency (LILEE) measure of fuel poverty, around 3.2 million families in England live 

in fuel poverty (BEIS 2021). Many people who experience fuel poverty live in cold 

homes, most occupying private rented properties (Ambrose et al., 2021). Data from 

England housing survey reveals that around 6.3% of private rented household’s still 

live-in housing, categorised as F and G in the Energy Performance Certificate (EPC), 

where G (A-G) is the least performing on the scale (MHCLG 2020).  

The Consequences of living in cold housing and fuel poverty are reiterated by most of 

the answers given by the respondents in this study. The elderly people interviewed 

complained of living in cold homes and facing ‘trade-offs’ between heating their homes 

and buying essentials. Other coping strategies they reported include wearing extra 

clothes at home, rationing their heating, and staying out for longer. Living in fuel 

poverty has left many elderly people in psychological and mental trauma. Some cases 

reported that because of fuel poverty, they suffer from isolation, inability to socialise 

and financial stress from overspending on heating (Charlotte et al. 2017). The 

respondents also expressed their disappointment over winter fuel payments, cold 

weather payments and warm home discounts as insufficient to cover their energy bills. 

They expressed their discontent, stating that too many restrictions revolve around the 

benefits, and those who apply are often rejected.  
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Winter fuel is an annual tax-free payment that helps elderly people meet the cost of 

their winter energy bills. The standard rate is £200 for people under 80 years and £300 

for those over 80 years and above. Cold weather payment is paid during severely cold 

weather and is only meant for households who receive income support, job seekers 

allowance, Universal credit, and state pension. The maximum amount paid to the 

family is £25, depending on the severity of the weather. During the winter of 2017/18, 

the weather was severely cold, resulting in cold weather payments of £4.75 million 

and an estimated expenditure of £118.7 million (Adams et al. 2019). Warm Home 

Discount (WHD) is a rebate of £140 paid back by energy suppliers to those customers 

who are in low income and pension credits. The main concern surrounding the 

payment is the uncertainty of energy suppliers as not many have been paying back to 

their customers. Some of them even go into administration or even cease to operate. 

To make matters worse, the energy companies who provide the service are limited 

and only offer first-come, first-served services. The Ofgem body that regulates energy 

firms and protects consumer interests can do little as not many companies are signed 

onto the scheme. Nonetheless, most elderly people in the survey pointed out that they 

are stuck in variable tariffs instead of fixed tariffs, contributing to high payments 

towards their energy bills. On top of all the payment issues, energy prices have risen 

since Brexit. Starting from October 2021, the energy price cap set by Ofgem will no 

longer apply, leaving energy companies to set up their prices (Energy Institute 2021).  

5.2.4 Energy Policy Context 

The key objectives of energy policy are access to minimise energy cost to consumers, 

decarbonise electricity generation, greater sustainability and ensure energy security 

(BEIS 2020). This study looks at energy efficiency policy for residential buildings and 

consumers. Since 2010 several schemes (Green Deal, Energy Company Obligation -

ECO, Community Energy Saving Programme -CESP) have been introduced to help 

consumers reduce their energy consumption and improve the comfort of their homes. 

However, most schemes failed to improve energy efficiency in people's homes and 

their energy consumption. The current ECO scheme focuses on energy efficiency in 

low-income, vulnerable, and fuel-poor households.  
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The general view from the study respondents is that ECO is yet to improve the energy 

efficiency needed in most households. To be eligible for ECO, you need to be entitled 

to the Warm Discount Scheme or receive a particular benefit, including Job seekers 

allowance, pension, carer allowance, disability allowance, tax credits and universal 

credits. Living in social housing with EPC ratings of D, E, F and G is another priority. 

However, not all poor households in the lowest EPC benefit from the scheme, as some 

houses require structural work on their property or require specific measures installed 

for better energy efficiency. Other issues pointed out by the respondents about ECO 

is high top-up fund and only targeting household in urban areas. Based on the current 

energy efficiency measures under ECO, the government is set to miss the 2030 target 

by at least 60 years (House of Commons BEIS Report 2019). Thus, many ageing 

households require numerous home improvements before they reach an EPC rating 

of C.  

5.2.5 Technology  

Technology is essential for the elderly regarding their health, care support and 

connecting with families or other people. Similarly, technology helps treat symptoms, 

prevent diseases, and use health data to improve clinical treatment in the health 

sector. Some of the everyday use of technology involves kitchen appliances, TV, 

mobile phones, computers, and heating thermostat devices such as alarms, sensors, 

home monitoring systems and GPS, which carers can locate elderly people with 

underlying conditions such as dementia. Technology can also help provide an 

alternative to difficulties faced by the elderly and assist in realising the benefit of more 

extended living (Roupa 2010). However, for the elderly to adapt to technology, some 

barriers need to be addressed, including lack of skills and access, assumptions about 

the technology and the high cost associated with owning one. Lack of skills and fear 

of technology were some of the answers given by the elderly people when asked about 

their interaction with technology. Some stated that they felt lonely and socially isolated 

as their care homes do not provide any form of technology to be used for entertainment 

or interaction with friends and family members.  

Thus, in their effort to use technology, elderly people face many obstacles that result 

from demographic characteristics such as location, income, and education. Other 

factors inhibiting the elderly from using technology include lack of incentives, digital 

skills, and economical and proper training.  
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Nonetheless, the present study looked at elderly people using technology such smart 

meters, phones, and tablets to control their heating system and seek assistance when 

needed. The questionnaire and interview results showed that most elderly people do 

not own smart devices and will have difficulties using them. In more detail, the elderly 

stated that they are unfamiliar with new technology and will have issues handling the 

meter, fear, ignorance and reading the screen messages. Interestingly, most homes 

are encouraged by their energy supplier to apply for smart meters. Smart meters give 

real-time information on energy use, allowing better control of energy consumption, 

saving money, and reducing costs. Some smart meters such as Hive system, NEST 

learning thermostat, Tado smart, heat genius and Worcester Wave require user 

intervention in controlling or adjusting the home temperature. However, these systems 

fail to address the needs and anxiety experienced by elderly people when they interact 

with technology. Most of these commercial systems focus on the heating problem 

instead of reducing energy consumption and understanding the lifestyle or behaviour 

aspect of users (Robinson et al., 2017).  

5.2.6 Adaptive Behaviour  

In general terms, adaptive behaviour refers to how people meet their personal needs 

and deal with natural and social demands in their habitat or surroundings (Oakland 

and Harrison 2008). However, in this study, adaptive behaviour looked at how elderly 

people control their energy consumption and save costs.  A factor behind the high 

energy bills associated with elderly people's homes is that they stay in their homes 

longer than young people. This statement is consistent with the answers given by the 

elderly people in the interview, stating that they prefer staying at home and leaving the 

heaters on for a more extended period. It is estimated that elderly people spend 

between 70% to 90% of their time indoors (Zhou et al., 2019)  

Other reasons in the interview include thermal comfort, underlying condition, income, 

energy-inefficient residential buildings and poor housing. Subsequently, the level of 

elderly people comfort may not always explain their energy usage, but it’s also an 

essential aspect of their well-being (Miller et al., 2017). Thus, it can be expected that 

putting on extra clothing while at home could indicate fuel poverty and the inability to 

afford adequate warmth (Abramsson & Andersson 2016). Indeed, from the elderly 

perspective, its ‘inadequate’ and ‘unsuitable’ homes are costly to heat, which 

generates the problem.  
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Numerous studies (Ambrose et al. 2020, Abdullahi et al. 2021, Schellen et al. 2010) 

report the main challenges concerning existing buildings and highlight the existing gap 

between predicted and energy performance. Most residential buildings in the UK fail 

to meet vital energy, environment, and occupant performance standard (Gupta & 

Gregg 2016). For example, not many houses are designed to cater for the needs of 

elderly people as the majority are ordinary and mainstream that anyone can occupy 

(Garreth & Burris 2015). Thus, most studies focus on energy saving and carbon 

reduction rather than end-user needs and wellbeing. 

Another issue mentioned by the elderly people in the interview is their place of 

accommodation or living. Those aged between 65 and 70 tend to live with family or 

partners. But the majority of people aged over 70 years old either live by themselves 

in care accommodation and residential buildings (Age UK 2021). Although support 

workers and carers look after elderly people living in care homes, they are more likely 

to have physical or mental health problems, which can also contribute to not adapting 

to their homes. It could also mean poor response to weather changes such as severe 

winter and heatwave. When moving out or staying put, most elderly people are 

reluctant to change homes and choose to live in their current houses for more 

extended periods (Sandstedt and Abramsson 2012). Consequently, living for longer 

periods comes with poor accessibility and a lack of adaptation to functional limitations, 

which also makes the occupant responsible for the house's upkeep and maintenance 

(Clark and Deurloo 2006).  

 

5.2.7 Climate Change 

Weather events that lead to seasonal risks such as extreme cold, flooding, heatwave, 

tsunamis, and drought negatively affect the health and wellbeing of vulnerable 

populations (Wolf and Adger 2010). The Intergovernmental Panel on Climate Change 

(IPCC ) working group II report state that by 2050 climate change will worsen existing 

health problems, including populations that currently experience climate-related illness 

will also suffer greater risk in the future. Similarly, the 2021 sixth assessment IPCC 

report projects that every region will face climate change with increasing heat waves, 

longer warm seasons, and extreme cold seasons. Climate change in the UK will 

directly influence health outcomes by changing exposure to cold and heat, air 

pollution, flooding, infections, and waterborne diseases (Paavola 2017).  
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It is also expected that in the next 50 years, climate change will increase the annual 

mean temperature by 2-5°, and the intensity of heat waves will surge (IPCC 2021). 

Thus, recent research has revealed the link between adverse weather and increased 

mortality in the UK and the rest of the world (Hajat et al., 2014). Cold and heat waves 

account for thousands of deaths annually in the UK. Elderly people suffer the most 

from excessive colds and heat waves due to inability to thermoregulate and exposure 

to cold-related illnesses such as respiratory and circulatory diseases. However, cold-

related deaths are more times greater than heat waves mortality. They will continue to 

be a cause of concern in the coming years partly because of the ageing and rising 

population (Sharpe et al., 2019). Some evidence suggests that elderly people have 

less awareness and do not consider themselves impacted by extreme cold and heat, 

which leaves them unprepared for current and future events (Woof et al. 2009). 

Results from the elderly people interview conducted in this study expressed their 

dissatisfaction with the service offered by care homes during the winter and summer 

seasons. They state that nothing significant is done to prepare for cold and heat 

events. Hence, central heating was the only planned preventive measure for extreme 

cold raised by the elderly people during the interview and nothing for heat waves.  

5.3 Predictive Outcome of the Variables 

In determining the predictive outcome, some of the above variables are statistically 

analysed using historical data to predict a future event. The historical data includes 

excess winter dates, income, energy cost and temperature extracted from the Office 

of National Statistics (ONS) and Depart of Business, Energy, and Industrial Strategy 

(BEIS). Although energy cost extends to issues of supply and demand driven by 

heating and cooling demand, this study prediction model focused on the energy 

affordability of UK households, particularly pensioners. In 2019, 13% of households in 

England lived in fuel poverty, in Scotland, 25%, Wales, 12% and Northern Ireland, 

18% (BEIS 2021). Recent estimates suggest that the number of households in fuel 

poverty in the UK will continue to rise by 1 million because of the Covid pandemic and 

energy price rise in the years 2021 and 2022 (NEA 2022, Ambrose et al. 2021). Figure 

5.3a illustrates various stages of the study prediction model  
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Figure 5.3a: Prediction Stages 

Different models can predict future events, for example, R software, Python, MATLAB, 

and Excel Microsoft. Due to time limitations and easy access, R software was first 

used to conduct the predictive analysis. In R software, the predictive was done in R 

studio using the time series model Auto-Regressive Integrated Moving Average 

(ARIMA). ARIMA model predicts a given time series based on its past values. Figure 

5.3b shows forecasted values for Excess winter deaths.  

 

Figure 5.3b: Forecasted values of Excess Winter Deaths 

However, from the given values, the model only forecasted a maximum of four to 

seven years. Table 5.3a illustrates the forecasted values used to predict EWDs. 

Hence, the predicted values only show from 2019 until 2026, and from 2027 until 2037 

are the same. The main issue here can be the nature of the model, as it only forecasts 

based on historical data of excess winter deaths and finding the most accurate fit can 

be a long trial-and-error process (Stevenson 2007). Despite the limitation, the model 

has indicated a decrease in deaths from 2019 until 2027.    
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Table 5.3: Forecasted Values 

 

The second model is Microsoft excel to analyse and predict future outcomes. The 

linear forecast model, which examines and predicts relationships between two 

variables (dependent and independent), was used in Microsoft excel. The formula 

used for linear regression in excel is ‘forecast. Line’ (x, known _ys, known_xs), where 

x is the forecasted year, known _ys is both historical and current data, and known _xs 

is historical and current years.  Figure 5.3c shows historical and current data on EWDs 

from 1951 to 2018.  

 

Figure 5.3c: EWDs from 1950-2018 

 

Years Forecasted Values 

2018 28948

2019 35587

2020 33503

2021 34147

2022 33952

2023 34016

2024 33996

2025 34002

2026 34000

2027 34001

2028 34001

2029 34001

2030 34001

2031 34001

2032 34001

2033 34001

2034 34001

2035 34001

2036 34001

2037 34001
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Figure 5.3g: Future Average All Fuel cost 

 

All the above figures show a continuing rise in future energy cost with almost £5000 

being the average fuel cost in 2040. Electricity and gas will also rise, costing nearly 

£1000 for UK households. However, this will not be the case if homes are insulated 

and families change their energy consumption levels.  

Affordability remains the key to all UK households. It can be achieved by raising 

income, regulating fuel prices, improving residential buildings, and ensuring no one 

suffers from poverty(Boemi and Papadopoulos 2019). Figure 5.3h below shows the 

future median household income. Median income was chosen as it provides a good 

indication of a typical individual in terms of income and sorting out the poorest to the 

richest (ONS 2021). One aspect that goes hand in hand with the increase in income 

is the standard of living which is also contributed by things such as inflation, currency 

devaluation, consumer price index and Gross Domestic Product (GDP). Another factor 

essential to this study is the income growth of pensioners, who are the elderly. It’s 

estimated by 2041, the number of people taking pensions will increase by 

13%(44.6milion) 2041 from figures in 2012 which were 16.8 million (Government office 

for science 2017). However, the number of elderly people projected to need care and 

support services is estimated to be around 1.2 million in 2040, from 657,000 in 2015. 

Assuming no unit cost increases, the total expenditure on care services will rise to 

£41.7 billion (Age UK 2019).   
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Moreover, climate change is another factor that poses a fundamental threat to places, 

species, and people's livelihoods. The primary cause of climate change is the rising 

level of carbon dioxide and greenhouse gases such as methane in the atmosphere 

(Lopez et al., 2019). Meanwhile, according to Intergovernmental Panel on Climate 

Change (IPCC 2018), greenhouse gas emissions are mainly driven by human lifestyle, 

land use patterns, technology, population size, economic activity and climate policy. 

Figure 5.3j shows the times series graph of the UK mean maximum temperature from 

1890 to 2020. 

 

Figure 5.3j: Mean Temperature UK from 1890-2020 (Met Office 2021) 

The above figure shows that the average mean temperature in the UK has been on 

the rise since the 1990s with the highest temperature reaching 9.8° in  2020. Hence, 

widespread climate changes are experienced, with UK land temperature rising by 1.2° 

from pre-industrial levels, sea levels rising 16cm since 1990, and extreme heat 

becoming frequent (CCC 2021).  Similarly, the average annual temperature from 1990 

was inputted into excel to determine the forecasted temperature in the 20 years. The 

Linear forecast formula (x, known _ys, known_xs) was applied considering both 

historical and present annual mean temperature values. Figure 5.4j below shows the 

predicted UK mean temperature from 1990 until 2040. It can be noted from the 

prediction that the UK yearly temperature is still rising, and by the year 2040, it will 

reach around 10.0°.  
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Although the model used the historical annual mean temperature to predict future 

temperatures, challenges exist in climate variability at multiple timescales. For 

instance, different timescale such as intra-seasonal, intra-annual, seasonal, and inter-

decade interaction among the atmosphere, hydrosphere, cryosphere, and geosphere 

needs to be accounted for in the prediction (Sillmann et al., 2017). Weather scientists 

use different models to predict the future; however, most produce other projections 

depending on the natural variability and emissions in the atmosphere (Chantry et al., 

2020).  Extreme climate events such as heatwaves are the basis for predicting using 

model simulations.  

Thus, in simulations, it’s essential to separate different weather events as assuming 

them to be one usually fails to have explicit knowledge of the underlying problem 

contributing to a specific extreme event (Schaller et al. 2016). On the other hand, there 

can never be a perfect forecast system as every tiny detail in the atmosphere needs 

to be observed and accounted. Running in high technology and sophisticated model, 

the Met Office predicts future weather events by constantly repeating them in different 

starting conditions. However, the level of warming from now until the end of the century 

can be 3° Celsius different depending on the model used (Colin 2013).  

 

Figure 5.3k: Predicted Mean Annual UK Temperature from 1990-2040 
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5.4 Pensioner Income 

In Figure 5.3g above, the values represented average household income in the UK, 

but the values used in this section are for average pensioners' income in the UK. There 

are different types of pension income, workplace pension, personal pension, and state 

pension. Other income received by pensioners includes earnings, benefits, and 

occupational benefit income. Pensioner income is used; this section represents elderly 

people earnings as most pension age starts from 65 years old and are classed as 

elderly in this study. 

Pensioner income consists of median average income and income After Housing Cost 

(AHC), derived from subtracting things like rent, water rates, mortgage interest 

payments, ground rent and service charges (DWP 2021). The pensioners' income also 

consists of single and couples, where the latter means at least one person in the pair 

is over state pension age. The Departed of Work and Pensions (DWP) reports data 

for the pensioners' income and is available online. Thus, the figures used in this study 

are made of single and couple pensioners. It also considers inflation and the consumer 

price index in which income changes over time and in real terms. Figures 5.4a ,5.4b 

and 5.4c shows predicted couple and single pensioners' income from 1995 to 2040. 

All the figures show an upward trend of increasing income, meaning that pensioners' 

income will increase in the next 20 years.  

 

Figure 5.4a: predicted couple pensioners income 
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Figure 5.4b: Predicted Single Pensioners Income 

 

 

Figure 5.4c: Predicted All Pensioners Income 

5.5 Multivariate Analysis  

A multivariate analysis was conducted in SPSS to determine the future of EWDs. In 

this study, multivariate analysis has been used to predict the value of a variable based 

on the value of two or more variables. For instance, the EWD values were used as 

dependent variables, and pensioners' income, fuel cost and temperature values were 

considered independent variables. Table 5.5a shows R, R² and adjusted R and the 

standard error of estimate to determine how well the regression data fits the data.  
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Table 5.5a: Model summary of Dependent and Independent variables 

The R-value, which is the multiple correlation coefficient, shows a value of 0.681 

equaling 68%, thus indicating a good level of prediction. Similarly, the R², which 

represents the proportion of variance in both dependent and independent variables, 

shows a value of 0.46, equivalent to 46%. However, the adjusted R² shows 0.425 less 

than R², indicating that some independent variables do not add much value to the 

model.            

Table 5.5b below shows the F ratio in the ANOVA test and whether the overall 

regression model is a good fit for the data. Thus, the table shows that the independent 

variables statistically significantly predict dependent variables F(3, 95) = 12.108, p < 

.0005.  

Table 5.5b: ANOVA Test between Dependent and independent variable 

 

Moreover, table 5.5c represents unstandardised and standardised coefficient which is 

how much a dependent variable varies with an independent variable when all other 

dependent variable is held constant. For instance, with each increase in fuel cost, 

there is an increase in the number of deaths by 3.742. However, there is a negative 

figure for pensioners and temperatures, meaning every year increase in temperature 

and pensioner income decreases deaths by -1775.426 and -2.263, respectively. 

R 

Square 

Change

F 

Change df1 df2

Sig. F 

Change

1 .681a 0.464 0.425 7262.70943 0.464 12.108 3 42 0.000 2.187

a. Predictors: (Constant), Temperature, Fuel, All pensioner Income

b. Dependent Variable: EWDS

Model Summaryb

Model R R Square

Adjusted 

R 

Square

Std. Error of 

the Estimate

Change Statistics

Durbin-

Watson

Sum of 

Squares df Mean Square F Sig.

Regression 1915914981.286 3 638638327.095 12.108 .000b

Residual 2215371824.823 95 52746948.210

Total 4131286806.109 98

b. Predictors: (Constant), Temperature, Fuel, All pensioner Income

ANOVAa

Model

1

a. Dependent Variable: EWDS
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5.6 Possible Future Scenarios and outcome 

The variables mentioned in section 5.2 contribute in one way or another to issues 

facing energy efficiency in residential buildings and the health vulnerability of elderly 

people in the UK. However, these can be influenced by different scenarios when 

looking at 10 or 20 years in the future. Having predicted some of the factors using 

other models, table 5.6 below show how the end might change when the variables are 

articulated in different scenarios. 
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Table 5.6: Possible future scenarios and outcome 

Variable Future Possible Scenario Future Possible outcome 

Excess 

Winter 

Deaths  

• No winter Disease 

• Adequate Housing 

• Sufficient Heating 

 

• No EWDs 

• Reduced cost of NHS 

• High life expectancy 

 

Cold 

Housing 

• New Built Age-Friendly 

Homes 

• Retrofit Current Homes 

• Home adaptation by elderly 

people 

 

• Healthy Elderly people 

• Energy Efficiency rating of 

Band A, B & C rating 

• Prevention action (Fall and 

Trips 

Fuel Poverty • High income 

• Low Energy Price 

• Energy Efficient Homes 

 

• Financially Secure 

• Reduced Energy 

consumption 

• Improved health and 

wellbeing 

 

Energy 

Policy 

• Increase ECO/Smart meters 

• Use of Renewable Energy 

• Launch Financial 

incentive/Funding 

 

• Lower Energy Cost 

• Improved Public health 

• Reduced GHG and carbon 

emissions 

 

Technology • Good Technology skills 

• Sensor network to monitor the 

behaviour 

• Virtual connectivity 

• Reduced loneliness, 

promoted identity and self-

esteem 

• Promote social networking 

 

Adaptive 

Behaviour 
• Less Energy Consumption 

• Low carbon Footprint 

• Adoption of Energy Efficiency 

 

• Lower energy bills 

• Increased comfort 

• Independent Living 

 

Climate 

Change 
• Invest in Renewable Energy 

• Energy Efficient appliances 

• Low carbon heating homes 

 

• Zero GHG & Carbon 

Emissions 

• No Global warming 

• Sustainable Living 
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5.7 Predictive Findings 

Finding from the chapter illustrated that in the next 20 years, EWD will decrease whilst 

other variables such as income, fuel cost and temperature will increase. The predictive 

model forecasted several variables, the first in figure 5.3g represents average 

household income and the second in figure 5.4c is pensioners' income. Both incomes 

are rising; however, the pensioner’s income depends on whether elderly people 

receive the state pension, private pension or work pension. There is also an advantage 

of couples’ pensioners over single pensioners regarding the amount of income they 

receive.  

On the other hand, the multivariate analysis looked at the interrelationship between 

the dependent variable, excess winter deaths, and independent variables of fuel cost, 

pensioner income and temperature. The result from the model showed almost 69% 

good value for prediction and statistically significant in predicting the dependent 

variable. Thus, in terms of coefficient interpretation, the dependent variable EWDs 

increases by 3.742 whenever the fuel cost increases. A negative figure shows on both 

pensioner income and temperature, meaning every increase results in decreased 

EWDs.         

5.8 Summary 

The chapter looked at predicting future scenarios about energy efficiency in residential 

buildings and the health vulnerability of elderly people in the UK. The chapter also 

analyses reported variables EWDs, cold housing, fuel poverty, technology, adaptive 

behaviour, energy policies and climate change. According to both questionnaire and 

interview result data, EWDs impact elderly people more than younger people. Cold 

weather and living in cold homes are the main contributors to EWDs and cold-related 

diseases such as respiratory and circulatory. Hence, 30% of EWDs are attributed to 

living in cold homes (Ambrose et al., 2021). Other factors such as fuel poverty, energy 

policy, technology, and climate change play a significant role in elderly people’s health 

and well-being.  
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Predictive models: R, SPSS and Microsoft office Excel were used to determine future 

events. The prediction model used historical data of EWDs, Income, fuel cost and 

temperature retrieved from archive data in forecasting future scenarios. The prediction 

model shows that EWDs (fig 5.3g) will decrease in the next 20 years; however, income, 

fuel cost and temperature will increase. Similarly, the multivariate analysis conducted 

to determine the relationship and predict the future event of the factors shows EWDs 

decrease in the event of increasing temperature. On the other hand, EWDs increase 

in the event of fuel cost and income decrease.  
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Chapter Six 

 

6.0 Discussion 

6.1 Introduction  

The chapter discusses the overall phases of the study. It will also look at study findings, 

possible future outcomes, contribution to knowledge, research implications, 

limitations, and future research way. The study findings summarise all the sections, 

particularly the analysis and prediction chapters. The research contribution section 

reports on the study's contribution to the existing knowledge and how the study differs 

from other research conducted in the same field. The research implication sector looks 

at the significance of conducting the study and its future impact. The limitation sector 

reports study shortcomings and the main factors contributing to them.      

The study's main aim was to predict the inter-relationship between energy efficiency 

in residential buildings and the UK's health vulnerabilities of elderly people. Based on 

the existing knowledge about energy efficiency and health vulnerability analysis, 

predictive analytics that forecasts future scenarios and outcomes was developed. 

Results and findings from the archive, questionnaire and interview data reported key 

variables regarding energy efficiency and health vulnerability of elderly people. The 

key variable includes Excess winter deaths, cold housing, fuel poverty, technology, 

adaptive behaviour, energy policy and climate change.  

6.2 Study Findings 

The first objective investigated the relationship between excess winter deaths among 

elderly people and cold housing. In getting to know the bottom of the issue, historical 

EWDs from 1950 to 2019 were examined from ONS archive data. Most EWDs 

occurred between 1950 and 1970; however, in the last decade, the highest EWDs 

happened in 2018, with almost 50,000 deaths. Hence, in all the years impacted by 

EWDs, the respiratory disease was the leading cause of death, followed by circulatory 

disease. Correlation analysis was performed using data between EWDs from 2009 to 

2019 and external average winter temperature using the same years. The Scatter plot 

in figure 4.23a shows a negative correlation with a score of -0.386 for Spearman.  
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Although a negative correlation between EWDs and average external temperature is 

reported in the test, other factors such as cold homes and cold-related diseases 

contribute to the deaths. This result is consistent with a study by Hajat and Gasparini 

(2016) about ‘The EWDs measure; they found that moderate temperature also 

contributed to EWDs. Even though the highest EWDs are attributed to the coldest 

months, several deaths occur outside December to March. Hence, cold-related 

illnesses such as respiratory, influenza, and circulatory diseases remain a significant 

public health problem in the UK.  

Moreover, quantitative data using a questionnaire was conducted. Two hundred forty-

six participants were divided into five categories: elderly people, carer and support 

workers, health professionals, energy professionals and building professionals. The 

survey participants were selected using stratified random sampling, representing all 

the targeted sections. Based on the study's aim and objectives, the chosen sectors 

possess good knowledge and experience in matters surrounding energy efficiency and 

the health vulnerability of elderly people.  

Several tests were conducted to ensure consistency and fair distribution of the survey 

data, including homogeneity using Mann-Whitney, descriptive statistics (mean, mode, 

standard deviation, skewness) and Cronbach’s alpha. All the questionnaire test results 

gave a consistent level of reliability with 70% for Cronbach alpha, 3.26 for mean, 3.46 

for the median, no statistically significant difference between face-to-face and online 

results and normal distribution for skewness in all the sectors.  

The quantitative data measured and analysed four variables in connection to energy 

efficiency in residential buildings and the health vulnerability of elderly people. These 

are the relationship between excess winter deaths and cold homes, the link between 

energy efficiency policies and health risks of elderly people and lastly, the relationship 

between excess winter deaths and indoor temperature in elderly people's homes. 

Each variable was measured in line with the questionnaire result from the survey 

participants. The first variable measured excess winter deaths among elderly people 

and cold homes. In a Likert scale analysis (ranging from Very strongly agree 5=100% 

to Very strongly disagree 0 = 0%), the participants were asked to give their views and 

experience about excess winter deaths among elderly people and cold homes.  
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Table 4.3.7 shows participants' mean scores from health professionals, carers/support 

workers and building professionals. The results from the questionnaire gave a mean 

score of 3.55 equaling 71.10%, thus meaning the participants agree that there exists 

a relationship between excess winter deaths among the elderly and cold homes.  

In looking at energy efficiency policies and health risks of elderly people, the 

questionnaire results in table 4.38 from energy professionals and elderly people 

recorded a mean score of 3.15, equating to 63.04%. Most elderly people agree that 

high energy prices are the main contributor to fuel poverty in the UK. High energy 

prices, low income, and energy efficiency are also the main contributors to fuel poverty 

in the UK. In 2019, 13.4% (3.18 million) of England's households were fuel poor (BEIS 

2021). Hence, elderly people with low-income experience fuel poverty and its much 

higher in private rented accommodations than in owner-occupied and social housing 

sectors (Ambrose et al. 2021).  

Moreover, the study investigated indoor temperature and excess winter deaths in 

elderly homes. Table 4.3.10a shows the average temperature of 7 homes consisting 

of 4 private homes and three care homes. The result answered the study's statistical 

hypothetical testing of whether a relationship exists between indoor temperature and 

EWDs. The alternative hypothesis states a relationship exists between the two 

variables tested, and the null hypothesis rejects the relationship. Although results from 

health professionals, carers, and elderly people in table 4.3.7 show an association 

between EWDs and cold homes occupied by elderly people. The Spearman 

correlation coefficient result shows that the null hypothesis in table 4.3.10b cannot be 

rejected as it showed a weak negative relationship between indoor temperature and 

EWDs with rho = -0.301, n182 =, p < 0.01.   

The study also analysed results from qualitative data from interviews with participants 

selected from energy professionals, health professionals, building professionals, 

elderly people and care and support workers. However, conducting the interview was 

impacted by Covid 19 pandemic resorting to all interviews using online platforms such 

as Microsoft Teams and Zoom. The pandemic also affected getting many participants 

in the interview, and only 18 (see table 4.4.2) took part. The textual part of the interview 

was transcribed into a manuscript inputted in NVivo version 1.5 to store and compare 

the coded themes.  
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Interview results analysed several factors: EWDs among elderly people and cold 

homes, cold housing, energy policy, technology, and adaptive behaviour. Starting with 

health professionals, they were asked about EWDs and whether living in cold homes 

contributes to the issue. Below is one of the answers given by one medical doctor: 

“Cold homes certainly contribute to EWDs, for instance, when homes have insufficient 

heating or are damp, this increases the risk of respiratory, circulatory and influenza 

diseases. Subsequently, the main reason elderly people cannot persevere cold 

temperature or environment is decreased metabolic rate that makes them struggle to 

maintain comfortable body temperature and thinning of skin making them feel elderly” 

(Medical Doctor 2, Queen Elizabeth Hospital, Birmingham).  

The above statement is consistent with studies (Walker et al. 2006, Rudge and 

Gilchrist 2005, Friend of the earth 2012) which have linked cold housing to excess 

winter deaths. Several other factors also play a part in EWDs: respiratory and 

circulatory diseases, Influenzas, and cold weather. In fact, for the last ten years, 

respiratory illness has been the main contributor to EWDs. Additionally, cold homes 

are more likely to contain damp, mould and suffer from condensation. Thus, living in 

damp and moulded houses becomes a risk factor for sensitisation and allergy 

development, especially in elderly people and children (Walker et al. 2006). Above all, 

the elderly suffer the most EWDs, with almost 50100 more deaths in the UK during the 

winter of 2017/18 compared with levels in non-winter months (ONS 2020).  

Fuel poverty linked to EWDs is another issue mentioned by the interview participants. 

Energy professionals gave their opinion on the impact of fuel poverty and how best to 

tackle it. Below is a response from one of the participants regarding fuel poverty: 

Fuel poverty can harm the elderly, especially pensioners with low income or underlying 

conditions. So basically, from their pension income, they are expected to pay for their 

energy bills, which I think affects their budget, leading to the psychological impact. 

Elderly people stay at home longer and are mostly not in position to move around and 

do things like putting their heaters on for they will catch a cold. Fuel poverty can have 

or bring a range of different problems to occupants. One of the issues, as I stated, 

includes psychological trauma, which can be stress and anxiety due to dependency 

on heating their homes and not being financially secure enough to pay these bills.  

 



132 
 

 

So, to add to these factors, winter's illness mainly contributed by living in very cold 

homes. I believe there is a link between fuel poverty and EWDs when the mentioned 

factors come into play or are experienced by the elderly. (Energy Consultant 2, British 

Gas).  

In addition to the statement, people living in inefficient energy homes consume more 

energy in heating their homes and houses with energy inefficiency are occupied by 

low-income people (Burholt 2006, Sharpe et al. 2019). As a well direct impact of fuel 

poverty mentioned by the participants, the indirect effect is reduced emotional 

wellbeing, financial difficulties, stress, and social isolation (Charlotte et al. 2017).  

Moreover, people experiencing fuel poverty explore the different coping mechanisms 

that include rationing fuel bills, making difficult choices on household expenditure and 

increasing the risk of debt and disconnection. Eventually, people with these coping 

strategies are forced to make difficult decisions on basic needs, leading to a poor diet 

known as heat or eat dilemma, withdrawal from society and reluctance to invite people 

to their homes (Ambrose et al. 2021).  Hence, it has been stressed that energy 

efficiency measures and interventions are the simplest ways of reducing fuel poverty 

and preventing its impact on physical health and socio-economic consequences.   

Energy-efficient policies are another aspect that governments and institutions have 

used to improve the comfort of homes and reduce fuel poverty and energy 

consumption. However, past and present energy policies and schemes have failed to 

improve energy efficiency in people's homes and reduce energy bills. The government 

mainly withdrew energy schemes such as Green-Deal, Community Energy Saving 

Program and central heating fund due to failed targets covering most homes. Instead, 

they were replaced by Energy Company Obligations (ECO), tasked with improving 

energy efficiency, reducing emissions, and tackling fuel poverty. The schemes also 

make all UK homes reach EPC band C with over 1 million installations per year. Yet, 

in 2018 only around 110,000 (translating to 2100 insulation per week) insulation 

measures were installed with ECO support (House of Commons 2019). The scheme's 

further issue is eligibility; for example, you must be entitled to certain benefits such as 

jobseekers’ allowance, pension credit, tax credit and universal credit.  
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Another measurable factor mentioned by the interview respondents is technology and 

how it can shape elderly people's skills, retirement plans and health in general. In the 

UK, most elderly people do not use modern technology and consider the internet too 

challenging. Below is the response from one of the carers looking after their parent 

when asked how modern technology: 

Basically, my parents are elderly, they barely know how to use the remote control for 

the TV., so in terms of transitioning from that and using things like mobile phones, 

gadgets, and thermostats, they have no idea. We will have to go and frequently change 

the temperature for them. But the problem is also that you can’t do it remotely as you 

are not at home; you must go there physically and know their needs because they are 

too old to verify their feelings and requirements. So, we will have to go and verify as 

its very emphatic for us to remotely manage their heating system and ours from a 

smart device. They will need to have something very simple for them to utilise 

however, very sophisticated to achieve that simplicity (Parent Carer 1, Birmingham).  

Despite the importance of elderly people in having technological skills to interact and 

perform daily activities, issues such as demographic, economic, and lack of proper 

training are identified as the main barriers facing the elderly (Robinson et al. 2017). 

Learning about technology in early life is a significant determinant of usage in later life. 

There is a need for government and local institutions to provide elderly people with the 

necessary training in modern technology, which will also help them perform everyday 

tasks and keep healthy and independent for longer (Geraedts et al.,2014). Findings 

from this study interviews also encourage technology manufacturers and energy 

companies to create user-friendly gadgets and smart meters that not only understand 

the needs of elderly people but also adapt their behaviour.  

Similarly to the technical aspect, adaptive behaviour toward energy consumption is 

another issue raised in this study. A significant factor behind the high energy 

consumption raised in the interview is that elderly people stay indoors longer than 

young people. Other reasons for high energy consumption by the elderly include 

thermal comfort, underlying condition, income, and energy-inefficient residential 

buildings (Romanach et al. 2017).  Consequently, the place of accommodation for the 

elderly plays a big part in energy consumption. Most elderly people live alone in care 

homes or with family in residential houses.  
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According to the answers given by the Elderly people living in care homes in the 

interview, most have no issues with their temperature and adjusting the heating 

system. The elderly people who live in residential houses struggle with thermal comfort 

due to inefficient energy dwellings, increasing their energy consumption. Likewise, 

rising energy prices make it more challenging for elderly people to adapt to increasing 

indoor temperatures.  

Moreover, the impact of climate change is another factor analysed in this study. The 

International Panel on Climate Change (IPCC) considers that by 2050 climate change 

will exacerbate existing health condition, and the impact will be severe for the 

population that experience climate-related illness (Paavola 2017). Climate change 

influence in the UK is linked to extreme cold, flooding, heatwaves, air pollution and 

food safety risks (Kovats and Osborne 2014, Hames and Vardoulakis 2012). Thus, 

cold weather and heatwaves have accounted for thousands of deaths annually in the 

UK. Elderly people and people with a medical conditions are the most affected by 

climate change vis-à-vis extreme weather. The downside is that climate change will 

continue to increase annual temperature resulting in global warming (IPCC2021). 

These echoes for different strategies that mitigate the impact of climate catastrophe 

need to be implemented. For example, health training and public awareness 

considering numerous exposures, sensitivity, and adaptive action for different groups 

such as the elderly may help address the issue.  

The study also looked at future outcomes and scenarios of the variables from 

quantitative and qualitative data results. Although different software can predict future 

events, the study used the R model, SPSS and Microsoft Excel. In R software, the 

prediction was made in R studio using the time series model Auto-Regressive 

Integrated Moving Average (ARIMA). Historical data of EWDs from 1950 to 2018 were 

used to predict the future for the next 20 years. However, the model in figure 5.4a only 

predicted seven years, from 2019 until 2027, and from 2028 until 2037, it gave the 

same values. The predicted values showed decreasing EWDs from the years 2019 

until 2027. 
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Similarly, the exact figure of EWDs is calculated in Microsoft excel using the linear 

regression model. Figure 5.4c shows forecasted values of EWDs from 1951 to 2040. 

Thus, it can be noted from the values that EWDs will decrease over time.  

Moreover, the study also predicted other variables linked to EWDs, such as fuel cost 

(electricity and gas), household income, pensioner income and temperature. All the 

variables prediction shows linear relation meaning an increasing trend in the values 

tested. Hence, in 20 years, the fuel cost will be almost £5000, and most UK households 

will pay around £1000 for each energy. Since Brexit, energy price has increased, 

leading to inflation and pressure on the already tight household budget. Likewise, the 

pandemic has been another factor that contributed to the downfall, with most energy 

companies either increasing their prices or others going to administration.   

Figure 5.4e shows the median income prediction in which up to £50000 will be earned 

by each household from their respective works. However, the median income figures 

only show working household earnings, not pensioners' income. The study also 

compared median household income and average fuel cost. Future average 

household income looks better when it comes to affording energy costs, but on the 

other side, low-income people might struggle. All Pensioner income consisting of both 

single and couple was forecasted. The study found from the forecast that in the next 

20 years, couple pensioners will have a better income than single pensioners.   

Another variable considered in this study is temperature and its links to EWDs and 

climate change.  Since 1990, the average mean temperature in the UK has been rising, 

with the highest temperature reaching 9.8° in 2020 (Met Office 2021). Future predicted 

temperature in figure 5.4h shows that by the year 2040, UK average temperature will 

reach around 10.0°. The result is consistent with the Met Office (2021) prediction of 

UK weather that in the coming years, the weather will turn into warm and wetter 

winters, hotter and drier summers, and more intense weather extremes. In the same 

context, climate change will severely impact UK average temperature by 2-5° (Paavola 

2017). 
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In determining the relationship between the variables and EWDs, a multivariate 

analysis was conducted on SPSS. Thus, EWDs are used as a dependent variable and 

pensioners' income, fuel cost and temperature are considered independent variables. 

The first test conducted was regression analysis to check how well data is distributed 

for the prediction. It showed an R-value of 0.681%, indicating a good level of 

prediction; however, both R² and adjusted R² showed values of 0.46 and 0.425, and 

independent variables are not adding much weight. Moreover, looking at the 

coefficient values, the fuel cost showed 3.742, temperature -1775.426 and pensioner 

-2.263. To interpret the values, this means that for every year's rise in fuel cost, EWDs 

will increase by 3.742. 

On the other hand, for every year increase in temperature and pensioner, there will be 

a decrease in death by -1775.426 and -2.263, respectively. This finding is consistent 

with previous and current research about the health impact of climate change (Paavola 

2017, Lopez et al. 2020, Wolf et al. 2010) and determinants of fuel poverty (Friend of 

the Earth 2012, Grey et al. 2017, Walker and Day 2012). For example, with health 

impact, the authors report that warmer climates generate health benefits by reducing 

EWDs among the elderly. Similarly, the authors of fuel poverty believe that low income 

and high energy prices are linked to EWDs.  

6.3 Future possible outcome 

Table 5.6 illustrates possible future outcomes considering a positive change in all the 

variables mentioned in this study. To begin with EWDs, the study result from both 

questionnaire and interview data mentions issues such as poor housing, fuel poverty, 

cold-related diseases, and energy in-efficient homes. It could be a dream to have a 

future with no problems and zero deaths caused by EWDs. However, the government 

must implement strict policies for current and future buildings to reach that level. Even 

though UK houses are one of the oldest buildings in Europe, retrofitting and building 

new homes is the key to solving issues such as cold housing and energy in-efficient 

homes. The main priority should be given to the elderly people with innovative age-

friendly homes built for them. Indeed, society will benefit from the program of new 

homes for the elderly, as inadequate and unsuitable (cold and damp) homes continue 

to impact health and social care.  
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The NHS and care providers will also save the cost of caring elderly people with long-

term conditions as too often it’s an unsuitable home that is the source of multiple 

problems and expenses. It is projected that by 2037 there will be 1.42 million more 

households headed by elderly people aged 85 and over (ONS 2014). Therefore, home 

adaptation for the elderly is an important aspect. New or retrofitted homes should have 

all sorts of features that provide services such as wheelchairs, stair lifts and toilet 

access. A well-designed building can maximise the physical ability of elderly people, 

leading to increased activity levels, better health, and improved quality of life 

(Government for Science 2020).  

Technologically, all future homes for the elderly need to be equipped with intelligent 

technology such as room temperature controls, sensor networks to monitor behaviour, 

and an alarm system to trigger response and tracking. Good technology can also 

improve connectivity, address health, work and health challenges and help the elderly 

live longer. Consequently, not many elderly people are familiar with modern 

technology and how to use them. Technology skills can be learned through programs 

such as ‘Digital buy Default’, which enhances non-internet users with digital skills 

activities (Damodaran et al. 2014). Training and lifelong learning are other aspects 

that can be used by the elderly in adapting to technology. However, few elderly people 

are fond of learning new skills and familiarizing themselves with the internet. Other 

issues inhibiting the elderly from learning technological skills include the cost of the 

gadget, cognitive impairment, educational background, and experience (Richardson 

2017). However, a person’s mental capacity needs cognitive ability, flexibility, and 

efficiency in learning new skills. Projecting in the next 20 years means that people who 

are now 45 years (2021) will be 65 years old by 2040. As 80% of current 40–45-year-

olds use the internet and modern technology for their daily activities, this study 

understands that by the time they reach elderly stage in the year 2040, they will have 

no issues using them.   

Moreover, in tackling climate change and its impact, future home standards need to 

be ‘zero carbon ready and have between 70-80% lower carbon dioxide emissions and 

greenhouse gasses (BEIS 2020). Other strategies include investing in renewable 

energy, energy-efficient appliances, insulation, and heat pumps for heating homes.       
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6.4 Research Contribution  

The study makes several contributions to the existing literature on energy efficiency in 

residential buildings and the health vulnerability of elderly people in the UK. These are 

discussed in detail below: 

6.4.1 Key Variables  

The study shows predictive analytics of energy efficiency and health vulnerability of 

elderly people in the UK. The prediction was achieved by reviewing both questionnaire 

and interview data. The result from both data produced key variables, EWDs, cold 

housing, energy policy, technology, climate change and adaptive behaviour, to be the 

main factors contributing to energy efficiency in residential buildings and the health 

vulnerability of elderly people. Previous research in residential building energy 

efficiency was confined to investigating only issues such as fuel poverty, EWDs, 

Energy policy and Cold housing. For example, Walker and Day (2012), Day et al. 

(2016), Gillard et al. (2017) and Romanach et al. (2017) based their research results 

on the impact of fuel poverty on low-income households, particularly paying attention 

to the relationship between energy consumption, energy services and wellbeing.  

Others such as Hajat et al. (2018), Friend of the Earth (2011), Hajat and Gasparini 

(2016) looked at Excess winter deaths' impact on vulnerable people, variation in cold-

related deaths and measure of the cold-related effects. None of these studies 

measured all the factors and predicted the outcome of energy efficiency in residential 

buildings and the health vulnerability of elderly people.  

6.4.1 Prediction of Factors Contributing to EWDs    

The predictive analysis looked at common issues determining EWDs, such as 

household income, temperature, fuel cost and pensioner income. Multivariate analysis 

conducted in SPSS showed that fuel cost significantly contributes to EWDs. Every 

year increase in fuel cost leads to a rise in EWDs, and an increase in both temperature 

and income decreases EWDs. The findings are consistent with Paavola (2017), Lopez 

et al. (2020), Wolf et al. 2010, Friend of the Earth 2012, Grey et al. 2017, and Walker 

and Day 2012 who all reported that high-income low fuel prices and warmer climate 

generates health benefit and help in reducing EWDs among the elderly people. 

However, most of these authors only investigated and reported single issues, but none 

correlated them and determined the link to EWDs.  
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6.4.3 Determine Future Scenario and Future Outcome  

The study determined the future scenario and possible outcome of all the variables 

discussed in the predictive analysis. In listing the variables and possible scenarios, the 

study articulates how the future might change for the better. Some possible scenarios 

include Building new homes with energy efficiency, retrofitting existing residential 

buildings, increasing income, controlling fuel price increases, investing in renewable 

energy, technological skills and reducing energy consumption. The future scenario 

can also help the government and public organisations implement the necessary 

policies to improve elderly people wellbeing, eliminate fuel poverty and control EWDs.        

6.4.4 Link Between EWDs and Temperature   

The study helps show the link between EWDs and temperature through its literature 

and archive data analysis. Although the correlation analysis showed a negative 

relationship, the study found (table 4.3.10a) that elderly people living in residential 

housing experience low temperatures due to poor insulation. The temperature 

recording gadget placed in the seven homes (3 care homes & 4 residential homes) 

showed low temperatures for the residential dwellings lived by the elderly people. 

Previous studies by Janette et al. (2016), Pevalin et al . (2008), Sharpe et al. (2019) 

and Miller et al. (2017) researched indoor temperature and thermal comfort, Energy 

Efficiency of Housing, home energy transformation, keeping warm and household 

energy efficiency. Hence this evidence showed that people who live in residential 

homes suffer from issues such as fuel poverty and cold-related disease. It is also 

consistent with this study's literature mentioning that low indoor temperature is 

associated with various adverse health problems like respiratory disease, strokes, and 

heart attacks.  

Lastly, the predictive models used in forecasting future events serve as a foundation 

and recommendation for academia and other interested bodies to continue the 

research and find a better solution to the issue of EWDs, fuel poverty and cold housing.     
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6.5 Research Implication  

Theoretically, this study's findings present good arguments concerning energy 

efficiency in residential buildings and the health vulnerability of elderly people in the 

UK. However, there are some implications for both researchers and elderly people. 

For instance, the study's first objective investigated the relationship between excess 

winter deaths (EWDS) among elderly people and cold homes. Many researchers in 

the field of energy efficiency have reported existing links between EWDs and cold 

homes, but none gave an insight view of the issue. This study has categorically divided 

questionnaires and interviews into five participants: health professionals, building 

professionals, energy professionals, elderly people and care and support workers. In 

each section, participants were asked about their experience concerning issues such 

as living in cold homes, cold-related diseases, fuel poverty, energy consumption and 

technology.  In the questionnaire data results, most participants agree that there exists 

a relationship between EWDs among elderly people and cold homes. A similar 

percentage level is recorded for fuel poverty, cold-related disease, and energy 

consumption, which most agree are linked to EWDs. Thus, this study gives 

researchers comprehensive insights into the risk of living in cold housing and fuel 

poverty on elderly people health and well-being.  

Following fuel poverty, many researchers have focused on the quantitative side and 

tried to establish a causal link between health and cold homes. Thus, fuel poverty is 

measured at an individual level but tends to have societal consequences. This study 

has gone the extra length of understanding the broader social and emotional outcomes 

of elderly people and energy professionals in fuel poverty. For example, one of the 

participants in this study interview narrated how expensive it is to heat their homes 

and resorted to buying energy using a credit card to keep warm. Others pointed out 

how high heating bills created stress in their daily lives and forced them into the ‘heat 

or eat dilemma’ situation.  Indeed, fuel poverty is a concern for all the government 

policies covering areas such as poverty, health inequalities, health service and carbon 

emissions (Charlotte et al., 2017). Hence, there is a need to enhance government 

policies that tackle fuel poverty, energy performance of existing housing stock and 

financial hardship faced by fuel-poor households.    
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Another implication this study found is the issue of technology and adaptative 

behaviour on energy use by elderly people. Indeed, almost 70% of the UK elderly 

population lack a general understanding of modern technology. Most of the elderly 

interviewees stated that they do not use intelligent gadgets and are not confident with 

the idea of using them.  Some modern smart meters are often ineffective due to a lack 

of engagement, especially if they are required to be used to control energy 

consumption. Although there is a need for elderly people to interact with modern 

technology, it’s worthwhile for energy companies to design innovative technologies 

that suit elderly people behaviour and their energy consumption. 

6.6 Limitation of the Study and Future Research Directions  

This study had several limitations that affected its direction in one way or another. The 

first one is the emergence of the Covid 19 pandemic. The study adopted a mixed-

method using both quantitative and qualitative research to investigate energy 

efficiency in residential buildings and the health vulnerabilities of elderly people. The 

interviews were highly affected by government guidelines on Covid19 in meeting or 

interacting with different people, meaning the only option was to conduct online 

interviews. However, there were many hurdles and obstacles along the path as not 

many participants preferred online interviews. Many emails and telephone calls made 

were politely rejected.  

Notably, in post-pandemic, there is a need to interview many participants, including 

elderly people, health professionals, building professionals and energy professionals, 

to allow the topic to be explored in greater depth. Due to the multifaceted nature of 

EWDs, cold homes and fuel poverty, conducting interviews and focus groups will be 

essential to capture daily life struggle facing elderly people and low-income 

households. Additionally, focus groups explore intervention strategies where 

participants living in fuel poverty and cold, inefficient homes are invited to different 

meetings to understand detailed energy efficiency programmes. The intervention 

program allows the participants to express and discuss health and well-being, fuel 

poverty, cold homes, staying warm and thermal comfort. Results from the focus group 

and intervention strategy could significantly reduce fuel poverty and related issues 

contributing to EWDs.       
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The second limitation involves the study sample size and location, especially the 

interviews, as it was made of five categories: health professionals, elderly people, 

energy professionals, building professionals and care and support workers. Most of 

the interview participants were in Midland’s area of the UK. Although the main reason 

for choosing the area was the high number of EWDs and fuel poverty over the years, 

future research needs to investigate the other parts of the UK.   Also, the interview 

was limited to only 18 participants as it was difficult to get elderly people and health 

professionals. Most elderly people were unfamiliar with online interviews as some 

declined, and others had help from family or care staff. The health professionals were 

also busy treating Covid patients and did not have time to be interviewed. Future 

research needs to focus on the significant areas/cities in the UK with high record 

EWDs and fuel poverty. Concentrating on these areas will help understand the root 

problem of EWDs and fuel poverty and raise awareness among relevant government 

bodies and building and energy companies.  

The third limitation is the software used to predict future events such as EWDs, 

income, fuel cost and temperature. The R predictive model could not forecast EWDs 

beyond seven years and only gave the same values after several tests were 

conducted. Due to time limitations, the predictive test was carried out using Microsoft 

Excel and SPSS. Despite both Microsoft excel and SPSS giving predictive results for 

the variables, limitations exist with the nature of the model as it only forecasts based 

on historical data of excess winter deaths. Finding the most accurate fit can be a long 

and trial-and-error process.  

However, due to the sampling size, geographical locations and Covid 19 participants' 

limitations, caution need to be taken in generalising the study findings. Nonetheless, 

the predictive part of this study: EWDs historical data, fuel cost, income, and 

temperature can be replicated using predictive analytics software such as R, Python, 

SPSS, and Microsoft Excel. Future research must combine and predict other variables 

such as fuel poverty, cold housing, adaptive behaviour, and climate change to 

consistently achieve more reliable results.  For example, suppose new houses or 

existing residential buildings are retrofitted with good energy efficiency. In that case, 

fuel poverty and cold housing issues will decline for the current and future households 

and bring associated health benefits. These will also decrease the number of EWDs 

further. Figure 6.6 illustrates the best-case scenario of the predictive modelling.  
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The study has categorically put forward possible future scenarios and outcomes in 

table 5.6, considering positive changes in all the variables mentioned. Some positive 

changes include no EWDs, reduced cost on NHS, high life expectancy, lower energy 

bills, energy efficiency rating of Band A, B & C rating, zero GHG emissions and 

improved health and well-being. However, in reaching these levels, key policies 

promote energy efficiency in residential buildings, tackle fuel poverty, reduce GHG 

emissions and invest in renewable energies. Moreover, the study's contribution to 

knowledge is the key variables produced from quantitative and qualitative result data, 

prediction of the variables, determining future scenario and outcome and analysing 

the relationship between EWDs and temperature in more detail. Lastly, the study has 

put forward several implications and limitations that should be noted in the context of 

future research in the area.     
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Chapter 7 

7.0 Conclusion and Recommendation 

7.1 Conclusion  

The study aimed to predict the inter-relationship between energy efficiency in 

residential buildings and the health vulnerability of elderly people in the UK. In doing 

so, the study adds to emerging research about the issues related to energy efficiency 

in residential buildings and health vulnerability. The rationale behind this study lies in 

issues such as excess winter deaths, fuel poverty, cold housing, energy in-efficient 

houses, technology, climate change and energy policies. The first objective of this 

study investigated the relationship between excess winter deaths among elderly 

people and cold housing. In getting to know the bottom of the issue, historical EWDs 

from 1950 to 2019 were examined from ONS archive data. Hence, in the last 20 years, 

the highest EWDs recorded happened in 2017/2018, with 50,100 deaths. The elderly 

people aged 65 years and over recorded the highest number of EWDs. Table 4.3.7 

shows participants' mean scores from health professionals, carers/support workers 

and building professionals. The results from the questionnaire gave a mean score of 

3.55 equaling 71.10%, thus meaning the participants agree that there exists a 

relationship between excess winter deaths among the elderly and cold homes. 

Similarly, the qualitative data result asked the interview participants about the link 

between EWDs among elderly people and cold housing. Their responses gave a better 

understanding of the issues contributing to excess winter deaths. They stated that 

elderly people are most vulnerable to cold-related illnesses. The diseases that mainly 

contribute to EWDs include respiratory, circulatory and exacerbation of pre-existing 

health conditions such as asthma and chronic obstructive pulmonary disease (Copd).  

The second objective looked at the impact of energy efficiency policies and the health 

risks of elderly people. Over the years, the UK has made great strides in improving 

energy efficiency and consumption. Several policies and schemes have been 

implemented to encourage energy efficiency in households and the public, eradicate 

fuel poverty and save energy costs.  
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However, there has been no significant progress with all the energy policies 

introduced, leaving the UK still among the least energy-efficient housing stock and the 

highest rate of fuel poverty in Europe (Miller et al. 2017). Subsequently, table 4.3.8 

results from energy professionals and elderly people gave a mean score of 3.16, 

equating to almost 63.04%. Hence, this means that most participants agree that there 

is a relationship between energy efficiency policies and the health risks of elderly 

people. To reduce household energy bills, poverty, and associated health effects of 

living in cold homes, the UK government needs to implement policies that engage with 

households regarding issues such fuel poverty, energy efficiency and energy 

consumption.  

The third objective examined fuel poverty and whether it influences common health 

risks associated with elderly people. The result from the questionnaire and interview 

illustrates that high energy bills, low income, and cold housing are the main issues 

related to fuel poverty. Most respondents agree that they prioritise paying for energy 

bills rather than basic needs such as food and clothing. These statements are 

consistent with the BEIS (2021) report estimating that England's 13.4% (13.8 million) 

households are under fuel poverty. Moreover, because the lowest income people live 

in energy-in-efficient houses, there are likely to see higher cost increases for their 

energy consumption. This experience means vulnerable people like the elderly are 

highly impacted, confiding them to a cold and uncomfortable home. Hence, exposure 

to low indoor temperature increases the risk of contracting a respiratory infection and 

leads to EWDs. In the same context, research by Guertlar and Smith (2018) attributes 

30% of EWDs to living in cold homes.  

The fourth objective of the study looked to analytically predict excess winter deaths 

and future outcomes toward energy efficiency delivery. Findings from the study reveal 

several factors that influence energy efficiency and health vulnerabilities of elderly 

people: EWDs, cold housing, adaptive behaviour, technology, climate change, fuel 

poverty and energy policy. The study also found that factors such as income, 

temperature, and fuel cost are the main determinants of EWDs.  
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Predictive results showed that increasing fuel costs contribute to EWDs, and an 

increase in average temperature and pensioner’s income decrease EWDs. The result 

is consistent with previous and current research about the health impact of climate 

change (Paavola 2017, Lopez et al. 2020, Wolf et al. 2010) and determinants of fuel 

poverty (Friend of the Earth 2012, Grey et al. 2017, Walker and Day 2012).  These 

studies reported that high energy costs, low income and low winter temperature 

contribute to significant health risks to the elderly, leading to EWDs.  

Finally, table 5.6 shows the future scenario and possible outcome of all the contributing 

factors to energy efficiency in residential buildings and the health vulnerabilities of 

elderly people. The future scenario and outcome depict what could have happened in 

time or years to come if things are changed for the better. For instance, building new 

and retrofitting existing residential buildings could save energy costs for families and 

prevent the issue of cold housing vis-à-vis fuel poverty. Other future aspects include 

innovative technology for the elderly, investing more in renewable energy and energy-

efficient appliances, launch financial incentives to reward energy efficiency and zero 

carbon emissions. Adequately, if all the above aspects are implemented, the future 

outcome would be no EWDs, healthy elderly people, improved wellbeing, energy-

efficient homes and residential buildings, zero carbon emissions, no global warming, 

technology connectivity and financially secured households.   
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7.2 Recommendation  

Despite this study covering significant aspects concerning energy efficiency in 

residential buildings and the health vulnerabilities of elderly people, it also provides 

some recommendations for future researchers, government departments, 

organisations, charities dealing with fuel poverty and energy companies. The first 

recommendation is the collection of data in both questionnaires and interviews. Survey 

questionnaires and interview questions should be designed and prepared in such a 

manner they capture real problems. For instance, questions such as bills, shopping 

budget and disposable income should be asked. Asking these questions will also give 

the researcher a good life background of the participant and any problems they face. 

Future academia needs to collaborate with health professionals, building professional 

and energy professionals in understanding issues such as fuel poverty, cold housing, 

and cold-related diseases. There is no doubt Covid 19 pandemic and associated 

lockdowns have changed and complicated the life of people in the sense that fuel 

poverty and EWDs are on the rise. It has also created new challenges and gaps in 

knowledge when it comes to the field of energy efficiency. Hence, the impact of Covid 

19 on people’s lives, fuel poverty, energy policy and consequences of living in cold 

housing needs to be investigated further. In the same context, special attention should 

be paid to people living in private houses as they suffer the most when it comes to fuel 

poverty.  

Government bodies, energy and building companies must review energy efficiency, 

fuel cost and poverty policies. The current Energy Company Obligations (ECO) 

scheme does not help most fuel-poor homes and focuses on low-cost installation. The 

government must allocate more funding to promote energy efficiency and retrofit 

current housing stocks.  

Lastly, future research would need to investigate the possibilities of elderly people 

living in age-friendly homes. Most of the current dwellings lived by elderly people are 

either unsuitable or inadequate, contributing to health-related issues.  
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9.1 Excess winter Deaths Sheet 

 

Winter season Excess winter 
deaths 

Five-year moving average 

1950 to 1951 106400 
 

1951 to 1952 44950 
 

1952 to 1953 82670 69174 

1953 to 1954 47180 61406 

1954 to 1955 64670 58232 

1955 to 1956 67560 53254 

1956 to 1957 29080 59402 

1957 to 1958 57780 54680 

1958 to 1959 77920 54944 

1959 to 1960 41060 62892 

1960 to 1961 68880 69256 

1961 to 1962 68820 63574 

1962 to 1963 89600 63708 

1963 to 1964 49510 61356 

1964 to 1965 41730 52790 

1965 to 1966 57120 48922 

1966 to 1967 25990 49146 

1967 to 1968 70260 54358 

1968 to 1969 50630 49756 

1969 to 1970 67790 53812 

1970 to 1971 34110 49086 

1971 to 1972 46270 45902 

1972 to 1973 46630 38728 

1973 to 1974 34710 43526 

1974 to 1975 31920 41190 

1975 to 1976 58100 40112 

1976 to 1977 34590 42868 

1977 to 1978 41240 42508 

1978 to 1979 48490 37468 

1979 to 1980 30120 39026 

1980 to 1981 32900 39342 

1981 to 1982 42380 35692 

1982 to 1983 42820 39144 

1983 to 1984 30240 42430 

1984 to 1985 47380 39228 

1985 to 1986 49330 37258 

1986 to 1987 26370 35442 

1987 to 1988 32970 35406 

1988 to 1989 21160 33128 

1989 to 1990 47200 34824 

1990 to 1991 37940 33360 

1991 to 1992 34850 34304 

1992 to 1993 25650 30322 
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1993 to 1994 25880 30772 

1994 to 1995 27290 33342 

1995 to 1996 40190 32802 

1996 to 1997 47700 36988 

1997 to 1998 22950 41214 

1998 to 1999 46810 38134 

1999 to 2000 48420 34040 

2000 to 2001 24790 34236 

2001 to 2002 27230 29558 

2002 to 2003 23930 26188 

2003 to 2004 23420 26268 

2004 to 2005 31570 25530 

2005 to 2006 25190 25668 

2006 to 2007 23540 28250 

2007 to 2008 24620 27068 

2008 to 2009 36330 27222 

2009 to 2010 25660 27322 

2010 to 2011 25960 28628 

2011 to 2012 24040 24818 

2012 to 2013 31150 28430 

2013 to 2014 17280 28138 

2014 to 2015 43720 30212 

2015 to 2016 24500 33864 

2016 to 2017 34410 35048 

2017 to 2018 49410 
 

2018 to 2019 23200 
 

2019 to 2020 28300 
 

 

 

 

 

 

 

 

 

 

 

Excess winter deaths and average winter temperature, England and Wales, 
1999/2000 to 2017/2018 1,2,3,4 

                

Winter Season Excess winter 
deaths 

Mean winter 
temperature in °C 
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1999/2000 48,420 5.5           

2000/2001 24,790 4.4           

2001/2002 27,230 5.6           

2002/2003 23,930 5.1           

2003/2004 23,420 5.2           

2004/2005 31,570 5.5           

2005/2006 25,190 4.1           

2006/2007 23,540 6.3           

2007/2008 24,620 5.6           

2008/2009 36,340 4.3           

2009/2010 25,660 3.2           

2010/2011 25,970 4.0           

2011/2012 24,040 5.8           

2012/2013 31,160 3.4           

2013/2014 17,310 6.2           

2014/2015 43,850 4.8           

2015/2016 24,580 6.2           

2016/2017 34,530 6.0           

2017/2018 50,100 4.3           
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9.2 Questionnaire Design  

9.2.1 Elderly People Questionnaire 

 

 

 

Q1 Q2 Q3 Q4 Q6 Q7 Q8 Q9 Q5

Participant 1 2 3 4 3 5 4 21 11 3 2 1,

Participant 2 4 2 2 2 5 4 19 10 3 1

Participant 3 2 3 4 4 5 5 23 12 3 2 1,2,5

Participant 4 4 2 3 2 5 5 21 11 3 1 1

Participant 5 4 2 2 2 3 3 16 9 3 1 1

Participant 6 2 3 3 3 4 3 18 10 3 2 1,2

Participant 7 2 4 4 4 4 3 21 11 3 2 1,2,5

Participant 8 4 2 2 2 3 3 16 9 3 1 1

Participant 9 2 4 4 4 5 4 23 12 3 2 1

Participant 10 3 2 3 2 3 2 15 8 3 1

Participant 11 2 3 5 4 5 1 20 11 3 2 1,2

Participant 12 2 3 4 4 3 2 18 10 3 2 1,2

Participant 13 4 2 2 2 2 3 15 8 3 1

Participant 14 4 3 3 2 5 1 18 10 3 1 1,2

Participant 15 2 2 4 3 5 3 19 10 3 2 1,2

Participant 16 3 2 2 2 5 1 15 8 3 1 1

Participant 17 2 3 4 3 3 2 17 9 3 2 2,5

Participant 18 2 3 4 3 4 2 18 10 3 2 1,2

Participant 19 3 2 2 2 4 2 15 8 3 1 1

Participant 20 4 1 2 2 4 4 17 9 3 1 1

Participant 21 4 2 2 1 4 2 15 8 3 1 2

Participant 22 1 4 4 3 5 1 18 10 3 2 1,5

Participant 23 3 2 3 3 3 2 16 9 3 2 1

Participant 24 2 3 4 4 5 1 19 10 3 2 2,5

Participant 25 2 3 4 3 3 1 16 9 3 2 1,5

Partcipant  26 4 4 4 5 5 1 23 12 3 2 5

Partcipant  27 4 4 5 3 3 2 21 11 1 2 3

Partcipant  28 2 2 3 5 3 5 20 11 3 2 6

Partcipant  29 3 2 2 2 3 2 14 7 2 2

Partcipant  30 4 3 4 5 4 2 22 12 2 2 1,2,5

Partcipant  31 5 3 3 3 4 2 20 11 3 3 2,4,5

Partcipant  32 3 4 4 4 4 1 20 11 2 2 1,4

Partcipant  33 1 4 4 4 4 0 17 9 2 2 1,2,5

Partcipant  34 2 4 4 3 5 0 18 10 3 3 1,2,3

Partcipant  35 4 2 2 2 3 2 15 8 1 1

Partcipant  36 4 2 2 2 3 2 15 8 2 1 1,3,5

Partcipant  37 2 3 4 4 4 1 18 10 2 2 1,3,5

Partcipant  38 3 3 3 3 4 1 17 9 2 1 2

Partcipant  39 3 2 3 3 4 1 16 9 2 2 1,5

Partcipant  40 5 1 2 2 5 4 19 10 3 1 2,5

Partcipant  41 3 3 4 3 4 2 19 10 2 2 1,2

Partcipant  42 4 2 2 2 3 2 15 8 2 1

Partcipant  43 4 5 5 4 5 0 23 12 1 2 1,2,5

Partcipant  44 3 3 4 3 3 2 18 10 2 2 1,2

Partcipant  45 4 2 2 2 4 3 17 9 2 1

Partcipant  46 4 4 4 3 4 1 20 11 2 2 1,2,5

Partcipant  47 4 2 2 2 4 2 16 9 2 1 1,2
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9.2.2 Care and Support workers Questionnaire 

 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Participant 1 2 4 4 4 4 1 4 4 4 31 16 1,2,3 3

Participant 2 2 4 3 3 4 1 4 4 4 29 15 1,2,3 3

Participant 3 4 4 3 3 4 2 4 4 4 32 16 1,2,3,5 2

Participant 4 2 4 4 4 4 4 4 5 4 35 18 1,2,3,4,5 3

Participant 5 2 4 3 3 4 4 4 4 4 32 16 1,2,3,5 3

Participant 6 3 5 4 4 4 0 4 5 4 33 17 1,2,3,5 3

Participant 7 3 4 3 3 4 1 4 3 5 30 15 1,2,5 3

Participant 8 3 3 3 4 3 1 4 3 4 28 14 1,2 3

Participant 9 4 3 2 3 3 2 4 4 3 28 14 1,2,3 2

Participant 10 3 4 3 3 4 1 4 4 4 30 15 1,3 3

Participant 11 2 4 4 3 3 2 4 4 4 30 15 1,2 3

Participant 12 3 3 3 4 3 2 3 4 3 28 14 1,2 3

Participant 13 2 3 3 3 3 4 3 3 3 27 14 1,2,4 2

Participant 14 3 3 4 5 5 2 1 4 3 30 15 1,2,3 2

Participant 15 2 4 4 4 3 2 4 3 3 29 15 1,2 3

Participant 16 1 4 4 4 3 2 3 3 4 28 14 1,2,5 2

Participant 17 3 3 4 2 4 3 3 3 4 29 15 1,2,3,5 1

Participant 18 3 3 2 2 2 4 3 3 3 25 13 1,25 1

Participant 19 3 3 3 4 3 3 3 4 4 30 15 2,3 2

Participant 20 3 3 4 2 2 3 3 4 4 28 14 1,2 1

Participant 21 4 4 4 4 3 2 3 4 4 32 16 1,2,3 3

Participant 22 4 4 4 3 3 2 4 4 3 31 16 2,3,5 2

Partcipant 23 4 4 2 3 3 2 3 4 4 29 15 1,2,3,4 2

Partcipant 24 5 5 5 3 3 0 5 5 5 36 18 1,3,5 4

Partcipant 25 3 2 3 1 4 3 2 3 3 24 12 1,2,3 3

Partcipant 26 2 1 1 1 1 2 4 4 4 20 10 1,3 1

Partcipant 27 5 4 0 0 5 4 4 4 3 29 15 2,5 2

Partcipant 28 4 5 2 0 1 4 5 5 4 30 15 1,2 3

Partcipant 29 3 3 0 5 2 2 3 4 22 11 3,4,5 1

Partcipant 30 4 3 1 1 3 3 1 2 5 23 12 5 4

Partcipant 31 5 1 2 2 3 3 4 3 5 28 14 1,2,5 5

Partcipant 32 3 3 3 2 5 2 2 3 3 26 13 2,3 3

Partcipant 33 4 5 1 2 3 2 3 4 4 28 14 3,5 1

Partcipant 34 3 5 2 1 3 3 3 4 5 29 15 1,2,3,5 2

Partcipant 35 2 3 4 3 4 2 3 3 4 28 14 1,2,3,4 3

Partcipant 36 4 4 4 4 4 2 4 4 4 34 17 1,2,3,5 2

Partcipant 37 4 4 4 4 4 4 4 5 4 37 19 1,2 3

Partcipant 38 1 4 5 5 5 1 4 4 5 34 17 1,2,3 2

Partcipant 39 3 3 3 4 4 4 4 4 4 33 17 1,2 4

Partcipant 40 2 3 4 4 4 4 5 4 5 35 18 1,2,5 4

Partcipant 41 3 5 4 4 4 2 4 4 4 34 17 1,2 3

Partcipant 42 2 4 3 4 3 4 3 4 4 31 16 1,2,3 3

Partcipant 43 4 4 2 3 3 2 4 3 4 29 15 1,2 2

Partcipant 44 2 4 4 3 3 2 4 4 4 30 15 1,2,5 3

Partcipant 45 2 5 4 3 4 2 4 3 3 30 15 1,2 3

Partcipant 46 1 4 4 4 4 2 4 4 4 31 16 1,2,5 4

Partcipant 47 3 3 4 4 3 2 4 4 4 31 16 1,2 2

Partcipant 48 4 4 2 2 3 2 4 4 4 29 15 1,2,3 3

Partcipant 49 4 4 2 3 3 2 4 4 4 30 15 1,2,3,5 1
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9.2.3 Health Professionals Questionnaire 

 

 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Participant 1 3 5 5 4 17 9 2 1 1, 2, 3, 5 1

Participant 2 4 4 4 4 16 8 2 1 1,2,3,4,5 2

Participant 3 4 4 4 4 16 8 1 1,2,3,4,5 2

Participant 4 3 3 4 4 14 7 2 1 1,2,3,5 2

Participant 5 5 5 4 5 19 10 2 1 1,2,3 2

Participant 6 4 4 4 4 16 8 1 1,2 2

Participant 7 5 4 4 4 17 9 2 1 1,2,3,5 2

Participant 8 4 4 5 4 17 9 2 1 1,2,3,5 1

Participant 9 5 5 4 5 19 10 2 1 1,2,3,5 1

Participant 10 3 3 4 3 13 7 2 1 1,2,3,5 5

Participant 11 4 5 3 5 17 9 2 1 1,2,3 2

Participant 12 4 4 4 3 15 8 2 1 1,2,5 2

Participant 13 4 4 3 4 15 8 2 1 1,2,3 2

Participant 14 4 5 4 4 17 9 2 1 1,2,3,5 1

Participant 15 4 4 4 4 16 8 2 1 1,2,5 5

Participant 16 5 3 4 3 15 8 2 1 1,2,3 4

Participant 17 5 4 5 5 19 10 3 1 1,2,3 1

Participant 18 4 4 4 3 15 8 2 1 1,2 2

Participant 19 3 3 3 4 13 7 3 1 1,2,3 1

Participant 20 4 4 4 5 17 9 2 1 1,2 2

Participant 21 4 4 3 3 14 7 3 2 1,2,3 3

Participant 22 4 4 4 5 17 9 2 1 1,2 2

Participant 23 3 3 3 4 13 7 1 1 1,2,5 3

Participant 24 3 4 5 5 17 9 2 1 1,2,3 2

Participant 25 4 5 5 4 18 9 2 1 1,2,4,5 1

Partcipant 26 4 4 4 3 15 8 3 1 1,2,5 2

Partcipant 27 3 5 5 4 17 9 2 1 1,2,3,5 1

Partcipant 28 3 3 4 4 14 7 2 1 1,3,4,5 8

Partcipant 29 4 5 4 3 16 8 2 1 1,2,3,4,5 5

Partcipant 30 3 4 3 3 13 7 3 1 1 2

Partcipant 31 3 5 5 5 18 9 2 1 1,2,3,5 2

Partcipant 32 3 3 3 3 12 6 3 1 1,2,3,4,5 5

Partcipant 33 4 5 4 4 17 9 3 1 1,2,3,5 2

Partcipant 34 5 4 4 4 17 9 2 1 1,2,3 4

Partcipant 35 3 4 4 4 15 8 2 1 1,2,3,4,5 2

Partcipant 36 4 5 5 3 17 9 3 1 1,2,3,4,5 1

Partcipant 37 3 3 4 3 13 7 2 1 2

Partcipant 38 4 5 5 4 18 9 2 1 1 5

Partcipant 39 5 5 4 4 18 9 2 1 1,2,3,5 2

Partcipant 40 5 5 5 5 20 10 2 1 1,2,3,4,5 1

Partcipant 41 4 4 4 3 15 8 3 1 1,2,3,5 2

Partcipant 42 3 4 3 3 13 7 2 1 1,2,3 2

Partcipant 43 5 5 3 3 16 8 3 1 1,2,3 2

Partcipant 44 3 3 3 4 13 7 3 1 1,2,3 2

Partcipant 45 4 3 3 4 14 7 2 1,2,3,4,5 2

Partcipant 46 4 5 5 5 19 10 2 1 1,2,3 4

Partcipant 47 4 5 4 4 17 9 2 1 1,2,3,5 4

Partcipant 48 4 4 5 3 16 8 2 1 1,2,3 3

Partcipant 49 3 3 4 4 14 7 2 1 1,2,3 1

Partcipant 50 4 5 4 5 18 8 2 1 1,2,3 2

4 4 4 4 15.94 0
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9.2.4 Energy Professionals Questionnaire 

 

Q1 Q2 Q3 Q4 Q5 Q6

Participant 1 4 4 3 4 15 7 1

Participant 2 3 3 4 1,2 10 5 2 2

Participant 3 4 4 3 1,2,3 11 5 2 4

Participant 4 3 4 2 4 13 6 1 3

Participant 5 4 3 3 1,2 10 5 1 2

Participant 6 3 4 3 4 14 7 2 3

Participant 7 4 4 2 4 14 7 2 2

Participant 8 3 3 4 4 14 7 2 3

Participant 9 4 3 5 4 16 8 2 4

Participant 10 3 3 4 4 14 7 1 3

Participant 11 4 4 4 4 16 8 2 2

Participant 12 3 3 4 1,2,3 10 5 3 3

Participant 13 3 4 5 4 16 8 2 2

Participant 14 5 4 5 4 18 9 2 3

Participant 15 4 3 4 1,2 11 5 1 1

Participant 16 2 2 4 1,2 8 4 3 3

Participant 17 3 4 3 1,2,3 10 5 2 2

Participant 18 4 4 5 4 17 8 2 3

Participant 19 3 3 4 1,2 10 5 2 3

Participant 20 3 4 5 4 16 8 2 1

Participant 21 3 4 4 4 15 7 3 2

Participant 22 3 4 5 2,3 12 6 2 3

Participant 23 4 3 3 4 14 7 3 4

Participant 24 4 3 3 4 14 7 2 3

Participant 25 3 3 3 4 13 6 3 3

Participant 26 5 5 3 4 17 8 1 5

Participant 27 3 3 2 1,2 8 4 1 1

Participant 28 5 4 3 4 16 8 1 1

Participant 29 1 3 0 2,3 4 2 2 1

Participant 30 5 3 2 4 14 7 2 5

Participant 31 3 3 2 4 12 6 3 3

Participant 32 5 5 4 1,2 14 7 1 3

Participant 33 5 3 3 4 15 7 2 3

Participant 34 5 5 3 4 17 8 1 3

Participant 35 1 4 3 3 11 5 1 3

Participant 36 3 3 4 4 14 7 3 3

Participant 37 4 4 4 4 16 8 2 3

Participant 38 5 4 5 4 18 9 2 3

Participant 39 4 4 4 4 16 8 2 3

Participant 40 3 4 3 1,2 10 5 3 3

Participant 41 4 3 5 4 16 8 2 4

Participant 42 3 3 3 2,4 9 4 3 2

Participant 43 4 5 4 4 17 8 2 3

Participant 44 4 4 3 4 15 7 3 2

Participant 45 3 4 4 2,3 11 5 3 2

Participant 46 2 2 2 4 10 5 1 4

Participant 47 1 2 1 3 7 3 3 4

Participant 48 3 4 4 4 15 7 2 2

Participant 49 4 3 4 1,2 11 5 2 3

Participant 50 4 4 4 4 16 8 2 3

Participant 51 5 5 4 4 18 9 2 2
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9.2.4 Building Professionals Questionnaire 

 

Q1 Q2 Q3 Q4 Q5 Q6

Partcipant 1 3 3 4 4 3 17 9 1

Partcipant 2 4 3 4 4 3 18 9 4

Partcipant 3 4 3 3 3 3 16 8 3

Partcipant 4 4 4 3 3 3 17 9 4

Partcipant 5 3 3 3 3 3 15 8 5

Partcipant 6 4 4 3 3 3 17 9 1

Partcipant 7 3 4 4 2 4 17 9 2

Partcipant 8 4 4 3 4 4 19 10 4

Partcipant 9 5 5 5 4 3 22 11 1

Partcipant 10 4 4 3 4 3 18 9 5

Partcipant 11 3 3 3 4 4 17 9 5

Partcipant 12 5 4 4 4 4 21 11 2

Partcipant 13 4 4 4 4 4 20 10 2

Partcipant 14 4 4 4 5 5 22 11 5

Partcipant 15 5 3 4 4 4 20 10 4

Partcipant 16 2 2 2 3 3 12 6 6

Partcipant 17 3 4 3 3 4 17 9 4

Partcipant 18 4 4 5 5 5 23 12 3

Partcipant 19 4 3 4 5 5 21 11 1

Partcipant 20 4 4 5 5 4 22 11 3

Partcipant 21 4 5 5 4 5 23 12 4

Partcipant 22 4 4 5 3 3 19 10 4

Partcipant 23 3 3 4 4 4 18 9 5

Partcipant 24 3 4 4 4 3 18 9 1

Partcipant 25 3 3 3 3 3 15 8 2

Partcipant 26 4 4 5 5 4 22 11 1

Partcipant 27 4 4 4 3 3 18 9 3

Partcipant 28 2 4 3 4 3 16 8 4

Partcipant 29 1 4 4 4 4 17 9 3

Partcipant 30 3 2 2 2 3 12 6 1

Partcipant 31 4 4 4 2 4 18 9 1

Partcipant 32 1 1 2 4 3 11 6 4

Partcipant 33 3 1 2 3 1 10 5 2

Partcipant 34 3 4 3 4 3 17 9 2

Partcipant 35 2 1 2 3 4 12 6 5

Partcipant 36 4 2 4 5 2 17 9 1

Partcipant 37 4 3 2 3 3 15 8 3

Partcipant 38 5 3 4 5 5 22 11 6

Partcipant 39 3 3 2 5 3 16 8 4

Partcipant 40 4 4 5 5 4 22 11 6

Partcipant 41 4 3 5 5 5 22 11 1

Partcipant 42 3 5 4 5 4 21 11 1

Partcipant 43 3 3 5 4 4 19 10 4

Partcipant 44 4 4 4 4 3 19 10 4

Partcipant 45 5 4 5 4 4 22 11 1

Partcipant 46 4 4 4 5 5 22 11 4

Partcipant 47 3 4 4 3 3 17 9 5

Partcipant 48 4 4 3 3 3 17 9 2

Partcipant 49 2 2 3 3 3 13 7 1
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9.3 Interview Appendix  

9.3.1 Participation Information Sheet    

 

 

 

Participant Information Sheet 

Study title:  

Predictive Analytics of Energy Efficiency in Buildings and Health Vulnerabilities of Elderly 

People" 

Purpose of the research? 

The aim of this study is to investigate energy efficiency in Buildings and health Vulnerability 

of elderly people in the UK  

Reason I have been approached to take part in the study? 

Stakeholders in the Engineering industry vary across the divide from the private to public 

sectors. From the professionals who design, approve, develop and construct the buildings to 

the end users or occupants.  The information provided will assist in achieving the aim of this 

study.  

Do I have to participate? 

No.  Contribution is completely voluntary.  In case you change your mind about participating 

in the study, you can withdraw at any point with no reason. You can withdraw by contacting 

me on email and providing me with your participant information number.  Upon withdrawal, 

all your collected information will be disposed immediately. There are no consequences upon 

your decision to withdraw from the exercise.  

What will I expect if I participate? 

You will require about twenty to thirty minutes to fill out the questionnaire within a period of 

two weeks where you can contact me through the email provided in case of any queries or 

clarifications.  If need be, the researcher can go through the questions with you as an interview 

where you can assist with more information to bridge the gap in the research.  

Any disadvantages or risks that can be experienced for participation? 

No. At least half an hour of your time or less will be required to participate and all information 

is regarded confidential and for the purposes of this research only.  

Any advantages of participation? 

The gathered results from this research will recommend and help construction companies in 

improving their working environment as well as reducing workplace injury among older 

workers  

What if something goes wrong? 

You can withdraw from the participation at any time with no reason and no consequences. All 

your data and information will be disposed.  
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9.3.2 Sample of Interview Data   

9.3.2.1 Elderly People Interview Transcript  

 

Sample 1: Transcript of interview … Elderly Person 

 

Researcher 

Good Morning sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.    

Interviewee 1 

Good morning, my father cannot speak English, but I will be translating for him. 

Researcher 

Thank you, to go on the first question how old are you and what kind of 

accommodation do you live? 

Interviewee 1 

He is 75 years old and lives in Victorian terrace house. 

Researcher 

Thank you, okay if I can ask you the first question, during winter period, does the 

house you live warm enough to make you feel comfortable? 

Interviewee 1  

Okay let me ask him, ---, ehh okay he saying no, emm , it doesn’t warm up properly , 

you have to keep heating it and its costing a lot.  

Researcher 

Alright okay, so that's the main reason that it is hardly not enough to warm up the 

house? 

Interviewee 1  

Yes, yes  

Researcher 

So, when it comes to the bills like energy bills do you prioritise, they energy fast and 

leave the other thing like basically like a food and clothing or do you have to manage 

both? 

Interviewee 1  

So, emm, I know this obviously from him because food and clothing takes priority he 

has to pay for those things first and so you know because he can't afford everything  
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at the same time he has to cover the cost of that first and then pay for the energy 

2nd and so obviously energy loses out. 

Researcher 

So basically because of affordability and when it comes to heating, you end up 

having low heated home? 

Interviewee 1  

Yes if it gets really really cold annual temperatures with sub-zero degree , then what 

happens t is that he has to prioritise the heating and then obviously with the food he 

can't .He'll have to go by and eat less that week you know buy less meat for example 

and sort of relying more on cheaper food substances that he can afford for the week. 

Also, because the fact that he is elderly person with little to no income and it will be 

too cold to leave the heating off. 

Researcher 

Okay, thank you, does he normally suffer from winter related illness for the fact the 

house is too cold? 

Interviewee 1  

Yes, he does, he gets the cold related illness, his joints hurt because of arthritis. 

Researcher 

Can you name few of these diseases? 

Interviewee 1  

He has breathing problem from asthmatic, flu, cold, headaches and arthritis   

Researcher 

All right okay, emm thank you, have you ever used modern technology like smart 

phones to control the heating system? 

Interviewee 1  

No, he does have normal boiler  

Researcher 

With the normal boiler, does he have thermostat to control the heating system? 

Interviewee 1  

He has it but he does not know how to operate it and does not like tampering with it. 
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Researcher 

Okay thank you, emm just one last thing, so if for example he is given modern 

technology like smart phones, tablets and smart meters, can he be able to adapt and 

solve the problem of controlling the heating system at home? 

Interviewee 1  

No, he will have no idea, he will get confused and won’t dare touch them to be 

honest. He will not even try to understand how it works and very reluctant about it. 

Researcher 

All right, thank you, I think that answers all my questions for you, thank you for 

translating for your father, I want also to wish him a healthy life in the future. Once 

again , thank you for taking your time to participate in my interview.   
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Sample 2: Transcript of interview … Elderly Person 

 

Researcher 

Good Morning sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.    

Interviewee2 

Good morning  

Researcher 

Thank you, to go on the first question how old are you and what kind of 

accommodation do you live? 

Interviewee2 

I am 69yrs old and live in residential accommodation. 

Researcher 

Thank you, okay if I can ask you the first question, during winter period, does the 

house you live warm enough to make you feel comfortable? 

Interviewee2  

Not at all, emm I leave the heating on for some time until the whole house is warm, 

however this is difficult process as the house become cold and I must heat it again. 

Researcher 

Alright okay, so that's the main reason that it is hardly not enough to warm up the 

house? 

Interviewee2  

Yes, I am not sure what could be reason behind the house not heating enough.  

Researcher 

Could this be because the house does not have good insulation and therefore does 

not retain energy? 

Interviewee2  

Its an old house and yes that could be the case 
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How about when it comes to paying for your energy bills, do you prioritise it first and 

leave other basic things like food and clothing’s? 

Interviewee2   

Its 50/50 for me as my energy bills tends to be higher, I will have to pay it first and 

leave other things, emm it depends as sometimes I get help with paying my energy 

bills. 

Researcher 

So basically because of affordability and when it comes to heating, you end up 

having low heated home? 

Interviewee2  

Yes as I have mentioned when it gets really cold with freezing temperature, I have 

no choice but to heat the house more. The only problem is that this contributes to 

high energy bills. I rather spent a lot of money in energy bills than living in a cold 

house that will eventually impact my health. 

Researcher 

Okay, thank you, does he normally suffer from winter related illness for the fact the 

house is too cold? 

Interviewee2 

Yes during cold season I do experience cold related illnesses. 

Researcher 

Can you name few of these diseases? 

Interviewee2 

Hypothermia, Pneumonia, flu, influenza and common cold. 

Researcher 

All right okay, emm thank you, have you ever used modern technology like smart 

phones to control the heating system? 

Interviewee2  

No, I only have thermostat which I use to adjust the heating system.  

Researcher 

Have ever though of using mobile phone app or a different technology to control the 

heating system in your accommodation? 
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Interviewee2  

No really, I do understand that there are different technologies that people use when 

it comes turning on their heating system, emm but me personally I have tried any.  

 

Researcher 

Okay thank you, emm just one last thing, so if for example you have modern 

technology like smart phones, tablets and smart meters, can you be able to adapt 

and solve the problem of controlling the heating system at home? 

Interviewee2 

Yes I will, but as I mentioned to you I have no experience in using this new gadgets 

or technology apps. Although I will love to be shown and trained using it.  

Researcher 

All right, thank you for taking your time to answer my questions, you have answered 

most of it, I wish all the best in life. 

Interviewee2  

Thank you, my pleasure. 
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9.3.2.2 Carer and Support Workers Interview Transcript 

 

Carers and support workers Interview 

Sample 1: Transcript of interview … Carer  

Researcher 

Good Morning sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.  

I believe you are carer who looks after his elderly parents. 

 

Interviewee 1  

Good Morning, yes, I do look after my parents. 

Researcher 

During winter period, which is in months from November to March, do your elderly 

parents normally complain of cold related health issues? 

Interviewee 1  

Yes, they do, they have health issues like joint pain due to the cold weather, you 

know ehh drafted to their homes that’s causes issues to their breathing and that 

triggers cold and flu symptoms. 

Researcher 

Thank you, so Is it particularly to the house they are living or generally to the health 

problems they have? 

Interviewee 1  

Its down to the house they live, you know the fact when you try to heat it and how 

effective is the heating system at home and their needs. They are elderly people, so 

they need to have heating more than the younger people. But this cost more as well, 

and you know with the challenges that come along of not to overuse their budget on 

energy and electricity. Sometimes they will get ill because they can’t keep their 

heating for longer period as the bills will go higher.    

Researcher 

Does this come to affordability issue, ahh, I mean if they could afford paying off their 

energy bills? 

Interviewee1  

Yes, so ahh they need to have more affordable heating for them to stay warm 

 

 



173 
 

 

 

Researcher 

Emm, is there any time whereby the house they have been admitted to hospital with 

cold related issues or illness? 

Interviewee1  

Yes, just few weeks ago my father was sent to hospital via accidents and emergency 

because of the cold weather causing sickness. Emm due to the cold weather, it 

causes internal bleeding as he got sensitive valves that was triggered by the cold 

weather and need to consume hot drinks during the cold weather contributed that as 

well. Similarly, this was the advice given by the consultant to try managing it better 

so that it does not happen again.    

Researcher 

Can you name a few types of disease experienced by your elderly parents during the 

winter period? 

Interviewee1  

Yes, there is flu type which is triggered by asthma symptoms, emm you know that time 

of internal bleeding, it was polyps which was also triggered by cold virus. They suffer 

also from arthritis and due to the cold weather, it causes them to have joint pains. My 

mother had a knee replacement, so with cold weather , it causes pain in the knee. The 

is other things as well, emm cold weather causes them to suffer headaches, emm 

migraines. Emm, I think that is it. 

Researcher 

What is the age range of your parents? 

Interviewee1  

We are looking at 70 years to 80 years old 

Researcher 

Thank you, emm , there is a payment from the government , knowns as winter fuel 

payment, do you think this is enough to cover most of the energy bills? 

Interviewee1  

No, its not enough, because it obviously shaves off the amount in the bill but it does 

not allow them to cover large portion of their bills in the winter period.  

Researcher 

So that limits to cover other social needs because the bills are very high? 

Interviewee1  

Yes, that is right. 
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Researcher 

Okay, now my final question comes technology and where it heads in terms of future 

generations, emm do you think like now your elderly parents can they be able to use 

the current smart technologies like phones, thermostat and tablets to switch on and 

off their heating systems? 

  

Interviewee1 

Basically for my parents being elderly, they bear even know how to use the remote 

control for the TV. Emm, so in terms of being transition from that and use things like 

mobile phones, gadgets and thermostat , , emm they have no idea. We will have to 

go and frequently change the temperature for them. But the problem is also that you 

can’t do it remotely as you not at home, you have go there physically and know what 

their needs are because they are too old to verify what their feelings and what 

requirements they need. So we will have to go and verify this, ehh and so its very 

emphatical for us to remotely manage their heating system as well ours from a smart 

device. Emm so they will need to have something very simple for them  to utilise 

however very sophisticated in order to achieve that simplicity. 

 

Researcher 

All right, ehh thank you for that, emm just one last, do they like to have the heating 

on constant all the time? 

Interviewee1  

Yes, if they could , then definitely have it most of the time, ehh but because they 

can’t afford it, they will have limit it. 

Researcher 

Thank you sir for taking your time to answer all my questions and hopefully if there is 

anything in future , I might get back to you. 

Interviewee1  

No, problem, my pleasure  
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Carers and support workers Interview 

Sample 3: Transcript of interview … Care Director 

 

Researcher 

Good afternoon sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee3  

Good afternoon 

Researcher 

First to start with, what is your position in the sector? 

Interviewee 3  

Yes, I am a director of a care company 

Researcher 

In your role, do you have different care homes you look after, or you have one care 

home? 

Interviewee 3  

Basically, my company looks after vulnerable people and providing services at their 

own residential homes and we don’t have any care homes. 

Researcher 

When providing the care, do you come across any elderly people? 

Interviewee 3  

Yes, we provide service to the elderly people at their own homes 

Researcher 

Is it more of residential homes where you visit them? 

Interviewee 3  

Yes, every elderly person we visit live in their own homes. So basically, when we visit 

them at their own home, we provide whatever service they need, emm be it 

medication, personal care, living care etc. so we do according to the client needs 

basically. 



176 
 

 

 

 

Researcher 

When it comes to elderly people age, what age bracket do you look after?  

Interviewee 3  

Age differs on people we look after, for example we have clients who are in their 40, 

50, 60, 70 and 80. We basically look after all types of age. 

Researcher 

In winter season which is normally the months of November, December, January, 

February and March, emm the elderly people who you interact with, do they normally 

complain of cold related illness? 

Interviewee 3  

Yes, they do complain in winter about the cold, but because the elderly people are 

more vulnerable to cold related illness, what we do is that we make sure their homes 

are warm enough, the heating and everything is working. For those who do not know 

how to heat their homes, we help them, and if its not working, we let the local authority 

know about, or you know the next of kin. Our main job is making sure that they are 

safe, they are warm and taking their medication. 

Researcher 

So, to get back to your answer, there are some of your client’s homes that are very 

cold, and they need to be heated enough for elderly person/people living to feel 

comfortable, is that right? 

Interviewee 3  

Yes, we do need to check them first if their heating is not working and do something 

about it, emm especially in winter period, November, December time is very cold. We 

always must make sure that their heating system is working, and they have hot water. 

Researcher 

Are there any scenarios or periods that one of your client was admitted to the hospital 

with cold related illness? 

Interviewee 3 

Ehh, emm, no that I know of now, most of our clients if they are sick is normally to do 

with underlying health condition. We haven’t noticed any client hospitalised from lack 

of heating at their homes. 

Researcher 

So, its more of underlying condition, but you know the underlying condition can be also 

be contributed by cold housing? 
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Interviewee 3 

Yes, you are right, that is true as well. 

Researcher 

In terms of energy bills, who normally pays for it, is it them, or government or your 

company? 

Interviewee 3 

With the energy bills, some clients the governments clear for them and some pay for 

themselves depending on what they get as in income. All we get paid is basically the 

services we deliver to them. Also, the social services or next of kin are the ones that 

make sure heating bills are paid and cleared. 

Researcher 

You know when it comes to heating, do the elderly people like to have constant heating 

all the time and wanting to feel warmer or comfortable? 

Interviewee 3 

Yes, they like the house warm, they leave the heater on all the time, emm their houses 

are always warm and their heaters on constantly.  

Researcher 

From your understanding this contributes to having higher energy bills at the end of 

the day, is it? 

Interviewee 3 

Off course, that is correct 

Researcher 

Lastly, as I am more concerned with the elderly people, you know about the modern 

technology , do you think from your experience with them that they can be adapted to 

technology, for example controlling the heating system using smart phone or smart 

meters, or is something you company have to do for them all the time? 

Interviewee 3 

We normally categorise them depending on their health condition and age, emm there 

some of them that can take care of themselves and control their heating system. 

However, some them have illness such as dementia, they wouldn’t remember doing it 

and so we must help. In terms of adaptability, I do not think it will be possible for the 

elderly people to use the smart technology. They are used to their old way or system 

of you know clicking one key. So yes we have to adjust for them and make sure the 

heating system is on.  
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Researcher 

Has there any time you have come across with any elderly person using smart 

technology to interact or use it for any purpose? 

Interviewee 3 

None of elderly person that we have visited at their homes have smart technology, all 

of them are adapted to the old system. 

Researcher 

All right, I think that sums up my questions to you, one again, thank you for taking your 

time to attend to this interview.  

Interviewee 3 

Thank you, no problem.  
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9.3.2.3 Health Professionals Interview Transcript  

 

Health Professional Interview 

Sample 1: Transcript of interview …  

Job Role:  General Practitioner (GP) 

Researcher 

Good Evening Dr, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee1 

Good Evening  

Researcher 

Well, to go to the first question, what is your view on Excess winter deaths? 

Interviewee1  

We know there is a general trend in wintertime in excess deaths particularly on the 

elderly population which is also busiest time for the year on NHS in general. Emm and 

that is related to many things, one of the primary reasons is the saturation of 

respiratory illness like the flu as increased people mobility especially the elderly who 

tend to have underlying conditions and that translates into massive spike in the 

number of hospital admission and also increase in the number of deaths. 

Researcher 

So, this time of the year which is December, January, February and March we tend to 

have high number of deaths, and off course this year we have been engulfed with 

deaths from covid19 but previous years the issues has been particularly EWDs? 

 Interviewee1 

Certainly, the rates of illnesses particularly elderly patient tend to increase anyway, 

emm in all age categories we have deaths during this time, but majority of the deaths 

comes from the elderly population. So in winter time, there is excessive increase in 

hospital admission particularly the ages from 65 years old and above. And increases 

in those with coexisting medical condition even if they are middle age group. 

Researcher 

Emm, coming to my next question and I think you have answered some part of it, is it 

always certain category of people that EWDs hit most and if so  what could be the 

reason behind it? 
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Interviewee1 

Most of the time in the wintertime is related to circulation of respiratory viruses and 

illnesses and increase in hospital admission and more people are unwell for longer 

period. Hence therefore vaccination program is a main priority for the public and 

general government. But also, there is indirect correlation because if the hospital 

services are overwhelmed and a lot of people are worried about contracting these 

viruses from hospitals. There people who are genuinely unwell and still avoid hospitals 

which indirectly they have prolong period of illnesses and possibly death because of 

avoiding medical care at the time when they know that the NHS is overwhelmingly and 

A&E is overflowing with people with no spare beds. Both things correlate, however the 

main issue is because of excessive hospital admission, illness from respiratory viruses 

and exacerbation of pre-existing health condition such as Asthma, Chronic Obstructive 

Pulmonary Disease (Copd), emm particularly with respiratory condition that is already 

existing and has become worse during the winter months. 

Researcher 

Thank you, Dr, so when it come to the houses elderly people live, there is care homes 

and residential homes where they either live alone or with family members, emm from 

your experience which tend to have higher cases of winter illness? 

 Interviewee1 

It really depends, emm, from what we see care homes are the one that most elderly 

people are vulnerable, so for example when family members visit or whatever the 

external cause of a particular resident contracting a viral illness which most likely to 

spread like wildfire in care home with elderly people in same place and same time. So 

off course the risk is greater in care homes. However, elderly people at home can 

contract the virus, especially those who live in an extended family. But the elderly 

people who live alone in residential homes are safer as they do not have for example 

school children or members of household who could bring them the virus.  

Researcher 

Okay, emm, from your answers given, if we come to the houses where they live, do 

you think there is any correlation between the winter deaths and cold homes. For 

example, when there is not enough heating to warm up the house? 

Interviewee1 

There is no direct correlation from my view on how cold the house is and contracting 

the virus. As the virus must be passed to you fast. We do know that cold can make 

you feel unwell as for example with those who have specific health condition where 

metabolism and circulation is very poor will feel unwell because of the cold. Its very 

much related to quality of life, energy levels and what they eat. But cold can worsen 

their quality of life, general health and wellbeing. However cold itself does not 

necessarily increase viral illness but it can exacerbate certain health condition like  
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Copd, asthma, Bronchiectasis and other medical conditions that can be triggered by 

cold. Having said that, cold houses that can be dump and mouldy are more likely to 

increase the risk of certain respiratory illness because of the fungal scores that are 

flying about that can raise allergies and cause spasm of the lower parts of the lungs. 

Hence people with asthma or other respiratory disease can become very unwell due 

to these conditions. 

 Researcher 

Thank for your response, so in your opinion, which disease do you think is most killer 

one when it comes to Ewds and what diseases mainly contributes to Ewds? 

Interviewee1 

Regarding Ewds as in this time of the year, I think a lot of people will say Influenza is 

up there with the cause of worsening health and contributing to many deaths. But also, 

underlying health conditions contributes to Ewds for some elderly people. These also 

triggers things like heart attack, severe asthma etc. But I think flu is a major problem 

and a priority during wintertime and it’s a main cause and underlying condition of Ewds 

for certain population of people.  

Researcher 

Upon treating the elderly people and when they come to your surgery, do they normally 

complain of cold housing especially in wintertime?  

Interviewee1 

Yes, some elderly people do complain that they can’t keep warm because of clod hand 

and cold feet, so for them we check any underlying health condition that may be related 

with them feeling cold. But the majority of the elderly people when they come , they 

complain about the effects either if it’s a virus or excessive cold during winter time ie 

the cough, shortness of breath, feeling unwell, fever and loss of appetite .  

Researcher 

Thank you, Dr, emm just one last question, from experience in treating the elderly 

people, do you believe that there is a way to reduce Ewds? 

Interviewee1 

Yes, so Public Health England has been looking to reduce Ewds caused by viruses 

that will by flu vaccination campaign, streamlining the medication and making sure that 

they are taking the medication. Another way of doing that is increasing awareness of 

lifestyle changes, mental health and exercise diet. So preventive medicine is a key 

thing and if they are issues like homelessness with the elderly people, or social 

isolation, unfit home, neglect cases and living alone, then we do involve social care 

services and ensure that the elderly person needs assistant. This can be financial 

funding, benefits, winter fuel payments and if its either paying for carers for them to 

come and give the necessary care and daily activities of living. However, what we do 

as GPs is looking at it holistically and ensure that health and wellbeing is maintained       
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Health Professional Interview 

Sample 2: Transcript of interview …  

Job Role:  Medical Doctor -University Hospital Coventry 

Researcher 

Good Morning Dr, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee2 

Good morning  

Researcher 

Well, to go to the first question, what is your view on Excess winter deaths? 

Interviewee2  

My view of excess winter deaths is the difference number of deaths that occurs in the 

months of November, December, January and February compared to other non-winter 

months. Emm in other words the deaths tend to be higher in these months and is 

mainly contributed by cold. 

Researcher 

Although you stated that EWDs mainly contributes by cold, could please elaborate 

further? 

Interviewee2 

Yes definitely, there are many factors that play a part in EWDs, certainly living in cold 

homes with not enough heating is one of them.  

Researcher 

In your opinion, what category of age bracket is mainly affected and what do you think 

is the reason behind it? 

Interviewee2 

The category of people mainly affected are the elderly people, emm let’s say from the 

age of 65 years old and above. Emm, the elderly people are more likely to be 

vulnerable to the cold weather and emm partly because they are more likely to have 

existing health conditions. Also, their temperature control can be weaker because of 

less subcutaneous fat hence making them vulnerable to diseases such as 

hypothermia.  
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Researcher 

Can you name the most common diseases associated with Ewds and from your own 

experience which one do you think contributes to the majority of Ewds? 

Interviewee2 

The disease mostly associated with Ewds include; Respiratory illness, circulatory, 

influenza, Chronic Obstructive Pulmonary Disease (Copd) and Asthma. However, the 

main leading cause of EWDs is respiratory disease followed by circulatory disease. 

The main category in respiratory disease is the chronic lower respiratory disease and 

Pneumonia. In my opinion emm I would say this are main killers when it comes to 

EWDs.   

Researcher 

Thank You Dr, do you think there is any association between the mentioned disease 

and types of houses the elderly people live? 

Interviewee2 

In types of houses, could you please specify in much details? 

Researcher 

Yes, Emm , I mean home the elderly people live, for example care homes, residential 

or even elderly people who live alone. 

Interviewee2 

Ohh, I got you, emm from what I tend to see mostly is that elderly people who live in 

residential homes and with extended families are more vulnerable in contracting winter 

illness. This is due to the rate of illness spreading within family members can be quite 

fast, emm once the elderly person catches the virus, it can lead to life threatening. The 

immune system of the elderly person tends to be weak and so this affects the 

protection to fight such illnesses.     

Researcher 

So from your answers given do you think that there's any link between people who live 

in cold homes with insufficient heating and emm the disease that comes with it like a 

the winter disease? 

Interviewee2 

To an extend I can say yes, as the temperature of the house drops so as the immune 

system of the elderly person becoming weaker and not be able withstand viral 

infections. In fact, cold home contributes to disease such as respiratory and circulatory 

which are also the main causes of EWDs.  
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Researcher 

When elderly people visit the hospital do, they normally complain that the house they 

live is very cold and for somehow it causes them cold related illness? 

Interviewee2 

Majority of the elderly people we treat at the hospital usually have underlying condition 

triggered by the cold. For example, condition such as asthma, hypertension, thyroid, 

diabetes, high cholesterol and few other can reduce blood flow hence affecting the 

body ability to regulate temperature. Off courses living in cold homes is a contributing 

factor for the elderly people to fall ill but as I say most people, we see in the hospital 

have underlying condition which one way or another is triggered by cold.  

Researcher 

Thank you, Dr, emm just one last question, from experience in treating the elderly 

people, do you believe that there is a way to reduce Ewds? 

Interviewee2 

The best option in reducing EWDs is timely vaccination of vulnerable people and those 

caring for them including front line NHS workers. This in the meantime reduces winter 

mortality and relieve winter pressure on NHS and social care. Other ways in preventing 

EWDs include following Public Health England directions on how to stay safe from the 

cold season, making sure your home is warm by contacting the social services and 

relevant authorities. Finally, if you have any underlying condition, make sure that your 

GP and health services are aware of your situation and any updates or change in your 

health. 

Researcher 

Thank you very much Dr, I think that’s all from me and without wasting your time 

further, I once again thank you for agreeing to take part in this interview. 

Interviewee2 

That’s fine, you are more than welcome.  
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9.3.2.4 Building Professionals Interview Transcript 

 

 

Building Professionals Interview 

Sample 1: Transcript of interview … Architect and Project Manager 

 

Researcher 

Good Evening sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee 1 

Good Evening  

Researcher 

Okay, if I go to the first question, I do understand that from your experience of 

designing buildings in the UK, do most houses have high standards of energy 

efficiency requirements?  

Interviewee1 

Emm , yes I believe that most of new built buildings have high standard of energy 

efficiency but off course the older one do not and some have recently undergone 

renovation to improve them and make them more energy efficient to the users.   

Researcher 

So basically, the new built buildings have some sort of innovation? 

 Interviewee1 

Yes, new buildings have been incorporated with more energy efficient requirements 

and the old ones that have been built up to year 2004 are not energy efficient. But with 

new technology, standards have improved and we have come to learn that there other 

things you can be doing to improve energy efficiency which is also sustainable and 

improves the environment as well. 

 Researcher 

Thank you, emm just a quick one back to energy efficiency, when you design the 

building, do you have insulation incorporated, for example wall insulation, loft 

insulation and floor insulation? 

Interviewee1 

Well, ehh, emm especially well recently with residential buildings, sometimes we have 

double walling whereby we can have exterior wall then interior wall and off course this 

allows for the services such hot water, cold water, the gas pipes. But at the same time 

this acts as insulation whereby during cold season we want the heat to be maintained 

inside the house and no heat emitted from outside the house with also no cold coming  
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inside. In commercial buildings, its less considered to be energy efficient as most 

people spend more time during the day.  

Researcher 

What are your views regarding the UK government and regulation agencies on energy 

efficient policies? 

Interviewee1 

First, it’s a good to ensure that developers and investors are adhering to the policies 

because it’s a way of conserving energy and ensuring sustainability in ad 

environmentally friendly manner. It turns also that the health of users is considered 

and improved. Because you know sometime back in the older days, we used materials 

like Asbestos which used affect the health of the users. The policies are good as this 

ensures high rating buildings will get tenants which is good for investors and landlords. 

Lastly, the agencies should be stricter in enforcing the regulations as the end days is 

not about giving rating and wanting to get money as investors but to consider the 

health of users at end of the day. We want healthy country and community. 

 

Researcher 

Thank you, that’s very impressive answers, emm because my research revolves 

around energy efficiency and health of elderly people, do you believe that elderly 

people can effectively use modern technology relating to energy efficiency technology 

in buildings? 

Interviewee1 

Yes I do believe that for example if you have smart meters or the smart screens which 

can be placed in a building whether residential or commercial, emm I believe that if 

trained the elderly people can use modern technology as most of the items are 

automated. For instance, the smart screens, people can select specific tasks which 

makes it easier for them to operate. Because some of them people can read and 

understand, some have even voice controls, so if some for example has a problem 

with speaking, they can be able to select from the screen and use voice control as this 

gadget are automated. However, with good training, I believe the elderly can be able 

to use smart phones/tablets with things such heating homes, set temperature and 

thermostat. Also, to add for things like bulbs, we have sensors as for example if 

someone goes to a room, the sensor goes on and light comes on and vice versa. This 

means its part of energy efficiency. 

Researcher 

Do you think when it comes to old buildings, would it be easier to incorporate bulb 

sensors, or will this technology be applicable in old buildings? 
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Interviewee1 

With the old buildings I can say that emm for example installing a sensor with the light 

the sensor just acts as a switch, which means that it can go off once someone leaves 

the room, it doesn’t need any training at all and it is good for the elderly people. The 

same applies to taps, when you forget to shut it.  

Researcher 

Lastly, when it comes to training and technology, do you think the elderly people with 

age bracket 65 years and above will be able to adapt to modern buildings which all 

have smart technology to conserve energy? 

Interviewee1 

Well, I would to answer this question from socio-economic perspective because 

remember we are talking about improving the environment, saving energy, saving 

money, improving the user’s health and wellbeing. Since this point we are looking at 

elderly people, I think they will want to adapt to new buildings and technology with all 

the reasons stated. I believe the elderly people have all the rights to live in a better 

sustainable environment. Hence with the modern technology, elderly people will have 

the right training to adapt. As of right now, things have changed, technology keeps 

changing, so people must move on as well and at the end of the day it improves the 

standard of living. Also, emm a point to note with the modern technology and elderly 

people, not everything is user friendly but with correct training and guidance it can also 

be made to be user friendly. These will improve with the mortality rate especially with 

elderly people and I think we will be heading towards the right direction.     

Researcher 

Thank you so much, I think that answers all my questions to you, it had been a 

pleasure, hopefully we will meet again soon. 

Interviewee1 

Same applies to you, thank you and see you soon. 
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Building Professionals Interview 

Sample 1: Transcript of interview … Civil Engineer  

 

Researcher 

Good Afternoon sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee2 

Good Evening  

Researcher 

Okay, if I go to the first question, I do understand that from your experience of buildings 

house in the UK, do most houses have high standards of energy efficiency 

requirements?  

Interviewee2 

Well, I can say that any building that was constructed in the last 15-20 years has good 

chance that it has average standard of energy efficiency. However, in the UK most 

buildings or houses are older meaning they have poor energy efficiency standard. 

Researcher 

When you say poor energy efficiency standard, what do you mean exactly? 

Interviewee2 

First, energy efficiency means utilisation of less energy to provide the same service. 

In other words, a building’s energy efficient is the ability of different components to 

retain heat and produce light. Hence this allows households to not only save money 

on energy cost but also reduce emissions of greenhouse gases and help prevent 

climate change. Emm, the same will be different for buildings with poor energy efficient 

standards and it can only be costly for households to heat their homes.  

Researcher 

Thank you, emm just a quick one back to energy efficiency, when you construct the 

buildings, do you have insulation incorporated, for example wall insulation, loft 

insulation and floor insulation? 

Interviewee2 

Well, its by government regulation that all new build homes meet energy efficiency 

standards that reduces energy consumptions and lower bills by 2025. So the 

intervention to improve the energy efficiency of any building will include insulation in  
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lofts and walls with cavity and solid, double or triple glazing, proofing floors and 

superior heating systems.   

Researcher 

What are your views regarding the UK government and regulation agencies on energy 

efficient policies? 

Interviewee2 

Well, the building sector set its mission making sure that every new building in Britain 

is safe, high quality, clean heating and much more efficient. These is also part of the 

regulation set by the government under part L requirements. In support of part L of 

building regulation, there are two government departments namely this are Ministry of 

Housing, Communities and Local Government (MHCLG) and Department of Business, 

Energy, and Industrial Strategy (BEIS). Both department policies feed to the building 

regulation act, however, policies that influence energy efficiency in buildings are; 

Energy Company Obligation, Climate change act and Energy Using Product Directive. 

Emm, from my understanding as well as experience, I can only say that these policies 

are not having much impact on both residential and commercial buildings as more 

money is still spend on energy bills.   

Researcher 

What do you think is the case here, is it a failure from the government or building 

owners and households not simply complying with the policies and conserving their 

home energy? 

Interviewee2 

Well, I can both the government and home or buildings owners are at fault here. The 

energy efficiency policies are not working as expected, for example if you ECO is 

meant to fund the energy companies and return for them to help their consumers by 

encouraging energy efficiency in their homes and prevent fuel poverty. However, the 

budget or fund given to these companies is not enough. On other hand, home/building 

owners are not doing enough when it comes to energy conservation, too much heat is 

wasted when they are heating their home/buildings. Not many households have things 

like wall insulation, loft insulation and floor insulation.  

Researcher 

Thank you, that’s very impressive answers, emm because my research revolves 

around energy efficiency and health of elderly people, do you believe that elderly 

people can effectively use modern technology relating to energy efficiency technology 

in buildings? 

Interviewee2 

For old buildings and those with no energy efficiency, I would say elderly people will 

find it difficult to use new technology such smart gadgets or even smart phones to 

control their energy usage. The new buildings have already been incorporated with  
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smart meters and therefore there is no much for the elderly people to do apart from 

turning on and off the smart meter.   

Researcher 

Just from your last statement, do you realise that not all elderly people are good with 

technology? 

Interviewee2 

Yes I do know understand that, the use of technology has beneficial effect on elderly 

people quality of life, however they need to be trained properly  

Researcher 

I think that’s all from, thank you for taking part in this interview. 

Interviewee2 

Thank You, you are most welcome 
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9.3.2.5 Energy Professionals Interview Transcript  

 

 

Energy Professional Interview 

Sample 1: Transcript of interview …  

Job Role:  Energy Consultant-British Gas  

Researcher 

Good Evening sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee1 

Good Evening  

Researcher 

Well, to go to the first question, what is your view on fuel poverty 

Interviewee1 

Fuel poverty happens is simply when a household continues to struggle with paying 

of energy bills, emm this can happen over months or even years. Another way you 

look at it is when a household fall on a poverty line if they pay their energy bills.  

Researcher 

What do you think causes people to fall in a poverty line or become fuel poverty? 

Interviewee1 

Well, there are number of issues that can determine a household to be referred as fuel 

poverty, low income is one of them, this relates to the overall income of the household. 

Having a low income deters occupants from spending on basic needs and instead 

spend their budget on paying for energy bills. High energy price is another common 

factor prohibiting households to spend and instead they limit their budget and pay 

more for the energy cost. Lastly, energy efficiency contributes to fuel poverty , this can 

viewed in the context when the house does not have enough insulation, be it wall, floor 

or loft, they will end up spending more to keep their homes warm as the energy is not 

saved and rather wasted. 

Researcher 

Thank you for the explanation, as my research looks energy efficiency in building and 

health vulnerability of elderly people, if I can go in more details, what your view of the 

elderly people when it comes to energy efficiency and fuel poverty? 
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Interviewee1 

Fuel poverty can cause detrimental impact on the elderly, especially pensioners with 

low income or even those with underlying conditions. So basically, from their pension 

income, they are expected to pay for their energy bills, which to me I think this affects 

their budget leading to psychological impact. Elderly people stay at home longer and 

mostly not in position to move around and doings things like putting their heaters on 

for they will catch cold. 

 Researcher 

In your own opinion, do you believe that elderly people need help especially with 

paying the energy bills? 

Interviewee1 

Under the policy Energy Company Obligation (ECO) we are tasked with helping and 

considering those people who are struggling to keep up with their energy bills. We 

don’t cut supply straight away as we allow enough time for the occupants, emm also 

we write to them inquiring about the problem they are facing. For elderly people, there 

is a government scheme known as winter fuel payments and they could get between 

£100-£300 to pay off their energy bills during winter. Also, there is cold weather 

payment given to people on low income when the temperature reaches zero degree 

Celsius or below. Warm home discount of £140 is another payment given to low 

income families between the month of December and March.  

Researcher 

Thank you, emm if I could go back to fuel poverty, do you believe is there is any 

association between fuel poverty and excess winter deaths which mainly affects the 

elderly people? 

Interviewee1 

From my previous point fuel poverty can have or bring a range of different problems 

to occupants. One of the issues as I stated include psychological trauma which can 

be stress and anxiety due to dependency on heating their homes and not financially 

secure enough to pay these bills. So, to add to these factors include winters illness 

mainly contributed by living in very cold homes. Emm in my view there is a link between 

fuel poverty and EWDs when the mentioned factors come into play or is experienced 

by the elderly people. 

Researcher 

From your own experience, do you think that elderly people can be able to use modern 

technology to reduce energy consumption and protect themselves from winter related 

illnesses? 
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Interviewee1 

Off course technology bring enormous benefit to everyone, so with elderly people this 

will change how they manage their everyday activity such as switching the heating 

system, checking and adjusting room temperature and communicating with their loved 

one. However, elderly people have been known to have difficulties in using modern 

technologies to an extent that some of them distrust and fear technology. All and all , 

I think with right mindset and proper training , elderly people can be able to adapt to 

technology and use it for everyday purpose. As energy companies, our main goal is 

to bond with our customers and try to find the best options available for them to save 

energy. So, if there can be advanced technology where we can interact and 

understand our customers energy behaviour the I can say this is a major triumph. So 

will not only save energy consumption for the elderly people, but it will also limit their 

chances of contracting winter illnesses.      

 

Researcher 

Thank you so much, I believe that is all from me, once again thank you for giving me 

your time. 

Interviewee1 

No problem, you most welcome. 
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Energy Professional Interview 

Sample 2: Transcript of interview …  

Job Role:  Energy Company Manager-Scottish Power  

Researcher 

Good morning sir, thank you for giving me your time to interview you, my name Ali 

Abdi from Coventry University and I am doing PHD Research. The area of my research 

involves Energy Efficiency in Building and Health Vulnerability of Elderly People in UK.   

Interviewee2 

Good morning  

Researcher 

As mentioned to you my research looks at energy efficiency and health vulnerability 

of elderly people, this interview will basically look at fuel poverty issue, cold housing 

and Excess winter deaths.   

Interviewee2 

Very interesting, I am looking forward.  

Researcher 

Thank you, so what do you know about fuel poverty?   

Interviewee2 

The issue of fuel poverty is multidimensional, by this I mean people can be impacted 

one way or another and fall into fuel poverty category without them realising it. If 

someone struggle to pay their energy bills time and again, then he is in fuel poverty, 

the same applies to when people are in low income and end up prioritising energy bills 

than other necessities like food and clothing. Lastly, a person can be in fuel poverty 

category when for example the house he/ they are living is not energy efficient. By this 

it means that no matter how much they heat, energy is lost.   

Researcher 

Do you believe there is a link between fuel poverty and winter illness for the elderly 

people? 

Interviewee2 

At some point I do agree with the statement as the main issue revolves around 

affordability to pay for energy bills. This leads to number of scenarios that include non-

heating homes and low bills. If during winter a household limits their use of heating, 

then their homes will be very cold, leading to several cold related illnesses. I do  
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understand that with elderly people emm they are vulnerable with the cold weather 

and it can affect their health.    

Researcher 

How about Excess winter deaths, emm do you think there is an association between 

living in cold homes and these deaths? 

Interviewee1 

Emm , I am not sure about it but all I understand is that cold homes do impact the 

general health of the occupants, and if there are elderly people living in these homes 

then the stake is high for them to fall ill and develop cold related illness. However, I 

am not a health expert and I will not be able to tell you that there is a relationship 

between living in cold homes and excess winter deaths. 

Researcher 

Thank you, I get your point, emm, in your own opinion, do you believe that elderly 

people need help especially with paying the energy bills? 

Interviewee1 

There are several benefits paid to household or elderly people when its confirmed that 

they are in fuel poverty or the houses they live have low energy efficiency. For 

example, if a household has band E energy performance certificate, they will get £140 

and this is deducted from their energy bill as part of warm home discount. Other benefit 

accessible to elderly people is the winter fuel payment and cold weather payment. I 

would like to encourage household to regularly switch suppliers and opt for fixed 

energy tariff as this helps in saving their energy spending. 

Researcher 

From your own experience, do you think that elderly people can be able to use modern 

technology to reduce energy consumption and protect themselves from winter related 

illnesses? 

Interviewee1 

There is no doubt that technology in general would change the life of elderly people if 

proper training and guidance is given. We are already observing homes getting 

smarter through innovation such as smart heating and voice activated smart hubs. 

However, when it comes to elderly people, there is huge challenge in making them 

adapt to these technologies. For example, with my company Scottish Power, we offer 

smart wearable devices like Snap40 which monitors vital signs at home and can alert 

health care professional for cases of emergency towards the elderly people. Other 

smart technology intended for the future include cognitive homes, smart phones 

wearables which will enable elderly people to manage effectively their long-term 

condition and other services such as health that will be delivered remotely.  So in short 

,emm technology will be a step forward for elderly people and even us as energy  
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companies as we will be able to understand their needs and behaviour and at same 

time provide with much needed service. 

 

Researcher 

Thank you so much, I believe that is all from me, once again thank you for giving me 

your time. 

Interviewee1 

Thank You, it was nice to see have you . 
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Insulation 6 6 25/03/2021 13:56 A 28/03/2021 13:35 A

Technology 5 6 25/03/2021 13:55 A 28/03/2021 13:24 A

smart meters 5 5 25/03/2021 16:17 A 28/03/2021 13:31 A

Smart device 1 1 26/03/2021 21:14 A 26/03/2021 21:14 A

Smart Technology 6 6 26/03/2021 21:35 A 28/03/2021 13:36 A

Sustainable 1 1 25/03/2021 13:56 A 25/03/2021 13:56 A

Cold season 4 4 25/03/2021 13:57 A 28/03/2021 13:59 A

Cold weather 3 3 26/03/2021 21:06 A 28/03/2021 13:53 A

Winter 1 1 26/03/2021 21:38 A 26/03/2021 21:38 A

Cold tempearture 2 2 26/03/2021 21:44 A 28/03/2021 13:56 A

Low Temperature 1 1 28/03/2021 14:02 A 28/03/2021 14:02 A

Energy Policy 4 4 25/03/2021 13:58 A 28/03/2021 13:16 A

Regulation 1 1 25/03/2021 13:59 A 25/03/2021 13:59 A

Health 3 3 25/03/2021 13:59 A 28/03/2021 13:00 A

Poor Health Condition 1 1 28/03/2021 13:33 A 28/03/2021 13:33 A

Modern Buildings 2 2 25/03/2021 14:01 A 28/03/2021 13:36 A

Training 3 3 25/03/2021 14:01 A 28/03/2021 13:06 A

Elderly people 10 10 25/03/2021 14:02 A 28/03/2021 14:07 A

Socio-economic 1 1 25/03/2021 14:02 A 25/03/2021 14:02 A

Living standard 1 1 25/03/2021 14:02 A 25/03/2021 14:02 A

Mortality rate 1 1 25/03/2021 14:03 A 25/03/2021 14:03 A

Energy Cost 4 4 25/03/2021 14:04 A 28/03/2021 13:07 A

Energy Consumption 3 3 25/03/2021 14:06 A 28/03/2021 13:25 A

Energy Usage 1 1 26/03/2021 18:16 A 26/03/2021 18:16 A

Energy Performance 1 1 28/03/2021 13:30 A 28/03/2021 13:30 A

Fuel Bills 8 8 26/03/2021 18:15 A 28/03/2021 13:33 A

Bills 1 2 26/03/2021 21:03 A 26/03/2021 21:09 A

Energy Price 1 1 28/03/2021 13:14 A 28/03/2021 13:14 A

Heating 13 16 25/03/2021 14:05 A 28/03/2021 14:05 A

Households 1 1 25/03/2021 16:16 A 25/03/2021 16:16 A

Care  and residential homes 1 1 28/03/2021 14:14 A 28/03/2021 14:14 A

Carbon footprint 1 1 26/03/2021 11:10 A 26/03/2021 11:10 A

Fuel Poverty 4 5 26/03/2021 11:11 A 28/03/2021 13:32 A

Climate Change 1 1 26/03/2021 11:12 A 26/03/2021 11:12 A

Green house gas emissions 1 1 26/03/2021 11:12 A 26/03/2021 11:12 A

Demographic 1 1 26/03/2021 11:15 A 26/03/2021 11:15 A

Comfortability 1 1 26/03/2021 18:14 A 26/03/2021 18:14 A

Comfortable Body Temperature 1 1 28/03/2021 14:03 A 28/03/2021 14:03 A

Retrofit 1 1 26/03/2021 18:17 A 26/03/2021 18:17 A

cold related illness 5 5 26/03/2021 20:32 A 28/03/2021 13:28 A

Disease 7 7 26/03/2021 20:34 A 28/03/2021 14:01 A

Influenza 1 1 28/03/2021 14:16 A 28/03/2021 14:16 A

Winter Illnesses 3 3 28/03/2021 13:25 A 28/03/2021 14:05 A

Respiratory Illness 3 3 28/03/2021 13:55 A 28/03/2021 14:07 A

Weak Immune sysyem 2 2 28/03/2021 13:56 A 28/03/2021 14:00 A

Metabolic rate 1 1 28/03/2021 14:02 A 28/03/2021 14:02 A

Viral Infection 2 2 28/03/2021 14:04 A 28/03/2021 14:13 A

Cold Housing 9 10 26/03/2021 20:34 A 28/03/2021 14:15 A

Dump Housing 2 2 28/03/2021 14:04 A 28/03/2021 14:15 A

Breathing 1 1 26/03/2021 20:38 A 26/03/2021 20:38 A

Affordability 2 2 26/03/2021 21:03 A 26/03/2021 21:43 A

Accident and Emergency 1 1 26/03/2021 21:05 A 26/03/2021 21:05 A

Care service 1 2 26/03/2021 21:15 A 26/03/2021 21:16 A

Personal care 1 1 26/03/2021 21:19 A 26/03/2021 21:19 A

Social Care 1 1 28/03/2021 13:58 A 28/03/2021 13:58 A

Medical care 1 1 28/03/2021 14:12 A 28/03/2021 14:12 A

Medication 1 2 26/03/2021 21:17 A 26/03/2021 21:21 A

Vaccination 2 2 28/03/2021 13:57 A 28/03/2021 14:17 A

warm and safe 1 1 26/03/2021 21:20 A 26/03/2021 21:20 A

Warm 3 4 26/03/2021 21:43 A 28/03/2021 14:16 A

Underlying Condition 5 5 26/03/2021 21:28 A 28/03/2021 14:06 A

Hospitalised 1 1 26/03/2021 21:31 A 26/03/2021 21:31 A

Hospital Admissions 1 1 28/03/2021 14:07 A 28/03/2021 14:07 A

winter Fuel Payment 3 3 26/03/2021 21:40 A 28/03/2021 13:35 A

Warm Home Discount 1 1 28/03/2021 13:35 A 28/03/2021 13:35 A

Excess Winter Deaths 6 6 28/03/2021 13:23 A 28/03/2021 14:06 A

Energy Behaviour 1 1 28/03/2021 13:24 A 28/03/2021 13:24 A

Energy Tariff 1 1 28/03/2021 13:30 A 28/03/2021 13:30 A
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1990 47200 2013 3365 2029 9.52 2034 21974 

1991 37940 2014 3257 2030 9.54 2035 22257 

1992 34850 2015 2907 2031 9.56 2036 22567 

1993 25650 2016 2901 2032 9.57 2037 22936 

1994 25880 2017 2980 2033 9.56 2038 23285 

1995 27290 2018 3219 2034 9.59 2039 23603 

1996 40190 2019 3143 2035 9.62 2040 23936 

1997 47700 2020 3370 2036 9.65 
  

1998 22950 2021 3438 2037 9.69 
  

1999 46810 2022 3507 2038 9.75 
  

2000 48420 2023 3576 2039 9.80 
  

2001 24790 2024 3644 2040 9.82 
  

2002 27230 2025 3709 
    

2003 23930 2026 3776 
    

2004 23420 2027 3846 
    

2005 31570 2028 3920 
    

2006 25190 2029 3996 
    

2007 23540 2030 4074 
    

2008 24620 2031 4154 
    

2009 36340 2032 4238 
    

2010 25660 2033 4317 
    

2011 25970 2034 4394 
    

2012 24040 2035 4466 
    

2013 31160 2036 4538 
    

2014 17310 2037 4610 
    

2015 43850 2038 4684 
    

2016 24580 2039 4759 
    

2017 34530 2040 4833 
    

2018 50100 
      

2019 21605 
      

2020 22374 
      

2021 21411 
      

2022 21580 
      

2023 20750 
      

2024 20442 
      

2025 20262 
      

2026 18951 
      

2027 18457 
      

2028 18604 
      

2029 17705 
      

2030 17638 
      

2031 17632 
      

2032 18332 
      

2033 17935 
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2034 17318 
      

2035 17168 
      

2036 16106 
      

2037 16353 
      

2038 16082 
      

2039 16368 
      

2040 15704 
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9.5 Correlation Test  

 

 

 

 

 

 

 

Winter Season Excess winter deaths Mean winter temperature in °C

1999/2000 48420 5.5 48420

2000/2001 24790 4.4 24790

2001/2002 27230 5.6 27230

2002/2003 23930 5.1 23930

2003/2004 23420 5.2 23420

2004/2005 31570 5.5 31570

2005/2006 25190 4.1 25190

2006/2007 23540 6.3 23540

2007/2008 24620 5.6 24620

2008/2009 36340 4.3 36340

2009/2010 25660 3.2 25660

2010/2011 25970 4 25970

2011/2012 24040 5.8 24040

2012/2013 31160 3.4 31160

2013/2014 17310 6.2 17310

2014/2015 43850 4.8 43850

2015/2016 24580 4.2 24580

2016/2017 34530 5 34530

2017 to 2018 49410 4.3 49410

2018 to 2019 23200 5.2 23200

Correlations

Temperature Death

Temperature Pearson Correlation 1 -0.184

Sig. (2-tailed) 0.438

N 20 20

Death Pearson Correlation -0.184 1

Sig. (2-tailed) 0.438

N 20 20

Temperature Death

Spearman's rho Temperature

Correlation 

Coefficient 1 -0.386

Sig. (2-tailed) . 0.092

N 20 20

Death Correlation Coefficie -0.386 1

Sig. (2-tailed) 0.092 .

N 20 20
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9.5.1 Multivariate Analysis Test  

 

 

 

 

 

 

 

 

 

RESIDUAL OUTPUT PROBABILITY OUTPUT

Observation Predicted Y Residuals Standard Residuals Percentile Y

1 36113.72704 -8823.727043 -0.941946091 2.083333333 17310

2 37021.4775 3168.522498 0.338244527 6.25 22950

3 35352.85814 12347.14186 1.318075906 10.41666667 23420

4 34395.71732 -11445.71732 -1.221847485 14.58333333 23540

5 34365.41777 12444.58223 1.328477811 18.75 23930

6 34038.95075 14381.04925 1.53519857 22.91666667 24040

7 32229.55487 -7439.554873 -0.794183637 27.08333333 24580

8 30180.50591 -2950.505908 -0.314970929 31.25 24620

9 29803.40948 -5873.409476 -0.626995268 35.41666667 24790

10 29558.6514 -6138.651401 -0.655310241 39.58333333 25190

11 28877.72787 2692.272131 0.287404087 43.75 25660

12 28810.67955 -3620.679553 -0.386512971 47.91666667 25970

13 29670.3032 -6130.303205 -0.654419058 52.08333333 27230

14 30488.10311 -5868.103109 -0.626428805 56.25 27290

15 29169.07298 7170.927017 0.765507211 60.41666667 31160

16 29182.98372 -3522.983719 -0.376083794 64.58333333 31570

17 31211.95987 -5241.959871 -0.559587076 68.75 34530

18 32477.82093 -8437.820934 -0.900750036 72.91666667 36340

19 32044.62314 -884.623138 -0.094434846 77.08333333 40190

20 31712.55711 -14402.55711 -1.537494565 81.25 43850

21 28086.62646 15763.37354 1.68276376 85.41666667 46810

22 28126.89024 -3546.890237 -0.378635851 89.58333333 47700

23 27572.22067 6957.779325 0.742753375 93.75 48420

24 30698.16096 19401.83904 2.071175408 97.91666667 50100

ANOVA

df SS MS F Significance F

Regression 3 167378887.1 55792962.38 0.552878304 0.65211065

Residual 20 2018272809 100913640.4

Total 23 2185651696

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 47499.74107 43276.79639 1.097579882 0.285427157 -42774.0743 137773.5565 -42774.0743 137773.5565

Income -2.165752074 2.084026147 -1.039215404 0.311105785 -6.512954441 2.181450292 -6.512954441 2.181450292

Fuel Cost 6.840876004 9.313220721 0.734533864 0.471148628 -12.586162 26.26791401 -12.586162 26.26791401

Temperature -330.1800446 4783.609966 -0.069023195 0.945656606 -10308.61558 9648.25549 -10308.61558 9648.25549
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