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A B S T R A C T   

This study investigates the knowledge-willingness, willingness-performance, and knowledge-performance gaps 
regarding reducing carbon dioxide emissions and emerging technologies of the 2137 British residents. House
hold’s heating sources and heat settings are anticipated as key criteria for evaluating respondents’ performances. 
The study revealed more than 80% of respondents have a good knowledge regarding climate change and carbon 
issues. The study found a smaller gap in knowledge versus willingness as 59%, 87%, 88% and 85% of re
spondents want to use bioenergy, afforestation/reforestation, solar and wind for their future energy sources. The 
Multinomial logit regression (MNLR) investigates that incrementing good and very good knowledge index in
creases the odds of a high willingness to save energy by 33% and 6%, respectively. The willingness versus 
performance study identified 96% as claiming to be more likely energy savers, whereas, in reality, 52% of them 
never or rarely took basic measures like setting their heating system to turn off. Despite having a good and very 
good knowledge index, the knowledge versus performance appears, 75% of respondents are using gas boilers and 
gas central heating. Policymakers and the research community need to develop comprehensive plans by taking 
these wider social issues to meet net-zero targets. Employing smart building principles, lowering the installation 
costs of the new smart technologies, awarding and encouraging the energy saver, setting individual carbon 
footprint limits, and training and empowering household representatives to select better energy for houses could 
popularise the emission reduction technologies in the UK.   

1. Introduction 

According to the Intergovernmental Panel on Climate Change [1], to 
keep temperature to 1.5◦C level globally, countries need to quickly 
reduce their carbon dioxide (CO2) emissions and to that end many have 
begun to adopt net-zero targets by mid-century [2]. 

Several issues are significant in reducing carbon emissions. House
hold consumption habits can contribute to carbon emissions reductions 
in our daily lives. According to Ivanova et al. [3], household’s con
sumption is mostly (60%) responsible for the transpiring of global 
greenhouse gas (GHG) emissions. Hertwich and Peters [4] identify that 
household consumptions are responsible for emitting 72% of global 
GHG emissions. Therefore, it is crucial to estimate households’ knowl
edge, willingness and performance on energy consumption in their daily 
lives to save energy and/or combat climate change. 

Several policies, agreements and technologies have been adopted in 
recent decades. With global agreements, it is also essential to implement 
national policies and raise people concerns to consume negative 
emission-based products to mitigate climate change issues. Saving en
ergy, using renewable energy, reducing the wastage of natural resources 
(e.g., water), changing food habits, purchasing local products and 
following proper waste management systems can reduce carbon emis
sions and save the environment. 

The best natural solutions for reducing carbon emissions are planting 
trees, maintaining and preserving coastal ecosystems, restoring peat 
bogs and increasing aquatic plants and the seashore [2]. However, the 
natural carbon emissions reduction process is quite time consuming; 
only the application of technologies can reduce carbon immediately. 
Hence, this study is focused on carbon because, at the moment, among 
all the greenhouse gases, it is only possible for carbon dioxide to reach 
the level of negative emissions [2]. The term negative emissions are 

* Corresponding author. Yliopistokatu 7, Borealis building, P.O. Box 111, 80101 Joensuu, Finland. 
E-mail addresses: tahamina.khanam@uef.fi, tk555@hermes.cam.ac.uk, tahamina.khanam@uef.fi (T. Khanam).  

Contents lists available at ScienceDirect 

Renewable and Sustainable Energy Reviews 

journal homepage: www.elsevier.com/locate/rser 

https://doi.org/10.1016/j.rser.2022.112229 
Received 27 August 2021; Received in revised form 25 December 2021; Accepted 2 February 2022   

mailto:tahamina.khanam@uef.fi
mailto:tk555@hermes.cam.ac.uk
mailto:tahamina.khanam@uef.fi
www.sciencedirect.com/science/journal/13640321
https://www.elsevier.com/locate/rser
https://doi.org/10.1016/j.rser.2022.112229
https://doi.org/10.1016/j.rser.2022.112229
https://doi.org/10.1016/j.rser.2022.112229
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2022.112229&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Renewable and Sustainable Energy Reviews 160 (2022) 112229

2

more than reducing. This process extracts carbon from the atmosphere 
and stocks it where it remains away from the atmosphere. Several 
technologies create negative carbon, for example, bioenergy with Car
bon Capture and Storage (CCS) also known as BECCS [5]. The CCS 
technology prevents up to 90% of CO2, generated from fossil fuels for 
electricity or other processes, from entering the atmosphere and 
capturing it [5]. Thus, the CCS process has three stages: capture, 
transport and store carbon dioxide. The capturing process separates CO2 
from other gases and transports it by pipe or in different ways to the 
storage location [6]. 

A combined approach is necessary to remove carbon emissions from 
the atmosphere, the implementation and adaptation of policies, natural 
treatments and growing people’s consciousness. Public awareness and 
willingness is supported by knowledge, whether that knowledge is 
backed up by education, experience, social media or networking. 
Defining knowledge is quite difficult as it is an intangible product. Re
searchers have tried long to define knowledge in different ways, none
theless the concept is still contested [7]. A survey of Australian 
respondents found people lacked knowledge or interest in CCS tech
nology and were unwilling to learn about it [8]. The study by Rahman 
et al. [9] about Finnish forest stump harvesting for bioenergy production 
indicates that 70% of the respondents have very good knowledge con
cerning stump harvesting but held quite critical perceptions concerning 
stump harvesting for bioenergy production. 

Despite supporting saving energy, some might lack knowledge about 
GHG emissions and its contribution to climate impacts. Furthermore, 
despite having knowledge, some people are unwilling to reduce their 
carbon footprint. Letwin et al. [10] found that even though many people 
are concerned about the environment and climate issues, not stepping 
forward to reduce their daily domestic energy consumption. Frederiks 
et al. [11] noted that despite having enough knowledge about saving 
energy, many consumers just fail to attain energy efficiency in their 
consumption. In a survey of 544 households in the Philippines regarding 
the knowledge, attitude and practices concerning climate change, re
spondents had very low affirmation with willingness-to-pay (WTP) [12]. 
However, it might be a lack of their self-reported knowledge or observed 
capability that further failed to motivate or grow their intentions to save 
energy. According to Frederiks et al. [11], this state is called the 
‘knowledge-action gap’ and ‘value-action gap’. 

Thus, it is also important to identify the determinants of consumer 
knowledge and its relationship with their WTP [13]. Huang [14] and 
Sanjuán et al. [15] identify consumer knowledge as an explanatory 
variable in consumer WTP analysis. Schwirplies et al. [16] identify 
young, female and high-income respondents as being more willing to 
offset carbon emissions from travel. A survey-based study about con
sumers’ WTP for organic food products revealed that socio-economic 
status, lifestyle, environmental and health issues are significant in 
their differences regarding WTP [13]. Letwin et al. [10] reveals that 
behavioural comparisons concerning energy use encourages consumers 
to limit their energy consumptions. Furthermore, a study concerning 

carbon emission trading schemes in China identifies that the companies 
perception concerning energy costs might influence the companies’ 
WTP for carbon emissions [17]. Social networking groups (friends, 
colleagues and family members) are vital both as a conduit for gaining 
greater knowledge and for reinforcing the social norms to reduce energy 
consumption and save energy [10]. 

The current research tried to explore the knowledge of the people of 
the United Kingdom (UK) about current environmental problems, 
climate change and future carbon technologies, their willingness to 
utilise proposed technologies like bioenergy, afforestation, energy- 
efficient appliances, CCS gas power and energy-efficient cars and their 
likelihood to save energy at home. Thus, this study aims to identify the 
UK people’s knowledge levels, prepare a knowledge index, distribute 
knowledge index into different regions (i.e., counties), and compare 
knowledge levels into the willingness and performance level to deploy 
carbon emissions reduction technologies. Hence, the corresponding 
study tried to connect the people’s knowledge versus performance and 
willingness versus performance to contribute to climate change issues. 
The UK is a large economy that emitted 365.7 million tonnes (Mt) of CO2 
in 2018 [18]. Despite this vast amount of emissions, it continues to 
reduce GHGs and the main component of GHG, i.e. carbon emissions. 
Thus, the country’s 2018 carbon emissions were 2.4% less than 2017 
carbon emissions [19], and carbon footprint was 6% less in 2016 than in 
2015 [20]. In addition, the UK is the first country to pass the zero 
emissions law and set a target for 2050 [21,22]. Thus, these reasons 
encouraged us to study the largest economy of Europe. 

The heating system setup and heating sources are considered in the 
performance study. According to the authors, the insight of these two 
areas is enough to evaluate people’s performance concerning energy 
saving tendency and awareness about climate change. Specialists and 
policy researchers identify decarbonising of heat as a significant chal
lenge, as it holds the largest share among the household end-use services 
[23]. The 2006 Stern Review [24] noted that heat and electricity gen
eration and land-use changes are responsible for 79% of global GHG 
emissions. In the EU in 2019, 64% of the final energy consumption in the 
household sector was for space heating [25]. In the UK, about ten years 
before (including water heating), that was 85% of the total domestic 
energy consumption [26]. A recent study by AUDE [27] indicated that 
space heating with lighting accounts for more than fifty per cent of 
households’ energy costs. 

Further, a house with gas appliances generates over 6 tonnes of CO2/ 
per year compared to an electric appliance house [28]. Currently about 
85% of the UK households rely on the gas system [29]; and there, about 
74% of heating and hot water demand is fulfilled by natural gas and 10% 
by liquid petroleum oil [30]. Thus, fossil boilers are the key provision for 
domestic heating sources there [31]. 

The remainder of the paper is divided into three sections. First, the 
methods used in the study are presented in section two, describing 
questionnaire design, data analysis techniques and the reliability tests 
taken. Next, this study presents in section three the results of the studies 
that explore respondents’ knowledge about climate change and carbon 
technologies, the relationship between their knowledge level versus 
their willingness to deploy different energy technologies and their stated 
energy-saving performance. The study then develops a multinomial 
prediction analysis between respondents’ knowledge, willingness, and 
performance. Finally, section four discusses the implications of the 
study’s findings and provide some concluding remarks. 

2. Methods 

The study methods followed into questionnaire designing to fulfil the 
research aim, check the missing data, organise and rearrange the data, 
and reliability test to check the coherence among the questions. 
Therefore, rating respondents according to their knowledge and prepare 
knowledge index. Compare respondents’ knowledge index with their 
social grade, educational qualification. Thus, compare respondents’ 

Abbreviations 

CO2 Carbon dioxide 
CCS Carbon capture and storage 
CNAA Council for National Academic Awards 
DV Dependent variable 
GKI Good knowledge index 
GHGs Greenhouse gases 
IV Independent variable 
PKI Poor knowledge index 
MNLR Multinomial logit regression 
VGKI Very good knowledge index  
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knowledge level with their willingness to deploy different technologies 
and their performance for energy saving. The Pearson’s chi-square test 
tests the significance of the percentage-based key findings of the ana
lyses to examine the goodness of fit between the predictable and expe
riential outcomes. Finally, a Multinomial logistic regression (MNLR) will 
develop to identify respondents Knowledge, willingness and perfor
mance relationship. However, all these data checking, organizing and 
analysis methods followed step by step, represented in detail in the 
following sections. 

2.1. Questionnaire design 

Considering the environmental changes experienced in the previous 
years’ and current context, researchers at the University Cambridge 
have been preparing questionnaires with the help of YouGov Plc GB. In 
continuation of this, a new questionnaire was modelled in the same way 
in 2019 by adding CCS technology-related questions in line with the 
previous year’s questions. Therefore, the social survey was conducted by 
YouGov Plc (a member of the British Polling Council) between 8 and 9 
May 2019. Rather than traditional polling, the firmuses internet polling 
where a panel of electors were engaged through pop-up advertisements 
or invitations from non-political websites. According to the definition, 
the sample was selected randomly from the base sample. Thus, a survey 
link was provided to the sample group and requested them to attend the 
survey. Then, 2295 adults took part in the survey. 

From the 2019’s questionnaire, this study picked up climate and 
carbon emission reduction technology-related questions. The question
naire (based on selected questions) had a total of 24 mixed (i.e., both in a 
closed and open-ended) format questions. In the questionnaire, 1–5 are 
basic questions, 6–13 are knowledge-based questions, 14–15 is about the 
respondent’s willingness to reduce carbon emissions and, finally, ques
tions 16–17 is about respondent’s actions or performance in response to 
his/her knowledge about carbon emissions (Fig. 1). In the basic section, 
the questionnaire focused on age, gender, region, social grade and 
educational qualifications. The social status is graded as A and B for 
intermediate managerial or higher professionals, C1 for administrative, 
supervisory, junior managerial and clerical occupations, C2 for skilled or 
manual occupations, and D and E are for semi-skilled, unskilled, un
employed and lowest grade manual occupations [32]. 

The educational qualifications are divided into a large number of 
categories in the questionnaire because of differences over time and in 
different regions of the UK and so they include: no formal qualifications, 
youth training certificate, recognised trade apprenticeship completed, 
clerical and commercial, city and guilds certificate, advanced city and 
guilds certificate, ONC, CSE grades 2-5, CSE grade 1, GCE O level, GCSE, 
School Certificate, Scottish ordinary/lower certificate, GCE A level or 
higher certificate, Scottish Higher Certificate, nursing qualification, 

teaching qualification (non degree), university diploma, university/ 
CNAA first degree (e.g., BA, B.Sc, B.Ed), university/CNAA higher degree 
(e.g., M.Sc, Ph.D), other technical, professional or higher qualification, 
don’t know or prefer not to say. As the educational categories are 
mutually exclusive, to compare educational qualifications versus 
knowledge index, the study considered only three categories: university 
or CNAA first degree (e.g., BA, B.Sc, B.Ed), university or CNAA higher 
degree (e.g., M.Sc, Ph.D) and other technical, professional or higher 
qualification, as these would be relevant to understand knowledge level 
(and are of a sufficient size). 

The sample provides a good quality representative sample, as it 
maintains balance across all key socio-demographic variables including 
social class, gender, age group, and educational background across the 
twelve regions of the UK. Hence the sample size is free from the selection 
bias problem. It can claim that the decided sample is representative of 
the target population (Table 1). 

2.2. Data analysis method 

The missing values of the questionnaire are checked among the 2295 
samples. One of the principal aims of this study was to measure re
spondents’ knowledge index. Thus, when a respondent skipped or 
selected the ‘don’t know’ option in response to a number of questions, 
estimating their knowledge becomes more difficult, thus those data were 
removed from the total sample size. Ultimately, 2,137 respondents who 
answered more than eighty per cent of the selected questions are 
considered for the final sample. 

Questions 6–13 is used to identify respondent’s knowledge level, 
where questions 9–12 were true or false statements. Based on different 
literature, the authors concluded that, climate change is caused by a hole 
in the earth’s atmosphere (Q9) is false. It is because the ozone hole is not 
triggering global warming directly although it affects the atmospheric 
circulation level [33]. Another statement, every time we use coal or oil 
or gas, we contribute to the greenhouse effect (Q10) is considered true 
because the coal that is combusted is a type of sedimentary rock which 
has another name, coal seams. Dead plants decay into peat and as a 

 

Fig. 1. Questionnaire design.  

Table 1 
Distribution of the sample size.   

Information (Percentage) 

Gender balance Male (42.3), Female (57.7) 
Random age group 

18-89 
Average age 51 
18-35 (22), 36–45(17), 46–55(16), 56–65(20), >65 (25) 

Regional balance North East (6), North West (10), Yorkshire and the Humber 
(8), East Midlands (8), West Midlands (8), East of England (9), 
London (9), South East (11), South West (10), Wales (6), 
Scotland (8), Northern Ireland (7)  
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result of the deep pressure and heat, it turns into coal over the years. 
However, with other variables (e.g., nitrogen, oxygen, hydrogen and 
sulfur) coal contain a key ingredient, carbon. After combustion, coal 
releases carbon dioxide in the atmosphere and causes the greenhouse 
effect. Furthermore, oxygen is the main component of the smoke emitted 
from a chimney or exhaust pipe (Q11). Although the emitted gas is 
dependent on the utilisation sources, this statement is false because 
whatever may come from chimneys or exhaust pipes, oxygen is not the 
main component. The last statement, coal is produced from dead plants 
(Q12), is considered as true, as previously discussed in response to Q10’s 
rationality analysis. 

In the willingness section, Q14 was, the given technologies to the 
respondent were, bioenergy/biomass (producing energy from trees or 
agricultural wastes), afforestation/reforestation (planting trees to 
absorb carbon dioxide from the atmosphere), CCS with gas power 
(capturing carbon dioxide from natural gas-fired power plant exhaust 
and storing it in underground reservoirs), carbon capture and storage 
with coal power (capturing carbon dioxide from coal-fired power plant 
exhaust and storing it in underground reservoirs), carbon capture and 
storage with bioenergy (capturing carbon dioxide from biomass (wood- 
fired) power plant exhaust and storing it in underground reservoirs), 
energy efficient appliances (producing kitchen and household appli
ances that use less energy to accomplish the same tasks) and energy 
efficient cars (producing cars that use less energy to drive the same 
distance). These subgroups are considered as single questions under the 
main question of question 14 because there was an option for respon
dent to select all the answers to the question. According to us, authors 
intuition, all the technologies or any one of the several options can be 
used by the respondent (Table 2). 

In the Performance section, respondents were asked how often, if 
ever, they reduced their thermostat or set their heating system (Q16) 
and what was the source of heating in their home (Q17). 95–98% of UK 
households with central heating used a gas boiler, of which less than 5% 
(800,000) have no controls over the timing of their heating [34,35]. The 
analysis was conducted by applying the crosstab to identify respondents’ 
percentages, chi-square test to test the significance level of the analysis 
and scatter plot matrix to estimate the correlation between the re
spondents’ selection of the two variables. The software package SPSS 
(Statistical Program for the Social Sciences) 25.0 was utilised to conduct 
the analysis. 

A MNLR model is developed to make a predictions evaluation on the 
three categories of knowledge indexed respondents willingness and 
performance level to reduce carbon emission. R v4.0.4 is utilised to 
execute the analysis [36]. MNLR is an iterative method that is applied 
when the dependent variable (DV) is nominal (no order in outcome), 
and independent variables (IV) are needed to predict more than two 
outcomes. In the MNLR analysis, Knowledge Index (KI) is considered as 
the independent variable (IV) and Willingness to save energy, Per
formance_heat set and Performance_heat source are the dependent 
variables (DV). All the DVs and IV are divided into three classes (1, 2 and 
3) where 1 is considered as the reference class. 

To quantify the knowledge category and making KI, this study 
applied the method used by Rahman et al. [9], who followed World 
Bank’s knowledge assessment method (KAM) [37]. Therefore, ranked 
each question of the knowledge section into a similar rank and identified 
their average. Then, the average of the knowledge observations is cat
egorised into three groups: poor as <1, good as 1.01–1.15 and very good 
as >1.5 (Table 3). Therefore, the aim of MNLR is to explore what kind of 
willingness and performance to reduce carbon emission is executed by 
particular knowledge indexed respondent. 

The MNLR equation for willingness and performance is:   

Here, j = 1, …3 describe the three classes for Willingness to save 
energy (Less willing, Willing and Very willing) and Performance_heat set 
(No energy saver, Information unknown and Energy Saver), Perform
ance_heat source (Nonrenewable user, Source unknown user and 
Renewable user). The above equation represents a set of different 
probabilities of a person (i’s) choice from the j classes to take a set of 
decision with δi characteristics, where the total probability is 1. 

Table 2 
Description of the key variables.  

Questions Assigned points 

Q6 Familiar with CCS technologies Never heard of this 1, Heard before, but not 
at all familiar + not very familiar 2, 
Neither familiar nor unfamiliar + skipped 
+ not asked 3, Somewhat familiar + very 
familiar 4 

Q7 Familiar with NETs 

Q8 Identify the single most environmental 
problem 

None of these or + don’t know 1, Skipped 
+ not asked 2, toxic waste + endangered 
species + acid rain + smog + water 
pollution + overpopulation 3, Ozone 
depletion + climate change + green spaces 
+ destruction of ecosystems and resource 
depletion scored 4 

Q9, climate change is caused by a hole in 
the earth’s atmosphere → False 

True 2, False 1 

Q10, every time we use coal or oil or gas, 
we contribute to the greenhouse 
effect→ True 

True 2, False 1 

Q11, is oxygen is the main component of 
the smoke emitted from a chimney or 
exhaust pipe→ False 

True 2, False 1 

Q12, coal is produced from dead plants→ 
True 

True 2, False 1 

Q13, which, if any, of the following 
activities, have a “significant” impact on 
levels of carbon dioxide in the atmosphere 

Yes increase carbon dioxide by driving 
cars, home heating, coal-burning power 
plants, factories (e.g., steel mills) 4 
Yes increase carbon dioxide by biomass 
power plants (burning wood or agricultural 
residues) and from breathing 3 
Skipped + not asked option 2 
Yes increase carbon dioxide by nuclear 
power plants + wind turbines + planting 
trees + oceans 1 

Q14, if you were responsible for designing a 
plan to address climate change, which, if 
any, of the following technologies, would 
you use to address climate change 

Definitely use 5, Probably using 4, Neutral 
+ don’t know 3, Probably not using 2, and 
Definitely not using 1 

Q15, Relative to others in the UK, how 
would you describe your likelihood to 
save energy at home 

Much less likely + Less likely 1, About as 
likely 2, 
More likely + Much more likely 3 

Q16, how often, if ever, do you reduce your 
thermostat or set your heating system, 
specifically to save money on your home 
energy bill (or indirectly to attain energy 
efficiency or saving energy consumption). 

Never + Rarely 1, Not applicable + don’t 
know 2, 
Fairly often + very often 3 

Q17, what is the source of heat in your 
home 

Gas central heating/gas boiler + Heat 
pumps (ground source) + Oil heating +
LPG central heating 1, Storage heaters +
Electric resistance heating + Other and 
Don’t know 2, Immersion heaters + District 
heating + Electric central heating +
Biomass heating system + Solar hot water 
heating 3 

Carbon capture and storage (CCS), Liquid petroleum gas (LPG), Negative 
emission technologies (NETs), Question (Q). 

Prob (Willingness to save energy /Performance heat set /Performance heat source i= j)=
eβj δi

∑j
k=1eβj δi   
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2.3. Questionnaire reliability test 

Before continuing the final analysis, this study sought to identify the 
correlations across question. Hence, a reliability test is executed to check 
the consistency of all the questions (except for the respondents’ basic 
information) by using Cronbach’s alpha. The reliability test result or 
Cronbach’s alpha of all the questions is 0.70, which implies that the 
questions in the questionnaire are consistent with investigating the aim 
of the corresponding study [38]. 

3. Results 

3.1. Knowledge about climate change and carbon technology 

3.1.1. Regional distribution of knowledge index 
The survey results revealed that 13% of respondents have poor (i.e., 

0–1) knowledge, 80% have good (1.01–1.5) knowledge and 7% have 
very good (i.e., >1.5) knowledge about climate change and CO2 emis
sions reductions (Fig. 2a). 

The regional study revealed that the majority (i.e., 74%–80%) of 
respondents in all regions have good knowledge about the related con
cepts of climate change and carbon issues. Of all the regions, outliers 
were the South West region where 84% of respondents had good 
knowledge and the South East, Yorkshire and the Humber, and West 
Midlands where around 15%–19% of respondents had poor knowledge 
about climate issues. 

For the very best informed, around 9%–10% respondents in the 
North East, East Midlands and London had very good knowledge con
cerning climate issues, whereas in the West Midlands, only 2% of re
spondents had very good knowledge, which was the lowest of all regions 

(Fig. 2b), although the difference was not found to be significant ac
cording to Pearson’s chi-square test. 

3.1.2. Knowledge index vs. social grade 
Knowledge index and social grade have a close relationship as 

knowledge is backed up by experience, education status, social status. 
This is because social status provides better opportunities for people to 
have a higher education status. In other words, an educated person can 
reach the highest social level. Thus, that person also can enrich their 
knowledge level. 

The study revealed that among the total respondents around 33%, 
46% and 21% belong to the social grade levels A and B, C1 and C2, and D 
and E respectively. The majority of the C1 and C2 social grade re
spondents have good knowledge. Therefore, among the 46%, 37% and 
3% of the C1 and C2 respondents have good and very good knowledge 
than other social grade respondents. 

It is noteworthy that about 26% of A and B social status respondents 
have good and 3% have very good knowledge about climate and carbon 
management issues (Fig. 2c). The knowledge index versus social grade 
study is significant according to Pearson’s chi-square test (X2 = 36.97, 
df. = 10, p < 0.00). 

3.1.3. Knowledge index vs. educational qualification 
Among all the categories of educational types, this section focused on 

those with University or CNAA first degree (e.g., BA, B.Sc, B. Ed), Uni
versity (22%) or CNAA higher degree (e.g., M. Sc, Ph. D) (about 8%) and 
other technical, professional or higher qualification respondents (about 
12) among the other categories. Among these categories, about 80–85% 
respondents have good knowledge about carbon issues. Remarkably, 
among these three educational qualification types, University or CNAA 
first degree and University or CNAA higher degree respondents have 
very good knowledge compared to other technical, professional or 
higher qualification respondents. Although this figure is not high 
enough, it can be said that the University or CNAA first degree and 
University or CNAA higher degree respondents have better knowledge 
than other technical, professional or higher qualification respondents 
about climate change (Fig. 2d). The knowledge index versus education 
study is significant according to Pearson’s chi-square test (X2 = 60.68, 
df. = 4, p < 0.00). 

3.2. Knowledge vs. willingness to different technology comparison 

In the willingness section, the proposed technology that respondents 
will design to address climate change were bioenergy (biomass), affor
estation and reforestation, CCS with gas power, CCS with bioenergy, 
CCS coal, nuclear, solar and wind. The study found that respondent want 
to use (definitely + probably) the bioenergy (biomass; 59%), affores
tation and reforestation (87%), CCS with gas power (32%), CCS with 
bioenergy (36%), CCS coal (26%), nuclear (36%), solar (88%) and wind 
(85%) energy for their future energy sources. 

The answered variables were evaluated by a scatter plot matrix to 
estimate the correlation between the variables. The scatter plot matrix 
was utilised to investigate how much one variable is affected by another 
variable in response to the respondents’ answering selection. The rela
tionship of one variable with others are represented as a scatter plot. The 
trend data are moving from left to right for the x-axis value and the y- 
axis values are moving from down to up (Fig. 3). The x-axis variable 
combines with the y-axis variable to create a pair. The black diagonal 
line represents a total fit line. So, when the correlation value of each pair 
will be 1, it will fit along the diagonal black line and represent a high 
degree positive correlation [39]. In Fig. 3a, the histogram that diago
nally represented the relation between each variable to pair with own, 
like the x-axis variable with the y-axis variable. 

The study found a positive correlation between the variables in every 
situation, except with nuclear energy where nuclear versus bioenergy 
had an absolute value of r = − 0.013, nuclear versus solar had an 

Table 3 
Representation of MNLR variables.  

Q Variable Definitions Consequence Coding 

5–14 Knowledge Index 0-1→ Poor 
knowledge index 
(PKI) 

Poor knowledge 1 

1.01–1.5→ Good 
knowledge index 
(GKI) 

Good 
knowledge 

2 

>1.5 → Very good 
knowledge index 
(VGKI) 

Very good 
knowledge 

3 

15 Willingness to save 
energy 

Much less likely +
Less likely 

Less willing 1 

About as likely Willing 2 
More likely + Much 
more likely 

Very willing 3 

16 Performance_heat 
set 

Never + Rarely No energy saver 1 
Not applicable +
don’t know 

Information 
unknown 

2 

Fairly often + very 
often. 

Energy Saver 3 

17 Performance_heat 
source 

Gas central heating/ 
gas boiler, Heat 
pumps (ground 
source), Oil heating, 
LPG central heating. 

Nonrenewable 
user 

1 

Storage heaters, 
Electric resistance 
heating, Other and 
Don’t know 

Source 
unknown user 

2 

Immersion heaters, 
District heating, 
Electric central 
heating, Biomass 
heating system, 
Solar hot water 
heating 

Renewable user 3 

Good knowledge index (GKI), Multinomial logistic regression (MNLR), Poor 
knowledge index (PKI), Question (Q), Very good knowledge index (VGKI). 
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absolute value of r = − 0.007 and nuclear versus wind had an absolute 
value of r = − 0.05. 

The study found that CCS bio versus CCS gas had a strong correlation 
(absolute value r = 0.67), as respondents selected both variables 
simultaneously for their future energy design. The relationship between 
the corresponding variables of Fig. 3a is represented clearly in Fig. 3b by 
using a jitter plot. However, the variables correlation points are tighter 
and falling along the total fit line. The total fit line also starts close to the 
area of the 0.0 axis. Interestingly, this correlation is very strong for the 
good and very good knowledge index respondents, which is quite 
different for the poor knowledge index respondents. The poor knowl
edge index respondents are intact with CCS gas and indifferent to CCS 
bio and vice versa. 

Furthermore, the strong correlation (absolute value r = 0.64) be
tween CCS coal versus CCS gas is represented clearly in Fig. 3c. In the 
figure, the very good knowledge index respondents chose the mostly 
neutral or don’t know option in the case of using both variable materials 
as their future energy consumption design, whereas the good knowledge 
index respondents maintained a strong positive correlation between the 
variables. In the case of CCS bio versus CCS coal, the study also found a 
positive strong correlation (absolute value r = 0.64). The positive cor
relation is built strongly by the good and very good knowledge 
respondents. 

Wind versus solar (0.65) and CCS coal versus CCS bio also repre
sented a high positive correlation. Interestingly, in the solar versus wind 
correlation, the high knowledge index respondents had the tendency to 
definitely use both energy options (Fig. 3d). Furthermore, for CCS coal 
versus CCS bio, the study found that the highest knowledge index 
demonstrated indecision when selecting the energy sources and priori
tised the neutral or probably use options (Fig. 3e). 

The study found a moderate correlation between wind versus affor
estation (absolute value of r = 0.56) and solar versus afforestation 
(absolute values of r = 0.55) (Fig. 3f and g). Good and very good 
knowledge index respondents had a tendency to select the answer 

probably and definitely use both the technologies. 
For bioenergy versus any technologies except nuclear, the study 

found a consistent positive though weak correlation. For nuclear versus 
all other technologies, there was either a slightly positive or negative 
correlation although generally the total fit line is quite flat (i.e., the slope 
is close to zero) (Fig. 3a). Overall, correlations were very weak between 
the variables (r varies between 0.03–0.21). 

3.3. Willingness vs. performance for energy saving 

In the knowledge versus willingness comparison, it appears that very 
few respondents of the different knowledge indices are much and less 
likely to save energy than others (about 5%). In comparison, about 47% 
and 49% of respondents found about as likely to save energy as others 
and more and much more likely to save energy than others, respectively 
(Fig. 4a). Therefore, in response to the question, how often does the 
respondent set their heating system, about 14% responded never, 27% 
rarely, 11% don’t know or were unwilling to answer the question, 32% 
fairly often and 15% very often set their heating system to save energy. 
Interestingly, around 3% of respondents who have very good knowledge 
about climate change and carbon issues never or rarely set their heating 
system. However, among the moderate knowledge index around 40% of 
respondents fairly often or very often set their heating system (Fig. 4b). 

The comparative analysis between Q 15 and Q 16 represents that, in 
total, the majority (more than 80%) of respondents are found as about as 
likely to save energy as others, more and much more likely to save en
ergy than others. It is important to say only half of them (about 47%) set 
their heating system. About 15%, 13% and 9% of respondents, who 
respond as about as likely, more likely or much more likely to save than 
others, never set their heating system to save energy (Fig. 4c). 
Furthermore, only 31%, 25% and 17% responded as likely, more likely 
and much more likely to save than others, and rarely set their heating 
system, respectively. 

It is highly significant to notice that in the case of setting heating 

Fig. 2. a. Overall distribution of respondents’ Knowledge Index about climate change and carbon issues; b. Knowledge Index by region; c. Knowledge Index by social 
grade; d. Knowledge Index versus educational qualification. 
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systems, the study found a good relation between the fairly often and 
very often scale of Q 16 and the scale of as likely to save as others, more 
and much more than others of Q 15. In Q 15, about 31%, 36% and 30% 
of respondents are found as likely to save as others, more and much more 
than others, fairly often set the heating system, respectively. Further
more, in Q 16, about 10%, 15% and 36% of respondents are found as 
likely to save as others, more and much more save than others very often 
set the heating system, respectively. 

3.4. Knowledge, willingness and performance: a multinomial prediction 

Respondents’ performance are also estimated based on the heating 
sources (Q17) used for household heating. Most respondents use either a 
gas boiler and gas central heating, an oil heating system or an electric 
central heating system (around 75%, 6% and 5%, respectively). A very 
small percentage of respondents (less than 1%) utilise a biomass heating 
system. Furthermore, about 5% of good knowledge respondents are 
utilising an oil heating system. Note that about 7% of poor, 4% of good 

Fig. 3. Willingness to reduce carbon emissions based on Knowledge Index.  
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and even 5% of very good respondents (as defined by the knowledge 
index) do not know the fuel used in their home heating system. 

The MNLR study of knowledge vs willingness studies found the effect 
of the odds of a 1 unit increase in GKI and VGKI level is exp (0.42) or 
1.52 and exp (0.33) or 1.40 for willing to save carbon emission. Meaning 
incrementing KI increases the odds by 52% and 40%, respectively. 
Further, the effect of the odds of 1 unit increases in GKI and VGKI level is 
exp (0.98) or 2.66 and exp (1.67) or 5.31 for those very willing to reduce 
carbon emission, which meaning incrementing KI increases the odds by 
33% and 6%, respectively. 

In the performance (heat setting) vs knowledge studies, the effect of 
the odds of a 1 unit decreases in GKI and increase VGKI level is exp 
(− 0.01) or 0.99 and exp (0.12) or 1.13 respectively for Perf_ heat 
set_unknown. Meaning incrementing KI decreases and increases the 

odds by 1% and 13%, respectively. The effect of the odds of 1 unit in
creases in GKI and VGKI level is exp (0.13) or 1.14 and exp (0.35) or 1.42 
for Perf_heat set to reduce carbon emission. It implies that incrementing 
KI increases the odds by 14% and 35%, respectively. 

In the performance (heat source) vs knowledge studies, the effect of 
the odds of a 1 unit increases in GKI and VGKI level is exp (− 0.17) or 
0.84 and exp (− 0.33) or 0.77 for performing to Perf_ heat source_un
known. It implies that incrementing KI decreases the odds by 16% and 
33%. The effect of the odds of 1 unit increases in GKI and VGKI level is 
exp (− 0.18) or 0.83 and exp (− 0.07) or 0.93 for Perf_ heat source to 
reduce CO2 emissions. This implies that incrementing KI decreases the 
odds by 17% and 7%, respectively. 

Although the pseudo-R-squared or McFadden r2 is small, even values 
in the range of 0.20 to 0.40 would indicate an excellent fit. The two 

Fig. 4. a. Respondents’ willingness to save energy versus Knowledge Index (above left); b. Performance: setting heating system versus Knowledge Index (above 
right); c. Willingness to save energy versus performance based on heating source (below). 

Table 4 
Results of MNLR study.  

Variable Willingness to save 
energy_willing (P value) 

Willingness to save 
energy_very willing (P 
value) 

Perf_ heat 
set_unknown (P 
value) 

Perf_ heat set 
(P value) 

Perf_heat 
source_unknown (P 
value) 

Perf_heat 
source_RE (P 
value) Co- 

efficients 

Intercept 2.08 (0)** 1.54 (0)** ¡1.27 (0.0)** 0.02 (0.0)** ¡2.01 (0) ** ¡2.27 (0)** 
GKI 0.42 (0.22) 0.98 (0)** ¡0.01 (0.04)* 0.13 (1.30) − 0.17 (1.18) − 0.18 (1.14) 
VGKI 0.33 (0.88) 1.67 (0)** 0.12 (0.56) 0.35 (0.22) − 0.33 (1.30) − 0.07 (0.32) 
RD 3541.46  4138.32  2434.40  
AIC 3553.46  4150.32  2446.40  
Initial 

value 
2347.74  1481.26  2347.74  

Final value 1770.40  1476.86  1217.20  
McFadden 

r2 
0.013  0.007  0.007  

ARE 48%  17%  16%  

Akaike Information Criteria (AIC), Accuracy rate of error (ARE), Poor knowledge index (PKI), Good knowledge index (GKI), Very good knowledge index (VGKI), 
Residual Deviance (RD), Renewable energy (RE). 
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tailed z-test provides the p-value. The result that is less than 0.5, this 
number is doubled and if the result is more than 0.5, then deduct the 
result from 1 and doubled it to get the p-value [40]. Thus, in the 
two-tailed test if the final P-value is less than 5% (p < 0.05) means the 
result is significant (Table 4). 

4. Discussions and conclusions 

Many people of the world are concerned about climate change and 
have knowledge about carbon emissions. According to special Euro
barometer 435 [41], the top three countries where people think that 
climate change is the most serious problem that the world is suffering 
from now are Denmark, Sweden and Finland. The people of the UK 
consider climate change to be the one of the top three most serious 
problem [42]. Delzendeh et al. [43] signifies that climate change might 
be the biggest environmental challenge and risk for the future. However, 
it has not happened in a single day or a single year. The climate has been 
deteriorating for several decades and human activities are mostly 
responsible. Ten years ago, a study revealed that globally, households 
were consuming 29% of energy and releasing 21% of global CO2 [44] 
and the rest of the major sectors like transport and manufacturing were 
indirectly influenced by human consumption habits and behavioural 
trends. 

In the UK, household energy consumption in 2010 was 10% higher 
than in 1970 [45]. Energy consumption in 2018 in the UK increased to 
1.1% more than in 2013; the major share supplying source was gas and 
the major demanding sector was domestic households [45]. Thus, UK 
households are responsible for emitting about 14% of the total GHGs and 
gas boilers are the main source [46]. Another study indicated that in 
2019 direct GHG emissions from the households were about 87 Mt CO2e, 
and that was mainly from heating sources [30]. Thus, reducing carbon 
emission in heating is a significant challenge for the UK to attain a 
zero-carbon target. Although this household carbon emissions ratio is 
still less than some other sectors, let us not forget that the demand of this 
sector is getting higher and higher every day. 

The studies by Girod [47] and Nissinen et al. [48] indicated that 
human knowledge motivated their willingness to reduce consumption 
and that this can create an enormous opportunity to reduce GHG 
emissions. Various studies (e.g. Refs. [49–51]) in the field of environ
mental studies, people’s knowledge has a noteworthy association with 
their behaviour. A study by Guo et al. [52] indicated that human 
behavioural studies offer a direction to develop a genuine policy backed 
by actual evidence. Thus, human behaviour is identified as one of the 
most substantial factors in domestic energy consumption [53]. Changing 
the behavioural pattern can help save the operational expenditure £0.4 
billion/year by 2050 [30]. Therefore, the survey study concerning 
climate and carbon issues for households is significant. 

Hence, this study investigates knowledge and specifically the 
knowledge-willingness, knowledge-performance and willingness- 
performance gaps over reducing carbon emissions and future-oriented 
technologies in the UK. This study found that in total and from the 
regional perspective about 80% of respondents had at least good 
knowledge about climate change and carbon emissions reduction issues. 
The social grade study found that about 40% of C1 and C2 social grade 
respondents have good and very good knowledge about climate issues 
compared to others. The educational qualification versus knowledge 
index study found that respondents with a University first (or higher) 
degree have better knowledge about climate change than respondents 
with other technical, professional or higher qualifications. The findings 
of our study are supported by the study by Miller et al. [8], that the 
better educated have greater knowledge concerning upcoming potential 
technologies. 

The strongest positive correlation for future energy preferences was 
between CCS bio and CCS gas, CCS bio and CCS coal and CCS coal and 
CCS gas. It demonstrates that people in the UK are very much aware of 
their gas and coal energy sources and want to stick with their current 

primary energy sources if CCS technology might be applied. 
In the case of using bioenergy, the study found respondents are more 

willing to use it than CCS bioenergy. This finding also supported by the 
study by Evans [54], as 80% of respondents in the UK believe that 
bioenergy is making a major contribution in the UK energy mix. This is 
because people’s “environmental beliefs” might have a positive influ
ence over their WTP for low-carbon products [55]. Thus, in our intui
tion, it is quite normal that in this current era due to climate change 
people are considering bioenergy, and thus it gets selected by the re
spondents for their future energy plan. The reason behind accepting 
bioenergy more than the CCS of bioenergy might be that many people 
still do not have enough knowledge about CCS bioenergy. Many people 
still do not know that bioenergy (especially woody biomass) is not a 
completely carbon neutral energy [56]. The same explanation is appli
cable for respondents retaining wind and solar in their energy plan. 

However, in the correlation analysis, the study found that although 
bioenergy has a poor correlation with other technologies, CCS bioenergy 
is representing something different. In the case of bioenergy, re
spondents have much less intention to switch to others which is quite the 
opposite in the case of CCS bioenergy versus CCS coal and CCS gas. Thus, 
the CCS coal or CCS gas user can move to CCS bioenergy or vice versa. 

The positive correlation between wind versus solar reveals that re
spondents made similar selections for both these technologies as the 
majority of respondents want to use both these technologies for their 
future energy plan in same way. The available facilities and reasonable 
prices allow for respondents to switch from one to the other without any 
hesitation. These positive correlations, between different future tech
nologies, reveal that there is actually only a small gap between the re
spondent’s knowledge versus their willingness. This gap might be 
completely removed in the near future by extending the socio- 
demographic characteristics; this finding is sustenance by the special 
Eurobarometer 435 study [42], which revealed that 23% of UK re
spondents believe it is their collective responsibility to mitigate climate 
change. 

Thus, this small contributing figure might be more significant when 
their collective actions influence other respondents’ knowledge level, 
growing trust and willingness to utilise future carbon capturing and 
renewable technologies [8]. Further, these strong positive correlations 
between future technologies to address climate change send a message 
to energy suppliers, regulators and policymakers that people can switch 
from one energy source to another and make similar selections for both 
types of energy. In the willingness versus performance study, there is a 
considerable gap. About 96% of respondents think of themselves about 
as or more or much more likely energy savers; whereas, about 52% of 
them are never or rarely set their heating system to save energy. 

The study also found that although respondents are highly willing to 
save energy, more than half of them rarely regulate their heating system 
to save energy. There is also an enormous gap in the knowledge versus 
performance comparison; despite selecting bioenergy, solar, wind or 
nuclear, around 75% of respondents of the 66% that have good and very 
good knowledge are using gas boilers and gas central heating. 

Therefore, the findings of this study raise two questions. First, 
despite having good knowledge and a willingness to utilise renewable 
energy to reduce carbon emissions, why do respondents continue to use 
gas energy for their heating system? Although many respondents prefer 
to include solar and wind in their future energy plans, why do re
spondents currently use gas instead of wind or solar for their heating 
sources? The wide availability of gas and the low cost might be a reason, 
but in that case, it might seem difficult to reconcile the preference for 
renewables in their future energy plans. Another consideration is that in 
the UK gas is now mostly dependent on imports from other countries– 
75% of gas is imported from Norway, 10% from Belgium and the 
Netherlands and 15% is imported from Qatar as Liquefied Natural Gas 
(LNG) [57]. 

The MNLR study has been done where the ultimate aim was to 
identify the knowledge, willingness and performance relationship. As 
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like study of James et al. [58] performance is considered as DV; and as of 
performance willingness is also considered as DV and knowledge as IV. 

The MNLR study reveals that the study of GKI and VGKI vs very 
willingness to save energy (incrementing KI increases the odds by 33% 
and 6%) and GKI vs unknown of heat setting performance (incrementing 
KI decreases the odds by 1%) are significant (p < 0.05). Whether the 
study found knowledge vs heating sources performance has, in fact, an 
insignificant relation. 

Though this worsens import and consumption facts, it is significant 
to mention that the UK’s Committee on Climate Change (CCC) has 
already decided to ban gas boilers and hobs in new homes after 2025. 
The CCC has suggested that new homeowners connect with the low- 
carbon energy grid [59–61]. 

It is hopeful that during 1990–2009, 24% (1.4%/yearly average rate) 
of energy efficiency was attained in the domestic energy consumption 
sector, and that was by following the efficient building construction 
principle, smart heating machinery and electrical appliances [62]. 
Further, the application of commercially available smart technology, 
following smart building principles, and developing a smart energy 
system that is available, efficient and provides low costs could be better 
options to control and attain heating and energy efficiency [63,64]. 

Houseowner’s less interest in investing in unfamiliar technology, 
installation costs for the new smart technologies, delay [29] and un
certainty in the period of technological transition are key barriers to 
expanding Energy-efficient technologies. The UK government and 
stakeholders concerning energy issues, especially some private organi
sations, are now trying to empower household representatives to decide 
on better Energy for their houses. 

The CCC also estimated that low carbon heating installation will cost 
£4800 and £26,300, for new and existing homes respectively [46]. 
Therefore, as a consequence, electric heat pumps that have been already 
installed are now demonstrating energy efficiency. Currently, among the 
UK’s 29 million, less than a quarter of a million households only use heat 
pumps [65]. 

The UK energy market has been seen increased penetration of re
newables; in recent years, the capacity has tripled, while fossil fuel has 
dropped by one-third [66]. According to a study by National Grid [67], 
in the first half of 2019, clean energy (wind and solar) plus nuclear 
(48%) surpassed fossil energy (47% for coal and gas) in electricity 
generation for the first time. However, continued development of 
renewable energy will require not just technical and economic progress 
but also changing individual and social practices [68]. For example, 
Hansen [69] describes how ‘sticky practices’ such as that maintaining 
existing levels of home heat consumption will be difficult to overcome. 

Thus, the policymaker and researcher should create an intensive plan 
to expand the renewables market and penetrate into the UK gas market, 
for example, by applying price control or providing promotional benefits 
in favour of renewables. However, price controlling has a limited scope 
as gas prices are decided by different stakeholders of the global markets 
[70]. Nevertheless, promotional and awarding activities in the renew
able market can encourage new customers. Thus, social studies are 
substantial as it redefines society’s energy demand highly influence on 
the country’s energy policy development and implementation [71]. 

The second question raised by the study is, despite having good 
knowledge and willingness to reduce emissions, why do so few of the 
respondents do relatively simple things like set their heating system to 
save energy? One reason may be that the way people receive knowledge 
and process, and the resulting actions may lead to the perception that 
they have a lack of urgency to mitigate climate change. 

This small indifference might also be removed by providing an award 
system for the energy saver, fixing a household consumption quota or 

setting an individual carbon footprint limit. People’s consciousness can 
be heightened also by creating the proper environment (i.e., cam
paigning, training, etc.). The government and industry can jointly 
encourage green consumption [55]. In this case, a perception study can 
be conducted in the future to understand people’s perceptions con
cerning the saving and usage of energy, which might help the energy 
market designer develop their policies [72]. If the costs side is possible 
to ignore or technically become updated, the CCS of gas initiatives could 
be one of the best solutions for the UK, as the gas market is quite large. 
Thus, potential renewable consumers can also consider it in advance and 
contribute to the improvement of global climate change. 
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