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Abstract: This paper examines the influence of building characteristics, occupant demographics
and behaviour on gas and electricity consumption, differentiating between family groups; homes
with children; homes with elderly; and homes without either. Both regression and Lasso regression
analyses are used to analyse data from a 2019 UK-based survey of 4358homes (n = 1576 with children,
n = 436 with elderly, n = 2330 without either). Three models (building, occupants, behaviour)
were tested against electricity and gas consumption for each group. Results indicated that homes
without children or elderly consumed the least energy. Property Type emerged as the strongest
predictor in the Building Model (except for homes with elderly), while Current Energy Efficiency
was less significant, particularly for homes with elderly occupants. Homeownership and number
of occupants were the most influential factors in the Occupants Model, though this pattern did
not hold for homes with elderly. Many occupant and behaviour variables are often considered
‘unregulated energy’ in calculations such as SAP and are thus typically disregarded. However, this
study found these variables to be significant, especially as national standards improve. The findings
suggest that incorporating occupant behaviour into energy modelling could help reduce the energy
performance gap.

Keywords: domestic energy; occupant behaviour; lasso regression; energy performance gap; SAP
(standardised assessment procedure)

1. Introduction
1.1. Research Background

In 2008, the United Kingdom (UK) government put forward the Climate Change Act,
which stated to “reduce carbon emissions by at least 80% from the 1990 levels by the year
2050” [1]. In April 2021, this was tightened to 73% by 2035 [2]. Yet in 2023, the UK consumed
163.8 million tonnes of oil equivalents (mtoe) [3], thus making the UK the 16th biggest
energy consumer in the world [4]. Breaking down the energy mix, energy consumption
from domestic buildings is responsible for over 32% of the overall UK consumption [3].
Space Heating (SH) is singularly responsible for nearly 61% of UK heat consumption [5];
it is the largest contributor of carbon emissions in the home and thus has the greatest
potential for positive change of all factors in the home.

Unlike the numerous incentive schemes put forth by the government to increase
the uptake of electric vehicles, for example, there have been relatively few successful
schemes or initiatives aimed at reducing domestic energy consumption or improving
homes. These have included The Green Deal, Feed In Tariffs (FITs) and Code for Sustainable
Homes (CFSH), all of which have had incentives reduced over time or closed entirely [6,7].
Households’ participation is often low, and many schemes have shown little success; for
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example, 4 years after the launch of the Green Deal in 2013, only 2% of those homes assessed
had completed installation of upgrades [8]. The UK now has some of the ‘worst performing
residential buildings (from an energy efficiency perspective) in Europe’ [9].

It is apparent, with the removal of fabric-first approaches such as CFSH [7] and the
addition of Air Source Heat Pumps (ASHP) in 2022 introduced into the Boiler Upgrade
Scheme (BUS) [10], that the UK government has chosen a technology-centric approach to
reduce residential emissions, rather than a fabric-first approach. This contradicts the well-
established ‘Energy Hierarchy’, which states that ‘Energy Conservation’ (using less energy
by having better envelopes and less heat/energy wastage) is the most influential factor.
Meanwhile, utilising ‘Renewable Energy’ sits third on the hierarchy, as it is considerably
less effective [11]. With this in mind, fabric-first improvements are often more expensive
and disruptive to occupants, hindering their uptake, especially when considering the
relatively low price of energy before 2022 [12].

Numerous factors impacting energy use within the home make modelling energy
consumption difficult; ‘even the same aspect will vary considerably between one building
to another’ [13]. Xu et al. (2020) found that minor occupant behaviour differences such
as window opening/closing times can be responsible for over 10% of energy demand
variances between identical homes [14]. Occupants, and their energy-related behaviours
within the home, may be responsible for much of the unregulated energy consumption
that makes up the ‘Energy Performance Gap’ (EPG) [15]. Mahdavi et al. (2021) reviewed
occupants’ behaviour contribution to the EPG, suggesting that as the requirements to meet
building regulations around the world become stricter, buildings are increasingly built
with higher performance envelopes and systems. Therefore, “the relative role of occupant
energy behaviour is suggested to have increased, thus becoming the main contributor to
this discrepancy” [16]. The study goes on to state that although occupant-related research
has seen a twofold increase in the last five years (compared to the previous five years), there
was not yet enough evidence to suggest occupants are significant or exclusive contributors
to the EPG. Similarly, implementing some improvements to homes has also led to “Rebound
Effects” occurring, which are negative effects that may arise “when increased consumption of
new goods and services offsets the savings that would occur under unchanged consumption” [17].
An example of this is a driver purchasing a more fuel-efficient car only to then drive further
and more often, increasing their overall emissions [18].

The importance of energy consumption in the home has become more apparent
in recent years. The outbreak of COVID-19 initially changed the work–life balance for
many in the UK [19], leading to unexpected changes in the UK’s energy consumption and
emissions [20]. Following this, 2022 saw conflict begin in Ukraine, which led to UK energy
prices rising by up to 400% [12]. Economic factors have always played a role in energy
behaviour in the home (especially with respect to heating) [21]. However, with the energy
price cap continuing to rise, government financial support being reduced in mid-2023,
and home improvements often being expensive or intrusive to undertake, how occupants
behave in their home may play a more important role than ever before.

1.2. Influencing Factors to UK Domestic Electricity and Gas Consumption

Understanding how differing influences can impact energy consumption in the home
is key to achieving the reduction required to meet national targets and mitigate the effects
of climate change. Climatic and physical building factors have been shown to explain over
40% of variability in domestic energy use [22] but many other factors also influence the
overall consumption of energy. Factors such as occupants’ demographics and behaviour
can play a significant role that is often noted but overlooked in place of factors that can be
measured and improved through building efficiency retrofits [22]. The ever more energy-
consuming modern way of life, including unregulated energy from working from home
and a greater number of devices and appliances means occupant behaviour is becoming
increasingly important in terms of domestic energy consumption and future flexible energy
grid management [23,24].
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Guerra Santin et al. (2013) found that 42% of variation in energy use can be attributed to
building characteristics, whilst Huebner et al. (2015) found a similar 39% of variability came
from building factors alone. Both studies estimate building characteristics as the largest
influence on energy use [25,26]. These characteristics include the ‘floor area’, ‘year built’,
‘built form’ and ‘construction type’ of the dwelling. Some of these factors, such as ‘year
built’ and ‘built form’ (e.g., flat, terraced, detached), cannot change or be improved through
retrofit. Similarly, larger properties have a greater surface area of external walls and will
require more energy to heat than smaller homes. These factors cannot be altered with typical
remedial works or technologies, thus alternative improvements must be found. Building
envelope improvements, which can drastically change the building energy performance,
are not represented in variables such as ‘year built’, a more accurate measurement would
be ’wall construction’, which expresses the dwelling today. Building characteristics not
only produce the most variability in energy consumption [26] but also often require the
most financial or invasive retrofitting to improve them. Larger properties will require
substantially more capital to be invested upfront, often leading occupants to choose cheaper
or less effective methods of house improvement. Also, improvements such as zonal space
heating may lead to ignoring areas of the home, resulting in poor ventilation and the build-
up of mould [27]. Furthermore, building characteristic improvements are unattainable
for occupants who are not homeowners due to their invasive nature and/or changes to
physical building aspects that are not allowed.

Occupants’ socio-demographics and behaviour are another major influencing factor
to UK domestic electricity and gas consumption. Aragon et al. (2022) undertook a two-
year heating use study on five identical tower blocks and found significant differences
in energy consumption between identical flats, which the authors associated with occu-
pant behaviour. Many factors affect occupants’ behaviour in the home [28]. Previous
research has grouped these factors into three categories; (a) socio-economic, (b) comfort
and (c) lifestyle, which overlap in a triple Venn Diagram [29,30]. On socio-economic (a),
household annual income is a major influencing factor in energy consumption [31]. Also,
it is well established that thermal comfort (b) is one of the largest drivers behind energy
consumption in the home with space heating singularly responsible for nearly 60% of resi-
dential emissions [32]. Currently, occupant behaviour is modelled simply within industry
standard energy assessments, for example, occupant influence within the UK Standardised
Assessment Procedure (SAP) is limited to impacting space heating only. Within SAP, it is
presumed that occupants will heat a home to 18 Degrees Centigrade throughout the year,
with the main living room temperature increased to 21 Degrees Centigrade during the
winter months [33]. Similarly, the Building Research Establishment Domestic Energy Model
(BREDEM) [34] is designed with ‘heating demand temperature’ and ‘heating pattern’ as
the two most sensitive variables, representing a large effect changes on the overall energy
consumption in the home [35]. This is as far as occupant behaviour is analysed within the
two assessments and has the greatest potential for positive change. Finally, lifestyle (c),
upbringing and other aspects of life may affect how occupants live and behave in the home,
for example, people moving from warmer countries to colder countries [36] or opening
windows [37].

Traditionally, inter-generational influences on energy consumption focus primarily on
the effects of having elderly relatives in the home [38–41]. With increased life expectancy,
these issues are intensified. Pais-Magalhaes et al. (2022) stated ‘it is universally predicted
that an ageing population will increase energy consumption in households’. This rise
is due to longer occupancy hours (and thus longer heating periods), levels of comfort
requiring a higher temperature, and concerns regarding ill health [41,42]. There is also
another generation that occupies dwellings, which have seen less research than elderly
occupants, these are younger generations—children and teenagers. The generational shift
also brings changes in energy consumption patterns. Young people now lead a more energy-
intensive lifestyle than their parents at similar ages—particularly in terms of electricity
consumption [40]. That said, children and teenagers are exposed to more environmental
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knowledge than previous generations; an example of this being the Greta Thunberg Effect,
significantly improving exposure and energy literacy among young people globally [43].
Not only do households with children use more energy than those without, but energy
consumption increases as children age [44]. To add to this, although children use far less
energy outside the home than their parents, Japanese studies have shown that inside the
home, children’s rate of consumption is almost identical to that of adults [45]. This is
expected, as all occupants need to complete the same generic activities in the home (e.g.,
washing) and the hobbies of children now often include electronic devices.

1.3. Objectives

The aim of this paper is to (1) show how various influencing factors account for the
variability in residential energy consumption, (2) compare these factors between different
household types, and (3) determine which of these factors and household groups have the
greatest impact on domestic energy consumption.

This study will estimate and compare the explanatory power of different variables
on domestic energy consumption by replicating calculations for households with varying
compositions: homes without children, homes with elderly relatives, and homes with
children. Building on the above literature review of factors influencing energy consumption,
the independent variables will be categorised into three groups: (1) building variables,
(2) socio-demographic variables, and (3) heating behaviour variables.

2. Method
2.1. Data Collection Methods

Within a large research project based in the UK in 2019, an online survey of customers
from an Energy Supplier was undertaken to determine the influence of personality traits
and socio-economics metrics on deferrable heat reduction at the household level [46].
The data was collected subject to UoS ethics (ERGO/FEPS/47164) with data kept strictly
confidential and only accessible to members of the research project team.

The online survey was sent to approximately 20,000 households, and 4594 household
responses were collected, equivalent to a 23% response rate. Incomplete datasets were
removed, leaving a total sample size of n = 4358. These households were divided into the
following four groups, described as follows: Group A. Homes with children (n = 1576),
Group B. Homes with elderly (n = 436), Group C. Homes with neither children or elderly
(n = 2330), and Group D. Homes with both children and elderly (n = 16). Group D was
removed due to the low number of participants leading to poor statistical power during
future analysis.

The online survey was sent to participants via email with a link that automatically
opened the survey on their device, which lasted 10–15 min. The survey had questions
related to seven distinct themes, described as follows: (1) study consent, (2) demographic,
(3) dwelling, (4) heating, (5) thermal comfort, (6) energy literacy and (7) personality trait
questions. The consent detailed taking part, use of data, and use of the information
provided for the project and beyond and its completion. ‘Demographic’ questions collect
information such as age, education, number of children and income which are all known
factors that can influence behaviour [26,47]. ‘Dwelling’ questions collect information
on home ownership, occupancy, years living at the address and total useable floor area,
building on the English Housing Survey (EHS) [48]. ‘Heating’ questions collect information
on the current heating system, control of appliances, type of boiler, heating schedules and
approval and potential acceptance of heat deferral. ‘Thermal comfort’ questions asked
how participants perceive their home environment in terms of temperature and comfort;
building on BS EN ISO 10551 [49]. ‘Energy literacy’ questions collect information on energy
education preference, actions, and knowledge, with the latter including energy finance
and awareness. Lastly, ‘personality trait’ questions were the standard 15-part BFI-S [50]
along with questions on risk, attitude, environmental concern, impulsivity, and personal
norms; all factors needing to be considered. Many of the online survey questions have been
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taken from established survey scales. This created a dataset that can be compared with past
and future studies that used the same scales. In addition to this online survey, this dataset
was combined with information from the National Energy Performance Certificate (EPC)
database [51].

Finally, this study used data from empirical readings; ‘Gas Consumption’ and ‘Electric-
ity Consumption’. These consumptions were recorded from gas and electricity meter read-
ings in the participating homes. These are measured in kWh annually for the households.
It included a total of all regulated and unregulated consumption; including, but not limited
to domestic hot water (DHW), space heating, cooking, lighting, and all appliance usage.

In summary, the dataset included data from the online survey, EPC information, and
annual meter readings. The variables reviewed in this study are summarised in Table 1,
along with descriptive statistics.

Table 1. Participants’ characteristics.

Characteristic Range UK (%) Survey (%)

Age

<18 years 21.3 0
18–29 16.2 5.3
30–49 27.8 35.3
50–64 18.1 42
>64 16.4 17.2

Gender Male 49 65.2
Female 51 34.8

Household annual income

<£20,000 24.3 8.7
£20,000–£39,000 51.3 25.3
£39,999–£59,999 18.6 20.2

>£60,000 5.8 34.3
Rather not say 11.5

Heating Decision Maker

Myself 40.4
My partner 6.6

Shared equally 52.3
Other 0.7

Main Occupation

Full-time 38.5 54.8
Part-time 13.7 11.7

Self-employed 9.5 4.5
Retired 13.9 26.1

Unemployed 4.4 1.4
Full-time education 9.3 0.7

Other 10.8 0.8

Qualification

No qualification 23.2 2.8
GCSEs (any grade) 14.1 9.4
5+ GCSEs (A*-C) 12.1 9.3

2+ A-levels 3.3 10.8
Apprenticeship 27 5.7

Degree 5.1 56.5
Other 5.4

Homeowner Yes 64 88.7
No 36 11.3

2.2. The Sample

Although the sample size was relatively large (n = 4358), it was not representative of
the UK population, see Table 1. Most participants were between 50 and 64 years old, male,
in full-time employment, had a degree or higher and were part of a household earning
more than £60,000 per year.
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2.3. The Dataset

The dataset includes two dependent variables (‘Gas Consumption’ and ‘Electricity
Consumption’) and twenty-two independent variables summarised in Table 2. The inde-
pendent variables have been split into the three groups described below.

The first group, ‘Predictors Model 1—Building’, includes physical building characteris-
tics. From the original survey responses, the variable ‘Local Authority’ has been grouped by
UK regions rather than the local authority, reducing the number of variables from 317 to 20.
Using more traditional wall types, the variable ‘Wall Type’ has also been reduced from circa
100 variables down to 4. The same process has been applied to the ‘Main Fuel Type’. The
other variables have not been streamlined to allow participant answers to remain bespoke.

The second group, ‘Predictors Model 2—Occupants’, includes socio-demographic
variables. Household income has not been balanced or equivalised in any way. The
variable ‘Number of children’ is not applicable to Group B ‘Homes with elderly’, and to
Group C ‘Homes with neither children or elderly’, but has been retained for any potential
analysis between family size within Group A ‘Homes with children’.

The third group, ‘Predictors Model 3—Behaviour’, includes variable on the occupants’
heating behaviour. The variables in this group have all been taken from the survey or EPC
data and are on the heat source, additional heating and heating behaviours in the home.

Table 2. Summary of the independent variables, divided into three groups ‘Predictors Model
1—Building’, ‘Predictors Model 2—Occupants’ and ‘Predictors Model 3—Behaviour’.

Predictors Model 1—Building Categories (N) E = Electricity Model.
G = Gas Model

Total floor area E—N/A (continuous: M = 136m2, SD = 61m2)
G—N/A (continuous: M = 135m2, SD = 59m2)

property type

E—Bungalow (212) Flat (204) House (1238)
Maisonette (22)

G—Bungalow (167) Flat (70) House (1030)
Maisonette (12)

Local authority label

E—East Midlands (205) East England (216)
London (147) Northeast (62)

Northwest (136) Southeast (429) Southwest
(171) Wales (64) WestMidlands (131)

Yorkshire and The Humber (115)
G—East Midlands (160) East England (124)

London (104) Northeast (48)
Northwest (120) Southeast (349) Southwest

(137) Wales (45)
West Midlands (111) Yorkshire and The

Humber (81)

Wall description

E—Very Good (139) Good (497) Average (840)
Poor (88) Very Poor (110) N/A(2)

G—9in Solid Wall (316) Cavity Uninsulated
(243) Cavity with Insulation (579) Other (141)

Main fuel

E—Biogas (1) Electric (189) Gas (1284) LPG (20)
NA (25) Oil (133) Solid Fuel (23) Waste

Combustion (1)
G—Electric (12) Gas (1251) LPG (2) NA (1) Oil

(4) Solid Fuel (9)

Current energy efficiency (SAP Rating) E—N/A (continuous: M = 61.0, SD = 14.2)
G—N/A (continuous: M = 61.5, SD = 13.3)
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Table 2. Cont.

Predictors Model 2—Occupants Categories (N) E = Electricity Model.
G = Gas Model

Number of occupants E—N/A (continuous: M = 4.3, SD = 0.9)
G—N/A (continuous: M = 4.3, SD = 0.9)

Number of children E—N/A (continuous: M = 2.3, SD = 0.6)
G—N/A (continuous: M = 2.3, SD = 0.6)

Do you own your home? E—No (342) Yes (2387)
G—N0 (198) Yes (1896)

Please state your gender

E—Female (855) Male (1905) Non-binary (4)
Self-describe (2) Rather not say (9)

G—Female (632) Male (1492) Non-binary (3)
Self-describe (2) Rather not say (5)

Person age

E—0–9 (261) 10–17 (113) 18–64 (1620) 65–74
(410) 75+ (93)

G—0-9 (224) 10–17 (101) 18–64 (1215) 65–74
(317) 75+ (69)

How many years have you
been living in your current home?

E—Less than 1 (230) 1–2 (322) 3–4 (378) 5–9
(535) 10–19 (583) 20–29 (387) 30+ (313)

G—Less than 1 (165) 1–2 (222) 3–4 (293) 5–9
(401) 10–19 (463) 20–29 (306) 30+ (261) 1

Predictors Model 3—Behaviour Categories (N) E = Electricity Model.
G = Gas Model

Main heat source

E—biomass Boiler (9) Electric Radiators (158)
Electric Heat Pump (112) Electric Storage (29)
Gas Boiler (2184) Gas Fires (6) Oil Boiler (253)

Solid Fuel (14)
G—Electric Radiators (8) Electric Heat Pump

(12) Gas Boiler (2094) Gas Fires (4) Oil Boiler (2)
Solid Fuel (2)

Set room temperature E—N/A (continuous: M = 20.0C, SD = 1.7C)
G—N/A (continuous: M = 19.9C, SD = 1.7C)

Heating schedule

E—Monitor/adjust Schedule (1156) Set Point
(326) Set Schedule (1293)

G—Monitor/adjust Schedule (859) Set Point
(224) Set Schedule (1047)

What time is the heating on? *
Always, Morning (6am–11am), Afternoon

(11am–5pm), Evening (5pm–11pm), Overnight
(11pm–6am), No typical schedule, Other

Would the heating periods stated above
change for a typical weekend?

E—No (1938) Yes (855)

G—No (1455) Yes (685)

Weekend—what time periods do
you typically have the heating on? *

Always, Morning (6am–11am), Afternoon
(11am–5pm), Evening (5pm–11pm), Overnight

(11pm–6am), No typical schedule, Other

Who has the last word in
household heating decisions?

E—My Partner (182) Myself (1101) Other (16)
Shared Equally (1479)

G— My Partner (144) Myself (831) Other (8)
Shared Equally (1144)
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Table 2. Cont.

Predictors Model 3—Behaviour Categories (N) E = Electricity Model.
G = Gas Model

What are you most likely to
do when you feel cold in your home? *

Put on additional/warmer clothes on, Turn the
heating on for a short burst, Turn the heating
on for a prolonged duration, Close windows,
Use additional heating (e.g., a fire or electric

radiator), Wait for the scheduled heating, Drink
a hot beverage, Other

Do any of the household occupants
use an additional electric heater

during the winter months?

E—Never (208) Occasionally (95) Often (155)
Rarely (61)

G—Never (144) Occasionally (65) Often (101)
Rarely (39)

* indicates Prticipants able to select multiple options from the available answers for both electricity and gas.

2.4. Data and Analysis Methods

The dataset was divided into three household groups: Group A. Homes with children
(n = 1576), Group B. Homes with elderly (n = 436), and Group C. Homes with neither
children nor elderly (n = 2330). Gas and Electricity consumption are the two dependent
variables analysed in this study; the same analysis was undertaken for each of these
consumption data. The analysis undertook three Lasso Regression Models, each looking
at the 3 different aforementioned models; ‘Building’, ‘Occupants’ and ‘Behaviour’. The
models were repeated for the three household groups, allowing comparisons between
groups and between gas and electricity consumption. The data analysis framework is
summarised in Figure 1.

Figure 1. Data analysis framework.

First, the analysis reviewed each variable through descriptive analysis, identifying
outliers. Then, an analysis of variance (ANOVA) of Electricity and Gas consumption
between the three groups was carried out. This was followed by Lasso regression analysis
to identify which variables are strong predictors of consumption for each group.

Lasso regression (Least Absolute Shrinkage and Selection Operator) was used as
it not only produces data on predictors but also mitigates any multicollinearity—when
several variables within a regression model may be highly correlated, which is detrimental
to interpretation and analysis [26]. Lasso accomplishes this by “introducing a penalty
term in the model and shrinking the regression coefficients to zero, allowing the model
to achieve a higher level of accuracy when compared to traditional models” [52]. The
regression values within Lasso may remain positive or negative depending on whether
the correlation is positive or negative; the more the value is shrunk (the closer it gets to
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zero), the less powerful it is as a predictor. K-fold cross-validation was first used to find the
optimal lambda value for each of the Lasso regressions; for the 3 groups, 3 models and 2 m
reading types (18 tests in total). The Lasso regressions were then completed using these
lambda values.

Finally, within each group, relationships between each variable and consumption
were tested using either Spearman-Rank test or Kruskal–Wallis test depending on the
variable type.

3. Results
3.1. Exploring the Difference in Annual Electricity and Gas Consumption between
Household Groups

The electricity and gas consumption appears to be very similar between household
groups, see Figure 2. However, there are statistically significant differences between house-
hold groups for gas consumption (H(2) = 2; p = 2.2 × 10−16) and electricity consumption
(H(2) = 2; p = 4.197 × 10−13). This is to be expected and follows existing literature suggest-
ing homes with more occupants, or with elderly or young family members consume more
energy, usually to maintain thermal comfort [42].

Figure 2. Annual Electricity (on the left) and Annual Gas consumption (on the right) for the three
household groups.

Group C (with neither) has the lowest median and mean of the three groups which is
also to be expected [39]. Again, following the pattern seen in the literature, Group B (with
elderly) has the highest median and mean with elderly relatives usually requiring more
energy consumption to maintain comfort levels and remain healthy [40].

3.2. Identifying the Predictors of Annual Electricity and Gas Consumption for Each
Household Group

Results from the Lasso Regression on electricity and gas consumption show a dif-
ference between the final predictors within each group (see Table 3). The two strongest
predictors are highlighted in Table 3; these are the two predictors with absolute values
furthest from 0. These results are explored in the following sections, starting with ‘Model
1—Electricity’ and ‘Model 1—Gas’, then ‘Model 2—Electricity’ and ‘Model 2—Gas’, and
finally ‘Model 3—Electricity’ and ‘Model 3—Gas’.
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Table 3. Lasso regression analysis results.

Electricity Gas

Predictors Model 1 Building Group A Group B Group C Group A Group B Group C

Intercept 8150 8199 6737 17,064 16,024 1614
Total floor area 19 14 19 91 147 102
Property type −173 * −762 * −92 * −1784 * . −757 *
Local authority label −3 . −1 −6 −129 6
Wall description . −99 * . 86 167 * 144
Window efficiency . . 40 −148 * . −49
Main fuel −213 * . −183 * . . 636 *
Current energy efficiency −32 −5 −25 −97 −241 * −84

Predictors Model 2 Occupants Group A Group B Group C Group A Group B Group C

Intercept 1581 8040 1353 −3578 10,356 −23
Number of occupants 1025 * . 967 * 1817 . 2393 *
Number of children −318 . . −872 . .
Homeownership 49 . 598 * 3612 * 5192 * 3298 *
Gender 381 * −821 * . 2340 * . 1585
Age . . . 278 . .
Years in current home −20 −171 * −38 6 364 −175

Predictors Model 3 Behaviour Group A Group B Group C Group A Group B Group C

Intercept 12,225 5298 5698 6855 26,543 −5890
Main heat source −1440 * . −504 * 229 . 1306
Set room temperature 109 . 44 779 . 695
Heating schedule 188 . 296 867 . 1606 *
What time is the heating on? −59 . −33 −149 −683 * −49
Would the heating periods
stated above change for a typical weekend? −456 . −460 −2418 * . −1357 *
Weekend—what time periods do
you typically have the heating on? . . −1 203 . .
Who has the last word in
household heating decisions? −52 240 * 277 −644 . 184
What are you most likely to do
when you feel cold in your home? −23 . 14 −25 . 83
Do any of the household occupants
use an additional electric heater
during the winter months? 582 * . 522 * 1127 * . 1165

* indicates the two most powerful predictors in each group.

Within ‘Model 1—Electricity’, ‘Property Type’ is one of two the most powerful vari-
ables for all three household groups. For Group B, it is the most powerful predictor.
‘Property Type’ is also the most consistently powerful result of any variable within any
group or model, suggesting that the type of property will be one of the strongest deter-
mining factors of energy consumption. ‘Main Fuel’ is then the second most powerful
variable for both Group A and Group C, but has been reduced to zero for Group B, which
interestingly has instead ‘Wall Type’ as the second most powerful variable, this has been
reduced to zero for both Group A and C. Interestingly, ‘Window Energy Efficiency’ is only
powerful for Group C and ‘Current Energy Efficiency’ which is simply the EPC Score of
the property, shows very low levels of prediction power. EPC is the national standard to
test how much energy a home will consume, yet other predictors are more powerful.

Within ‘Model 1—Gas’, ‘Property Type’ is again the most powerful variable for two of
the three household Groups; A and C. Yet it has been reduced to zero in Group B. ‘Wall
Description’ sees a small increase from the Electricity Model to the current Gas Model
and again is one of the top two predictors for Group B, suggesting that this variable is



Energies 2024, 17, 4753 11 of 21

particularly important for predicting overall energy consumption in homes with elderly
occupants. The variable ‘Window Energy Efficiency’ also sees an increase in levels of power
from Electricity to Gas models for two household groups A and C, becoming the second
most powerful variable for Group A. This suggests that the performance of windows is
more important for electricity saving than for gas saving for households with children. The
variable ‘Main Fuel’ remains one of the top two predictors for Group C, but has now been
reduced to zero for Group A and remains at zero for Group B. Interestingly, the variable
‘Current Energy Efficiency’ has now become the most powerful predictor for Group B and is
now also slightly more powerful for the two other groups. This reaffirms that SAP is more
based on gas consumption, not electricity, overall consumption or unregulated energy.

Within ‘Model 2—Electricity’, there is slightly less consistency between which variables
are powerful when compared to ‘Model 1—Electricity’. The variable ‘Number of Occupants’
is the most powerful predictor for both Group A and C, but has reached zero for Group B.
It would be expected that those homes with more occupants would consume more energy,
but it appears that this variable is not powerful enough to be the case for homes with
elderly. Groups A and B show ‘Please state your gender’ as a strong predictor, which could
show some interesting results after further analysis. ‘Do you own your own home?’ is then
one of the strongest two predictors for Group C. Whilst the variable ‘How long have you
lived in your home?’ is a strong predictor for Group B only.

Within ‘Model 2—Gas’, the variable ‘Do you own your home?’ is a strong predictor
for all three groups. This may suggest that the difference in consumption between those
owning their homes and those renting could be substantial, potentially because of the
improvements one can make on their own home relative to rented accommodation. The
variable ‘Number of occupants’ is again a strong predictor for Group C, and the variable
‘Please state your gender’ is again for Group A, but both variables see decreases within
other groups within the model. The variable ‘How long have you lived in your home?’ is a
strong predictor for Group B once again, suggesting that this could be a reliable predictor
for overall energy consumption.

Within ‘Model 3—Electricity‘, Group B has had all but one variable reduced to zero
through the Lasso Regression. The variable ‘Who has the last word with heating decisions’
is the only variable to remain a predictor. This variable is also a low-scoring predictor for
the two other groups. The variable ‘Main Heat Source’ is a strong predictor for both Groups
A and C, as well as the variable ‘Do you use additional electric heating in the winter?’. This
result is unexpected as the literature would suggest that households with elderly more
often use additional heating sources to spot heat individual rooms [41].

Within ‘Model 3—Gas‘, the variable ‘What time is heating on?’ has increased in
power across all three groups (from Model 3 Electricity to Model 3 Gas) and become a top
predictor for Group B. This may suggest that households with elderly abide by different
heating time schedules, likely to maintain the thermal comfort of those elderly which falls
in line with literature [41]. Only one variable within ‘Model 3—Gas’ is the same as ‘Model
3—Electricity’, ‘Do you use additional electric heating in the winter?’, and it has remained
a strong predictor for Group A. Interestingly, the variable ‘Heating Schedule’ has also
increased in power (from Model 3 Electricity to Model 3 Gas) and is now a strong predictor
for Group C, but reduced to zero for Group B, where one would expect a similar increase
for the reasons suggested above.

3.3. Exploring Differences with the Predictors of Annual Electricity and Gas Consumption for Each
Household Group

The relationship between the outcome of ‘electricity and gas consumption’ and the
predictors within each household group are reviewed by applying either Spearman Rank
test or Kruskal–Wallis test depending on the nature of the data (discrete or continuous).
The highlighted results in Table 4 are those that show a significant difference between
groups. As above, these results are explored in the following sections, starting with ‘Model



Energies 2024, 17, 4753 12 of 21

1—Electricity’ and ‘Model 1—Gas’, then ‘Model 2—Electricity’ and ‘Model 2—Gas’, and
finally ‘Model 3—Electricity’ and ‘Model 3—Gas’.

Table 4. Spearman Rank test and Kruskal–Wallis test analysis results.

Electricity Gas

Predictors Model 1 Building Group A Group B Group C Group A Group B Group C

Total floor area 0.00 * 0.94 0.00 * 0.00 * 0.00 * 0.00 *
Property type 0.29 0.26 0.01 * 0.01 * 0.50 0.00 *
Local authority label 0.66 0.62 0.02 * 0.06 0.08 0.00 *
Wall description 0.17 0.65 0.74 0.00 * 0.37 0.00 *
Window efficiency 0.27 0.86 0.18 0.00 * 0.36 0.00 *
Main fuel 0.00 * 0.16 0.00 * 0.84 0.24 0.01 *
Current energy efficiency 0.03 * 0.63 0.00 * 0.00 * 0.03 * 0.00 *

Predictors Model 2 Occupants Group A Group B Group C Group A Group B Group C

Number of occupants 0.00 * 0.79 0.00 * 0.35 0.96 0.00 *
Number of children 0.00 * NA NA 0.04 * NA NA
Homeownership 0.02 * 0.76 0.00 * 0.00 * 0.03 * 0.00 *
Gender 0.29 0.11 0.45 0.00 * 0.98 0.00 *
Age 0.02 * 0.52 0.52 0.41 0.96 0.00 *
Years in current home 0.04 * 0.72 0.00 * 0.31 0.01 * 0.00 *

Predictors Model 3 Behaviour Group A Group B Group C Group A Group B Group C

Main heat source 0.00 * 0.11 0.00 * 0.34 0.27 0.00 *
Set room temperature 0.00 * 0.04 * 0.00 * 0.00 * 0.18 0.00 *
Heating schedule 0.00 * 0.80 0.00 * 0.02 * 0.65 0.00 *
What time is the heating on? 0.00 * 0.58 0.00 * 0.00 * 0.05 0.00 *
Would the heating periods
stated above change for a typical weekend? 0.06 0.75 0.00 * 0.53 0.56 0.00 *
Weekend—what time periods do
you typically have the heating on? 0.60 0.23 0.07 0.68 0.01 *
Who has the last word in
household heating decisions? 0.23 0.20 0.00 * 0.18 0.17 0.00 *
What are you most likely to do
when you feel cold in your home? 0.00 * 0.63 0.00 * 0.00 * 0.14 0.00 *
Do any of the household occupants
use an additional electric heater
during the winter months? 0.00 * 0.57 0.00 * 0.00 * 0.07 0.00 *

* indicates p < 0.05

Within ‘Model 1—Electricity’, no variables show a significant difference between
groups for Group B, but ‘Total Floor Area’ and ‘Main Fuel’, both show significant differences
between groups for Group A and C, suggesting that these two variables may be the
most important for gauging energy use in the home. Group C, electricity consumption
shows a significant difference between groups for the variables ‘Property Type’ and ‘Local
Authority’, the latter suggesting the local climate can play a role in electricity consumption.

The ‘Model 1—Gas’ results vary considerably compared to the electricity model;
both ‘Total Floor Area’ and ‘Property Type’ show a significant difference between groups
for all three household groups with ‘Wall Description’ and ‘Window efficiency’ showing
significant difference between groups for groups A and C. Group C shows a significant
difference between groups for all variables.

Eight of the 18 tests of ‘Model 2—Electricity’ show significant differences between
groups for all three household groups. Group B has identical results to ‘Model 1 -Electricity’,
as it shows no difference within any variable. Groups A and C both show significant
differences within ‘Number of Occupants’ and within ‘How many years living in the home’.
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The variable ‘Number of Children’ shows a significant difference between groups for Group
A, but not for Groups B and C. Finally, ‘Gender’ shows a significant difference between
groups for Group C only.

Within ‘Model 2—Gas’, the variable ‘Do you own your home’ is the only variable to
show a significant difference between groups for all three household types, suggesting
again that there may be a benefit from the freedom that owning one’s home brings in
terms of mitigating gas consumption. It would be expected that the variable ‘Number of
Occupants’ would have a strong relationship with gas consumption, but it only shows
statistically significant results for Group C. This household type is only made up of single
people or couples, potentially meaning the change from one to two occupants plays a larger
role than the following change from more than two occupants. The variables ‘Gender’
and ‘How many years living in the home’ show significant differences between groups
for two out of three household groups. The variable ‘Person Age’ only shows a significant
difference between groups for Group C.

Within ‘Model 3—Electricity’, the variable ‘Set Room Temperature’ shows a significant
difference between groups for all three household groups. This is to be expected as space
heating in domestic properties is the largest energy consumer [5]. However, the majority
of space heating in this study is gas-powered, thus this may require further analysis. The
variables ‘Main Heat Source’, ‘Heating Schedule’, ‘Time Heating is on’, ’Action when
Felling Cold’ and ‘Additional Heating?’ all show significant differences between groups
for household groups A and C. Group B again shows very few significant differences for
the variables included in this analysis.

The same can be said for Group B in ‘Model 3—Gas’; there is no significant difference
between groups for any variable. Yet, Group C shows a significant difference between
groups for all variables. Group A in ‘Model 3—Gas’ has almost identical results to Group A
in ‘Model 3—Electric’; showing only one change, no longer having a significant difference
between groups for the variable ‘Main Heat Source’.

4. Discussion

The first step of the analysis was to review the variability in electricity and gas annual
consumption between household groups; ‘Group A—With Children’, ‘Group B—With
Elderly’ and ‘Group C—With Neither’. Although little difference in central tendency
was observed, there was a significant difference between groups, with households with
elderly residents consuming more energy. This analysis led to the review of the energy
consumption predictors of each household group.

From the Lasso regression analysis, ‘Model 1—Building’ results show that the variable
‘Property Type’ is the strongest predictor for both electricity and gas consumption, often
reaching scores of a magnitude of ten times larger than other variables. Importantly, this
result is observed across all three household groups. This falls in line with the literature,
which showed physical building variables have the largest effect on domestic energy
consumption [26], but it is important to approach energy consumption mitigation from
other angles, especially when property type cannot be changed or improved in around half
of the UK dwellings (e.g., rented accommodation, historic properties, etc.) [53].

It is apparent from the results of both the Lasso regression analysis and the inferential
analysis, that variables relating to dwelling ownership seem to play a large role in terms of
energy consumption. The variable ‘Do you own your home?’ is a strong predictor of the
Lasso regression analysis for four out of six groups, and shows significant differences be-
tween groups for five out of six household groups within the inferential analysis. Similarly,
the variable ‘Length of time in home’ is a strong predictor of the Lasso regression analysis
for two out of six groups, and shows significant differences between groups for four out of
six household groups within the inferential analysis. Literature considered the ownership
of homes an important aspect of mitigating energy use [26].

The results of this analysis appear to fall in line with points raised by other studies; that
those who own their home can upgrade their envelopes or systems over time, thus reducing
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their energy consumption compared to similar dwellings that are not owned by occupants.
This difference between rented/ownership status, and thus the difference between who
pays and who benefits from building upgrades, is known as the ‘Split Incentive Effect’.
Kristrom et al. (2015) found that “owners are substantially more likely to have access to
energy-efficient technologies and better insulation”, thus could reduce energy consumption
more than renters [54]. This issue is currently being discussed at the national level, with
potential plans to enforce a mandatory EPC rating ‘C’ for all rented dwellings by 2025 [55].
This would require improvements to the buildings’ envelopes and systems/technologies,
which this study’s result also suggests being the most powerful influencers and thus
sensible improvements to be made first.

In the UK, 63% of households own their place of residence [53], but within this survey,
75% (n = 3688) of participants stated they owned their home. This higher rate demonstrates
how the sample is not truly reflective of the UK. It can be expected that, with this higher
rate of ownership along with the aforementioned opportunities homeowners have to
implement upgrades, energy consumption may be lower in the survey than that of the
UK average household. However, this study’s results show the opposite with the owned
group representing larger average energy consumption than non-owners (both for gas
and electricity), see Figure 3. This may be because other variables are affecting energy
consumption. The average floor area in the sample is 117sqm, whereas the UK average is
lower at 97sqm [55]. This will likely mean that energy consumption is higher within the
study results than would be expected based on UK averages. Similarly, the average income
for a household in the UK is £35K [56], whereas 40% of the sample falls within the ‘greater
than £60K’ category. This implies that participants have on average more disposable income
and are less constrained to consume energy, thus the energy consumption data is higher
than expected.

Figure 3. All household groups, variable ‘home ownership’ (Yes/No) for electricity consumption (on
the left) and gas consumption (on the right).

This study and the review of literature have highlighted that variables such as
‘dwelling age’ are unreliable for a study such as this because this variable does not allow
for dynamic measuring, it only refers to a single point of measurement in time. However,
the variable ‘Wall Description’ is a current measurement of a dwelling that also encom-
passes any changes that may have been made to the property. Thus, it may be a better
representation of building performance. The Lasso regression analysis shows that the
variable ‘Wall Description’ is a predictor of gas consumption for all household groups
and a strong predictor for Group B, but it is less powerful within the electricity models,
with it only being a predictor for Group B. The skew to gas over electric may suggest that
the wall types are more influenced by aspects such as heating (which is predominantly
gas-sourced). In the future, this may change with the gradual transition to electric heating.
The result, that wall type is only a strong predictor in homes with elderly, may also be
based on heating use, but because of the higher temperature levels (and longer heating
periods) that the elderly require to maintain thermal comfort as discussed earlier and put
forward by Pais-Magalhaes et al. (2022). Figure 4 shows gas consumption vs. wall types
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for groups A, B and C, respectively, and that Group B (with Elderly) does not show the
same pattern as groups A and C, which are very similar [42].

Figure 4. Variable ‘Wall construction’ vs. Gas consumption in kWh/annual for ‘Group A—With
Children’ (top), ‘Group B—With Elderly’ (middle) and ‘Group C—With Neither’ (bottom).

On the variable ‘current energy efficiency’, It could be expected that the SAP rating
would be the strongest predictor and show the strongest relationship with energy con-
sumption as this is the tool used by the UK government to predict energy consumption.
However, the results show that the variable is only a strong predictor for Group B gas
consumption. Yet, it shows a significant difference between groups with all but one group
within the inferential analysis (Spearman Rank). The difference between the two sets of
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results would suggest further analysis is required. This does however reinforce the idea
that the EPG may be at least partly due to variables not considered within SAP, such as
occupant behaviour and unregulated energy consumption as previously discussed. More
research is required that consistently measures similar variables (both for modelling and
real-world measuring). The results also call into question the validity of any modern EPC
as the score is marketed as a true representation of energy consumption. The mean average
EPC rating for the participant group is 62 (E), which is very similar to the national average
of 60 [32]. This variable is far closer to the UK average than many of the others analysed in
this study. It could be expected that with higher levels of ownership and income, homes in
the sample would achieve a higher-than-average EPC rating. Figure 5 shows EPC Results
against gas and electricity consumption. The regression lines suggest that the higher the
score, the less energy is consumed, which is to be expected, but the shallowness of the line
suggests the differences between the scores are small (see Table 5).

Figure 5. Variable ‘current energy efficiency’(EPC rating) vs. electricity consumption (on the left) and
vs. gas consumption (on the right), for ‘Group A—With Children’(red line), ‘Group B—With Elderly’
(green line) and ‘Group C—With Neither’ (blue line).

Table 5. Summary of Results from variables ‘current energy efficiency’(EPC rating) vs. consumption
(gas and electricity).

Electricity Gas

Result Group A Group B Group C Group A Group B Group C

p Value 0.00 * 0.14 0.00 * 0.00 * 0.03 * 0.00 *
R2 Value 0.02 0.03 0.02 0.03 0.09 0.004

It can be seen from Figure 5 that the regression lines in the electricity graph maintain
the same position as the EPC rating increases. Homes with elderly consistently consume
more electricity. but as the EPC improves, the gap between the three regression lines
increases, suggesting that having dependents in the home limits the potential energy
saving that may come by living within a high-performing home. The gas consumption
graph on the right shows that having elderly in a poor-performing home will mean gas
consumption is significantly higher than the two other groups, but this improves strongly
as the EPC improves until having elderly in the home means that energy consumption
will be less than the other two groups (A and C). The two regression lines of groups A
and C maintain a consistent position and steepness to each other throughout the EPC
rating range.

The results from the variables such as ‘Number of Occupants’ and ‘Floor Area’ are
as expected; when there are more bodies to feed, wash and maintain comfort for, energy
use increases [26]. Similarly, when there is a larger home to heat then overall energy
consumption of gas and electricity increase. the variable ‘Number of Occupants’ is a strong
predictor for ‘Electricity—Group A’, ‘Electricity—Group C’ and ‘Gas—Group C’, it is also a
predictor for ‘Gas—Group A’.
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The variable ‘Gender’ is also important within surveys, especially regarding aspects
such as heating. Males generally require a lower temperature to maintain thermal com-
fort [57] or genders may have different roles in the home which means they behave in
different ways or have knowledge of differing aspects of energy in the home [58]. Within
this survey, the variable ‘Please state your gender’ is a strong predictor for three of the six
household groups (‘Electricity—Group A’, ‘Electricity—Group B’ and ‘Gas—Group A’).
The gender in the sample was 30% Female (n = 1499), 57% Male (n = 2815) and 13% Other
(n = 639).

Continuing with occupant factors, the variable ‘Who has the last word on heating
decisions?’ is a strong predictor for ‘Electricity—Group B’ and is only disregarded in one
of the six household groups (‘Gas—Group B’). Thus, this variable can be considered an
important aspect. 34% (n = 1700) of participants stated they have the final word, 44%
(n = 2202) stated it was equally shared, 6% (30) stated their partner had the final say and
circa 20% stated ‘other’ or did not answer.

It is important to remember that both gas and electricity consumption data within
this study were taken directly from meter readings, including regulated and unregulated
uses from water heating, space heating and more. Thereby, singularly looking at the main
heating source as a variable may not portray a true representation of energy in the home.
Having said that, within the Lasso Regression analysis, the variable is a strong predictor for
‘Electricity—Group A’, ‘Electricity—Group C’, and ‘Gas—Group A’, suggesting when there
are elderly relatives in the home (Group B), the heating source is not an important factor
in predicting energy consumption, but when there are children in the home (Group A),
the main heat source is. This is the opposite result when compared to the variables ‘How
many years lived in home’ and ‘wall description’, which appear to be far more powerful
predictors for homes with elderly.

The ‘Additional heaters used’ variable, which would be expected to be a powerful
predictor for group B (with elderly) based on the literature, interestingly is a top predictor
for the groups without elderly in the home.

5. Conclusions
5.1. Summary of Findings

Domestic energy consumption is a significant and highly complicated issue, dependent
on an array of variables and influences. This study aimed to gain insight into the aspects
that influence gas and electricity usage in three different household groups: homes with
children, homes with elderly and homes with neither older nor younger generations. Using
Lasso Regression analysis on three different models of variables (Building, Occupants and
Behaviour), the results identified the most powerful predictors of energy consumption
within each group.

Property Type was found to be the most powerful predictor of both gas and electricity
consumption across the six groups (three for electricity and three for gas), fundamen-
tally suggesting that the physical building should be the first variable considered when
discussing energy consumption in homes. However, this is one of several factors that
cannot be changed—a detached dwelling cannot be changed into a flat. The first significant
conclusion from this work follows that if the most significant variable cannot be altered,
then it reaffirms the idea that less studied aspects such as occupant behaviour should
be considered more in policies addressing change in reduction in energy consumption.
Improving occupant energy behaviour could be one of the most effective ways to achieve a
reduction in energy consumption in dwellings that can have little else improved. Although
this paper discusses only several factors occupants control, it has shown that some may
act as powerful predictors, thus with more evidence and modelling could be applied to
potential future energy model predictions such as the design stage SAP.

Homeownership was the second most powerful predictor, showing a significant
relationship with five of the six groups. Interestingly, homeowners used slightly more
electricity and gas than non-owners, which contrasts with existing literature suggesting
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that homeowners typically retrofit their homes to improve energy efficiency. However,
the sample’s higher-than-average levels of homeownership, education, income, retirement
rates, and house size may explain these results.

The variables ‘Main Fuel Type’, ‘Number of Occupants’, ‘Gender’ and ‘Additional
Heaters’ are the next most powerful predictors, each being one of the two highest scoring
results across three total of six groups. Only the first of which is considered within the
SAP calculation, the latter are not, yet appear to be important variables that can be used
to predict energy consumption in the home. This could be more evidence to inform the
EPG. Current Energy Efficiency (EPC Rating) as a variable is also only a top predictor in
one of the six groups (elec B) but is used nationally as the main comparison of energy
consumption between dwellings. This paper has produced results that add to supporting
evidence that shows SAP needs to be updated to fall in line with the way homes are used
today. Of course, more research and accurate models are still required, but if SAP included
both regulated and an accurate assumption of unregulated energy use (possibly dependent
on the occupant demographics within the property—as this paper investigates), it would
support reducing the energy performance gap.

The variables ‘Set room temperature’ and ‘Floor area’ show significant relationships
with more groups than any other variable, but are not top predictors within any group.
Having said that, they still show results within the Lasso regression analysis, rather than
being reduced to 0, thus they can still be used to predict energy consumption. These
two variables are intrinsically linked to space heating; the most influential consumer of
energy in the home and one that can be completely controlled by the occupiers. Is there a
potential for improvement in how occupants use their heating systems? The government,
or energy providers, could target users with campaigns that promote more conscientious
use of heating systems in homes, helping in the reduction of energy consumption in the UK.

Comparing the three models, Building Variables should be the first part of any decision
that aims to improve energy use. For example, a fabric-first approach to retrofitting would
be more influential than improving systems or technologies within the home. But these,
along with occupant behaviours, are also important influencers that should be encouraged
to be considered more often [59]. This is especially important within dwellings that are
unable to be retrofitted in traditional ways such as insulation improvements.

The results from this study seem to show that occupant behaviour not only plays an
important role in energy consumption in the home but also should be incorporated into
future alterations to energy models. It is expected that more research needs to take place in
this area before this is the case, but with the energy performance gap being as prevalent as
ever, it is vital that all areas are investigated with the aim of reducing it.

5.2. Limitations of Study and Future Research

There are several important aspects to note regarding the limitations of this study.
The participant sample is not fully representative of the UK population, with higher-than-
average figures for household income, home size, homeownership rates, education levels,
and EPC ratings.

Although the gas and electricity metering data were automatically collected, and
the building data were extracted from the EPC certificates, most of the other data were
self-reported by participants. This not only leads to human error in occurrences but also
an internal bias. Surveys were also completed by one occupant within the home, which
means inherently there may be some bias. The participants would have given answers on
their own behaviours over other occupants in the home. Also, there may be some bias in
the response, as participants may have answered inaccurately or falsely to appear better
or simply did not know the true answer and gave their opinion. Previous research by
Gauthier, (2015) has shown that when asked about their behaviours, participants will often
suggest they behave differently than they do in real life [60].

The gas and electricity meter readings have been collected over one year, which may
have been a hotter or colder than average year. Heating Degree Days (HDD) are a way
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of balancing data such as this to make it comparable to other years and could be used if
further analysis is required.

This survey was carried out before 2022, UK energy bills have increased substantially
over the past two years and thus the economic factors of today’s climate may have led to
some participants behaving and data differently.

This study has shown that occupant behaviour, although not the most influential
factor, should still be considered when attempting to model or predict energy consumption
in the home. It is especially important during the design stage as a method of mitigating
the energy performance gap that has become apparent in recent years. Although not a
true representation of the UK, this study suggests that some demographic or occupant
behaviour factors (such as the use of a secondary heating system) could not only be used
as predictors for electricity and gas consumption but may be as accurate as traditional
predictors such as EPC scores. The inherent inclusion of unregulated energy within this
study (by using meter data) has shown how influential it can be and how future predictions
should aim to include this aspect.
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