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Abstract: This review of studies into Energy Efficiency Retrofitting (EER) has shown the practice of
EER to be a key factor in sustainability regeneration. Thus, the retrofitting practice itself (the way it
is organised) has received increasing attention from both practitioners and researchers, and studies
are now addressing some issues that are affecting the retrofit level of achievement. Most of the risks
which lead to low retrofit development are related to owners. This paper aims highlight the role of
the occupants in achieving the goals of EER. It is found that: a) the early involvement of occupants
in the design and construction stage, b) mutual engagement, and c) an integral approach that in-
volves the occupants are the key to motivate EER decisions from these same occupants. It follows
that this involvement, including the demographic characteristics of the occupants, such as their cul-
ture, habits, preferences, awareness towards energy saving and socio-economic factors, are indeed
effective in influencing the energy-related behaviours of these occupants. Moreover, other factors,
such as space-heating behaviour, presence/absence of the occupants, control level of the equipment
and window, and lighting control behaviour, are all effective factors in the energy performance of
the buildings. Hence, socio-technical advancements, co-design processes and effective energy effi-
ciency policies are recommended strategies to: a) improve occupants’ behaviours; and b) increase
their participation in EER projects.

Keywords: sustainable regeneration; occupant behaviours; energy efficiency retrofit; renovation
participation; behavioural change

1. Introduction

In the context of housing regeneration, as with any construction project, the full in-
volvement of the main practitioners is essential to achieve the project goals. Yet regener-
ation projects have their own characteristics, and in order to promote, implement and
achieve sustainability in these projects, it is essential to determine the roles of the key
players and the levels of their involvement. Generally, the interactions between the key
players affect the general performance of the projects [1]. According to Afacan [2], regen-
eration processes are currently carried out with the insufficient involvement of all stake-
holders and a deficiency in sustainability issues planning . Thus, the full engagement of
the main actors in the project delivery processes leads to the successful implementation
of sustainability deliverables for these projects [3].

The building energy renovation process is a part of sustainable urban regeneration
and is an essential approach to reduce energy consumption. Yet many projects are facing
failure, and the achievement of construction quality standards is not guaranteed after ren-
ovation. To improve the construction quality in building energy renovation projects, four
factors have to be considered, namely:- (1) people; (2) materials; and equipment; (3)de-
sign; and (4) organization based on the quality management process [4]. The current stud-
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ies [5] show that the effectiveness of energy-efficient retrofitting [6] depends on: (a) occu-
pants and (b) building (and systems) characteristics. The interaction of building technol-
ogy and the occupant affects energy consumption and health also [7]. However, most ren-
ovation initiatives, at least in Europe, have not considered occupant behaviours equally
to other factors in the energy efficiency process and consequently fail to consider occupant
behaviours as a risk to the achievement of satisfactory indoor environment quality (IEQ)
and the occupants’ own health [8]. Therefore, it is important to consider the interrelations
of building design, indoor environmental quality and the occupant behaviours [9].

In recent years, a large number of publications concerning energy efficiency retrofit-
ting (EER) have been published. While these studies have enriched the literature in this
discipline, there is still a need for a more comprehensive understanding of the impact of
people’s behaviour on creating energy efficiency (EE) performance gaps in retrofitted
buildings. Therefore, it is considered vitally important to examine, systematically, the lit-
erature relating to occupants’ energy-related behaviours and their participation, in order
to provide an effective understanding of the latest research findings in the discipline. In
particular, there is a lack of a systematic review or awareness of people's participation and
behaviours in energy efficiency retrofitted buildings (ERBs). Therefore, this study aims to
demonstrate the latest research directions in this area of interest. For the fulfillment of the
study aim, the following questions are addressed: (1) What factors affect energy-related
behaviours and people’s participation in EER projects?; (2) What kind of occupant behav-
iours affect the level of comfort and energy performance of the ERBs?; (3) How to improve
the technical performance of ERBs based on the occupant behaviours?; and (4) How peo-
ple can harmoniously adopt the technologies? These four research questions (RQs) will
lead to identifying the effective factors for creating energy performance gaps or low com-
fort levels and health risks in ERBs; investigating the different factors that affect the occu-
pant energy-related behaviours and their awareness of EE; and a set of recommendations
and the strategies to increase occupant participation. In response to the RQs, the literature
on relevant topics has been retrieved and classified into six main themes, which are de-
scribed in the following sections. Table 1 shows the connection between the RQs and the
relevant themes and topics.

Table 1. The relation of research questions to the themes and topics.

Research

Question Themes Topics

Energy consumption patterns of occupants including ~ Comfort perception of occupants
RQ1 people’s attitude towards energy saving and people’s
comfort perception

Energy conservation behaviours

Energy-related occupant behaviours

RQ2 People’s behaviours factors in EER People’s behaviours in ERBs

Energy performance gap

Renovation measures

T f the EER and th t
ypesotthe and the systems Types of the ERBs and their performance

RQ3
Health risks in ERBs
IEQ health risks in EER
Qhealth risks in Occupant well-being in ERBs
A hing behavi 1ch
Promoting strategies for energy saving Bp}f) ro'ac H;g = dalv LML LL. S
RO4 ehavioural mode

Occupants’ participation in the design pro-

EER management (barriers and drivers)
cess

2. An In-Depth Analysis of Occupant Behaviours in EER Research

The various energy consumptions of occupants are based on demographic character-
istics, lifestyles, limitations, different levels of comfort perception, attitude and awareness
towards EE and socio-economic factors. These factors are effective in emerging different
energy-related behaviours of occupants including heating behaviour, movements of the
occupants, control of the systems, and window and lighting control behaviour. In order
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to change the attitudes of occupants towards EE, improve occupants’ behaviours and in-
crease their participation in EER, behavioural changes, socio-technical advancements, co-
design process engagement, and energy efficiency policy are suggested strategies. For in-
stance, user interaction systems such as monitoring systems, feedback loops to a design
process, efficient appliances, a more image-based manual, and responsible innovation
would be effective in reducing occupants’ uncooperative behaviours in ERBs. The study
classified the literature regarding the six themes in response to four research questions.
These themes are described in the following sections.

2.1. Types of the EER and the Systems

‘Low-energy houses’ (LEHs), ‘passive houses’ (PHs), or ‘zero-energy houses’ (ZEHs)
are general terms for different types of EER. ‘Low energy’ refers to buildings with the aim
of less energy usage without any special requirements. While, ‘passive” houses, have to
fulfill specific requirements, including a maximum end-energy use for space heating and
limited primary energy demand for all end-users. ‘Zero energy’ generally refers to net
zero energy, which means a building where the net energy consumed over one year is
equal to the amount of energy produced on-site [10]. However, both passive houses and
NZEBs mainly have to meet their energy demands by building-integrated renewable en-
ergy sources [11]. The different types of EER buildings [10, 12] and their components in
both passive houses and NZEBs [12-15], the factors that have to be considered during ret-
rofitting [13, 16-20], and the energy-saving measures (ESMs) [18, 20] are studied by many
scholars.

Energy-efficient or high-efficiency buildings are not included only in new construc-
tion, and existing buildings can also be renovated as per the high-energy efficiency stand-
ard [21, 22]. Energy efficiency renovations can contribute significantly to reducing energy
consumption and achieving the EU and national energy efficiency targets [23]. EER of
residential buildings is a key measure in the contribution of energy conservation and im-
proves the life quality level of people as well [24]. Retrofitting approaches have to empha-
size technical-material changes in order to focus equally on researching and potentially
changing the energy-related purposes and actual activities of the occupants of ERBs. The
concept of energy culture is a useful investigation to analyze the household energy de-
mand and the indoor environment. Three key elements of energy culture have been de-
scribed in the study by Rau, Moran [25] and the results show that in order to achieve
actual and long-term energy consumption reductions, it is crucial to consider an inte-
grated approach that combines technology-aided changes and reforming of occupants’
attitudes and practices, simultaneously [25].

Since the interactions have two players including the human and the building (sys-
tems); hence, the occupants have to be considered in the design process of control systems
and building infrastructure . In terms of occupants, it is suggested to understand their
comfort perceptions, emotions, behaviours and awareness qualitatively and quantita-
tively, as well as control levels, and attitudes towards energy, needs, and habits. Whereas,
on the building and systems side, elements such as usability, quality, affordances and lay-
out have to be considered [26, 27]. As the building systems, environment and occupant
are interrelated, particularly in the indoor environment, every action, behaviour or habit
exercised by the individual can affect the environment, and subsequently, the environ-
ment influences the action and the behaviour of the person. Consequently, it is essential
to understand the components better through an integrated analysis of occupant behav-
iours and the indoor environment. In terms of occupants’ behaviours, their preferences
and needs, profiles, intentions (locus of control, emotions, attitudes, social factors); habits;
and health and comfort status have to be considered. On the indoor environment side,
occupants are exposed to the positive and negative stressors that influence their behav-
iours [28, 29]. Therefore, interdisciplinary studies are required to study the interactions
between occupants’ behaviours, preferences and needs towards energy, comfort, health,
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energy-efficient systems, and the indoor environment. Moreover, it is required to inte-
grate knowledge from the indoor environment, energy, behaviour, and design sciences.
Learning from real case studies, from the design step to early occupation leads to under-
standing the drivers of energy efficiency, IEQ, and health in residential buildings [30, 31].
The energy performance gap generated by the buildings’ characteristics, technologies, and
occupants’ behaviours is shown in Table 2.

Table 2. The effective factors on energy performance gap related to the buildings' characteristics
and occupants’ behaviours.

Renovation

Measure Effective Factors Technology Gap Reference(s)

The energy efficiency of the building
Building enve- before the energy renovation, type of

lope building, income level of occupants, oc- Thermal renovations (20,32, 33]
cupancy
I h f heat-
ndoor temperature and hours of heat Enhancing heating installations [18,32, 33]

ing system operation

Buildi i
uriding SeerCeaComprehensible ventilation system in- Ventilation system adapting the build-

34,35
terfaces and functioning to users ing design to users’ needs [ |

Monitoring system [35]
Feedback loops to a design process that
could include interface design and ad- [36]
aptation steps

Efficient appliance [37]

Residents’ satisfaction (control, usabil-
User interaction ity, suitability for varying preferences,
systems financial security, comfort, and secu-

rity)

A more image-based manual

[36
Responsible innovation 1361

2.2. Energy Consumption Patterns of Occupants

The energy consumption of buildings shows a strong relationship with the occu-
pants’ activities. A key factor in controlling building energy usage is a lack of understand-
ing of occupant behaviours. The critical review paper of Harputlugil and de Wilde [38]
has identified the existing gaps in the previous research on energy-related occupant be-
haviours. They stated that the majority of the research focuses on technical aspects rather
than socio-economic issues [38]. Moreover, “comfort” and “health” are ignored in the pre-
vious studies, and both are rarely measured. Consequently, occupant behaviours, prefer-
ences and needs are understudied and required to be integrated into the research and
development of retrofitting measures [30]. Reducing energy consumption, despite the in-
stallation of energy retrofitting technologies, is partially related to the occupants (behav-
iours, preferences, needs, awareness) and to some extent is also due to technical issues.
The factors identified in prior studies [26, 27, 30, 39] which are effective on behaviours of
the occupants in energy consumption are shown in Figure 1.



Land 2022, 11, 1944

5 of 21

Preferences and needs.
Profile.

Emotions.

Habits.
Social-economic factor.
Culture.

Household composition

Occupant

Health and comfort status.
Behaviours & E
Energy consumption practices.

Control levels

Attitudes and
Awareness towards energy

Figure 1. Effective factors on occupant behaviours energy use [26,27,30,39].

The study of Santin, Itard [40] showed that some occupant behaviours is defined by
the type of house or HVAC systems, and consequently, the effect of occupant characteris-
tics might be larger than expected, since these specify the type of residence [40]. Gardner
and Stern [41] have defined two types of behaviours (efficiency and curtailment behav-
iours) related to energy conservation in their studies. Window-opening behaviour is one
sort of energy-related behaviours that has been discussed in prior studies, extensively.
According to the literature findings, five categories of significant variables influencing
window opening behaviour for residential buildings include physiological factors (e.g.,
age and gender), psychological factors (e.g., perceived illumination and temperature pref-
erence), social factors (e.g., smoking behaviour and presence at home), contextual factors
(e.g., dwelling type, room type, room orientation, ventilation type, heating system, time
of day and season) and natural environmental factors (e.g., outdoor temperature, outdoor
air quality, indoor relative humidity, solar radiation, wind speed, CO:2 concentrations and
indoor temperature) [42]. Lighting control behaviour is an attractive topic for some re-
searchers as well [43, 44]. Occupancy, time of the day, and occupants” movement within
the building are effective in the lighting behaviour of occupants [45]. Space heating/cool-
ing behaviour is another type of behaviour that has been mainly discussed [42]. The case
study of houses in the Netherlands has highlighted the main factors that are effective on
heating behaviour and energy consumption, such as occupants’ thermal comfort percep-
tion, occupancy, time of the day, thermostat setting, ventilation system, and heating type
[46].

Consequently, the variedenergy consumption of occupants is based on their lifestyles
(different attitudes, habits, clothes, beliefs, and culture), limitations (age, gender, vulner-
ability, metabolic heat, thermal sensitivity, and safety), and indoor environment quality
(different aspects of comfort levels for thermal, acoustic, indoor air quality, and visual)
[38]. The research team van den Brom, Hansen [47] have studied the impacts of the house
type and the building characteristics on the energy consumption of occupants. For exam-
ple, the occupants’ impact is greater for energy-efficient houses than for energy-inefficient
dwellings [47]. Furthermore, occupants with a high income can save more energy than
occupants with a low income. Moreover, residential buildings with employed occupants
make more use of improved building installations than those occupied by unemployed
occupants. However, it is not found that the number of occupants per house has a signif-
icant effect [20].
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Pothitou, Kolios [48] concluded that surveys that were conducted based on qualita-
tive research; [49-55] revealed consumption patterns and routines in daily occupants’ life.
It can be summarized as: occupants’ unawareness of annual energy and water consump-
tion; a gap in the public’s awareness of global warming and the effect of heating and cool-
ing homes on climate change [56]; no consumers’ environmental behavioural change de-
spite environmental issues concerns [57] due to the initial cost of energy-efficient products
and the lack of public funds as the main barriers [58]; and no new behaviour adoption
despite awareness of household or practices to reduce energy consumption due to the
occupants’ habits. Therefore, the lack of occupants’ awareness of energy-saving behav-
iours and their daily practices causes an energy performance gap, which is described in
the following section.

Research on occupant behaviours has been concentrated on various specific behav-
iours, such as window opening behaviour, lighting control behaviour and space heat-
ing/cooling. This indicates that there is a need to further understand occupants' behav-
iours regarding energy use in buildings.

Furthermore, a systematic framework will lead to model and capturing the interac-
tion between occupants and building energy systems from different perspectives through
an integrated evaluation system. Additionally, there are insufficient data on behaviour
profiles and energy use in actual buildings. The socio-economic context can contribute to
the understanding of occupant behaviours and enlighten approaches to encourage more
energy-efficient behaviours.

Likewise, more research is required to integrate behavioural factors with energy pol-
icy making. The role of occupant behaviours in the energy efficiency policy of buildings
is a large research gap. Policymakers would improve building energy efficiency policy by
recognizing occupant behaviour’s impact on the effectiveness of relevant policies [42].

As a consequence, the effective factors influencing the energy efficiency of the build-
ings that need occupants’ participation, as well, are shown in Table 3.

Table 3. Effective factors on energy efficiency renovation with respect to the occupants” participa-
tion.

Effective factors References
Education level [16, 59]
Socio-demographic Gender and age [40, 59, 60]
characteristics I t
ncome I:a e (20, 40]
Occupation

Transaction cost barrier:
Finding a trustworthy expert/contractor for exterior renovations

L o ) [16]
. Cost determination for interior renovations
Behavioural factors . . . - .
Finding methods to improve the energy efficiency of renovations
Support and advice of the expert: (16, 20]

Source of information and instructions for maintenance and installation

2.3. People’s Behavioural Factors in EER

As aforementioned, energy-related occupants’ behaviours depend on their comfort,
and mainly, on their thermal comfort [61]. People’s behaviours can be categorized into
three types: 1) physiological adaptation; 2) psychological adaptation; and 3) behavioural
adaptation [62]. These three adaptations are related to the local weather climate and the
social and cultural environment. Behavioural adaptation is the main factor in which indi-
viduals adjust their body heat balance by changing themselves or the environment to keep
thermal comfort. In order to avoid discomfort, people change themselves through cloth-
ing adjustments, or in other ways, such as posture [63] or activity changes. People change
the environment to maintain thermal comfort by opening windows, drawing blinds, or
changing their location to a more comfortable space. Mechanical systems usage such as
heating, cooling, or fans are examples of adaptive behaviours [64]. As an example, the
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findings of the case study of Bonte, Thellier [61] on an office show that the major behav-
iour on total energy demand is the actions on set-point temperature, blinds, and lights.
Moreover, the main behaviour on thermal comfort is changing the set-point temperature,
clothing insulation, and blinds. Particularly, the occupants’ habit cause (mis)use of the
control systems of the comfort providing appliances, by some activities including radiator
control (adjusting thermostat settings), opening/closing windows, dimming/switching
lights, shade control (pulling up/down blinds), turning on/off HVAC systems and move-
ment between spaces [30, 42, 65]. Furthermore, behavioural adaptations, for instance,
clothing adjustments, drinks consumption and human metabolic rate changes, directly
affect an individual’s comfort and building energy consumption, subsequently. Therefore,
both direct and indirect drivers, at the individual, local, whole-space or zonal levels affect
the building energy consumption differently [65].

Many scholars studied window, shades and blinds control behaviour [66, 67]. The
most important issue between perceived IEQ and outdoors is the building envelope [68].
Window operation provides occupants with the desired indoor thermal and air quality
conditions through adjustments to air movements throughout the building. Additionally,
as the building envelope is being more thermally efficient, ventilation and air infiltrations
as a result of window opening are increasing their impacts on energy use, and, accord-
ingly, becoming the main source of thermal loss of the heat balance mechanism. Accord-
ing to Humphrey’s adaptive principle, if a change happens to cause discomfort, people
respond in a way that tends to restore their comfort [69]. Windows, shades, and blinds
allow occupants to control and adjust thermal and visual comfort levels. Similarly, the
position and frequency of interaction with portable shading and blinds affect the building
energy consumption, peak loads and visual and thermal comfort. Appropriate windows,
shades, and blind interactions provide an energy-efficient strategy. However, the contrary
interactions easily lead to energy waste [70, 71]. Stakeholders have predicted that the res-
idents are key players in the success of the project. For instance, when the heating system
is on, the residents need to keep the windows closed. Furthermore, some residents may
open windows for ventilation, which results in more energy consumption in winter, while
balanced ventilation with heat recovery provides fresh air [36].

Some scholars have studied space heating/cooling behaviour. The interaction of oc-
cupants with building systems is effective in the total energy consumption of buildings.
Hence, occupant behaviours is the most important cause of uncertainty in energy use pre-
diction [72]. Therefore, to link the gap between actual and expected energy consumption,
there is a need to understand occupant-building interactions [73]. Langevin, Wen [74] re-
vealed that individual heating/cooling device usage increases the thermostat set-point en-
hancing thermal comfort, whereas they reduce the overall energy consumption. Energy
consumption can vary according to the HVAC control strategy, with the main physical-
behavioural services including ventilation, thermostat set-point, and indoor thermal en-
vironment [75, 76]. Some of the main effective factors on heating loads include occupant
mode, thermostat set-point and heated area [61, 77]. Classifying the occupant as either an
active, medium, or passive user, and connecting occupant behavioural characteristics to
heating set-point preferences, influences the indoor thermal environment and energy con-
sumption [78, 79]. Technical solutions that limit the interaction of occupants with technol-
ogy are a strong solution to reduce wasted energy. Though, it is recommended that the
thermal control perception and higher occupant satisfaction, designate a solution that re-
quired occupant-building interactions [80]. Regarding the conceptual framework on the
habitual behavioural change proposed by Pothitou, Kolios [48], and the prior research [40,
42, 45, 46, 81], the study has developed the conceptual framework of occupants’ energy-
related behaviours (Figure 2). Table 4 has listed the effective factors on energy-related
behaviours of occupants in residential buildings.
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ﬁnviromnental factors, *Time of day, time of week \
*Building and systemrelated factors *Occupancy
(thermostat setting, ventilation system, *Social factor
and heating type)

o

*Occupant related factors (occupants”
perceptionof heat/cold, occupants’
perceptionof dry/humid air, occupancy)

* Time of day, time of week

Space-heating Occupant movement
behaviour and presence

Local clinate, social and
culture environment

Energy-

related
occupant

behaviours

/

*Occupancy,
*Time of the day

building.

*Occupants movement within the

Windows, shades \

Lighting and and blinds control
electrical equipment behaviour

control behaviour

*Physiological factors (e.g. age and gender),
spsychological  factors (e.g.  perceived
illumination and temperature preference),
*Sodial factors (e.g. smoking behaviour and
presence at home),

*Contextual factors (e.g. dwelling type, room
type, room orientation, ventilation type,
heating system, time of day and season)
sPhysical or natural environmental factors
(e.g. outdoor temperature, outdoor air
quality, indoor relative humidity, solar
radiation, wind speed, CO2 concentrations
and indoor temperature).

Figure 2. The conceptual framework of occupant energy-related behaviours [40,42,45,46,81].

Table 4. Energy-related behaviours of the occupants in residential buildings.

Energy-Related Behaviours

Effective Factors

Behaviours Activity References

Occupants’ perception of heat/cold, occupants’

perception of dry/humid air, occupancy, time of
the day, thermostat setting, ventilation system

and heating type

Radiator control (adjusting thermo-
Space Heating/Cooling Behaviourstat settings) [30, 42, 46, 65]
Turning on/off HVAC systems

Physiological factors, psychological factors, social
factors, contextual factors and natural environ- Window Opening Behaviour Opening/closing windows

mental factors

Occupancy, time of the day and occupants’

Dimming/switching lights
Lighting Control Behaviour Shade control (pulling up/down

t within the buildi
movement within the building blinds) [30, 45, 65]
Clothing ad]gst’ments, the consump“aon of drinks Behavioural adaptations (65]
and changes in the human metabolic rate
Individual occupancy patterns Occupants’ Movement and Pres- Movement between spaces [40, 82-84]

ence

2.4. IEQ Health Risks in EER

The essential components of high-efficiency buildings include the building envelope,
HVAC system with filtration, and controls for indoor air quality [12]. The mechanical
HVAC system is significantly effective in environmental improvement by allowing wind
flow between the rooms and consequently moisture reduction and thermal comfort level
improvement, as well [85]. Some studies [86, 87] show that sufficient air exchanges miti-
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gate humidity, and reduce user exposure to other indoor pollutants such as carbon diox-
ide and bio effluents. Moreover, high-efficiency buildings can reduce indoor exposure to
air pollutants by up to 80%, which results in health and productivity benefits [88], the
energy-retrofitted buildings cause risks for IEQ and consequently for the health and com-
fort of occupants [30]. The results show that the retrofitting of the buildings can lead to
complaints about mould growth, built- up of pollutants (including radon), lack of control,
thermal comfort stress (feeling too cold, too warm, or draught), noise annoyance from
heating and ventilation installations and a range of health problems. The underperfor-
mance of mechanical ventilation, heat recovery systems, and air source heat pumps is of-
ten a consequence of deficient commissioning and maintenance, and poor occupant con-
trol due to complexity [30]. Since, filtration in the HVAC system prevents outdoor pollu-
tants intrusion into indoors, changing and cleaning filters plays a major role in the perfor-
mance of HVAC. Moreover, exposure to indoor air pollution is detrimental to occupant
mental health [89, 90]. Building-related illnesses (BRIs) vary in residential buildings due
to exposure time and occupancy level. Thus, spending more time in residential buildings
exposes the occupants to BRIs such as asthma and cancer (Table 5) [91, 92]. Usually, occu-
pants use the systems differently than expected [93] and renovators are concerned more
with the level of comfort than with the maintenance of ESMs [16]. To avoid BRIs, the sup-
port and advice of the expert and source of information and instructions for maintenance
and installation are recommended [16, 20].

Table 5. The building and occupants’ behaviours in health level.

Effective Factors

How Building-Related Illnesses

Mechanical HVAC

system

Installing HVAC systems and issues
within (ducts, filters, maintenance,

-Risk of health problems, particularly for airways, skin,

noise) and eyes [30]

The HVAC system causes an inflow of

-Increasing indoor moisture and leads to a higher level

f microbial th and dust mit 4-
outdoor pollutants [86] of microbial growth and dust mites [94-98]

Building envelope

Air-tighter and more thermally insu-
lated [12] and inadequate air exchange

-Diseases include asthma, cold and flu, lung cancer and
cardiovascular diseases especially ischemic heart disease
[86, 99, 100]

2.5. EER Management

As aforementioned, the majority of the energy retrofitting performance risks are re-
lated to owners and contractors. The low awareness, poor cooperation and opportunistic
behaviours of owners negatively affect project commencement and performance. A case
study in China suggested increasing information disclosure and provision in retrofitting
projects globally. Firstly, the provision of information on energy retrofitting technologies
and systems in the early phase of projects causes the plan modification reduction and
minimization of owners’ dissatisfaction in the consequent stages. Secondly, the provision
of information on technical staff leads to owners’ trust enhancement in on-site construc-
tion and subsequently improves their cooperation. Thirdly, increasing the knowledge of
the owner about maintenance results in maintaining good performance of retrofitting
measures. Lastly, information provision on designers' and constructors’ technologies is
effective in the rational decision-making of the government and homeowners [24].

Moreover, the provision of adequate and effective information decreases owners’
risk perception. Increasing owners’ self-awareness of active cooperation is an important
factor to manage homeowner-related risks. Responsibility sharing (e.g., motivating own-
ers to accept some retrofitting costs) leads to minimizing the barriers from the owner’s
side during the construction phase [101]. Information provision on retrofitting profits and
facilities is more effective in enhancing owners’ cooperation. Good cooperation of owners
contributes to smooth project implementation [102]. There is also another case study in
China that confirms that the successful implementation of energy-efficient renovation is
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directly related to homeowners’ participation. Inadequate owners’ participation causes
difficulties in both the performance and funding of the projects. The results show that
although most homeowners are optimistic about government-led renovation and are in-
terested in participation, the processing system is not well-designed to let them be fully
involved. It can be concluded that designing a targeted renovation and participation strat-
egy is essential to maximize effective communication. The study concluded that the per-
fect process is never achieved in practice in renovation projects and so there is a deviation
between homeowners’ expectations and the actuality. Hence, the participation procedure
has to be enhanced [103].

In terms of governmental actions, there is a need to consider the integration of build-
ing quality information and the owners” understandability of technology information;
thus, the government needs to consider the information distribution on retrofitting bene-
fits in the public domain. Additionally, the government might also need to create pilot
retrofitting projects. In the meantime, the communication and interactions between pilot
projects and the local community need to be strengthened to make retrofitting information
available to homeowners. Likewise, the government should provide more detailed qual-
ity information on the potentially renovated buildings to certify the safety of retrofitting
and reduce owners’ concerns about the safety during the retrofitting. Failure to allay their
concerns may subsequently reduce their interest in cooperation. Furthermore, the govern-
ment should pay more attention to setting up energy consumption databases for residen-
tial buildings and making them available to the public. The government also should en-
courage personalized retrofitting projects, properly. In order to perform retrofitting pro-
jects based on homeowners’ actual needs within the financial limits of the government, a
good understanding of the everyday life of the homeowners is required. It is likewise rec-
ommended that the government should make available the technical information in an
easily understood form by owners [102]. Consequently, risk perception and retrofitting
information are effective for the homeowners’ cooperation. However, other factors which
are effective on homeowners’ cooperation are ignored, for example, each homeowner’s
reputation amongst the neighbours [104], and personal norms referring to the feelings of
ethical obligations [105]. The contextual and technological gaps related to the occupants’
behaviours in EER are shown in Figure 3 [106-109].

-Unrecognised reasons and attributes such as individual
awareness, and preferences

-Motivation such as monetary incentives Technological advancemet

-Contextual factors such as ownership, and availability of (Socio-technical approach)

products and services

-Information and communication technologies (ICT)-based
-A more image-based Manuals

-Responsible Innovation

-Real-time occupancy information

-Rejection of the technologies such as shutting off the system,
-Using more frequently or differently than expected
-Hacking or changing settings -Control plug loads
-Occupancy-based control

-Building automations

Figure 3. The contextual and technology gaps related to the occupants’ behaviours in EER [106—
109].

Some strategies in order to increase occupants’ participation in EER projects and to
reduce their uncooperative behaviours in creating energy performance gaps, as suggested
by different scholars are as follows: informing residents through more image-based man-
uals Boess [36], responsible innovation [36, 110], mutual engagement [36, 111], integration
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(communication with residents before and after renovation) [93, 112-114], building auto-
mation and energy-intelligent buildings [115-118], real-time occupancy information [37,
115, 119-123], occupants’ participation in the design process [35, 93, 112, 113, 124-130]. In
terms of occupants’ participation in the design process, Akotia and Opoku [131] suggest
the client’s representative to achieve the client’s requirements. The client’s representative,
is one of the effective practitioners in the construction project delivery processes that rep-
resents the client’s interests in the project [131]. Figure 4 shows the importance of occu-
pants’ participation in the design process regarding the prior studies [93, 127].

There is a lack of ideas in
integrating design participation
in innovation processes

Plannin / Co-design \ Resident
5 i H participation
processes \ processes : processes

-Establishing design choices with occupants
-Considering the satisfaction of occupants
and integration of changes into the
lifestyles

Figure 4. The importance of occupants’ participation in the design process [93,127].

2.6. Promoting Strategies for Energy Saving

The literature on the influencing human behaviours factors is very broad; it has been
defined as “enormous” [132] and “bordering on the unmanageable” [133]. The prior
frameworks demonstrate that an individual’s sustainable or environmental behaviours
are influenced by environmental attitudes and government policies and subsidies. It is
also found that there is a strong relationship between environmental attitudes and energy-
saving behaviours but the second is not at all influenced by government policies or subsi-
dies [134]. Most of the previous environmental research on the theory of reasoned action
and intentional behaviour shows that there is a gap between environmental beliefs or at-
titudes and behaviours [135, 136]. It means that positive environmental beliefs or attitudes
do not necessarily translate into environmental behaviours [136]. However, the results of
the study by Gadenne, Sharma [134] show that certain environmental beliefs and attitudes
would appear to directly influence environmental behaviours [134]. Therefore, behavioural
models are necessary to understand what consumers do, and why they do so. Different
models and frameworks are presented by Barbu, Griffiths [137] and Pothitou, Kolios [48],
the motivation-opportunity—ability (MOA) model of consumer behaviour, by Olander and
Th@gersen [138], and the Fogg behaviour model Fogg [139]. The study of Barbu, Griffiths
[137] has classified the different approaches to change the behaviours to adopt technologies
in a harmonious way including increasing occupants’ participation and cooperation, feed-
back measures, community-based initiatives, breaking or creating habits initiatives, the role
of learning and knowledge, the role of the game and financial incentives. Each of these strat-
egies has been described in the prior studies [16, 24, 55, 93, 101-103, 134, 137, 140-153], and
has been added to the developed model by Barbu, Griffiths [137]. The main factors influenc-
ing consumer behaviours and the emergence of consumption practices based on the devel-
oped model of Barbu, Griffiths [137] are shown in Figure 5. This model is also adapted from
the Needs Opportunities Abilities (NOA model) [154], described in Darton’s 'Methods and
Models' [133].
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knowledge

Intention, expectation of convenience

|

‘ Consumer behaviour |

| |

—‘ Habits and consumption practices ‘ Consumption-oriented behaviour

Figure 5. Model of effective factors on the emergence of consumer behaviours (Adapted from the
NOA model [133,137,154].

In order to change user behaviours, some of the EU measures in the residential sec-
tors include smart meter usage, and information campaigns or encouragement [137, 155].
Considerably, the decline in energy consumption has been motivated by both technical
improvements in devices and by the increase in the price of energy, which is why the
effectiveness of policies that influence and change consumer behaviours should not be
ignored [137]. As aforementioned, several studies have been conducted to measure the
occupant behaviours impacts on energy consumption [48, 65, 77, 115, 156]. Energy effi-
ciency is related to particular technologies to reduce energy consumption by achieving
the maximum provision of services without the individual’s behavioural involvement. By
comparison, energy conservation relates to the changes which people make to their own
energy consumption [142, 157]. However, Barr, Gilg [158] agrees that energy-saving be-
haviours involve consumption-oriented behaviours and habitual behaviours which can-
not be separated conceptually.

Currently, a number of implications are highlighted, such as detailed occupant mod-
els in energy simulation tools, feedback systems and information campaigns to improve
unfavorable occupant behaviours [159]. Moreover, the report of EEA forms a set of rec-
ommendations and analyses on the following topics including feedback measures, energy
audits, community-based initiatives, structural factors, and the rebound effect [137]. Ac-
cording to previous literature, the effective factors of each driver have been added to the
‘Model of Community Empowerment’ developed by Darnton [133]. The developed
framework of changing behaviours and increasing participation of people in EER projects
based on the Darnton [133] model is reproduced from CLG [160], and is presented in Fig-
ure 6.
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Figure 6. The framework of changing behaviours and increasing people's participation in EER pro-
jects [133,160].

3. Theoretical Framework

According to the in-depth literature review, the study concludes with the theoretical
framework, which shows the process of emerging occupants’ behaviours in ERBs and the
strategies to improve occupants’ behaviours and participation in ERBs (Figure 7). The ef-
fective factors of occupants’ behaviours including buildings’ characteristics and the used
technologies, individual characteristics, and contextual factors are detected as the effective
factors in occupants’ behaviours in ERBs and the EER process. To improve energy perfor-
mance and reduce occupants’ behaviours, and increase residents’ participation, some
strategies concluded according to the aforementioned studies and frameworks include
improvement of technologies, making energy efficiency policies, involving occupants’ in
the design process and behavioural changes.
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Figure 7. The theoretical framework of the study.

4. Conclusions

This review has found that the involvement of the occupants in EER projects is an
important factor in the delivery of the project outcomes. The interactions between the oc-
cupants and the building ultimately influence the overall energy performance of the ERBs.
This paper aims to investigate the behaviours and participation of the occupants in the
EER projects and to analyze the awareness and behaviours of the occupants in involving
and achieving the EE. The study has reviewed the literature mostly recently published in
the area of improving the occupants’ behaviours and socio-technical aspects that can po-
tentially enable ERBs to deliver better energy performance. The results are divided into
two stages of the participation process including the early step and post-occupancy par-
ticipation. In response to the research questions, the following results are derived:

1. Demographic characteristics of the occupants, culture, habits and energy practices,
health and comfort preferences, awareness towards energy saving and socio-eco-
nomical factors are effective on energy-related behaviours and occupants’ participa-
tion in the EER projects.

2. Space-heating behaviour, movements and presence of the occupants, control level of
the equipment, window, shading and lighting control behaviour are effective factors
in the level of comfort and energy performance of the ERBs.

3. “Socio-technical” advancement including information and communication technolo-
gies (ICT)-based, a more image-based manual, responsible innovation, real-time oc-
cupancy information, control plug loads, occupancy-based control and building au-
tomation is effective on technology performance of ERBs in regard to the occupants’
behaviours.
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4. People can harmoniously adopt the technologies through behavioural change or by
promoting an energy culture. Socio-technical advancements, a co-design process,
and an effective energy efficiency policy are some strategies to improve occupants’
behaviours or increase their participation in EER projects.

The findings show that in the early stage of the process, the current approaches are
completed with urgency and they seek to minimize occupant involvement by shortening
the process and the period of actual renovation. Therefore, in their urgency, they might
underestimate the occupant’s consent and need for trust-building which will promote the
desired energy performance. This level of occupant satisfaction and building performance
can only be obtained if the residents are participating in the design process [124]. The
study recommends the client’s representative as one of the most effective practitioners in
the EER project delivery in response to the client’s needs [131]. Moreover, mutual engage-
ment and an integral approach are suggested to involve residents. Additionally, most of
the risks which lead to low retrofit developments are related to owners and contractors,
including retrofit awareness, cooperation performance, opportunism, professional exper-
tise, construction management, safety management and maintenance, all of which gener-
ally occur at the on-site construction stage. The low awareness, poor cooperation and op-
portunistic behaviours of owners negatively affect project commencement and perfor-
mance [24]. Therefore, increasing occupant participation and cooperation and the role of
learning and knowledge can help in achieving behavioural change. Behavioural change,
co-design process, socio-technical improvement, and energy efficiency policy-making are
the recommended strategies in order to improve occupant behaviours and participation
in ERBs. Further research is recommended to (a) study EER issues extensively in the de-
sign, construction and maintenance process, (b) develop an integrated manual for occu-
pants” involvement with the aim of EE performance improvement and (c) increase occu-
pants’ participation and cooperation through the role of learning and knowledge which
can help in achieving the behavioural change and enhance the effectiveness of EER ap-
proaches.
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