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Abstract: Occupants try to adjust or adapt to the indoor environment to improve the indoor environment 
quality (IEQ). However, the impact of these occupant behaviours is overlooked in building energy 
modelling. Furthermore, there is no general agreement on the factors that drive occupants’ decisions and 
reflect their energy behaviour. A comprehensive literature review and a subsequent desk study of journal 
articles and fifty (50) theses highlight the impact of occupant behaviours on the energy consumption of 
buildings based on the relationship to IEQ and influential factors. Accordingly, the most prominent 
behaviours that drive the energy consumption of buildings are the operation of plug-ins and equipment, 
opening/closing windows, turning lighting on/off, adjusting thermostats, lowering blinds, and occupant 
presence. Amongst, interaction with opening/closing of windows to improve IEQ operation of plug-ins and 
adjusting thermostat as a response to thermal discomfort, and turning lighting on/off and lowering blinds 
to improve visual conditions directly affect the building's energy use. Also, indoor environmental 
conditions, climate, building characteristics, building systems and devices, user- centred design, and 
building elements are recognized as important influencers. Overall, this study highlights the importance 
of incorporating occupant comfort related parameters and significant influential factors to recognise the 
dynamic nature of occupant energy behaviours. 
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1. Introduction
Over the past three decades, researchers proved that occupant behaviours highly influence the increase 
of building energy demand (Hoes et al., 2009; Langevin et al., 2015). For example, it is identified that 
occupant behaviour is the main reason behind the discrepancy between simulated and actual energy 
(Langevin et al., 2015). Further, Hoes et al. (2009) showed that occupant behaviour is an important input 
parameter influencing the whole building energy simulations, therefore uncertainty in occupant 
behaviours may significantly affect such predictions. Similarly, Lin and Hong (2013) demonstrated via 
computer simulations that the inefficient work style of occupants leads to double the energy. However, 
occupant behaviours are often simplified in building simulations of design and operation stages (D'Oca et 
al. 2018). 
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As Schweiker (2010) defined “occupant energy behaviour refers to the unconscious and conscious 
actions of a human being to control the physical parameters of the surrounding built environment based 
on the comparison of the perceived environment with the sum of past experiences”. Usually, these 
reactions of occupants are possible when they are in discomfort and trying to create a comfortable indoor 
environment (Nicol and Humphreys, 2002). According to Bluyssen (2019), building occupants influence 
the internal environment through their presence and by modifying the building's systems and 
components. These activities aim to improve thermal comfort, acoustic comfort, visual comfort and 
indoor air quality (IAQ) which together ensure the indoor environmental quality (IEQ) of buildings. 

Occupants who are driven by these adaptive IEQ triggers aim to achieve the desired personal comfort 
level using various strategies. They include building systems and elements such as building openings, 
shading, lighting, HVAC systems, hot water, and electrical appliances (Delzendeh et al., 2017). Other 
strategies are the occupants' actions and inactions. As Hong et al. (2015) identified, occupants' actions 
include opening and closing windows, adjusting blinds, adjusting thermostat temperature, and turning 
the air conditioning on or off) and the inactions include moving to a different location and dealing with 
some inconvenience. 

Also, the behaviours are different from one building occupant to another, due to physical, 
physiological, psychological differences of occupants, and other external factors such as economic and 
regulatory (energy regulation and compliance) related (Bluyssen, 2019). Occupant behaviours such as 
occupant presence, window opening, light switching, adjusting blinds and clothing level adjustments, but 
not limited to, are a function of environmental factors such as indoor air temperature and daylight 
illuminance (Haldi and Robinson, 2011). Furthermore, another set of empirical studies added that the 
energy consumption of buildings having similar physical features differs due to the comfort preferences 
of occupants, their interaction with building systems, occupancy patterns, and lifestyle of occupants 
(Andersen et al., 2009; Maier et al., 2009). 

Accordingly, the occupant energy behaviour that is driven from IEQ parameters: thermal, visual, aural, 
and IAQ and influential factors: physical, physiological, psychological, contextual, and social contribute to 
the discrepancy between expected and actual energy use. Therefore, this paper reviews the previous 
studies related to occupant energy behaviours, IEQ parameters, and factors influencing occupant energy 
behaviours to highlight the impact of occupant behaviours on the energy consumption of buildings. To 
achieve the aim of this study, related literature was identified referring to published journals, conference 
articles, and theses. Fifty (50) published articles were examined to highlight the significant energy-driven 
occupant behaviour and influential factors. The findings are discussed in the following sections. 

2. Occupant Energy Behaviours
In a recent study, Hong et al. (2017) categorised occupant energy behaviours into two main clusters as 
adaptive behaviours and non-adaptive behaviours. According to the authors, adaptive behaviours include 
actions such as opening/closing windows, lowering blinds, adjusting thermostats, turning  lighting on/off, 
and operation of plug-ins (e.g. personal heaters, fans, and electrical systems for space heating/cooling). 
Other actions include adjusting clothing levels, drinking hot/cold beverage, and  moving through spaces 
to adapt themselves to their environment. On the other hand, non-adaptive behaviours include actions 
such as occupant presence, operation of plug-ins and electrical equipment (e.g. office and home 
appliances) and reporting complaints regarding discomfort. They can also be inactions like accepting the 
existing indoor environmental conditions when there is no access, 
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awareness, and choice to control comfort (O'Brien and Gunay, 2014). Thus, these occupant actions 
directly depend on the occupants' comfort requirements and have an influence on overall building 
performance in terms of building energy consumption and comfort (Wang et al., 2016). For the 50 theses 
reviewed, seven (07) most frequently researched occupant energy behaviours that are significant in 
building energy consumption were identified and summarised in Table 1. 

Table 1: Significant Occupant Energy Behaviours in Buildings 

Occupant Behaviour Number of theses 
Operation of plug-ins and electrical equipment (personal heaters, fans, and 
electrical systems for space heating/cooling, office, and home appliances) 

25
 

Opening/closing windows 13 
Turning lighting on/off 13 
Occupant presence 12 
Adjusting thermostats 9 
Lowering blinds 5 
Reporting discomfort 3 

As seen in Table 1, the majority of the studies (50%) focused on the operation of plug-ins and electrical 
equipment, while a considerable amount of studies (25%) focused on opening/closing windows, turning 
lighting on/off, and occupant presence. Additionally, only a very few researchers have focused on 
adjusting thermostats, lowering blinds, and reporting discomfort. However, these include studies that 
focused on either single energy behaviour or multiple energy behaviours. Different occupant behaviours 
can have a substantial impact on building energy consumption. For example, window opening behaviour 
might lead to a significant variation in the building’s Energy Use Intensity (EUI). According to Fabi et al. 
(2012), this variation equals a factor of four in commercial buildings in the United States and by a factor 
of three in identical apartments in Denmark. However, with careful consideration, energy savings from 
occupant behaviour could constitute 10% to 20% for residential buildings and 5% to 30% for commercial 
buildings (Lin and Hong, 2013). A study by Staats et al. (2004) that modified two energy behaviours: 
thermostat use and diffuser covering providing energy usage feedback, estimated a modest 6% savings in 
energy use. Furthermore, Dietz et al. (2009) stated that occupant energy savings have the potential to 
reduce 7.4% of U.S. emissions. 

3. IEQ and Occupant Energy Behaviours
This section discusses the relationship between IEQ and occupant energy behaviours. From literature, IEQ 
is broadly categorized categorised into four main parameters; thermal comfort, IAQ, visual comfort, and 
acoustic comfort (Bluyssen, 2019; Hong et al., 2015). 

3.1. Thermal comfort 

Thermal comfort is defined by ISO (2005) as "that condition of mind which expresses satisfaction with 
thermal conditions". Environmental parameters determine an occupant thermal sensation, namely: air 
temperature, air velocity, mean radiant temperature, and relative humidity and personal parameters: 
metabolic rate and clothing factor (Asadi et al., 2017). Occupants often can operate windows and doors 
to improve room temperature and air exchange in a naturally ventilated building. In contrast, in 
mechanically ventilated buildings, occupants must accept the system operation or personally adjust 
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their metabolic rate and clothing level and adjust themselves to the indoor environment (Daum et al., 
2011). Furthermore, occupants tend to adjust thermostats, fans, and heaters to adapt the indoor 
environment to their preference when they feel thermally uncomfortable (Langevin et al., 2015). 

The thermal comfort sensation varies from person to person. Therefore, buildings should enable 
occupant interactions to choose their preferred conditions to decrease thermal discomfort (Nicol and 
Humphreys, 2002). Accordingly, the presence of adaptive interactions such as clothing, desk fan helps to 
achieve both perceived work-performance and thermal satisfaction (Tanabe et al., 2015). Previous studies 
that provided personalised ventilation systems such as individual air flow rate control and ceiling fans 
founded that a majority of occupants prefer those systems over HVAC systems and accept irrespective of 
the ambient air temperature (Chen et al., 2012). 

However, the occupants should not compromise the energy savings of the building when they 
modulate their thermal preferences. Mostly, the adjustment of a thermostat to set the cooling set-point 
below 24 °C is an occupant energy waste behaviour (Sun and Hong, 2017). Another study, Nisiforou et al. 
(2012) showed that the occupant misbehaviour in energy use leads to energy waste. In contrast, 
occupants' willingness to switching off plug loads and HVAC systems in unoccupied spaces act as major 
contributing behaviours to avoid energy waste (Sun and Hong, 2017). Therefore, the empirical studies 
were focused on developing adaptive control procedures to intervene on windows, plug load and other 
building devices and systems to save energy without disturbing users' comfort while respecting occupants' 
thermal preferences (Stazi et al., 2017). 

3.2. Indoor air quality (IAQ) 

IAQ refers to the air quality inside buildings and structures (Amasyali and El-Gohary, 2016) that is related 
to the health and comfort of occupants where poor IAQ leads to Sick Building Syndrome (SBS) (Asadi et 
al., 2017). Further, respiratory health issues are expected among residential and office building occupants 
due to indoor air pollutants (Amasyali and El-Gohary, 2016). Further, residential building occupants with 
respiratory disease are more concerned about IAQ, while occupants with regular health symptoms such 
as sore throat are less satisfied with IAQ in their houses. Several factors influence IAQ like humidity, odour, 
crowding, and CO2 concentration. 

Mostly, indoor CO2 concentration is used to control IAQ because it correlates directly with occupant 
presence (Nienaber et al., 2019; Wolf et al., 2019). Human exhalation has a much higher CO2 concentration 
than the outdoor air. Therefore, adequate ventilation is needed to dilute and remove the CO2 being 
accumulate in the indoor air (Wolf et al., 2019). Pavlovas (2004) recommended that more ventilation air 
is required to maintain proper IAQ when more people occupied a space. For example, ASHRAE Standard 
62.1 (2019) specifies a CO2 concentration level of no greater than 700 ppm above outdoor air levels, along 
with specified ventilation rates that would satisfy a substantial majority (about 80%) of occupants. Further, 
the minimum ventilation rate required in office spaces is 5 cfm per persona of outdoor air to ensure 
adequate indoor air. 

Previous studies suggest that the operation of windows is important in a building to make IAQ 
pleasant, to supply more ventilation air, and to reduce CO2 concentration. As Andersen et al. (2013) found 
in their study, any correlations between behaviour and CO2 concentration indicate relationships between 
air quality and occupant behaviour. Further, Calì et al. (2016) elaborated that there is a significant 
statistical correlation between window openings and the CO2 concentration where an increase of CO2 
concentration level inside the building leads to an increase of window opening likelihood 
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for more than 45% of the windows. Also, IAQ also influences the use/adjust of humidifiers and 
opening/closing of internal/external doors (Amasyali and El-Gohary, 2016). 

Though these actions by occupants improve the IAQ, they also cause increased energy consumption. 
For example, Barlow and Fiala (2007) showed that the opening of windows increases energy consumption 
due to changes in indoor temperature because of allowing outside air into the building. A clear tendency 
can be observed that heating costs are positively correlated with a lower air quality, where better air 
quality is traded for an improved thermal sensation (von Grabe, 2019). Moreover, energy savings can be 
achieved by reducing the average ventilation rate via occupancy-controlled ventilation, while keeping an 
acceptable indoor climate and better control of indoor pollutant concentrations (Pavlovas, 2004). 

Meanwhile, Dong et al. (2010) explained a connection between behavioural patterns and building 
energy management systems. They developed and implemented sensor-based modelling to predict user 
behaviours by connecting the behavioural patterns to building energy, and comfort management systems, 
where results indicated a 30% potential for energy savings without scarifying the IAQ. Development of an 
occupant behaviour model capable of simulating individual actions with a significant effect upon IAQ help 
to evaluate occupant exposure to the indoor environment (Dziedzic et al., 2019). 

3.3 Visual Comfort 

Visual comfort is often identified as a subjective impression associated with lighting quality, quantity, and 
distribution (Amasyali and El-Gohary, 2016). Moreover, occupant visual comfort in buildings assures that 
they are not being subjected to excessive contrast, glare, and unacceptable levels of brightness (Hong et 
al., 2015). The ISO standard ISO 8995-1:2002 states that the maintained work  plane illuminance should 
not be less than 200 lx in the general working areas. 

Especially, light intensity stimulates responses physiological, psychological, and physical human 
responses. Physical responses include lighting switch on/off, dimming lighting, and adjusting blinds (Naspi 
et al., 2018). In particular, the lights are turned on at the decrease of the indoor illuminance, while 
switching off when the occupants leave the room. However, the switch on/off behaviour usually takes 
place upon arrival or just before departure due to the placement of controls next to the door instead of 
close to the desks (Lindelöf and Morel, 2006). Contrary, in some cases occupants were observed not to 
use overhead lighting at all during the day (Jennings et al., 2000). Therefore, occupants' artificial lighting 
preferences vary from one participant to another based on the accessibility for lighting controls (Sadeghi 
et al., 2016). Likewise, occupants interact with their blinds to avoid glare and gain daylighting (Chan and 
Tzempelikos, 2013). Psychological factors and view causes opening the blinds, while they close blinds due 
to physiological reasons (Day et al., 2012). Other factors influencing the operation of the blinds are the 
orientation of the building, season, and sky conditions (Mahdavi, 2009). Lower energy consumption was 
expected with higher utilisation of daylight, easy access to lighting controls, and user-centered control 
while assuring occupants' visual comfort (Moore et al., 2002). 

3.4. Acoustic comfort 

The basic acoustic comfort is keeping the level of background noise within an acceptable range (Hong et 
al., 2015). A noise exposure level of below 85 dBA for eight hours is recommended to reduce the 
occupational noise-induced hearing loss of workers (NIOSH, 2014). 
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However, occupant relationship with aural stimuli goes beyond basic acoustic comfort and involves 
with series of complex factors. Such factors are personal, contextual, social, and symbolic transactions 
that are often unattended, yet of vital importance in acoustical design (Hong et al., 2015). Furthermore, 
Newsham et al. (2013) added that, even though acoustic comfort performs poorly of IEQ and contribute 
to occupant behaviour, yet acoustics is not included in most building performance simulation (BPS). The 
noise transmission can be regulated through the use of the windows (von Grabe, 2019). Often, the 
occupants do not open the windows because of the outdoor sources of noise like traffic jams and indoor 
sources like as HVAC systems, noise from talking, walking, and drinking water systems (Asadi et al., 2017). 

4. Factors influencing occupant energy behaviours
Researchers in this field classified factors influencing energy-driven occupant behaviour into various 
categories. For example, Schweiker (2010) identified that occupant behaviour is influenced by external 
factors such as temperature, humidity, airspeed, illuminance, etc. and internal factors such as cultural 
background, attitudes, preferences, etc. The authors also indicated that compared to external factors, the 
influence of internal factors on occupant behaviour is very complex. Similarly, Polinder et al. (2013) 
elaborated internal factors as biological, psychological, and social factors and external factors as building 
and building equipment properties, physical environment, and time. Additionally, Andersen et al. (2013) 
indicated that building properties: building ownership, available systems, and equipment also influence 
occupant energy behaviour. 

Fabi et al. (2012), introduced a framework for classifying factors influencing energy-driven adaptive 
and non-adaptive behaviours by dividing those factors into five groups: physical environmental, 
contextual, psychological, physiological, and social, that include both internal and external factors. On the 
contrary, O'Brien and Gunay (2014) grouped the contextual factors into physical environmental factors 
that remain unchanged over a while; psychological factors that are related to individual and social factors; 
and physiological factors that are not immediate triggers. 

Apart from the above categorisations, Peng et al. (2012) classified behaviours into environmentally- 
related: actions driven by environmental parameters; time-related: actions repeated in certain time- 
lapses; and random: actions depending on uncertain not quantifiable factors base on an analysis of human 
behaviours in residential buildings. Based on Peng et al.'s study, Stazi et al. (2017) reviewed the occupants' 
behaviours inside buildings assessing the main driving factors for their actions, divided into environmental 
and time-related stimuli. The results of their study suggest that not only environmental factors play a key 
role in the use of building systems but also contextual factors, as well as routine and habits, largely affect 
occupants' behaviours. 

More recently, Schweiker et al. (2018) provided a framework to categorise factors influencing 
occupant behaviours into adaptive triggers, non-adaptive triggers, and contextual factors. Accordingly, 
adaptive triggers are physiological triggers that originate from a signal in the body that prompts the 
occupant to take action or physical environmental triggers that describe the indoor and outdoor 
environments and have been proven to stimulate occupant action in response to a thermal, olfactory, 
visual, and aural stimulus to modify the surrounding built environment to restore or improve the comfort 
conditions. In contrast, non-adaptive triggers are factors that are independent of physical environmental 
triggers. 

Accordingly, the factors identified in the previous research thesis can be categorised into six (06) main 
types of factors; physical environmental, physiological, psychological, contextual, social, and time- 
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related categories. Table 2 identifies and classifies the significant influential factors under those major 
categories of factors. 

Table 2: Significant Factors influencing Occupant Behaviours in Buildings 

Type of Factor Influential Factors Number of Sources 
Physical 
Environmental 
Factors 

Indoor environmental conditions - Temperature, Humidity, 17 
Air speed, Radiant temperature, Noise, Air pressure, Indoor 
air quality 

Climate 11 
Contextual Factors Building characteristics 9 

Building systems and appliances 6 
User-centred    design    -    Usability    and controllability   of 6 
heating/cooling/ventilation 
Building elements 4 

Time related Day and time 5 
Social Factors Number of occupants in an organisation 4 

The education level 4 
Job-status and income 4 

Physiological 
factors 

Psychological 
factors 

Gender 4 
Metabolic rate 4 
Clothing insulation 4 
Attitudes, motivations, and values 4 
Subjective norms/normative beliefs 3 
Perceived behavioural control 3 
Personality traits 3 

As seen in Table 2, seventeen (17) significant factors were identified under major influential categories. 
In terms of the physical environmental category, two (2) sub-factors that significantly influence occupant 
behaviours were identified. Amongst, most of the studies (34%) have highlighted indoor environmental 
conditions as a significant factor that determine occupant behaviours, while the majority of other studies 
(20%) showed climate conditions (ex. Warm and winter seasons, region, weather conditions) as another 
significant factor affecting occupant behaviour in buildings. In the contextual category, four (4) sub-factors 
were identified, where most studies (18%) have highlighted building characteristics (e.g. area, shape, size, 
texture, colour, elevation, etc.). Additionally, building systems and appliances, user-centered design, and 
building elements were also highlighted in most of the studies as significant factors influencing occupant 
energy-driven behaviour. In terms of time-related factors, only one factor has been identified as 
significant. The majority of the studies considered day and time such as day of the week, time of the day, 
and duration; as a significant factor that determines occupant behaviour. In terms of social factors, three 
(3) sub-factors; the number of occupants in an organisation, the education level, and job status and
income were determined by most of the studies. Considering physiological factors, three (3) factors
appeared in most of the empirical studies. Those factors are gender, metabolic rate, and clothing
insulation. For psychological factors, the majority of studies highlighted attitudes/motivations/values,
subjective norms/normative beliefs, perceived behavioural control, and personality traits that influencing 
occupant behaviour in buildings. Physical environmental and contextual factors were highlighted by many 
previous studies compared to other factors. Therefore, the focus on other factors such as physiological,
psychological, social, and time- 
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related factors was rarely considered as significantly influencing factors for energy-driven occupant 
behaviours in the previous research studies. 

Conclusion 
As most people spend more than 90% of their time indoors, the IEQ plays an important role in occupant 
behaviours and a building’s energy efficiency. Improving building energy efficiency is one of the best 
strategies for reducing the energy consumption of buildings while maintaining the comfort and well- being 
of occupants. This paper reviewed previous studies related to occupant energy behaviours, IEQ 
parameters, and factors influencing occupant energy behaviours to understand human-related causes of 
energy increase in buildings. 

The findings of this study show that majority of existing studies focus on actions such as the operation 
of plug-ins, opening/closing windows, turning lighting on/off, adjusting thermostats, and lowering blinds 
as measures employed by occupants to adapt the indoor environment to their preferences. Non-adaptive 
behaviours such as the occupant presence and reporting discomfort were also highlighted. Accordingly, 
these behaviours are identified as significant to the energy consumption in buildings. Of critical 
consideration, many studies focus on a single energy behaviour; however, in reality, likely, these energy 
behaviours are often inter-linked. In terms of IEQ parameters that related to occupant energy behaviour, 
opening/closing of windows mainly related to almost all the IEQ parameters considered: thermal comfort, 
IAQ, visual comfort, and acoustic comfort. Whereas, operation of plug-ins and adjusting thermostats 
related to thermal comfort, turning lighting on/off, and lowering blinds related to visual comfort. 
Therefore, IEQ caused to drive much of the significant energy-driven occupant behaviours. Physical 
environmental and contextual factors were highlighted by many previous studies compared to other 
factors. Amongst, indoor environmental conditions, climate, building characteristics, building systems and 
appliances, user-centered design, and building elements are the most significant factors influencing 
occupant behaviours. However, the focus on other factors such as physiological, psychological, social, and 
time-related factors was rarely considered as significantly influencing factors for energy-driven occupant 
behaviours in the previous research studies. 

Therefore, it is recommended to consider occupant comfort-related parameters and all the significant, 
influential factors to recognise the dynamic nature of occupant energy. Thereby incorporating those into 
energy efficiency strategies in behaviour in diverse types of buildings is required. A scientific study that 
describes the dominant IEQ parameters and factors that are involved in energy behaviours needs to be 
conducted with the occupants in actual buildings. 
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