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Abstract: Energy-intense activities and the unpredictable and complex behavior of building occupants
lead to an increase in building energy demand. It is, therefore, crucial to study underlying factors
for building energy demand related to the users. Higher educational buildings are relevant to
study for several reasons: they host the future workforce and citizens, they are predicted to increase
in numbers, and they represent a building type less studied. Furthermore, green-rated buildings
equipped with smart building systems also represent a research gap that is relevant to address since
such a building design involves IoT-functionalities and digital features for the building occupants to
interact with. There is also a conceivable risk that if the users know that the building is green-rated
and technologically advanced, this may alter their perception of the building operation and thus
their behavior. To study the relationship between building occupants and such green and smart
educational structure, a survey was conducted in a Swedish higher educational building; as a result,
300 responses were collected and analyzed. The responses revealed that the building occupants
act with energy awareness, and they are conscious about energy-saving behaviors. One building
feature in particular was studied: the Digital Room Panels (DRPs). The DRP allows the building
occupants to modify the indoor temperature and is, therefore, essential for thermal comfort. One key
finding from the survey revealed that 70% of the building occupants did not know how the DRPs
operate. This study argues that this result can be explained with a lack of communication and user
friendliness. Inadequate interactions with building systems could also result in opportunities for
energy saving might not be realized. The findings of this case study led to valuable recommendations
and suggestions for future research endeavors.

Keywords: commercial buildings; campus; energy use; building occupants; behavior; energy aware-
ness; green-rated buildings; smart building systems; indoor environmental quality

1. Introduction

The predominant energy and resource use within the built environment remain a
crucial challenge that needs to be mitigated in order to achieve sustainability within this
sector. In particular, energy use and interactions with building systems in commercial
buildings is important to acknowledge, as people work, study and spend a great deal of
their time in these buildings. In particular, it is important to investigate higher educational
buildings for the following reasons: Firstly, the demand for educational buildings is
increasing [1]. Secondly, university buildings in general hold opportunities for research
and to act as testbeds and demonstrators for new technologies, for example, reducing
energy by means of replacing conventional energy sources such as electric heaters with
heat pumps. Thirdly, educational buildings should be examples of, and communicate,
good practice when it comes to sustainable building development [2]. Lastly, there is a lack
of studies targeting campus buildings, as most studies have treated residential and office
buildings [3,4].
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Achieving energy savings in any building is correlated with building occupant be-
havior, which depends on multiple factors and is difficult to predict and, therefore, adds
complexity to building energy demand [2,4–6]. Behavior is linked to building total energy
use, since the latter is dependent on knowledge about how interactions affect the build-
ing envelope and technical systems [7,8]. It has been reported that there is an untapped
potential for energy savings of 24–72% in commercial buildings due to building occupant
behavior and energy unawareness. Researchers have also found that building occupants
in commercial buildings lack the motivation and interest to behave in an energy-saving
manner [9]. For example, energy is wasted by leaving the lights on during the night-
time and non-working hours in commercial or office buildings [3,10–13]. Additionally,
energy-unaware interactions with HVAC systems, opening windows and interactions with
electrical appliances are identified behaviors that result in an increase in building energy
demands [14].

Nowadays, building systems are being upgraded with data-driven technologies,
including IoT-functionalities, and thereby transforming them into smarter and more digital-
ized building systems. This affects the building occupants, their behaviors and interactions.
Yet, there is a scarce amount of research regarding the relationship between smart building
systems, the building occupants and resulting energy use [15]. Researchers have also stated
that lack of awareness, misinformation and misunderstanding of building systems and
their technical features are key factors affecting building energy use [5,16]. In addition,
previous research has depicted interactions and user interfaces between building occupants
and smart building control devices as a research gap [15,17].

In order to promote sustainable buildings, several green building rating systems were
initiated during the 1990s. BREEAM (The Building Research Establishment Environmental
Assessment Method) developed the first method for certifying buildings according to a set
of predefined indicators [18]. The mechanisms of green-rated building design are supposed
to result in an optimized building energy use; however, they may also affect building
occupant behaviors. It is, therefore, essential to study this relation to gain knowledge about
further energy savings.

1.1. Research Aim

This study focuses on IEQ, energy-saving potential and the interaction between the
building occupants and a green and smart campus building. This is conducted through the
means of a case study carried out in an educational building in Stockholm, Sweden. The aim
of this study is to contribute new knowledge to the research gap on building occupant
interactions and the resulting energy use in green-rated campus buildings equipped with
smart building systems.

Three overarching research questions are formulated accordingly:

1. How is IEQ experienced by the building occupants?
2. To what extent is the building occupants’ behavior influenced by energy awareness

and general sustainability concerns?
3. Is there any energy-saving potential from targeting occupants’ behavior?

Based on the findings from this case study, recommendations will be proposed for
future research about how green and smart educational buildings should be further devel-
oped in order to achieve the tradeoff between thermal comfort and energy efficiency.

The remainder of this paper is structured as follows: Section 1.2 presents a literature
review on recent literature treating related subjects. The case study methodology is de-
scribed in Section 2, Methods. The results are presented in Section 3. Section 4 comprises
the discussion; finally, conclusions and recommendations for future research are presented
in Section 5.

1.2. Literature Review

Previous studies have presented numerous energy-saving potentials by various means
of targeting the behaviors of building occupants. The results of such studies show a
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large variation in energy-saving potential, implying the complexity of estimating energy
savings [15]. Almeida et al. [19] compared the impacts of occupant behavior in a green-
rated and non-green-rated university building. In their study, they found that the building
occupants had less impact on the building energy use in the green-rated building, since this
building was optimized from an energy use point of view. Therefore, green-rated buildings
do not, by default, support building occupants to behave with energy awareness [12].
However, Darby et al. [11] argued that the green-rated branding could work as a catalyst
for energy awareness. Furthermore, researchers have noticed the importance of well-
functioning building management. According to Almeida et al. [12], a green-rated building
must be operated by skilled personnel, otherwise the energy performance is at risk of
performing at the same level as a non-rated building.

Green-rated buildings have been examined as to whether they provide a superior
IEQ compared with non-green buildings [20]. Whether these buildings are more efficient
in saving energy has also been studied [21,22]. Researchers have highlighted that some
green-rated buildings demand more or similar amount of energy compared with non-rated
buildings [5]. More specifically, according to Newsham et al. [21], 28–35% of green-rated
buildings demand more energy compared with non-rated buildings. This results in an
inconsistency in how well these green buildings perform and can be explained by the fol-
lowing reasons: green-rated buildings might not have been constructed correctly, building
occupants use the building during hours not accounted for, unexpected performance of
innovative technologies and a lack of information conveyed to the building occupants
about building operations [21].

Adjusting HVAC setpoints and interfering with thermostats is one of the most common
behaviors used to mitigate thermal discomfort. However, such behavior also results
in an increase in building energy demand. Given this relationship, previous studies
have investigated students’ adaptive behavior when feeling thermally uncomfortable.
Jowkar et al. [23] found that the building occupants did not prioritize changing the HVAC
setpoints. The authors reasoned that this was because it was not obvious how to interact
with the HVAC system. In addition, in common shared spaces, building occupants might
not feel comfortable changing HVAC setpoints since this could cause thermal discomfort
to someone else. Therefore, building occupants in commercial buildings might prefer to
mitigate thermal comfort by adjusting their layers of clothing, for example [23].

Managing waste in commercial buildings has also been a subject of study. Soares et al. [7]
asked a group of building occupants about their concern regarding placing their waste in
the correct bin for recycling. Their results showed that 82% were concerned, very concerned
or highly concerned about this.

Previous literature also argues that the lack of information about building operation
might be a significant explanation for an increase in building energy use [5,24]. For instance,
this relates to adjusting layers of clothing instead of interfering with thermostats or to avoid
leaving windows open for a longer time than necessary. These are examples of energy-
aware behaviors which are especially important to address in educational buildings where
the future workforce is educated and taught about how to promote a sustainable built
environment. One suggestion for solving the lack of understanding of building operation is
through the distribution of a pedagogic building manual, especially tailored for the building
occupants. Almeida et al. [5] argued that there is an overall lack of building manuals in the
building industry. They also argued that building manuals would be a useful tool for the
building occupants to learn about how to interact with building systems with a sense of
energy awareness. Almeida et al. made the analogy of purchasing electrical appliances as
they always come with a user manual. Therefore, buildings would also benefit from similar
user instructions. Arguably, buildings should have guidelines in order to support building
occupants in their interactions with building systems in order to maximize energy-saving
potential.

Previous studies have targeted the tradeoff for optimizing building energy use while
ensuring the IEQ of the building occupants. Serghides et al. [25] studied the relationship
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between energy use and IEQ in a university building. They used a questionnaire in
combination with field measurements for energy use and illumination intensity. They found
that the building occupants were especially dissatisfied with the amount of natural light
during the darker winter season. It was also concluded that significant energy savings
could be made by targeting behaviors, such as switching off electrical equipment when
leaving the building.

Allab et al. [26] suggested an energy audit for a higher educational building in France.
They carried out a comprehensive audit involving the building occupants which included
questionnaires, energy performance measurements and numerical modeling. By combining
these methods, it was argued that the tradeoff between energy efficiency and thermal
comfort was surmounted. It was found that thermal comfort and energy efficiency does
not need to be conflicting, as recommended interventions could benefit them both.

Azar et al. [27] established a framework for assessing energy-aware behaviors which
they illustrated in a green higher educational building in Abu Dhabi, UAE. This was carried
out by combining several data analysis methods to analyze survey questions. The survey
results showed that saving energy was important for 91% of the respondents. Overall,
65% of the respondents also noted that they perceived themselves to have no control over
thermostat temperatures. Furthermore, environmental reasons were the main motivation to
save energy in the campus building, according to 60% of the respondents. It was concluded
that control over building systems and energy communication from building management
are influential factors for building occupant behaviors.

2. Methods

This study adopted a case study methodology to study building occupants in a green
and smart educational building. A survey campaign was used to gather data from the
building occupants. To support the survey data, interviews with building operators and
building occupants, including observations, were carried out. Under the first subheading,
the case study building, its smart building systems and energy parameters will be described.
Under the second subheading, a description of the survey campaign will be provided.

2.1. Case Study Building Description, the U-Building

The case study building, shown in Figure 1, was selected because it is a green-rated
building equipped with smart building systems and thereby falls within the scope of this
study. The building has a high rate of occupancy, and it differs from older educational
buildings with its open-space design and many group study rooms. The U-building is
located at the campus of KTH Royal Institute of Technology in Stockholm. The U-building
was constructed in 2017 and it was designed as a collaboration between architects, the
developer and the end-users (teachers, researchers and students). It is a brick building
with large windows set in all directions. The gross floor area is 2780 m2 with seven floors,
characterized by 363 study seats, six lecture rooms, eleven group study rooms and breakout
areas. The building is open from 6:00 a.m. to midnight.

According to the Köppen–Geiger climate classification, the climate is characterized
by mild winters and warm summers [28]. It should be taken into account that climatic
and seasonal variations including outdoor temperature, relative humidity, solar radiation,
wind and rain, including daylight times, are important variables that affect building energy
use and building occupant behavior [4,29,30]. Therefore, it is important to consider that
different locations with diverse climates differentiate energy-saving potential.

The focus for this building has been to provide a first-class environment for teaching
and education. The building is designed to serve as a pedagogical tool for students and
researchers, with technical installations such as the smart HVAC system being visible.
Monitoring and data acquisition systems were installed in the construction phase. Thereby,
students can study the building systems at full scale. To do so, innovative and flexible
indoor environments were created by the means of movable walls, study and lecture
rooms built in various sizes, such as flipped classrooms, supporting varieties of learning
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and education activities. Smart building systems are used as a real model in courses
and research within the Department of Civil and Architectural Engineering. The aim is
to understand how to build and design sustainable and resource efficient buildings that
provide a superior indoor climate.
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Figure 1. The U-building at Brinellvägen 28A, KTH campus.

The U-building is also a testbed within the KTH Live-In Lab platform, whose aim is to
accelerate innovation and develop building codes and rules within the building sector [31].
The KTH Live-in Lab consists of several testbed buildings connected to one database,
whereas the U-building is one testbed. Being a testbed means that the building technical
systems and sensor data are available via the KTH Live-In Lab database, following the
IT-infrastructure scheme in Figure 2. Data are available per request for researchers and
students to perform studies and research. All available data are compliant with the EU
General Data Protection Regulation, GDPR. To support research and education, tailored
data sets can also be made available. The reason for this setup is that enabling sample
data will enhance learning and research for developing innovative and sustainable new
solutions within the built environment [32].
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The building is certified at gold level, according to the Swedish standard Miljöbyggnad,
established by the Sweden Green Building Council, SGBC. Miljöbyggnad is a certification
tool based on Swedish building codes, regulations and best practice. The building has
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been evaluated by an independent assessor, using 16 indicators that account for energy use,
indoor environment and building materials. The gold level rating means that the building
operates at top level performance [34].

The primary energy source for heating is district heating. An energy source for
building electricity is the 119 m2 solar panels installed on the south-facing roof which
produce on average 15,300 kWh per year. Purchased electricity originates from a mix
of hydro, biomass and wind power. Figure 3 illustrates a part of the energy declaration
document for the U-building. The energy classification is based on energy performance
criteria for buildings, which is regulated in the Swedish building code BBR (BFS 2011:6) [35].
By design, the U-building is rated as B-class. The A-level could potentially be reached
through operational excellence and user behavior. This remains to be validated.
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The U-building features an advanced sensor system installed in the walls, floors and
ceiling that measures temperature, moisture, air-pressure, CO2 and energy use. Figure 4
illustrates the placement of the sensors. Moisture and temperature sensors are installed
at various depths in the building envelope in order to produce data, which can be used
to study the physical properties of the building. The embedding of the sensors inside the
building envelope is unique, since sensors often come together with a building system or
as separately wall-mounted or attached to a ceiling.
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The building sensors are connected to a web-based monitoring system (https://www.
styrportalen.se/ (accessed on 4 September 2023)). Students and researchers can access this
platform to monitor the sensor data in real-time, to visualize building data and study the
indoor environment. This data visualization software presents diagrams to analyze trends
in sensor data over time.

The building HVAC system is equipped with presence, CO2 and temperature sensors,
providing demand-controlled heating, cooling and ventilation. For instance, occupancy-
based ventilation in the rooms is enabled by motion detectors. The HVAC system also
works with a variable airflow. For example, if a room becomes too warm, the airflow
increases. Air is supplied through the air ducts at a constant temperature of 17 ◦C in
the cooling season. Cooling energy is provided by a district cooling system. Heating is
provided by free convection radiators with low temperature water and regulated based on
outdoor temperature. To save energy, the ventilation does not operate during the nighttime
and it is set to start at 7:00 a.m. at minimum flow. As shown in Figure 5, the air ducts are
visible to the building occupants.
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A Digital Room Panel, DRP, illustrated in Figure 6, is a wall-mounted display located
inside group study rooms, lecture rooms and breakout areas [36]. The display shows
the ambient temperature (“Aktuell temperatur”), collected from the temperature sensors
installed below the ceiling, together with the ducts. Using the features of this display,
building occupants should be allowed to control the room temperature by setting their
desired temperature (“Önskad temperatur”). The maximum allowed temperature is 31 ◦C,
and the minimum allowed temperature is 11 ◦C. This temperature range is, however,
overridden and constrained by predefined setpoints in the superior building management
system. These predefined setpoints regulate how the HVAC system operates and are
managed by the building operators based on their energy efficiency goals and to ensure IEQ.
The indoor temperature was set to 21.0 ◦C in the superior building management system.

https://www.styrportalen.se/
https://www.styrportalen.se/
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The windows are equipped with solar blinds operated by outdoor sensors measuring
solar radiation and wind speed. There is also a weather station installed on the roof, located
to the south. As an example, the weather station monitors outdoor temperature, wind
speed, wind direction and global radiation. These data are used for education and research
and to optimize the HVAC system. The weather station data are also displayed in the
web-based monitoring system, as shown in Figure 7.
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Table 1 presents the building systems that directly influence the users perceived IEQ.
Possible interactions that might impact building energy use are also presented.

Table 1. The U-building systems and possible user interactions.

System Interaction Interface Interaction

HVAC system Yes The DRP

Lighting system Yes By movement

Solar curtains No No

Windows Yes By handles

2.2. The Survey Design

A survey was utilized to gather data on energy-related behaviors amongst the building
occupants. Surveys are a cost-effective way of gathering a large sample size of responses [6].
Surveys are also an appropriate method to evaluate building occupants’ subjective reactions
to their interactions with the building systems [11].

The survey was managed with the online tool SurveyMonkey®. The respondents were
informed about the survey campaign via information posters placed inside the building,
and they accessed the survey via a QR code. The survey responses were collected between
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26 April and 9 June 2023. A free lunch was offered during the process as an incentive.
A total of 300 responses were collected and analyzed anonymously.

The survey aimed at providing data for the three overarching research questions
presented in Section 1.1. The survey was organized into three blocks. The first block aimed
at categorizing the respondents. The second block aimed at evaluating general energy
concerns and knowledge. The third block was designed to acquire data on the building
occupants’ energy-aware behavior in relation to thermal comfort, electrical appliances,
waste and willingness to report building-related issues. A 5-point Likert scale with close-
ended questions was used to evaluate the main part of the survey. The scale was formulated
as follows: 5 = Strongly agree, 4 = Agree, 3 = Neutral, 2 = Disagree, 1 = Strongly disagree.
To provide more qualitative data, the respondents had the opportunity to address any
concern related to the U-building in the final survey question provided in an open-ended
format. Relevant survey questions will be presented and discussed in Section 3. The full
survey is available upon request.

3. Results
3.1. Survey Results

In this section, the survey results are presented.

3.1.1. Demographics

The demographics of the respondents are presented in Table 2. Overall, 99% of the
respondents were students; of these, 86% stated that they spend, on average, 1–3 days per
week in the U-building.

Table 2. Demographic characteristics.

Demographics Responses Percentage

Gender

Male 182 61

Female 114 38

Age

17–21 106 35

22–27 174 58

28–32 16 5

33–38 2 1

Occupation

Student 299 99

Researcher 1 1

Nationality

Local 202 67

Foreign 98 33

3.1.2. Energy Awareness and Knowledge

Summarized in Table 3 is the first set of questions that are motivational and intent-
based questions that were formulated in order to assess the respondents’ environmental
concerns and to identify if they have been provided with information about how the
U-building operates.
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Table 3. Summary of questions about energy awareness and knowledge. The results marked with *
represent a rounding error of 0.33.

Energy Awareness and Knowledge [%]

Not concerned Little concerned Concerned Very concerned Highly concerned

Q1. Please rate your concern about
energy and environmental issues. 1 8 * 27 * 29 * 34

Strongly disagree Disagree Neutral Agree Strongly agree

Q2. I know how to interact with the
smart HVAC thermostat displays. 43 * 27 17 * 9 3 *

Yes No

Q3. Have you been educated in
how the U-building operates? 15 85

Q1. The concern about energy and environmental issues is important to assess amongst
building occupants since this concern is related to building energy use and foremost
essential for the reduction in building energy use. Most building occupants are concerned
about energy and environmental issues as the response rate was 90% for concerned, very
concerned or highly concerned. If this concern is to be translated into building occupant
behavior, it should imply that the building occupants act with responsibility and energy
awareness. In this sense, they should be willing to adopt such behaviors that are required
to optimize building energy use.

Q2. The DRPs were identified as one building system feature that the building
occupants can interact with. This interaction might also have an impact on total building
energy use, since the building occupants should be able to increase or decrease indoor
temperature via this display. Therefore, it was relevant to include a survey question about
this interaction. It was found that 70% claim that they did not know how to interact with
the DRPs. This response indicates that the DRPs require improvements regarding the user
interface. The reasons behind this response are not identified and should, therefore, be
investigated in future studies.

Q3. Smart buildings are not yet so smart that they operate seamlessly without any
participation, input or interaction from the building occupants. Building occupants are
expected to take active decisions and interact with building systems and features in order to
achieve thermal comfort. Therefore, it is relevant to study to what extent the building occu-
pants have received any type of education about how the U-building operates. The results
followed accordingly; 85% of the respondents answered that they had not been instructed
in how the U-building operates. The resulting 15% that did receive some type of education
about the U-building operations were most likely students participating in courses where
the building is used as a model. This result could also be linked to the findings in question
2 of the survey, revealing that most of the building occupants did not know how to interact
with the DRPs. In addition, it might also explain why some of the open-ended answers
indicated a lack of know-how about the building operation.

3.1.3. Building Occupants’ Energy-Aware Behavior

Summarized in Table 4 is the second set of questions that was formulated to acquire
data about the building occupants’ habits and concerns about energy-aware behaviors
related to thermal comfort, electrical equipment, sorting waste, printing hard copies and a
sense of responsibility to notify about building errors.
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Table 4. Summary of questions about energy-aware behavior. The results marked with * represent a
rounding error of 0.67 and # represent a rounding error of 0.33.

Energy Aware Behavior [%]

Strongly disagree Disagree Neutral Agree Strongly agree

Q4. I adjust my layers of clothing when I feel
too cold or too warm. 1 * 4 * 8 * 44 44

Q5. I place waste in the right place for
recycling. 1 2 4 31 62

Q6. I alert the building operator when there is
a building systems error. 24 23 37 12 4

Q7. I make sure the windows are closed. 9 14 37 24 16

Q8. I turn off any electrical equipment when it
is no longer needed. 2 14 19 41 24

Q9. I use the stairs rather than the elevators. 3 10 14 30 43

Q10. I avoid printing hard copies of
documents. 2 3 19 38 38

Close to a window The center of
a room

Next to an
inner wall

Next to an
outer wall Randomly

Q11. Where do you prefer to locate yourself
while studying in the U-building? 57 # 3 # 5 # 4 * 29 #

Q4. Adjusting the layers of clothing is an example of energy-aware behavior, since
this relates to a sense of responsibility of first taking personal action, before interfering with
building systems or envelopes. This question aimed to provide data on the preferences
of the building occupants regarding adjusting their level of clothing to achieve thermal
comfort. Overall, 88% of the building occupants responded that they adjust their layers
of clothing when they feel too warm or too cold. Therefore, it could be argued that
most of the building occupants are willing to adapt to the indoor temperature by making
personal adjustments.

Q5. Behaviors regarding managing waste amongst building occupants is important in
the sense that it relates to an efficient waste management within the building boundaries
and a general environmental concern and sustainable lifestyle. The results of this question
reveal that the building occupants have a high concern about managing their waste. A total
of 93% of the respondents say that they place waste in the right place for recycling, which
indicates a high level of concern about waste management.

Q6. Alerting the building operator about building systems errors is important in the
sense that it indicates a sense of responsibility for building operations. In commercial
and common shared buildings especially, this might be a challenge. The response to this
survey question reveals that building occupants might be reluctant to contact the building
operators as 84% responded in a neutral manner or that they do not alert the building
operator when there is a building systems error. This could result in delays in detecting
errors which might affect the building energy use, as well as the indoor environmental
quality. How such behavior could be encouraged should be further studied.

Q7. This survey question aims at investigating the building occupants’ window-
opening behavior. The building occupants can open most of the windows to allow fresh
air in. Window-opening behavior relates to a sense of control, and opening windows for
fresh air enables the building occupant to achieve thermal and air quality preferences.
However, it might also increase the building energy use. Especially during the heating
season, window-opening behavior might contribute to an increased energy demand due
to losses in the ventilation heat recovery system [37]. What kind of energy-related impact
opening the windows has for HVAC operation depends on the outdoor temperature and
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on the length of time the window is kept open. Furthermore, opening the window in
one room may also cause shortcuts in the ventilation system so that other rooms do not
have sufficient ventilation. Overall, 23% of participants responded that they do not make
sure that the windows are closed, whereas 37% of the respondents remained neutral. Our
findings confirmed that building occupants open the windows for fresh air, especially
when they arrive at the building in the morning between 6:00 a.m. and 7:30 a.m. When
the building occupants arrive in the morning, they experience stale air quality. This can be
explained by the fact that the ventilation system is not operating during the night, and it is
set to start operating at a minimum flow at 7:00 a.m.

Q8. Previous research has found that turning off electrical appliances in educational
buildings can save about 20% of building total energy use under certain conditions [38]. Due
to these energy-saving potentials, it is, therefore, important to encourage such behavior and
concern amongst the building occupants. Thus, this question was formulated for studying
the sense of responsibility for turning off electrical equipment. The result showed that 65%
of the respondents actively turn off electrical equipment. Thus, 35% responded neutrally
or did not engage in turning off electrical equipment. These results showed that there is a
need for interventions to encourage knowledge and good practice routines regarding the
use of electrical equipment.

Q9. The elevator is an electricity-consuming object in commercial buildings; previous
researchers have studied both the impact on energy use and also the health perspective
of promoting taking the stairs [39]. Encouraging building occupants to prioritize taking
the stairs will have multiple effects: the building energy use will drop while the building
occupants adopt a healthier lifestyle, also leading to better learning capabilities as physical
activities promote learning [40]. For this study, the question was formulated to study the
preferences of using the elevator as opposed to taking the stairs when moving between
floors. Overall, 73% of the respondents agreed or strongly agreed that they take the stairs
rather than the elevator. The open-ended question revealed that when the students arrive
at the building, they take the elevator to the top floor if they are searching for an available
group study room. As the study rooms located at floor 7 are the most popular ones, building
occupants take the elevator to this top floor and then systematically descend using the
stairs, floor by floor, in search of an available space to study. Therefore, there is a tradeoff
between taking the elevator which saves time, as opposed to taking the stairs.

Q10. Printing involves several environmental aspects such as paper use, ink and toner
use and plastic waste. It could be argued that attitudes towards printing hard copies have
changed in line with a general increase in environmental concern. Overall, 76% of the
respondents agree or strongly agree that they avoid printing papers. This result shows that
most of the building occupants have a sustainable behavior related to printer and paper use.
Still, it is important to continue promoting sustainable behaviors related to printing hard
copies through incorporating these aspects in campus plans, by conveying information to
building occupants and limiting hard copy use in teaching.

Q11. To know where the building occupants prefer to locate themselves is important
in planning ways to save energy, because, with this knowledge, building management
could, for example, optimize the interior design of the building to fully utilize the natural
daylight. The result showed that 57% of the building occupants prefer to sit next to a
window. This indicates that the building occupants favor this building due to its many and
large windows, which provide a good amount of natural light.

3.1.4. The Open-Ended Question

The open-ended question provided qualitative data about how the building occupants
experience and interact with the building and its systems. A total of 38% of respondents
provided a comment. Overall, 20% of these comments were about the indoor temperature,
whereas 91% stated that the indoor temperature is perceived to be too cold. While observing
the indoor environments, it was noted that students wore their outerwear inside class-
rooms and group study rooms. A previous study made in the same building throughout
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January–March 2023 found that the temperature in some group study rooms was as low
as 16.5 ◦C [41]. The reason was due to faulty settings in the building management control
system. The fault was corrected about two months before this survey started; however, it
might have influenced the responses.

The second most reported item, which represented 16% of the comments, was the
solar blinds. The respondents noted that they do not understand how they operate and
that they “seem to have a mind of its own”, moving up and down irregularly. It was also
mentioned that the solar blinds block natural light.

Another key finding was that the building occupants appreciate the visual comfort
and the amount of natural daylight in the building, which could explain why they prefer to
sit next to a window and why they are annoyed by how the solar blinds operate. It should
be noted that the survey was performed from the end of April to the beginning of June
where there is daylight between 4 a.m. and 9 p.m., which might have influenced this result.

Another finding is related to the sensor-steered lights. When there is no detected
movement, lights turn off after 30 min. To activate the lights, movements must be made.
As one respondent noted; “I need to make major moves to turn the lights back on”. Some
of the building occupants also believe that the presence sensor which controls the light
should be placed differently in order to improve the sensitivity.

Recycling waste was also mentioned in the open-ended question. The U-building
has two bins for recycling: paper and unsorted. Respondents stressed that they lack the
opportunity to manage their waste correctly, as it is not possible to sort plastics, food, PET
bottle recycling and metal.

3.2. Observation Results

As a result of the fact that 70% of respondents did not understand the DRP, it was
decided to study this feature in more detail. Therefore, two observations were performed
to study its features and how it is connected to the building HVAC system.

When performing the observations, a design fault of the DRP interface was discovered.
The DRP, illustrated in Figure 6, allows the building occupants to decrease the “desired
temperature” to 11 ◦C and increase it to 31 ◦C. However, predefined settings in the superior
building management system limit this interaction. The DRP is controlled by a variable
maximum allowed temperature shift. This setpoint is supervised by building management
and is customized to 2 ◦C, which means that the building occupants are allowed to increase
the temperature with 2 ◦C and decrease it with 2 ◦C. Thus, the allowed adjustable tempera-
ture interval is within the range of 19 ◦C and 23 ◦C. The allowed setpoints via the DRPs
are, therefore, subordinate to the maximum allowed temperature shift. The maximum
allowed temperature shift is also controlled by a duration of 180 min. This means that any
adjustments made by the building occupants will fall back to 21 ◦C after 180 min. None of
these superior setpoints were communicated to the building occupants.

Another issue is that the DRP displays the room temperature from a sensor placed
close to the ceiling, approximately 3 m above the floor, which is outside the occupancy
zone. This means that the display does not show the temperature in the occupancy zone.
This could be misleading if the building occupants act on a temperature that might differ
from the temperature in the occupancy zone. Therefore, it would be more accurate if the
DRP displayed the temperature in the occupancy zone.

In order to study how this system works from the perspective of the building occupant,
two observations were made. In the first observation, illustrated in Figure 8, the desired
temperature was set to increase by 2 ◦C to 23 ◦C; in the second observation, illustrated in
Figure 9, the desired temperature was set to decrease by 2 ◦C to 19 ◦C. Hourly readings were
recorded from 07:02 a.m. to 17:45 p.m. The room was occupied by one person, the window
was not opened, and the room was unoccupied between 11:30 and 12:30.
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The results from these two observations show that the desired temperature was not
reached within the time set out for the observations. According to the setpoints, they should
be able to reach the desired temperatures of 23 ◦C and 19 ◦C, respectively. The reasons for
why the temperature never reached the 2 ◦C increase and decrease was not further explored
beyond these two observations. Except for technical reasons for this system behavior,
building physics could also explain this slow change in temperature as the thermal inertia
of a massive brick building induces a slow response to the heating system. This means that
if a building occupant increases or decreases the desired temperature, the response of the
heating system to the new setpoint is slow due to the free convection radiators with low
temperate water. Consequently, the building occupant might already have left the building
before the desired temperature is reached.

4. Discussion

It can be argued that interactions with modern building systems occur to a limited
extent, compared with traditional and less digitalized buildings. Therefore, building oc-
cupants in a smarter building might have a lesser impact on building energy use. As an
example, in buildings equipped with smart and sensor-steered lighting systems, the build-
ing occupants do not influence the building energy use by leaving lights on when not
needed. Additionally, in buildings equipped with smart HVAC systems, the building
occupants’ interactions are controlled by predefined setpoints and these predefined set-
tings together with presence and temperature sensors automatically control the indoor
environment. Therefore, it is crucial that daily surveillance, maintenance and operation
of these smarter building systems is carried out with operational excellence. Otherwise,
old settings that have not been updated according to building status could lead to a less
comfortable indoor climate.
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If the U-building was smarter with responsive intelligent systems, it should learn from
the building occupants, potentially benefiting from feedback mechanisms involving the
building occupants. By doing so, the building occupants could receive real-time information
on the status of the HVAC system. Such feedback loops should also give the building
occupants the opportunity to communicate to the building management about their IEQ,
for example, if they are feeling cold or warm in relation to where in the U-building they
are located.

4.1. The Survey

To summarize the findings from the survey, most of the responses indicated energy
awareness and concern. Most of the respondents adjust their layers of clothing, they utilize
the natural daylight, they take the stairs instead of the elevator, they manage their waste,
and they avoid printing hard copies of documents. What was found to be missing is
knowledge about the smart building systems, as most of the respondents did not know
how the DRPs operate. Other concerns related to the building systems were unsatisfaction
regarding the operations of the solar blinds and the sensor-steered lights.

The open-ended question revealed that the building occupants perceive some chal-
lenges for the building to reach its fullest potential. For example, several of the comments
pointed out that the building is cold. The setpoints of the indoor temperature resemble
a tradeoff between energy efficiency and thermal comfort. Thus, the indoor temperature
could be increased; however, that would be counterproductive for achieving sustainable
energy use. However, in such a smart building, it is crucial to ensure that the smart building
systems provide the same output in reality, as given in the monitoring system. The indoor
climate should be validated on a regular basis, for example, validating that the heating
system provides 21 ◦C in every room. The temperature data in the building management
system might show 21 ◦C, but in reality, could be different. Therefore, it is important to set
up routines to make sure that the indoor temperature corresponds with the temperature
presented in the monitoring systems. The control of data corresponding with reality is
important in a smart building, where there are multiple data connections between several
system providers, tenants and the building owner.

Most of the responses from the open-ended question relate to a sense of control.
According to Jowkar et al. [23], when a sense of control is achieved, the building occupants
are able to better take control over their space in terms of taking adequate environmental or
personal adaptive behavior to assert thermal comfort. The sense of control for the building
occupants’ space tends to have a positive impact on thermal comfort [30,42]. Regarding the
U-building, interacting with DRPs could empower positive psychological effects since a
sense of control might enable the building occupants to experience an improved sense of
thermal comfort. It could also be argued that smart building systems with some degree of
occupant control may result in energy-aware behavior, encouraging the building occupants
to feel motivated to act. Furthermore, according to Leaman and Bordass [43], there is a
fine balance between lack of control and too many choices, as building occupants could
be disturbed by too many choices since they use building controls occasionally and only
when most needed. According to Nicol and Humphreys [44], “The building should give
occupants the chance to adjust the conditions to suit themselves. Discomfort is increased if
control is not provided, or if the controls are ineffective, inappropriate or unusable”. This is
why the DRPs are essential for thermal comfort.

Visual comfort is particularly important in educational buildings because it affects
learning abilities; moreover, the exposure of natural daylight is also beneficial for the
comfort and wellbeing of the building occupant [25]. It was found that the building
occupants consider the U-building to have great potential for utilizing natural lights via
the many large windows. However, they perceive that the solar blinds block this potential.
It should be noted that the solar blinds are not blackout curtains; the building occupants
still gain some vision when they are down. One challenge of solar blinds is to find the
correct operational level between reducing the glare while maintaining natural light [45].
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The outdoor sensor controlling the solar blinds should be placed so that the blinds operate
to their best performance. Additionally, setpoints in the building control system for the
solar blinds should be verified by the building operator. One explanation for the solar
blinds to act irregularly could be that the blind control is disturbed by clouds, meaning
that the blinds might occasionally operate together with the clouds under variable clouds
conditions. This could be solved by introducing hysteresis into the control loop with a
delay timer that inhibits frequent blind movement.

4.2. The Digital Room Panel, DRP

DRPs are a relatively new feature in commercial buildings; therefore, little is known
about the interplay between them and building occupants. Previous research has noted that
building occupants do not by default respond to new technologies positively [8]. One key
conclusion that could be drawn from the findings in this study is that user experience
should be improved and those setpoints in the superior building management system that
limit interactions with the DRPs should be communicated to the building occupants. As an
example, this could be carried out by providing instructions for the building occupants
about the DRP functionalities. For example, instructions could be placed next to the
display or by means of information sessions about the building and its building systems.
In addition, feedback mechanisms could support the DRP interaction. For example, the
DRP could display whether the heating or cooling system is on or not together with an
estimation of the time needed to reach the desired temperature. By doing so, the DRP
would provide relevant information to the building occupants, and interactions would
become more intuitive.

Another setpoint in the building management system that controls the operation of
the DRP is the duration setpoint of 180 min. This means that any adjustments made by the
building occupants will revert back to the predefined temperature of 21 ◦C after 180 min.
This setpoint affecting the building occupants’ interactions was not communicated either.
Via interviews and observations, it was noted that building occupants use the U-building
for more than 3 h as they usually come to the U-building to study for a full day. This means
that the desired temperature might revert back before the building occupants leave the
U-building.

4.3. Energy-Saving Potentials

In order to explore any possible energy-saving potential with regard to building
occupant behavior, the building systems were mapped as shown in Table 1. Interviews
were also performed with the building operators and the U-building, and its occupants were
observed on several occasions. In addition, findings from the survey provided knowledge
about those interactions where potential energy savings could be identified.

The U-building is constructed with many large windows. It could be argued that
there would be some energy savings from reducing the artificial light close to the windows,
replacing artificial light with natural light. This could be a strategy beneficial from an
energy-saving perspective but also from a perspective of the building occupant’s IEQ,
as natural light improves health and wellbeing. Unfortunately, there were no separate
energy data available for lights; therefore, it was not possible to quantitatively estimate
such energy savings. Furthermore, it was also noted in the open-ended question that the
U-building would benefit from proximity and luminosity sensors to control artificial light
where natural light could replace the LED lights.

There is a general rule saying that lowering the indoor temperature by one degree
would decrease building energy demand by approximately 7% [46]. This would mean
that if the U-building temperature were set to 20 ◦C, instead of 21 ◦C, energy savings of
7% could be achieved. In Sweden, the minimum operative indoor temperature of higher
educational buildings should be at least 18 ◦C [47]. This would keep the temperature within
the requirement. However, since the building occupants already feel that the building is
cold, lowering the indoor temperature by one degree would involve a tradeoff for thermal
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comfort. If an intervention like this would be scaled up to include the entire campus areas,
a considerable amount of energy could be saved. Nicol et al. [48] stated that in the UK,
energy savings of 10% can be achieved for every degree reduced in indoor temperature.
According to Nicol and Humphreys [44], if control is provided to the building occupants
to make themselves comfortable, a ±2 ◦C variance is found acceptable. Additionally, a
study carried out by Leaman and Bordass [43] found that building occupants might be
more tolerable of the indoor climate if they know that it is a green-rated building.

5. Conclusions and Recommendations for Future Research

This paper presents a case study of a green-rated educational building equipped
with smart building technology. Interviews, observations and an online survey were
used as research methods to study the building occupants, their energy awareness and
interactions with the building envelope and building systems. This study was made
in a higher educational building, and findings could be generalized to similar building
types with a similar building population. However, future research can contribute to the
generalizations of the findings of this study by targeting campus buildings that differ in
these characteristics. The findings of this study are important for the enhancement of IEQ
in green buildings equipped with smart building systems.

This study argues that smart buildings is not yet smart enough. Therefore, it is
especially crucial to ensure operational excellence in commercial buildings equipped with
smart building systems. In addition, the building operators comprise a critical role in
ensuring an optimal performance of the building. Building management systems are
becoming data-driven, hence more advanced to operate. Thereby, these systems require the
building operators to analyze building data and make correct interpretations for setpoints
in relation to seasonal shifts and other relevant factors that affect energy use as well as IEQ.
Therefore, adequate training needs to be ensured within building management to acquire
relevant and up-to-date skills in smart building systems.

Presented in Section 1.1, three overarching research questions were formulated. The
findings are as follows: Firstly, it is challenging for this type of building to meet expectations
from the building occupants regarding their perceived IEQ. This statement arises from
the open-ended responses, where responses revealed that the building is experienced to
be thermally and visually uncomfortable. It was especially noted that the building is
perceived to be cold and that the sensor-steered solar blinds seem to have a mind of their
own. The DRPs were also found to be non-intuitive and from the perspective of building
occupants, it could be perceived that the system simply ignores any efforts to increase
or decrease the temperature. Thus, smart building systems should be designed so that
interaction becomes intuitive. To increase user-friendliness, the desired temperature of the
DRPs should mirror the setpoints in the superior building management system. The issues
regarding thermal and visual comfort could be solved by adjusting setpoints in the superior
building management system and by providing information to the building occupants
about how the HVAC system operates.

Secondly, sustainable behavior and energy awareness are important factors that should
be encouraged, especially in higher educational buildings where the future citizens are
shaped. It can be concluded that the building occupants are concerned about energy-
environmental issues and most of the respondents act with a sense of energy awareness.
This study also argues that energy-aware and sustainable behavior is especially crucial to
promote amongst campus building occupants as they are the future workforce that will
spend most of their time in various commercial buildings.

Thirdly, it was noted that building occupant behaviors have limited impact on total
building energy use in this case study building. The explanation is that the indoor climate
is controlled via the central building management system and the lighting system and
HVAC system are automatically steered via sensors. The building occupants are allowed to
adjust temperature settings by adjusting the desired temperature via the DRPs. However,
this interaction is limited by setpoints in the superior building management system and,
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therefore, the impact on building energy use remains insignificant. The building occupants
are unaware of these setpoints; therefore, it is recommended to provide building infor-
mation and feedback mechanisms to enhance the user experience and thereby improve
interactions with the DRPs. Furthermore, it is argued that some control is beneficial since
building occupants should never become passive agents in the built environment. Encour-
aging a sense of control and allowing some interactions with the smart building systems
could yield positive spillover effects where other desirable behaviors such as sorting waste
occur. Ultimately, sustainable behavior even beyond the building boundaries would also
be motivated [49].

This study faced some limitations that are important to highlight for future research.
Firstly, it should be recognized that the survey was performed during the spring term
in a campus building located in Sweden, which means that climate, weather, building
type and building occupants is considered specific to this context. Secondly, this study
did not include any energy performance calculations. Hence, results and discussions
related to energy use are merely subjective based on results from the survey, interviews
and observations. Thirdly, response bias should be acknowledged as one limitation that
might impact the result of using surveys. Response bias may impact the reliability of
self-reported behaviors. This could, for example, be misinterpretations of the survey
questions or lack of knowledge about various building systems [50]. Furthermore, building
occupant behavior depends on psychological, physiological and social parameters that
determine individual preferences, affecting the experienced thermal and visual climate [4].
These individual characteristics together with variations in metabolic rate, clothing and the
intake of drinks [16] were not considered for the scope of this study. Finally, the respondents
represent a homogeneous sample population. As shown in Table 2, 93% of respondents
were between the age of 17 and 27, and 99% were students. Therefore, the outcome of this
survey might not be generalized for a heterogenic sample population.

Based on the findings from this study, the following recommendations for future
research are suggested. These recommendations are also relevant for key stakeholders
responsible for the operation and management of smart and green campus buildings:

• It was found that most of the building occupants need support in understanding how
the DRPs work. For example, a small sign with essential information could be placed
on the wall next to the DRP. The interface of the DRP could also be developed to make
it more user friendly and to achieve better controllability. Furthermore, the DRPs
would benefit with some type of feedback-mechanism for the building occupant to
understand how the HVAC system operates. The DRP could display the time it will
take until it reaches the desired temperature and indicate if the heating or cooling is
in operation.

• Future research should target how to develop practices and guidelines in order to
provide the building operators with education and other necessary organizational
support for acquiring adequate knowledge about smart building systems. The building
operators should also be given dedicated work time to ensure operational excellence
of the smart building systems. There is a risk that if the smart building systems are not
managed appropriately, they will not perform according to their full potential. This is
evident in this case study where accurate setpoints for the solar blinds could prevent
them from moving up and down too often, including misleading DRP settings.

• The building management team would benefit from learning about the building
occupants, their expectations of IEQ and their knowledge about the building systems.
This could, for example, be carried out by using surveys where relevant factors are
captured. By doing so, behaviors such as window-opening behavior could be better
understood, and issues regarding IEQ could be better dealt with.

• By means of Artificial Intelligence, data from interactions with the DRP could be
used to train the superior building system to modify the setpoints based on how the
building occupants adjust the DRPs.
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• Sensor data could be analyzed to learn more about the building occupants’ preferences,
for example, their presence and movement patterns including spatial data such as
where in a building they prefer to study or work.
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