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Application of occupancy and booking information to optimize
space and energy use in higher education institutions

Shoaib Azizi*, Ramtin Rabiee, Gireesh Nair, and Thomas Olofsson

Department of Applied Physics and Electronics, Umea University, 90187 Umeé, Sweden

Abstract. Building in higher education institutions (HEIs) are characterized as energy intensive
Experience from practice showing large discrepancies between predicted and actual energy performance.
The deviation can sometimes reach 100%. Explanations often originate from occupant’s behaviour along
with building operation. loT-based smart tools can provide extensive information about building usage to
improve the building management, often associates with opportunities, for significant energy saving. The
analysis in this study investigate space use based on occupancy and booking information in eight different
lecture rooms at Umed University. The results suggest interventions for significant saving potentials, such

as modification of access permission and closing down redundant lecture rooms.

1 Introduction

Emerging information technologies can offer cost
savings and environmental sustainability to the building
sector through novel management and control strategies.
Internet of things (IoT) is the integration of several
technologies to provide smart services in smart
environments [1]. Applications of IoT in academic
environments associate with the concept of ‘smart
campus’ can improve the student learning experience,
campus security and also operational efficiency [2]. A
common application of such systems in universities is to
support users to find available spaces. While in other
industries, its application is relatively more targeted
towards efficient use of space [3].

Optimum space management means the space is
being used for the maximum time while minimizing the
operation and maintenance costs. Space management can
prevent squandering of space that lead to attractive
return on investment. Optimization of space use may
lead to direct savings on energy and other services in
addition to preventing the unnecessary new
constructions. Moreover, the information of space
utilization is useful for strategic planning to identify
demand for certain type of spaces [4].

The objective of this study is to investigate the
possible applications of IoT related technologies to
optimize the space use management for the lecture
rooms in universities. This study is an effort to maximize
the effective utilization of lecture rooms by
modifications to their operation management. The results
may indicate the need for new spaces and facilitate the

*
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planning for future developments. On the other hand, the
optimum space management may enable to close down
some lecture rooms thereby reducing the rental cost for
university or allow the lecture rooms to be leased to
outsiders to generate additional revenue for the building
manager.

The hypothesis in this study is that there is a potential
to reduce energy use by space-use optimization in
university buildings. The data collected from smart tools
are used to support the university’s organisational
objectives of reducing energy and carbon footprint. This
study explores the possibility to space management and
the analysis is restricted to a few lecture rooms in a
university building.

1.1 Space and energy management in HEls

Higher education institutions (HEI) have had rapid
growth in recent years. Since 1990 the number of these
institutions have almost doubled worldwide [5]. The
growth is more likely to continue in future due to
evolving economic needs and social aspirations [6].
Physical environment is an important aspect of a higher
education institutions impacting their performance [7].
Usually, the real estate costs, such as acquisition,
construction, maintenance and use constitute the highest
cost after staff salaries in universities [8]. Further, the
need for efficiency and sustainability requires the
universities to explore new ways to better use their
resources.

Energy use in non-residential buildings such as
university buildings is expected to increase 57% from

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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2018 to 2050 [9]. The energy intensity in the Swedish
university buildings managed by Akademiska Hus is
equal to 201.4 kWh/sqm-yr [10]. Energy use in this
sector is complex due to diversity of activities and type
of spaces such as lecture rooms, laboratories and offices
[11,12]. Moreover, the occupants of such buildings may
not be motivated to reduce the energy use since they are
usually not aware of the energy costs and also may
perceive the energy to be free[13].

Improvement in the operation of educational
institutions have driven many research studies on
efficient space use by focusing on the booking systems
for courses and exams in universities. However, there is
a gap between the theoretical approaches and practical
applications by education administrators [14]. Moreover,
the gap between predicted (timetabled) and actual use in
terms of frequency, occupancy and usage by the right
group of students is a shortcoming of booking systems
[3]. Space utilization surveys have been undertaken by
direct observation in small areas [15], however, this
method could be impractical for large spaces for longer
durations. Optimizing space use is impossible without
good data to make decisions. The difficulty to accurately
measure the space utilization in buildings have often
caused the potential optimization of space use to be
ignored [16].

The “Smart Campus Tools” project in Netherland
investigates the potentials for space use optimization in
academic environments. They define a smart tool as a
service or product with which information on space use
is collected real-time to improve utilization of the current
campus on the one hand, and to improve decision-
making about the future campus on the other hand [3]. In
this view, a monitoring system with PIR (passive
infrared radiation) sensors and a booking system fall in
the category of smart tools. Their definition of smart tool
can be considered as an application of IoT to create a
smart environment, which resonate the approach in this
study. However, to the best of authors’ knowledge, there
are no empirical study addressing the space use
optimization by using the combination of booking and
occupancy information.

According to [17], space utilization can be
determined by frequency rate and occupancy rate.
Frequency rate is the proportion of time that space is
used compared to its availability. Occupancy rate
indicates how full the space is compared to its capacity.
Online booking systems are widely used in different
universities to support users to reserve their required
spaces. Beyond supporting the users to organize their
activities, these systems can provide information on
space use. Moreover, this information can be cross-
verified by linking the booking systems to sensor
technologies to measure the actual usage of spaces.
Occupancy based building automation technologies can
mitigate the negative effects of occupancy behaviour and
poor building control on energy use [18].

Research on IoT tools in buildings has been more
technology-oriented rather than involving different

disciplines related to building industry to identify the
added value of these systems [19]. Majority of papers on
the subject focus on performance criteria such as
accuracy for a new system design applied in a small
scale [20]. The prominent potential that IoT and big data
offer may fundamentally change the operation and
management of real-estate in universities [21].

2 Data collection

The data for this study was collected from 71 wireless
sensor devices in 8 different lecture rooms in a building
in Umed University in northern Sweden. Each sensor
device could measure PIR, temperature, humidity and
light intensity although for the analysis in this study only
the PIR data was used. Frequency of data logging was
restricted by factors such as capacity of data storage and
battery life. The sensors were set to transmit data in 10
minutes intervals using LoRa (Long Range) wireless
network which is a low-power wide-area network
technology gained fast-paced growth in IoT applications
[22]. The data was collected in a middleware database
platform which allows easy access to all sensors. This
analysis uses data collected during a 4 months period in
the spring semester 2019. The number of sensors in each
lecture room vary due to difference in size of each
lecture room. The installation of sensors in the lecture
rooms enable to measure the proportion of time that
space is used in relation to availability, the distribution
of occupancy in each lecture room and also occupancy
rate. To investigate the occupancy rate, the sensors are
tried to be distributed evenly, however, since the number
of sensors and limitations for sensor installations are
different in each lecture room, the comparison of
occupancy rate between different lecture rooms is
unreliable. Instead, the occupancy rates are compared for
each lecture room for different periods.

The sensors might be triggered due to heated surfaces
(e.g. by sunlight) or they may fail to detect if the
occupants remain overly static. The detection accuracy
of sensors were tested in 3 offices for 5 working days.
For this trial the occupants were asked to record
“ground-truth” information about their presence in the
offices. This information was then cross verified with the
occupancy detection data from the sensors. The results
show that the average accuracy was 95% when detection
occurs within 2 meters. Such uncertainties in the data
cannot be excluded though the occurrence of such events
that are infrequent and the detections are accurate
enough for the analysis.

The room-booking system in Umed University
known as “TimeEdit” allows the university staff to book
the lecture rooms. The system is based on a centralized
coordinated timetable that allows scheduling the lectures
and meetings in a desired lecture room. The system has a
user-friendly interface that also presents the features of
lecture room such as occupant capacity and available
equipment. The information from this booking system
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along with the deployed sensors were used to investigate
the usage patterns of the studied lecture rooms.

The investigated lecture rooms are located in a
building which is close to most of the departments in the
university campus and are usually booked by the
employees for teaching-related activities. All the lecture
rooms are located in the same floor, beside each other
along a corridor. Their proximity to each other
diminishes the importance of their spatial location with
respect to employees’ booking choice. The lecture rooms
are supplied with constant ventilation flow for maximum
room capacity set on schedule to operate from 6:30 to
18:00. The room temperature is set on 21 °C while the
heating is delivered by a hydronic radiator system. The
lighting control varies among different lecture rooms
while 3 out of the 8 investigated lecture rooms have
manual control and the rest have automatic lighting
control based on occupancy detection. The size of
lecture rooms are related to their capacity ranging from
20 to 130 persons. As presented in Table 1, the lecture
rooms can be divided based on their capacity in different
size categories. There are 3 lecture rooms with the
capacity lower than 35 persons categorized as “small”
and 3 lecture rooms with the capacity between 35 and 70
persons categorized as “medium”. The two large lecture
rooms have 130 persons capacity. Figure 1 shows the
layout of lecture room M1 with 7 PIR sensors. Sensor A
is installed to detect presence in front of white board and
sensors B to G are installed to cover all sitting areas.

Table 1. Categorization of lecture rooms

Size categories Capacity (persons) Lecture rooms
Small “Capacity”<35 S1,S2,S3
Medium 35 <“Capacity” <70 M1, M2, M3
Large “Capacity”>70 L1,L2
N
A
G D
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Figure 1. Sensor installation layout in one sample lecture room

3 Analysis

As per the objective of this study to optimize the space
and energy management, the first step was to study how
the lecture rooms are being used. The data was prepared

for the analysis in a pre-processing step by MATLAB.
Due to interruptions in wireless network there were some
missing data from a few sensors. The missing data-
points had to be identified to synchronize (time
alignment) different sensors. The data related to
weekends and holidays was filtered out and only the
time between § am and 5 pm during the working days
was considered “available period” for the investigation.

As shown in Figure 2, the lecture rooms can be in 4
different statuses considering their booking and
occupancy information. The first status is while a lecture
room is booked and the occupancy sensors indicate
presence during that time (booked-occupied). The
second status is when a lecture room is shown to be
booked although the occupancy sensors do not detect
any presence (booked-unoccupied). The 3" status is
when a lecture room is not booked but the occupancy
sensors detect presence as it might be used without prior
booking (unbooked-occupied). The last status is related
to the period when a lecture room is not booked and not
occupied (unbooked-unoccupied). By using the
information from booking system and occupancy
sensors, the proportion of time related to each status can
be calculated implicating the efficiency of space use for
each lecture room.

[ Booked- Booked- Unbooked-
occupied unoccupied occupied

Unbooked-
unoccupied

Occupied e T
Booked | = s--eeeeeseceeeaas
Available time s 2 - s ¥ T ¥ 1

Figure 2. Different statuses based on booking and occupancy
information

Calculation of occupancy rate becomes possible by
counting the number of occupants present in a lecture
room divided by the lecture room’s capacity. In this
study, the sensor setups with PIR sensors did not allow
counting the number of occupants as PIR sensors only
detects presence. Nevertheless, when the sensor does not
detect presence, the number of occupants is certainly
equal to zero. Multiple PIR sensors in each lecture room
allow indirect estimation of occupancy rate when they
are installed to cover the entire lecture room’s area.
Presence detection by any installed sensor can infer that
lecture room is occupied while some of the sensors
might not detect presence. Maximum possible
occupancy rate (MPOR) is a measurable parameter by
PIR sensors and is defined as the maximum possible
number of occupants present in an area (lecture room) in
relation to the capacity. For example, if there are 10
sensors installed to cover the entire area in a lecture
room while 5 sensors detect presence, and 5 sensors do
not, it can be inferred that the maximum number of
occupants in that lecture room could not be more than
half of the capacity. MPOR can be calculated for each
lecture room during a ‘“data acquisition frequency”
period. To calculate this parameter for a longer period,
MPOR is averaged for the entire periods that the rooms
are inferred to be occupied.
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The concept of MPOR that is presented in this study
due to limited binary output of PIR sensors, cannot
completely replace the regular occupancy rate. The
precision and usability of this parameter on describing
the occupant distribution depends on how evenly the
sensors are installed within each lecture room. This
parameter can be calculated only during the periods
when the rooms are occupied. These periods consist of
two statuses (booked-occupied and unbooked-occupied)
while this parameter enables comparison of occupancy
and efficient space use between them. Comparison of
this parameter between different lecture rooms can be
misleading since the number of sensors and their
deployment density are different in each lecture room.

Finally, to find out if there is any potential to close
down redundant lecture rooms, the study adopts an
aggregated approach to examine how often the lecture
rooms are booked all together. Such analysis can be
undertaken for different periods to check if it is possible
to close down a certain lecture room in any period to
save energy and other costs.

4 Results

4.1 Statuses

Figure 3 presents the proportion of possible statuses in
relation to the total time (working days from 8 to 17) for
the investigated lecture rooms. The proportion of booked
periods for these 8 lecture rooms range from 26% to
80% with average value of 40%. This indicates that most
of times the lecture rooms are not booked. The booked
period is shorter for medium sized lecture rooms with
32% and longer for small sized lecture rooms with 49%.
This indicates that small sized lecture rooms are more in
need compared to other lecture rooms although even
they remain unbooked most of the times.

4.1.1 Booked-occupied

This status represents the periods that the lecture rooms
are occupied as they were previously planned within the
booking system. A high proportion of this status is
desired since it signifies efficient use of available rooms.
The proportions of duration of this status in relation to
the available period for the investigated lecture rooms
range from 21% to 52% with the average value of 30%.
Efforts should be made to increase the duration of this
status in the lecture rooms by reducing the duration of
other wasteful statuses which on an average stand for
70% of available times.

4.1.2 Booked-unoccupied

The periods that are booked but not occupied may
happen due to cancellation of lectures without cancelling
the booking of lecture rooms or when a lecture begins

later or ends earlier than it was planned. In average,
about 9% of the available time of the lecture rooms are
related to this status. The duration of this status has
relation with the duration of total booked periods as the
lecture rooms that are booked more frequently are likely
to have longer duration of this status. Further
investigation shows, in average, in 22% of the periods
that the lecture rooms were booked, there was no
occupant in the lecture rooms. This value is lower for
large lecture rooms with 15% as compared to other
lecture rooms with 22%. Minimizing the duration of this
status would foster the optimum use of space in lecture
rooms.

4.1.3 Unbooked-occupied

This status indicates the periods that the lecture rooms
are used in form of drop-in despite not being booked.
The users could be the lecturers or staff who had their
lectures or meetings without any booking. The other
category of users are the students who decide to use the
space for studying or group works. The problem with
this status is that the lecture rooms might be occupied by
fewer number of occupants while the energy services
such as lighting, heating and ventilation are provided for
the entire room capacity. This is further investigated in
the next section by the parameter of MPOR. On average,
this status constitutes 19% of available periods of lecture
rooms. During 32% of the periods that the lecture rooms
are not booked, there are occupants using them. This
situation is more common for large lecture rooms with
40% as compared to other lecture rooms with about
29%.

B Booked-occupied Booked-unoccupied

Unbooked-occupied Unbooked-unoccupied
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Figure 3. Proportion of different statuses in relation to the total
time

4.1.4 Unbooked-unoccupied

This status represents the periods that the lecture rooms
are neither booked nor occupied therefore is the most
obvious case for energy and space optimization. In
average, 40% of available time of lecture rooms (ranging
from 14% to 59%) is related to this status. The energy
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savings in this period are relatively easy to achieve by
shutting down services.

4.2 Maximum possible occupancy rate (MPOR)

MPOR is a parameter that uses the certain unused
proportion of the space of a lecture room during the
occupied periods to estimate the maximum number of
occupants present in a lecture room. Figure 4 presents
this average MPOR for the investigated lecture rooms in
the two statuses of “booked and occupied” and
“unbooked and occupied”. The results show this
parameter has significantly lower value during the
unbooked periods compared to the booked periods while
it seems to be independent from size of the lecture
rooms. Average MPOR in different lecture rooms during
booked periods ranges from 55% to 75% with the
average value of 67%. During the unbooked periods, the
range is from 15% to 28% averaged at 22%. These
results confirm the previously stated assumption that the
lecture rooms are used inefficiently by fewer number of
occupants during the unbooked periods and indicates the
need for interventions for the status of “unbooked-
occupied”.

B Maximum possible occupancy rate of booked periods
B Maximum possible occupancy rate of unbooked periods
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Figure 4. Minimum vacancy rate in the occupied periods of
the lecture rooms

4.3 Aggregation model of space optimization

The temporal analysis presented in this section aims to
establish a method to evaluate the extent that the lecture
rooms are needed based on the historical booking
information. Although the only status the lecture rooms
are being used efficiently is when they are booked and
occupied, this analysis includes the period that they are
booked but unoccupied. The booked-unoccupied status
is considered inevitable and the length of this status is
just 9% of total time in average.

The booking information for all the lecture rooms
within similar size category is considered together in an

aggregated manner. The results enable to recognize the
redundant lecture rooms and the possibility to close them
down. On the other hand, the results can also provide
reassurance for required new developments by detecting
the rooms that are in high demand. The analysis is
performed for the typical time slots of lectures in
academic environments in Sweden: “8-107, “10-12”,
“13-15” and “15-17”. The time slot “12-13” is often
considered lunchtime and is presumably rare to have
lectures and meetings at this time. Figure 5 presents the
analysis to investigate the proportion of the number of
lecture rooms that were booked at the same time.
Accordingly, in about only 1% of the available periods
all the lecture rooms are booked at the same time and
this happens only in the “10-12” time slot.
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Figure 5. Aggregated analysis of all investigated lecture rooms

Time slot “15-17” is rather under-utilized as never
more than 5 lecture rooms were booked at the same time
during that time slot. This indicates the probable
viability to close down at least one lecture room by
moving the lectures to other time slots. However, there is
a need for further analysis to determine which one of the
8 lecture rooms should be chosen to close down. As all
the lecture rooms have similar equipment for teaching
and presentation, the size of lecture rooms are
considered the main factor determining the preference of
the staff on their choice of booking a certain lecture
room. This implies the necessity to perform the analysis
separately for each size category. Figure OError!
Reference source not found. presents the results of this
analysis for different size of lecture rooms. In about 13%
of the available periods all the 3 small lecture rooms
were occupied at the same time while this proportion is
10% for the medium lecture rooms. The results also
show in 21% of the available periods all the large lecture
rooms were occupied at the same time although there are
fewer large lecture rooms (2 lecture rooms) compared to
the other sizes. As there are time slots when all the
different categories of rooms are booked at the same
time, it may create a problem on room availability on
particular time slots if it is decided to close down a
lecture room from each size.
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In the scenario to close down one of the lecture
rooms while there is a shortage lecture room of the same
size, the staff have several options including:

¢ booking a lecture room of the same size in the same
day in a different time slot

¢ booking a lecture room of the same size in a different
day

e booking a lecture room of different size in same day
and same time slot

The analysis in this paper is limited to the possibility
to book a lecture room of different size in same day and
same time slot. This option might be desired by the staff
who do not have the flexibility to change the schedule
for their lecture or meeting.

4.3.1 Booking a lecture room of different size

Normally the alternative to the intended lecture room
while a lecture room of the same size is not available
would be to have a lecture room of different size which
can accommodate all the occupants. For example, when
staff want to book a small lecture room but it is not
available, then they can instead book a medium or large
lecture room. The possibility to replace the intended
lecture room with a smaller lecture room depends on
whether or not the staff choose the size of the lecture
rooms optimally for the right number of attendees.
Choosing a one size larger lecture room might associate
with higher energy use although the savings achieved by
closing down a lecture room may compensate it. Figure
7 shows the possibility to book a larger lecture room by
examining the overlap between the times when all
lecture rooms of the same size are booked and the time
when one size larger lecture room is not available. The
analysis is performed for different time slots and for 3
different scenarios including:

® When one small lecture room is closed down

e When one medium lecture room is closed down

e When one small and one medium lecture room is
closed down

)

According to the last grouped bars (total) shown in
Figure 7, at 67% of the duration when all 3 small lecture
rooms are booked, there is at least one medium lecture
room empty and available to book. This means during
the 13% of the total available time that 3 small lecture
rooms are required, if one small lecture room is closed
down, the staff have 67% chance to instead book a
medium lecture room. However, at about 32 hours
during one semester, there would not be a medium
lecture room in the same time slot to replace the intended
small lecture room.
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Figure 6. Aggregated analysis for different size of lecture
rooms

Similar analysis for medium lecture rooms show that,
if one medium lecture room is closed down, the staff
have 60% chance to book a large lecture room when all
the medium lecture rooms are booked while this may not
be possible at 31 hours during a semester. Even in the
scenario when two lecture rooms are closed down (one
small and one medium lecture room), 45% of the times
when two small lecture rooms are booked, there is at
least 1 medium lecture room available. However, this
option would not be available in 55 hours in a semester.
The analysis for different time slots for this scenario
shows the room shortage is significantly more likely to
happen at “10-12”. During this time slot, there are 23
hours that booking a one size larger lecture room is not
possible when a small or medium lecture room is closed
down. The shortage is exacerbated when one small and
one medium lecture room are closed down
simultaneously. There are 34 hours of unavailability of
medium lecture rooms while all both small lecture rooms
are booked.
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Figure 7. The possibility to book an alternative (larger) lecture
room while closing down one or two lecture rooms

5 Discussion

Comprehensive space use assessment becomes possible
within a smart campus, which is equipped with smart
tools. Smart solutions such as large scale connected
occupancy sensors and booking system can serve as the
catalyst to transform insights on space use into practical
application. Without the ability to monitor all lecture
rooms within a building in a HEI at every moment, the
space management decisions may be uninformed and
ineffective. Smart tools in an IoT environment enable
enhanced periodic space use reporting that offer
potential for management interventions to optimize
space and energy management. The information
generated by smart tools can be used by universities to
self-monitor and assist the decision makers to make
informed choices to improve the effectiveness of
resource allocation and environmental sustainability.

Analysing the data from occupancy sensors and
booking systems in the 8 lecture rooms in a building in
Umed University revealed that they are highly under-
utilized. Moreover, the MPOR parameter showed the
lecture rooms are not used spatially efficient in
unbooked-occupied status. Limiting access to the lecture
rooms for students in the periods that the lecture rooms
are not booked may at least save the lighting energy.
Moreover, the energy reduction for the ventilation
supply can be achieved by implementing a ventilation
system that operate based on occupancy. Such system
can use the PIR sensors to infer the MPOR parameter for
an approximate quick response to the number of
occupants while fine-tuning the control settings based on
CO; concentration.

Closing down at least one lecture room (7 rooms
instead of 8) seems to be effective to increase the booked
proportion of lecture rooms during total time. The results
indicate that there are only a few hours during a semester
that it is not possible for the staff to book the next higher
size larger lecture rooms when one of the lecture room is
closed down. During those periods there are a few other
options (see section 4.3) although this study does not
particularly investigate them.

The energy saving potential of closing down each
lecture room is estimated and presented in Table 2
considering the average energy use in university
buildings in Sweden which is 201.4 kWh/sqm-yr. As per
the booking records, SI and M3 lecture rooms are
relatively less preferred rooms (Figure 2) and may be
considered for closing down from small and medium
size categories, respectively. Closing down both of them
can potentially lead to a savings of approximately 19300
kWh per year besides the cost savings related to the
housekeeping.

Table 2. Energy saving potential of closing down different
lecture rooms

Lecture room | Energy saving potential (kWh/year)
S1 7250
S2 5030
S3 6850
M1 13090
M2 12080
M3 12080

The booking system that incorporates information
such as historical booking, occupancy information and
energy use aspects can play a role in optimizing the
space and energy use by providing information for
selecting lecture rooms.

6 Conclusion

The lecture rooms in the investigated building at Umea
University that were found underused in our study
provide opportunity to improve space use efficiency to
reduce costs and environmental footprint. The non-
intrusive data collection that is undertaken in this study
is important for future expansion plans and the new
knowledge about usage of different lecture rooms is
already being discussed for interventions. The collected
data in this study has only local relevance and may not
be generalizable to other places however, the methods
are applicable to other similar cases. This feasibility
study proves that this model of space use monitoring is
viable and useful to implement in other universities and
organizations for space management and optimization.

The collected data in this study is related to only one
semester although as suggested by [20], in order to
reduce m; footprint, it is better to wait until a smart tool
is implemented for an extended period of time. Further
studies should also include different stakeholders by
investigating the perceptions and preferences of staff and
students on booking lecture rooms.
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