
The current method of analysing the envi-
ronmental impact of existing buildings is to 
normalise consumption by building size. This is 

done for energy, water and carbon dioxide and building 
size is typically defined by net internal area. The simple 
reason for doing this is that buildings of different sizes 
can be compared with one another. This practice is rein-
forced by national building regulations which aim to 
reduce consumption in buildings and the legal require-
ments regarding energy efficiency commonly present 
their target criteria in the format of energy per unit 
area such as kWh/m². The problem with this is that the 

influence of the occupancy patters are being overlooked 
when we only consider the amount of energy consumed 
and the building size.

For example the Finnish national energy efficiency regu-
lations for buildings has defined the maximum amount 
of energy that new buildings can consume and this 
is presented in the format of energy per square meter 
[1]. In order to simplify the comparison for different 
buildings, the regulation assumes that the buildings 
are occupied in a standard manner. If office buildings 
are taken as an example, then the predefined occu-
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pancy pattern is 5 days a week from 07:00–18:00 and 
during these hours it is assumed that 65% of the staff 
are present. It can clearly be seen here that the influ-
ence of the building’s individual occupancy patterns 
are being overlooked. However, there is growing call 
to normalize buildings with patterns of use and with 
occupancy patterns in particular [2,3,4,5]. The most 
comprehensive approaches have called for energy to 
be normalized by the combination of area and total 
person hours per year where total person hours per 
year is the sum of all of the time that each building 
user spent in the building during the year in question 
[2,4]. Furthermore, this intention has been included 
in European Standard EN15643-1 which advocates 
that patterns of use should be used in the sustain-
ability assessment of buildings [6]. At present, the legal 
requirements for energy efficiency are only imposed on 
buildings when they are being designed or renovated 
and at this point the energy consumption and patterns 
of use that are used are estimated and not measured 
values. There is no legal pressure to conform any post-
occupancy energy consumption requirements.

It has been widely discussed that office buildings are 
only partially occupied during opening hours. The 
British Council for Offices stated as recently as 2013 
that occupancy levels are typically between 60-70% 
[7]. This means that on average in office buildings 
30-40% of the desks are empty during working hours. 
In addition, there is a wide variation between occupa-
tion densities from 7 m² of floor area per person to 
as much as 19 m² per person for private offices [8]. 
According to the British Council for Offices the mean 
occupation density is 10.9 m² per occupied workspace 
[7]. It is important at this point in the discussion, to 
note that consumption should be normalised by meas-
ured post-occupancy patterns and not the occupancy 
patterns used in design. Energy consumption has in the 
past been presented in the form of energy per person 
where the number of people has been defined by the 
number of desks in the building or number of staff 
that the building has been designed for. However, these 
design numbers are not suitable due to the low occu-
pancy levels of buildings during their use. Also, Dooley 
[4] points out that energy per person does account for 
occupation density but does not account for working 
hours per day which also influences consumption. 
Thus, energy normalised by the combination of area 
and total person hours per year is a more suitable metric 
than energy per person.

Patterns of use have a strong influence on the envi-
ronmental impact of the existing building stock. If 

office buildings are on average 30-40% empty during 
working hours then energy is being consumed by the 
unused area even if it is empty. It is being heated in 
winter, cooled in summer, ventilated and background 
lit all year round. Also, the embodied carbon emis-
sions of the materials used to construct the building are 
not being optimised if a large portion of the building 
is consistently unused. Underutilised buildings can 
contribute to urban sprawl as new buildings are being 
built on the edge of cities while many spaces that are 
already constructed are unused. This is similar to how 
AirBnB has optimized the use of homes and this has 
resulted in less new hotels being built. Increasing the 
use of our existing buildings will make the built envi-
ronment more resource efficient and will reduce the 
need for new buildings to be built. It also makes sound 
financial sense to optimise space use as according to a 
report published in 2014 by Finnish space efficiency 
experts, Rapal, the average annual cost per annum of a 
workstation in Helsinki is € 9225 [9]. The report also 
notes that Helsinki has only the 15th most expensive 
occupancy costs in the world and thus the cost per 
workstation is even higher in a number of other cities.

Public bodies are now beginning to see this error and 
are starting to increase the use of their buildings. In 
2014, it was reported that spaces in government build-
ings in Seoul, South Korea, were being opened and 
offered for use by the public. At the time of that publi-
cation 970 empty spaces, such as conference rooms 
and auditoriums had already been used in 22,931 cases 
[10]. This is part of wider plan in Seoul to promote 
sharing of unused resources in order to achieve a more 
practical and sustainable way of living. At this point it 
should be clarified that the aim for efficient use of space 
should not compromise the comfort or productivity 
of the building users and it has been shown by many 
researchers that it is possible to provide quality and 
productive indoor workspace environments at high 
occupancy densities [11,12,13,14,15].

The European Commission plans to reduce greenhouse 
gas emissions by at least 80% by 2050, compared to 
1990, with the intention of keeping climate change 
below two degrees Celsius [16]. In order to achieve 
this, the building sector must be considered. Previous 
research has stated that the building sector consumes 
approximately 39% of the total energy consumption 
and emits approximately 35% of the total CO2 emis-
sions in Europe and thus it is an important sector when 
aiming to reduce global greenhouse gas emissions [17]. 
This article focuses on office buildings which is the 
largest commercial building sector in terms of floor 
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space and energy use in most countries [18]. The aim 
of the article is to uncover: can measured occupancy 
data assist the implementation of resource efficiency 
and energy efficiency strategies in existing buildings?

Research methodology
In order to collect empirical data on energy consump-
tion and usage patterns, two video cameras were installed 
in an office building in Helsinki, Finland. The dome 
video cameras were chosen as they were compatible 
with a commercial people counting software which is 
typically used in retail buildings to monitor the number 
of visitors over a period of time. The studied area was 
a portion of the third floor of a three floor office 
building. Its floor area was approximately 650 m² and 
it mainly comprised of a large open office area, three 
meeting rooms, a small kitchenette and a break area. 
The case study area can be seen enclosed by a red box in 
Figure 1. This area was chosen as it was the only part of 
the building that had less than three entrance and exit 
routes and this greatly simplified the installation and 
the analysis of the camera data. The analysis of a whole 
floor could not be done as it was not possible to study 
people movement at the main entrance to each floor. 
The reason for this was that the camera software could 

not function correctly if the cameras were installed 
inside the door as at this point there was movement in 
two perpendicular directions (in/out of the door and 
movement up/down the adjacent corridor). In addition 
to this, there was a fire zone in the stair core outside 
the entrance to each floor which meant that this loca-
tion was not suitable for camera installations. Figure 2 
shows a camera installed in the ceiling of the case study 
building and Figure 3 shows an image from the people 
counting software which displays a real-time view from 
one of the cameras and the most recent results from 
that camera.

The study was carried out for the whole month of May 
2016. May was suitable from an energy consumption 
point of view as it is falls outside the hottest and coldest 
periods of the year. May was also suitable from an occu-
pancy point of view as it was not affected by the Finnish 
summer holiday period which generally occurs from 
June to August. Thus the results for May should be 
a suitable representation of the whole year. Cameras 
were installed as the existing building systems were not 
considered adequate to count the number of building 
users accurately. A time card system is in place for the 
building users to clock in and out but it is not used by all 

Figure 1. The Camera Locations and the Studied Area within the Case Study Office Building.
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employees and it is not used by visitors. RFID cards are 
used to open the doors to each floor in the building but 
this system could not be used to count people because 
of a tailgating problem. Tailgating is when where many 
people enter or leave the building after one person has 
unlocked the door with their card. The cameras were 
installed in the ceiling and pointed straight down so 
that the faces of the people passing beneath them could 
not be seen. This meant that privacy was less of an issue 
when compared to other security camera systems which 
are pointed directly at people as they approach. This is 
an important point as it has been claimed by previous 
researchers that privacy is the main factor that prevents 
vision based occupancy monitoring from being widely 
implemented [19].

The purpose of the software is to count the number of 
people passing in real-time and also to calculate their 
direction of travel. The output file of each camera 
reports the number of people that travel in each direc-
tion for each 15 minute interval. The data from the 
cameras was then combined to calculate the number 
of people that occupied the case study area for each 
for each 15 minute interval of the month in question. 
The case study building is open for 16 hours each day 
from 06:00 - 22:00 and the counting software was 
reset to zero at midnight every night. One simple way 
of detecting error within the results of the counting 
software was to view the occupancy after 22:00. If the 
software reported that there was someone still occu-
pying the studied area after 22:00 then it had failed 
to correctly detect all of the people that had left the 
studied area during the day and if the combined count 
was negative after 22:00 then it had failed to correctly 
detect all of the people that had entered the studied 
area during the day.

The energy consumption of the case study area during 
the month of May 2016 has been calculated by using the 
measured energy consumption for the whole building 
and proportioning this by area. The building is occu-
pied by only one company and all areas have a similar 
function and utilisation rate and thus this was consid-
ered the best approach in the absence of sub-metering 
for the case study area. In addition to this, energy 
simulations were made to further understand the results 
of the occupancy measurements. The annual energy 
consumption of the building was calculated in order to 
examine the energy consumption of the case study open 
office with three alternative floor areas where each floor 
area relates to different workplace arrangement strategy. 
A full dynamic energy simulation was created using the 
programme IES Virtual Environment.

Figure 2. An Installed  Camera in the Case Study 
Building.

Figure 3. An Image from the People Counting 
Software.
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Post-processing of Data
During the study it was observed that the results 
continuously reported a positive number of occupants 
after 22:00 and thus the software was not correctly 
detecting all of the people that had left the studied area 
during the day. In order to account for this error, the 
footage of one full day was observed for both cameras 
and a manual count was carried out. The comparison 
of the counting software and the manual count showed 
that the error was relatively evenly distributed over the 
whole day. It was observed that the error was caused 
by a counting error at the times of the day when large 
groups of people enter or leave the space simultane-
ously such as the beginning of the day, at the beginning 
and end of lunchtime or in the 
evening. Based on this, following 
method for error correction was 
developed. Time periods with 
higher number of simultaneous 
passengers are presumed to have 
higher probability of counting 
error and therefore higher 
correction is applied to these 
periods, while for periods with 
lower number of simultaneous 
passengers, lower correction is 
presumed respectively. This not 
only removes the error but it also 
preserves occupancy profile.

Results and 
discussion
Space Utilisation of the 
Open Office Area
The measured peak occupancy 
of the open office area is particu-
larly interesting with regard to 
the size of the area and required 
number of desks. The peak 
was measured on Tuesday the 
10th of May and the occupancy 
curve for that day may be seen 
in Figure 4. The open office 
area does not operate on a one 
desk per person policy and 
instead a desk sharing work-
place arrangement strategy has 
been introduced to the area. In 
total there are 66 employees and 
the number of desks is 54. The 
result is an average desk alloca-
tion density of 8.85 m². When 
the peak day is used to compare 

the measured occupancy with the design occupancy 
we see that the peak measured occupancy of 44 people 
is 18.5% lower than the number of desks and that 
the measured occupancy is 33% lower than the total 
number of staff. It was also observed that the utilisation 
for all 5 weekdays is similar as may be seen by Figure 5.

Energy Consumption for the Day of Peak 
Occupancy
The collected data also enables the measured occupancy 
to be compared with the energy consumption of the 
case study building and this in turn enables the logic 
of the building management system (BMS) schedules 
and the overall control strategy of the building’s energy 

Figure 4. The Peak Occupancy Rate of the Open Office Area.

Figure 5. The Average Occupancy Rate for Each Weekday of the Case Study Area.
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consuming systems to be interrogated. By comparing 
the occupancy curve and the energy consumption curve 
we can see when energy was consumed and this can be 
compared to the level of occupancy. This is demon-
strated by Figure 6. It is important to note that the 
Figure 6 shows the percentage that each hour contrib-
utes to the total energy consumption for the peak occu-
pancy day. The Figure 6 also shows the percentage that 
each hour contributes to the total person hours for that 
day. For example, it can be seen that 27.4% of the 
energy is consumed from midnight to 07:00 and 21:00 
to midnight when the area is unoccupied and 34.1% 
of the energy is consumed from midnight to 07:00 and 

19:00 to midnight when the occupancy rate is less than 
1% of the total person hours per day.

The breakdown of the energy consumption suggests 
that the heating consumption is relatively steady over 
the course of the whole day and this can be explained 
by a background heating demand in the night-time and 
a moderate load in the day-time as the internal gains 
from people, equipment and lighting assist the heating 
of the building. The electricity consumption has been 
subdivided into lighting, small power, ventilation and 
cooling and the comparison of these consumptons with 
the level of occupany may be seen in Figure 7. 

From the evidence provided 
by Figure 7 it can be deduced 
that the lighting control 
systems are suitably configured 
in the morning (00:00-07:00) 
but less so in the night-time 
(21:00-00:00). Also there is 
surprisingly high small power 
load, ventilation and cooling 
load outside of the buildings 
operational hours (06:00-
22:00). It is typical to heat 
buildings at night-time but it 
can be expected that the elec-
trical loads are easier to switch 
off outside the operational 
hours. Furthermore, if we 
apply the same comparison 
to the electrical consumption 
that was done to the energy 
consumption above we see 
that: 23.7% of the electrical 
energy is consumed from 
midnight to 07:00 and 21:00 
to midnight when the area is 
unoccupied and 31.6% of the 
electrical energy is consumed 
from midnight to 07:00 and 
19:00 to midnight when the 
occupancy rate is less than 1% 
of the total person hours per 
day.

Workplace Arrangement 
Strategy and Energy 
Consumption
The desk sharing workplace 
arrangement strategy of the 
open office area provided 

Figure 6. The Proportion of Total (Heating and Electricity) Energy Consumption 
and the Occupancy Rate for Each Hour of the Peak Occupancy Day.

Figure 7. The Proportion of the Electrical Energy Consumption and the Occupancy 
Rate for Each Hour of the Peak Occupancy Day.
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enough desks for 54 of the 66 staff and as a result 
the office space can assumed to be 18% smaller than 
if a desk had been provided for each employee. A 
dynamic energy simulation was used to compare the 
energy consumption implications of optimising the 
number of desks in office areas. In all, the energy 
consumption of three alternative open office areas 
were simulated. The first office area was 644 m² and 
represented the scenario where each member of staff 
was allocated a desk and the second office area was 
527 m² and represented the studied open office area 
with 54 desks. The final simulation concerned an 
office area of 429 m² which represented the scenario 
where the number of desks matched the measured 
peak occupancy of the open office area which was 44 
people. The energy consumption of all three areas can 
be seen in Table 1.

The results show that optimising the size of the occu-
pied area has a substantial impact on energy consump-
tion. The current policy of providing 54 desks for 66 
people has reduced the energy consumption by 14% 
compared to the calculated energy consumption of the 
traditional one desk per person strategy. However, our 
calculations show that the energy consumption could 
be reduced by a further 16% if the number of desks 
were to match the measured peak occupancy.

Conclusion
The original objective of this study was to explore 
if occupancy data can assist the implementation of 
resource efficiency and energy efficiency strategies in 
existing buildings. It is acknowledged that the data is 
difficult to obtain, however, it was demonstrated that 
usage patterns are an important factor in understanding 
the energy consumption of a building.

It has been shown that daily occupancy curves add 
valuable information regarding the control strategies 
of the energy using systems in office buildings. The 
case study building is open from 06:00-22:00 and it 
is important to understand if the building is occupied 

for the whole day. It is clear that the building is very 
likely to be occupied from 09:00-17:00 but without 
occupancy data it is impossible to accurately know the 
occupancy rates at the beginning and end of the day. 
The schedules of the energy consuming systems can be 
optimised based on the collected data. It is common 
place for the energy consuming systems to have sched-
ules but maybe the spaces could have schedules too. 
New workplace arrangement strategies are emerging 
all the time and they are being driven by the rise of 
remote working and new hot desking strategies such 
as coworking. In offices that practice desk sharing it 
can be assumed that all employees have laptops and 
can sit at any desk. With this in mind one future area 
of research shall be to examine the benefits of gradu-
ally shutting down the building. For example instead 
of having the whole building open from 06:00-22:00, 
two of the three floors could be shut down from 18:00 
onwards as at this time the occupancy rate is less than 
10% of the peak occupancy.

The peak occupancy rate of the individual building 
areas is also a valuable piece of information and in a 
building with desk sharing it can be used to calculate 
the minimum number of workplaces that should be 
available. The fact that only providing 44 desks for 66 
employees reduces the energy consumption by 30% 
shows that the amount of area that is reserved is a key 
driver in the energy consumption of offices. Resource 
efficient workplace arrangement strategies that focus 
on space optimisation reduce costs associated with rent 
and energy and also reduce the environmental impact 
of buildings through energy reduction and through the 
reduced need for new buildings.

Another emerging strategy is to rent out unused spaces 
in commercial buildings to the public via sharing 
economy websites which essentially act as the AirBnB 
of commercial buildings. There are already a number 
of these websites such as Eventup, Splacer, Venuetastic, 
Venuu, and Flextila. Occupancy data can show the 
building managers when their spaces are empty and 
thus are available to be offered online. 

One clear limitation of this study was that the area in 
which occupancy was measured was a small portion of 
the case study building. If the occupancy of the whole 
building could have been measured then the energy 
consumption of the studied area could have been more 
accurately calculated. The small case study area also 
contributed to the weekend occupancy being diffi-
cult to measure. It was observed that the daily energy 
consumption at the weekend is approximately 30% of 

Table 1. The Energy Simulation Results for the 
Open Office Area.

Simula­
tion

Number of 
Employees

Number 
of Desks

Area Annual Energy 
Consumption

# # # (%) (m²) (%) (MWh) %
1 66 66 100 644 100 85.6 100
2 66 54 82 527 82 73.2 86
3 66 44 67 429 67 59.6 70
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typical weekday total and it is estimated that the peak 
occupancy is less than 5% but the occupancy could not 
be accurately calculated. Further studies are required 
to understand the strategies that could be employed 
in order to reduce the environmental impact of the 
weekend days as the building must be able to operate as 
normal but that occupancy rates are very low. 
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