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Abstract 

The role of occupants and their interactions with the 

building envelope and systems represent a key factor of 

uncertainty when predicting building energy use with 

simulation tools. The aim of this simulation-based study 

is to contribute to gaining further knowledge on how 

much the deviation between occupant-related input by (i) 

Swiss national and European standards (or suggested 

comfort categories), (ii) selected developed stochastic 

models in literature for window, blinds, light control 

behaviour and (iii) assumptions based on tracked 

employees’ presence might impact predictions of 

heating/cooling needs in offices. The case study for the 

simulation is an open space office located in Geneva, 

Switzerland.  

 

Key Innovations 

● Critical analysis of the mismatch in terms of 

predicted heating/cooling needs in a Swiss open 

space office between occupant-related 

assumptions by National (Swiss) and European 

standards 

● Critical analysis of the mismatch in terms of 

predicted heating/cooling needs in an open space 

office between building codes and selected 

stochastic models developed in current 

literature, as well as actual tracked occupancy 

behaviour  

 

Practical Implications 

Practical implications of this paper include highlighting 

potentials and limitations of current national standards for 

space usage data for energy and building installations, and 

to what extent they could be enhanced with more 

sophisticated (or probabilistic) occupant behaviour 

modelling techniques. 

 

Introduction 

A large corpus of literature has shown that the way  

occupants  exercise  control  over  the  indoor environment 

in  order to  meet  their  individual  comfort criteria  

contributes to  a  large  share  of  uncertainty  when 

predicting building energy use and thermal comfort 

conditions (Masoso 2010, Yan and Hong 2018). Extended 

literature reviews and state-of-the-art analyses highlight 

that the accurate modelling of Occupant Behaviour (OB) 

is essential to bridging the gap between predicted and 

actual energy performance of buildings. Occupant 

behaviour has shown to affect the energy use in offices 

and homes with the same climatic condition and 

architectural layout by a factor of three or more (Hong et 

al. 2013, Gram-Hanssen 2010). Some studies have also 

demonstrated significant discrepancies of simulation 

outcomes when implementing standardized and 

probabilistic or real behavioural patterns of the occupants 

(Naspi et al. 2018, Cuerda et al. 2019). 

In common practice, during different stages of design, 

fixed standard user profiles are implemented in Building 

Energy Performance Simulations (BEPS) for taking into 

account human-related factors, such as occupants’ 

presence or interactions with thermostat controls, 

windows, blinds, and lights. In design practice, 

indications and guide values from Building energy codes 

are used by practitioners and building operators as key 

reference to design and operate buildings. A thorough 

review on occupant-related aspects on international 

building energy codes and standards done by O’Brien et 

al. (2020) revealed a wide range of occupant-related 

values, assumptions, approaches and attitudes in different 

countries. In particular, they reviewed 23 regions’ 

building energy codes and highlighted that in the latter 

occupant-related aspects are typically simple and have not 

kept up with the leading research. The exploration of 

national and international building codes, occupant-

related assumptions there within, and how these might 

impact building energy performance with respect to more 

sophistically modelled or real behavioural assumptions 

remains therefore a key challenge to further move towards 

an advancement of building codes (IEA, 2021).  

The objective of this study is to deploy dynamic energy 

simulations in EnergyPlus to estimate the impact of 

different behavioural assumptions based on (i) Swiss 

national standards (reference model) and European 

standards, (ii) selected developed stochastic models in 

literature for window, blinds, light control behaviour, 

occupancy, and (iii) tracked employees’ presence and 

measured environmental variables (operative temperature 

and illuminance levels) in a Swiss open space office. 

Further, to explore the effect of different OB-related 

assumptions on the predicted building energy demand, the 
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most impacting assumptions were combined in a “low” 

and a “high” consumer scenario.  

 

Methodology 

The approach for this research is based on EnergyPlus 

simulations (DOE, 2021a) of an open space office located 

in Geneva, Switzerland. EnergyPlus version 8.5 was 

chosen for the simulations since it allows for 

implementing stochastic models from the obFMU library 

(Deme Belafi et al. 2019). The weather conditions of 

Geneva were considered, based on the International 

Weather for Energy Calculation (DOE, 2021b). The 

following paragraphs provide insights into the layout and 

characteristics of the selected case study, as well as 

assumed code-based, stochastic, and tracked OB-related 

simulation input.  

 

Case study and energy model 

The studied 455m2 open space office is located on the fifth 

floor of an office building located in Geneva (46.25°N 

6.13°E), Switzerland, and presents a dominant exposure 

to Southwest and Southeast. One smaller section of shared 

offices is exposed to the South. The space is composed of 

a large open office, a closed shared office space, a main 

conference room, five small meeting rooms, one kitchen 

and one bathroom. The height of the rooms is 2.9 m and 

the casement windows are positioned at a height of 1.1 m 

reaching up to the ceiling. Even though the building is 

equipped with a mechanical ventilation system, the latter 

is not working during the heating season and windows are 

freely and manually operated by the occupants. 

Each room is modelled as a thermal zone considering five 

different types of spaces. An overview of the zones and 

the respective floor areas are provided in Table 1. The 

floor plan with thermal zone IDs and the building 

simulation model are shown in Figure 1. The geometry of 

the case study was created with Sketch-Up and then 

imported and further modelled with EnergyPlus v8.5 

(DOE, 2021a).  

 

 

(a) 

 

(b) 

Figure 1: The case study: (a) floor plan and (b) Energy 

Plus model of the studied open space office. 

 

To determine thermal characteristics of the external walls, 

U-Value measurements were taken over four consecutive 

days, which revealed that U-value of the wall is 0.178 

W/m2K. U-Values for windows refer to proposed values 

by the SIA2024:2015 (SIA, 2015) for open space offices 

and were set to 1.2 W/m2K. The walls towards confining 

interior spaces, as well as the floor and ceiling were 

considered as adiabatic. Since the main goal of this study 

is to evaluate the impact of different OB-related 

assumptions, heating and cooling needs were estimated 

without modelling a full HVAC system, while an Ideal 

Air Loads system was used for the building energy model.  

 

Table 1: Thermal zones: Space types and floor areas. 

ID Thermal Zone  
Space 
type  

Surface 
(m2) 

Surface (% of 
total floor 

area)  

1 Open office  
Open 
office  

303.0 66.6 

2 Shared office 
Closed 
office 

41.1 9.0 

3 
Conference 

room 
Meeting 

room  
29.2 6.4 

4 Meeting room 1 
Meeting 

room 
10.3 2.3 

5 Meeting room 2 
Meeting 

room 
10.5 2.3 

6 Glass office 1 
Meeting 

room 
6.6 1.5 

7 Glass office 2 
Meeting 

room 
6.6 1.5 

8 Glass office 3 
Meeting 

room 
8.2 1.8 

9 Kitchen Kitchen 20.4 4.5 

10 Bathroom Bathroom 18.5 4.1 

 

OB-related assumptions  

For this study, assumptions were made at different levels 

for accounting diverse occupant-related input related to 

space heating/cooling set-points, light control, window 

control, blinds control, and occupancy in the building 

simulation: (i) standard-based, (ii) selected stochastic 

models/tools from current literature, and (iii) developed 

profiles/reference values based on actual behavioural 

tracking of employees and environmental measurements 

in the case study building (Table 1).  

A summary of the occupant-related assumptions are 

shown in Table 3 (HC: assumptions for space 
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heating/cooling, L: assumptions for lighting, W: 

assumptions for natural ventilation, B: assumptions for 

operation of window blinds, O: assumptions for 

occupancy).  

 

Standard-based (i)  

The standard-based occupant-related simulation input 

was defined for the national Swiss context and at a 

European level.  

In Switzerland, the reference for space usage data for 

energy and building installation is provided by the 

SIA2024:2015 (SIA, 2015) leaflet. The purpose of this 

leaflet is the standardization of assumptions about the use 

of space, in particular about occupancy and HVAC 

operations, that should be used in calculations and 

verifications according to energy and building service 

standards. The leaflet defines usage-dependent 

requirements, which relate to thermal (heating/cooling 

set-points), visual (required minimum illuminance 

levels), olfactory (minimum ventilation rates), and aural 

(maximum noise levels) comfort. This information is 

provided for 46 space uses, including open space offices 

and meeting/conference rooms applied in this study.  

In line with this, the baseline model for the study is based 

on OB-related assumptions in the different space 

typologies provided by SIA2024:2015 (Table 2) (HC1, 

L1, W1, B1, O1). 

 

Table 2: Zone-specific occupant-related simulation input 

for the reference model according to SIA2024:2015 

(SIA, 2015).  

Space type  
Space type 

according to 
SIA:2015 

Heating/ 
Cooling set-

point 
 (°C) 

Ventilation 
rate  

(m3/hour,m2) 

Open office 3.1 21/26 2.6 

Closed office  3.2 21/26 3.6 

Meeting room 3.3 21/26 12 

Kitchen 12.5 20/- 20 

Bathroom  12.6 21/- 16 

 

Space type  

Lighting 
power 
density  
(W/m2) 

Electric 
equipment 

power 
density 
(W/m2) 

Occupant 
density 

 
(m2/person) 

Open office 15.9 7 14 

Closed office  12.5 10 10 

Meeting 
room 

15.9 2 3 

Kitchen 8.9 40 2 

Bathroom  10.5 0 - 

 

At a European level, the references for occupant-related 

assumptions are based on the four defined comfort 

categories in ISO 17772 (ISO, 2017) (HC2-HC5; W2-

W5), as well as BAC (Building Automation Control) 

efficiency classes defined in EN15232 (CEN, 2017)(HC6 

and HC7, B3, O2).  

 

Stochastic models (ii)  

Selected developed stochastic occupant behaviour models 

were chosen from existing literature and implemented 

through an eXtensible Markup Language schema titled 

“occupant behaviour XML” (obXML) which allows for 

integrating developed data-driven OB models into BEPS 

(Deme Belafi et al. 2019). Stochastic models from 

literature were selected for light, window, and window 

blinds control.  

With regard to light control (L2 and L3), the selected 

models were developed by: 

● Reinhart and Voss (2003) (light on): they 

modelled electric lighting use for arrival using a 

1D quadratic logit function based on minimum 

workspace illuminance level based on data from 

ten private and two-person offices; 

● Newsham (1994) (light off): use of a simple two-

level decision-tree type based on the time of the 

day and work-plane illuminance;  

Hunt (1980): a very first reference model that is widely 

used in literature and uses a probit curve with the 

minimum daylight illuminance level as an input variable 

measured in the working area. 

With regard to window control (W6), the selected model 

was based on data collected in Swiss offices and seemed 

therefore to be most suitable to the present study: 

● Haldi and Robinson (2008): In these models, 

window opening and closing behaviour is driven 

by indoor air temperature. Longitudinal survey 

answers and measured environmental 

parameters were collected in this study with a 

sample size of 60 office occupants. 

With regard to window blinds control (B4 and B5), the 

selected models were developed by: 

● Haldi and Robinson (2008): have two input 

variables to inform the logistic regression model. 

The probability distribution itself is given by a 

logit function. The way it is expressed in the 

model, blind closing behaviour is driven by 

indoor and outdoor air temperature; 

● Newsham (1994): identified overheating, glare, 

sunlight penetration depth as well as time of 

arrival and lunch as determining factors for blind 

use actions. He built a model implemented into 

the obXML library, in which blinds have an 

opening probability based on morning arrival 

time and a closing action that is driven by solar 

intensity. 

As regards the stochastic implementation of the presence 

of occupants in the space (O3), the Occupancy Simulator 

developed by the Lawrence Berkeley National Laboratory 

(LBNL, 2021) was used to simulate occupant movement 

in a building using a Markov-Chain model (Chen et al. 

2017). The simulator allows for generating occupant 

schedules (for each space typology) to capture the diverse 
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and stochastic nature of occupant activities in the work 

space. The simulator calculates the probability of 

presence of each occupant in a specific room, in ten 

minute-intervals. The created schedules can then be 

downloaded from the website and directly implemented 

for building simulation.  

 

Tracked behaviour (iii)  

The occupant-related assumptions for the tracked 

behaviour (O4) are based on environmental and 

behavioural measurements taken directly in the case 

study. The monitoring campaign is part of the 

eCOMBINE project (“Interaction between energy use, 

COMfort, Behaviour, and INdoor Environment in Office 

 Buildings”), which is aimed at overcoming uncertainties 

in predicting energy consumption in open plan offices by 

developing an integrated approach to study the cause-

effect relationships between OB and combined indoor 

environmental factors. Details on the comprehensive 

monitoring strategy can be found in Barthelmes et al. 

(2020). In particular, occupancy was measured during 

working hours (7am to 7pm) under each employee’s 

working station throughout two weeks in Fall (18-

29/11/2019) and Winter season (17-28/02/2020) with  

wireless occupancy sensors based on passive infrared 

detection. An average profile from occupancy data was 

created and implemented in the simulations to take into 

account real occupancy in the space. 

 

Table 3. Overview of the occupant-related assumptions for the open space office: (i) standard-based, (ii) stochastic, 

and (iii) tracked (based on environmental measurements and occupancy tracking in the case study).  
 

Level Descrip. ID Space heating (set-

back*)/cooling set-

point  

(°C) 

ID Lights  

 

 

(lux) 

ID Windows/  

air flow rate 

 

(m3/h, m2 ) 

ID Blinds ID Occupancy 

(for detailed 

profiles see 

Figure 2) 

(i) 

Standard

-based 

SIA 2024: 

(Swiss 

reference 

model) 

HC1 21(15)/26 

(7am-6pm) 

L1 

 

Em > 500 

(7-18h) 

W1 3.6  B1 Blinds always 

raised 

O1 SIA profile 

(7am-6pm) 

European 

standards: 

ISO 17772 

EN 15251 

EN 13790 

  

HC2 

HC3 

 

HC4 

HC5 

  

 

 

HC6 

  

HC7 

ISO 17772: 

Cat. I: 23 (15)/23.5 

Cat II: 21.5 

(15)/24.5 

Cat. III: 20 (15)/26 

Cat. IV: 19 (15)/27 

(7am-6pm) 

 

EN 15232 

Class A: 21 (15)/23 

(6am-7pm) 

Class D: 22.5/22.5 

(12am-12am) 

- (same as 

SIA2024) 

 

W2 

W3 

W4 

W5 

ISO 17772: 

Cat. I: 6.1 

Cat II: 4.3 

Cat. III: 2.5 

Cat. IV: 1.8 

(for «low-

polluted 

building») 

B2 

  

  

  

 

 

 

B3 

EN 13790: 

If solar 

radiation on 

fenestration 

surface > 300 

W/m2 

  

EN 15232 

Class A: If 

solar radiation 

on fenestration 

surface > 130 

W/m2 

O2 EN 15232: 

Profile from 

standard 

(7am-6pm) 

(ii) 

Stochasti

c models 

obFMU 

library 

- - L2 

 

 

 

 

L3 

 

Newsham 

(1994) and 

Reinhart & 

Voss (2003) 

 

Newsham 

(1994) and 

Hunt 

(1979) 

W6 Haldi and 

Robinson 

(2008) 

B4 

 

 

 

 

 

B5 

 

Newsham 1994 

Haldi and 

Robinson 

(based on 

Tout)(2008) 

 

Haldi and 

Robinson 

(based on Tin) 

(2008) 

O3 Occupancy 

simulator 

(LBNL, 

2021) 

(iii) 

Tracked 

behaviou

r 

Based on 

measure- 

ments in 

the case 

study 

HC8 24.7(18)/27** 

 

L4 Em > 214 

*** 

 

 -  - O4 Average 

occupancy 

profile**** 

 

*SIA 2024 and ISO 17772 do not provide a specific temperature set-back during non-working hours; in this case a 15°C set-back was assumed for simulation based on EN 15232 

**based on median operative temperature values measured in the case study during two weeks in fall, winter (heating set-point) and summer (cooling set-point) 

***based on median illuminance values measured in the case study (during two weeks in fall, winter and summer) 

****based on tracked presence of employees with desk sensors (during two weeks in fall and winter), occupancy during summer was neglected due to irregular occupation of the office 

space during the pandemic 

 

 

The four assumed occupancy profiles (SIA 2024, EN 

15232, LBNL occupancy simulator, and the average 

profile from measurements in the case study building) are 

shown in Figure 2. It is interesting to observe that the 

occupancy profile estimated by the LBNL occupancy 

simulator most closely fits the tracked occupancy in the 

space, while the European standard EN 15232 (O2) 

clearly overestimates the measured occupancy. Measured 

operative temperature values and illuminance levels in the 

open space office during the same monitoring campaigns 

and in summer (17-28/08/2020, only during occupied 

hours) were used for assumptions related to temperature 

set-points for space heating/cooling and illuminance 

thresholds for turning on/off lights.  
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The measured environmental data showed that the office 

environment can be generally described as a rather warm 

(Top,median,heat= 24.7°C) and dark environment (Emedian= 

214 lux), especially during heating season. Daylight 

control points in the model were positioned on the desk 

level of the employees (0.8 m height). Also window and 

window blinds control behaviour was tracked during the 

campaign, but will be implemented in the simulation 

model in future work. 

Figure 2: Comparison of the assumed occupancy 

profiles for weekdays in the open space office 

 

Results  

 

Reference model  

A reference model was simulated based on the SIA 

2024:2015 indications for space usage as described in the 

previous section (HC1, L1, W1, B1, O1). The outcomes 

of the simulations for annual primary energy needs for 

space heating, space cooling, electric equipment and 

lighting are plotted against reference values provided in 

the same standard.  

The results show that the predicted energy demand meets 

average values suggested by the standard (Figure 3).   

The total annual primary energy demand of the reference 

scenario amounts to 129.9 kWh/m2. The largest impact on 

the energy demand is given by the needs for lighting use 

(36.1%), and then in decreasing order for electric 

equipment usage (32.9%), space heating (21.3%), and 

finally for space cooling (18%).  

 

Figure 3: Results of the simulated reference model 

(black dots) plotted against reference values provided by 

SIA2024:2015. 

Impact of selected occupant-related assumptions on 

building energy demand  

The simulation outcomes of the implemented scenarios 

with different occupant-related assumptions are reported 

by referring to the scenario IDs provided in Table 3. 

Figure 4 depicts the total annual primary energy use of all 

scenarios. The applied primary energy conversion factors 

were 2.507 for electricity and 0.875 for thermal energy, 

respectively (KBOB, 2021). Further, the percentage 

variation of all scenarios with respect to the reference 

scenario are shown in Figure 5. 

 

 

Figure 4: Primary energy use for different end uses 

based on OB-related assumptions presented in Table 3. 

 

With regard to different assumptions related to heating 

and cooling set-points, it is possible to observe that only 

scenarios HC4 and HC5 (ISO 17772 categories 3 and 4) 

reduce the energy demand (-2 and -7%, respectively). ISO 

17772 categories 1 (HC2) and 2 (HC3) instead increase 

the demand by 7 and 17%, respectively. When 
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considering the “real” scenario based on tracked operative 

temperature values in the space during winter and summer 

season, the energy demand increases 14%. The EN 15232 

BAC efficiency class D (HC7) has the largest impact on 

the building energy demand (+22%) since it suggests a 

24h operation schedule.  

In the SIA 2024 reference model, window blinds were 

considered to be always open, since the standard does not 

suggest differently. Interestingly, when blinds are 

operated according to the European standards EN 13790 

(B2) and EN 15232 (B3)(blinds close fully or partially if 

solar radiation on window surfaces is higher than 300 or 

130 W/m2, respectively), the energy demand for lighting 

increases significantly. This leads to an increase of the 

total annual primary energy demand by 26% (B3) and 

15% (B2).  The stochastic models (B4 and B5) lead to a 

rather small increase of the energy demand (2-5%).  

 

Figure 5: Impact of different OB-related assumptions on 

the total primary energy use. 

Also with regard to occupancy, the European standard EN 

15232 (O2) tends to increase the energy demand by 12%, 

while an important decrease can be observed when the 

stochastic occupancy profile developed with the LBNL 

occupancy simulator is implemented (O3)(-14%). The 

“real” occupancy scenario (O4), based on tracked 

occupancy of the employees in the space, does not change 

the energy demand of the modelled case study to a 

significant extent (+3%).  

When assuming “real” measured illuminance values as 

threshold values for lighting operation (L4), the energy 

demand is reduced by 14%. The stochastic models (L2 

and L3) instead tend to increase the energy demand (4-

8%).  

As regards natural ventilation strategies, the ISO 17772 

categories 1 (W2) and 2 (W3) allow for reducing the 

energy demand with respect to the reference scenario (-5 

and -4%), while categories 3 (W4) and 4 (W5), lead to an 

increase of the demand (+5 and +18%, respectively). The 

proposed stochastic window operation models (W5 and 

W6) were excluded from the results since the simulation 

outcomes seemed not to be realistic (windows almost 

always open).  

 

Discussion 

The impact that occupant behaviour or occupant-related 

assumptions in building energy simulation models might 

have on the predicted building energy demand is a broadly 

discussed topic in literature (IEA, 2021). For this reason, 

the most extreme scenarios (with the lowest and highest 

impact on the building energy simulation outcomes, 

respectively) were selected for each type of behaviour to 

create “low” and “high” consumer scenarios. The details 

of these scenarios are summarized in Table 4.  

 

Table 4: Definition of a “low” and “high” consumer 

scenario based on the combination of the most impacting 

OB assumptions for different types of behaviours.  

Type of 
behaviour  

“Low” consumer 
scenario 

“High” consumer  
scenario 

 ID 
OB-related 
assumption 

ID 
OB-related 
assumption 

Space 
heating/ 
cooling 

HC5 
Standard 

ISO 17772: 
Cat. IV 

HC7 
Standard 

ISO 17772: 
Cat. I 

Lighting L4 

Tracked 
(based on 
measure- 

ments in the 
case study) 

L2 

Stochastic 
(turn on: 

Reinhart and 
Voss 2003; turn 
off: Newsham 

1994) 

Windows   B1 

Standard 
(SIA 2024, 

blinds always 
open) 

B3 
Standard 

EN 15232: BAC 
class A 

Window 
blinds  

W5 
Standard 

ISO 17772: 
Cat. IV 

W2 
Standard 

ISO 17772: 
Cat. I 

Occupancy  O3 

Stochastic 
(LBNL 

Occupancy 
simulator) 

O2 
Standard 

(EN 15232) 

 

Figure 6 depicts the simulation results of these “extreme” 

scenarios and shows that the energy demand in the “low 

consumer” scenario decreases by -34.6%, while in the 

“high consumer” scenario it increases by +85% with 

respect to the reference scenario. This means that the 
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building energy demand varies by a factor of 3, which 

confirms current findings in literature (Hong et al. 2013, 

Andersen 2012). Indeed, also Hong et al. (2013) 

demonstrated with a simulation-based study of private 

offices, that an “austerity” workstyle can save up to 50% 

of source energy, while a “wasteful” workstyle can 

increase energy use by 89% compared to a “standard” 

workstyle. 

It is important to highlight that the main goal of this study 

is to explore the impact of different OB-related 

assumptions on building simulation results. By assuming 

standard-based, literature-based or measurement-based 

occupant input, the simulation outcomes can vary to an 

important extent. It is therefore recommended to further 

explore standardized occupant-related assumptions and 

and investigate their representativeness of the real 

behaviour of building occupants and discrepancies with 

respect to data-driven models. This seems to be crucial for 

the advancement of OB-related assumptions in building 

codes and/or simulation guidelines, in which occupants 

are oftentimes referred to only implicitly and assumptions 

might not reflect the real behaviour of occupants in the 

building with the risk of misleading practitioners towards 

suboptimal building designs or operation practices. 

This study is based on one single case study only and 

further occupant-related assumptions might be explored 

in future work, such as for instance cross-country 

comparisons between OB-related assumptions provided 

in different building energy codes (O’Brien et al. 2020) or 

additional stochastic behavioural models developed in 

literature. These explorations may be done also for 

different building typologies and different geographic 

locations or climatic conditions. 

 

Figure 6: Annual primary energy demand for the 

reference model and the assumed high and low 

consumer scenarios. The results confirm a variation of 

building energy demand by a factor of 3. 

Conclusion 

The results of this study highlight significant 

discrepancies between assumed standard-based, 

stochastic and tracked occupant-related input and stress 

the need for the development of more harmonized OB 

modelling and assessment approaches that can be 

integrated in building performance codes and standards in 

order to be introduced in common design and operation 

practice.  
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