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ABSTRACT 

Energy use in the built environment in the Netherlands take up approximately 40% of the total energy use 
and 36% of CO2 emissions, which contributes to global warming. To keep the increase in global average 
temperature to well below 2°C, CO2 emissions in the Netherlands must decrease by 85 to 95%. Innovations 
lead to the possibility of integrating occupancy and space utilization data with building systems, to manage 
temperature, indoor air quality and lighting levels. Specific zones can be enabled or disabled based on 
occupancy levels. With office hoteling, building occupants can dynamically schedule their use of workspaces. 
Office building owners can direct the occupants to a specific location in the building or close down specific 
parts of the building deliberately.  

Prior research has documented the effectiveness of optimizing the energy demand based on a dynamic 
occupancy profile. However, these studies did not take the office hoteling concept, where occupants are 
directed to a workplace, into account. In this study the influence of office hoteling on the energy performance 
is simulated and the influence of different buildings characteristics and occupancy rates are determined.  

The focus of this research is on energy demand, and therefore the heating and cooling demand intensity and 
the heating and cooling peak loads are analyzed. Also the energy use intensity for lighting, equipment and 
fans is taken into account. A sensitivity analysis showed that the influence of occupancy and climate scenarios 
is greater than the influence of building characteristics. By means of a model complexity analysis, the required 
resolution is determined. A set of extreme climate conditions is used to simulate the effects of global warming 
on the energy performance.  

Results show that office hoteling leads to a significant reduction in heating and cooling demand and peak 
loads for most variants. However, in some cases, applying office hoteling will lead to an increase in cooling 
demand or cooling peak load. Despite the increase in cooling energy, office hoteling will lead to a reduction 
in primary energy, CO2 emissions and energy costs for all variants. Extreme climate conditions affect energy 
performance, but results show similar influence of office hoteling in different climate conditions.  
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1 INTRODUCTION 

Energy use in the built environment in the Netherlands take up approximately 40% of the total energy use 
and 36% of CO2 emissions [1]. Burning fossil fuels for energy production results in greenhouse gases. The 
increase of greenhouse gases causes global warming. Therefore, energy reduction in the built environment is 
an important contributor to a sustainable environment. 

Global warming is being recognized as leading to climate change and extreme weather conditions. During the 
21st Conference of the Parties of the United Nations Framework Convention on Climate Change 
(UNFCCC) in Paris, 196 members of the UNFCCC came to an agreement to reduce the greenhouse-gas-
emissions worldwide. The Paris Agreement’s long-term goal is to keep the increase in global average 
temperature to well below 2°C. To meet these objectives, according to calculations of the Dutch 
Environmental Assessment Agency (PBL), CO2 emissions in the Netherlands must decrease by 85 to 95% [2]. 
Also, it is expected global warming will impact the patterns of energy use, peak demands, building heating 
and cooling requirements and emissions. This will influence the energy consumption of buildings [3].   

In buildings, energy is consumed to create a comfortable indoor environment for its occupants. As building 
envelopes and systems are optimized, technical performance standards become tighter and low-energy 
systems become widespread, the influence of occupant behavior on building’s performance increases [4]. 
Within building management there is an ongoing paradigm shift. Building owners and operators are 
becoming far more interested in increasing occupant wellbeing and productivity, whereas, before, the main 
focus of technology was to optimize energy use [5]. 

Currently, most heating, cooling, ventilation and lighting systems are operated on a fixed schedule that is the 
same for each working day. Innovations lead to the possibility of integrating occupancy and space utilization 
data with building systems, to manage temperature, indoor air quality and lighting levels. Specific zones can 
be enabled or disabled based on occupancy levels. Also, space utilization data can assist by helping to identify 
excess capacity. This results in a trend of office tenants who are moving to hoteling-style office management, 
where there are less desks then office workers to reflect their flexibility to work from other locations and be in 
meetings [6], [7].  

According to a 2015 CBRE Workplace Strategy survey, modern offices often face an average of 40% empty 
spaces [8]. In that case it could be interesting to reconsider hoteling in offices. With office hoteling, building 
occupants can dynamically schedule their use of workspaces. Office buildings owners can direct the 
occupants to a specific location in the building or close down specific parts of the building deliberately. This 
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form of building management has major energetic and financial potential and is expected to lead to a 
reduction in energy demand and costs [9].  

In the last few years, extensive research has been carried out on occupancy profiles and the influence on the 
energy performance. Literature demonstrates that by predicting the occupancy profile, the energy demand 
can be reduced up to 28% [10]–[15]. In 2019, a study has been carried out on optimizing the time-tables and 
occupancy profiles in university buildings. Results show that optimizing the time-table can lead to a reduced 
energy demand [16]. Wang and Shao [17] conducted a study using occupancy profiles of a university library 
based on measurements. They found that closing down (nearly) empty rooms can result in a significant 
energy saving potential. Even though extensive research has been conducted to improve energy efficiency by 
responding to actual occupancy, the significance of the occupant distribution in an office building on the 
energy consumption is not clear. 

Simaxx is a company that aims to improve building installations, by analyzing data from  building 
management systems. Lone Rooftop develops a platform which calculates where and how many people are 
present in the building. This way the building occupancy can be analyzed and optimized. By combining the 
platforms of both companies, the opportunity of applying office hoteling arises. When considering office 
hoteling it is important to know the influence of different building characteristic on the energy performance 
when office hoteling is applied. With this knowledge, Simaxx and Lone Rooftop can advise building owners 
based on expected energy savings.  

1.1 Project objective  
The objective of this project is to determine the potential energy savings of optimizing the allocation of people 
in a partly occupied office building and to investigate the influence of different buildings characteristics and 
occupancy rates on the savings potential. To reach the objective, there are nine research questions which will 
be answered:  

  1a.  What are the relevant key performance indicators? 

  1b. Which office building typologies can be distinguished? 

  1c.  Which occupant and climate scenarios can be distinguished? 

  2a. Which building performance simulation tool is most suitable? 

  2b. Which office building typologies need to be included in this study? 

  2c. Which occupant and climate scenarios need to be included in this study? 

  2d. What modelling resolution should be selected for energy simulations? 

  3. What is the influence of building characteristics and occupancy patterns on the energy performance? 

  4. What is the influence of global warming on the energy performance? 

1.2 Scope 
This research explores the potential of the office hoteling concept for the Dutch office building stock. Lone 
Rooftop uses Wi-Fi based positioning technology, which is only efficient to apply in office buildings with a 
floor area greater than 10,000 m2. Therefore, this research is based on office buildings with this area. 
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Regarding energy, the main focus is on the energy performance of the buildings. The energy performance for 
this research is based on heating and cooling demand and peak loads, and energy for lighting, equipment and 
fans. At last, also gas and electricity consumption, primary energy, CO2 emissions, and energy costs will be 
analyzed. The focus is on energy performance, where the indoor comfort is set as boundary condition.    
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2 METHODOLOGY 

A methodology is developed to estimate the potential energy savings of office hoteling using building 
performance simulation (BPS), while taking multiple design variants and scenarios into account. The first 
section describes the key performance indicators (Paragraph 2.1), followed by  the literature study on building 
typologies, office hoteling and climate scenarios (paragraph 2.2, 2.3 and 2.4, respectively).  

When running multiple simulations, the computational workload is an important aspect, since the available 
computational resources are limited for this research. There are two main aspects that determine the 
computational workload: the complexity of the model and the number of simulations. In paragraph 2.5 the 
selected simulation tools are described, the relevant building variants are determined by a sensitivity analysis, 
different model complexity levels are tested, and the parametric simulation model is described. Paragraph 2.6 
elaborates on building properties of a reference building, which is used to perform a spot validation of the 
parametric study.  

 
Figure 2.1 Methodology framework with corresponding paragraphs 
 

2.1 Key Performance Indicators 
To assess the performance of the hoteling strategies on different design variants and scenarios, some metrics 
are needed. The building performance is often expressed by key performance indicators (KPI’s). Performance 
indicators are used to analyze the building performance over time, with use of objectively quantifiable 
indicators. They can also be used to test performance requirements in the design phase as well as to quantify 
the actual performance during operation [18]. In this case a performance indicator is intended to represent 
the performance objectives for office buildings, using quantitative criteria. 
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The most common used indicator regarding energy consumption for buildings is the energy use intensity 
(EUI) in MJ/m2 [19]. With this indicator different building types and sizes can be compared.  

Figure 2.2 shows the average primary energy consumption of an office building in the Netherlands. Heating, 
ventilation and air conditioning (HVAC) systems maintain the indoor air quality by supplying heated or 
cooled air to the building. There are several other systems that contribute to the total energy consumption. 
Energy for lighting and equipment are responsible for a large share of the energy used in office buildings. 
Thus, thermal energy demand for heating and cooling and energy for ventilation, lighting and equipment are 
selected as KPI’s. The energy consumption for  elevators, central server rooms, pumps, (de)humidification 
and hot tap water are not taken into account. From a building services perspective, it is also important to 
know the peak heating and cooling loads. Since office hoteling influences the distribution of people in the 
building, it is expected this will result in a change in heating and cooling demand and peak loads. The peak 
loads be indicated with the required energy in W/m².   

Many buildings in the Netherlands consume energy as electricity and gas. Since these are measured in all 
buildings, the validation of the model will be based on these indicators. Hence, two KPIs for this research are 
gas consumption in m3/m2 per year and electricity consumption in kWh/m2 per year. Together with the price 
for gas and electricity, the energy costs can be calculated. Also, the CO2 emissions can be calculated based on 
the gas and electricity consumption.  

 
Figure 2.2 Average primary energy consumption (MJ/m2) of an office building in the Netherlands [20] 
 

2.2 Definition of building characteristics 
To determine the influence of different building types on the energy consumption, a set of properties based 
on publications by Korolija is used to create the building variants [21]. The selected building characteristics 
are: building typologies, orientation, glazing ratio, envelope quality, solar heat gains, partition insulation, 
lighting, equipment and workplace density. 

2.2.1 Office building typologies 

The usual approach when addressing energy consumption for non-domestic buildings is by defining a typical 
or exemplar office building [21], [22]. In 1999, a study on the non-domestic building stock in the United 
Kingdom has been conducted [23]. The aim of this study was to classify the form of the buildings. The built 
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forms are separated according to two criteria: the layout of the internal subdivision and whether the building 
is daylit or artificially lit. When looking at total gross floor area, a rectangular cellular office building is most 
occurring, with 33.9%. From this research four different office types can be distinguished [21]. The first office 
building represents an open plan building. The second building type is a cellular building. Both of these types 
have a building depth of 16 meters. This is in contrast with the third and fourth building type, which have a 
square floor plan with sides of 22.5 meters. The third building type is an open-plan building and the fourth a 
cellular around an open-plan office. It is assumed the building stock of the United Kingdom will be similar 
to the building stock in the Netherlands. However, the floor plans of the Dutch buildings in the database of 
Simaxx are analyzed to narrow down the office types. The office buildings types are further narrowed down 
to the first and second building type, respectively the rectangular office with an open plan and cellular layout 
(see Figure 2.3). The floor height is 3.5 meters and the width of the building is 32 meters [24]. The height of 
the building is based on 20 floors and the total floor area is 10,080 m², based on the portfolio of Lone 
Rooftop.  

2.2.2 Orientation 

The orientation will be taken into account with angle steps of 90 degrees. This results in 4 variants of this 
parameter. Especially for buildings with large glazing area, the orientation is an important parameter. 
Buildings with large glazing areas have potentially more solar heat gains, depending on the orientation of the 
glazed areas.  

2.2.3 Glazing ratio 

According to the Dutch building regulations, the required window area in façades is 2.5% of the floor area. 
When this rule is applied to the open plan office layout, the minimum window to wall ratio is 0.06. In the 
first quarter of the 20th century the typical glazing ratio was below 20%, due to poor features and high costs 
of glass [25]. Nowadays architects tend to design highly glazed buildings to create a bright space. In this case 
three levels of glazing are taken into account. The 0.25 window to wall ratio represents buildings with low 
level of glazing. The 0.50 window to wall ratio is a typical value for medium glazed buildings, while buildings 
with a window to wall ratio of 0.75 can be classified as highly glazed buildings. The glazing areas are evenly 
divided over the different facades. 

Figure 2.3 Layout of open plan office and cellular office, containing office zones (red) and a hall zone (grey). 

CELLULAR OPEN PLAN 
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2.2.4 Envelope quality 

Buildings have become more energy efficient. This is mostly due to the change in building regulations. By 
using different sources it is possible to define the insulation level, HVAC systems and lighting installations of 
office buildings during a certain construction year period. In the research of ECN [26] a number of reference 
office buildings in the Netherlands are established based on energy label, ISSO-publication 75.2 [27] and a 
report which describes the office buildings in the Netherlands from 1945-2015 [28].  The energy labels are 
used in building regulations to determine and compare the energy performance of buildings. There are 
different energy labels varying from G to A, where label A has the best energy performance. From 2023 
onwards, every office building should comply to energy label C or better [29]. The thermal properties of the 
reference buildings (with energy label C or better) established by ECN are used in this research[26]. The 
window properties are derived from [21].  

Table 2.1 Thermal resistance of envelope configurations 
Configuration  Label C Label B Label A 

Rc floor [m²K/W] 3.5 3.5 3.5 
Rc wall [m²K/W] 3.5 3.5 4.5 
Rc roof [m²K/W] 3.5 3.5 6 
U window [W/m²K] 2.73 1.78 1.78 

 
2.2.5 Solar heat gains 

Solar heat gains are one of the major contributors to the heat gains in office buildings. High solar heat gains 
result in a high cooling load, which can be reduced by implementing various solar heat gain reducing 
measures. A widely applied method of reducing the solar heat gains is applying reflective glazing. In this 
research a variant with reflective glazing is included [21]. The selected properties of the glazing areas are shown 
in Table 2.2 and based on [4], [21], [30]. The values can differ based on the selected thermal resistance of the 
glazing (see Table 2.1). 

Table 2.2 Window reflectance configurations for both glazing types 
Solar heat gains  Non-reflective Reflective 

SHGC [-] 0.74 / 0.64 0.43 / 0.37 
Visual transmittance [-] 0.80 / 0.76 0.31 / 0.30 

 
2.2.6 Partition insulation 

In case of office hoteling, two adjacent rooms can have different occupancy rates. In that case the thermal 
performance of the internal partition structures can influence the energy consumption. Several partition 
constructions have been put together with different thermal resistance values. Table 2.3 shows the variants 
of the partition insulation. 

Table 2.3 Thermal resistance of partition elements 
Thermal resistance  R-value 

Low resistance [m²K/W] < 0.85 
Medium resistance [m²K/W] 1.4 
High resistance [m²K/W] 2.4 
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2.2.7 Lighting 

Artificial lighting is one of the major electricity consumers in office buildings. A significant energy reduction 
can be accomplished by installing an efficient lighting system. An efficient lighting system also results in 
reduced internal heat gains, which decreases the cooling load. Lighting systems are needed to guarantee the 
required illuminance levels in office rooms. The recommended illuminance values on task area is generally 
500 lux. For some activities this should be 750 lux. In common areas such as entrance halls, reception areas 
and rest room an illuminance level of 200 lux is required [31]. Most areas can be lit by using 2.5 W/m²  lighting 
power per 100 lux of maintained illuminance. The maximum lighting power density for offices selected for 
this study is 12 W/m², which is based on ASHRAE Standard 90.1 [32]. On the other side of the range, a best 
practice case of the Edge building in Amsterdam, shows an average lighting power density of 3.9 W/m² [33].  

2.2.8 Equipment 

Occupants have great influence on the energy consumption in office buildings, thus it is important to define 
occupancy related parameters carefully [4]. The use of equipment related to occupancy. Office equipment, 
such as laptops, smartphones, copiers, etc., can generate significant heat gains. This can be one of the reasons 
to install air-conditioning, even in mild climates. The use of electrical office equipment heat gains varies 
widely. Numerous studies on the internal heat gains of equipment have been carried out. In 2005, Dunn and 
Knight calculated the internal heat gains of air-conditioned office buildings and found that the equipment 
heat gains ranged from 5.7 to 34 W/m2 [34]. They also reported a strong correlation between equipment heat 
gains and occupant density. In 2009, the Building Services Research and Information Association (BSRIA) 
and the British Council for Offices (BCO) studied sixteen buildings. They reported an average equipment 
heat gain of 13.9 W/m2 and 140 W per person.  85% of the buildings had equipment heat gains of less than 
25 W/m2, which corresponds to 250 W per person [35]. In 2017, Giskes [36] studied the influence of 
occupants behavior on the energy consumption. He measured the plug load consumption in an office 
building. He found that the minimum load of a workplace is 60 Watts. For this research three equipment 
scenarios are chosen: 60, 140 and 250 W per person. 

2.2.9 Workplace density 

For this research the number of people present is relevant. This number depends on the number of 
workplaces present and the occupancy factor. For office tenants it is useful to know the total number of 
employees that can be accommodated in an office building. Based on this number, the flex-factor and the 
total number of employees in the organization, the user costs per employee can be calculated [37]. If the 
workplace density increases and the occupancy rate remains the same, it will result in an increase in occupants. 
This will lead to increased internal gains by the occupants, but also equipment. In order to guarantee a 
minimum level of comfort, the Dutch building regulations state that the minimum floor area needed for a 
workplace is 8 m²  [38]. The other end of the range is selected at 20 m² per workplace, based on [39]. 

2.3 Office hoteling  
With office hoteling, building occupants can dynamically schedule their use of workspaces. Office buildings 
owners can direct the occupants to a specific location in the building or close down specific parts of the 
building deliberately. Where in a traditional office, the whole building is available during opening times, 
office hoteling creates the opportunity to give each zone separate opening times.  For this research the concept 
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of ‘filling’ a building is used. Every time a zone is full, another zone will be opened. If occupants leave, a zone 
will be closed. The number of zones opened is always reduced to a minimum, based on the occupancy rate of 
the offices and the total occupancy rate. The order of zones to open is defined by the hoteling strategy.  

2.3.1 Hoteling strategies 

The two office layouts have separate hoteling strategies. In case of an open plan office layout, the building 
will be filled in a vertical way, starting on the ground floor. Each floor has an office zone and a hall zone. 
Therefore, the opening times of the hall can be equal to the opening times of the offices.  

The cellular office layout will be simulated with a horizontal hoteling strategy, where every floor has the same 
strategy. The cellular office layout has 16 office zones and one hall zone. The hall zone will always be used 
during opening hours, since there is always one adjacent occupied office room. In this case the order of the 
opening of zones is expected  to have influence on the energy consumption, since they are connected to 
different facades on different orientations. There are many possibilities of ordering the opening of zones. 
Table 2.4 shows the selected strategies for the horizontal hoteling strategy.  

Table 2.4 Hoteling direction for horizontal hoteling strategies. The numbers show the order of opening, where 1 (red) is opened first, and 
16 (blue) last.  

Right > Left  Left > Right  Back > Front  Front > Back  Middle > Sides  Sides > Middle 

 

 

 

 

 

 

 

 

 

 

 
 
The run period of the simulations is a whole year. It is expected that the most energy efficient strategy depends 
on the outdoor conditions, which vary over a year. Therefore the simulations for the cellular office layout are 
calculated per season. For every season the heating and cooling demand is calculated. The energy performance 
of the cellular office layout is based on the minimal thermal energy demand. Thus, every season the hoteling 
direction is chosen with the lowest sum of heating and cooling demand.  

2.3.2 Occupancy rate 

The occupancy rate is the ratio of occupied workplaces and the available workplaces. On average 40% of 
offices are unoccupied on any given day, according to a 2015 CBRE Workplace Strategy survey across 6 
countries (China, Singapore, United States, United Kingdom, Australia and Japan), collected over three years 
[8]. Center for People and Buildings (CfPB) has carried out 47 occupancy measurements [40]. They found 
that the average peak occupancy rate in a traditional occupied office is 68%.  They also found that for offices 
with more flexible workplaces, the peak occupancy rate varies between 78% and 97%.  For this research, 
quarterly measured occupancy rate of multiple weeks of an average office building in The Netherlands, 
acquired by Lone Rooftop, is used. The average of these weeks is used as the total occupancy profile (Figure 
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2.4). This occupancy profile is based on a building where no office hoteling is applied. The maximum 
occupancy rate is 65%.  

 
Figure 2.4 Average occupancy rate, based on measured data acquired by Lone Rooftop 
 
If office hoteling is applied, it is assumed the occupancy rate can increase up till 85%, based on data acquired 
by Lone Rooftop. To take this influence into account, there are three different scenarios of hoteling selected, 
where the maximum occupancy rate varies from 65% to 85%. An increased occupancy rate results in more 
occupants per zone, while the total number of occupants remains the same. Thus, some zones will never be 
occupied if the maximum occupancy rate increases. In this research, three maximum occupancy rates to apply 
with office hoteling are selected, 65%, 75% and 85%. Table 2.5 shows the occupancy distribution in the 
building with vertical hoteling strategies at 12:30 pm on a Tuesday. Table 2.6 shows how many occupants 
are present at a floor at a given time on Tuesdays. As the graphics show, if the maximum occupancy rate 
increases, the number of occupied floors decreases.  

Table 2.5 Occupancy rates of open plan office with vertical hoteling strategy. Situation at 12:30 on a Tuesday. The colors show the 
occupancy rate of the zones.  
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2.3.3 Occupancy profiles 

When analyzing the effect of different occupancy strategies, the occupancy profile is an important part. To 
simulate the influence of hoteling strategies, the occupancy profile for every zone needs to be defined. The 
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profiles for each zone are created in Microsoft Excel. With the total number of occupants in the building 
known, together with the maximum occupancy rate of the hoteling strategy and the workplace density, the 
number of occupants for every zone at every quarter can be calculated. By using Visual Basic for Applications 
(VBA), the profiles can be transformed to a text file, which can be used as input for EnergyPlus (see Appendix 
B). 

Table 2.6 Occupancy distribution in open plan office with hoteling strategy on a Tuesday, varying the maximum occupancy rate (65%, 
75%, and 85%) 

    Hoteling 65% Hoteling 75% Hoteling 85% 

   
 

 

2.4 Climate scenarios 
To test the robustness of the building regarding the hoteling strategies, different climate scenarios will be 
tested. As the regular reference climate, a climate file from NEN 5060 recommended for use when doing 
energy performance calculations is used [41]. NEN 5060 also gives climate scenarios with various 
probabilities of 1%, 2% and 5% for the occurrence of an actual warmer summer or colder winter. To analyze 
influence of global warming and urban heat island effect on the energy performance of the buildings, an 
additional scenario is added. This scenario is based on the 5% probability for the occurrence of an actual 
warmer summer, combined with a 4 °C increase in temperature, based on [42], [43]. Figure 2.5 shows the 
monthly average outdoor temperatures of the weather files.  

 
Figure 2.5 Monthly average outdoor dry bulb temperature of climate files 
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2.5 Building energy performance simulation 
In order to minimize the computational work load, first the influence of each parameter on the energy 
consumption is analyzed by carrying out a sensitivity analysis. Based on the results the relevant variants are 
selected for the parameter study. Secondly, different model complexities are analyzed to determine if the 
computational work  load can be minimized. The input parameters of the building performance model which 
are not related to the variants can be found in Appendix A.  

2.5.1 Simulation and calculation Tools 

For this research the building energy simulation program EnergyPlus is used to predict the energy 
performance with the selected design parameters, resulting from the design variants and scenarios. EnergyPlus 
is chosen, since it is a widely applied and validated simulation tool, which is also suitable for parametric 
simulations. The software is used to calculate the thermal energy demand for heating and cooling, and the 
electricity consumption for lighting, equipment and fans for all the design variants.  

Running multiple simulations would be extremely time-consuming to set up manually. Therefore, 
simulations were run by using jEPlus in combination with EP-Macro. jEPlus  is designed to assist building 
researchers preparing and executing parametric runs with EnergyPlus [44], [45]. In addition, SketchUp in 
conjunction with the Euclid plugin is used to generate the geometries [46]. Occupancy, heating, cooling, 
lighting and equipment profiles of the hoteling strategies are created in Microsoft Excel, using VBA to 
generate the text files (see Appendix B). Finally, the results taken from jEPlus are assessed in Microsoft Excel 
and Matlab based on the key performance indicators. A detailed workflow of the parametric simulations can 
be found in Appendix D. 

 
2.5.2  HVAC 

A significant part of the building performance simulation models is the HVAC system. The main purpose of 
a building and its HVAC system is to provide acceptable indoor conditions for the wellbeing of its occupants. 
An insufficient indoor climate affects health, productivity and comfort of building occupants. This leads to 
decreased productivity and increased sick leave. Occupants contribute to the internal heat gains, an important 
parameter which influences the energy consumption and peak loads. In reality, there is a trade-off between 

Excel 

Parameter definitions 

EnergyPlus input files 

Weather files 

jEPlus 

Processing definitions 

EnergyPlus jobs 

Simulations in 
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Result tables 
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Result collection 
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• Primary Energy 
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Figure 2.6 Workflow of parametric simulations using jEPlus, Excel and Matlab 
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the energy consumption and the indoor comfort. Since this research is about potential energy savings, the 
indoor air quality setpoints will remain the same. This is realized by adding an ideal loads HVAC system to 
the EnergyPlus model. This will simulate an all-air system which delivers the load needed to maintain the 
setpoint temperature in the building, without taking the efficiency of the system into account. The setpoint 
temperatures and ventilation rates used for this research are shown in Appendix A.   

2.5.3 Sensitivity analysis  

To analyze the impact of the selected variants on the selected KPI’s, the influence of different input 
parameters is studied by carrying out a sensitivity analysis. Different sensitivity analysis methods are 
distinguished in literature [47], [48]: 

• Differential sensitivity analysis: Varying one uncertain input for each simulation based on user 
assumptions; 

• Monte Carlo analysis: Varying all uncertain inputs for each simulation based on a defined 
probability distribution; 

• Stochastic sensitivity analysis; Varying all uncertain inputs at each simulation step. 

In this research the input parameters are based on a literature study with the objective to find the range to 
represent the building stock in the Netherlands. The differential sensitivity analysis generates information 
about the sensitivity of a single parameter and does not assess the interaction between parameters [49]. This 
method can only be used to identify which parameters are most influential, which is sufficient for this 
research. Selected parameters with minor influence on the outcomes, can be left out of the parametric 
simulations to reduce the computational work load. Table 2.7 shows the base design variant and the selected 
variants for each parameter, based on the aforementioned results of the literature study. The sensitivity 
analysis for the peak loads can be found in Appendix C.  

Sensitivity Analysis Heating Demand  Sensitivity Analysis Cooling Demand 

 

 

 

Figure 2.7 Sensitivity parameters on heating demand  Figure 2.8 Sensitivity parameters on cooling demand 
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The impact of each parameter on the heating and cooling demand is shown in Figure 2.7 and Figure 2.8, 
respectively. Results show a slight influence of the orientation on the thermal energy demand in case of the 
open plan office layout. The office layouts are almost symmetrical. To minimize the number of variants, the 
variants for orientation for the cellular office layout is narrowed down to 0 and 90 degrees,  and for the open 
plan office to only 0 degrees. The thermal mass only has influence on the cooling demand. However, this is 
still small, since the absolute values of the heating demand are more than 6 times as high as the cooling 
demand. Therefore, the variants are restricted to light and heavy. The partition insulation has a minor effect 
on the heating and cooling demand. A widely applied, lightweight, insulated internal construction is applied 
and the variants are left out. The electrical equipment and workplace density show no great influence on 
heating and cooling demand. Where the influence on thermal energy of equipment and workplace density is 
small, the influence on electrical energy for equipment varies between 88 and 126 MJ/m2 for the open plan 
office and between 76 and 118 MJ/m2 for the cellular office. This was expected, since increasing the 
workplace density, increases the number of people increases and the electrical equipment is linked to 
occupancy. Office hoteling results in a great variation in heating demand, but a minor variation in cooling 
demand. The climate file has a significant influence on both heating and cooling demand. The climate files 
have no relation to occupancy and use of the building. To reduce the number of parametric simulations, only 
the reference climate file will be used. The influence of the climate files will be simulated separately on a 
selection of variants. To summarize the results and conclusion of the sensitivity analysis, Table 2.7 shows the 
parameters and its variants used for the sensitivity analysis. The variants in bold will be taken into account in 
the parametric simulations. Also the influence on the total number of variants to simulate in the parametric 
simulations is shown.  

Table 2.7 Parameters, properties of base case and its  variants before and after sensitivity analysis 
Parameter Unit Base Variants Before After 

Orientation [°] 0 0, 90*, 180, 270 4 1/2 
Envelope quality  Label C Label C, label B, label A 3 3 
Window/wall ratio [-] 0.50 0.25, 0.50, 0.75 3 3 
Window coating  Non-reflective Reflective, non-reflective 2 2 
Thermal mass  Heavy Light, medium, heavy 3 2 
Partition insulation  Medium Low, medium, high 3 1 
Lighting density [W/m2] 8 4, 8, 12 3 3 
Equipment [W/person] 140 60, 140, 250 3 3 
Workplace density [m2/wp] 14 8, 14, 20 3 3 
Occupancy strategy  Hoteling 65% Traditional, Hoteling 65%, Hoteling 

75%, Hoteling 85% 
4 4 

Hoteling direction*  Middle > Sides Middle > Sides, Sides > Middle, Back > 
Front, Front > Back, Right > Left, Left > 
Right 

6 6 

Climate  Reference Reference, Exceedance 1%, Exceedance 2%, 
Exceedance 5%, Exceedance 5% + 4K 

5 1 

Total open plan    349,920 3,888 
Total cellular    1,662,120 36,936 
Total    2,012,040 40,824 
* only for cellular office layout (with the horizontal hoteling strategies)  
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The differential sensitivity analysis is a good first step to analyze and filter the most influential input 
parameters. The results give a clear view of which parameters are relevant to take into account for the 
parameter study. It is clear that the scenarios have a greater influence on energy performance compared to the 
design variants. Van Heijst (2017) conducted a study on the sensitivity of parameters on the energy 
performance where similar results were found [50]. As results show, the climate files have great influence on 
energy demand, especially on cooling demand.  

2.5.4 Model complexity 

When simulating a high amount of building variants, the simulation time is an important aspect. By 
simplifying the model, the simulation time can decrease exponentially. However, a model that is too simple 
might give unrealistic results, whereas a complex model might require too much computational power to 
complete the project [51]. There is no methodology for choosing the most applicable modelling approach 
[52]. In order to determine the needed level complexity of the buildings, for each building type, different 
model complexities were created. Since both building types have other layouts and hoteling strategies, their 
complexity is determined separately. 

As mentioned before, the open plan office has a vertical hoteling strategy, which results in a different 
occupancy load profile for each floor. The floors consist of two zones (office and hall), which also have 
different load profiles and therefore cannot be simplified. The simplification of the building is based on three 
strategies: partitioning, reduction and grouping (see Table 2.8). With partitioning, the floors are simulated 
separately with adiabatic floors and ceilings. With reduction, the total number of floors is reduced. With 
grouping, the load profiles of different floors are grouped, so they can be simulated using multipliers.  

Table 2.8 Overview of model complexities for open plan office building (with vertical hoteling strategies). Red indicates floors that are 
often occupied and blue are rarely occupied.  

Base (1) Reduction 10 (2) Reduction 5 (3) Partitioning (4) Grouping (5) 

20 floors 10 floors 5 floors 20 x 1 floor 20 floors 

 

 
 
 

 

 

 

 
If the number of floors is reduced (complexities 2 and 3), the hoteling strategies will become less gradual. Also 
the ratio of floor and envelope area will decrease. With partitioning, each floor is simulated separately. The 
advantage is that it gives more insight in the energy consumption throughout the building, but processing the 



LESS FREEDOM, MORE SUSTAINABLE? 

 
17 

 

results is more time-consuming. With grouping, the ratio of floor and envelope area will remain the same, but 
the hoteling steps will become far less gradual.   

The cellular office has a horizontal hoteling strategy, which results in a different occupancy load profile for 
each zone on a floor, but all floors are the same. The floors consist of 16 office zones and one hall zone. The 
simplification of the cellular building is based on two strategies: partitioning and reduction (see Table 2.9).  
With partitioning, the middle floor is simulated with adiabatic floor and ceiling. To create a building of 20 
floors, the middle floor is multiplied. In case of reduction, the total number of floors is reduced. If the model 
of the cellular office building is partitioned (complexities 1 and 2), the influence of the top and ground floors, 
where the heat losses differ from the other floors, is taken into account. In complexity 3, this influence is not 
modeled.  

Table 2.9 Overview of model complexities for cellular office building (with horizontal hoteling strategies). Red indicates floors that are 
often occupied and blue are rarely occupied. 

Partitioning (1, 2, 3) Reduction (4, 5, 6) 

20 floors 5 floors 

 
 

 

20 floors 3 floors 

 
 

20 floors 1 floor 

 
 

 
The aim of the complexity study is to determine what level of complexity is needed to generate sufficient 
results. Figure 2.9 shows the heating and cooling demand of the selected model complexities. In combination 
with the simulation time for each complexity a choice can be made. Both a traditional occupancy strategy and 
a hoteling strategy are taken into account. For the open plan office, only the heating demand in case of 
hoteling show significant differences. As the size of the building is reduced, the heating demand increases. 
This is due to the decreased ratio of floor and envelope area. This will also result in a drop in simulation time. 
Grouping results in a higher heating demand for hoteling, but not with the traditional occupancy strategy. 
This is due to the less gradual hoteling steps, which limits the savings in heating demand. Partitioning 
(complexity 4) displays a similar energy performance, compared to the base complexity (1), while the 
simulation times shows a reduction. However, post-processing the result will undo the decrease in simulation 
time.  

Top floor 

 x  16 

Ground floor 

Top floor 

 x  18 

Ground floor 

 x  20 
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Comparison Energy Performance of Complexities 

 
Figure 2.9 Heating demand, cooling demand and simulation time of selected model complexities 

 
The partition complexities of the cellular office building show significant differences in heating and cooling 
demand, while the simulation time drops from 96 to 12 seconds per simulation. The simulation times of the 
reduction complexities show the same trend. However, they show that the accuracy of the result drops 
significantly. Results of the model complexity study for open plan offices show only small differences in 
energy performance. In this case the choice is made to be on the safe side, by selecting the most complex 
model. Since the input parameters are known, the most complex model is expected to generate the most 
reliable results. Also, creating a complexity level which is more complex can also be tested, by adding different 
types of zones. This research was aimed at keeping the building as abstract as possible. However, in reality 
there is a greater diversity in zones and buildings with a combination of open plan and cellular offices do exist.  

2.5.5 Setting up the parametric simulations 

To determine the potential energy savings of office hoteling, a parametric study is carried out. The sensitivity 
analysis and complexity analysis will be used to determine the set of variants and scenarios to simulate, and 
the complexity level needed. To reduce the number of variants in the parametric simulations, the weather 
scenarios will only be tested on a selected set of variants.  Table 2.10 lists the variants and scenarios used for 
the parameter study. This will result in 3888 simulations for the open plan office and 147744 simulations for 
the cellular office.  The complete workflow for creating the parametric simulations can be found in Appendix 
E. 
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Table 2.10 Properties and values which define the variants and scenarios for the parameter study 
Parameter Unit Value   

Building type  Open plan, cellular 

}
 
 
 
 

 
 
 
 

 Building variant 

Orientation [°] 0, 90* 
Envelope quality  Label C, label B, label A 
Window/wall ratio [-] 0.25, 0.50, 0.75 
Window coating  Reflective, non-reflective 
Thermal mass  Light, heavy 
Lighting [W/m2] 4, 8, 12 
Equipment [W/person] 60, 140, 250 
Workplace density [m2/wp] 8, 14, 20 
Occupancy strategy**  Traditional, Hoteling 65%, Hoteling 75%, 

Hoteling 85% 

}
 
 

 
 

 Occupancy scenario Hoteling direction*  Middle > Sides, Sides > Middle, Back > Front, 
Front > Back, Right > Left, Left > Right 

Season*  Winter, Spring, Summer, Autumn 
Climate scenario***  Reference, Exceedance 1%, Exceedance 2%, 

Exceedance 5%, Exceedance 5% + 4K 
} Climate scenario 

* only for cellular office layout (with the horizontal hoteling strategies) 
** vertical hoteling for open plan office, horizontal hoteling for cellular office 
***only for a selection of variants 

  

 
As mentioned before, the open plan variants will be simulated with the highest complexity to generate the 
most accurate results. Since the number of variants of the open plan office is low compared to the number of 
variants of the cellular office, there is no need to reduce the simulation time. For the cellular office the 
partitioned complexity with one floor will be used, since this complexity shows fairly accurate results and a 
minimum in simulation time.  

Table 2.11 Computational work load of parametric simulations 
  Open plan Cellular Total 

Complexity  Complexity 1  
(base with 20 floors) 

Complexity 3 
 (1 adiabatic floor) 

 

Simulations  [n] 3888  147744 145632 
Time per simulation  [s] 48  3   
Total simulation time  [h] 51  123  174  

 
2.5.6 Energy performance assessment 

To assess the influence of office hoteling on the energy performance, for every variant the energy 
consumption of the occupancy strategies should be retrieved from the results. Both building variants have a 
different way of post-processing the results, since the results of the cellular office are more extensive. Where 
the occupancy strategy for the open plan office is limited to four scenarios (traditional, hoteling 65%, hoteling 
75% and hoteling 85%), the occupancy strategies for the cellular office also vary in hoteling direction and are 
simulated per season. To make the results comparable with the open plan annual energy demand, the results 
of the cellular office simulations need to be combined. As mentioned before, the results of the cellular office 
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layout is based on the minimal thermal energy demand. Every season the hoteling direction is chosen with the 
lowest energy demand. The sum of the seasons will result in an annual energy demand.   

To determine the influence of changing climate conditions on the energy performance, the variants and 
scenarios need to be simulated with the selected weather files. To reduce the time needed for the simulations, 
only a selection of variants is simulated. To represent the variants used in the parametric simulation, the 
variants with the maximum heating and cooling demand are selected for both building types. Also an average 
variant is selected based on the median of heating and cooling demand. To include variants where the 
influence of the occupancy strategies is represented, the same selection is made, but based on the change in 
energy demand due to office hoteling, relative to the energy demand in case of a traditional occupancy 
strategy. For the cellular office layout, the hoteling direction is based on the direction that occurs the most in 
the parameter study.  

2.5.7 Efficiencies and conversion factors 

To assess the influence of office hoteling on the gas and electricity consumption, system efficiency factors are 
used. To generate the results regarding primary energy, CO2 emissions and energy costs, conversion factors 
are used.  The efficiency and conversion factors used in this study are shown in Table 2.12. 

Table 2.12 Applied efficiency and conversion factors 
Efficiency and conversion factors Value Unit 

Heating efficiency 1.0 [-] 
Cooling efficiency 4.0 [-] 
Thermal energy natural gas 35.17 [MJ/m3]i 
Efficiency electricity 0.39 [-]i 
CO2 emission natural gas 1.89 [kg/m3]ii 
CO2 emission electricity 0.355 [kg/kWh]ii 
Price natural gas 0.79 [€/m3]iii 
Price electricity 0.23 [€/kWh]iii 

 
2.5.8 Validation 

A report of ECN [26] will be used to validate the energy models, since these give the most recent and elaborate 
energy consumption measurements. The results are grouped by energy label, which is also the case for the 
variants used in this research. The energy data is from office buildings with a floor area between 5.000 and 
10.000 m². 

Table 2.13 Measured gas and electricity consumption of the Dutch building stock [26] 
Energy label Electricity 

– average 
[kWh/m2] 

Electricity 
– 5% 
[kWh/m2] 

Electricity -  
95% 
[kWh/m2] 

Gas – 
average 
[m3/m2] 

Gas – 5% 
[m3/m2] 

Gas - 95% 
[m3/m2] 

Label A 79.3 64.5 94.0 7.3 5.4 9.1 
Label B 64.8 52.2 77.3 6.2 3.5 8.9 
Label C 83.5 62.4 104.6 9.6 5.1 14.0 

 



LESS FREEDOM, MORE SUSTAINABLE? 

 
21 

 

The measured data from ECN [26] can be used to validate the model to some extent. Figure 2.10 displays the 
validation of the model, based on the measured energy consumption of office buildings in the Netherlands. 
The results show that the majority of the variants with a traditional occupancy strategy fall within the 5 – 
95% boundary of the measured data. The simulated gas consumption is high compared to average gas 
consumption of office buildings in the Netherlands. Heating demand directly related to gas consumption. If 
conversion factors or heating efficiency changes, the gas consumption changes at the same rate. The high gas 
consumption can be explained by  heating recovery systems that are not taken into account. With a heat 
recovery system, up to 90% of ventilation heat losses can be recovered. In this case it is estimated the 
ventilation heat loss accounts for roughly 40% of the heating demand. In reality, not all buildings depend on 
gas for their heat supply. The results of electricity consumption show a fair agreement with the measured 
data. The validity of the model is sufficient for the purpose of this research. 

Validation Energy Consumption 

 
Figure 2.10 Gas and electricity consumption for all design variants 
with traditional occupancy strategy, normalized per meter squared 
of floor area, and measurement data of Dutch office buildings 
[26]. 

 

2.6 Spot validation 
To make the results more specific, a case building is selected. With this available data of this reference building, 
a spot validation can be carried out to assess the outcomes for a realistic situation. The building selected is an 
office building of ABN AMRO, a Dutch bank located in Amsterdam. The building is built in 1985 and has 
87 760 m² of floor area. Table 2.14 displays the properties of the selected building of ABN AMRO. These 
properties are rounded to the nearest variant value used for the parameter study. Based on these inputs, the 
energy performance results can be selected from the results from the parametric simulations.  
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Table 2.14 Properties of ABN AMRO office building 
Parameter Unit Variant 

Building type  Open Plan 
Orientation [°] 0  
Envelope quality  label A 
Window/wall ratio [-] 0.50 
Window coating  Non-reflective 
Thermal mass  Heavy 
Lighting [W/m2] 8 
Equipment [W/person] 60 
Workplace density [m2/workplace] 14 
Occupancy strategy  Traditional, Hoteling 65%, Hoteling 75%, Hoteling 85% 

 
The systems used for heating and cooling supply in the ABN AMRO building differ from the concept used 
in post-processing of the parametric simulation results. Instead of a gas boiler for heating supply, both a heat 
pump and district heating are used. For cooling supply, a seasonal thermal storage system is used. To make 
the results efficiency independent, the relative energy savings resulting from simulations will be used to 
calculate the energy consumption with office hoteling scenarios. Table 2.15 gives an overview of the energy 
use of the case building. These indicators will also be generated by the simulations, and therefore can be 
compared. With the simulated energy usage results for traditional occupancy and for office hoteling, the 
relative energy reduction of office hoteling can be calculated by comparing it to the traditional case for the 
aforementioned indicators. The resulting ratios can be multiplied with the measured energy use to obtain the 
absolute energy, emissions and costs savings. The parametric simulation results also show the peak loads. 
However, there is no measurement data of the peak loads available to compare the results with.  

Table 2.15 Key figures of energy performance ABN AMRO office building [53] 
 Unit Value 

Heating kWh/year 600,000 
Cooling kWh/year 466,000 
Equipment kWh/year 1,764,600 
Lighting kWh/year 2,659,500 
Fans kWh/year 1,563,091 
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3 RESULTS 

The main objective of this work was to determine the potential energy saving of office hoteling. As the 
primary results in the sensitivity analysis show a great energy saving potential, a similar trend is expected with 
the other investigated building variants.  

3.1 Parametric simulations 
After simulating all the variants it is apparent that in all cases office hoteling will lead to a decrease in energy 
consumption compared to a traditional occupancy strategy. Figure 3.1 plots the heating and cooling demand 
of all the variants in one graph. Each dot represents a combination of orientation, envelope quality, 
window/wall ratio, window coating, thermal mass, lighting, equipment, workplace density and occupancy 
strategy. The different occupancy strategies are distinguished by color. Firstly, it can be observed that office 
hoteling leads to a significant decrease of heating demand, but a minor decrease in cooling demand. Also, 
increasing the maximum occupancy rate with office hoteling results in a drop of the thermal energy demand, 
but not extensive. Figure 3.2 contains the gas and electricity consumption of all the design variants. The gas 
consumption decreases, at the same rate as the heating demand. Last of all, in general, a decrease in electricity 
consumption can be observed. 

Where Figure 3.1 shows absolute values for heating and cooling demand, Figure 3.3 presents the relative 
influence of office hoteling as the energy demand of a building with office hoteling compared to a traditional 
occupied office building. The figure shows that the effect of office hoteling on the heating demand is around 
8% greater for the open plan office. The maximum reduction of heating demand is 55% for an open plan 
office with a maximum occupancy rate of 85%. For the cooling demand the cellular office is more beneficial, 
although the results are less strong and more widespread. The maximum reduction in cooling demand is 46% 
for cellular offices and 43% for open plan offices. In some cases the hoteling strategies will lead to an increase 
in cooling demand up to 13% for open plan offices.  

The heating peak load (Figure 3.4) also shows a significant decrease when office hoteling is applied, varying 
from 26 – 55% for both open plan and cellular office. In general, office hoteling will also lead to a decrease in 
cooling peak load. However, office hoteling with a maximum occupancy rate of 65% will in most cases lead 
to an increase in cooling peak load. This increase occurs in light construction buildings or in heavy buildings 
with non-reflective glazing. 

 

 



LESS FREEDOM, MORE SUSTAINABLE? 

 
24 

 

Thermal Energy Demand  Energy Consumption 

 

 

 

Figure 3.1 Heating and cooling demand for all design variants 
and scenarios, normalized per meter squared of floor area 

 Figure 3.2 Gas and electricity consumption for all design variants 
and scenarios, normalized per meter squared of floor area 

 

Influence Office Hoteling on Energy Demand  Influence Office Hoteling on Peak Loads 

 

 

 

Figure 3.3 Influence of office hoteling on heating and cooling 
demand expressed as relative change in energy demand compared 
to traditional occupancy strategy 

 Figure 3.4 Influence of office hoteling on heating and cooling peak 
loads expressed as relative change in energy demand compared to 
traditional occupancy strategy 
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The results of the parametric simulations shown in Figure 3.1 are distinguished by hoteling strategy. 
Appendix E shows the results for heating and cooling demand, as well as the heating and cooling peak loads 
distinguished by all input parameters. These graphs give insight in the relation between different parameters 
and the potential energy savings. It is noticed that the window-to-wall ratio and workplace density in 
particular have great influence on the potential savings in cooling demand. In general,  the hoteling strategies 
with the highest occupancy rate (85%) will lead to the greatest energy savings for both heating and cooling 
demand. Buildings with low internal heat gains due to equipment and occupancy, have most heating saving 
potential, whereas buildings with reflective glazing have the greatest cooling saving potential. Open plan 
office buildings with small window openings and high internal heat gains due to occupancy and equipment 
result in an increase of cooling demand. 

Regarding the peak loads, the open plan office is more beneficial and the window-to-wall ratio, the 
reflectiveness of glazing, and the thermal mass are significant parameters, for both heating and cooling peak 
load. The maximum occupancy rate of the hoteling strategy has most influence on the cooling peak load, 
where the lowest occupancy rate, results in the highest peak loads. The buildings with the greatest decrease in 
cooling peak load can be categorized as buildings with small window openings, reflective glazing and a high 
thermal mass. The buildings with the greatest decrease in heating peak load can be categorized as buildings 
with large windows, non-reflective glazing, and high internal heat gains of occupants and equipment. 
Buildings with a well-insulated façade, high thermal mass, and reflective glazing have the least potential 
regarding heating peak load savings. 

Appendix E also shows histograms of the influence of office hoteling for all KPI’s. With the applied 
configuration of the model, the gas consumption is directly related to the heating demand in offices. 
Therefore, also the gas consumption can be reduced up to 55%. The electricity consumption is based on 
cooling demand, lighting, equipment and fans. The office hoteling strategies have no influence in the 
electricity use for equipment, since equipment is related to occupants and the number of occupants remains 
the same. The energy for lighting can be reduced by 28 – 46% and the energy for fans by 22 -36%. The 
resulting primary energy reduction when using gas for heating is 18 – 38%. A decrease in electricity 
consumption can be observed, varying from 9 – 33%. Based on this heating concept a reduction of 20 – 39%  
of CO2 emissions can be realized as a result of implementing office hoteling.  Finally, the energy costs can be 
reduced up to 37%.  

Most Efficient Hoteling Direction 

 

Figure 3.5 Count of situations where each hoteling direction has the 
lowest thermal energy demand 
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To determine the most effective strategy for the horizontal hoteling strategy, applied in the cellular office 
building, the number of variants with the lowest thermal energy demand is retrieved from post-processing. 
Figure 3.5 displays the how often a hoteling direction results in the lowest thermal energy demand. Results 
show that filling the building from the middle to the sides is the most effective strategy in 90% of the cases. 

3.2 Climate scenarios 
To determine the influence of global warming, different climate scenarios are simulated. As mentioned 
before, these scenarios are simulated in combination with a selection of variants. Figure 3.6 and Figure 3.7 
show the heating and cooling demand of the simulated variants and scenarios. The graph shows the same 
values, but the colors differ to distinguish the influence of office hoteling and weather, respectively. Results 
show a great variation in both heating and cooling demand. In each graph a variant is marked with a red circle 
to indicate that the results belong to the same variant. This way it becomes clear that the hoteling strategies 
show a trend similar to the parametric simulations (see paragraph 3.1). Increasing the number of heat and 
cold waves results in an increase in heating and cooling demand. The extreme values in cooling demand are 
due to the 4 degrees increase in outdoor temperature, which also results in a low heating demand. The 
building type with the highest cooling load is a well-insulated building with large window openings, non-
reflective glazing, a light construction and high internal heat gains. 

Thermal Energy Demand - Hoteling  Thermal Energy Demand - Climate 

 

 

 

Figure 3.6 Heating and cooling demand for selection of variants 
combined with occupancy and climate scenarios, distinguished by 
occupancy scenario 

 Figure 3.7 Heating and cooling demand for selection of variants 
combined with occupancy and climate scenarios, distinguished by 
climate scenario 

 
Figure 3.8 and Figure 3.9 present the influence of office hoteling and the climate scenarios, respectivily. The 
change in energy demand is derived from the same set of simulations. As Figure 3.8 displays, the effect of 
office hoteling on the thermal energy demand show a similar trend as the parametric simulation results (see 
Figure 3.3). However, the results are more widespread, showing a maximum of 58% reduction in heating 
demand. This reduction is in case of a well-insulated, open plan office building, with small window opening, 
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non-reflective glazing, a heavy construction, high internal heat gains and the 5% exceedance + 4K climate 
scenario. The highest reduction (52%)  in cooling demand is shown for a cellular office building with small 
window openings, reflective glazing, a heavy construction, low internal heat gains and the reference climate 
scenario. 

 
Influence of Office Hoteling  Influence of Climate scenarios 

 

 

 

Figure 3.8 Influence of office hoteling on heating and cooling 
demand for selection of variants combined with occupancy and 
climate scenarios, expressed as relative change in energy demand 
compared to traditional occupancy strategy  

 Figure 3.9 Influence of climate scenarios on heating and cooling 
demand for selection of variants combined with occupancy and 
climate scenarios, expressed as relative change in energy demand 
compared to the reference climate 

 
The influence of the climate scenarios (Figure 3.9) show a great variation in savings in cooling demand. In 
general the results show that if the probability of an actual warmer summer and colder winter decreases, the 
heating and cooling demand increases. However, the climate scenario with the 4 degrees increase in outdoor 
temperature results in a decrease in heating demand, but also mark a significant increase in cooling demand, 
up to 873%. This is expected to occur in a building with small window openings, reflective glazing, a heavy 
construction and low internal heat gains. The building with opposite properties will lead to the smallest 
increase in cooling demand. Appendix E shows more results regarding the influence of climate scenarios and 
peak loads. The change in peak loads as a result of the applied hoteling strategies show a similar trend as change 
in peak loads of the hoteling strategies the parametric simulations. Results show that for the most extreme 
scenario (5% probability of exceedance + 5K) the cooling peak load can increase with 48% as a result of the 
climate scenarios. Thus, weather scenarios have more influence on cooling demand than on the cooling peak 
loads. For the scenarios of 5%, 2%, and 1% probability of exceedance, the cooling peak load will decrease for 
most of the variants.  



LESS FREEDOM, MORE SUSTAINABLE? 

 
28 

 

3.3 Spot validation 
To give an indication of the potential energy savings for the ABN AMRO office building, the design variant 
is selected in the results from the parametric study. Figure 3.10 shows the measured energy consumption and 
the calculated energy consumption if office hoteling with a maximum occupancy rate of 85% is applied. 

Energy Consumption ABN AMRO 

 
Figure 3.10 Influence of office hoteling on  energy consumption of ABN AMRO case building 

 

Combining these results with the selected conversion factors, based on the systems applied in the building, a 
reduction of 30% in electricity consumption can be achieved. Since the building energy consumption is 
almost all-electric, the savings of primary energy demand, CO2 emissions and energy costs can also be reduced 
by 30%. This can be further translated to a yearly reduction of 723 tons of CO2 and 482,481 euros. The 
heating and cooling peak load can be reduced with 48 and 11%, respectively. The calculations of the spot 
validation are shown in Appendix F. 
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4 DISCUSSION 

4.1 Parametric simulations 
The results show a different effect on heating and cooling demand when office hoteling is applied. In case of 
office hoteling, the empty floors have more lenient setpoint temperatures, which result in a decrease in heating 
and cooling demand. The occupied floors have increased internal gains, as a result of increased occupancy. 
This leads to a decrease in heating load, but an increase in cooling load. In conclusion; in all situations the 
heating load will decrease, but in some situations the cooling load increases, which leads to less savings in 
cooling demand compared to heating demand. If looking at thermal energy demand, where heating and 
cooling demand are added, office hoteling will lead to a significant decrease for all variants.  

In general, the open plan offices have more savings potential compared to the cellular offices. In other words, 
the vertical hoteling strategy has more potential than the horizontal hoteling strategy. In case of horizontal 
hoteling, all the floors have the same occupancy profile. As the building is occupied, the halls are always 
occupied, whereas the vertical hoteling strategy results in unoccupied halls, similar to office rooms. Therefore, 
more energy is needed for the horizontal hoteling strategy. Also, the cellular office building has a significant 
number of internal walls, what will lead to an increase in thermal capacity, resulting in a higher energy demand 
when the rooms need to be heated or cooled.  

In some cases, the annual cooling demand increases, whereas in the majority of the cases, the cooling demand 
decreases. As mentioned before, the cases that result in an increase of cooling demand have an open plan office 
layout, small window openings, and high internal heat gains, due to occupancy and equipment. The window 
openings have a lower heat resistance than opaque façade elements. With small window openings, the 
transmission losses are low, while the internal heat gains increase as a result of an increase in occupancy of 
certain zones, caused by the hoteling strategy. However, due to the small glazing areas, the cooling demand is 
relatively low. Buildings with large window openings have greater solar heat gains, which result in a high 
cooling load. The additional internal heat gains of higher occupancy and equipment will result in a relatively 
small increase in cooling demand. It is also noted that the increase in cooling demand only occurs in open 
plan offices. This can be explained by the difference in hoteling strategy. The horizontal hoteling strategy is 
based on the lowest thermal energy demand. If a certain horizontal hoteling direction has an increase in 
cooling demand, it is expected the total thermal demand is high, and therefore another horizontal hoteling 
direction will be more efficient. Also the difference in thermal capacity can play a role. As the internal gains 
increase, the walls reduce the cooling demand due to thermal energy storage. Results show that total thermal 
energy savings of 26 – 52% can be reached. Research of Agarwal et al. shows an energy reduction up to 15% 
for HVAC systems by optimizing the system based on real-time occupancy data [54]. The difference with 
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this research is the allocation of occupants. With office hoteling some parts of the buildings will not be used, 
resulting in a more significant decrease in energy demand.  

Where for the cooling demand only increases in an open plan office, the cooling peak load shows a greater 
increase for cellular offices. As mentioned before, this increase occurs when office hoteling with an occupancy 
rate of 65% is applied in light construction buildings or in heavy buildings with non-reflective glazing. In 
general the open plan office is more beneficial than the cellular office. As mentioned before, this can be a 
result of the fact that in cellular offices the halls are always occupied, whereas the vertical hoteling strategy 
results in unoccupied halls. Whether hoteling strategies can be applied in these buildings depends on the 
capacity of the installed HVAC systems. The installed capacity of the HVAC systems is highly dependent on 
assumptions regarding occupancy in the design phase of the building. In reality, often the cooling capacity of 
systems are based on a scenario with high internal gains. The hoteling strategy that for some variants leads to 
an increase in cooling peak has an occupancy rate of 65%, which is relatively low. Whereas it is expected the 
building is designed for higher occupancy rates, it is also expected that in reality the cooling capacity of HVAC 
systems is sufficient. The simulated peak loads in this research are based on the whole building, whereas in 
reality HVAC systems can be dedicated to a part of the building. It is expected there will be an increase for 
individual zones. Also, the installed HVAC control mechanisms should be able to vary the setpoints of the 
zones individually. Further research is needed to determine the peak loads per zone and the feasibility 
regarding the HVAC control mechanisms.  

As the results show, the saving potential is for lighting energy is 28 – 46%. The results of the parametric 
simulations also show that on average for offices with a traditional occupancy strategy, the share of lighting 
energy is 25%. Therefore, the lighting energy reduction is a major contributor to the total energy saving 
potential. However, for this research a simplified on/off control for lighting is simulated; as the building or 
zone is opened, the lighting is on. There are several control strategies for lighting systems to reduce the energy 
demand. Automatic occupancy based lighting control systems can reduce the energy demand with 26 – 61% 
[55]–[57]. However, the extreme reduction of 61% is in case of private offices. In theory, combining office 
hoteling with individual occupancy based lighting control will lead to a greater decrease in energy use. 
However, a lighting control algorithm based on the scheduled occupancy is required. 

Results for primary energy, CO2 emissions and energy costs all show significant savings. However, these 
indicators are highly dependent on the applied energy generation and supply systems. This research is limited 
to one climate system, with simplified efficiencies. It is expected that results for primary energy, CO2 
emissions and energy costs will be different when other building energy systems are applied.  

4.2 Climate scenarios 
The variant with the highest decrease in the climate scenario simulations, shows a higher decrease than the 
variant with the highest decrease in the parametric simulations, while they both have the reference climate 
file. This is due to the fact that the hoteling direction in the climate scenario simulations is the same for every 
simulation, where in the parametric simulations, the hoteling direction is based on the lowest thermal energy 
demand. This can result in a smaller decrease in cooling demand, but the savings of both heating and cooling 
demand will be greater. This shows that choosing a hoteling direction based on the lowest heating or cooling 
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demand might lead do different results. For some HVAC systems, a balance between heating and cooling 
demand is important. Therefore, selecting the hoteling direction based on the thermal energy balance is an 
option to consider.   

Results show that the cooling demand for the 5%, 2%,1% and 5% + 4K climate files increase, with an average 
of 77%, 90%, 112%, and 344%, respectively.  Plokker et al (2009) state that the 5%, 2% and 1%-climate data 
sets are considerably higher, with an average of 42%, 53% en 66%, respectively [43].  The difference in 
outcomes can be explained by the simulated HVAC systems. In this research an ideal HVAC system is 
modeled, which results in an unchanged indoor climate, regardless of the change in outdoor conditions or 
required cooling capacity. Where in the research of Plokker et al. the weighted setpoint temperature exceeding 
hours increases, this is not the case in this research, which results in a higher cooling demand. 

Where the influence of the weather scenarios shows a 873% increase in cooling demand for the cooling peak 
load shows an increase of only 48%. This can be explained by the weather file. The time when the cooling 
peak loads occur is around the time the outdoor temperature is highest. However, as the more extreme 
weather scenarios have warmer summers, the maximum temperature show a minimal difference, except for 
the Exceedance 5% + 4K scenario. Therefore, the peak cooling loads also show a minor influence compared 
to the annual cooling demand. As results show, the majority of the variants will result in a decrease of cooling 
peak load when 5%, 2%,1% scenarios are applied. This can be explained by the data from the climate files. 
Table 4.1 shows the cooling peak loads, the moment this peak occurs and the solar irradiance and outdoor 
temperature at this moment. The reference file has a high outdoor temperature and solar irradiance at peak 
time, whereas the 5%, 2%, and 1% climate files have lower solar irradiance during peak time. This will result 
in a higher peak load for the reference file.  

Table 4.1 Cooling peak loads of climate scenarios 
Climate file Cooling peak load 

[kW] 
Time of peak Solar irradiance 

[W/m2] 
Outdoor temperature 

[oC] 
Reference 1129 20-JUN-14:30 713 32.7 

Exceedance 1% 1078 11-JUL-14:00 583 31.3 

Exceedance 2% 1019 07-AUG-16:15 509 33.7 

Exceedance 5% 845 01-AUG-15:00 644 31.7 

Exceedance 5% + 4K 1209 01-AUG-15:15 644 35.7 

 

4.3 Spot validation 
The results show that the energy consumption of an office building can be reduced significantly. The 
measured energy for heating is low, compared to the simulated heating demand. This can be explained by the 
heat supply systems in the building as well as the heat recovery systems. Lighting is responsible for a large share 
of the energy consumption. Thus, the saving potential for lighting is also significant.  

The potential energy savings can differ in reality, since these savings are based on results from the parametric 
study, with its aforementioned limitations. Also the input parameters are limited to the variants and scenarios 
used in this research. In reality, it is likely there are properties that do not match the simulation model. More 
research is needed to determine the influence on the HVAC systems.  
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5 CONCLUSION & FUTURE WORK 

5.1 Conclusion 
In this research, the influence of office hoteling on different type of buildings and weather scenarios is 
determined by means of parametric energy performance simulations. The potential energy savings that can 
be achieved with office hoteling are: a 55% reduction in heating demand, a 46% reduction in cooling demand 
and lighting demand and a 36% reduction of energy for fans. The peak heating and cooling peak loads can be 
reduced with 55% and 28%. However, in some cases the cooling demand and cooling peak load can increase 
up to 13% and 7% respectively. Taking conversion factors into account, the primary energy demand, CO2 
emissions and energy costs can be reduced by 38, 39 and 37%, respectively.  Climate change has significant 
influence on the energy performance. Especially the cooling demand is expected to increase, up to 873% in 
case of overall warmer outdoor temperatures. However, office hoteling has similar energy saving potential in 
more extreme climate scenarios. 

5.2 Future work 
As this research shows, less freedom would be more sustainable. However, the results of the study also raises 
new questions. Are occupants prepared to really give up their freedom in choosing workplaces to realize this 
saving potential? And how would this work with people who need to work together in teams? The hoteling 
strategies are simplified and idealized in this research. It is assumed that a zone closes down if there is enough 
space in other zones. In reality it is expected this will not be completely feasible, but the extent is uncertain. 
Also, it would be interesting to know if occupants can be triggered to move to another workplace which leads 
to a lower energy consumption, by visualizing the potential energy savings.  

The aim of this research was to determine the potential savings, by taking the building stock in the 
Netherlands into account. In order to define the savings in reality, the office hoteling strategy can be applied 
and measured in a case study. More in depth results can be produced by creating a more extensive model with 
more different zones and functions, since the buildings in this research were simplified. The indoor climate 
systems in this research are modeled as an ideal HVAC system, whereas it is expected the efficiency of the 
system can have a great influence on the outcome of the actual energy consumption. Also, applying office 
hoteling will affect the control strategy for the HVAC and lighting systems. 

With the increase of PV panels for electricity production, whose production is variable and uncertain, there 
is an additional challenge to balancing the demand and supply of electricity [58]. It is interesting to know if  
office hoteling can increase the energy flexibility of a building. If occupancy profiles are known, floors can be 
heated or cooled in advance, to reduce the energy demand when energy supply is scarce.  
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A. INPUT BUILDING PERFORMANCE 
MODEL 

Building construction 
The following tables presents the characteristics of the building construction of the variants.   

Table A.1 Construction characteristics of opaque elements 
Name Thickness Conductivity Density Specific 

heat 
capacity 

Mass Thermal 
capacity 

Resistance Total R-
value 

U-value 

 
[m] [W/mK] [kg/m³] [J/kgK] [kg/m²] [J/m²K]  [m²K/W] [m²K/W] [W/m²K] 

          
EXTERNAL WALLS  
Light, Label C/B        3.57 0.28 
Clay tile 0.015 0.44 1000 840 15 12600 0.03   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Metal stud 0.15 0.049 105 840 15.75 13230 3.06   
OSB 0.012 0.15 550 1880 6.6 12408 0.08   
Gypsum 0.015 0.23 800 840 12 10080 0.07   
          
Light, Label A        4.59 0.22 
Clay tile 0.015 0.44 1000 840 15 12600 0.03   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Metal stud 0.2 0.049 105 840 21 17640 4.08   
OSB 0.012 0.15 550 1880 6.6 12408 0.08   
Gypsum 0.015 0.23 800 840 12 10080 0.07   
          
Medium, Label C/B        3.58 0.28 
Clay tile 0.015 0.44 1000 840 15 12600 0.03   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Insulation 0.088 0.035 35 840 3.08 2587.2 2.51   
Cellular concrete 0.15 0.22 600 840 90 75600 0.68   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Medium, Label A        4.50 0.22 
Clay tile 0.015 0.44 1000 840 15 12600 0.03   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Insulation 0.12 0.035 35 840 4.2 3528 3.43   
Cellular concrete 0.15 0.22 600 840 90 75600 0.68   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Heavy, Label C/B        3.59 0.28 
Clay tile 0.015 0.44 1000 840 15 12600 0.03   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Insulation 0.11 0.035 35 840 3.85 3234 3.14   
Concrete 0.12 1.9 2500 840 300 252000 0.06   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
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Name Thickness Conductivity Density Specific 
heat 

capacity 

Mass Thermal 
capacity 

Resistance Total R-
value 

U-value 

 
[m] [W/mK] [kg/m³] [J/kgK] [kg/m²] [J/m²K]  [m²K/W] [m²K/W] [W/m²K] 

          
Heavy, Label A        4.59 0.22 
Clay tile 0.015 0.44 1000 840 15 12600 0.03   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Insulation 0.145 0.035 35 840 5.075 4263 4.14   
Concrete 0.12 1.9 2500 840 300 252000 0.06   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
INTERNAL FLOORS 
Light, Non-insulated        0.85 1.17 
Top floor 0.015 0.04 150 840 2.25 1890 0.38   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Concrete 0.07 1.9 2500 840 175 147000 0.04   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Light, Medium insulated       2.28 0.44 
Top floor 0.015 0.04 150 840 2.25 1890 0.375   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Concrete 0.07 1.9 2500 840 175 147000 0.04   
Insulation 0.05 0.035 35 840 1.75 1470 1.43   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Light, Well-insulated        3.71 0.27 
Top floor 0.015 0.04 150 840 2.25 1890 0.375   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Concrete 0.07 1.9 2500 840 175 147000 0.04   
Insulation 0.1 0.035 35 840 3.5 2940 2.86   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Medium, Non-insulated       0.79 1.26 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Hollow-core concrete 0.3 1.9 1319 840 395.7 332388 0.16   
Insulation 0 0.035 35 840 0 0 0.00   
Cavity Ceiling 0.4 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Medium, Medium insulated       2.22 0.45 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Hollow-core concrete 0.3 1.9 1319 840 395.7 332388 0.16   
Insulation 0.05 0.035 35 840 1.75 1470 1.43   
Cavity Ceiling 0.4 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Medium, Well-insulated       3.65 0.27 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Hollow-core concrete 0.3 1.9 1319 840 395.7 332388 0.16   
Insulation 0.1 0.035 35 840 3.5 2940 2.86   
Cavity Ceiling 0.4 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Heavy, Non-insulated       0.79 1.26 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Concrete 0.3 1.9 2500 840 750 630000 0.16   
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Name Thickness Conductivity Density Specific 
heat 

capacity 

Mass Thermal 
capacity 

Resistance Total R-
value 

U-value 

 
[m] [W/mK] [kg/m³] [J/kgK] [kg/m²] [J/m²K]  [m²K/W] [m²K/W] [W/m²K] 

          
Insulation 0 0.035 35 840 0 0 0.00   
Cavity Ceiling 0.4 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Heavy, Medium insulated       2.22 0.45 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Concrete 0.3 1.9 2500 840 750 630000 0.16   
Insulation 0.05 0.035 35 840 1.75 1470 1.43   
Cavity Ceiling 0.4 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
GROUND FLOOR                   
Light, Label C/B/A        3.56 0.28 
Top floor 0.015 0.04 150 840 2.25 1890 0.38   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Concrete 0.07 1.9 2500 840 175 147000 0.04   
Insulation 0.1 0.035 35 840 3.5 2940 2.86   
          
Medium, Label C/B/A       3.50 0.29 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Hollow-core concrete 0.3 1.9 1319 840 395.7 332388 0.16   
Insulation 0.11 0.035 35 840 3.85 3234 3.14   
          
Heavy, Label C/B/A        3.50 0.29 
Tiles 0.015 1.3 2000 840 30 25200 0.01   
Sand cement 0.08 1.4 2300 840 184 154560 0.06   
Concrete 0.3 1.9 2500 840 750 630000 0.16   
Insulation 0.11 0.035 35 840 3.85 3234 3.14   
          
ROOF                   
Light, Label C/B        3.55 0.28 
Felt 0.008 0.17 1200 1470 9.6 14112 0.05   
Insulation 0.11 0.035 35 840 3.85 3234 3.14   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Concrete 0.07 1.9 2500 840 175 147000 0.04   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Light, Label A        5.98 0.17 
Felt 0.008 0.17 1200 1470 9.6 14112 0.05   
Insulation 0.195 0.035 35 840 6.825 5733 5.57   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Concrete 0.07 1.9 2500 840 175 147000 0.04   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Medium, Label C/B        3.36 0.30 
Felt 0.008 0.17 1200 1470 9.6 14112 0.05   
Insulation 0.095 0.035 35 840 3.325 2793 2.71   
Hollow-core concrete 0.3 1.9 1319 840 395.7 332388 0.16   
Cavity Ceiling 0.25 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Medium, Label A        5.79 0.17 
Felt 0.008 0.17 1200 1470 9.6 14112 0.05   
Insulation 0.18 0.035 35 840 6.3 5292 5.14   
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Name Thickness Conductivity Density Specific 
heat 

capacity 

Mass Thermal 
capacity 

Resistance Total R-
value 

U-value 

 
[m] [W/mK] [kg/m³] [J/kgK] [kg/m²] [J/m²K]  [m²K/W] [m²K/W] [W/m²K] 

          
Hollow-core concrete 0.3 1.9 1319 840 395.7 332388 0.16   
Cavity Ceiling 0.25 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Heavy, Label C/B        3.36 0.30 
Felt 0.008 0.17 1200 1470 9.6 14112 0.05   
Insulation 0.095 0.035 35 840 3.325 2793 2.71   
Concrete 0.3 1.9 2500 840 750 630000 0.16   
Cavity Ceiling 0.25 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
Heavy, Label A        5.79 0.17 
Felt 0.008 0.17 1200 1470 9.6 14112 0.05   
Insulation 0.18 0.035 35 840 6.3 5292 5.14   
Concrete 0.3 1.9 2500 840 750 630000 0.16   
Cavity Ceiling 0.25 100 0 0 0 0 0.00   
Ceiling 0.012 0.04 35 840 0.42 352.8 0.30   
          
INTERNAL WALLS                   
Light, Non-insulated        0.51 1.97 
Gypsum 0.015 0.23 800 840 12 10080 0.07   
Air cavity 0.04 0.25 0 0 0 0 0.16   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Light, Medium insulated       1.37 0.73 
Gypsum 0.015 0.23 800 840 12 10080 0.07   
Metal stud 0.05 0.049 105 840 5.25 4410 1.02   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Light, Well-insulated        2.39 0.42 
Gypsum 0.015 0.23 800 840 12 10080 0.07   
Metal stud 0.1 0.049 105 840 10.5 8820 2.04   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Medium, Non-insulated       0.85 1.18 
Gypsum 0.005 0.23 800 840 4 3360 0.02   
Cellular concrete 0.12 0.22 600 840 72 60480 0.55   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Medium, Medium insulated       1.42 0.70 
Gypsum 0.005 0.23 800 840 4 3360 0.02   
Cellular concrete 0.06 0.22 600 840 36 30240 0.27   
Insulation 0.02 0.035 35 840 0.7 588 0.57   
Cellular concrete 0.06 0.22 600 840 36 30240 0.27   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Medium, Well-insulated       2.42 0.41 
Gypsum 0.005 0.23 800 840 4 3360 0.0217391   
Cellular concrete 0.06 0.22 600 840 36 30240 0.27   
Insulation 0.055 0.035 35 840 1.925 1617 1.57   
Cellular concrete 0.06 0.22 600 840 36 30240 0.27   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Heavy, Non-insulated       1.37 0.73 
Gypsum 0.005 0.23 800 840 4 3360 0.0217391   
Concrete 0.06 1.9 2500 840 150 126000 0.03   
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Name Thickness Conductivity Density Specific 
heat 

capacity 

Mass Thermal 
capacity 

Resistance Total R-
value 

U-value 

 
[m] [W/mK] [kg/m³] [J/kgK] [kg/m²] [J/m²K]  [m²K/W] [m²K/W] [W/m²K] 

          
Insulation 0.035 0.035 35 840 1.225 1029 1.00   
Concrete 0.06 1.9 2500 840 150 126000 0.03   
Gypsum 0.005 0.23 800 840 4 3360 0.02   
          
Heavy, Medium insulated       2.37 0.42 
Gypsum 0.005 0.23 800 840 4 3360 0.0217391   
Concrete 0.06 1.9 2500 840 150 126000 0.03   
Insulation 0.07 0.035 35 840 2.45 2058 2.00   
Concrete 0.06 1.9 2500 840 150 126000 0.03   
Gypsum 0.005 0.23 800 840 4 3360 0.02   

 

 

 
Table A.2 Construction characteristics of transparent elements 

Name Thickness U-value 
 [m]  [W/m²K] 

   
Non-reflective , Label C 2.73 
Generic Clear  0.004  
Air cavity 0.012  
Generic Clear 0.004  
   
Non-reflective , Label B, A 1.78 
Generic Reflective  0.004  
Xenon 0.012  
Generic Low-E Clear 0.004  
   
Reflective , Label C 2.73 
Generic Clear 0.004  
Air cavity 0.012  
Generic Clear 0.004  
   
Reflective , Label B, A 1.78 
Generic Reflective 0.004  
Xenon 0.012  
Generic Low-E Clear 0.004  
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Table A.3 Properties used in simulation model 
Parameter Value Unit  

Heat gain occupants 130 W/person  
Heat gain appliances 60 / 140 / 250 W/person  
Heat gain lighting – occupied 4 / 8 / 12 W/m²  
Heat gain lighting – unoccupied  0.4 / 0.8 / 1.2 W/m²  
    
Heating setpoint office – occupied  22 °C  
Heating setpoint office – unoccupied  15 °C  
Cooling setpoint office – occupied  25 °C  
Cooling setpoint office – unoccupied  32 °C  
Heating setpoint hall – occupied  20 °C If an office zone on the same floor is occupied 
Heating setpoint hall – unoccupied  15 °C If no office zone on the same floor is occupied 
Cooling setpoint hall – occupied  26 °C If an office zone on the same floor is occupied 
Cooling setpoint hall – unoccupied  32 °C If no office zone on the same floor is occupied 
    
Infiltration 0.27 ACH  
Ventilation office – occupied  3 ACH If an office zone on the same floor is occupied 
Ventilation office – unoccupied 0.6 ACH If no office zone on the same floor is occupied 
Ventilation hall – occupied  3 ACH If an office zone on the same floor is occupied 
Ventilation hall – unoccupied  0.6 ACH If no office zone on the same floor is occupied 
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B. OCCUPANCY PROFILES 

The maximum number of occupants present in a room is based on the maximum occupancy rate (OR) and 
the workplace density. The maximum occupancy rate is a variable of the hoteling strategy, and the workplace 
density is variable of the building variant. The number of occupants is determined by the total occupancy 
profile and the workplace density. As a result of office hoteling, each zone has its own occupancy profile. 
Microsoft Excel is used to create these profiles. For every time step, the occupancy rate for each zone is 
calculated. For every zone an occupancy profile for a week will be generated. Table B.1 shows a part of the 
excel sheet to calculate the occupancy rate for every zone, in this case a floor. In the EP Macro file, the 
occupancy factor generated for the profile will be multiplied by the maximum number of occupants per zone 
(see Code D.1).  

Table B.1 Part of Excel sheet to calculate the occupancy factor per floor 
    Floor 1 Floor 2 Floor 3 Floor 4 Floor 5 Floor 6 … 

  Area  450 450 450 450 450 450  
  Workplace density 11.025 11.025 11.025 11.025 11.025 11.025  
  Workplaces  40 40 40 40 40 40  
  Max OR  0.85 0.85 0.85 0.85 0.85 0.85  
  Max occupied places 34 34 34 34 34 34  
  Total max occupied places 34 68 102 136 170 204  
    F01Z01 F02Z01 F03Z01 F04Z01 F05Z01 F06Z01  
           
time Total 

OR 
People  Occupancy factor per floor  

….           
6:15 0 0  0 0 0 0 0 0  
6:30 0.05 26  0.764706 0 0 0 0 0  
6:45 0.05 26  0.764706 0 0 0 0 0  
7:00 0.05 26  0.764706 0 0 0 0 0  
7:15 0.1 52  1 0.529412 0 0 0 0  
7:30 0.15 78  1 1 0.294118 0 0 0  
7:45 0.2 104  1 1 1 0.058824 0 0  
8:00 0.25 130  1 1 1 0.823529 0 0  
8:15 0.35 182  1 1 1 1 1 0.352941  
8:30 0.4 208  1 1 1 1 1 1  
8:45 0.5 260  1 1 1 1 1 1  
9:00 0.6 312  1 1 1 1 1 1  
9:15 0.7 364  1 1 1 1 1 1  
9:30 0.8 416  1 1 1 1 1 1  
9:45 0.8 416  1 1 1 1 1 1  
10:30 0.9 468  1 1 1 1 1 1  
…           
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EnergyPlus reads the profiles as a text file with a specific structure. To create this structure a separate sheet is 
created where the structure is based on the required structure for the text file (see Table B.2). A piece of Visual 
Basic for Applications (VBA) code is written to generate and safe the text file (see  

Code B.1).  

Table B.2 Part of Excel sheet to generate the structure for the EnergyPlus input 
time Schedule:Compact, Schedule:Compact, Schedule:Compact, Schedule:Compact, Schedule:Compact, … 

 F01Z01_OCC, F02Z01_OCC, F03Z01_OCC, F04Z01_OCC, F05Z01_OCC,  
 People, People, People, People, People,  
 Through: 12/31, Through: 12/31, Through: 12/31, Through: 12/31, Through: 12/31,  
       
 For: Mondays, For: Mondays, For: Mondays, For: Mondays, For: Mondays,  
….       
6:15       
6:30 Until: 06:30, 0,      
6:45       
7:00       
7:15 Until: 07:15, 0.7647, Until: 07:15, 0,     
7:30  Until: 07:30, 0.5294, Until: 07:30, 0,    
7:45   Until: 07:45, 0.2941, Until: 07:45, 0,   
8:00    Until: 08:00, 0.0588,   
8:15    Until: 08:15, 0.8235, Until: 08:15, 0,  
8:30       
8:45       
9:00       
9:15       
9:30       
9:45       
10:30       
…       

 
Code B.1 VBA code to generate text files of the occupancy factors as EnergyPlus input 
 
Sub WriteIDF() 
     
    Dim SchFileName As String 
    Dim FilePath As String 
    Dim CellData As String 
    Dim LastCol As Long 
    Dim LastRow As Long 
     
    LastCol = ActiveSheet.UsedRange.SpecialCells(xlCellTypeLastCell).Column 
    LastRow = ActiveSheet.UsedRange.SpecialCells(xlCellTypeLastCell).Row 
     
    CellData = "" 
             
    ActiveSheet.Range("A1").Select 
     
    SchFileName = InputBox("Filename", "Filename", "CS_1A_LOW") 
    FilePath = "C:\Users\s155290\Google Drive\Afstuderen\Simulations\Schedules\Schedules_" & SchFileName & ".idf" 
     
    Open FilePath For Output As #3 
     
        'Loop through columns 
        For j = 3 To LastCol 
             
            'Loop through rows 
            For i = 1 To LastRow 
             
                'If cell is empty, go to next row, else write data 
                If Trim(ActiveCell(i, j).Value) <> "" Then 
             
                    CellData = Trim(ActiveCell(i, j).Value) 
                    Print #3, CellData 
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                    CellData = "" 
                 
                End If 
                 
            Next i 
             
        Print #3, vbNullString 
             
        Next j 
     
    Close #3 
     
    MsgBox "Done" 
      
End Sub 
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Table B.3 Occupancy distribution on Monday - Friday of traditional occupancy strategy and vertical hoteling strategies with maximum 
occupancy rate. 

Occupancy Distribution of Occupancy Strategies (Open Plan Offices) 
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Table B.4 Occupancy distribution on Monday - Friday of traditional occupancy strategy and horizontal hoteling strategies with 
maximum occupancy rate. 

Occupancy Distribution of Occupancy Strategies (Cellular Offices) 
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C. SENSITIVITY ANALYSIS 

 

Sensitivity Analysis Heating Peak Load  Sensitivity Analysis Cooling Peak Load 

 

 

 

Figure C.1 Heating and cooling demand for all design variants 
and scenarios, normalized per meter squared of floor area 

 Figure C.2 Gas and electricity consumption for all design variants 
and scenarios, normalized per meter squared of floor area 
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D. WORKFLOW PARAMETRIC 
SIMULATIONS 

Software 
For this research, jEPlus was used to perform the parametric simulations. jEplus allows users to describe the 
parameters and their values in a graphical user interface. It can then automatically create and carry out 
EnergyPlus simulation jobs. To assist users with locating results, index files are used. jEPlus provides the 
following features [1]: 

• Unique parameter tree for defining complex parametrics; 
• Flexible syntax for specifying parameter values; 
• Parallel simulation controller to make full use of the available computational resources; 

EnergyPlus provides the EP-Macro program for advanced users. The pre-processing tool provides the 
following functions that allow users to include other EnergyPlus input files, conditionally activate or 
deactivate parts of model definitions, define parametric blocks, and perform logic operations on parameters 
and values.  

To create the parametric simulations and extract the results, different tools are used. Table D.1 shows the 
different software used, and which file type(s) they are used for.  

Table D.1 Software used for the parametric simulations and the file types created/edited by the software 
Software File type 

EnergyPlusi  (EP-Launch) IDF, IMF 
jEPlusii JEP 
SketchUp Makeiii SKP 
Euclid plugin for SketchUpiv IDF 
DesingBuilder Result Viewer v ESO 
Notepad++vi IDF, IMF 
Microsoft Excel CSV, XLSX, XLSM 
Matlab CSV, M 
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Workflow 
 

 

Figure D.1 gives an overview of the workflow for creating the parametric simulations and collect the results. 
The objects with the dashed lines have multiple instances, depending on the number of chosen variants. 

With the graphical interface of jEPlus a building model (an IDF or IMF file) can be selected. Search strings 
can be placed in the place of the parameters and all the alternative values for the parameters can be entered. 
jEPlus will then pick a set of values and put them in the right places in the building model and call EnergyPlus. 
When the parameters and their alternative values are defined, jEPlus parses the parameter definitions and 
creates a list of cases. The process used is recursion through the tree-like structure and listing all possible paths 
from root to leaves. With the list of cases, jEPlus creates folders for individual simulation jobs, and copies 
necessary files into the folders. It then uses the parameter values to replace the search tags in the model 
template, in order to create working models for simulation. After the pre-processes, jEPlus will run 
simulations on each cases and wait for the process to complete. Once the simulations are done, it will use the 
information defined in the RVX file to collect results. [2] 

The end result of the parametric simulations is a number of CSV files, which contain the results specified in 
the RVX file. To combine these CSV files into one table, Excel with VBA is used.  

jEPlus project 
Parametric definitions 
Job list 
JEP-file 

Building geometry 
Non-parametric 
IDF-file 

Window geometries 
Parametric – glazing ratio 
IDF-file 

Schedules 
Parametric – occupancy scenario 
IDF-file 

General 
Non-parametric 
IDF-file 

Materials & Constructions 
Non-parametric 
IDF-file 

Main file (Code D.1) 
Macro commands 
IMF-file 

Climate data 
Reference climate file 
EPW-file 

Data extraction  
Defines how data is extracted  
RVX-file 

EnergyPlus 
Parallel EnergyPlus simulations 
IDF-file 

Output  
Results from simulation 
Folder 

Table 
Extracted results from all simulations 
CSV-file 

Figure D.1 Schematic workflow for parametric simulations with jEPlus. The objects with dashed lines have multiple instances 



LESS FREEDOM, MORE SUSTAINABLE? 

 
57 

 

The input files for jEPlus and EnergyPlus can be created by carrying out the following steps.   

EP-Launch 

• Create .idf file with materials and constructions  
• Save as MatAndConst.idf 

SketchUp & Euclid plugin 

• Load MatAndConst.idf file 
• Create geometry 
• Assign constructions to geometry 
• Export as BuildingType.idf file 

EP-Launch 

• Open the BuildingType.idf file 
• Fill in all the necessary parameters  
• Cut the following parts and paste them into separate files:  

o BuildingType_GEO: the opaque geometries 
o BuildingType_GXX: the window geometries for variant XX 
o Schedules: the schedules that are the same for every simulation 
o BuildingType_SCH_XX: the schedules for variant property XX 
o MatAndConst: the materials and constructions 
o EMS: the code to measure the GTO (weighted temperature exceedance) 
o General: the remaining objects that are the same for every simulation 

• The remaining objects in the file are: Building, RunPeriod, People, Lights, Equipment,  Infiltration, 
Ventilation and HVAC. 

• Save the file 

Windows Explorer 

• Change the BuildingType.idf to BuildingType.imf to create a Macro-enabled file 

jEPlus 

• Create a new project 
• Name the parameters 
• Select the climate file and RVX file to use for the simulations 
• Load the BuildingType.imf file 
• Replace the value of the parameters with @@name_parameter@@ 
• Define the alternative values of the parameters 
• Run the simulations 
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Code D.1 EP Macro definitions  
 
##fileprefix include/ 
!-File prefix will be inserted before this line 
!-    ================= Now input blocks macros =================  
 
##set1 FQ @@facade@@   
!-include @@building_type@@_BT.idf 
 
##set1 PQ @@partition@@ 
 
##set1 TM @@mass@@ 
 
##set1 COATING @@coating@@ 
 
!- Set Orientation  
##set1 GLAZING @@glazing@@ 
##include CS_OP_BASE_@@glazing@@.idf 
 
##if #[@@run_period@@ EQS ANNUAL] 
##set1 START_MONTH 1 
##set1 START_DAY 1 
##set1 END_MONTH 12 
##set1 END_DAY 31 
 
##elseif #[@@run_period@@ EQS WINTER] 
##set1 START_MONTH 12 
##set1 START_DAY 21 
##set1 END_MONTH 3  
##set1 END_DAY 20 
 
##elseif #[@@run_period@@ EQS SPRING] 
##set1 START_MONTH 3 
##set1 START_DAY 21 
##set1 END_MONTH 6 
##set1 END_DAY 20 
 
##elseif #[@@run_period@@ EQS SUMMER] 
##set1 START_MONTH 6 
##set1 START_DAY 21 
##set1 END_MONTH 9 
##set1 END_DAY 20 
 
##elseif #[@@run_period@@ EQS AUTUMN] 
##set1 START_MONTH 9 
##set1 START_DAY 21 
##set1 END_MONTH 12 
##set1 END_DAY 20 
 
##else 
##endif 
 
##set1 ORIENTATION @@orientation@@ 
 
!- Set Occupancy 
##set1 HOTELING @@hoteling@@ 
 
##include CS_OP_BASE_SCH_@@hoteling@@.idf 
 
##set1 OCCUPANCY @@occupancy@@ 
 
##if #[@@hoteling@@ EQS TRAD] 
##set1 OCCUPANCY_MAX 26 
 
##elseif #[HOTELING[] EQS LOW] 
##set1 OCCUPANCY_MAX 26 
 
##elseif #[HOTELING[] EQS MED] 
##set1 OCCUPANCY_MAX 30 
 
##elseif #[HOTELING[] EQS HIGH] 
##set1 OCCUPANCY_MAX 34 
 
##else 
##endif 
 
##set1 OCCUPANCY_OFFICE #eval[@@occupancy@@ * OCCUPANCY_MAX[]] 
##set1 OCCUPANCY_HALL #eval[@@occupancy@@ * #eval[0.25 * OCCUPANCY_MAX[]]] 
 
##set1 EQUIPMENT_OFFICE #eval[@@equipment@@ * OCCUPANCY_OFFICE[]] 
 
!- Material and constructions 
##include MatAndConst.idf 
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!- Geometry 
##include CS_OP_BASE_GEO.idf 
 
!- Energy Management system, used for GTO 
##include EMS.idf 
 
##include General.idf 
!- Schedules 
##include Schedules.idf 
 
!- Ventilation 
##set1 VENTILATION_OFFICE = 3 
##set1 VENTILATION_HALL = 3 
 
!- Lighting [W/m2] 
##set1 LIGHTING = @@lighting@@ 
 

 

jEPlus provides a way to customisable extract results from simulations with a RVX file. It is a data structure 
represented in JSON format.  

Table D.2 RVX file to extract results from parametric simulations 
 
{ 
  
    "notes" : "Some notes about this RVX", 
  
 "rvis" : [  
  {  
   "fileName" : "my.rvi", 
   "tableName" : "SimResults", 
   "frequency" : "Annual", 
   "usedInCalc" : true 
  } 
 ],  
      
    "csvs" : [ 
        { 
            "sourceCsv"  : "eplustbl.csv", 
            "fromReport" : "Annual Building Utility Performance Summary", 
   "fromTable"  : "End Uses", 
            "fromColumn" : "District Heating [GJ]", 
            "fromRow"    : "Heating", 
            "tableName"  : "HeatingAnnual", 
            "columnHeaders" : "Heating Demand [GJ]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
   "fromReport" : "Annual Building Utility Performance Summary", 
            "fromTable"  : "End Uses", 
            "fromColumn" : "District Cooling [GJ]", 
            "fromRow"    : "Cooling", 
            "tableName"  : "CoolingAnnual", 
            "columnHeaders" : "Cooling Demand [GJ]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
            "fromReport" : "Annual Building Utility Performance Summary", 
            "fromTable"  : "End Uses", 
            "fromColumn" : "Electricity [GJ]", 
            "fromRow"    : "Interior Equipment", 
            "tableName"  : "EquipmentAnnual", 
            "columnHeaders" : "Equipment [GJ]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
            "fromReport" : "Annual Building Utility Performance Summary", 
            "fromTable"  : "End Uses", 
            "fromColumn" : "Electricity [GJ]", 
            "fromRow"    : "Interior Lighting", 
            "tableName"  : "LightingAnnual", 
            "columnHeaders" : "Lighting [GJ]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
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            "fromReport" : "Annual Building Utility Performance Summary", 
            "fromTable"  : "Building Area", 
            "fromColumn" : "Area [m2]", 
            "fromRow"    : "Total Building Area", 
            "tableName"  : "TotalArea", 
            "columnHeaders" : "Total Area [m2]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
            "fromReport" : "Annual Building Utility Performance Summary", 
            "fromTable"  : "End Uses", 
            "fromColumn" : "Electricity [GJ]", 
            "fromRow"    : "Fans", 
            "tableName"  : "FansAnnual", 
            "columnHeaders" : "Total Fan Energy [GJ]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
            "fromReport" : "Demand End Use Components Summary", 
            "fromTable"  : "End Uses", 
            "fromColumn" : "District Heating [W]", 
            "fromRow"    : "Heating", 
            "tableName"  : "HeatingPeakAnnual", 
            "columnHeaders" : "Heating Peak Load [W]", 
            "usedInCalc" : true 
        }, 
        { 
            "sourceCsv"  : "eplustbl.csv", 
            "fromReport" : "Demand End Use Components Summary", 
            "fromTable"  : "End Uses", 
            "fromColumn" : "District Cooling [W]", 
            "fromRow"    : "Cooling", 
            "tableName"  : "CoolingPeakAnnual", 
            "columnHeaders" : "Cooling Peak Load [W]", 
            "usedInCalc" : true 
        } 
    ] 
} 

 

The models have been checked to remain comfortable with the following IDF file: 

Table D.3 EMS 
 
!-   ===========  ALL OBJECTS IN CLASS: ENERGYMANAGEMENTSYSTEM:SENSOR =========== #{ 
 
EnergyManagementSystem:Sensor, 
    F01Z01_Sensor_OpTemp,    !- Name #[ 
    F01Z01,            !- Output:Variable or Output:Meter Index Key Name 
    Zone Mean Air Temperature;  !- Output:Variable or Output:Meter Name ]# 
 
EnergyManagementSystem:Sensor, 
    F01Z01_Sensor_Occ,       !- Name #[ 
    OFF_OCCUPIED,            !- Output:Variable or Output:Meter Index Key Name 
    Schedule Value;          !- Output:Variable or Output:Meter Name ]# 
 
!-   ===========  ALL OBJECTS IN CLASS: ENERGYMANAGEMENTSYSTEM:PROGRAMCALLINGMANAGER =========== #{ 
 
EnergyManagementSystem:ProgramCallingManager, 
    Overheating,             !- Name #[ 
    EndOfZoneTimestepBeforeZoneReporting,  !- EnergyPlus Model Calling Point 
    OverheatingProg;         !- Program Name 1 ]# 
 
!-   ===========  ALL OBJECTS IN CLASS: ENERGYMANAGEMENTSYSTEM:PROGRAM =========== #{ 
 
EnergyManagementSystem:Program, 
    OverheatingProg,         !- Name 
    IF F01Z01_Sensor_Occ > 0 && F01Z01_Sensor_OpTemp > 25,  !- Program Line 1 
    SET OffOH = ZoneTimeStep*(F01Z01_Sensor_OpTemp-25),  !- Program Line 2 
    ELSE,                    !- A4 
    SET OffOH = 0,           !- A5 
    ENDIF;                   !- A6 
 
!-   ===========  ALL OBJECTS IN CLASS: ENERGYMANAGEMENTSYSTEM:GLOBALVARIABLE =========== #{ 
 
EnergyManagementSystem:GlobalVariable, 
    OffOH;                   !- Erl Variable 1 Name #[ 
 
!-   ===========  ALL OBJECTS IN CLASS: ENERGYMANAGEMENTSYSTEM:OUTPUTVARIABLE =========== #{ 
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EnergyManagementSystem:OutputVariable, 
    Office Zones Weighted Overheating While Occupied,  !- Name #[ 
    OffOH,                   !- EMS Variable Name 
    Summed,                  !- Type of Data in Variable 
    ZoneTimeStep;            !- Update Frequency ]# 
 
!-   ===========  ALL OBJECTS IN CLASS: OUTPUT:ENERGYMANAGEMENTSYSTEM =========== #{ 
 
Output:EnergyManagementSystem, 
    Verbose,                 !- Actuator Availability Dictionary Reporting 
    None,                    !- Internal Variable Availability Dictionary Reporting 
    None;                    !- EMS Runtime Language Debug Output Level  
 

 

The results from jEPlus have been imported in Excel with the following VBA code:  

Table D.4 Importing CSV files into Excel 
 
Sub ImportAllCSV() 
  Dim FName As Variant 
  Dim wsTest As Worksheet 
  Dim FilePath As String 
   
  ChDir ThisWorkbook.Path 
     
  FName = Dir("*.csv") 
  Do While FName <> "" 
     
    SheetName = Replace(FName, ".csv", "") 
     
    Set wsTest = Nothing 
    On Error Resume Next 
    Set wsTest = ActiveWorkbook.Worksheets(SheetName) 
    On Error GoTo 0 
      
    If wsTest Is Nothing Then 
        Worksheets.Add.Name = SheetName 
        MsgBox "Sheet " & SheetName & " created." 
    End If 
     
    Sheets(SheetName).Activate 
    Sheets(SheetName).Cells.ClearContents 
    ImportCsvFile FName, ActiveSheet.Cells(1, 1) 
    FName = Dir 
  Loop 
  Sheets("CS").Activate 
End Sub 
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E. RESULTS  

Parametric simulations 
 

Influene of Office Hoteling for all KPIs 

 

 
Figure E.1 Influence of hoteling strategies on (1) heating demand, (2) cooling demand, (3) electrical equipment, (4) lighting, (5) fans, 
(6) heating peak, (7) cooling peak, (8) primary energy, (9) CO2-emissions and (10) energy costs of the simulated design variants. 
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Table E.1 Influence of every parameter on energy savings due to office hoteling.  
Influence Office Hoteling on Thermal Energy Demand 
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Influence Office Hoteling on Thermal Energy Demand 
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Influence Office Hoteling on Thermal Energy Demand 
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Table E.2 Influence of every parameter on energy savings due to office hoteling.  
Influence Office Hoteling on Peak Loads 
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Influence Office Hoteling on Peak Loads 
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Influence Office Hoteling on Peak Loads 

 

.  
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Table E.3 Influence of hoteling strategies on selected KPI’s, expressed as relative change (%) compared to traditional occupancy 
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Analyzed variants 
 

Table E.4 Selected variants of open plan office building 
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Ratio: max heating  0 C 0.75 Yes Light 12 60 20 
Ratio: max cooling  0 A 0.25 Yes Heavy 4 250 8 
Ratio: min heating  0 A 0.25 No Heavy 4 250 8 
Ratio: min cooling  0 C 0.25 Yes Heavy 12 60 20 
Ratio: median  0 A 0.75 Yes Heavy 4 60 8 
Abs: max heating  0 C 0.75 Yes Light 4 60 20 
Abs: max cooling  0 A 0.75 No Light 12 250 8 
Abs: min heating 0 A 0.50 No Heavy 12 250 8 
Abs: min cooling  0 C 0.25 Yes Heavy 4 60 20 
Abs: median  0 B 0.50 Yes Light 8 250 14 

 

Table E.5 Selected variants of cellular office building 
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Ratio: max heating  0 C 0.75 Yes Light 12 60 20 
Ratio: max cooling  90 C 0.75 Yes Heavy 12 60 20 
Ratio: min heating  90 A 0.50 No Heavy 12 250 8 
Ratio: min cooling  0 B 0.25 Yes Heavy 4 250 8 
Ratio: median  0 B 0.50 Yes Light 8 250 14 
Abs: max heating  0 C 0.75 Yes Light 4 60 20 
Abs: max cooling  0 A 0.75 No Light 12 250 8 
Abs: min heating 90 A 0.75 No Heavy 12 250 8 
Abs: min cooling  90 C 0.25 Yes Heavy 4 60 14 
Abs: median  90 B 0.25 No Light 4 60 8 
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Climate scenarios 
Peak Loads - Hoteling  Peak Loads – Weather Scenarios 

 

 

 

Figure E.2 Heating and cooling peak demand for selection of 
variants combined with occupancy and weather scenarios, 
distinguished by occupancy scenario 

 Figure E.3 Heating and cooling peak demand for selection of 
variants combined with occupancy and weather scenarios, 
distinguished by weather scenario 

 
 
 

Influence of Office Hoteling on Peak Loads  Influence of Weather Scenarios on Peak Loads 

 

 

 

Figure E.4 Influence of office hoteling on heating and cooling peak 
loads for selection of variants combined with occupancy and 
climate scenarios, expressed as relative change in peak load 
compared to traditional occupancy strategy 

 Figure E.5 Influence of climate scenarios on heating and cooling 
peak loads for selection of variants combined with occupancy and 
climate scenarios, expressed as relative change in peak load 
compared to reference climate  
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F. ABN AMRO OFFICE BUILDING 

The used case study building is an office building of ABN AMRO, located at Foppingadreef 22 in 
Amsterdam, the Netherlands. The office is built in 1985 and has a floor area of 87 760 m2 divided over 9 
floors. Figure F.1 shows a picture of the case study building. Table F.1 Measured and calculated energy 
consumption, CO2 emissions and cost of ABN AMRO building. Table F.1 shows the calculation of the 
energy, CO2 emissions and energy costs savings of the reference building, where the energy reduction from 
the one variant of the parametric simulations is used. 

 

 
Figure F.1 Case study building in Amsterdam, the Netherlands [3] 
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Table F.1 Measured and calculated energy consumption, CO2 emissions and cost of ABN AMRO building   
Measured - 
Traditional 

Calculated - 
Hoteling 85% 

Absolute 
savings 

Ratio hoteling 
/ traditional 

Heating kWh 600000* 317516 282484 0.529** 

Cooling kWh 466000* 354423 111577 0.761** 

Equipment kWh 1764600* 1764600 0 1.000** 

Lighting kWh 2659500* 1438871 1220629 0.541** 

Fans kWh 1563091* 1000206 562885 0.640** 
      

Part District heating 
 

0.5 0.5 
  

Part Heat pump 
 

0.5 0.5 
  

      

Electricity kWh 6753191 4716859 2036332 0.6985 

DH kWh 300000 158758 141242 0.5292 
      

CO2 Electricity kg/kWh 0.36 0.36 
  

CO2 District heating kg/kWh 0.00 0.00 
  

Price Electricity €/kWh 0.23 0.23 
  

Price District heating €/kWh 0.10 0.10 
  

      

CO2 emissions kgCO2 2397383 1674485 722898 0.6985 

Costs € 1583234 1100753 482481 0.6953 

* Based on report of Royal HaskoningDHV [4] 
** Based on results of parametric simulations and used to calculate the absolute energy consumption with office hoteling 
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