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Abstract German 

Der Gebäudesektor ist stark von nicht erneuerbaren Energiequellen abhängig und verantwortlich für einen Großteil 
der klimaschädlichen CO₂-Emissionen in der Schweiz. Es ist davon auszugehen, dass die Umgebungstemperatur 
während der Lebensdauer eines heute entworfenen, geplanten und gebauten Gebäudes deutlich ansteigt. Dies bringt 
die Notwendigkeit energieeffizienter Gebäude in Bezug auf die Heizenergie sowie den Schutz vor Überhitzung mit sich.  
Gebäudeenergie-Simulationen ermöglichen Vorhersagen über verschiedene Aspekte eines Gebäudes. Einzelne 
Parameter und Maßnahmen können analysiert und die Erfüllung der Anforderungen an das Innenraumklima und die 
thermische Behaglichkeit nachgewiesen werden.  
In Ennetbürgen, Kanton Nidwalden, wird derzeit ein Gebäudepark mit 10 Gebäuden und 70 Wohneinheiten geplant. 
Der Bauherr dieses Projektes, die Vereinigung BIZUN, setzt auf die thermische Behaglichkeit im Sommer ohne aktive 
Kühlung sowie auf umweltfreundliche Baustoffe.  
Die vorliegende Studie analysiert den Einfluss verschiedener Parameter auf die thermische Behaglichkeit einer 
Wohneinheit in diesem Gebäudekomplex. Die kritischsten Maßnahmen, die mit einer parametrischen 
Gebäudeenergiesimulation identifiziert wurden, sind Sonnenschutz und Nachtlüftung. Dieser Bericht zeigt die 
Bedeutung dieser Maßnahmen im Hinblick auf die Elimination der Überhitzung einer Gebäudeeinheit auf. Die 
Machbarkeit einer Leichtbauweise ohne kritische Überhitzung im Sommer konnte mit der Umsetzung geeigneter 
Maßnahmen und Parameter nachgewiesen werden. Dieser Bericht enthält zudem mehrere Empfehlungen für die 
Vereinigung BIZUN, um eine hohe thermische Behaglichkeit im Sommer zu gewährleisten.  

Abstract English 

The building sector is heavily dependent on non-renewable energy sources and is responsible for a large share of 
climate-damaging CO₂ emissions in Switzerland. The environmental air temperature over the lifetime of a building 
designed, planned and constructed today is foreseen to increase significantly. This implies the necessity of energy 
efficient buildings in terms of heating energy as well as protection against overheating.  
Building energy simulations enable predictions on several aspects of a building’s performance. Single parameters and 
measures can be analyzed and the fulfillment of requirements for interior room climate and thermal comfort can be 
proven.  
A building park with 10 buildings holding 70 residential units is currently being planned in Ennetbürgen, canton of 
Nidwalden. The client of this project, the association BIZUN, emphasizes the thermal comfort in summer without active 
cooling as well as the implementation of environmentally friendly building materials.  
This study analyzes the impact of several parameters on the thermal comfort of a residential building unit in this 
building complex. The most critical measures identified with a parametric building energy simulation are solar 
protection and nighttime ventilation. This report demonstrates the importance of these measures to eliminate 
overheating of a building unit. The feasibility of a lightweight construction without critical overheating in summer could 
be proven with the implementation of appropriate measures and parameters. Furthermore, this report holds several 
recommendations to provide high thermal comfort for the association BIZUN.  

Horw, 08.06.2020  
© Frey Paula, Lucerne School of Engineering and Architecture 
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1. Introduction  
In 2017, the Swiss citizens voted to accept several revisions of the nationwide energy law. These 
revisions were merged to build the Swiss Energy Strategy 2050 (SES 2050) (Moser, 2017). The main 
objectives of the SES 2050 are the implementation of energy reduction measures, increasing energy 
efficiency, increasing the share of renewable energy sources and phasing out nuclear energy. 
Currently, the building sector is highly dependent on nonrenewable energy sources, such as oil and gas 
in heating systems, causing 1/3 of the all Carbon Dioxide (CO₂) in Switzerland (Swiss Federal Office of 
Energy SFOE, 2020). Therefore, the building sector needs great considerations to meet the objectives 
of the SES 2050.  

In the year 2016, the total final energy consumption in Switzerland was 842.5 Petajoules (PJ). Space 
heating, with an amount of 250.3 PJ accounts for a share of 29.7% of this total energy consumption 
and this is the largest sector (Catenazzi et al., 2017). This and the objectives of the SES2050 
demonstrate the necessity for energy efficient buildings with a decreased heat demand. 

In a long-term perspective considering future temperature forecasts, also the overheating of buildings 
must be considered in the planning, designing, and construction phase of modern buildings. The 
National Centre for Climate Services NCCS (2019) created several scenarios for future temperature 
development in Switzerland. The scenarios include predictions for temperatures in close future, the 
middle of the 21st century and the end of the 21st century. For these timespans, optimistic (with climate 
protection measures) and pessimistic (without climate protection measures) forecasts were 
established. Buildings have a relatively long lifetime of up to 80 years and their physical and thermal 
characteristics must fulfil the requirements of thermal comfort over the entire lifespan (Gross, 
Hermann, & Krause, 2016). For a building designed and constructed today, this would result in a 
timeframe closing at the end of the 21st century. In the optimistic scenario, an increase of 0.6°C to 
1.9°C in temperature was predicted for the end of the century, whilst the pessimistic scenario predicts 
an increase of 3.3°C to 5.4°C (National Centre for Climate Services NCCS, 2019). The worst-case 
scenario of a temperature increase of 5.4°C would cause severe complications for buildings, which are 
designed and constructed on the base of current temperatures. This leads to the urgency to apply 
measures to protect buildings against overheating. 

Currently, a building park with a total of 10 buildings holding 70 residential units is being planned in 
Ennetbürgen, canton of Nidwalden. The project is currently in the early stage of the reference project 
(Richtprojekt), which is developed and processed by the architectural office Unit Architekten. In 
cooperation with the building complex owner, the association BIZUN, the thermal comfort properties 
of the buildings were analyzed in this report based on various scenarios.  

The first section of the report (section 1) covers the required background knowledge associated with 
the involved stakeholders, building energy modelling, as well as how the weather data is achieved. 
Furthermore, the processes and industry standards applied are briefly described. Section 2 
Methodology focuses on the fundaments of the simulation process. This includes the applied 
simulation tool, the requirements on the indoor room climate, the simulation model and the various 
simulation cases. The results of the conducted simulations are presented in section 3. These results 
are discussed, analyzed and interpreted in the same section, as parts of the results base on the 
discussion of previous results. The report is completed with a conclusion along with recommendations 
for the association BIZUN as well as an outlook in section 4.  
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1.1. Project Aim  

The aim of this Bachelor Thesis is to analyze the impact of certain parameters on the thermal comfort 
and energy demand of a residential building unit. These parameters include three different 
construction types, solar protection (shading devices), night-time ventilation, additional windows and 
the glazed area of the unit. A parametric building energy simulation study shall provide a basis of 
decision-making for the association BIZUN for the planned building park in Ennetbürgen. 

1.2. Association BIZUN 

In 1949 the company SIGRIST Photometer AG was founded by Dr. Ing. Willi Sigrist and his wife Paula 
Sigrist (Sigrist, 2016). Today the company SIGRIST-Photometer AG is leading around the world in 
development, production and selling measuring instruments, which work in the principle of 
photometry. These measuring instruments are used in the range of drinking water and drinks, tunnel 
ventilation, fire call and industrial processes. 

Willi and Paula did not have any children and such no successors. Nevertheless, they wanted the 
company to hold on to their fundamental ideas of sustainability, independence and social 
considerations. Therefore, they founded the association BIZUN in 1978 (Sigrist, 2016). Until today, the 
association BIZUN continues to maintain these fundamental ideas. BIZUN furthermore owns buildings, 
properties and land parcels. The members of the association BIZUN are employees from the company 
SIGRIST Photometer AG as well as external people. The land parcel in Ennetbürgen where the building 
complex is intended to be built belongs to the association BIZUN. (personal information, Andreas 
Odermatt, association BIZUN) 

From the association’s point of view, one of the most important requirements for the building complex 
is the thermal comfort in summer without any active cooling measures. Further requirements are to 
use environmentally friendly building materials wherever possible as well as a low annual energy 
consumption. 

1.3. Building Energy Simulation 

Building simulations are mathematical, computer-based models, which replicate several aspects of a 
building’s characteristics and performance (Yang, 2008). They are a subcategory of the contemporary 
process of Building Information Modelling (BIM) today. BIM is an intelligent, 3D based process, which 
connects architecture, planning, engineering and construction of buildings. This process evolved due 
to the inefficiencies of this sector such as the high amount of waste, excessive duplication of processes 
and poor project coordination. Because BIM is a relatively new approach in this sector it is not yet fully 
implemented in the industry. BIM faces several barriers such as the complex planning processes, the 
currently established work practices and legal and contractual issues (Dastbaz, Gorse, & Moncaster, 
2017, p. 48).  

Common applications for building simulations are:  

- Thermal simulations 
- Humidity simulations 
- Lightning simulations 
- Acoustical simulations 
- Air flow simulations 
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Building Energy Simulations (BES) can give crucial information about the analyzed aspects for planners 
and engineers such as heating and cooling demand of a building. With these simulations, the feasibility 
and performance of the planned projects can be investigated and verified at an early stage of a project. 
During the simulation process, the influence of different parameters can be analyzed, and they can be 
optimized resulting in best possible solution. BES enable the design and planning of energy efficient 
buildings as well as the development and dimensioning of the required energy system (Bazjanac, 
Fischer, & Maile, 2007). 

1.4. Weather Data used for Building Simulations 

Spread over the whole world, meteorological stations collect weather data such as temperature, 
irradiation, rainfall, pollen and many other parameters. In remote locations, the technology of 
satellites is used to obtain the data. Using this grid of measurement stations, the satellites and 
interpolation, reliable weather data for every location can be generated (Meteonorm, 2020, p. 2). 
Measurement periods of 25 up to 30 years for temperature and radiation are used to generate a 
Typical Meteorological Year (TMY). A TMY does not represent the daily, hourly or minute average 
values over the measurement period but rather provides data for a realistic year in which extreme 
values are accounted for (Remund, 2015). This data is crucial for planners and engineers in the building 
sector in order to predict for example heating and cooling demand as well as ventilation measures. 

1.5. SIA-Standards 

The Swiss Association of Engineers and Architects (SIA) is a union of Swiss engineers and architects, 
which serves as a multidisciplinary network throughout the entire building sector (Bolliger & 
Ruhstaller, 2013). This association provides a significant set of norms, standards, guidelines, and 
recommendations, which are widely applied in the industry. These norms include for example the 
average consumption of electricity per person in a residential or industrial environment or the average 
heat radiation per person. In terms of building energy simulations these standards enable a more 
unified performance which makes the solutions from different companies more comparable (Haus, 
Müller, & Tami, 2013)  

Furthermore, the SIA guidelines enable rough estimations and give planners and engineers a 
perception of the scale during the early stages of a project. This simplifies the further steps in large 
projects drastically.  

The SIA guidelines provide standard, target and current values for building envelope and Heating, 
Ventilation and Air Conditioning (HVAC) aspects. The standard values describe typical figures used in 
planning processes and the target values refer to optimal planning quantities. The current values 
represent average figures for unfurnished buildings constructed before 1980 (SIA 2024, 2015). 

In this report the SIA standard and target values for heating demand, internal loads, insulation 
characteristics and others are referred to.  
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2. Methodology 
This section covers in detail the sequence of tasks and the methods applied this project. In a first step 
background knowledge, covered in the previous section (section 1), was obtained in a thorough 
literature review. A profound understanding of the client, origin of data and industry norms are a 
crucial fundament for a successful execution of such a project. In a second step, a basic simulation 
model is defined. This simulation model serves as a base model for the following simulation cases. 
Variables such as location and climate, geometry and internal loads are defined because these stay 
unchanged for the following scenario analyses. The subsequent simulation cases are defined and 
carried out in order to estimate and demonstrate the influence of different parameters on the thermal 
comfort of the residential unit. The methodology process is graphically represented in Figure 1. The 
grey ellipses show the processes and methods applied while the blue ellipses cover the chapters of this 
report.  

 

Figure 1: Methodology Process Flow Diagram 

2.1. Simulation Software WUFI 

The simulation software used in this project is WUFI (heat and humidity non-steady state) ®PLUS. It is 
developed, maintained and serviced by the Fraunhofer institute. This simulation tool has rather limited 
functionalities but fulfils all the required needs of this project. This software enables the hygrothermal 
(movement of heat and moisture) simulation of a building or a building unit. As such, the WUFI ®PLUS 
software enables predictions of indoor room climate as well as of the magnitude of the heating and 
cooling demand (Antretter et al., 2017). The simulation is based on input values such as exterior 
climate, wall layer structures, internal loads, ventilation, and solar protection. However, in this project 
only the thermal simulation and assessment of a building unit are of interest. WUFI ®PLUS is a two-
dimensional simulation software. Therefore, some limitations exist. For example, for walls only 
continuous layers can be simulated, and frames, grates or grids cannot be modelled. This means that 
constructions such as support structures or ventilation channels in walls cannot be simulated. 
However, in most cases these constructions only have a minor impact on the thermal assessment and 
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can therefore be neglected. Usually the empty space in these structures is filled with insulation 
material, which can be assumed to be distributed uniformly over the area of the wall. This insulation 
layer can easily be implemented in the software. (Antretter et al., 2017) 

2.2. Indoor Room Climate 

In this section, the reference values for a favorable indoor room climate are detailed. These reference 
values are based on standards and can be used to verify the simulation results. These values serve as 
guidelines and should, if possible, be complied with.  

 Indoor Room Temperature 

Thermal comfort depends on seasons and can therefore not be described with a specific temperature 
or temperature range. In summertime, generally higher indoor air temperatures are accepted than in 
wintertime. Defined by SIA 180 (1999) these comfort temperature range between 23.5°C and 26°C in 
summer and between 19°C and 24°C in winter. The thermal comfort of a person depends on the 
thermal resistance of clothing (clo). The comfort temperature ranges defined by SIA correspond to a 
clo 0.5 in summer and clo 1 in winter. Clo 1 corresponds to a shirt and sweater with long sleeves, 
trousers, socks and shoes and clo 0.5 to a shirt with short sleeves, light trousers and socks as well as 
shoes. The metabolic rate (or level of activity) also influences the thermal comfort of a person. The 
temperature ranges defined by SIA are valid for a metabolic rate of 1.2, which stands for sedentary 
activity or relaxed standing.  

The German Institute for Norms (DIN) suggests more specific acceptable temperatures of thermal 
comfort. According to DIN EN 15251 (2012, p. 27) these ranges for an acceptable indoor air 
temperatures are depending on the exterior air temperatures. A graphical representation of this norm 
is presented in Figure 2. The mean outer air gliding temperature (also called running mean 
temperature) is an exponentially weighted and time-dependent calculation of the exterior air 
temperature.  

 

Figure 2: Acceptable Indoor Room Temperatures (DIN EN 15251, 2012, p. 27) 

The lines in the Figure 2 indicate the boundaries for three different categories for an acceptable 
operative room temperature. According to the DIN EN 15251 norm, these lines can be horizontally 
extended at their bottom ends. The categories are explained in Table 1.  
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Table 1: Categories of Acceptable Operative Room Temperatures (DIN EN 15251, 2012, p. 13) 

Category Explanation 

I High level of expectation and is recommended for spaces occupied by very sensitive 
and fragile persons with special requirements like handicapped, sick, very young 
children and elderly persons 

II Normal level of expectation and should be used for new buildings and renovations 

III An acceptable, moderate level of expectation and may be used for existing buildings 

IV Values outside the criteria for the above categories. This category should only be 
accepted for a limited part of the year 

 

 CO₂-Concentration 

The interior CO₂ concentration is a crucial indicator of air quality. A low CO₂ concentration indicates a 
high rate of exchange between interior and exterior air. Furthermore, high CO₂ concentrations can lead 
to health issues such as headaches and decreased performance levels as well as lower concentration 
(Jarosch, 2019). The concentration of CO₂ is usually measured in particles per million (ppm). Table 2 
shows the classification of different air quality levels. The high air quality level is to be targeted in terms 
of CO₂ concentration for applications such as residential units. 

Table 2: CO₂ Concentration and Air Quality Levels (Jarosch, 2019) 

CO₂ Concentration in PPM CO₂ in % Quality Level 

Below 800 <0.08% High air quality 

800-1000 0.08-0.1% Medium air quality 

1000-1400 0.1-0.14% Moderate air quality 

Over 1400 >0.14% Low air quality 

 

 Humidity 

Besides the CO₂ concentration, also the indoor humidity level indicates the quality of interior air. Too 
low levels of humidity lead to dry and rough throats, dry eyes as well as dry and itchy skin. On the other 
hand, too high levels of humidity facilitate an increased propagation of fungus and bacteria. According 
to the SIA 382/1 (2014) guidelines, humidity levels in a range of 40-70% are acceptable for interior air.  

2.3. Simulation Model 

The association BIZUN assigned the architecture office Unit Architekten with the development and 
design of the concept for the building park planned in Ennetbürgen. The project is in the phase of the 
reference project (Richtprojekt) which means that there are still many dimensions and design aspects 
undefined. The floor plans and layout plans used in this report were provided by Unit Architekten and 
are at the state of this reference project. Figure 3 shows the layout plan for the building park, which 
can be found in a larger scale in Annex A.  
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Figure 3: Layout Plan Building Park Ennetbürgen (Unit Architekten) 

In general, it can be said that attic residential units are most exposed to the environment, which makes 
them the most critical units in a building regarding heat demand and overheating. Therefore, the unit 
analyzed in this report was chosen to be the attic residential unit, which is planned in 7 of the total 10 
buildings of the building park. In Figure 3, the buildings with this attic unit are labeled red. The 
orientation of the building park is slightly tilted, but the inclination on which it is planned to be built is 
facing south.  

 Location and Climate 

The building park holding the residential unit is planned to be built in Ennetbürgen, canton of 
Nidwalden in central Switzerland. The weather data used for the simulations was obtained from 
Meteonorm for the location Ennetbürgen. Meteonorm is a webservice initiated by the Swiss Federal 
Office of Energy (SFOE) in 1985 which provides a broad pool of meteorological datasets for locations 
all over the world (Remund, 2015).  

The utilized data describes a TMY and is an interpolation from the measured values of the surrounding 
meteorological stations in Luzern, Altdorf, Wädenswil and other stations further away from the 
building site. Furthermore, a small share (3%) of satellite data is used for the interpolation. The 
measurement period for the temperatures is from 2000 to 2009 and for the radiation from 1991 to 
2010. The full meteorological report is provided in Annex B and includes data for exterior air 
temperature, irradiation and humidity, which are applied in the simulations. The exterior CO₂ 
concentration in the environmental air remains constant and was set to a value of 400ppm according 
to the Bundesgesundheitsblatt (2008). 

 Geometrical Model 

Because the planning of this residential building park is still in a very early stage, not all aspects of the 
architectural plans are yet defined. The measurements for the windows as well as the area of the 
interior walls had to be estimated. These estimations and calculations can be found in Annex C 
(window measurements) and Annex D (calculation of interior walls). In WUFI ®PLUS, the interior of a 
unit is simulated as one zone leading to one temperature output. The interior walls however still have 
an impact on the temperature regarding their thermal mass. Therefore, they need to be included in 
the simulation. 

The attic residential unit which is analyzed in this report holds four bedrooms, one living room 
including the kitchen and two bathrooms. The total of 192.5𝑚ଶ living space and the floor height of 
2.9m are already defined. Figure 4 shows the floor plan of this unit (measurements in meters). For 
simplification purposes it is assumed that the top of the floor plans displayed in this report is oriented 
north as displayed in Figure 4.  



  

 Page 8 

 

Figure 4: Floor Plan Attic Residential Unit (Unit Architekten) 

 Internal Loads 

The residential unit analyzed in this report is supposed to hold a four-person household. In the WUFI 
®PLUS software, the influence of internal loads for heat emissions, moisture and CO₂ emissions can be 
assessed. As it is a residential unit, it is assumed that the residents are present for 12 hours each day 
from 8PM to 8AM (SIA 380/1, 2016, p. 29). 

According to the SIA 380/1 (2014, p. 33) datasheet for heating-, moisture protection and room climate 
in buildings, a person emits approximately 70 Watts of heat in a seated activity. The seated activity 
was chosen because the residents of the unit will be sleeping and living in the present time. In a four-
person household, this leads to a total of 280 Watts heat release.  

As stated by the SIA 380/1 (2014, p. 33) datasheet, a person emits 60 g/h moisture during a seated 
activity. This leads to a total of 240g/h for four residents.  

The SIA 380/1 (2014, p. 33) datasheet suggests a standard value of 16l/h CO₂ excess per person. For a 
four-person household this leads to 64l/h CO₂. 

PanGas (2015) states a density of 1.528g/l for CO₂ under atmospheric pressure. This then leads to:  

𝐶𝑂ଶ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ቂ
𝑔

ℎ
ቃ = 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ൤

𝑙

ℎ
൨ ∗ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 ቂ

𝑔

𝑙
ቃ = 64 

𝑙

ℎ
∗ 1.528

𝑔

𝑙
=  97.79

𝑔

ℎ
 

These values of internal loads for heat, moisture and CO₂ emissions of residents were integrated in the 
simulation for each of the scenarios in section 2.4. 

 Window Parameters 

The window parameters remain unchanged for all the simulation cases and therefore are part of the 
basic simulation model. One of the most common specifications of insulation characteristics is the 
thermal transmittance, here referred to as the U-value. This value describes the amount of heat which 
passes through one square meter of a building component per temperature difference of one kelvin. 
(Krause, Nowoswiat, & Steidl). The SIA 2024 (2015) target U-value for windows is 0.9 𝑊/𝑚ଶ𝐾 while 
the window manufacturer Glaströsch (n.d.) provides a value of 0.4 𝑊/𝑚ଶ𝐾. The U-value chosen for 
the windows is 0.6 𝑊/𝑚ଶ𝐾 is a mean of those and corresponds to excellent insulation characteristics. 
The full report on the window parameters can be found in Annex E. 
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2.4. Simulation Cases 

In this section, the design and the input variables of all simulation cases are collected and described. 
Figure 5 shows the chronological and coherent sequence of the various cases, which were conducted. 
Based on the simulation model, described in the previous section (section 2.3), three base cases with 
different construction types were developed. In Figure 5, these base cases are colored in green. 
Subsequently, the influence of various parameters on the thermal comfort was simulated on one of 
the base cases (hybrid construction). These parameters analyzed in a sensitivity analysis are shown in 
red in Figure 5. The hybrid construction case was chosen for this because it is a combination of the 
heavy- and lightweight construction type. This means in the hybrid construction aspects of the other 
two construction types are present. Conducting the sensitivity analyses with the other two 
construction types as well would exceed the scope of this project. The last three simulation cases 
represent a realistic combination of the parameters evaluated in the sensitivity analysis and serves as 
a base for decision making for the client. This last set of simulations was carried out for all three 
construction types. 

 

Figure 5: Overview of Simulation Cases 

 Base Cases (Construction Types) 

The first set of simulations regards the different wall layer structures of the three construction types, 
heavyweight construction, hybrid construction and lightweight construction. In order to be able to 
compare these different structures, all need to have the same U-values, which assesses the quality of 
the insulation. This value is the reciprocal of the thermal resistance (R-value). The unit’s envelope 
elements and the aspired U-values are shown in Table 3. Because the ceiling and the exterior walls are 
in exchange with the environment of the building, they need the highest thermal insulation and 
therefore the lowest U-values. This value of 0.1 𝑊/𝑚ଶ𝐾 corresponds with the target value of the SIA 
2024 (2015, p. 30) datasheet.  

Simulation 
Model 
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Construction 

Hybrid  
Construction 

Lightweight 
Construction 

Solar Protection 
Solar exposure 

Tmax 

Window West 
Façade  
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large 
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+/- 30% 

Nigh Ventilation 
Air change 

Daily duration 
Seasonal period 

Combined Cases Based 
on the Results of 

Previous Simulations 
- Heavyweight, hybrid & 
lightweight construction 
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Table 3: Envelope Elements and Corresponding U-values 

Envelope element U-value ቂ
𝑾

𝒎𝟐𝑲
ቃ 

Floor 0.33 

Ceiling 0.10 

Exterior walls 0.10 

Interior walls 2.79 

The architecture office Unit Architekten provided detailed information about typical wall structures 
for all three construction types, which served as guidelines in this project. These guidelines can be 
found in Annex F (heavyweight construction), Annex H (hybrid construction) and Annex I (lightweight 
construction. 

For the first set of simulations, no nighttime ventilation as well as no solar protection are applied, to 
most decisively demonstrate the characteristics of each construction type. 

The second set of simulations was conducted with nighttime ventilation as well as solar protection 
(shading device). For the nighttime ventilation, the standard value of an air change rate of 3 times of 
the unit’s interior air per hour was chosen. The ventilation lasts from 8PM to 8AM over a period from 
June 1st to September 30st, as the maximum temperatures are of interest in this report. For the shading 
device, a solar exposure of 0.1 was chosen with a maximum temperature of 27°C. These parameters 
are further explained in Section 2.4.2 of solar protection. 

Heavyweight Construction 
As suggested by the architecture office Unit Architekten, for this type of construction the exterior walls 
are built only from a single layer of bricks with interior and exterior plaster. The suggested type of brick 
is called monobrick produced by the company Schumacher Ziegelei AG which has a very low lambda 
value of 0.074W/mK. The lambda value describes the thermal conductivity a material and is used to 
determine the U-value of a series of layers. Because the lambda value is proportional to the U-value, 
a low lambda value is desired. A data sheet of this specific brick can be found in Annex G. The ceilings 
and the floors of this construction type mainly consist of concrete and insulation. For the interior walls, 
one single layer of bricks with interior plaster on both sides is used. Table 4 shows all the envelope 
elements with their structures and layer thicknesses. The suggestions from Unit Architekten for the 
design of the heavyweight construction can be found in Annex F. The full material report with the 
resulting U-values and R-values can be found in Annex J. 

Table 4: Heavyweight Construction, Structure of Envelope Elements 

Envelope element Material  Thickness [m] 
𝝀 ൤

𝑾

𝒎𝑲
൨ 

Floor Interior Plaster  0.015 0.2 

 Concrete 0.29 1.6 

 EPS 0.055 0.04 

 Isover Isoconfort 0.04 0.031 

 Screed 0.073 1.6 

 Hardwood 0.01 0.13 
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Ceiling Grass 0.08 0.2 

 Filter mat 0.05 0.035 

 Polyurethane (PUR) Insulation  0.16 0.025 

 Expanded Polystyrene (EPS) 0.084 0.029 

 Vapor Barrier 0.001 2.3 

 Concrete 0.26 1.6 

 Interior Plaster 0.015 0.2 

Exterior walls Exterior Plaster 0.02 0.87/0.25 

 Monobrick 0.73 0.074 

 Interior Plaster 0.015 0.2 

Interior walls Interior Plaster 0.015 0.2 

 Solid Brick 0.125 0.6 

 Interior Plaster 0.015 0.2 

Hybrid Construction 
For this construction type, Unit Architekten proposed exterior walls with cellulose insulation, 
fiberboards, and an airspace. The layer sequence and thicknesses are shown in Table 5. For 
simplification, the air gap and the exterior plasterboard are not included because they do not affect 
the thermal insulation aspects, only the irradiation. In order to counterbalance this measure, the 
irradiation on the exterior walls was set to zero. The floors, ceilings and interior walls for this type of 
construction have the same structure as the ones from the heavyweight constriction type. The design 
suggestions from Unit Architekten can be found in Annex H and the full material report from WUFI 
®PLUS with the resulting U-values and R-values in Annex K. 

Table 5: Hybrid Construction, Structure of Envelope Elements 

Envelope element Material  Thickness [m] 
𝝀 ൤

𝑾

𝒎𝑲
൨ 

Exterior walls Gypsum fiberboard 0.015 0.32 

 Cellulose fiber insulation 0.28 0.036 

 Oriented Strand Board (OSB) plate 0.015 0.0964 

 Mineral wool 0.06 0.04 

 Plywood 0.05 0.13 

 Interior gypsum board 0.013 0.16 

 Interior gypsum board 0.013 0.16 

 Interior plaster 0.015 0.2 

Lightweight Construction 
Based on the suggestions of Unit Architekten, the exterior walls of the lightweight construction have 
the same structure as the exterior walls of the hybrid construction type. The ceilings and floors consist 
of a wooden grid with insulation, which cannot be modeled in WUFI ®PLUS. However, the thermally 
significant layers such as mineral wool, insulation boards and cellulose insulation are implemented in 
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the simulation model as listed in Table 6. The interior walls for this construction type consist of two 
fiberboards with a layer of interior plaster and an air space in between. The suggestions for this 
construction type from Unit Architekten can be found in Annex I. The WUFI ®PLUS material report with 
the resulting U-values and R-values for the lightweight construction can be found in Annex L.  

Table 6: Lightweight Construction, Structure of Envelope Elements 

Envelope element Material  Thickness [m] 
𝝀 ൤

𝑾

𝒎𝑲
൨ 

Floor Plywood board 0.025 0.1 

 Mineral wool 0.03 0.04 

 Gravel 0.05 0.7 

 Softwood 0.015 0.09 

 Isover Isoconfort 0.04 0.031 

 Isover Isoconfort 0.013 0.031 

 Anhydrite screed 0.045 1.2 

 Hardwood 0.01 0.13 

Ceiling Gravel 0.088 0.7 

 Flumroc insulation board 0.075 0.035 

 Spruce 0.019 0.09 

 Cellulose fiber insulation 0.265 0.036 

 Plywood 0.027 0.13 

Interior walls Interior plaster 0.014 0.2 

 Fermacell gypsum fiberboard 0.01 0.32 

 Air layer 0.092 0.59 

 Fermacell gypsum fiberboard 0.01 0.32 

 Interior plaster 0.014 0.2 

 

 Solar Protection 

The solar gain through windows has a significant impact on the interior thermal comfort, especially in 
summertime. In WUFI ®PLUS, shading devices can be simulated, in order to reduce this solar gain. The 
two main parameters for this shading device are the solar exposure and the maximum temperature. 
To receive the most conclusive results, there was no nighttime ventilation included in the simulations.  

Solar Exposure 
The value of solar exposure describes how much of the sunlight reaches the interior of the unit. For 
example, a solar exposure of 0.1 means that 10% of the irradiation is transmitted through the windows 
and the shading device into the unit. A solar exposure of 1 means a full exposure to the sunlight and is 
equal to no shading device. In order to estimate the influence of the solar exposure on the interior 
climate simulations with a solar exposure of 0.1, 0.2, 0.5 and 1 were conducted.  
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Maximum Temperature 
WUFI ®PLUS offers several options to control the shading device. It can be activated in order to reduce 
overheating (maximum temperature), if the irradiation exceeds a limit value or by schedule. Because 
the association BIZUN is concerned about the thermal comfort in summer and does not want to 
integrate active cooling of the units, this option to reduce overheating was chosen. This means, the 
shading device is active if the interior room temperature exceeds this maximum temperature. The 
simulations were conducted with a maximum temperature of 25°C and 27°C. 

 Nighttime Ventilation 

A second measure to prevent overheating of a building is nighttime ventilation during the warm 
summer months. The building, which was heated up during the hot day, can be cooled down with 
cooler air from the environment during the night by opening the windows. This measure is also called 
natural ventilation. The most important parameters for this measure are the air change rate, the daily 
duration and the seasonal period. For all these simulations, the solar protection was omitted such that 
the effects on the results are more distinguishable.  

Air Change Rate 
The air change rate describes the amount of air, which passes through the building per hour. An air 
change rate of 1 means that all the interior air is exchanged with environmental air once per hour. For 
the simulations in this report, air change rates of 1 time, 3 and 6 times per hour were applied.  

Daily Duration 
This parameter describes at which time the ventilation starts in the evening and when it stops in the 
morning. In the base case simulations, the duration from 8PM until 8AM were applied. To analyze the 
impact of nighttime ventilation on the interior thermal comfort, simulations with starting and ending 
the nighttime ventilation two hours earlier and later were conducted. 

Seasonal Period 
Because the overheating of a building in Switzerland is only critical in summer, the definition of the 
start and end date of the ventilation period is crucial. In the base case simulations, a start date of June 
1st and an end date of September 31st was applied. Simulations with a 1-month extension and ½-month 
shortening were conducted in order to evaluate the impact of the seasonal period on the interior 
thermal comfort. For the long period, this resulted in a start date of May 1st and end date of October 
31st, for the short period in June 15th and September 15th respectively. 

 Window West Façade 

Based on the floor plan from the reference project provided by Unit Architekten, there is no window 
planned on the west façade for the largest of the bedrooms. As this room is rather large and only has 
one window, it is possible that a window will be added in the future development process. To analyze 
the impact of an additional window at the west façade, three simulations were conducted; one with 
the same window size as the remaining windows (1.9mx2m), one with a small window (1mx1.5m) and 
one with a large window (2.5x2m). In order to highlight the effects of these measures, the nighttime 
ventilation was not included in the simulation and the base case values for the solar exposure (0.1) 
were used. A maximum temperature of 25°C was assumed, such that the effects are more visible.  

 Glazed Area 

The solar gain through windows can also be modified with the area of the windows. Table 7 shows the 
glazed area from the base cases as well as scenarios with modifications of 20% and 30% of the window 
area. In order to make the impacts of these measures stand out, the nighttime ventilation was omitted 
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and the solar exposure value (0.1) from the base cases was applied. A maximum temperature of 25°C 
was assumed.  

Table 7: Glazed Area Case Overview 

Case North Façade East Façade South Façade West Façade Total 

Base case 1.6 m² 3.8 m² 22.8 m² 0 28.2 m² 

+ 30% 2.08 m² 4.94 m² 29.64 m² 0 36.66 m² 

+ 20& 1.92 m² 4.56 m² 27.36 m² 0 33.84 m² 

- 20% 1.28 m² 3.04 m² 18.24 m² 0 22.56 m² 

- 30% 1.12 m² 2.66 m² 15.96 m² 0 19.74 m² 

 

 Combined Cases Based on Results from Previous Simulations 

The last set of simulations were conducted in order to provide realistic scenarios for the three 
construction types. These scenarios include heating and mechanical ventilation. Mechanical 
ventilation is necessary in order to provide the required interior air quality standards. The source of 
the heating energy is assumed to be a district heating grid, based on information received from Unit 
Architekten. The input variables for these scenarios are based on the findings of the analyzed 
parameters above and are therefore further described in section 3.11. These input variables must be 
identical among the three construction types to make them comparable.  
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3. Results and Discussion 
This section collects all the data output from the simulations carried out. To display the results, the 
output data from the WUFI ®PLUS software is presented in Cumulative Frequency Distribution (CFD) 
curves and Temperature Course of the Year (TCY) curves. For the horizontal axis, 12 sections were 
chosen, such that they represent the months of the year in a TCY. In WUFI ®PLUS an initial value for 
temperature to start the simulations can be set. In the cases where no heating source is applied, the 
TCY starts with this initial temperature, which was set to 20°C. Therefore, in some of the TCY curves 
there are temperature peaks in the first hours of the year until the building is cooled down. As stated 
in section 2.4, the hybrid construction type was applied for the sensitivity analyses presented in section 
3.3 to section 3.10. 

Furthermore, after each subchapter of results, a discussion of the presented graphs is given. These 
discussion subchapters aim to assess and interpret the results displayed. Consequential explanations 
for peaks, deviations and inconsistencies are given. Additionally, the results are compared to the 
guidelines and norms of requirement for indoor room climate introduced in section 2.2. 

3.1. Results of Base Cases (Construction Types) 

The first set of simulations was conducted in order to compare the three different construction types 
described in section 2.4.1. In order to highlight the effects of the three different construction types, 
nighttime ventilation and solar protection were excluded from the simulation. Figure 6 shows the CFD 
curve of the three construction types heavyweight, hybrid and lightweight construction. The 
lightweight construction reaches the highest temperatures in summer and the lowest in winter. The 
maximal temperature reached was 46.71°C and the minimal 10.13°C for the lightweight construction. 
The curves for the heavyweight and hybrid construction types are almost identical. The hybrid 
construction reached temperatures from 15.66°C to 42.76°C and the heavyweight construction from 
16.00°C to 42.99°C.  

 
Figure 6: CFD of Construction Types without Solar Protection and Nighttime Ventilation 
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In Figure 7, the TCYs curves for the three construction types are displayed. It is visible that high 
temperature fluctuations for lightweight construction occur (green line). Equal to Figure 6, the 
heavyweight and hybrid construction curves show minimal deviations. 

 
Figure 7: TCY of Construction Types without Solar Protection and Nighttime Ventilation 

The second set of simulations was conducted including the measures nighttime ventilation and solar 
protection. The CFD curve of this simulation set is shown in Figure 8. The minimal temperatures were 
not affected by these two measures. However, in summer the maximum temperatures for the three 
construction types are nearly identical in a range between 27.01°C and 27.05°C. 

 

Figure 8: CFD of Construction Types with Solar Protection and Nighttime Ventilation 
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Figure 9 shows the TCY of the same simulation data as presented in the Figure 8. It can be deduced 
that for none of the construction types the maximum temperature of 27°C is exceeded significantly. 
The TCY shows distinctively the effects of the solar protection and nighttime ventilation. The maximum 
temperature of 27°C is visible as a bar, which cuts of the temperature curves. The seasonal period is 
clearly identifiable between the two low temperature gaps in summertime (3650h and 6570h). 

 

Figure 9: TCY of Construction Types with Solar Protection and Nighttime Ventilation 

3.2. Discussion of Base Cases (Construction Types) 

The first set of simulations without solar protection and nighttime ventilation lead to almost identical 
results for the heavyweight and hybrid construction. This occurs due to the minor differences of the 
wall layer structures from the heavyweight and the hybrid construction types. All three construction 
types resulted in unreasonably high interior temperatures for an acceptable indoor room climate.  

The high fluctuations of the lightweight construction case visible in Figure 7 can be justified with the 
lower thermal mass of this construction type. This leads to a shorter adjustment time between the 
interior and the exterior temperature as well as the appearing severe differences in maximum and 
minimum temperature.  

The results of the second set of simulations shows clearly that only with good solar protection and 
nighttime ventilation the maximum temperature can be kept in a reasonable range for all three 
construction types. As seen in Figure 9, the temperature of none of the construction types overshoots 
the defined maximum temperature of 27°C. The greatest differences lay between the lightweight 
construction and the two other construction types. This is a comprehensible result due to the minor 
changes between the heavyweight and hybrid construction types.  
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3.3. Results of Solar Protection 

The first measure investigated with a sensitivity analysis is the solar protection with the two 
parameters solar exposure and maximum temperature. The CFD curve of these cases is shown in Figure 
10. As a reference, one case with no solar protection was included. The effect of this measure is 
noticeable due to the large differences between the colored curves (different solar exposure values 
and maximum temperatures) and the grey curve for solar exposure 1 (no shading device). 

 

Figure 10: CFD of Solar Protection 

Figure 11 shows two TCYs for the solar exposure of 0.1 with maximum temperatures of 25°C and 27°C. 
The overshoots of the maximum temperatures are minimal, especially for the maximum temperature 
of 27°C.  

 

Figure 11: TCY of Solar Exposure 0.1 
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In Figure 12 the simulation outputs with a solar exposure of 0.2 for the two maximum temperatures 
of 25°C and 27°C are displayed as TCYs. Here, the overshoots of the maximum temperatures are larger 
compared to Figure 11. Additionally, the difference between the curves of the two maximum 
temperatures is considerably smaller.  

 

Figure 12: TCY of Solar Exposure 0.2 

The same simulations were carried out with a solar exposure value of 0.5. The simulation outputs for 
these cases are shown in a TCY representation in Figure 13. Overshoots of the maximum temperature 
of 7°C occur for this solar exposure value for both maximum temperatures. The two curves for the 
different maximum temperatures show almost no difference during the warmest months.  

 

Figure 13: TCY of Solar Exposure 0.5 

3.4. Discussion of Solar Protection 

Comparing the results of the case solar exposure 1 (no solar protection) with the other cases with solar 
exposure values of 0.1, 0.2 and 0.5 in Figure 10, results in a difference of maximal temperatures of 
10°C to 16°C. This leads to the perception, that solar protection in form of a shading device has a 
significant impact on the thermal comfort in summer. 

The curves of the three Figures with different solar exposure values (Figure 11, Figure 12 and Figure 
13) show clearly the influence of the parameters of solar protection. The worse the solar exposure, the 
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larger the overshooting of the maximum temperature. Also visible from these three figures is that the 
difference between the two curves (maximum temperature 25°C and 27°C) of each figure decreases 
for higher solar exposure values. The same is visible in Figure 10 when comparing the dotted and 
continuous lines of each color. This demonstrates the significant effect of a good (low) value for solar 
exposure. Deductible from these analyses is that with the worse solar exposure value the more critical 
the controlling of the maximum temperature appears. For the value of solar exposure of 0.5, 
controlling the maximum temperature is unachievable.  

3.5. Results of Nighttime Ventilation 

The analyses of the nighttime ventilation included the parameters of the air change rate, the daily 
duration and the seasonal period of the ventilation. The results of these simulations are collected in 
this section of the report.  

 Air Change Rate 

The first parameter assessed was the air change rate. Figure 14 shows the CFD of three different air 
change rates including a reference case without any nighttime ventilation. The three cases describe 
the air change rate of 1x, 3x, and 6x the volume of the residential unit.  

 

Figure 14: CFD of Nighttime Ventilation, Air Change Rates 
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In Figure 15 the same data is displayed as a TCY including the reference case without nighttime 
ventilation. It can be seen that the nighttime ventilation leads to significantly lower temperature 
developments in summer, however also to slightly lower temperatures in the last months of the year 
from October (6570h) to end of December (8760h).  

  

Figure 15: TCY of Nighttime Ventilation, Air Change Rates 

 Daily Duration 

The second parameter analyzed from the nighttime ventilation is the daily duration of the nighttime 
ventilation. Figure 16 shows the CFD for three different durations from 6PM to 6 AM, 8PM to 8AM and 
10PM to 10AM. The duration from 6PM to 6AM shows slightly higher temperatures while the durations 
from 8PM to 8AM and 10PM to 10AM lead to identical results.  

 

Figure 16: CFD of Nighttime Ventilation, Daily Duration 
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In Figure 17 the same data is displayed in a TCY representation. Comparable to Figure 16, in this 
representation the three curves show little difference and the durations from 8PM to 8AM and 10PM 
to 10AM are identical.  

 

Figure 17: TCY of Nighttime Ventilation, Daily Duration 

 Seasonal Period 

The last parameter analyzed form the nighttime ventilation is the seasonal period. In Figure 18 the TCY 
of three different ventilation periods, long, medium and short are displayed. The base case period from 
June 1st (3’650h) to September 31st (6’570h) corresponds to the medium duration. The long period 
lasts from May 1st (2’920h) until October 31st (7’300h), the short from June 15th (3’680h) to September 
15th (6’200h) respectively. The start and end dates of these durations are observable at the peaks and 
gaps of the TCY curves.  

 

Figure 18: TCY of Nighttime Ventilation, Seasonal Period 
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3.6. Discussion of Nighttime Ventilation 

The sensitivity analysis of the three different parameters air change rate, daily duration and seasonal 
period for the nighttime ventilation are discussed in this section. 

 Air Change Rate  

A comparison of the case with no nighttime ventilation to the cases with different air change rates in 
Figure 15 implies the great effectiveness of this measure. The high temperature peaks in summer can 
be eliminated, even with the lowest of the simulated air change rates.  

The similar maximum temperatures of each air change rate simulation visible in Figure 14 occur at the 
temperature peaks just before the nighttime ventilation period starts in June (2650h). The TCYs of air 
change rate 1x and 3x result in a significant shift downwards of the temperature curve. This shift 
appears distinguishably smaller from air change rate 3x to 6x. This implies that the higher the air 
change rate, the smaller the effect of reducing the high temperatures. Therefore, an air change rate of 
3x is ideal. 

 Daily Duration 

The exterior air reaches its lowest temperatures just before the sun rises in the morning. In 
summertime, this occurs at around 6AM. This implies the general assumption, that nighttime 
ventilation is most effective in the morning hours. The results presented in Figure 16 and Figure 17 
show only minor differences. Therefore, the simulation model is not very sensitive to a change in this 
parameter. The slightly higher temperatures for the duration from 6PM to 6AM origin from the higher 
temperatures in the early evening hours when the nighttime ventilation starts.  

 Seasonal Period 

The beginning of the three simulated seasonal periods is clearly visible in Figure 18. The peak in June 
(3650h) of the short and medium seasonal periods imply that the ventilation must start earlier. The 
very low temperatures in the beginning of May (2920h) reached with the long seasonal period, show 
that the start on May 1st is too early. Based on these simulations a start date of May 15th is suitable. 
The end of the ventilation period shows temperature drops for all three simulations in Figure 18. 
Therefore, the end dates of the simulated ventilation periods were chosen too late and an end date of 
August 31st emerges to be appropriate. 
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3.7. Results of Window West Façade 

As stated in section 2.4.4, a sensitivity analysis on an additional window on the west façade was 
conducted. Four simulation cases to analyze the impact of an additional window were carried out. In 
order to highlight the influence of an additional window, the nighttime ventilation was not included in 
these simulations. The CFD of the four cases large, medium, small and no window are shown in Figure 
19. The maximum temperatures reached with these simulations are in a range from 25.71°C (no 
window) to 25.79°C (large window). 

 

Figure 19: CFD of Window West Façade 

Figure 20 shows results from the same simulation cases in a TCY representation. The main temperature 
differences occur in wintertime, and the differences in summertime are minor.  

 

Figure 20: TCY of Window West Façade 
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3.8. Discussion of Window West Façade  

As seen in Figure 19 and Figure 20 the impact of a single additional window is only minor. The main 
temperature differences occur in the colder season, where solar gain is desired. The larger the window, 
the larger the solar gains and therefore also the higher temperatures in wintertime. Hence, with an 
additional window, the heating demand can be reduced. With a good shading device with a solar 
exposure value of 0.1, the additional solar gains can be counterbalanced in summer. The differences 
in the overshoots of the maximum temperature of 25°C are negligibly small for the four cases.  

The differences of these simulations are so minimal because the entire unit is simulated as a single 
temperature zone. Therefore, the solar gain of the additional window is distributed over the whole 
unit resulting in only small temperature deviations. For the room facing west this could however lead 
to temperatures, which exceed the guidelines and norms of thermal comfort. Simulations for the 
increased temperatures of the west facing room can not be given due to the limitations of the WUFI 
®PLUS software.  

3.9. Results of Glazed Area 

As the window measurements are not defined by Unit Architekten, four cases for a sensitivity analysis 
of these measurements was conducted. These four cases differ in plus and minus 20% and 30% of 
glazed area. In Figure 21 the temperature CFD of these simulation results are displayed. The differences 
in maximum temperatures reached in summer are minimal and range from 25.59°C (-30% glazed area) 
to 25.82°C (+30% glazed area). The differences in minimum temperatures are slightly larger and range 
from 15.15°C for -30% glazed area to 16.10°C for + 30% glazed area.  

 

Figure 21: CFD of Glazed Area 
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Figure 22 shows the same data set in a TCY representation. It is visible that a change of the glazed are 
has a major impact on the temperature in wintertime but only a minor impact in summertime. This 
results in higher temperatures for cases with a larger glazed area in summertime and lower 
temperatures for cases with a smaller glazed area in wintertime.  

 

Figure 22: CTY of Glazed Area 

3.10. Discussion of Glazed Area 

The results from the glazed area simulation cases presented in Figure 21 and Figure 22 show similar 
characteristics to the cases with an additional window. However, the temperature differences are 
slightly higher in summertime as well as in wintertime. This is due to the larger changes in glazed area, 
which lead to larger changes in solar gains compared to only one additional window. For this 
parameter, a compromise between the reduction of heating energy and thermal comfort in summer 
is mandatory. Because the impact on the temperature in wintertime is much larger, intuitively 
increasing the glazed area would be plausible. However, the association BIZUN is mainly concerned 
about the thermal comfort in summertime and hence caution with increasing the glazed area is 
required. 

3.11. Input Variables for Combined Cases Based on Results from Previous 
Simulations 

For the last set of simulations, the previously analyzed parameters were evaluated and adjusted in 
order to match the requirements for this residential unit. Three simulations were conducted with the 
same input variables for the heavyweight, hybrid and lightweight construction type. The simulations 
include mechanical ventilation as well as heating, such that predictions about the heating demand can 
be established. An additional window on the west façade was not included. Based on the requirements 
of the association BIZUN, there was no active cooling in summertime included in the simulations.  

 Solar Protection 

Based on the previously presented results, the value for solar exposure of 0.1 was chosen. The 
maximum temperature of 25°C was applied because the association BIZUN is concerned about 
overheating of the residential units in summertime. With this value of solar exposure and maximum 
temperature it can be proven, whether eliminating overheating without active cooling is possible or 
not.  
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 Nighttime Ventilation 

From Figure 14 it can be deduced, that the initially chosen air change rate of 3x is appropriate, this 
value was also applied for the last set of simulations. Because the impact of the change in daily duration 
of the nighttime ventilation was only minor (Figure 16), this data remained unchanged from the base 
cases. As shown in Figure 18 the start and the end dates of the seasonal period chosen in the base 
cases were both too late. The period which was chosen for the last set of simulations lasts from May 
15th to August 31st.  

 Mechanical ventilation 

As already mentioned above, the last set of simulations includes mechanical ventilation. An air volume 

flow rate of 600௠య

௛
 over the whole year was chosen. The efficiency for the heat recovery is assumed to 

be 0.8 according to the target value of SIA 2024 (2015).  

 District heating  

The last set of simulations also includes the planned district heating. A heating capacity of 1.925 kW is 
assumed which corresponds to the standard value of 10𝑊/𝑚ଶ, which is applicable for a low energy 
consuming building. The heating period was set from October 15th to April 1st. The heating is controlled 
with a minimum temperature for the residential unit, which was set to 20°C. This activates the heating 
whenever the temperature falls below 20°C.  

3.12. Results of Combined Cases  

The full reports on these simulation results can be found in Annex M for the heavyweight construction, 
in Annex N for the hybrid construction and in Annex O for the lightweight construction. 

 Temperature Curves 

Figure 23 shows the CFD of the three construction types with combined and improved choice of input 
variables. The heavyweight and hybrid construction types still have very similar temperature curves. 
The temperature of the heavyweight construction ranges from 19.58°C to 25.26°C, the hybrid 
construction from 19.62 to 25.40°C and from 18.27°C to 26.25°C for the lightweight construction.  

 

Figure 23: CFD of Combined Cases Construction Types 

 



  

 Page 28 

The TCYs of the three construction types are displayed in Figure 24 including the temperature of the 
exterior air (grey line). It is visible that the overshoots of the maximum temperatures align with the 
high temperatures of the exterior air.  

 

Figure 24: TCY of Combined Cases Construction Types Including Temperature of Exterior Air 

In Figure 25 the TCYs of the same simulations are displayed enlarged without the temperature of 
exterior air. Here, the high fluctuations of the lightweight construction are clearly visible as well as its 
low temperatures in summertime. Some overshoots of the maximum temperature in summer are 
visible for all three construction types. The lightweight construction also results in detectable 
underruns of the minimum temperature in winter. 

 

Figure 25: TCY of Combined Cases Construction Types 
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As stated in section 2.2.1 and according to DIN EN 15251 (2012) the values for an acceptable indoor 
room temperature are not absolute but dependent on the outside air temperature. The following 
graphs are directly exported from WUFI ®PLUS. Figure 26 shows the relation between the operative 
and the mean outer gliding temperature for the heavyweight construction and Figure 27 for the hybrid 
construction respectively.  

 

Figure 26: Heavyweight Construction, Operative 
vs. Mean Outer Air Gliding temperature 

 

Figure 27: Hybrid Construction, Operative vs. 
Mean Outer Air Gliding temperature 

 

The results of the operative and mean outer air 
gliding temperature for the lightweight 
construction are shown in Figure 28. The 
boundaries of the different categories from the 
DIN EN 15251 norm are described in Section 2.2 
of this report and represented in red and blue 
lines. The thinnest line stands for category I and 
the thickest for category III. 

 

 

 

 

 

 

 
 

Figure 28: Lightweight Construction, Operative 
vs. Mean Outer Air Gliding temperature 
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 Air Quality 

The two factors evaluated in this report assessing the air quality are the relative humidity and the CO₂ 
concentration. In Figure 29 the TCY of the relative humidity for the three construction types including 
mechanical ventilation and heating are shown. The initial value for the relative humidity in WUFI ®PLUS 
is 55%. All the construction types, especially the lightweight construction, show very low values during 
the heating period in winter.  

 

Figure 29: TCY of Relative Humidity of Construction Types 

The TCY of the CO₂ concentration for the three construction types are displayed in Figure 30. The initial 
value for the CO₂ concentration is 400ppm. Because the CO₂ concentration is only dependent on the 
internal loads and the ventilation measures, the curves for all three construction types look the same.  

 

Figure 30: CO₂ of Concentration Course over the Year 
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 Heating demand 

WUFI ®PLUS also offers the possibility to calculate the heating demand of a simulated unit. The heating 
power of the residential unit over the period of a year for the three construction types is shown in 
Figure 31. 

 

Figure 31: Heating Power Course over the Year of Construction Types 

From Figure 32, which displays the CFD of the heating power, it can be deducted that the lightweight 
construction results in the highest heating energy demand and the heavyweight the least. 

 

Figure 32: CFD Heating Power of Construction Types 

 

 

 



  

 Page 32 

In Table 8 the maximum heating power and heating energy output from the simulations are listed. The 
heating energy was calculated per square meter in order to make it comparable to other units. 

Table 8: Simulation Heating Energy of Construction Types 

Construction Type Maximum Heating 
Power [𝒌𝑾]  

Heating Energy 

[
𝒌𝑾𝒉

𝒂
]  

Heating Energy 

[
𝒌𝑾𝒉

𝒎𝟐∗𝒂
] 

Heavyweight Construction 1.88 1’229.3 6.39 

Hybrid Construction 1.925 1’462.6 7.60 

Lightweight Construction 1.925 1’799.9 9.35 

 

3.13. Discussion of Combined Cases 

In this section, the results of the combined cases presented in section 3.12 are discussed. As mentioned 
above, the simulations include mechanical ventilation and heating, but no active cooling. 

 Temperature Curves  

In Section 2.2.1 the acceptable temperatures according to SIA are described as the temperature range 
from 23.5°C to 26°C in summer and from 19°C to 24°C in winter. The temperature CFD of the three last 
cases in Figure 23 show that with the heavyweight and the hybrid construction types these limits of 
26°C in summer and 19°C in winter can be fulfilled. The lightweight construction overshoots the limit 
in summer for only 13h and in winter the temperature remains higher than 19°C for the whole season.  

In Figure 25, it can be seen that in summertime for all three construction types temperatures below 
23°C arise temporarily. The temperature of the lightweight construction even falls below 20°C. These 
low temperatures occur due to the effectiveness of the nighttime ventilation. In the simulation, the 
nighttime ventilation is running over the entire seasonal period. These low temperatures can simply 
be eliminated by not opening the windows, shorten the ventilation duration or decrease the air change 
rate in the specific nights with low temperatures.  

The temperature peaks visible in Figure 25 occur for all three construction types but for the lightweight 
construction, they are the greatest. The peaks for the heavyweight and hybrid construction do not 
overshoot the boundaries stated in SIA 180 (1999) of 26°C but the lightweight construction leads to 
one overshoot of this boundary. For this high temperature period, the simulated solar protection and 
nighttime ventilation are not sufficient. These temperature peaks could be reduced by increasing the 
air flow rate of the nighttime ventilation in the specific nights with high temperatures.  

The two graphs of the operative and mean outer air gliding temperature for the heavyweight and 
hybrid construction (Figure 26 and Figure 27) appear almost identical. Minor differences at high 
temperatures due to the maximum temperature overshoots occur in summer. Taking the lines of the 
comfort categories of the DIN EN 15251 norm into account, it can be said, that these two construction 
types mostly fulfill category II of the norm. If the lines of this norm are horizontally extended to the 
left, it appears that the temperatures occurring in winter are too low for category II, rarely even for 
category III. The requirements for the moderate level of expectations (category III) and the normal 
level of expectation (category II) can therefore not be fulfilled temporarily. This violation of the norm 
could be eliminated with increasing the minimum temperatures for the heating in the simulations or 
increasing the heating power. However, this would lead to a significant increase in heating demand.  
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The graph for the lightweight construction (Figure 28) looks slightly different. The maximum 
temperature overshoots are more distinct but still lay within the boundaries of the DIN EN 15251 norm. 
At high exterior air temperatures, the operative temperature clearly falls below the limit of category 
III from the DIN EN 15251 norm. This mainly occurs for periods with high outer air gliding temperatures 
which appear in during summertime. As stated above, these low temperatures in summertime can be 
eliminated with excluding the nighttime ventilation at the specific low temperature nights. For the low 
temperatures reached in winter, the same measure as stated above for the heavyweight and hybrid 
construction could be applied.  

 Air Quality 

As stated in section 2.2.3, the acceptable interior relative humidity levels are 40% to 70%. The low 
humidity levels occur in wintertime during the heating period as seen in Figure 29. For all three 
construction types the relative humidity falls below the boundaries of 40%. Especially the lightweight 
construction results in extremely low values due to the increased heating demand. During summer, 
none of the construction types exceeds the upper limit of 70% relative humidity.  

The highest air quality level described in Section 0 has an upper limit of a CO₂ concentration of 800ppm. 
As seen in Figure 30, the CO₂ concentration for none of the construction types exceeds this limit. Clearly 
visible from this figure are the lower CO₂ concentrations during the nighttime ventilation period from 
May 15th (3’300h) until August 31st (5’840h). These occur due to the increased air exchange of interior 
and exterior air during this period. The wide span of CO₂ concentration from 270ppm to 620ppm 
results from the presence time of the inhabitants. During the day, when the residents are out, the 
concentration drops and during the night, when the residents are present, the concentration rises.  

 Heating Demand 

The flat top of the heating power shown in Figure 32 for the hybrid and the lightweight construction 
occur due to the limited power output of the heating system applied in the simulation. This leads to 
the result, that the heating power for these two construction types is insufficient to maintain the 
minimum temperature of 20°C defined in the simulation. However, during wintertime the temperature 
for both construction types never falls below the 19°C, which was proposed as a minimum temperature 
in winter by SIA.  

It must be noted that the heating demand is heavily dependent on the minimum temperature of the 
simulations. Increasing this minimum temperature in order to fulfil the temperature requirements for 
category II or III of the DIN EN 15251 norm would lead to a considerably higher heating demand.  

The calculated heating energies per square meter in Table 8 of 6.39 ௞ௐ௛

௠మ∗௔
 for the heavyweight 

construction, 7.60 ௞ௐ௛

௠మ∗௔
 for the hybrid construction and 9.35 ௞ௐ௛

௠మ∗௔
, appear rather low due to the low 

minimum temperature of 20°C in winter. According to SIA 2024 (2015) the target heating demand for 

residential units is 11.2 ௞ௐ௛

௠మ∗௔
. With a large amount of glazed area, this heating demand can be reduced 

due to the solar gain in winter. As this report shows, this is possible without overheating of the unit in 
summer when applying the correct measures.  
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4. Conclusion 
In this report, the influence and sensitivity of several measures and parameters on the thermal comfort 
in a residential building unit was analyzed. The greatest influence was achieved with the parameter of 
solar exposure of the solar protection (shading device) in summertime and the air change rate of the 
nighttime ventilation. The three different construction types also lead to large differences, especially 
the elaborated temperatures of the lightweight construction varied largely from the other two types. 
The temperature fluctuations as well as the maximum and minimum temperatures diverged widely 
from the other two construction types.  

4.1. Recommendations 

In this section, the recommendations based on the established results of this report are stated. These 
recommendations shall provide a basis of decision-making in the further designing steps for the 
association BIZUN. The various measures and their parameters are addressed below. 

 Construction Types 

The results presented in section 3.12 confirm the feasibility of each of the three construction types. 
The achieved temperatures mostly lay within the boundaries of the norms for acceptable indoor room 
climate. With the appropriate exclusion of nighttime ventilation on cooler summer nights, the low 
temperatures for the lightweight construction in summertime can be eliminated. Even though the 
lightweight construction type leads to the least favorable temperature developments, the choice of 
this construction type will mostly fulfil the requirements of an acceptable indoor room climate. In order 
to completely fulfil the requirements of the DIN EN 15251 norm, a combination of lightweight and the 
other construction types is conceivable. This would lead to the elimination of the high temperature 
fluctuations and a reduction of divergence for the minimum and maximum temperatures of the 
lightweight construction.  

 Solar Protection 

The results presented in section 3.3 demonstrate the importance of solar protection, as well as of the 
parameter solar exposure. A good solar exposure value, which means a shading device with low 
transmittance of irradiance, makes a low maximum controlling temperature possible. Because all three 
construction types show small overshoots of the maximum controlling temperature, a solar exposure 
value of 0.1 is highly recommended. This value enables a maximum controlling temperature of 25°C 
reasonably.  

 Nighttime Ventilation 

The results of the conducted simulations show, that with a 3x air change rate an acceptable thermal 
comfort can be provided. Smaller air change rates would lead to higher temperature overshoots and 
larger ones to less change in impact.  

The modification of the daily duration resulted in minimal temperature differences and therefore is 
not a critical parameter. A drastic adjustment of this parameter of several hours, however, could still 
lead to significantly larger temperature overshoots. The recommended duration lasts from 8PM to 
8AM.  

The seasonal period of the nighttime ventilation is heavily dependent on the exterior air temperature 
developments of each specific year. The proposed period lasts from May 15th until August 31st for the 
TMY applied in this report. The measure of nighttime ventilation must be controlled by the residents 
of the unit and therefore, these dates could only serve as a guideline.  
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 Window West Façade  

The sensitivity analysis on the additional window shows, that this measure is not critical for the overall 
operational temperature of the unit. A window can be added on the west façade, depending on the 
size, without severe influenced on the overall maximum interior temperatures of the unit in summer. 
Despite the results of this report, the influence of this measure on the single room facing west must 
be analyzed. Furthermore, an additional window would lead to a reduction of the heating demand of 
the residential unit.  

 Glazed Area 

The simulations referring to the glazed area lead to similar results as the additional window. The 
differences in the resulting temperatures however were slightly higher. Therefore, the glazed area 
should not greatly exceed the values chosen for the simulations in this report.  

 Air Quality 

In this report, the two indicators relative humidity and CO₂ concentration of air quality were assessed. 
The requirements of the relative humidity could not be met for any of the construction types. During 
the heating period, all construction types show too low levels of relative humidity. Due to the higher 
heating demand, the lightweight construction resulted in the lowest humidity levels. In order to meet 
these requirements, additional measures are necessary such as the implementation of air humidifiers 
in the mechanical ventilation system.  

The requirements of the CO₂ concentration could be fulfilled by all the construction types. With the 
implementation of a mechanical ventilation system, this is not a critical indicator of air quality for this 
residential unit. 

 Heating Demand 

The assessment in this report concludes that the chosen heating power of 10 ௐ

௠మ is not sufficient to 

maintain the minimum temperatures of the DIN EN 15251. However, the underrun of the minimum 
temperatures is minimal and only occurs for a short period. If the minimum temperature in winter is a 
critical value for the association BIZUN, a higher heating power should be chosen for all of the 
construction types. 

The low resulting heating energy of the simulations evolve due to the low minimum temperature of 
20°C. Increasing this temperature in order to fulfill the requirements of certain categories of the DIN 
EN 15251 (2012) norm would result in a significant increase of heating demand.  

4.2. Outlook 

It must be noted that none of the investigated measures to fulfil the thermal comfort requirements 
will lead to a satisfying result on its own. The combination of various measures as well as the 
appropriate dimensioning of the parameters are essential in order to meet the needs of thermal 
comfort. This implies that also the other parameters and the additional windows as well as the glazed 
area must be considered in the further designing steps from Unit Architekten. In case a lightweight 
construction type is chosen, the parameters analyzed in this report should only be changed with great 
caution from the values applied in the last set of simulations. If a heavyweight or hybrid construction 
are chosen, these parameters are less critical.  

Due to the limitations of the simulation software WUFI ®PLUS, the impact of an additional window on 
the west façade could only be assessed based on the overall operative temperature of the unit. For 
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more precise temperature developments of this measure, further simulations with a 3D software are 
necessary. The same applies for the modification of the glazed area as the solar gain from the windows 
can not be distributed uniformly over the whole unit.  

Because the overheating of the residential unit is of major interest for the association BIZUN, further 
simulations with predicted weather data for the end of the 21st century are suggested. This would 
confirm the fulfillment of the requirements of thermal comfort over the whole lifespan of the building 
complex.   
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Annex A: Layout Plan of Building Park 
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Annex B: Report Meteonorm Ennetbürgen 
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Annex C: Assumptions of Window Measurements 
The figure below shows the assumptions for the window measurements added in blue (values in m). 
A window height of 2m was assumed for the windows of the south and east façade with an offset of 
0.1m. For the window in the staircase in the north façade a window height of 1.6m with an offset of 
1m was estimated. 
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Annex D: Calculation of Interior Walls Area 
In order to integrate the data of the interior walls to WUFI ®PLUS, the total interior wall area is needed. 
To find this value, the interior walls were allocated to the rooms in the floor plan. The figure below 
shows the allocation with a color code. 

 

In the table below, the allocated walls are listed and assigned an approximated length as well as 
summed up.  

Room Length [m] 

Room 1 8.75m+0.50m 

Room 2 5.00m+3.50m 

Bathroom 2.00m+2.00m 

Shower 4.00m 

Staircase 6.50m+6.50m+5.00m 

Laundry Room 4.00m 

Room 3 3.50m+3.50m 

Room 4 4.00m+5.00m 

Total 63.75m 

If the total interior wall length is multiplied with the floor height it results: 

𝐼𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑊𝑎𝑙𝑙 𝐴𝑟𝑒𝑎 = 𝑊𝑎𝑙𝑙 𝐿𝑒𝑛𝑔ℎ𝑡 ∗ 𝐹𝑙𝑜𝑜𝑟 𝐻𝑒𝑖𝑔ℎ𝑡 =  63.75𝑚 ∗ 2.4𝑚 = 153𝑚 

This value can then be added in the simulation software and does not change for any of the cases.  
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Annex E: Window Parameters 
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Annex F: Design Example Heavyweight Construction 

 



  

 Page 48 

 

 

  



  

 Page 49 

Annex G: Design Example Heavyweight Construction, Monobrick 

 

https://www.ziegelei-
schumacher.ch/admin/userfolder/it/subsubcat/1459929337Broschuere_Monobrick_19_11_2015.pdf 
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Annex H: Design Example Hybrid Construction 
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Annex I: Design Example Lightweight Construction 
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Annex J: WUFI ®PLUS Report Base Case, Heavyweight Construction 
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Annex K: WUFI ®PLUS Report Base Case, Hybrid Construction 
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Annex L: WUFI ®PLUS Report Base Case, Lightweight Construction 

 



  

 Page 60 

 

 



  

 Page 61 

 

  



  

 Page 62 

Annex M: WUFI ®PLUS Report Combined Cases, Heavyweight 
Construction 
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Annex N: WUFI ®PLUS Report Combined Cases, Hybrid Construction 
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Annex O: WUFI ®PLUS Report Combined Cases, Lightweight 
Construction 
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