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Abstract

Simulating control strategies of electrochromic
windows 

Jonatan Mäkitalo

The building sector is a one of modern society’s biggest users of energy. In turn, a
building’s windows have a significant impact on its energy usage. Electrochromic
windows have a thin film on one of the panes, designed to variably change the tint of
the window. Thereby the solar heat gain, needed internal lighting and building energy
utilization are varied.
This thesis uses the simulation software IDA ICE 4.5 to simulate control scenarios for
electrochromic windows. The goal is to examine how well this software can simulate
the windows as well as to explore the potential of creating custom control algorithms
for the windows. The impact of the control scenarios on the energy consumption of a
building is then analyzed. The reference case for the simulations is a regular window
with blinds, where the blinds are controlled with a built-in algorithm. The simulated
control scenarios for the electrochromic windows were; the built-in algorithm, always
off, always on, operative temperature, workplane illuminance, and light levels at the
façade and window.
In the simulation results the energy usage was slightly lowered with the
electrochromic windows using the built-in control compared to the reference case.
The custom algorithm that uses the light levels at the façade and window was
designed to improve upon the built-in algorithm with additional adjustable settings.
However, this custom algorithm produced similar results to the built-in algorithm and
the majority of the additional settings had little impact on the energy usage. The other
custom designed algorithms measured workplane illuminance and operative
temperature to control the shading. These showed an overall decrease in the energy
usage compared to the reference case.
The IDA ICE software has potential for further simulations of a building’s energy
usage while using electrochromic windows. Further investigation is needed to
determine if the simulation resolution is high enough to accurately depict the effect
these settings might have on the energy usage. 

ISSN: 1650-8300, UPTEC ES13 044
Examinator: Petra Jönsson
Ämnesgranskare: Annica Nilsson
Handledare: Jonas Forsberg



Uppsala University, 2013 

Sammanfattning 

Elektrokroma fönster, eller smarta fönster som de även kallas, kan ändra transparens med 

hjälp av ett tunt elektrokromt lager på en av fönsterrutorna. Transparensen styrs med en 

liten elektrisk potential. När transparansen ändras förändras också hur mycket solljus som 

kommer in genom fönstret och på så sätt förändras också byggnadens energibalans. Den 

här typen av fönster har börjat dyka upp på marknaden under de senaste åren men än så 

länge förekommer de inte i någon större utsträckning.  

När en ny byggnad projekteras så är det viktigt att kunna räkna på specifik energiåtgång 

för byggnaden eftersom boverkets byggregler (BBR) ställer krav på hur mycket energi en 

byggnad får använda. För detta ändamål används olika byggnadssimuleringsprogram. Om 

elektrokroma fönster skall bli ett vanligare i inslag i framtida byggnader så är det 

nödvändigt att det går att simulera dessa tillsammans med byggnaden och se hur de 

påverkar byggnadens energianvändning.  

I detta examensarbete undersöks olika sätta att styra elektrokroma fönster med hjälp av 

simuleringsprogrammet IDA ICE 4.5. I simuleringsprogrammet designas och konstrueras 

anpassade styrningar för fönstren som sedan jämförs med den inbyggda funktionen för 

fönsterstyrning.  

Efter simuleringarna kan det utläsas att den inbyggda fönsterstyrningsfunktionen i många 

fall kan antas vara tillräcklig för energisimuleringar. De designade styrningarna med 

ytterligare inställningsmöjligheter visade sig ha liten inverkan på byggnadens 

energianvändning. De inställningar som visade sig ha betydelse var fönstrets egenskaper 

(hur ljust eller mörkt det kan bli) samt vilken parameter man väljer att styra efter.  

Något som inte går att simulera i det aktuella simuleringsprogrammet är visuell komfort 

för de som är i rummet. Eftersom den visuella komforten är en av de stora säljpunkterna för 

elektrokroma fönster så kan det vara intressant att genomföra simuleringar på detta och 

inkludera det när man bestämmer hur de elektrokroma fönstren skall styras.   
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1. Introduction 

The building sector is one of the biggest users of energy in modern society, using energy for 

heating, cooling and electricity. In office buildings, where windows take up a large part of 

the façade, the performance of the windows has a significant impact on the building’s indoor 

climate. Even more so since architects rarely allow exterior solar shading devices. The 

common solution in these cases is to use venetian blinds. These are useful for blocking 

direct sun and preventing glare for the occupants. However, they also have the great 

drawback of interrupting the exterior/outside view. Studies have shown that users are 

conservative in adjusting the blinds other than upon arrival [1]–[3]. A means of automatic 

control is therefore often desired. It is possible to control the blinds with an electrical motor 

but this does not resolve the issue of the blinds disrupting the outside view. Electrochromic 

windows are an attempt to overcome these limitations. An electrochromic window can be 

described as a battery, when it is charged the window is tinted dark and when it is 

discharged it turns clear and allows a higher light transparency [4]. These windows have 

been shown to improve energy efficiency in buildings, depending on the control scheme used 

[5], [6]. An important part of integrating this technology in future building projects is to 

make it easier to simulate it, using simulation software familiar to the industry. Most 

simulation software for buildings has options for simulating windows, but since windows 

are traditionally static in their optical properties, such settings are usually more difficult to 

change dynamically. With the requirements that currently exist in Sweden on the specific 

energy usage and indoor climate in buildings, having reliable simulations becomes a 

necessity [7]. 

This thesis formulates control algorithms for chromogenic windows and implements the 

algorithms in IDA ICE version 4.5, thus exploring simulation of electrochromic windows in 

the IDA ICE simulation software. The methodology consists of constructing control 

algorithms and generating simulations comparing electrochromic windows versus regular 

windows on a reference building. Variable parameters in the algorithm are explained and a 

simulated comparison between different controls is presented. 

This thesis examines if the built in window controls in IDA ICE need to be more adaptable 

to accurately simulate chromogenic windows. Possible versions of more adaptable control 

algorithms are constructed and explained. 

This thesis is made with the guidance of PQR Consult AB.  

1.1. Purpose 

This thesis aims to examine if the IDA ICE software can be used to simulate control 

strategies of electrochromic windows, when simulating a building’s energy usage. 
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Furthermore, a built-in control algorithm is compared to custom designed algorithms to 

examine if custom algorithms are required for accurate simulations.  

2. Theory 

This section present the basics of how window performance is measured and other concepts 

needed for understanding the rest of this thesis. 

2.1. Technical properties of windows  

A window’s performance is measured using a number of parameters including: U-value, g-

value and Tvis. The U-value is most important when it comes to energy performance. The U-

value is measured in W/(m2K) and describes the heat loss through a homogenous surface. 

The U-value is an overall heat transfer coefficient, meaning a higher value indicates greater 

heat losses through that surface [8], [9]. 

A commonly accepted term in Europe to describe the solar energy transmittance through a 

window is the g-value, which ranges from 0 to 100%. A low g-value indicates that less solar 

energy is transmitted through the window [9].  

The variable Tvis represents the transmitted light in the visual spectra and ranges from 0 to 

100%. A higher value is generally desired as this increases the daylight admittance. In some 

cases a lower value must be chosen since too much contrast can hinder work with computer 

monitors [9], [10]. 

2.2. Windows and a building’s energy balance  

A building’s windows are its weakest point of insulation against the external climate. It has 

been shown that window parameters such as shading coefficient, window to wall ratio and 

U-value have “significant influence on annual building energy consumption” [11]. Due to 

high investment costs, windows are generally only replaced at the end of their life span or 

while making other major renovations. Thus the choice of window becomes a tradeoff 

between energy efficiency and cost. When choosing a window it is a great asset to have 

reliable simulations to estimate eventual energy savings to weigh into the economic 

calculations.  

2.3. Visual comfort 

Windows provide an external view as well as allowing sunlight to light up the interior of the 

building. Windows are usually seen in terms of energy performance, but when handling a 

window as a light source, design parameters such as visual comfort get a more prominent 
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role. Visual comfort or visual performance does not have an official definition, but the terms 

are used to define the subjective experience of people viewing a scene. The visual comfort or 

visual performance is subjective, but usually include parameters such as glare, shadows and 

line of sight among others. Glare generally being one of the most common reason for visual 

discomfort. As of yet, there is no universal way of measuring glare from daylight, but there 

are a number of indexes that can be used. One of them is the daylight glare evaluation or 

DGE. DGE is a measurement of the perceived discomfort due to direct sunlight [12]. DGE 

calculations require detailed information about the workplace environment, which is not 

available for this thesis. Other, more positive parameters of the visual comfort are also 

difficult to quantify and therefore are not discussed further in this thesis. For example, the 

potential benefit to the visual comfort by an unobstructed view through the office windows 

[13].  

2.4. Operative temperature 

The operative temperature is, approximately, the average of the air and mean radiant 

temperatures [14]. Important to note is that in summer the operative temperature tends to 

be higher than the mean air temperature and the reverse is true in winter. This is because 

the operative temperature describes the perceived temperature for an occupant. In the 

summer the sunlight through the window makes the room appear warmer than the 

measured temperature. In the winter, cold surfaces such as a window make the room feel 

colder by the same reasoning. 

2.5. Sunlight and sensors 

There is an important distinction between direct and diffuse solar irradiance. Direct solar 

irradiance is a measure of the direct beam solar intensity hitting a plane perpendicular to 

the beam. Diffuse solar irradiance is a measure of the solar intensity hitting a horizontal 

plane after being scattered in the atmosphere. When measuring the diffuse solar intensity, 

the direct beam from the sun is blocked. The term global radiation includes both direct and 

diffuse solar intensity hitting a horizontal plane. Different sensors are used depending on 

what is measured [15]. 

2.6. Chromogenic windows  

Chromogenic refers to the ability to vary the throughput of visible light and solar energy 

through a window. This means changing the Tvis and the g-value, (the U-value is not 

altered). The term chromogenic includes a number of sub-categories, which include 

photochromic, gasochromic, electrochromic, and thermochromic [16]. Photochromic means 

that the device reacts to the intensity of the light hitting the active material. Gasochromic is 

when reducing or oxidizing gases interact with the material to change its transmittance. 
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Electrochromic is when the transmittance is varied due to an applied voltage or current to 

the active material. Thermochromic is when the active material is sensitive to temperature 

and changes transmittance with varying temperature. Out of these four, the electrochromic 

windows provide the greatest versatility and thus the greatest potential in energy savings 

for window applications. Therefore this thesis focuses on the simulation of electrochromic 

windows. The construction of products with these properties has been under development 

for many years, but only in recent years have products started to be produced commercially. 

Electrochromic devices are currently utilized in the passenger windows in the Dreamliner 

aircraft and premium car rear view mirrors among others. 

2.6.1. Electrochromic windows 

There are different ways to achieve the electrochromic ability. One of the more well-known 

techniques relies on transitional metal oxides, specifically tungsten trioxide. As a thin film, 

tungsten trioxide is transparent, but after electrochemical reduction the electrochromic 

effect is produced.  

Figure 1 shows a cross-section of an electrochromic device using tungsten trioxide. When a 

voltage is applied to the transparent conductive oxide layers in the device, ions (lithium and 

hydrogen) move into the tungsten trioxide layer, the combination of which produces a blue 

tint. If the voltage is reversed the ions move back to the counter-electrode and the window is 

bleached.  

 

 
Figure 1: A cross-section of an electrochromic window device. The layers between the glass panes are in 

combination less than a millimeter thick and transparent [17]. In a three pane window construction this picture 

represents one of the panes, the other two panes would only be made of glass.  
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There are many different materials and reactions that can be used to create a similar 

device, some examples are prussian blue, viologens and many different polymers [9], [18]. 

The electrochromic layer needs electrical power to change its tinting state. The power 

supply is connected to the transparent conductive oxide layers at the edges of the frame to 

not obstruct the view. The windows can be wired to a control unit, enabling simultaneous 

control of multiple windows. The tinting and bleaching of this type of electrochromic window 

is not instantaneous. The windows on the market today, (in 2013) are often advertised as 

taking from 3 minutes to 10 minutes, or more to tint. This depends on the weather 

conditions and pane size [19]. The bigger and colder the window is, the slower the change of 

tint.  

2.7. Control strategies for electrochromic windows   

In studies that analyze the performance of an electrochromic glazing, the final evaluation is 

often carried out by a cohort that compare the experience of a room with standard windows 

and a room with the electrochromic windows [20]. Some of these studies couple the 

electrochromic glazing with other installations, such as anidolic systems and electrical 

lighting. The general conclusion is that the technology is promising when the windows are 

adjusted in relation to the indoor illuminance [21]. In one study the optimal solution was to 

divide the window into two parts, the upper part was used to let sunlight into the room and 

the lower part equipped with electrochromic windows was used for glare control [22]. Yet 

another study highlights the importance of occupancy detection, so the windows can operate 

energy efficiently when the room is unoccupied [23]. The use of electrochromic windows 

provides the opportunity to control the window as well as the electric lighting. Studies have 

shown that energy usage decreases when control of the electric lighting is integrated with 

the window control, so that the electrical lights are turned off when enough light comes in 

through the windows [22]. 

According to producer websites, the windows can be operated automatically or manually 

with an override. The commercially advertised control solution is either a button that 

activates the windows at the user’s discretion or a window control that is integrated in the 

building’s control systems so the window control becomes automatic. Light sensors can be 

integrated into the window’s frame enabling this automated control. The control system 

includes tools for managing glare and daylight based on occupancy, light levels or building 

automation system settings, the latter is designed to control a building’s lighting and 

climate. [24], [25]  

In discussions with an emerging electrochromic window producer, control strategies using 

daylight at workplane, operative temperature and sunlight hitting the façade are considered 

interesting when controlling electrochromic windows. Furthermore, if the automatic control 

is done right the manual control might be unnecessary [13]. This reasoning has been a 

starting point when designing the custom control algorithms in this thesis.  
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2.8. IDA Indoor Climate and Energy 4.5 

IDA Indoor Climate and Energy, (IDA ICE), is a detailed and dynamic simulation software 

for simulating a building’s annual power and energy needs. The software can be used to 

calculate the thermal indoor climate, CO2 levels, moisture content etc. The software is 

capable of multi zone calculations with heat and mass transfers between multiple zones. A 

novel feature of the IDA ICE software is the ability for the user to create custom algorithms 

for simulations [26], [27].  

3. Method 

This section present the algorithms used to control the simulated windows as well as other 

relevant simulations parameters. 

3.1. Using IDA ICE 4.5  

IDA ICE was selected for this thesis as it is widely used as an industry standard when 

simulating building indoor climate and energy characteristics. IDA ICE works with 

different zones inside the building in which the user can specify parameters of components. 

Detailing the entire IDA ICE software is beyond the scope of this thesis, therefore only 

aspects deemed necessary to understand the simulations are explained. For example, the 

zones have two temperature setpoints, one for when to start heating and one for when to 

start cooling. There is also a feature that lets the user define custom controls for the 

windows’ shading devices. This feature is used in this thesis. Without creating customized 

shading control there is the option of using one of the built-in algorithms in IDA ICE. These 

are called Schedule and Light and schedule. Here, the Light and schedule control is, to some 

extent, used to validate the custom made algorithms. When creating custom control 

algorithms it is possible to use references to most of the variables that the program uses for 

its simulations. For example, it is possible to use the variable describing the direct radiation 

intensity hitting a specific façade when building a custom algorithm.  

Important parameters when implementing electrochromic windows in IDA ICE are the 

window’s performance parameters and the intervals within which the window can operate. 

The tinting speed, i.e. the time it takes for the darkening and bleaching of the window, is 

also an important parameter. The window performance data are presented in Table 1 in 

section 3.3.2 Window parameters. 

In IDA ICE, the window performance parameters U-value, g-value and Tvis are defined as 

parameters in a window module. Since the g-value and Tvis parameters of the window are 

defined by intervals, a shading device module is defined with constants that are multiplied 

with the window module. When this shading device is activated with a shading signal, the 

window parameters are multiplied with the constants in the shading device as well as the 
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shading signal. For example, the g-value’s interval is from g_dark to g_clear. The window is 

given the default value g_clear and the shading device is defined as g_dark/g_clear. The 

shading device reacts to a shading signal (which has an interval from 0 to 1). If the shading 

signal is 1, mathematically the window’s default g_clear is multiplied by 1*g_dark/g_clear. 

The resulting g-value for the window and the shading device is g_dark.  

For an electrochromic window the transition from clear to dark is not instantaneous. For 

these simulations a linear transition is assumed. To adjust the speed of this simulated 

transition a converter is used in the custom algorithms. The converter works in unit per 

seconds, so for example a 20 minute transition translates to 1/(20*60)=1/1200 [unit/s]. 

Figure 2 shows a graph of how the g-value reacts to the shading signal.  

 

Figure 2: A schematic figure showing the window’s g-value plotted together with the shading signal. 

3.2. Control strategies and algorithms 

The goal of any control strategy is to keep the sun out when it is not needed and still let in 

enough light to provide natural light and visual comfort for the occupants. To choose the 

appropriate parameters and to establish thresholds for activating the darkening of the 

windows are difficult tasks. It becomes increasingly difficult when trying to find a balance 

between energy efficiency and visual comfort for the occupants. A number of possible control 

algorithms are presented and implemented in the IDA ICE software. Finding the optimal 

control strategy is a very complex task and the ones presented in this thesis only serve as 

starting points for further simulations.  

When simulating the operation of the windows it is desirable to mimic the real control of the 

windows as accurately as possible. A challenge in this thesis is that a real control is not 

specified. Thus, the process of creating the control algorithms is based on literature studies 
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and trial-and-error. In discussions with an emerging electrochromic glass film producer [13], 

who had not yet decided on a control algorithm, a set of starting points for the control 

algorithms were established. These starting points are: 

 daylight level at workplane,  

 sunlight on façade,  

 operative temperature and  

 manual control.  

Furthermore, settings such as tinting speed, tinting levels and limiting the number of cycles 

were also of interest as well as combining multiple algorithms and using different variables 

simultaneously [13].  

When using a variable such as the daylight level at the workplane, oscillating control 

signals might occur. This is due to the direct effect the shading device has on the controlling 

variable. To avoid oscillations, the options are to either avoid variables directly affected by 

the darkening of the window or to use a dynamic control of the tinting and not a step based 

control.  

Since IDA ICE 4.5 cannot use stochastic variables to simulate manual control, a schedule 

control is implemented. This enables a schedule to control if the automatic control should be 

overridden at any point in time. This schedule has to be created before any simulation and 

tailored to the specific conditions of the zone in the building.  

3.2.1. “Schedule” a built in algorithm in IDA ICE 4.5 

The Schedule algorithm uses a schedule file to determine what shading signal to send to the 

windows. The schedule file contains values between 0 and 1 for all times of the day. The 

default step size is 0.25 but this can be modified. A schedule smoothing is applied by default 

and set to 1 hour. This means that the software can automatically smooth out the schedule 

signal with +-1h of the actual schedule. For example an actual on-signal at 08:00 with +-1h 

smoothing means the software can activate the shading at 07:00 and the shading only has 

to reach 100% at 09:00. The schedule smoothing can be adjusted or set to zero. The schedule 

smoothing is a part of the IDA ICE software and would not need to be used when creating 

an actual control for an electrochromic window.  

3.2.2. “Light and schedule” a built in algorithm in IDA ICE 4.5 

The Light and schedule algorithm does two things, first it checks if the active schedule is on 

or off. A schedule signal of 0.75 or above is considered as on and a schedule signal below 

0.75 is considered as off. Schedule smoothing, (explained previously), applies here as well. 

Secondly, a comparison between the global radiation intensity coming through the current 

window and a user defined threshold is carried out. If the intensity is higher than the 

threshold the shading device is fully activated. Since the measurement/calculation is taken 
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on the inside of the window any shading of the window would directly affect this value, 

resulting in oscillating control signals. To prevent oscillating control signals, the creators of 

the algorithm designed a special variable to be used in this specific case. For this variable 

the radiation through the window is calculated as if the shading device does not exist. 

Unfortunately this variable cannot be used for creating custom algorithms. Adjustable 

parameters for the light and schedule algorithm are the threshold and the schedule file.   

3.2.3. “Schedule, façade and window” a custom algorithm 

The Schedule, façade and window algorithm is created specifically for this thesis. In some 

aspects it is modeled after the Light and schedule algorithm explained in the previous 

section. The Schedule, façade and window algorithm uses the schedule file to determine if 

automatic or manual/schedule control should be used, see Figure 3. The manual/schedule 

part of the algorithm uses the schedule file to set the shading. The automatic part of the 

algorithm takes a measurement outside of the window containing the global radiation and 

also measures the direct radiation on the facade. In the software these properties are 

measured on different locations, however, in reality the same location can be used. These 

measurements are compared to user defined thresholds. Checking the façade stops the 

algorithm from activating the windows when there is only diffuse radiation hitting the 

window, as might be the case on a cloudy day. 

The settings that differentiate the custom Schedule, façade and window algorithm from the 

built-in Light and schedule algorithm are:  

 using the global radiation outside of the window,  

 checking the direct radiation hitting the façade, so the windows are not activated by 

diffuse radiation alone, 

 the ability to use the schedule to choose between automatic or manual/schedule 

control of the windows (0, 0.5 and 0.75 corresponds to manual settings of shading, 1 

corresponds to automatic control), 

 one additional level (50 %) at which the automated control can set the window, 

resulting in the three levels 0 %, 50 % and 100 % shading and 

 the speed for the darkening/bleaching of the window can be defined with more 

accuracy than when only using the schedule smoothing. 

Adjustable parameters for the custom algorithm are the schedule file, the two thresholds for 

the total radiation on the window, the threshold for the direct radiation on the façade and 

the speed of the darkening/bleaching of the window. 

The Schedule, façade and window algorithm is constructed in multiple levels. Figure 3 

shows a flowchart of the top level in the algorithm. The schedule signal decides if the façade 

and window block or the schedule block is used, shown separately in Figure 4 and Figure 5. 

If the schedule signal is below a threshold, the schedule block, shown in Figure 4, is used. If 

the schedule signal is above the threshold, the façade and window block, shown in Figure 5, 
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is used. The schedule signal is provided by the user and for the simulations in this thesis it 

will constantly be above the threshold to enable automatic control. The converter in Figure 

4 and Figure 5 governs the speed at which the shading is activated, see Figure 2. The 

Schedule, façade and window algorithm is step based and can set the shading signal to 0, 

0.5, 0.75 or 1. See appendix Algorithms in IDA ICE for pictures showing these algorithms as 

they are implemented in IDA ICE. 

 

 

Figure 3: In the Schedule, façade and window algorithm. The schedule signal is used to decide if the schedule 

control or the façade and window control is used. A schedule signal of 1 result in the façade and window control 

being used. A schedule signal < 1 result in the schedule control being used. 

 

 
Figure 4: In the Schedule, façade and window algorithm, the schedule part of the algorithm. Depending on the 

value of the schedule signal the output is 0, 0.5 or 0.75. The converter is only changing the speed at which the 

signal is changing.  
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Figure 5: The Schedule façade and window algorithm, the façade and window part of the algorithm. The 

radiation on the façade has to exceed its threshold at the same time as the total radiation on the window exceeds 

one of its thresholds. The output is 0, 0.5 or 1.  

3.2.4. “Operative temp” a custom algorithm  

The Operative temperature algorithm compares the operative temperature in the zone to a 

user defined threshold to control the electrochromic windows, see Figure 6 for a flowchart of 

the algorithm. The threshold is set in relation to the cooling setpoint of the zone. The user 

can define at how many degrees below the cooling setpoint the windows should activate. 

This means that the window will be dark when the temperature exceeds the threshold. This 

algorithm is step based and can set the shading signal to 0 or 1. This is the most basic 

version and it can be combined in a similar way as seen in the Schedule, façade and window 

algorithm. 
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Figure 6: The Operative temperature algorithm. If the operative temperature exceeds its threshold the shading 

is activated. The output is 0 or 1. 

3.2.5. “Workplane” a custom algorithm  

The Workplane algorithm uses the illuminance at the workplane to control the shading of 

the window. To avoid the shading signal oscillations mentioned before, this algorithm is not 

step based like the previous algorithms. Instead it is controlled dynamically with a 

proportional-integral controller (PI-controller) and the shading signal can be anywhere in 

the interval from 0 to 1. The converter seen in previous custom algorithms is not needed 

when the PI-controller is used, see Figure 7. 

 

Figure 7: The Workplane algorithm. The PI-controller attempts to limit the workplane illuminance to the 

desired level by activating the shading. The output is in the interval [0, 1]. The converter is not needed for this 

implementation. 

3.3. Simulation parameters 

This section presents the reference building, window parameters and relevant simulation 

parameters for the control algorithms. 
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3.3.1. Reference building 

The same reference building is used as in the paper by Poirazis et al. It is a 6 storey 

building totaling 6177 m2 of floor area with open plan offices and the building has an 

average U-value of 0.39 W/m2K and a total window area of 31 % of the facades [28]. The 

reason only three storeys are shown in Figure 8 is that there are three more storeys 

assumed to be identical to the first. The total energy usage of the building is calculated by 

multiplying the first storey by 4 and adding on the two remaining storeys. This is done in 

the background in IDA ICE [28]. Each office area is represented as an individual zone in 

this model. Parameters, such as daylight illuminance and temperature, are calculated on a 

zone to zone basis during simulation. Changes made to the model for use in this thesis 

include: moving two doors to enable simulation in the current version of IDA ICE, turning 

the schedule smoothing to zero and changing all the windows and shading devices to reflect 

the simulated windows. The climate used for the energy usage simulations is for the 

Stockholm/Arlanda area in Sweden.  

 
Figure 8: Three out of the reference building’s six storeys, as they are represented in IDA ICE 4.5. 

3.3.2. Window parameters 

SAGE and EControl are two of the companies producing and selling electrochromic 

windows. The performance of the windows can be seen in Table 1. The first column in Table 

1 has an interval for the U-value. This is because the blinds change the U-value, something 

that the electrochromic layer does not. U-values around 0.5 are particularly low which 

might indicate that these windows have a low-e coating. For a real world scenario, the 

blinds are assumed to be controlled by an electric motor that adjusts the angle of the blinds, 

to either zero or 45 degrees.  
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Table 1: Window performance parameters 

 Regular window + blinds. Based on a 

triple pane electrochromic window 

from EControl (untinted) [29] using 

white blinds between panes (open or 

angled at 45 degrees) calculated with 

Parasol [28] 

Triple pane 

electrochromic 

window from 

EControl [29] 

Triple pane 

electrochromic 

window from 

SAGE [30] 

U-value 

[W/m2K] 

0.45-0.5 0.5  0.8  

Tvis-interval 0.11-0.48 0.13-0.48 0.03-0.52 

g-interval 0.14-0.33 0.09-0.33 0.05-0.38 

Bleached to 

tinted state 

[minutes] 

Not applicable 15-20   3-10+  

Energy 

requirement for 

one cycle 

[Wh/m2] 

Not available <0.5  Not available 

3.3.3. Setpoints and thresholds  

The built-in Light and schedule algorithm in IDA ICE 4.5 has a default setpoint for 

activating the shades at 100 W/m2 of global radiation. This level is used in the simulations 

utilizing the Light and schedule algorithm. 

The World Meteorological Organization (WMO) has set the official level of sunshine to 120 

W/m2 of direct solar radiation [31]. 50 W/m2 direct solar radiation and about 450 W/m2 global 

solar radiation are levels at which subjects prefer to have blinds lowered in a study carried 

out by Reinhart and Voss [2]. For the Schedule, façade and window algorithm three 

thresholds are used. The first is set to 50 W/m2 for direct solar radiation hitting the façade. 

This needs to be fulfilled if any shading signal is to be sent. The two remaining thresholds 

are for the global solar radiation hitting the window, 225 W/m2 for 50 % shading and 450 

W/m2 for 100 % shading.  

The threshold for the Operative temperature algorithm is set to 0.5 degrees below the 

cooling setpoint for the zone. This is chosen after trial and error and with respect to the 

reference buildings standard setting for the cooling setpoint of the zones (24.5 °C). The 

cooling setpoint is the temperature at which the cooling units are activated. 

For the Workplane illuminance algorithm the recommended illumination for a typical office, 

(500 lux), is used as a setpoint for the control [32]. 
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4. Results  

This section presents how the algorithms function. It also presents the energy usage of the 

reference building while using the various control algorithms/strategies. A sensitivity 

analysis of the custom designed algorithms is also presented.  

 Seven main full year simulations were carried out.  

 Regular windows with blinds controlled with the Light and schedule algorithm 

 Electrochromic windows Always on (tinted)  

 Electrochromic windows Always off (untinted)  

 Electrochromic windows, controlled with Light and schedule  

 Electrochromic windows, controlled with Schedule, façade and window   

 Electrochromic windows, controlled with Operative temperature  

 Electrochromic windows, controlled with Workplane illuminance 

4.1. The algorithms in detail 

The details of how the algorithms work in the control strategies is presented in this section. 

In the figures in this section the shading signal is overlaid on the controlling variable and 

threshold for the algorithms. The shading signals presented are purely variables for the 

simulation and should not be confused with the actual electrical signal that would be 

applied to an electrochromic window. The figures in this section all show simulations of the 

same day (2013-07-15, the default simulation day in IDA ICE) and the same window (on the 

east façade).  
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Figure 9: The Light and schedule algorithm that was built into IDA ICE. The shading signal indicates when the 

shading is activated.  

Figure 9 shows the Light and schedule algorithm in use. This algorithm measures the 

radiation coming through window and compares this to a user specified setpoint (by default 

100 W/m2).  The shading is activated when the measurement exceeds the threshold. The 

shading signal is overlaid to show when the simulated windows would be tinted. The delay 

seen between the shading signal and when the sun intensity actually exceeds the threshold 

is because of the coarse control resulting from the use of schedule smoothing in this 
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algorithm.  

 

Figure 10: The custom made Schedule, façade and window algorithm. The shading is activated when the direct 

solar radiation on the façade exceeds 50 W/m2 and at the same time the light intensity on the window is greater 

than 225 or 450 W/m2 global radiation.  

The Schedule, façade and window algorithm is shown in Figure 10. This algorithm is using 

sunlight at the façade and window as input (the schedule signal is 1, granting automatic 

control). The two measurement signals are; the direct radiation hitting the façade and the 

global radiation hitting the outside of the window. Both the radiation on the façade and the 

radiation on the window have to pass the thresholds for the shading to activate. The global 

radiation hitting the window has two thresholds enabling 100 % or 50 % shading depending 

on what threshold that is reached. The radiation on the façade has to be above its threshold 

for the shading to activate, regardless of the global radiation on the window. If the façade 

control would be removed the shading signal would be sent for a longer period on this 

simulated day. 
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Figure 11: The Operative temperature algorithm. The shading signal indicates when the shading is activated. In 

the middle of this simulated day the shading signal is oscillating using this control algorithm. 

Figure 11 shows the Operative temperature algorithm. The “dip” in the operative 

temperature seen in the middle of the day is due to the occupancy schedule and usage 

schedule for equipment is set to zero during lunch. The shading signal shows some slight 

oscillations during the middle of the day. 
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Figure 12: The Workplane algortihm. The shading signal indicates when the shading is activated. 

Figure 12 shows the Workplane algorithm in use. The figure shows that the measured light 

level at the workplane is kept at the threshold by a dynamic adjusting of the shading signal. 

For a large part of the day the light level at the workplane greatly exceeds the threshold. 

This means that even with the windows fully tinted the sun is shining too brightly for the 

workplane illuminance to be limited to 500 lux. 

4.2. Energy usage during one year 

Figure 13 shows the energy used for heating and cooling during one year for the different 

cases. Energy usage for the air handling unit (AHU) is omitted here since the variations 

were at the most a couple of hundred kWh per year for the different cases, see Figure 14 

and Figure 15 for the zone cooling and zone heating energy requirements separately. For 

the total energy usage in the zones, including the AHU, see appendix Total energy usage 

results. The Regular window + blinds-simulation in Figure 13, Figure 14 and Figure 15 is 

the standard reference case. In the reference case the blinds are controlled with the built-in 

Light and schedule algorithm. Figure 13 shows that energy for zone cooling tends to 

increase when the energy for zone heating decreases, resulting in the total energy usage 

remaining relatively unchanged. Figure 13 shows that the Always on strategy results in less 

total energy usage then the Always off strategy and that Operative temperature resulted in 

the lowest energy usage. 
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Figure 13: The used energy for heating and cooling the building. The different control strategies for the windows 

are presented.  
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Figure 14: Energy used for zone cooling in the reference building.  

 

Figure 15: Energy used for zone heating in the reference building. 

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

Energy used for 
cooling 
[kWh] 

Control strategy 

0

20000

40000

60000

80000

100000

120000

140000

Energy used for 
heating 
[kWh] 

Control strategy 



Uppsala University, 2013 

4-22 

Always on is the extreme case when the electrochromic windows are activated at all times, 

resulting in a minimized zone cooling. Always off is the opposite, when the electrochromic 

windows are deactivated at all times, resulting in a minimized zone heating. Light and 

schedule and Schedule, façade and window are indistinguishable in Figure 13, Figure 14 

and Figure 15. The settings in Schedule, façade and window are examined in the sensitivity 

analysis.  

When presenting the results, energy flows through system components can be divided into 

when the building is heated or cooled. The cooling state amount to the hours of the year that 

cooling is required and vice versa for the heating state. Figure 16 and Figure 17 show a 

breakdown of the energy flows during the heating and the cooling states. The different posts 

indicate where energy is gained or lost. A positive post indicates there is an energy flow in, 

a negative post indicates that there is an energy flow out. In Figure 16, heating state, a 

positive post is preferable. In Figure 17, cooling state, negative posts are preferable. 

 

Figure 16: This figure shows the energy flows during heating hours. Positive values are advantageous. 
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Figure 17: This figure shows energy flows during cooling hours. Negative values are advantageous.  
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Figure 18: Energy flow through windows during heating hours. Positive values are advantageous. 

In Figure 19, Always on and Operative temp both have negative values for the energy flow 

through the windows. The negative value means there is a net energy outflow through the 

windows. Since this is during cooling, a negative value means less energy is needed for 

cooling, which is preferable. The cooling state is mostly during the summer and sunlight 

should then be blocked to decrease the cooling load. The control strategies Always on and 

Operative temp have the electrochromic glazing in its tinted state to such an extent that 

more energy is flowing out through the window than is gained by sunlight. For the other 

control strategies there are net inflows of energy from the windows which has to be cooled 

by the local cooling units, see Figure 19. 

 

Figure 19: Energy flow through windows during cooling hours. Negative values are advantageous. 
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Looking at a monthly breakdown of the used energy in the zones, it is clear that the energy 

usage during the summer is much less than during the winter. The summer is also 

dominated by energy used for cooling and the winter is dominated by energy used for 

heating, see Figure 20 and Figure 21 for used energy with the Always on and the Always off 

strategies.  

 
Figure 20: This simulation is using the Always off strategy. Used energy in the zones is shown for every month 

in the year. 

 

Figure 21: This simulation is using Always on strategy. Used energy in the zones is shown for every month of 

the year. 
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would increase significantly. Since chromogenic windows affect the amount of sunlight 

coming into the zone, when comparing the results, the greatest difference can be seen in the 

summer months when overheating due to sunshine is most likely to occur. 

0

5000

10000

15000

20000

25000

30000

1 2 3 4 5 6 7 8 9 10 11 12

En
e

rg
y 

u
se

d
 [

kW
h

] 

Month 

Zone heating Zone cooling

0

5000

10000

15000

20000

25000

30000

1 2 3 4 5 6 7 8 9 10 11 12

En
e

rg
y 

u
se

d
 [

kW
h

] 

Month 

Zone heating Zone cooling



Uppsala University, 2013 

4-26 

4.3. Sensitivity analysis 

In this section the various settings in Schedule, façade and window are varied to find out if 

they are a necessary addition for accurate simulations of energy usage in a building. The 

electrochromic window’s impact on the operative temperature in a zone is also examined. 

4.3.1. Schedule, façade and window 

The speed setting governs the speed at which the windows can adjust from fully bleached to 

fully tinted. For the regular simulations it is set to 20 minutes, according to window 

performance data from EControl (see Table 1). 

The tinting speed was set to 5 minutes as well as 60 minutes to examine the difference in 

energy usage for the building.  

Table 2 shows that there is almost no difference in used energy when the tinting speed is 

varied, only a marginal reshuffling of the used energy from zone heating to zone cooling. 

Zone cooling is increasing with 0.3 % and zone heating is decreasing with 0.08 % when the 

tinting speed is increased from 5 to 60 minutes. 

Table 2: Difference in energy used between 5 minutes and 60 minutes tinting speed. 

Used energy for 60 minutes - used energy for 5 minutes [kWh]  

Month Zone heating Zone cooling AHU heating AHU cooling 

1 -6 1 -32 0 

2 -2 3 -13 0 

3 -19 10 36 0 

4 -15 29 -14 0 

5 -7 41 2 0 

6 -5 21 4 1 

7 -2 30 1 -3 

8 -3 24 -1 -2 

9 -2 24 -7 0 

10 -2 8 -2 0 

11 -17 3 -17 0 

12 -13 2 3 0 

Total -92 196 -39 -4 

 

In Figure 22 the thresholds for the tinting of the window is lowered to 120 and 60 from the 

original 450 and 225 W/m2, see 3.3.3 Setpoints and thresholds. Figure 22 shows that while 

the zone heating is increased slightly, the zone cooling is decreased, giving a slight net 

decrease in energy usage. This decrease can be expected since the windows would be tinted 
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at lower sun intensity. See Table 3 and Table 4 in appendix Results for sensitivity analysis 

for detailed energy usage results.  

 

Figure 22: Used energy with normal and with low thresholds for the Schedule, façade and window control 

strategy. 

As seen in Figure 10 (4.1 The algorithms in detail), the criterion that direct sunlight has to 

hit the façade is greatly affecting the behavior of the tinting of the window. For the 

sensitivity analysis the façade criterion is removed and the results can be seen in Figure 23. 

This modification increase the time that the windows are in a darkened state since only the 

thresholds for the windows need to be fulfilled, see Figure 10. As seen in Figure 23, the 

change had little or no effect on the building’s energy usage. 

 

Figure 23: Used energy with and without the direct sunshine on the façade criterion. 
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Figure 24: The energy usage when changing the window type. 

The results of changing the window type used from EControl to SAGE are shown in Figure 

24. The figure shows that the windows from SAGE results in higher energy usage for both 

cooling and heating. See Table 1 for the window performance parameters. 

4.3.2. Operative temperature in a zone 

Using a measurement that is affected by the tinting of the windows can cause oscillations in 

the shading signal. Therefore, the operative temperature is shown in Figure 25 and Figure 

26 with the electrochromic windows turned on and off to illustrate how much the operative 

temperature is affected. The temperatures in one of the zones are shown with the 

electrochromic windows turned on in Figure 25 and turned off in Figure 26. When the 

windows are turned on in Figure 25 the temperatures in the zone are lowered and the 

operative temperature follows the air temperature closer than in Figure 26 when the 

glazing is turned off. 
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Figure 25: Air temperature and operative temperature with the glazing in the "on" setting.  

 

Figure 26: Air temperature and operative temperature with the glazing in the “off” setting. 

23

23,2

23,4

23,6

23,8

24

24,2

24,4

24,6

0 4 8 12 16 20 24

D
e

gr
e

e
s 

[C
] 

Hour of the day 

Mean air temperature [C] Operative temperature [C]

23

23,2

23,4

23,6

23,8

24

24,2

24,4

24,6

24,8

0 4 8 12 16 20 24

D
e

gr
e

e
s 

[C
] 

Hour of the year 

Mean air temperature [C] Operative temperature [C]



Uppsala University, 2013 

5-30 

5. Discussion 

The choice was made to place the electrochromic windows on all facades, even the one facing 

north. On the north façade the radiation from the sun is rarely intense enough for the 

shading to activate. In contrast when using the Operative temperature or the Workplane 

illuminance control, then all of the windows in that zone are controlled simultaneously, 

regardless of which façade they are on. This might not be desirable, so for this climate and 

location the northern façade could be equipped with regular windows or use less aggressive 

thresholds for activating the shading. When choosing the setpoints and thresholds to use in 

this thesis the aim was to explore the possibility for simulations without focus on 

minimizing energy usage. So even though most of this discussion addresses energy usage 

the controls have not been optimized. 

This thesis simulated seven control scenarios; the built-in Light and schedule (used for two 

different simulation), On, Off and the three custom designed algorithms Schedule, façade 

and window, Operative temperature and Workplane. The results in Figure 13 (4.2 Energy 

usage during one year) demonstrate that the custom Schedule, façade and window yields 

similar results to the built-in Light and schedule control. This similarity is not coincidental; 

the custom algorithm was created as closely as possible to the built-in algorithm while at 

the same time including additional settings. The Operative temperature and Workplane 

algorithms were examples of controls designed using completely different variables and 

these control strategies resulted in lower energy usage, seen in Figure 13. 

The simulations conducted in this thesis show that the electrochromic windows are better 

from an energy usage perspective than windows with similar properties but using blinds, 

see Figure 14 (4.2 Energy usage during one year) and compare Regular window + blinds and 

Light and schedule. This can be explained by the lower g-value for the electrochromic 

window that is not using blinds, see Table 1 (3.3.2 Window parameters).  

The different control strategies in Figure 13 are expected to end up somewhere between the 

extreme cases of Always on and Always off, but results show that the Operative 

temperature control strategy uses slightly less energy than the Always on control strategy. 

An explanation for this is that the Operative temperature control lets in some more light 

than having the windows dark at all times. Some of this extra energy from the sun becomes 

useful energy when it does not contribute to overheating of the zones. We can see clearly in 

Figure 14 that the zone cooling is larger for Operative temperature than for Always on. On 

the other hand in Figure 15 the zone heating is smaller for the Operative temperature than 

for Always on. When seen together in Figure 13 the Operative temperature uses less energy 

than the Always on strategy. This interaction between zone cooling and zone heating can be 

observed in the other control algorithms as well. So for a future energy minimizing 

optimization of the control algorithm it is plausible that the total energy usage is lower than 

for the Always on control strategy.  
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Electrochromic windows have the biggest impact on the energy usage during the summer 

when overheating occurs due to too much sunlight through the windows. This is clearly 

shown in Figure 21 and Figure 20. This indicates that electrochromic windows should have 

greater potential for energy savings in a sunnier climate.  

From an energy perspective, the Operative temperature control is demonstrated as the best 

alternative. It is, however, important to keep in mind that none of the simulated control 

algorithms have been optimized and merely serve as demonstrations of possible control 

strategies. The operative temperature in the zone is not directly measureable; as it is a 

calculated variable using other temperatures, this makes it difficult to implement in a real 

control strategy. As seen in Figure 26 and Figure 25 (4.3.2 Operative temperature in a 

zone), the temperatures in the zone are affected by the use of electrochromic windows, this 

further add to the complexity in choosing the threshold. If the threshold is set too low the 

occupants get cold and setting it to high might lead to issues with glare. When controlling 

after operative temperature it is important to note that in the winter the operative 

temperature is more frequently lower than the air temperature. This might lead to issues 

with glare when the sun is low in the sky but the temperature is not high enough to activate 

windows. As is shown with the Schedule, facade and window algorithm, it is possible to 

combine different algorithms into one. Combining the Operative temperature control in 

summer with a direct sunshine control in the winter might be a solution worth evaluating 

in more detail. 

The Schedule, façade and window algorithm has additional settings compared to the built-in 

Light and schedule algorithm. One of which has been mentioned but not demonstrated is 

that it uses the schedule file differently from the built-in algorithm. For this custom control 

it is possible at any given time in the simulated year to switch back and forth between the 

automatic façade and window control and a schedule control. This enables the option of 

simulating a meeting room that should be darkened at certain hours but resume automated 

control afterwards. Or use logged real manual overrides of an automated control in the 

simulations. Additional settings in the Schedule, façade and window algorithm are: 

measuring the direct sun radiation on the façade, refined control of the window tinting 

speed and an additional level of shading for the window. In the sensitivity analysis when 

these parameters are varied, some conclusions can be drawn. Changing the windows tinting 

speed,  

Table 2 (in 4.3 Sensitivity analysis), has little impact on the buildings energy usage. This 

means that for energy simulations of electrochromic windows the tinting speed appears to 

have little effect on the end result. It is however, easy to imagine an occupant getting upset 

when the windows does not get fully shaded reasonably quickly.  

Changing the thresholds for the global insolation at which the shading is activated seen in 

Figure 22 (4.3.1 Schedule, façade and window), does not have a significant impact on the 

building’s energy usage. The reason why changing the thresholds had such a small impact 

might be that the radiation level rose so rapidly that the changed threshold may have little 
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impact on when the windows started to tint, see Figure 10 (4.1 The algorithms in detail). 

Additionally, since the demonstrated change in tinting speed had little or no effect on the 

used energy, this minor change in when to start tinting would not have much of an impact 

either.  

By removing the criterion that direct insolation has to hit the façade, the windows are put 

in their tinted state for a longer period of the day in Figure 10, (4.1 The algorithms in 

detail). It could be expected that this would change the building’s energy usage, but Figure 

23 (in 4.3.1 Schedule, façade and window) shows that this is not the case.  The reason for 

this might be that the extra diffuse radiation coming into the zone lacks the capacity to 

overheat the zone. It is of interest to investigate a control strategy based on only the direct 

insolation on the façade, to see if this is sufficient for the energy simulations.  

On the other hand, a change of the g- and Tvis-intervals that the window can operate in has 

a more notable effect on the buildings energy usage, seen in Figure 24 (4.3.1 Schedule, 

façade and window). Even though changing the interval does have more to do with the 

technical properties of the actual window. In Figure 24 we can see that the zone heating has 

increased and the zone cooling has decreased when using a window from SAGE. The 

increased zone heating is likely due to the higher U-value of the SAGE window. The SAGE 

window can however, get darker than the EControl window. The difference in g-value 

between the two windows is most likely the reason for the lower zone cooling with the SAGE 

windows. 

Controlling the windows using the indoor illuminance is often advertised as the preferred 

control mechanism for the electrochromic windows. When simulating a step based control 

based on the workplane illuminance the simulation fails due to oscillating shading signals. 

These arise when the activated shading reduces the illuminance below the threshold thus 

deactivating the shading. The illuminance would then rise above the threshold and the 

shading would activate again, this would repeated increasingly quickly until the simulation 

crashes. This is solved in the Workplane algorithm by implementing a dynamic adjustment 

of the shading, with a proportional-integral controller (PI controller), see Figure 12 (4.1 The 

algorithms in detail). In a real application it is important to minimize the number of cycles 

the window goes through, so when using a dynamic adjustment the life time of the window 

would decrease. The Operative temperature algorithm also has the issue of oscillating 

control signals, but since the temperature is much more buffered in the zone, the simulation 

rarely crashes, though simulation times might be longer, see Figure 11 (4.1 The algorithms 

in detail). 

The improved control of the windows tinting speed has to be implemented next to an on-off 

controller. Since the speed of the tinting had little impact on the energy usage of the 

building, and the PI controller is much more robust, it is suggested that, if possible, the PI 

controller should be used instead of the on-off controller when simulating electrochromic 

windows. 
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Integrating control of the electrical lighting is a natural next step when simulating 

electrochromic windows. In IDA ICE there are settings for turning on or off the electrical 

lights in relation to the workplane illuminance. These settings have been left untouched in 

this thesis, but would be very interesting to include in any attempt to optimize the control 

for minimized energy usage.  

6. Conclusion 

Creating custom control algorithms in IDA ICE allows the user freedom to use alternate 

variables to built-in algorithms. This enables specific tailoring of the window controls and in 

turn enables analyzing their effect on the building’s energy usage. IDA ICE’s best feature is 

also its greatest drawback since all the adjustability comes with a lot of added complexity, 

making it a difficult task to learn how to effectively use the program. In the future when the 

control of electrochromic windows becomes standardized, perhaps EQUA, (the company 

behind the IDA ICE software) will make the simulation of such windows a more straight 

forward task.  

In the simulations presented the energy usage was slightly lowered with the electrochromic 

windows compared to the regular windows with blinds. There were also a significant 

difference between having the windows on or off for one year, so finding control scenarios 

that minimize the energy usage should be explored. For future research, finding a balance 

between the buildings energy consumption and the visual comfort is recommended, since 

one of the promises of this technology is improved visual comfort.  

In conclusion, this thesis aimed to explore the simulation of electrochromic windows and 

their impact on the building’s energy usage. Via comparing built-in and custom designed 

control strategies when simulating in the IDA ICE software it is concluded that, this 

software can be used to simulate the impact the control of the electrochromic windows 

might have on a building’s energy usage. The tinting speed and control levels of the 

windows proved to have little or no effect on the energy usage of the building. Meaning a PI 

controller could be used to simplify the design of custom algorithms. The choice of control 

strategy did have a significant impact on the building’s energy usage, since the custom 

algorithms yielded different results. For future studies on optimizing the control strategies 

for minimized energy usage the electrical lighting should be included. Simulation of visual 

comfort cannot be performed with the simulation software used in this thesis. 

As stated in the introduction to this thesis, giving the industry the tools to reliably simulate 

electrochromic windows is a necessity for a wide adoption of this technology. IDA ICE has 

potential in this field for simulations oriented purely towards energy usage. Further 

research is needed to confirm if the simulation resolution is high enough to accurately 

depict the energy usage when changing the control parameters. For simulations of visual 

comfort other, special purpose, software will have to be used.  
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9. Appendix 

Algorithms in IDA ICE 

This appendix shows the custom algorithms as they are implemented in the IDA ICE 

software. Figure 27 through Figure 31 is showing the different parts of the Schedule, façade 

and window algorithm. Figure 32 shows the Operative temperature algorithm. Figure 33 

shows the Workplane illuminance algorithm.  

 

Figure 27: The Schedule, facade and window algorithm. The picture is showing the top level in the algorithm. 

 

Figure 28: The Schedule, facade and window algorithm. The picture is showing the window part of the 

algorithm. 
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Figure 29: The Schedule, facade and window algorithm. The picture is showing the façade part of the algorithm. 

 

Figure 30: The Schedule, facade and window algorithm. The picture is showing the first level of the schedule 

part of the algorithm. 

 

Figure 31: The Schedule, facade and window algorithm. The picture is showing the second level of the schedule 

part of the algorithm. 
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Figure 32: The Operative temperature algoriothm 

 

Figure 33: The Workplane illuminance algorithm.  
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Results for sensitivity analysis 

This appendix shows the detailed results for energy usage when changing the sun intensity 

thresholds.  

Table 3: Thresholds: 120 and 60 W/m2 for the Schedule, façade and window algorithm. 

Used energy 120 – 60 thresholds  

kWh (sensible and latent)   

Month Zone heating Zone cooling 

1 25704 304,7 

2 14877 1092 

3 14055 2438 

4 6795 4882 

5 1215 13326 

6 885,3 6613 

7 596,3 4098 

8 485,9 6714 

9 2382 7832 

10 7046 3509 

11 13711 1376 

12 26861 466,8 

Total 114613,5 52651,5 

 

Table 4: Thresholds: 450 and 225 W/m2 for the Schedule, façade and window algorithm. 

Used energy 450 – 225 thresholds  

kWh (sensible and latent)   

Month Zone heating Zone cooling 

1 25179 364 

2 14400 1350 

3 13483 2749 

4 6353 5361 

5 1080 14291 

6 799,6 7470 

7 493,7 5042 

8 390,4 7608 

9 2154 8528 

10 6703 3901 

11 13310 1504 

12 26400 549,4 

Total 110745,7 58717,4 
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Total energy usage results 

This appendix is showing the total energy usage of the building including the AHU. 

 

Figure 34: Total energy used in the reference building, stacked. 

 

Figure 35: Total energy used in the reference building, categories presented separately. 
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