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Abstract 

As a consequence of the increasing energy demand, the European Commission is making stricter 

regulations concerning energy use. In Sweden, a third of the energy is used by buildings and 60 

% of that is used for heating, meaning that there is potential for saving energy in buildings by 

using it more efficiently.  

 

In this report, insulated window shutters are examined in order to see if they have any positive 

effect on the energy performance in a Swedish office building. The shutters are compared to a 

baseline scenario and a scenario where low-energy windows are used. Simulations of the 

different scenarios are carried out in IDA Indoor Climate and Energy where space heating, space 

cooling and electricity are studied. The simulations serve as a basis for an economic and 

environmental comparison.  

 

The results show the largest reduction in energy use and CO2 emissions by using insulated 

window shutters in the building, however, they are also the most expensive solution due to 

investment, installation and maintenance costs. The baseline scenario has the highest energy use 

but it is also the cheapest one. The shutters are the most cost effective solution to lower the 

energy use and the CO2 emissions compared to the levels in the baseline scenario. 

 

A recommendation for future work is to investigate how to manufacture, operate and implement 

the shutters in order to make a commercially available product, which includes experiments and 

case studies. 

  



 

 

Sammanfattning 

På grund av det ökande energibehovet har den Europeiska kommissionen gjort striktare 

regleringar angående energianvändning. I Sverige går en tredjedel av energianvändningen till 

byggnader, varav 60 % går till uppvärmning. Detta gör att det finns potential för 

energibesparingar i byggnader genom att öka energieffektiviteten.  

 

I denna rapport undersöks isolerade fönsterluckor för att se om de kan öka energiprestandan på 

ett svenskt kontorshus. Luckorna jämförs med ett referensscenario och ett scenario där 

lågenergifönster används. Simuleringar utförs i programmet IDA Indoor Climate and Energy där 

värme, kyla och fastighetsel studeras. Dessa simuleringar utgör även en grund för en ekonomi- 

och miljöanalys.  

 

Resultatet visar att den största minskningen i energianvändning och koldioxidutsläpp fås av 

scenariot med isolerade fönsterluckor men det är också den dyraste lösningen på grund av 

investerings, drift och underhållskostnader. Referensscenariot har störst energianvändning men 

är också det billigaste. För att minska energianvändningen och koldioxidutsläppen från nivåerna 

i referensscenariot är fönsterluckorna det mest kostnadseffektiva alternativet.  

 

För framtida arbete rekommenderas att undersöka hur man ska tillverka, driva och implementera 

luckorna för att kunna göra en tillgänglig kommersiell produkt vilket inkluderar experiment och 

fältstudier. 
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Nomenclature 

 

Symbol Description 

U-value Overall heat transfer coefficient 

g value Solar heat gain coefficient 

ST value Directly transmitted sunlight 

ε Emissivity 

  

 

 

Abbreviations 

BBR Boverkets building regulations 

DDM Dividend Discount Model 

GHG Greenhouse gases 

EC European Commission 

IDA ICE IDA Indoor Climate and Energy 

IRR Internal rate of return 

IWS Insulated window shutters 

LCC Life cycle cost 

LCP Life cycle profit 

NZEB Nearly zero-energy buildings  

PBT Payback time 

PCM Phase Change Material 

PV Present value 

S South 

SE South-east 

SSE South south-east 

SSW South south-west 

SW South-west  

VAT Value added taxes 

 



 

 

Definitions 

 

Atemp 

 

The area enclosed by the inside of the building envelope 

of all stories including cellars and attics for temperature-

controlled spaces, intended to be heated to more than 10 

ºC,. The area occupied by interior walls, openings for 

stairs, shafts, etc., are included. The area for garages, 

within residential buildings or other building premises 

other than garages, are not included. 

  

Property electricity  

 

 

Business electricity 

The electricity used by equipment that serve the building, 

e.g. elevators, fans, pumps and external lighting. 

 

The electricity used by occupants e.g. interior lighting 

and receptacle equipment. 

 

The building's specific energy use The building's energy use divided by Atemp expressed in 

kWh/m2 and year. It is the energy used in to the 

building's basic operation adapted requirements, for heat, 

hot water and ventilation. 
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Introduction 

As a consequence of the increasing energy demand, the world is now facing negative climate 

effects and problems related to energy access. To mitigate this, the European Commission (EC) 

has set different energy goals for 2020, 2030 and 2050. The goals for e.g. 2020 are to lower the 

greenhouse gas (GHG) emissions by 20 % compared to the 1990 levels, increase the energy 

efficiency by 20 % and to increase the share of renewable to 20 % (European Commission, 

2016). 

 

The European Union (EU) also faces new challenges with the increasing dependency on 

imported energy and recovering from the financial crisis. Improving the energy efficiency is a 

cost effective way to handle these problems and can lead to a decrease in GHG and increase the 

economic growth with new innovative solutions and high quality jobs in sectors related to energy 

efficiency (Energimyndigheten, 2015). 

 

Buildings use approximately 40 % of global energy, 25 % of global water, 40 % of global 

resources and emit 33 % of GHG emissions. There is a large potential to reduce this impact in 

both developed and developing countries since the energy use can be reduced by 30 to 80 % 

using commercially available technologies (United Nations Environment Programme, 2016). In 

Sweden, a third of the energy is used by buildings and 60 % of that is used for heating, meaning 

that there is a huge potential for saving energy in buildings by using it more efficiently 

(Energimyndigheten, 2016). 

 

The EU has agreed upon a new directive regarding the building sector stated that all new official 

buildings should be nearly zero-energy buildings (NZEB) after 31
st
 December 2018 and that all 

new buildings should be NZEB by 31
st
 December 2020. Actions should also be made by the 

member states to stimulate renovation of existing buildings into the same standard (European 

Union, 2016). 

 

Sweden has set its own climate and energy goals, e.g. to reduce the GHG emissions by 40 % 

compared to the 1990 levels and to lower the energy use in buildings by 20 % compared to the 

1995 levels (Riksrevisionen, 2013). 

 

The national board of building, housing and planning, Boverket, publishes mandatory provisions 

and general recommendations for buildings. As a consequence of the new directives from EU, 

Boverkets building regulations (BBR) will probably be updated into stricter energy requirements 

which includes the buildings energy use, envelope infiltration and the average U-value of the 

envelope. 
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1 Background 

Due to the Nordic climate, it has always been very critical and important to insulate buildings in 

order to reduce the heating demand. Even in larger buildings, where the internal gains may 

exceed the transmission losses, the need of good insulation has been very important as it 

increases the thermal comfort (Gustavsen, 2007). As walls, roof and floors today are rather good, 

with U-value around 0.1 and 0.2 W/m
2
K (Gaoxun, 2012), more attention is being focused on 

finding other façade solutions.  

 

Windows have a lot of influence on the energy use and the thermal comfort in a building as they 

are being thin and translucent. They increase the heat transfer through the building envelope 

which affects the indoor temperature and thereby the heating and cooling load. They also affect 

the operative temperature which is the temperature occupants perceive. A general building in 

Sweden may have up to 35 % of the total heat losses emitted through the windows 

(Energimyndigheten, 2015). 

 

Today, there are many types of energy efficient windows which have decreased the share of heat 

loss through the façade. There are triple and quadruple-glazed windows with lower U-values and 

different properties that change the influence of the sun. The sun’s influence on windows, and 

nomenclature used, is described in Figure 1. Some of the incident sunray (I) is reflected (SR), 

absorbed (SA) and directly transmitted through the window (ST). The g value is the sum of the 

directly transmitted energy and the absorbed energy that is radiated inwards (Pilkinton, 2016).  

 

 
Figure 1 The sun’s influence on a window (Pilkinton, 2016) 
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There are also solutions where the empty spaces between the glasses are filled with Phase 

Change Material (PCM). During a phase change, latent energy is being stored in the material 

which can be utilized to decrease transmission losses. The more latent heat the material can hold 

the longer the temperature stability is secured (Chiu, 2011). Choosing a PCM with a melting 

point in the region close to the comfort or operational temperature in the building where it is 

adopted, can reduce the energy transmission through the window. A negative effect of PCM is 

that it’s never completely transparent and another one is that when it’s fully melted or fully 

frozen it loses its function (Ismail, 2007). 

 

One interesting solution may be insulated window shutters (IWS). The concept of IWS is to 

close the shutters and thus decrease the U-value of the envelope in order to stabilize the indoor 

temperature and by that, reduce the energy use in the building.  

 

The benefit with IWS in addition to insulation is that they can block sunlight to reduce unwanted 

heating and glare. They can also provide additional security and reflect light deep into the 

building space if mounted in a certain way. The downside is that if the IWS are opaque it won’t 

be possible to look out through the windows, but if they are used in office buildings, which are 

empty at night, or used during the winter when it is dark outside, the negative effects are 

reduced. IWS can be mounted on the inside or outside of windows. External shutters have the 

advantages of providing effective solar shading and have less risk for condensation on the inside 

of the glass, while internal shutters can reduce thermal bridges. A disadvantage with external 

shutters is that they need to be more robust compared to an internal solution as they need to 

withstand different outdoor conditions (Hashemi & Gage, 2012). 

 

The first implementation of IWS was introduced in domestic buildings during the 1970s in the 

U.S. as a consequence of the current “oil shock”. They have been used with success in several 

projects since then, e.g. to insulate passive solar walls in the UK, upgrading existing windows in 

Scotland and to improve the performance of new buildings. (Hashemi & Gage, 2012) 

 

In a pilot project in southern Sweden, IWS have been applied to a low-energy house called Villa 

Ask. The shutters are manually driven, letting the owner decide when or how much of the 

shutters that should be closed. The IWS in Villa Ask have a theoretical reduction of the total U-

value from 1.3 for the window down to 0.47 W/m
2
K for the window and the IWS together 

(Energikontoret Skåne, 2015).  

 

The purpose of this thesis is to evaluate implementation of IWS in a Swedish office building. 

The main objective is to see if the shutters can reduce the energy use of the building in a feasible 

and environmentally friendly way compared to other window solutions. 
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2 Energy Simulations 

In order to evaluate an implementation of IWS in an office building, three different scenarios are 

created: 

 Scenario I (SI): Baseline 

 Scenario II (SII): IWS 

 Scenario III (SIII): Energy Efficient Windows 

 

The scenarios are chosen upon the issue of windows having a big influence on the energy use in 

a building.  

 

Simulations of the different scenarios are carried out in IDA Indoor Climate and Energy (IDA 

ICE) where space heating, space cooling and property electricity (elevators, fans, pumps etc.) are 

studied. The results serve as a basis for economic calculations and an environmental evaluation.  

  

 IDA ICE is chosen as it can handle: 

 Heat transmission through walls, floor and roof. 

 Thermal bridges and air infiltration. 

 Internal heat gains from computers, occupants and lightning. 

 Solar radiation through windows including internal and external sun shading. 

 Influence of thermal mass within the building. 

 Control system of radiators and chilled beams dependent on the room temperature  

(EQUA, 2016). 

 

2.1 Scenario I: Baseline 

As Stockholm is the capital of Sweden and a central site for business with many office buildings 

it is a proper location for the simulations. The model used in the simulations is provided by 

Skanska and is a former building project called Gångaren 16. It is often used in projects at 

Skanska in order to get comparable results. The building was built in 2011 and is located in 

Lindhagen, see Figure 2. It is a typical square shaped office building with a garage underneath. 

The energy in the building is provided by district heating, district cooling and electricity. The 

building satisfies the EU Green Building requirements which means that its demand is lower 

than 75 % of the regulations from BBR (Sweden Green Building Council, 2016). 
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Figure 2 Gångaren 16 located in Lindhagen, Stockholm. 
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Small changes are made to the model in order to better suit the purpose of this paper. For 

instance, the building contains a skylight, see Figure 2, which is not typical for an office building 

and since it would be hard to mount IWS on it, the skylight is removed. The external sunshades 

on the upper floor are also removed as the effectiveness of the shutters ability to block solar 

radiation is also examined.  

 

The final model can be seen in Figure 3, where it’s also simplified to decrease the simulation 

time. Some of the smaller windows are modeled as one larger window and several rooms are 

omitted as they are identical to others and are multiplied after the simulations. There are also 

obstacles placed around the building to represent neighboring buildings that block sunlight. A 

simulation of one year is performed on the new model, and the results constitutes the baseline 

scenario. 

 

 
Figure 3 Simplified model of the building where several zones are omitted. The garage is located 
beneath. 

 

A problem when simulating this building is that it’s hard to decide a proper initial temperature in 

the garage. The temperature can have a significant impact on the results since it might neglect 

any heating in the garage during the winter. In order to get a suitable initial temperature, a startup 

simulation that precedes the main simulation is made. The startup phase goes from 1
st
 October to 

31
st
 December.  

 

Relevant information about the model is presented in Table 1. 
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Table 1 Information about the baseline scenario 

Climate File (Typical year) Stockholm, Bromma-1977 
Orientation (Entrance facing) South-west (SW) 
Heated area m

2 
11 919 

Window-to-wall ratio 43 % 
U-value envelope W/m

2
K 0.31* 

U-value windows W/m
2
K 1.04* 

Solar heat gain coefficient, g 0.363* 
Shortwave shading coefficient, T  0.303* 
Heat recovery efficiency 80 % 

*Average value 
 

 

 

 

2.2 Scenario II: IWS 

In this scenario, IWS are integrated on the windows in the baseline scenario. As there aren’t any 

IWS available in IDA ICE, internal shading is representing the functionality of the IWS. The 

shutters need to be time dependent with an automatic control system in order to function on an 

office building, since it wouldn’t be a sustainable solution for them to be manually driven. The 

shading is linked to a time schedule which changes the U-value of the windows at certain hours. 

The time schedule can be seen in Figure 4, where the IWS are open during normal office hours, 

due to visual comfort, and closed the remaining time. It is assumed that the IWS are opaque and 

have a U-value of 0.3 W/m
2
K which is similar to the U-value measured for an internal shutter 

(Hashemi & Gage, 2012). 

 

 

  On              

Monday-

Friday 
              

  Off              

  0 4 8 12 16 20 24 

  On              

Saturday-

Sunday 
              

  Off              

  0 4 8 12 16 20 24 
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Figure 4 Operation schedule of the IWS. 
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2.3 Scenario III: Energy Efficient Windows 

In this scenario, the windows in the baseline are replaced with more energy efficient ones. This 

scenario is made in order to see if there are any advantages of investing in IWS instead of energy 

efficient windows.  

 

Three different U-values of the windows are tested in order to see any potential thresholds in the 

energy use and the profitability. Pilkington is a world leading producer of glass and the 

properties of the windows are therefore based on the properties for one of their glazing, see 

Table 2. As it’s hard to know the U-value of the window frame, it is assumed that it has the same 

as the glazing, meaning that the total U-value of the window is also the same as the glazing.  

 

Table 2 Glazing properties of a Pilkington Optitherm™ S3 window (Pilkinton, 2016). 

Test U-value 
W/m

2
K 

Solar heat gain 
coefficient, g 

Shortwave shading 
coefficient, ST 

Emissivity, 

𝜺 

Visible light 
transmission, LT 

1 0.5  0.5 0.43 0.037 0.71 
2 0.7 0.5 0.43 0.037 0.71 
3 0.9 0.4 0.46 0.037 0.72 
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3 Economic Analysis 

There are different ways of analyzing whether an investment is economically feasible or not. 

One way is to calculate the payback time (PBT), see equation (1).  

 
𝑃𝐵𝑇 =

𝐶𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑎𝑠𝑎𝑣𝑖𝑛𝑔𝑠
  

(1) 
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This method is well known and very simple, however it only takes the investment cost Cinvestment 

and the annual savings asavings into account, and thereby excludes things like inflation and interest 

rate, why the method only gives a hint of the real payback time.   

 

Another method is to calculate the Life Cycle Cost (LCC) of the different scenarios. This method 

discounts all future costs during a calculation period of the investment, using present value (PV) 

calculations. The LCC method can be used to optimize new investments and it is also good when 

the economic outcome of different alternatives are to be compared. A downside with LCC is that 

it is time consuming. 

 

A similar method is the Life Cycle Profit (LCP) method but, unlike LCC, it also considers the 

value increase of the investment and any increased income. A downside with LCP is that it can 

be perceived as very complicated as it also focuses on the profits. 

 

An additional method of calculating the profit of an investment is the Internal Rate of Return 

method (IRR). This method is used in order to obtain the internal rate which the investment 

yields.  

𝐶𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 = 𝑎𝑠𝑎𝑣𝑖𝑛𝑔𝑠

1 − (1 + 𝑖)−𝑛

𝑖
→  

𝐶𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡

𝑎𝑠𝑎𝑣𝑖𝑛𝑔𝑠
= 𝑃𝑉 𝑓𝑎𝑐𝑡𝑜𝑟   (2) 

By setting the present value to zero, a PV factor can be calculated, see equation (2), and together 

with the life time n of the investment, the internal rate of return i can be obtained e.g. from a PV 

table. By comparing it with the cost of capital i.e. the required rate of return, it is possible to 

determine whether the investment is profitable or not. A major problem with the IRR is that it’s 

based on the assumption that all payments can be reinvested, which is typically not the case, and 

another problem is that it doesn’t handle residual values.  

 

A swifter form of the present value method is the Dividend Discount Model (DDM), which 

assumes that any discounted future costs or profits are going to be very small over time due to 

inflation. With this assumption, the life time of the investment can be set to eternity, meaning the 

calculation of the profitability will be very simple, see equation (3).  

 
𝑃𝑉 =  𝑎𝑠𝑎𝑣𝑖𝑛𝑔𝑠

1 − (1 + 𝑖)−∞

𝑖
 =

𝑎𝑠𝑎𝑣𝑖𝑛𝑔𝑠

𝑖
 (3) 

 

 

The LCC method is chosen for the economic analysis since it is best suited for the purpose of 

this report.  

 𝐿𝐶𝐶 = 𝐶𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 +  𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝐶𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 +  𝐶𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 (4) 

 



 

  12  
 

The LCC is divided into investment, energy, maintenance and installation costs, see equation (4) 

(Belok , 2016). The residual value and the operational cost for the IWS are assumed to be very 

small and are therefore excluded. 

3.1 Energy Costs 

When calculating the present value of the energy costs, some assumptions for the variables are 

made. These are based on directions made by The National Property Board of Sweden (Statens 

fastighetsverk, 2014) and are presented in Table 3 below.   

 
Table 3 Present Value variables 

Variable Symbol Value 
Expected rate of return 𝑖 5 % 

Life time of investment 𝑛 20 years 
Electricity price increase 𝑞𝑒𝑙 2.5 % 

District heating price increase 𝑞ℎ𝑒𝑎𝑡 1.5 % 

District cooling price increase 𝑞𝑐𝑜𝑜𝑙 1.5 % 

 

Since the expected price increase, in addition to inflation, is depending on the type of energy, a 

PV factor is calculated for each energy type with the equation below (Belok , 2016). 

 

 

𝑃𝑉 𝑓𝑎𝑐𝑡𝑜𝑟 =
1 − (

1 + 𝑞
1 + 𝑖 )

𝑛

(
1 + 𝑖
1 + 𝑞) − 1

 (5) 

 

The prices of different energy types vary and are split up into district cooling, district heating and 

electricity. The district heating and cooling prices are based on current tariff prices (Fortum 

Fjärrvärme Trygg, 2016) (Fortum Fjärrkyla Komfort, 2016). 

 

𝒂𝒉𝒆𝒂𝒕𝒊𝒏𝒈 = 𝒂𝒇,𝒆𝒏𝒆𝒓𝒈𝒚 + 𝒂𝒇,𝒑𝒐𝒘𝒆𝒓 + ∑ 𝑬𝒋 ∙ 𝒆𝒋

𝟏𝟐

𝒋=𝟏

 (6) 

The energy cost for district heating consists of variable and fixed costs, see equation (6). The 

fixed costs are dependent on the annual energy demand, 𝑎𝑓,𝑒𝑛𝑒𝑟𝑔𝑦, and the annual peak power 

demand 𝑎𝑓,𝑝𝑜𝑤𝑒𝑟, see Table 4. If the annual demand is bigger than 250 MWh a volume discount 

is obtained. The fixed costs do not vary each month but can change between years, however, in 

this case the fixed costs are assumed to be constant and based on the energy demand and peak 

power of the simulations. The variable cost is dependent on the energy used each month 𝐸𝑗 and 

the corresponding energy price 𝑒𝑗 see Table 4, and then summed up to an annual cost.  

 

Table 4 Price table for district heating (Fortum Fjärrvärme Trygg, 2016) 

Annual energy demand MWh Fixed cost SEK/year Volume discount SEK/MWh  
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0 - 250 - -  

251 - 1 250 2 044 8  

1 251 - 2 500 48 034 45  

2 501 - 7 500 124 684 76  

> 7 500 354 634 106  

    

Annual peak power kW Fixed price SEK/kW, year   

Peak demand 501   

    

Month Energy price SEK/kWh   

Jan - March, Dec 0.708   

Apr, Oct - Nov 0.465   

May - Sep 0.282   

All prices are VAT-free 

 

𝒂𝒄𝒐𝒐𝒍𝒊𝒏𝒈 = 𝒂𝒇,𝒑𝒐𝒘𝒆𝒓 + ∑ 𝑬𝒋 ∙ 𝒆𝒋

𝟏𝟐

𝒋=𝟏

 (7) 

 

The energy cost for district cooling is calculated in a similar way as for the district heating, see 

equation (7). However, in this case the fixed costs are only depending on the annual peak power 

demand 𝑎𝑓,𝑝𝑜𝑤𝑒𝑟 and there are no volume discounts, see  

Table 5.  

 

 

Table 5 Price table for district cooling (Fortum Fjärrkyla Komfort, 2016) 

Annual peak power kW Fixed cost SEK/year Fixed price SEK/kW, year 

0 - 50 3 000 900 

51 - 100 8 000 800 

101 - 250 30 500 575 

251 - 500  61 750 450 

501 - 1 000 111 750 350 

> 1 000  161 705 300 

   

Month Energy price SEK/kWh  

Jan - May, Sep - Dec 0.25  

Jun - Aug 0.4  

All prices are VAT-free 
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𝒂𝒄𝒐𝒐𝒍𝒊𝒏𝒈 = ∑ 𝑬𝒋 ∙ 𝒆𝒋

𝟏𝟐

𝒋=𝟏

 (8) 

The annual cost of electricity is depending on the electricity used each month 𝐸𝑗 and the VAT-

free price of electricity 𝑒𝑗. The price is derived from knowing the spot price and the average 

distribution in Sweden of the total electricity price (Nils Holgersson, 2015), see Figure 5. The 

spot price varies from month to month and is assumed to be the average of the spot prices 

between 2013 and 2015 (Fortum Historiska elpriser, 2016), see Table 6. 

.  

 
Figure 5 The different parts of the electricity price. 

 

Table 6 Price table for electricity 

 Spot price SEK/kWh* Total price SEK/kWh VAT-free price SEK/kWh 

January 0.35 1.47 1.18 

February 0.33 1.39 1.11 

March 0.32 1.32 1.06 

April 0.32 1.33 1.07 

May 0.31 1.30 1.04 

June 0.28 1.16 0.93 

July 0.25 1.04 0.83 

August 0.31 1.30 1.04 

September 0.35 1.44 1.15 

October 0.33 1.37 1.10 

24% 

38% 

18% 

20% 

Spot price Grid fees Regular taxes VAT
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November 0.32 1.35 1.08 

December 0.30 1.23 0.99 

*Average value 2013-2015 

 

 

 

 

 

 𝑎𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑎ℎ𝑒𝑎𝑡𝑖𝑛𝑔 + 𝑎𝑐𝑜𝑜𝑙𝑖𝑛𝑔 + 𝑎𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 (9) 
 

 𝐶𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑎𝑒𝑛𝑒𝑟𝑔𝑦 ∙ 𝑃𝑉 𝑓𝑎𝑐𝑡𝑜𝑟 (10) 

 

The annual cost of energy is determined by adding the costs for all types of energy, equation (9), 

and is then multiplied with the PV factor to get the life cycle cost of energy, see equation (10). 

3.2 Investment Costs 

In order to make a fair comparison of the different scenarios, all scenarios are based on the 

assumption that the building is a new construction, meaning that an investment cost for the 

windows in the baseline is also taken into consideration.  

 

It is hard to find one type of window that has all the desired U-values.  The investment costs of 

the windows are therefore determined by taking the market price for a triple-glazed PVC window 

(Skånska byggvaror, 2016). The price is reduced by excluding VAT and adding a company 

discount of 30 % (Berggren, 2016). There are available prices for a window with different U-

values which makes it possible to create a trend line of the prices, see pink dots in Figure 6. 

There are different trend lines that match the pink dots, e.g. an exponential curve and a 

polynomial curve. The polynomial curve is chosen as it has the highest coefficient of 

determination (R
2
 = 1). Knowing the equation of the trend line, approximated prices for windows 

with U-values used in this report can be obtained (black dots in the figure).  
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Figure 6 Polynomial price trend of a low-energy window with U-values lower than 1.3 W/m

2
K. 

The investment cost for the IWS is approximated to the same as the market price of a motor 

controlled roller shutter (APEX, 2016) since the components are similar. The total investment 

cost for the IWS scenario is the sum of the investments for the windows and the IWS. The 

investment costs for the different scenarios can be seen in Table 7. 

 

Table 7 Investment costs for the different scenarios 

Scenario U-value windows 
W/m

2
K 

Price windows 
SEK/m

2 
U-value IWS 

W/m
2
K 

Price IWS 
SEK/m

2
 

Total cost 
SEK/m

2
 

SI 1.04 793 - - 793 

SII 1.04 793 0.3 652 1608 

SIII 0.9 887 - - 887 
 0.7 1116 - - 1116 
 0.5 1457 - - 1457 

All prices are VAT-free 

 

3.3 Maintenance and Installation Costs 

It is assumed that the maintenance and installation costs for the windows are the same for all 

scenarios and that there will be additional costs for the IWS scenario, since the IWS are motor 

controlled. The total maintenance cost is assumed to be 1 % of the investment cost for the IWS 

(Gräslund, 2016), see equation (11). It is also assumed that the installation cost for an IWS is the 

same as installing a chilled beam (Gräslund, 2016). The installation cost for the IWS is derived 

from knowing the installation cost for chilled beams and the area per chilled beam and area per 

764 
924 

1061 

y = 1396.8x2 - 3380.7x + 2798.1 
R² = 1 
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IWS in a typical building, see equation (12). The installation cost for IWS and the assumptions 

for the equation are presented in Table 8. 

 

 𝐶𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 = 0.01 ∙ 𝐶𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (11) 
 

 
𝐶𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 = 𝐶𝑐ℎ𝑖𝑙𝑙𝑒𝑑 𝑏𝑒𝑎𝑚𝑠

𝐴𝑡𝑒𝑚𝑝,𝑐ℎ𝑖𝑙𝑙𝑒𝑑 𝑏𝑒𝑎𝑚𝑠

𝐴𝑡𝑒𝑚𝑝,𝐼𝑊𝑆
 (12) 

 

Table 8 Variables for the installation costs 

Variable Symbol Value 
Installation cost IWS 𝐶𝑖𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 32 SEK/m

2 
Atemp 

Installation cost chilled beams 𝐶𝑐ℎ𝑖𝑙𝑙𝑒𝑑 𝑏𝑒𝑎𝑚𝑠 80 SEK/m
2 
Atemp 

Area per chilled beam 𝐴𝑡𝑒𝑚𝑝,𝑐ℎ𝑖𝑙𝑙𝑒𝑑 𝑏𝑒𝑎𝑚𝑠 20 m
2 
Atemp 

Area per IWS 𝐴𝑡𝑒𝑚𝑝,𝐼𝑊𝑆 50 m
2 
Atemp 

4 Environmental Impact Analysis 

To quantify the environmental impact of the scenarios, an analysis is conducted to compare 

different options and identify opportunities for improvement. The energy goes through several 

stages, which includes production/resource extraction, conversion/processing, transportation 

before it’s finally used in the building. The primary energy and the CO2 equivalent pollution is 

estimated by using certain factors which are multiplied with the amount of energy used for 

several energy sources (Miljöfaktaboken, 2011). These multipliers are shown in Table 9 below. 

 

Table 9 LCA multipliers 

Primary Energy, kWh/kWh Multiplier  
District heating 1  
District cooling 0.4  
Electricity 2.5  
   
Carbone Dioxide, kg CO2/kWh   
District heating 0.1  
District cooling 0.06  
Electricity 0.6  
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5 Sensitivity Analysis 

In order to see the robustness of the energy simulations and economic analysis, a sensitivity 

analysis is made. 

 

As Gångaren 16 is already a relatively energy efficient building, the energy savings caused by 

the IWS may not be as large as for another building. Parameters that may have significant impact 

on the energy use are therefore varied, such as the U-values of the windows, the orientation of 

the building, climate and the heat recovery efficiency, see Table 10.  

 

In order to see which parameter that has the most influence on the performance of the IWS, the 

U-value and the time schedule are varied. The time schedule is varied within a two-hour step 

between 10 and 18 hours. For each step, the schedule is extended or shortened with one hour 

before and after the office hours.  

 

All parameters are varied separately which means that when one parameter is tested, the rest are 

set to the original input, defined in the scenario descriptions, e.g. when the U-value of the 

windows are varied, the schedule and the U-value of the IWS are set to 14 hours and 0.3 W/m
2
K 

respectively. 

 

Table 10 Parameters varied in the simulations 

Parameter Variation Scenarios tested 

U-value windows 1.0 – 3.0 W/m
2
K SI, SII 

U-value of IWS 0.2 – 0.4 W/m
2
K SII 

Schedule 10 – 18 h SII 

Orientation SSW, S, SSE, SE SI, SII, SIII 

Climate Malmö, Kiruna SI, SII, SIII 

Heat recovery efficiency 60 – 90 % SI, SII, SIII 

 

The variables in the present value formula are varied in reasonable ranges, and also to an 

extreme minimum and maximum value, in order to see when the calculations give unrealistic 

results. A full description of the variations can be seen in Table 11.  

 

Table 11 Parameters varied in the economical calculations 

Parameter Minimum Small Reference Large Maximum 

Internal rate % 0.1 3 5 7 15 

Periods years 1 10 20 30 95 

Price increase heating % -1.5 1 1.5 2 4.5 

Price increase cooling % -1.5 1 1.5 2 4.5 

Price increase electricity % 0.5 2 2.5 3 4.5 
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Investment cost % 10 70 100 130 300 

As the U-value of the windows in the baseline scenario is varied, the price of the windows will 

also have to vary in order to get reasonable results. Due to the limited price information of 

windows, another price trend for the same windows as before is made. This time, the exponential 

curve (blue line) is chosen as the polynomial curve (grey line) doesn’t give realistic results for 

high U-values, see Figure 7.  The extrapolated values for the exponential prices are shown in 

Table 12 below. 

 

 
Figure 7 Exponential price trend of a low-energy windows for U-values higher than 1.3 W/m

2
K. 

 

Table 12 Extrapolated window prices and reference points 

 U-value W/m
2
K Price SEK/m

2
  

Reference points 1.3 764  

0.86 924  

0.74 1061  

Exponential price trend 
for low energy windows  

1.5 683  

2 540  

2.5 428  

3 338  
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6 Results and Discussion 

The building’s energy use is based on the simulations and additional standard values for losses. It 

is calculated by taking the sum of the space cooling, space heating, property electricity and 

service water heating. The building's specific energy use is presented in Figure 8. The 

performance is below the BBR requirement of 113 kWh/m
2
 Atemp for all of the scenarios but 

some perform better than others.  

 

The service water heating is the same for all scenarios since it is a standard value and the 

property electricity are approximately the same with only small differences in pump and fan 

energy. The space cooling is the roughly the same for SI and SII, while SIII have higher amounts 

of cooling. This might be the reason why the property electricity is a bit higher for SIII. The 

space heating is the energy that varies the most between the scenarios, which suggest that the 

IWS are most effective during colder periods such as during the winter and nights. SII has the 

lowest energy use and SI the highest, but only slightly higher than SIII 0.9. 

 

 
Figure 8 Specific energy use for the scenarios in kWh/m

2
Atemp. 

 

The LCC’s are shown in Figure 9 where the energy costs include space heating, space cooling 

and property electricity. SI has the lowest LCC and also the lowest investment cost while SII has 

the highest LCC mostly due to the large investment cost. SII is also the only one with additional 

installation cost due to motors and maintenance costs for IWS. Hence, it is assumed that all 

windows have the same installation and maintenance costs i.e. the costs are set to zero. In order 

for the IWS to be feasible, the investment cost has to be decreased. The energy cost is already the 

lowest and the maintenance and installation costs are relatively small. 
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Figure 9 LCC of the different scenarios in SEK/m

2
Atemp. 

 

In order to normalize the LCC for the different scenarios, the increased LCC for each scenario is 

divided by the energy savings (compared to SI), see equation (11). Hence, this indicates the 

scenarios cost effectiveness of reducing energy, see Figure 10.  

 

 
𝐶𝑜𝑠𝑡 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑐𝑜𝑠𝑡

𝐸𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑒𝑑
=

𝐿𝐶𝐶𝑆𝑋 − 𝐿𝐶𝐶𝑆𝐼

𝐸𝑆𝐼 − 𝐸𝑆𝑋
 

(11) 

 

It can be seen that SII has the smallest ratio of 20 SEK/kWh, which is slightly smaller than SIII 

0.7 which has around 23 SEK/kWh. SIII 0.9 has the biggest ratio of 72 SEK/kWh. This indicates 

that despite the LCC, IWS may still be a feasible way of reducing the energy below the baseline 

levels. 
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Figure 10 The LCC divided by energy. 

 

The specific primary energy use can be seen in Figure 11. The results are similar to the specific 

energy use but with a higher share of property electricity. SI have the highest primary energy use 

of 76 kWh/m
2
 Atemp and the primary energy use is decreased by roughly 1 kWh/m

2
 Atemp for each 

reduction down to about 71 kWh/m
2
 Atemp for SII. The property electricity is approximately the 

same for all scenarios. District cooling has the smallest share of the primary energy use. 

 

 

 
Figure 11 Specific primary energy use for the different scenarios. 
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In order to normalize the LCC for the different scenarios, the increased LCC for each scenario is 

divided by the primary energy savings (compared to SI), see equation (12). Hence, this indicates 

the scenarios cost effectiveness of reducing the primary energy, see Figure 12.  

 

 
𝐶𝑜𝑠𝑡 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑐𝑜𝑠𝑡

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑒𝑑
=

𝐿𝐶𝐶𝑆𝑋 − 𝐿𝐶𝐶𝑆𝐼

𝑃𝐸𝑆𝐼 − 𝑃𝐸𝑆𝑋
 

(12) 

 

 

It is shown in the figure that SIII 0.7 have the lowest ratio of 17 SEK/kWh and SIII 0.9 have the 

highest of 33 SEK/kWh. This gives a different result than the LCC divided by energy use since 

the shares of the heating, cooling and electricity are different. SIII 0.7 has higher district cooling 

which in turns has a lower influence on primary energy.  

 

 

 
Figure 12 LCC divided by primary energy 

 

The environmental pollution is estimated in carbon dioxide equivalent and are presented in 

Figure 13. It can be seen here that the scenario with the least pollutions is SII. The differences 

are not large and the emissions are roughly around 13.8 kg of CO2/m
2 

Atemp for all scenarios. 

Similarly to the primary energy, the property electricity has the largest impact on the results but 

the share is in this case even larger.  

 

It is important to keep in mind that the largest share of the energy use is electricity and is almost 

the same for all scenarios. The electricity includes only property electricity and not business 

electricity from interior lighting, receptacle equipment, cooking and refrigeration. It might be 
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better to focus on reducing the electricity use than the heating and cooling if one wants to reduce 

the primary energy use and CO2 emissions since it has the highest influence as well. 

 

 

 
Figure 13 Carbon dioxide emissions for each scenario shown in ton. 

 

In order to normalize the LCC for the different scenarios, the increased LCC for each scenario is 

divided by the reduction in CO2 emissions (compared to SI), see equation (13). Hence, this 

indicates the scenarios cost effectiveness of reducing the CO2 emissions, see Figure 14. 

 

 
𝐶𝑜𝑠𝑡 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑐𝑜𝑠𝑡

𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒𝑑
=

𝐿𝐶𝐶𝑆𝑋 − 𝐿𝐶𝐶𝑆𝐼

𝑃𝑆𝐼 − 𝑃𝑆𝑋
 

(13) 

 

SIII 0.9 is excluded from the figure since the pollution is higher than SI and are therefore not a 

viable option of reducing the CO2 emissions. It can be seen that SII has the smallest ratio of 

approximately 200 SEK/kg CO2 Atemp and SIII 0.5 has the largest of almost 700 SEK/kg CO2 

Atemp. 
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Figure 14 LCC divided by CO2 

 

The sensitivity analysis of the economical parameters are illustrated in Figure 15, where the 

point in the middle is a reference point and represents the values used for SII. It can be seen that 

the LCC vary for the small and large cases between approximately 670 and 1140 SEK/m
2 

Atemp. 

The parameters with the largest impact are the periods, internal rate and the investment cost 

which can be seen on the slope of their lines. The price increase of energy causes only small 

changes in the LCC which makes them less sensitive. 

 

It is important to keep a critical eye on the results as some parameters may be varied in more 

reasonable ranges than others. For example, a lifetime of ten years may not be comparable to 70 

% of the investment cost or even 10 %. One should also have in mind that the difference in LCC 

doesn’t change that much since the parameters are the same for all scenarios except for the 

investment cost. This makes the investment costs sensitive, and the uncertainty of the parameter 

is also large, why it is important to estimate them correctly. 
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Figure 15 Sensitivity analysis of economical parameters from a minimum to a maximum value, SII. 
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The IWS may be created and implemented in several different ways. The time closed and the U-

value might be different from how they are used in SII and therefore varied and illustrated in 

Figure 16. The green and purple line represents different time schedules but the purple also 

includes light controlled internal lighting, which decreases the internal lighting when solar 

lighting is provided.  

 

It can be seen that a lower U-value and longer time closed decreases the energy use. The purple 

line with the dimmers have significantly lower energy use than using the original lighting but 

they might decrease the visual comfort and the difference in energy use between the scenarios 

could be unaffected if the decrease is the same for all. The energy use decreases with the IWS 

closed for a longer time, however, there seems to be a minimum point around 16 hours and an 

increase after that. A reason for this may be due to IWS impeding on the daylight and thereby 

increasing the need for artificial lighting.  

 

Another interesting result is that the green line seems to have a constant slope between 12 and 18 

hours closed but have a much steeper slope between 10 and 12 hours. This could be caused by 

the decreased internal gains from occupants, since they are assumed to arrive at the office around 

7-8 am. The schedule from 8 am to 6 pm doesn’t suit all offices since some might start earlier or 

have flextime, but the schedule could easily be customized for a specific building. 

 

 
Figure 16 Sensitivity analysis of IWS properties. 
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Due to the fact that Gångaren 16 is a relatively energy efficient building, with good heat 

recovery and descent U-values of the windows, IWS may have a bigger impact on a less efficient 

one.  

 

The effect of different heat recovery efficiency can be seen in Figure 17. When the efficiency 

increases the LCC decreases which is expected since less heating is needed. However, the 

difference is constant for all scenarios which means that the heat recovery has none or very little 

impact on the performance of the IWS. 
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Figure 17 Sensitivity analysis of the heat recovery efficiency. 

 

The U-value of the windows affects the LCC as well, and the results can be seen in Figure 18. 

There seems to be a minimum point around a U-value equal to 1 and for lower U-values the cost 

increases. The slope for SII is low which indicates that the U-value of the windows has low 

impact on the performance of that scenario. This in turn indicates that it is not cost effective to 

have windows with U-values lower than around 1 W/m
2
K.  

 

A potential threshold for the U-value, where it would be profitable to invest in IWS, can be 

obtained from the figure which is around 2.3 W/m
2
K, however, SIII is still even more profitable. 

There might be potential for retrofitting IWS on existing buildings since the difference in cost 

between SI and SII decreases when the windows have higher U-values. 
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Figure 18 Sensitivity analysis of the U-values of the windows 
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A similar result to the previous figure can be seen in Figure 19. The investment cost of the 

windows in SI and SII are excluded to illustrate a retrofitted building. This makes SII more 

competitive since there is only an investment cost for the IWS. The result shows a shift 

downwards for SI and SII, but is the same as before for SIII. When the building has windows 

with U-value of 2.5 W/m
2
K, SII has about the same costs as SIII 0.9. SI is still the cheapest 

alternative for U-values under 2.5 W/m
2
K but compared to the previous figure SII is now the 

second cheapest. This shows that SII are less expensive compared to SIII and that the IWS might 

be useful for retrofitting buildings. 

 

 
Figure 19 Sensitivity analysis of the U-values of the windows without investment cost for SI 

The variation of LCC for other climate data is illustrated in Figure 20. The most southern city 

(Malmö) has the lowest cost and the city furthest north (Kiruna) has the highest cost. The 

difference between the scenarios is largest in Malmö and smallest in Kiruna. The trend for SII 

shows that the IWS are more cost effective the further north the building is. An implementation 

of IWS may therefore be more realistic or at least more competitive if they were to be 

implemented in a northern Swedish city. However, the LCC for SI is about the same as for SIII 

0.7 in the colder climate and are both less expensive than SII. 
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Figure 20 Sensitivity analysis of the climate. 

The orientation of a building affect the influence of the sun and the results can be seen in Figure 

21. All orientations have approximately the same energy performance of 65 kWh/m
2
 Atemp, 

where SW is the original orientation used for all scenarios. This might be due to the nearby 

buildings that block the sun or related to the symmetry of the building. The orientations impact 

on the results might have been larger for other buildings but it may not always be possible to 

choose the orientation when constructing a building.  

 

 

 
Figure 21 Variation of the orientation of the building 
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6.1 Potential of insulated window shutters 

Even if IWS is expensive, they may still be worth investing in due to pressure from the 

government and the EU concerning energy use and environmental impact. Today, most actions 

have been made in order to lower the energy use in buildings. Ventilation is very good, heat 

recovery is already very efficient and as windows are almost as good as they can get, IWS may 

be one of the few things that can lower the energy use even more. The results also show that IWS 

would lower the energy use more than windows with U-value of 0.5 W/m
2
K which is more or 

less the best available window on the market today. 

 

Since there isn’t any commercial product available on the market today it is hard to decide a 

price of the IWS. The price influences the results significantly why it is important to study the 

sensitivity analysis of a changing investment cost.  

 

There are several problems that need to be contained if IWS are to be integrated in the building 

practice. For instance, there is a risk of damp damage and condensation between the glass and on 

the inside of the shutters. Another problem is that thermal bridges may occur in the fasteners of 

the IWS. The safety issue can also be a problem, like what would happen if a fire occurs.  There 

is also an esthetical issue to the matter, whether the shutters impede on the architecture or lower 

the visual value of the building.  

 

There are other, less measurable, benefits when the performance of a building is improved. If the 

thermal comfort and visual comfort is better, the employees will feel better and their productivity 

will most likely improve. This may even counterbalance the increased LCC. 

 

Since IWS are quite expensive, there may have to be other incentives to make them more 

competitive, such as subsidies or include them in various building environmental assessment 

methods. The cost of IWS must be on the building owners since there aren’t any incentives for 

the tenant or occupants of the building to invest in IWS.  
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7 Conclusions 

The IWS can reduce the energy use of the office building compared to the other scenarios. This 

also leads to a lesser environmental impact in form of CO2 emissions and primary energy use. 

The LCC of the IWS is higher than using windows with low U-values due to the high investment 

cost and the extra maintenance and installation costs. However, IWS are a cost effective way of 

reducing the energy use below the baseline levels. The performance of IWS can be improved for 

office buildings if the U-values are lowered and if the time with closed shutters is longer. IWS 

are also more effective in the north of Sweden and less in the south, since they reduce space 

heating the most. 

 

The sensitivity analysis show that the LCC is most sensitive to the length of the lifetime of the 

investment, but is also sensitive to the internal rate and the investment cost. The LCC aren’t 

influenced in a significant way by the price increase of the different energy types.  
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8 Future work 

The recommendations for future work are to make further analysis of the shutters, which 

includes energy simulations and experimental testing. As the thermal comfort in a building may 

not be reduced when energy efficient improvements are made, it is necessary to study what 

happens when IWS are implemented. It is also important to determine what materials the IWS 

should be made of in order to determine the real U-value and by that, reduce the failure rate in 

the results. A possible way of improving the performance is to use PCM in the IWS to store heat 

when it’s warm inside and release it back into the building when it’s cold or to use vacuum 

panels.  

 

Another recommendation is to optimize the operating schedule of the IWS. They could perhaps 

be controlled based on season or future weather to get a greater effect. As shown in the results, 

there also seems to be a maximum time to have the shutters closed which should be further 

investigated.  

 

Studying IWS in other office buildings is also recommended, e.g. buildings with higher U-values 

on envelope and windows and other window-to-wall ratios. It can also be interesting to further 

investigate the retrofitting potential.   

 

A commercial product will also have to be made if the concept is going to be implemented in 

office buildings. This includes solving problems related to manufacturing, installation, design 

and aesthetic e.g. how to mount and close them. It may not be possible to mount IWS on all 

types of windows and it might depend on how they are operated and designed. Is it better to use 

manually or automatically controlled IWS and should they be sliding horizontally, rolling 

vertically or turning like Venetian blinds? It shall also be determined if they should be internal or 

external and whether or not they impede on the architecture. A commercial product will also 

determine the investment price which in turns leads to more accurate results in the cost analysis.  
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