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Preamble 

This work is carried out by Simone Lapioli and Pierpaolo Maggiore with the purpose of analyzing 

all the different aspects of the Swecohuset after its energy retrofit, which can be summarized in two 

principal and complementary categories: the active aspects, which have mainly been the investigation 

field of Pierpaolo Maggiore, and the passive ones, which are largely related to the study of Simone 

Lapioli. Consequently, two different theses have been written in order to deal with these two 

categories. 

Nevertheless, even though the work is divided in the aforementioned way which allows us to 

exhaustively explore and study all the topics of a building analysis, in this dissertation there are 

common parts jointly written (mainly descriptive), which have not to be considered reciprocal 

plagiarism. This is firstly due to the preparatory role that the description of the building development 

and its current state has for the later and distinct analysis. Secondly we consider that two different 

description sections would be just redundant information simply written in different words. Thus we 

opted for a structure of the theses as it follows: 

- The Introduction, Contextualization (chap. 0) and The retrofit (chap. 2) are common 

chapters, that the reader can find identical in both theses; 

- From chapter 3 onwards of each thesis, however, the work separates and starts discussing 

the two categories specified at the beginning of this preamble and related improvements. 
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Abstract 

The energy retrofit of existing buildings has always been a challenging task to accomplish. The 

example of the Swecohuset building, proves how an integrated approach design between architectural 

and energetic aspects as well as the use of well-known and efficient technologies are key aspects to 

achieve the energy-saving goal. This work, in the first part describes the Swecohuset retrofit process, 

along with the reasons behind the choices which have led to the current result of a reduction by 2/3 

of the energy need for space conditioning purposes. Then, in the second part, after a brief focus on 

the passive aspects which characterize the current energy performance of the building, it is carried 

out a feasibility analysis of an EWIS (external wall insulation system) by studying its interaction 

with a complex system as an optimization problem, with the main purpose of understanding the basis 

of the BPO and explore further building potentialities. 
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Introduction 

Nowadays the building sector is characterized by a design strategy which aims to create a more 

sustainable and green future. As a consequence of environmental and geopolitical issues, the last 20 

years of European policies in the energy field forced the building sector to develop new strategies 

and to resort to new technologies in order to fulfil the strict restrictions that, year after year, have 

been introduced in matter of energy performance: indeed each European country, whether or not 

member of the EU, in these years has developed its legislation pattern to implement (or if not 

member, just to be aligned to) the European directives. 

The direct consequence has been that the research sector started rushing to find new ideas for the 

building system and to improve the old ones, with a common denominator: cost-effectiveness and 

efficiency. You can have the most efficient system of the world with the lowest payback time, but if 

the installation cost is too high your idea will struggle to find a place in the market. Thus the research 

worked to reduce the cost and increase the efficiency of already known technologies: it is not a 

coincidence that buildings today are characterized by heat pumps, heat exchanger, radiant surfaces 

and so on even though out there is plenty of captivating and interesting ideas. PCMs & co. are great 

solutions that unfortunately have to face and defeat the leading force in the building sector: money. 

Along with these changes, the European panorama witnessed the birth of several certification 

agencies which, obviously basing their ranking on the EU standards, created their own scale to 

identify the “green level” of the constructions. Currently this is a way that the design firms use to 

compete in the market and to promote their projects by comparing them with others. We can call it 

as the early ‘00 publicity of the building sector: stop to the old and ugly eco-monster, say welcome 

to the new sustainable and environmental-friendly buildings. But that’s not all. Indeed, it happens 

that these agencies, more than the European restrictions, are a tool used by several design companies 

as guideline to achieve a sustainable and energy efficient building: that is, if one manages to meet 

their requests, the national law restrictions are more easily fulfilled. 

Another aspect of this “green revolution” lies in the conscience of the building users. Of course, the 

little numbers that follow the currency symbol on the electricity bill is something that bothers all the 

owners of a building (from the smallest to the biggest), and the increasing cost of the energy does 

not give good prospect in these terms: therefore, keeping the level of the energy consumption very 

low is always appreciated. But fortunately, besides the mere financial reason, there is also a light but 

increasing awareness of the environmental issues, which is spreading among the people leading some 

to move towards the choice of a sustainable construction. 
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Today this change towards sustainability is becoming tangible. Indeed, it is possible to witness the 

rise of new constructions and the refurbishment of old ones which reflect all the concepts 

abovementioned and follow this “green” path. The final goal is to create a wider sustainable building 

panorama which could relieve the burdensome impact of this sector on the environment. Today the 

creation of a single eco-friendly unit is possible and relatively easy to realize, the real challenging 

aspect is their connection to a bigger sustainable network, otherwise the problem will never be solved 

– or, if you want, controlled – properly. Fortunately, the starting point is very promising. 

Now, if we look at the Swecohuset, we notice that its retrofit perfectly follows this trend. An energy 

efficiency-oriented design succeeded in transforming an energivorous building into a great example 

of energy retrofit, by smartly resorting to well-known and reliable technology solutions. The 

Miljöbyggnad certification has been the guideline tool, besides being a declaration of sustainability. 

The future step could be a network including also the nearby buildings. 

Furthermore, beside the energy features, the Swecohuset retrofit shows a new architectural concept 

of office environment and related spaces: no more single cellar offices, but open spaces with 

workstations spread across the entire floor and cozy aggregation points to foster spontaneous 

meetings and talks. This new spatial distribution helps to get a better work environment which is 

more comfortable, livable and somehow more “human”. 

All these aspects make the Swecohuset an interesting and stimulating building to be firstly observed, 

then understood and finally described. This is right what is covered in the first part of the work: a 

complete investigation process of the Swecohuset, both in energetic and technical aspects. It has been 

necessary to create a solid background to proceed, in the second part of the study, with the research 

and analysis of further applicable solution(s), both active and passive, which can improve the 

energetic behavior of the building. In these sections, along with the mere energetic point of view, it 

will be also considered the economic aspect related to a possible installation of the new elements. 

Hence, this work firstly has to be intended as a study of a complex building system in order to find 

the methodologies to properly analyze the installation of new solutions in this “scheme”. Then, it 

might also be intended as a test-bed to verify whether or not there are actual margins for improving 

the current situation of the building: a real challenge, bearing in mind the deep retrofit the building 

has been already subjected to and the economic constraints related to further and more innovative 

solutions. 

It is also important to clarify that the whole building complex is rented by different tenants: therefore, 

whenever in this thesis the energy utilization is mentioned, it has to be considered to the extent rented 

by Sweco (excluding garages and technical rooms) since only these have been affected from the 

retrofit. In conclusion, all the results related to simulations are obtained by using an IDA ICE model 

provided by Sweco: this has been used as base model for all the further analysis. 
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1 Contextualization 

1.1 Building history 

The Swecohuset is an office building located in Gjörwellsgatan 22, on the Kungsholmen island (see 

Figure 1.1-1), owned by the AMF Fastigheter and headquarters of the Swedish building consulting 

company Sweco. 

 

Figure 1.1-1 Swecohuset position. Source: Google Maps. 

Originally designed for the Swedish newspaper Svenska Dagbladet (SvD) by the Swedish architect 

Anders Tengbom, its construction lasted from 1960 to 1962. It is a concrete structure building with 

a brick cladding, whose shape resembles the Grattacielo Pirelli in Milan (see Figure 1.1-2). The 

design concept, suitable for the necessities of a newspaper, provided for an original rooms 

distribution in which the lower floors were intended for the machineries, whereas the 14 floors 

höghusdel (high housing part) was intended for the offices. 

The building has been for almost forty years the Svenska Dagbladet headquarters (called also SvD-

huset) until 2001 when they moved out; Sweco instead moved in in 1997 (sharing the offices for 

some years with the editorial staff). During this period the property was first sold by the Svenska 

Dagbladet to the Saf in 1973, then these latter did the same and the ownership passed to the AMF 

Fastigheter, which is the current owner. 

http://sv.wikipedia.org/wiki/AMF_Fastigheter
http://sv.wikipedia.org/wiki/AMF_Fastigheter
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Today Sweco is the main tenant of the property whereas other businesses and facilities (shops, bank, 

school etc.) rent less than 10 % of the venues. It managed to set up its Stockholm headquarters here 

and gather all its employees thanks to the retrofit, begun in 2010 and completed in 2012, which 

concerned only the portion intended for the consultancy company and changed completely the 

building’s capabilities (Figure 1.1-3). 

 

Figure 1.1-2 The Swecohuset main building. Source: fogen.se 

 

Figure 1.1-3 Blueprint of the first floor showing the portion of the building rented by Sweco and subjected to retrofit. 
Source: AMF Pension Fastigheter online database. 
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1.2 Why the retrofit? 

When the Sweco company started growing it had to deploy a part of its employees in other two 

departments in Stockholm, due to the cohabitation with the Svenska Dagbladet. Indeed, the 

distribution and the architecture of the offices were totally different, and did not allow for the 

presence of all the workers in the same headquarters. This “scattering” was cause of difficulties of 

communication and collaboration among the different figures in the company. 

Thus, to solve this problem, the most obvious solution was to gather all the employees in a main 

office, and create a modern working environment totally different from the usual cellar-offices. Here 

architects and engineers could have been meeting each other, and this spontaneous and casual 

mingling could have ended up in new ideas and suggestions. The question now was: where to create 

this environment and gather all the employees? The next chapter will explain the choices which led 

to the current situation. 
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2 The retrofit 

2.1 The project constraints, requirements and objectives 

If we exclude the design of a box built in the middle of nowhere – and I’m not totally sure even about 

this – every project has restrictions which may create problems to be overcome. In this specific case, 

the first limitation comes from outside, precisely from the Länsstyrelsen i Stockholm (County 

Administrative Board of Stockholm), an authority that decides which buildings must be listed for 

cultural and historical reasons. Unfortunately - especially for the engineers - the former SvD-huset is 

a listed building (blue colored, the highest level) and its external shape and appearance cannot be 

modified: so, if the architectural purposes could easily tolerate this restriction since they mainly 

concern the inner spatial distribution, the engineers have been deprived of a potential “tool” to be 

exploited in order to reduce the energy request. 

Furthermore, it is also necessary to take the goals into account the goals set by the designers which, 

depending on the point of view, can be considered restrictions. The first one is the creation of a 

comfortable, sustainable office from both the architectural and energy viewpoint: a modern and open 

spaces where different figures can easily meet each other during the everyday working routine, in a 

healthy environment with a very low energy request and an efficient use of it. The second one is the 

fulfillment of all the requirements to achieve the gold level in the rating system issued by 

Miljöbyggnad, a Swedish certification agency in the sustainable field. These requirements not only 

concern the energy performance of a building and its utilization but, like most of the certifications, 

also the IEQ and the health safety of the materials. 

Then, last but not least, the building “imposes” its own constraints, that is its energy needs, which 

obviously are strictly related to the constraints and requirements abovementioned.  

Thus, at the beginning of the design phase there was a quite strict pattern of requirements and 

constraints which had been very challenging to be met and satisfied by a fifty year-old building 

subject to refurbishment. The consequences will be shown first in the following sections, by 

explaining the reasons behind the decisions made and then, in the following chapters, by describing 

the refurbishment process. 

The following sections illustrate and describe the objectives set by the designers and the related 

achieved results. 
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2.1.1 The early design phases 

When the need of a retrofit knocked on Sweco’s doors, there were different available options on the 

table to be discussed and analyzed. The final solution, the one with all the employees gathered in 

Gjörwellsgatan 22, was the one which had less consideration at the beginning. Indeed, after having 

skimmed 45 proposals, only 5 of them were left. Then a further selection narrowed down the options 

to 4 potential projects: two regarding the construction of a new building, two regarding a retrofit of 

existing ones. The proposals were evaluated according to the following requirements: 

- General requirements: the Swecohuset must have architectural values that distinguishes it 

from the others building, must support the values of sustainability and low environmental 

impact becoming a “concept” in the public conscience and must have the ability to attract 

new employees; 

- Spatial needs: about 25 000 m2 of floor area and 250 parking spots required; 

- Location: close to public transport and easy accessible to cyclists, in order to minimize the 

impact of the transfers, and close to useful facilities (restaurants, shops, banks etc.); 

- Security: the only part freely accessible to the public must be the entrance and the reception, 

whereas passes must be necessary to access the other zones of the building. The fire isolation 

should not hinder the communication among the spaces; 

- Rooms design: the key concepts are open spaces and flexibility. These must allow the 

Swecohuset to increase the mingling among different figures and help it to face the rooms 

allocation and even any future change of business. 

So, why was the former SvD-huset chosen? Obviously AMF’s intention was to keep its main tenant, 

so they proposed the retrofit to Sweco of the former SvD-huset. On its part, Sweco accepted the 

“challenge” to show that it is possible to create an energy-efficient office, with a modern and 

stimulating working environment, starting from the refurbishment of an historically valuable 

building for the city of Stockholm. Moreover, a smart retrofit is synonymous of sustainability if 

compared to the construction of a new building, and this certainly was an aspect which further pushed 

the architects towards this decision, along with the positive publicity that Sweco’s image would have 

gained from headquarters which reflects the sustainability concept that they want to promulgate. 

Thus, once that AMF and Sweco agreed upon the retrofit of the former SvD-huset, it was time to 

establish the goals to be achieved, to define a path to be followed and a strategy to tackle any related 

problem. 

It is possible to split the retrofit into two aspects/main objectives: the first one deals with a new 

architectural concept of office and its distributive aspects, and it is driven by the ambition to build a 

creative and stimulating environment which foster the contacts both among all the departments and 

with the customers. The second one concerns the plant system and the energy demand, and it has 

been characterized by the big challenge to slash the energy demand and create a sustainable 

“organism” and efficient building. Actually, also a third, structural aspect could be pointed out: the 

complications related to the removal of a lift shaft so as to create a connection between the hall and 
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the gallery of the lower body. However, it won’t be discussed in this work, since it falls outside our 

study purposes and doesn’t affect the topics we intend to analyze. 

Since the beginning it was clear that the design had to be developed in a parallel way in order to 

achieve a good and satisfying result: the architectural ambitions were supposed to meet and fulfil the 

necessities of the plant system, and vice versa. Indeed, it is impossible to face a complex project like 

an architectural and energy retrofit of a building without the reciprocal interaction of their two main 

“actors”. This has been the starting point and characterizing feature of the entire refurbishment. 

2.1.2 The indoor comfort 

This field is always tricky and difficult to handle in such big buildings. Firstly, because it deals with 

thermal, hygrometric, air, acoustic and light quality of the environment; secondly, because there 

could be relevant differences to be evened out all across the building. 

In the Swecohuset the main concerns are related to the thermal comfort, the IAQ and the daylight 

quality, also because of the Miljöbyggnad requests. However, as for the two remaining aspects, the 

hygrometric one is not problematic since the weather in Stockholm on one hand does not give 

particular issues in terms of air moisture, being neither too dry nor too humid, whereas the acoustic 

aspect had to deal mainly with the acoustic insulation of the meeting rooms and the noise from pipes 

and ducts. Therefore, the designers mainly focused on guaranteeing a good natural light inflow and 

a proper control of the temperature inside the rooms. And, if for the daylight aspect a careful design 

of the building’s transparent surfaces is required in connection with a proper spatial distribution of 

working stations and rooms, the temperature control demands even more precaution, starting from 

the system which is delegated to fulfill this necessity to reach the terminal units in the rooms. But, it 

is useful to distinguish each aspect and briefly analyze it. 

2.1.2.1 Thermal comfort 

In the preliminary stage of the design it has been decided that the indoor temperature must fulfill the 

TQ1 quality class of the R1 - riktlinjer för specifikation av inneklimatkrav (Swedish Guidelines for 

the Specification of Indoor Climate, 2006 revision), as specified in [1], that is: 

 20 – 24 °C in the winter period 

 23 – 26 °C in the summer period 

In such big and complex buildings, the zooning become a fundamental tool to achieve an optimal 

control of the indoor temperatures. Indeed, the system is intended to be zone-adjustable, in order to 

ensure the desired local-comfort. According to the IDA ICE model, and despite the dimensions of 

the building, the zoning of Swecohuset has been fairly easy to establish: a first indication comes 

precisely from the floors of the high house, since each of them is a starting macro-zone to be further 

divided into smaller ones (i.e. each meeting room/private office, each set of working stations etc.). 
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Likewise, in the low house it is possible to spot 4 macro-zones divisible in smaller ones: each floor 

has three macro-zones, whereas the whole gallery is a zone itself (see Figure 2.1-1). 

 

Figure 2.1-1 The macro-zones in the Swecohuset: highlighted in orange, the zone related to the gallery. 

2.1.2.2 IAQ 

As for the air quality, all the different zones represented both the solution to the problem and an 

obstacle to overcome. Indeed, to have the best control on the air quality the zoning is a key procedure, 

but in the Swecohuset even each meeting room can be considered a single zone, and each of them 

has different needs in terms of airflow: so, how is it possible to control this “variety” of air quality 

request? The first answer is a control through CO2 sensors in each room, therefore each zone is 

presence-controlled and the system switches to basic ventilation if the room is unoccupied. The 

second answer lies in the connection between cooling beams and VAV system of the AHU, which 

guarantee a good air mixing also when the inlet airflow velocity is reduced (because the system is 

working below the peak load, see chap. 2.3.2). Therefore, this particular configuration of the AHU 

is characterized by the zone control capability of a VAV system and the air-mixing effectiveness of 

a CAV system. 

2.1.2.3 Daylight 

As specified in [1], the daylight has been intended to fulfill the BBR (Boverkets byggregler, the 

regulations of the National Board of Housing, Building and Planning) and the AFS requirements 

(Arbetsmiljöverkets författningssamling, that is Work Environment Authority). Obviously, the 

working stations have been placed by the daylight inflow in order to exploit the natural lighting rather 

than the electric one. 

Furthermore, since the daylight quality is naturally strictly related to the windows choice, the design 

aimed at achieving the required amount of natural light avoiding at the same time excessive heat 

gains due to the solar radiation. 
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2.1.3 The Miljöbyggnad certification 

Since Sweco wanted the building to achieve high sustainability standards they needed a certification 

body to evaluate the accomplishments on the subject. Therefore, AMF decided to resort to 

Miljöbyggnad, a certification system approved by the Sweden Green Building Council and developed 

according to Swedish regulations, whose evaluation indicators are connectable to three main fields: 

energy utilization, IEQ and materials. The achievable levels for each indicator are Gold, Silver and 

Bronze; then these indicators contribute to the final result which is globally expressed through the 

same classification and which is attested by a certification valid 10 years (or less, in case of further 

major renovations within this period). 

The goal of Sweco and AMF was to obtain the Gold label both for the renovation and for the energy 

use. It is important to say that, unlike other evaluation tools as BREEAM or LEED, Miljöbyggnad is 

focused only on the building and the inside environment, without considering any aspect related to 

the surroundings (e.g. the presence or not of good public transport connections). Nevertheless, also 

these “surrounding aspects”, which obviously further improve the quality of the refurbishment, have 

been taken into account when the choice of refurbishing the Swecohuset was made. 

The assessment was made according to the 16 Miljöbyggnad indicators, which have different limits 

depending on whether the building is a new construction or renovated (although in certain cases this 

difference is very slight). Those certification requirements were adopted throughout the design phase 

as a useful guideline to achieve a good final result. The Miljöbyggnad certification evaluates the 

building energetic performance according to a simulated model: in the Swecohuset case, according 

to simulations carried out before the complete building retrofit (simulations dated 2011) the 

indicators strictly related to the building needs and energy area (numbers 1 to 3) respects not only 

the limitations set for refurbished buildings, but even the ones for new constructions. Note that those 

simulations were carried out without taking into account the boreholes presence (because this tool 

was not implemented in IDA ICE yet) and the night ventilation. The table below (Table 2.1.3-1) 

shows exactly those indicators, their evaluation criterion and the achieved preliminary results. 

Table 2.1.3-1 Preliminary certification fulfillment of Miljöbyggnad indicators number 1,2 and 3. Source: Miljöklassning 
av Swecohuset – Indikatorer 1,2,3,10 och 11. 

 

Aspect Indicator Class Criterion Estimated result 

Energy consumption #1 Purchased energy GOLD 

< 84 kWh/m2year 

(from 0.65 × BBR 

new building limit) 

57,3 kWh/m2a 

Heating losses #2 Heating load GOLD < 30 W/m2 18,5 W/m2 

Cooling load #3 Solar heat load GOLD < 32 W/m2 

Some zones > 32 W/m2 

Extra sunscreen is 

required in those zones 
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As written in the Swecohuset report about the Miljöbyggnad indicators concerning the energy 

simulation [2], they are used to reward the following features: 

 #1 Building’s capability to consume low energy (purchased energy for heating, cooling, hot 

water and building services per heated square meter per year); 

 #2 Building’s capability to have low power needs during the cold season (e.g. thanks to good 

insulation, efficient heat recovery etc.). It is evaluated through the heat losses to be 

compensated, which are defined as loss by the transmission and exchange of air at the design 

winter outside temperature (Swedish acronym DVUT) divided by the total heated surface 

(Atemp); 

 #3 Building’s capability to have low solar heat loads during the hot season (e.g. thanks to 

shading devices), which could be counterproductive since it might have to be removed. It is 

evaluated through a solar heat load value (Swedish acronym SVL), which is determined 

based on the maximum solar radiation, solar heat transmission and room size. Note that this 

indicator takes a singular room into account: therefore, it must be verified in different zones 

which characterize the building (two representative plans for each part of the building have 

been selected, that is plan 2 for the low-house and plan 12 for the high-house); 

Furthermore, from the same preliminary studies, the results of the indicators related to the indoor 

thermal comfort were satisfactory (Table 2.1.3-2Error! Reference source not found.) 

Table 2.1.3-2 Preliminary certification fulfillment of Miljöbyggnad indicators number 10 and 11. Source: Miljöklassning 
av Swecohuset – Indikatorer 1,2,3,10 och 11. 

 

Those indicators reward the following characteristics: 

 #10 Building’s capability to ensure a good thermal comfort during the cold season. It is 

evaluated through the operative temperature and the surfaces’ temperatures at the design 

winter outdoor temperature (Swedish acronym DVUT); 

 #11 Building’s capability to ensure a good thermal comfort during the hot season. It is 

measured through the probability of exceeding a limit operative temperature (P values) 

at the design summer outdoor temperature (Swedish acronym DSUT): this probability 

must not exceed the 10%. 

Aspect Indicator Class Criterion Estimated result 

Thermal climate 
#10 Winter thermal 

climate 
GOLD 

Top > 20 °C 

∆T window/wall < 10 °C 

∆T floor/ceiling < 5 °C 

20°C < T floor < 26 °C 

Top = 20,34 °C 

∆T window/wall = 5 °C 

∆T floor/ceiling = 0,5 °C 

T floor = 20,45 °C 

Thermal climate 
#11 Summer thermal 

climate 
GOLD 

P27 (Top=27 °C) 

(tT > 27 °C < 10%) 
tT > 27 °C = 0 h/days 
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Then, new simulations were run once the building’s refurbishment was completed (2013): therefore, 

according to the actual state of the retrofit, some of the values shown above have slightly changed 

(Table 2.1.3-3 and Table 2.1.3-4). 

Table 2.1.3-3 Post-retrofit fulfillment of Miljöbyggnad indicators number 2 and 3. Source: Miljöklassning av Swecohuset 
– Indikatorer 2 Energibehov vinter; Miljöklassning av Swecohuset – Indikatorer 3 Solvärmelasttal. 

Table 2.1.3-4 Post-retrofit fulfillment of Miljöbyggnad indicators number 10 and 11. Source: Miljöklassning av 

Swecohuset – Indikatorer 10 Termiskt klimat vinter; Miljöklassning av Swecohuset – Indikatorer 11 Termiskt klimat 

sommar. 

 

In conclusion, the expected result of the Swecohuset’s Miljöbyggnad certification, pending the results 

of the surveys which could affect the indicators number 5,7,9,10,11 and 12, are shown in the next 

page (Table 2.1.3-5). 

 

 

 

 

 

Aspect Indicator Class Criterion Estimated result 

Heating losses #2 Heating load GOLD < 30 W/m2 24,1 W/m2 

Cooling load #3 Solar heat load GOLD < 32 W/m2 

Most rooms fulfill the 

gold criterion; the most 

vulnerable rooms fulfill 

the silver criterion: 

overall grade is gold. 

Aspect Indicator Class Criterion Estimated result 

Thermal climate #10 Winter thermal 

climate 

GOLD Top > 20 °C 

∆T window/wall < 10 °C 

∆T floor/ceiling < 5 °C 

20°C < T floor < 26 °C 

Top = 20,3 °C 

∆T window/wall = 5 °C 

∆T floor/ceiling = 0,5 °C 

T floor = 20,2 °C 

Thermal climate #11 Summer thermal 

climate 

GOLD P27 (Top=27 °C) 

(tT > 27°C < 10%) 

tT > 27 °C = 3 h during the 

hottest week of July 
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Table 2.1.3-5 The expected result of the Miljöbyggnad certification. Source: Sweco. 

Nr Indicator Aspect Area Building 

1 Purchased energy GOLD Energy use GOLD 

Energy GOLD 

GOLD 

2 Heat losses (VFT) GOLD Energy 

demand 
GOLD 

3 Solar heat load (SVL) GOLD 

4 
Shares of different type 

of energy 
GOLD 

Energy 

source 
GOLD 

5 
On-site 

assessment/noise rating 
GOLD 

Sound 

environment 
GOLD 

Indoor 

environment 
GOLD 

6 Radon content SILVER 

Air quality SILVER 7 
Outdoor air flow and 

technical design 
SILVER 

8 Inner nitrogen content SILVER 

9 

Assessment of 

construction and 

moisture damage 

GOLD 
Moisture 

safety 
GOLD 

10 
Transmission factor 

(TF)/max and min temp. 
GOLD 

Thermal 

climate 
GOLD 

11 
Solar heat factor/temp. 

simulation 
GOLD 

12 
Window area by floor 

area/daylight factor 
GOLD Daylight GOLD 

13 Potable water GOLD 
Legionella 

risk 
GOLD 

14 
Presence of listed 

hazardous substances 
GOLD 

Hazardous 

substances 
GOLD 

Materials 

and 

chemicals 

GOLD 
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2.2 The architectural design 

The Swecohuset is characterized by two main blocks: a 15-stories High House and a 4-stories Low 

House. As for the architectural point of view, the retrofit aimed at creating a pleasant and comfortable 

work environment which fostered spontaneous meetings and exchange of ideas, in a building which 

has been chosen since deeply integrated in the urban context of Stockholm. In the retrofit process it 

is possible to distinguish a first phase focused on finding the most suitable building, and a second 

phase oriented towards the refurbishment of the indoor spaces. 

2.2.1 The architectural choices 

As already mentioned, the main goal concerning the architectonic point of view was to create a place 

which stimulated and fostered the contacts among different figures. So, what are the best architectural 

solutions to increase this aspect? A good starting idea is a big, open gallery to increase the mingling. 

Then, if the previous cellar-offices pushed the employees to stay in their own little world, it is 

necessary to tear down the walls and create an open space. Eventually, aggregation points such as 

coffee corners, lunch and living room complete the work. 

The first intervention therefore concerned the creation of the big gallery characterizing the low 

building-body, in order to increase the customer-employees mingling. Before the retrofit, this part of 

the construction was a rectangular-plant body constituted by five connected branches, four stories 

each, which delimited two inner courts covered by a roof at the height of the first floor (see Figure 

2.2-1).  

 

Figure 2.2-1 The building before the retrofit: here it is possible to notice the shape of the low-body of the building and 
the two courts inner courts (with their roofing still at the first floor). Source: Sweco. 
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The architects first decided to join the two courtyards and to raise the roof three floors so as to create 

the necessary volume and to insert four skylights for the daylighting, then to connect this newly-

created gallery with the entrance hall by removing one elevator in order to create a spacious way 

through for the installation of a staircase (indeed the gallery is one floor above the entrance, see 

Figure 2.2-2, Figure 2.2-3 and Figure 2.2-4).  

 

Figure 2.2-2 Blueprint of the ground floor: at this level Sweco rents only the entrance hall (in orange), whereas several 

businesses and facilities rent the other venues. Source: AMF Pension Fastigheter online database. 

 

Figure 2.2-3 Blueprint of the first floor: at this level the main feature is the central gallery (with the staircase in the 
middle) and the meeting rooms at its sides. Source: AMF Pension Fastigheter online database. 
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An important aspect has been the construction of the central staircase of the gallery, which connects 

all the floors of the low building-body, its main feature is to symbolize the movement in the office 

which ends up in the encounters among the occupants (Figure 2.2-5).  

 

Figure 2.2-4 Section of the Swecohuset (east on the left): here it is possible to notice that the entrance hall and the gallery 
are at two different levels. Source: Sweco. 

 

Figure 2.2-5 View of the gallery and its staircase. Source: Sweco. 

Moreover, at each floor the walls facing inward have been removed and replaced by glass parapets 

or transparent partitions creating visual contacts among the floors, like if there were several loggias 
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(in a modern version). To further increase this, and also to give a feeling of movement, the edge joists 

are reciprocally staggered here and there. Then, along the sides of the gallery the architects opted for 

the realization of meeting rooms for customers and consultants. The first thing that stands out is the 

strong color, useful to spot suddenly a place where it is possible to have a private conversation. 

If the entrance and the gallery are intended for both visitors and employees and their meetings, the 

other floors host all the departments of the company. But this doesn’t mean that these spaces are less 

colorful and welcoming. Indeed, at each floor the walls that separated the cellar-offices and created 

long corridors (Figure 2.2-6 and Figure 2.2-6) have been tore down in favor of big open spaces, with 

clusters of working stations which allows architects and engineers to talk and communicate easily. It 

is important to point out that this new distributive solution allowed for a more efficient use of the 

space, increasing the working seats approximately from 1100 to 1600. Obviously, some “classic” 

offices at each floor have been left for those who look for a quieter environment to work. Then, 

soberer but still colored meeting rooms have been built and a cozy lounge with couches, tables and 

a coffee-spot has been conceived to welcome you once got out of the elevator, providing a kind of 

“home sweet home” sensation (Figure 2.2-8 and Figure 2.2-8). 

  

Figure 2.2-6 and Figure 2.2-7 The situation before the retrofit. Source: Sweco. 

                

Figure 2.2-8 and Figure 2.2-9 Floor of the high-body of the building after the retrofit (living room and meeting 
room/private working spots). Source: Sweco. 
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Figure 2.2-10 Typical spatial distribution in the upper floors of the high-body of the building (tenth floor in this case). 

Source: AMF Pension Fastigheter online database. 

 

Figure 2.2-11 The working stations. 

2.3 The solutions 

Before the retrofit, the building’s energy utilization was 179 kWh/m2a (excluding the share of 

tenant’s electricity), a relatively high amount which is the consequence of the construction period of 

the building. This was mainly due to the poor insulation and to the old and low-efficient installations. 

Moreover, the different tenants modified the plant components several times during the years, 

without proper control, further affecting the performances in a negative way. 
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As stated by H. Berg von Linde in [1], the general strategy to achieve an high energy efficiency has 

been: 

- Firstly, reducing the amount of purchased energy (including the use for operations related 

equipment), with the highest priority to the minimization of the use of primary energy. 

- Secondly, ensuring a supply energy as much as possible provided by renewable sources. 

By and large two of the three steps of the Trias Energetica. The third one, that is the efficient use of 

the non-renewable energy, is delegated to the components of the building system. Hence, thanks to 

these steps, the current situation is characterized by an actual energy request for space conditioning 

of 44 kWh/m2a (whereas the IDA ICE simulation gave an outcome of 57 kWh/m2a), a result which 

has been achieved mainly by improving the building system with high efficient components and, at 

the same time, making the most of the envelope’s configuration. Furthermore, the zoning helps to 

better identify the building needs of each zone and localize the control in that specific area, 

guaranteeing a smarter use of the resources and a better result in terms of IEQ. 

The same report [1] quotes few lines taken from the “Environmental contract stage” between Sweco 

and AMF which states that the building is intended to be upgraded with "not new knowledge and not 

tomorrow's technology, but very good application of technology available today" (translated from 

Swedish). Furthermore, it is pointed out that an important aspect which has had great consideration 

during the design of the building system is the capability of the latter of being flexible to any possible 

transformation, facilitating in this way further rebuilding measures. 

The strategy and the intentions just illustrated, along with the results of the model simulation, led the 

designers towards specific system solutions to satisfy the building needs. The following lines 

summarize them. What follows is related to the IDA ICE building model which has been used to 

evaluate the service needs. 

According to the simulations, the building request is 17.5 kWh/m2a for the tenants’ energy usage 

(computers, lights etc.): a relatively low amount which is mainly due to LED lights, dimmers and a 

proper behavior of the employees. Instead, the energy request of the HVAC aux would have 

depended on the system installed. In any case, the building mainly relies on the electricity bought 

from the public network, since the n PV panels on the high house roof can contribute with a minimum 

share of 0.5 kWh/m2. Despite this low electrical production, as reported in an interview in [3], their 

installation has been justified with the will of taking part to the solar cell development rather than 

with their ability to satisfy the needs. 

As for the building system, according to the simulations it has been designed to meet a simulated 

heating load of 24.1 W/m2 and a cooling load of 14.8 W/m2, which are very low values considering 

the surrounding conditions of the retrofit. Hence, this proves that an efficient building system and a 

proper zoning are powerful tools to reduce the energy utilization. The supply of thermal energy is 

delegated to an HVAC system which is described in section 2.3.2. 
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Eventually, as for the DHW, it is heated up thanks to three heat exchanger, each of them intended 

for a different area of the building, which connects the district heating to the public water network: 

in simple terms, the first supplies the thermal energy, the second the water.  

2.3.1 The envelope 

When a refurbishment which aims at an energy reduction is required, one of the first actions usually 

is on the building envelope. Indeed, nothing is more reasonable than acting on the element which 

dissipates energy (thermal energy in this case), and reduces its thermal transmittance in order to 

consequently reduce the energy required to compensate for any loss. Maybe the Sweco’s engineers 

would have appreciated the opportunity to act freely on this element but, due to the aforementioned 

cultural and historical restrictions the building is subjected to, the allowed options have been reduced. 

An external insulation was therefore excluded from the beginning since it would have modified the 

appearance of the façade. 

Unfortunately, even combing through the drawings, it is not possible to accurately individuate all the 

dimensions and physical features of the envelope layers. By and large, what the engineers had to 

tackle was a concrete structure with external walls 40 cm thick on average, with a brick cladding. 

The point is that both concrete and bricks are characterized by a quite low thermal resistance but also 

by a high thermal inertia which, as we will see later, will prove useful. Then, according to blueprints 

and sections, the walls are generally provided with a 5 cm thick – or rather, thin –insulation layer, 

which increases up to 24 cm just in the recently built lanterns over the gallery. These obviously are 

not the best conditions to face the Scandinavian winter (although Stockholm is quite in the south of 

Sweden) without taking into account a significant investment for heating. 

A solution to fix this could have been an internal insulation addition which, besides being an invasive 

installation, maybe would have granted less benefits than the related design problems to be solved: 

indeed, this typology of insulation doesn’t allow for a good elimination/reduction of the thermal 

bridges. Hence, there is even the risk of ending up with a pejorative result in which any remaining 

thermal bridges localizes the “weak points” of the envelope, further enhancing their dangerousness 

which could cause serious damages (e.g. mold onset into the walls). 

The other option instead was to act on the transparent parts of the envelope, since by changing just 

the windows the thermal properties would have been an improved and at the same time the external 

shape and appearance of the façade would have been preserved. This is what the engineers actually 

did: indeed, they opted to replace the old windows (except some on the second floor) with new and 

more performant ones. The windows selected have a well-insulated frame, a better air-tightness and 

a pane-film which reflects most of the IR light but let the visible lights to penetrate. This could sound 

odd, since the IR radiation could be a free gain useful to heat up the rooms of a building at this 

latitude. Nevertheless, being the building intended for offices, the internal gains are already very high 

and further heat contribution due to the solar radiation could be counterproductive (especially in the 
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summer). So, to recap, the building is characterized by four different types of windows described 

below (Table 2.3.1-1 and Figure 2.3-1). 

Table 2.3.1-1 Characteristics of the panes. Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

Number 

(see fig. 

below) 

Window position 
Visible 

transmittance1 
G-value2 

Solar energy 

transmittance3 

Transmittance 

[W/m2K] 

1 Everywhere but the north-facades 0.51 0.28 0.26 1 

2 Existing window atrium floor 2 0.74 0.68 0.60 2.5 

3 North-facades 0.71 0.55 0.44 1.5 

4 Existing gable windows High-House 0.44 0.6 0.21 1.3 

 

1: fraction of the visible spectrum of sunlight (380 to 720 nanometers), weighted by the sensitivity of the human eye, that 

is transmitted through the glazing of a window. 
2: ratio between the solar thermal energy transmitted by the pane (directly transmitted share + absorbed and inward re-

emitted share) and incident radiation on the pane. 
3: fraction of solar energy passing through the window. 

 

 

Figure 2.3-1 Position of the different typology of windows. The light blue point out the venues of the Swecohuset. 
Source: Miljöklassning av Swecohuset – Indikatorer 1,2,3,10 och 11. 

Furthermore, to face the already mentioned opposite problem of an extra and undesirable solar gain 

during the summer – yes, the global warming strikes also at those latitudes – the southern and western 

windows of the low-body have been provided with an external solar shading, whereas the top of the 

gallery’s lanterns has been slightly tilted to the north, to reduce the incidence angle of the solar rays. 

In conclusion, it is not easy to estimate the values of the envelope transmittance, at least as for the 

opaque part, without resorting to thermal analysis. Nevertheless, to have a general idea as well as for 

the purposes of this thesis, we can settle for the guideline values which have been used to run the 

simulations on IDA ICE (Table 2.3.1-2). These results are the outcome of a sensible reasoning, which 

2 
3 

4 
4 



Energy retrofit of an office building in Stockholm 

Simone Lapioli 

 

27 

have considered and weighed the likely values of the opaque envelope’s thermal properties and the 

known values (Table 2.3.1-2) of the transparent partitions’ ones. 

Table 2.3.1-2 Transmittance values of the envelope (used in the IDA ICE simulations). Source: Miljöklassning av 

Swecohuset – Indikatorer 1,2,3,10 och 11. 

Partition 
U-value 

W/m2K 

Roof 0,25 

High house façade 0,74  

Low House façade 0,80 

Roof floors 14 & 15 0,37 

Roof floor 13 0,25 

Ceiling/floor 2,7 

 

Whose relative areas are (Table 2.3.1-3): 

Table 2.3.1-3 Areas of the Swecohuset envelope (related to the extent rented out by Sweco). Source: Miljöklassning av 

Swecohuset – Indikatorer 1,2,3,10 och 11. 

Partition 
Area 

m2 

Roof 4377 

Höghus façade 4425 

Låghus façade 1395 

Windows 2833 

 

In conclusion of this chapter, it is worth spending a few lines to explain how the “balance” between 

the quite elevate U-value and the high thermal inertia of the external walls helps the energetic 

behavior of the building, since it will be a useful background later on. High U-value means that a 

material has a good ability in the heat conduction, whereas high thermal inertia means that a material 

varies its temperature very slowly as a response to external variation of temperature. Thus, 

considering separately both the heating season and the cooling one, it is possible to hypothesize the 

benefits that this building obtains from this particular condition. Let’s start from the cooling season: 

considering the high internal gains (due to appliances and occupants) and the relatively high summer 

temperatures of Stockholm, the quite elevate U-value allows the building to dissipate enough heat 

which otherwise would burden the cooling systems, whereas the high massive envelope manage to 

reduce and lag the heat flux from the outside without increasing excessively its temperature, with 

positive repercussion on the operative temperature. On the other hand, during the heating season, 

even though in the coldest months this U-value causes relatively high heating loads, for a 

considerable part of this period the internal gains are still too elevate and they must be dissipated 

somehow: therefore, this situation becomes a compromise which could be accepted against the 

eventuality of turning on the cooling system. Furthermore, the heat capacity of the wall compensates 
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for its bad thermal resistance and succeeds in ensuring an acceptable surface temperature, with a 

consequent better indoor comfort. 

2.3.2 The HVAC system 

The main scope of the HVAC system is to guarantee thermal comfort and indoor air quality, by 

providing and removing not only energy but also fresh and exhaust air, respectively. As shown in  

Figure 2.3-4 (at the end of this section), the aforementioned tasks can be fulfilled through a very 

complex system, that, at this stage, can be divided in three main parts: 

 the primary system: consists of the heating and cooling equipment, designed to cover the 

variable thermal loads of the whole building and to guarantee the proper temperature of the 

hot tap water; 

 the secondary system: mainly meets the specific requirements of each zone, by distributing 

the heated or chilled fluid from the primary system to the terminal devices and handling the 

air; 

 the control system: regulates the operation of each component depending on both the indoor 

and outdoor varying conditions. It therefore works by adjusting in real time what has to be 

provided in order to satisfy the requirements, which, in turn, are set to guarantee thermal 

comfort and indoor air quality. 

The detailed analysis of each component is beyond the scope of this thesis, so the following 

descriptions will be focused on aspects of interest. 

2.3.2.1 The heating plant 

The heating plant has been designed to provide the service hot water and to satisfy the heating loads 

of the building and, for these purposes, the heating system includes both a geothermal brine to water 

heat pump and a connection to the district heating. 

The former (heating capacity = 305,5 kW; COP = 3,21)1, identified with the code VS01-VP1 on the 

plant blueprint, extracts the heat from the ground via a closed brine circuit and transfer it to the zone 

heating devices. The brine, necessary to avoid freezing damages to both the cold circuit and the 

evaporator, in this specific case is an ethanol-water mixture (29% by volume), characterized by a 

freezing point equal to 14,4 °C. 

However, Table 2.3.2-1, showing how the zone hot water set points are correlated to the outdoor 

temperature, highlights that the hot water temperature can easily reach high values and, since this 

negatively affects the heat pump COP, the zone hot water circuit is equipped with the heat exchanger 

                                                      
1 Evaporator entering/leaving water temperature = 9/5°C.  
Condenser entering/leaving water temperature = 50/60°C. 
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VS1-VX101, which in turn is connected to the district heating network. This means that the heat 

pump could be partially helped by the district heating network to cover the heating loads in certain 

conditions. 

Table 2.3.2-1 Zone hot water setpoint. Source: Sweco 

Outdoor temperature [°C] -30 -20 -10 0 10 20 

Zone hot water setpoint [°C] 63 56 46 43 35 20 

 

Besides working as the auxiliary heater combined to the heat pump, the district heating connection 

has to fulfill another task: providing the service hot water. The latter circuit is split in three parts 

(VV2, VV1L and VV1H), depending on which section of the building it feeds, and each of them is 

connected to a heat exchanger, identified as VV2-VX102, VV2-VX103 and VV2-VX104 

respectively. On closer inspection, another detail emerges: the service water flowing through the 

VV1L circuit can be pre-heated when chillers operate, since the VÅ2 circuit draws the heat from 

condensers and exchanges it through the VÅ2-VX105 heat exchanger. The weakness of this system 

lies in its dependence on chillers operation, which are turned on during the summer period, when the 

use of hot service water is lower. 

2.3.2.2 The cooling plant 

Despite the location and the climate, the cooling issue assumes great importance and this aspect is 

confirmed by the presence of the borehole system and the three chillers. 

The first one consists of 26 vertical boreholes with an active depth of 280 m and it was conceived 

mainly to cover the basic cooling loads: this means that during the year the cooling power provided 

by the boreholes is enough to face the needs of the building, except for the summer period, when the 

chillers operation is required to decrease the brine temperature to a greater extent.  

The consequence of using boreholes as a heat sink is that the temperature of the surrounding ground 

rises, but this increase is balanced during the winter period, when the heat pump uses the boreholes 

as a heat source. 

As for the chillers, it’s important to start distinguishing between those which feed the Sweco cooling 

terminal devices, identified as KA101 and KA102 (cooling capacity = 750,9 kW; EER = 4,6)2 on the 

plant blueprint, and the KA201 chiller (cooling capacity = 956,8 kW; EER = 3,68)3, which is 

characterized by a greater cooling capacity and provides cooled water mainly to the zones, such as 

the stores on the ground floor, which doesn’t belong to the Sweco company. 

                                                      
2 Evaporator entering/leaving water temperature = 18/13°C.  
Condenser entering/leaving water temperature = 38/44°C. 
3 Evaporator entering/leaving water temperature = 12/7°C.  
Condenser entering/leaving water temperature = 38/43°C. 
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The majority of the terminal devices served by the KA201 are the cooling coils integrated into those 

AHUs which were not changed after the retrofit, while the other two chillers, characterized by the 

same cooling capacity, were designed to feed the following systems: 

The cooling plant is completed with the heat rejection equipment, which is necessary to let the 

chillers operate: in fact, the heat indirectly drawn from the indoor environment has to be transferred 

to a heat sink, represented by the outdoor air. This purpose is achieved thanks to the installed dry 

coolers, which basically consist of a coil and a fan unit placed outside and work mainly relying on 

the forced convection heat transfer. As a dry heat rejection system, the dry cooler theoretical limit is 

represented by the outdoor dry-bulb temperature, but the Stockholm climate reduces the extent of 

that problem. 

2.3.2.3 The secondary system 

It is undeniable that the building in question is characterized by not only significant internal gains 

but also remarkable variability in terms of thermal loads. In these conditions, the need for high levels 

of thermal comfort and indoor air quality and the decision to reduce the waste of energy led to a 

retrofit strategy based on the variable-air-volume system, which minimizes the penalties that affect 

the CAV systems at part loads by reducing the airflow, which in turn means a decrease in the fan 

power. 

The air handling units, which can be considered the core of a VAV system, are equipped with a 

cooling coil and a regenerative heat exchanger, which can reach an efficiency of 90% thanks to two 

accumulators that fresh and exhaust air pass through alternately. In particular, during the winter 

operation, shown in Figure 2.3-2, the return air is channeled to one accumulator in order to heat it 

up, while the fresh air passes through the other accumulator, which transfers the heat stored during 

the previous cycle. The code that identifies the AHUs in Figure 2.3-3 begins with “LB”, which is 

followed by a number. 

It should be noted that there is a problem related to the operation of the VAV systems below the peak 

load: the reduction of the airflow negatively affects the distribution of the air within a zone because 

of its dependence on the velocity of the air entering the zone itself. This particular issue was solved 

by installing chilled beams operating according to the induction principle: the primary air, provided 

by the air handling unit, is discharged into the zone only after being mixed with secondary air, which 

is sucked into the unit plenum because of a pressure difference (see 

Fig. 2.7-3). In particular, when the primary air reaches the plenum, the pressure raises, thus forcing 

the air through the nozzles the unit is equipped with. As a consequence, a negative pressure is created 

in the space above the built-in cooling coil, through which the room air passes and, when it is 

required, undergoes a temperature reduction before mixing with the primary air. 
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Figure 2.3-2 Regenerative heat exchanger: winter operation. Source: menerga.com 

 

 

Figure 2.3-3 Chilled beams cooling operation (left) and neutral operation (right). Source: swegon.se 

Besides the aforementioned systems, there is also another type of cooling terminal device: the air 

cooler. This equipment, which in the plant blueprint is identified with a code beginning with “CA” 

and ending with a number, uses fan units to force the room air through a cooling coil and is installed 

http://www.menerga.com/
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where the previous ones are not enough to guarantee the proper thermal comfort: an example is 

represented by the atrium, where there is a real risk of an excessive thermal stratification of the air.  

As for the heating, the terminal devices are represented by radiators. 

2.3.2.4 The control system 

The way HVAC systems perform under variable conditions is strictly related to a proper design of 

the control system, whose components are basically the following ones: 

 the sensor: it measures the quantity of interest and sends the respective feedbacks; 

 the controller: it receives the feedbacks from the sensor and compares them with the set 

point, the desired value that can be fixed or variable. The difference between the control 

point (the current sensor value) and the set point represents the error, i.e. the imbalance in 

the controlled variable that has to be corrected by sending an output signal to a controlled 

device; 

 the actuator: it is the controlled device with the task of regulating the variable of interest 

depending on the signals received from the controller. 

In the Swecohuset, each zone is equipped with CO2 and temperature sensors: the former affect the 

indoor air quality by regulating the airflow rate, while the latter impact the thermal comfort. In 

particular, while the CO2 limit is fixed, the temperature set point changes and is computed by the 

Ecopilot system, which takes into account the following variables:  

 balance point temperature; 

 outside temperature; 

 time constant; 

 sun and wind effects; 

 set minimum and maximum temperatures for the zones (ranging from 20 °C to 25 °C). 

Moreover, a further energy saving can be achieved because Ecopilot is connected to a forecast 

system, which avoids the operation of the plant if the predicted weather conditions make it 

unnecessary. For example, if the current conditions required the use of the chiller and, at the same 

time, the weather forecast predicted a decrease of the outdoor temperature within one hour, the chiller 

would not be switched on, even though this would penalize the thermal comfort for a short time span.
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Figure 2.3-4 The plant blueprint. Source: Sweco
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3 Further improvements 

3.1 The Swecohuset passive aspects 

Even though they are not explicitly intended for this purpose, in the Swecohuset there are a set of 

measures that can be assumed as passive solutions. Indeed, despite the strength of the retrofit lies in 

the HVAC design and efficiency, a series of building’s architectural aspects and energy system 

configurations, that at first glance could seem ancillary to the active system design, can instead be 

analyzed also from another perspective which proves how the Swecohuset actually resorts to passive 

solutions as well. It is possible to list the following building’s passive features: 

 Envelope: as specified previously (section 2.3), the envelope plays an important role thanks to 

his mass (brick wall), which during the hot period ensures time lag and cushioning of the heat 

flux, whereas during the cold season guarantees a “heat storage” with his high thermal inertia. 

 Night ventilation: net of the energy to run the fans, this solution is used in the cooling period to 

dissipate the heat accumulated during the working day. Indeed, since the outside air during the 

night has usually a lower temperature than the indoor one there is no need to cool it down, this 

solution exploits an enthalpy exchange to reduce the cooling loads. 

 Internal gains: workers, lights and appliances are themselves “heating units” and, according to 

the assumptions in the IDA ICE model, the supply is about 100 W/person (20 m2/person), 16-18 

W/m2 for lights, 100 W/computer. Therefore, in a “crowded” building as the Swecohuset is, they 

represent an important contribution during the coldest month. On the other hand, they turn into 

a preponderant negative effect during the cooling period, whose impact could be cushioned 

thanks to the night ventilation. Therefore, this is a tricky aspect, swinging back and forth during 

the year between being solution and problem. 

 Boreholes: as mentioned previously (section 2.3.2) a system of 26 boreholes, 280 m deep each, 

is connected to heat pump and chillers. The passive use (net of the pumps operation) occurs in 

the cooling configuration and succeed in covering a significant share of the cooling demand, 

when the cooling request is low. Then for peak loads (i.e. summer period) cooling machines are 

used. Moreover, the use of the boreholes for both heating and cooling purposes ensures a kind 

of balance between heat extracted (winter) and given (summer) to the ground, which allows the 

ground to not get “exhausted”. 

3.2 Overview on the following work 

The question now is: is it possible to improve the energy performance of the building by acting on 

some of the listed passive feature? In chap. 2.3 the behavior of the Swecohuset envelope has been 

explained, pointing out how the compromise between high thermal mass and low thermal resistance 

could have a positive effect. But this doesn’t mean that it can’t be further improved. Therefore, the 
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following chapters deal with the feasibility analysis of an EWIS (External Wall Insulation System) 

according to the following aspects: 

- The reduction of the energy utilization for space conditioning; 

- The economical aspect of the installation; 

- The indoor comfort; 

Furthermore, a secondary goal is the achievement of the passive house status according to the FEBY 

12 specifications. 

As already said, the Swecohuset is protected by the Länsstyrelsen i Stockholm (County 

Administrative Board of Stockholm) for its historical and architectural value, and consequently the 

external aspect must be preserved. Nevertheless, for the continuation of the study, it has been 

supposed that a waiver has been granted. 

So, why an EWIS? Firstly, it is one of the basic installation in the retrofit of buildings: indeed, old 

buildings are usually characterized by a poor insulation, and an external insulation is the most 

practical and “less invasive” way to improve the energy performance of existing buildings. Secondly, 

I think that is the best way to insulate a building simply because thanks to the insulation continuity 

it ensures the minimum number of thermal bridges. Thirdly, it is a good solution either during the 

heating or the cooling period: indeed, during the cold months it hinders the outward heat flow, during 

the warm months it cushions and lags the inward heat flow. 

Being honest, before running any simulation the first feelings are not positive. Indeed, the insulation 

layer is a tricky aspect to handle, since an insulation improvement surely leads to a reduction of the 

energy use for heating but, on the other hand, in those kind of buildings characterized by high internal 

gains (as the Swecohuset is) it could be cause of overheating during the summer, annulling the 

positive winter contribution. Furthermore, the same internal gains could be a pitfall also during the 

cold period, by turning themselves into a negative contribution during the central hours of the day. 

In either case the counterproductive effect has to be compensated for by the active systems, with the 

overall result of increasing energy utilization and expenses. Another problem is instead related to the 

installation’s expenses which appear to be very high, consequently requiring a significant energy 

saving in order to get a payoff in a reasonable time. 

Nevertheless, a design cannot be based on a feeling and, despite the possibility of negative answer, 

it requires a study to prove the quality of either choice. This, along with the learning of new tools 

and study approaches which will be shown later, justifies my will of carrying on the work in this 

direction. 

In order to figure out whether the EWIS is feasible or not, the problem will be tackled as an 

optimization process where the building energy performances have to be improved by acting on 

characteristics of an external insulation layer. This will be done through the coupling of a building 

performance simulation software (BPS) with a building performance optimization one (BPO). The 

basics of this approach will be explained in chapter 1. 
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3.3 Brief focus on the passive buildings 

Before going any further, I think that few words are necessary about one of the benchmarks that will 

be used to evaluate the quality of the possible envelope improvement. That’s why the next chapter 

deals with the passive building concept, interrupting for a while the logical thread that would have 

led to the explanation of the tools adopted for the study. 

3.3.1 What is a passive building? 

According to the definition, a building is considered passive when it succeeds in keeping a good 

thermo-hygrometric indoor comfort resorting to passive heating/cooling systems. Generally, one is 

led to relate the passive house standard to the German one developed by the Passivhaus Institut of 

Darmstadt. 

Therefore, as guidelines, in the heating period it is necessary to take advantage of the free gains 

(internal and solar ones) along with the design of a good insulation, whereas in the cooling period 

the two main factors are the screening of the building from the solar radiation and the thermal inertia 

of the envelope. Then, if one settled for a stale air, it would be possible to avoid a proper ventilation 

of the venues (don’t rely on the infiltrations, the envelope usually is well sealed). Unfortunately, this 

is not healthy, not to mention laws which oblige one to respect a minimum number of air change per 

hour in specific buildings. So, since it is not difficult enough to heat up or cool down the building 

without using electricity, here is also the need of providing a proper ventilation, which results to be 

a quite big deal to be handled in a passive way. 

Since the passive goal is not an easy one to be achieved, in most cases – not to say all of them – an 

active system is necessary to guarantee the desired indoor condition throughout the year. Pay 

attention: we are talking about an active system which supports the passive one, either to create the 

conditions for a better operation of the latter or to help it in the extreme cases. The active system is 

supposed to be an energy efficient backup integration, not the main system. 

A similar distinction occurs in the Swecohuset, even though with switched roles: bearing in mind that 

the HVAC is the active and main system, it might be possible to consider the envelope tradeoff 

between low thermal resistance and high thermal inertia as a passive system: indeed, the wall is able 

to “store” enough heat during the winter periods but at the same time can discard any excessive 

internal gains, whereas in the central months of the summer the solar radiation which could overheat 

the building is cushioned and lagged. 

3.3.2 Passive buildings in the Swedish legislative background 

The passive house targets that take their place in a biggest framework ruled by the EPBD recast, 

which must be implemented in the legislative framework of each country of the EU, thus Sweden 

included. Now, even though the passive house status is not requested by the Swedish law, a team 

appointed by the Forum for Energy Efficient Buildings issued a guideline, the FEBY 12: it reports 
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the specifications that a passive building (along with NZEB and Minergie buildings) must meet in 

Sweden. The FEBY 12 are obviously written, except for some definition, in accordance to the BBR 

(Boverkets byggregler), the building regulations issued by the Boverket (the national board of 

housing, building and planning): indeed, the latter are the regulations which implements the EPBD 

recast, and therefore they recalled in the legislative Swedish framework. 
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4 The BPO: Building Performance Optimization 

 

4.1 Why the BPO? 

When a building has to be designed, usually there are two main ways: the first one is characterized 

by the subdivision of the building into all its different aspects and the individual analysis and design 

of each of them. As long as the design is pretty simple and easily describable in this split pattern, this 

approach might work. Nevertheless, the bigger the design’s complexity, the bigger the risk of coming 

across mistakes, since this strategy might result misleading: indeed, in this way the interdependence 

of the different aspects is not analyzed properly. 

Therefore, a holistic approach becomes necessary, since it allows for a strategy which tackles the 

problem by taking into account the possibility that different aspects of a building could affect each 

other. An example is the design of a NZEB building: here parameters such as energy utilization, 

primary energy, LCA, cost etc. must fulfil (according to the NZEB definition of the country) different 

constraint. Those parameters are first strictly related, with similar or antagonistic trends, and 

furthermore they are deeply affected by different building’s feature: windows typology, windows 

size, shadings, wall transmittance, internal gains, occupancy etc., which could create a wide range of 

different design combinations. All these aspects contribute to create an interconnected pattern which 

has to be studied as a whole. 

Obviously, a trivial solution is the parametrization through a simulation software: let’s try all the 

possible combination and let’s figure out which one meets our needs. But what if we have thousands 

of combinations and a quite heavy model to be simulated? And it’s pretty easy to come across a 

similar situation: just imagine an easy design case characterized by a windows size’s variation range 

of 10 cm for each axis, 3 possible windows’ glazing, 2 possible shading typologies, a wall insulation 

layer which varies between 5 and 15 cm and a roof insulation layer with the same range and, in a 

flash, the designer ends up with 60000 simulations. Please, feel free to run all of them. 

Naturally, the more complex a design is, the greater the combination’s number is. Therefore, in order 

to find a solution, it is necessary to follow a more practical way: by using a proper algorithm it is 

necessary to move in a direction which leads to optimal solution(s), allowing for a consequent 

reduction of the number of combination to be analyzed. The principle is to find and explore only the 

more promising combinations which could give solutions to the problem. 
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4.2 Basics of BPO 

To start being familiar with BPO, it is helpful to borrow the description which is given by S. Attia, 

M. Hamdy, S. Carlucci et al. in [4], which states “Automated building performance optimization is 

a process that aims to select the optimal solutions from a set of available alternatives for a given 

design or control problem, according to a set of performance criteria and constraints”. 

This process is carried out by a BPO software coupled with a BPS tool (Building Performance 

Simulation). In this way it is possible to analyze a wide range of different building design (within the 

range of all the possible ones) and find the more promising ones, in order to achieve the optimal 

solutions to the problem. Schematically: 

1. The BPO tool, through an algorithm, selects values for the design variables of the building 

model;  

2. The BPS tool runs the simulation(s) of the building model characterized by the selected 

values and computes the relative outcomes; 

3. Then the BPO tool again, still according to the algorithm, evaluates those outcomes, fits the 

optimization process and selects new values for the design variables; 

4. The process is iterative unless a stopping criterion is achieved. 

This strategy is extremely useful when the design is characterized by a number of design variables 

which results in an amount of design combination such that a parametric approach is not feasible in 

a reasonable time. In the following lines some basic concept and terms of BPO will be explained. 

4.2.1 Objective functions and variables 

Now, let’s suppose a design case whose set of performance and constraints is just the minimization 

of the primary energy and let’s express it with a function: this function is called objective function. 

In every optimization problem, an objective function is a mathematical function which has to be 

minimized/maximized during the process. If instead the optimization aims at the respect of a 

constraint, the mathematical function is called constraint function. Obviously, a problem may have 

more than one function: therefore, an optimization problem characterized by a single objective 

function is called single-objective optimization, whereas if one or more constraints/performances are 

added (e.g. cost minimization), the problem becomes a multi-objective optimization, which can be 

characterized by both objective and constraint functions. 

Then, in order to achieve this goal, it is possible to act on different building’s features (insulation, 

windows etc.): those, obviously, are the variables, which can be continuous (e.g. thickness of an 

insulation layer) or discrete (e.g. kind of glass). Variables are allowed to vary in a domain, which has 

to be specified at the beginning. 
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4.2.2 Suitable algorithms for BPO 

Once known the objective function and the variables, it is necessary to choose the proper method to 

tackle the optimization problem. The paper written by S. Attia, M. Hamdy, S. Carlucci et al [4] is 

helpful again, since lists three different groups of reliable approaches and each of them includes 

different algorithms that, thanks to their versatility, can be used for these applications: 

 Deterministic searches: the aim is the identification of optimal regions by slightly 

decrementing or incrementing the values of the design variables (depending on the ongoing 

improvements). The name deterministic comes from the fact that a search operation on a 

given individual gives always the same result. 

 Population based searches: the result is achieved by making operations on randomly-created 

populations, which are composed by building designs’ combinations. 

 Hybrid search approaches: this is a mix of the previous two strategies. A population-based 

algorithm finds “promising” regions where, afterwards, a deterministic searches algorithm 

refines the research. 

Hence, as it can be noticed, the difference lies in the way they explore the domain. The algorithm is 

the tool which specifies the approach to the problem and the way the optimization will work. 

The process is stopped according to a stopping criteria, which interrupts the optimization process 

once a given condition is attained (e.g. the achievement of a given value by the objective function, 

the analysis of n populations etc.). 

4.2.3 Solutions in single-objective and multi-objective optimization 

As for the results of an optimization problem, it is important to make a distinction between single-

objective and multi-objective optimizations. 

Indeed, single-objective optimization is characterized just by one objective function, and 

consequently the optimal solution is the one that fulfils the aim of the optimization: either the function 

reaches the minimum, or the maximum or a given value. 

Instead, dealing with a multi-objective optimization, it usually happens that a set of variables does 

not succeed in optimizing simultaneously all the objective functions. On the contrary, a limit situation 

is achieved where a further improvement of an objective function is not possible without negatively 

affect another. All the solutions with this characteristic lies on a curve called the Pareto frontier. 

Therefore, this is the result of a multi-objective optimization: a plot of the "compromise” achieved 

in trying to optimize each objective function. 

Once again, what is said in [4] could be more clarifying: “the aim of a multi-objective optimization 

problem consists in finding such variants and possibly in quantifying the trade-off in satisfying the 

individual objective functions. The role of the optimization algorithm is to identify the solutions that 

lie on the trade-off curve, known as the Pareto Frontier”. 
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5 The optimization work 

5.1 Strategy recap 

As pointed out in chapter 1, the feasibility of the EWIS has been studied as an optimization problem. 

The set of software used to carry out the optimization has been: 

 IDA Indoor Climate and Energy (IDA ICE, version 4.6.2): it is the BPS tool, developed by 

EQUA. It works through the resolution of implicit differential-algebraic equations. It runs 

on Windows platforms only; 

 Multi-Objective Building Optimization (MOBO): it is the BPO tool, freeware and developed 

at the Aalto university. It can handle optimization problems through different algorithms. 

Being a program written in JAVA, it could work on different platforms (Windows, OS X, 

Linux etc.) but currently it is customized only for windows. 

To assess the feasibility of the EWIS installation, the strategy has been to check first the energy-

related parameters and then, if the energy savings are reasonable, the economic aspect of the 

installation has been verified by resorting to the NPV (net present value). If all these aspects had 

given a positive feedback, the inside comfort would have been eventually verified according to the 

PPD value. Then, as secondary and additional goal, it has been checked the compliance with FEBY 

12 standard of the solution which gives the lowest delivered energy amount. 

At first, the variables of the problem were supposed to be the thickness and conductivity of the 

external insulation layer, which would have been considered as continuous variables varying in a 

given range. Density and heat capacity, the other two main characteristic of an insulating material, 

were not considered as not so influential in these circumstances, since the mass of the wall was 

already significant and since the insulation would have been the outermost layer. Then, the variation 

of the insulation layer in thickness and conductivity should have been related to its price variation, 

in order to evaluate the cost of the necessary material for the installation: unfortunately, it has not 

been possible to establish a correct relation between the variation of thickness and conductivity and 

a function that reflected the price tendency. This was due mainly to two reason: the first one is the 

short set collected of insulation boards and relative prices that has been collected; the second one is 

that the parameters affecting the price of insulation depends also on other factors (production process, 

kind of material, availability in the market etc.). Therefore, so few data would have given an incorrect 

price relation. 

That is why the problem has been tackled in terms of discrete variables, which are represented by the 

different insulation boards, suitable for this purpose, from the Weber catalogue. Indeed, in this way 

it has been possible to have a reliable price relation with the insulating panels. Furthermore, the 
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parameters which control the night ventilation have been implemented both as continuous and 

discrete variables (set point temperatures and operation schedule, respectively). 

Nevertheless, before the very BPO process, some simulations have been run to see the trend of the 

heating and cooling needs throughout the year on varying of the envelope U-value. The model used 

is the simplified one with ideal heaters and coolers. Then, once assessed that an overall energy saving 

could have been possible, it has been take into account the building system in order to evaluate them. 

So the model with ideal heaters and coolers has been put aside and the optimization process has been 

carried on the model characterized by the actual system connections (boreholes, heat pumps, chillers 

etc.). 

Furthermore, as previously said, a BPO is worth to be used when the design variables’ combination 

gives a number which is too high to be processed in a parametrical way. As it will be shown later, in 

this study case the problem set-up gives a relatively small number of combinations which could have 

been analyzed through a parametrical approach, with the exception of the step where the night 

ventilation parameters are added as variables. Nevertheless, the choice of resorting to a BPO is due 

to two reasons: the first one is merely didactic, since I have been offered the chance of studying and 

understanding the basics of this design approach by applying it to a simple case. The second one is 

linked to practical reasons, since the number of combinations compared to the computational 

capacity and the time I had available made me lean towards this strategy. 

5.2 Software coupling: IDA ICE and MOBO 

If IDA ICE is a building simulation tool as many others, with a graphical interface that makes the 

first approach to be easy and intuitive, MOBO probably requires a further description according to 

what has been said in the previous chapter, in order to better understand its operation. 

As explained by M. Palonen, M. Hamdy and A. Hasan in [5], MOBO is a software which can run 

single-objective and multi-objective optimization, with both continuous and discrete variable, by 

resorting to the following set of algorithms available in the program: 

 Binary NSGA-II 

 Binary Pareto archive NSGA II 

 Binary Omni-optimizer 

 Real coded NSGA-II 

 Real coded Pareto archive NSGA-II 

 Real coded Omni-optimizer 

 Hooke-Jeeves 

 Hybrid algorithm 

 Brute force 

 Random search 

As for the functions, the software allows the user to specify: 
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 Objective functions 

 Constraint functions (less or equal to 0, equal to 0) 

 Functions named other: useful to compose more complex objective/constraint functions. 

Another feature is the possibility to run as much simultaneous simulations as the number of the 

laptop’s cores (in this case, each iteration of each optimization round has 8 simultaneous simulations, 

since the laptop has 8 cores). 

So, by coupling MOBO with IDA ICE it is possible to find the optimal solutions to the problem, 

plotted on a Pareto front. The two software in order to communicate each other and work together 

need batch and script file. In simple terms:  

1. MOBO opens a run_ida.bat file which contains the command lines to open IDA ICE with a 

batch file; 

2. Then, IDA ICE reads this batch file which contains information about the model to open and 

the script file to run; 

3. The script file, in turn, gives information about the variables to act on: this file is the very 

link between MOBO and the IDA ICE model, since it “translates” the model information to 

strings readable by MOBO, allowing MOBO to locate the variables and change their value; 

4. Afterwards, IDA ICE runs as many simultaneous simulations as the number batch files, each 

of them with different parameters according to the variables given by MOBO; 

5. After this process MOBO reads the ida_lisp.end file (a report of the simulation) and gives 

new values to the variables of the following round of simulation, depending on the last results 

and according to the selected algorithm. 

Below there is an extract of the script file which has been used for the optimization: 

(:UPDATE [@] 

  ((CE-ZONE :N "Hoghusdel vaning 01 (plan4)") 

   ((ENCLOSING-ELEMENT :N WALL_1) 

    (:RES :N CONSTRUCTION_EXTERNAL :V "%hh_ins%")) 

In this example, by reading those lines MOBO “understands” that the variables to act on is the 

%hh_ins% (which indicates the high house insulation) in the WALL_1 (progressive numeration of the 

floor’s walls) of the floor named Hoghusdel vaning 01 (plan4). Therefore, MOBO gives a new value to 

that variable of the IDA ICE building model in order to meet the requests of the objective functions. 

Another extract is: 

(:UPDATE [@] 

  ((SCHEDULE-DATA :N "Return air set points") 

   (SCHEDULE-RULE :N "rule-2" :VALUE ((24.0 %t2s%))) 

Those lines indicate to MOBO that the variable is the %t2s% (t2 is a variable as could be x, s stands 

for summer) which is the summer set point for the return air in night ventilation operation: when the 

return air temperature (indoor temperature) is below the value given by MOBO, night ventilation is 

off. 
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5.3 Work setup and model simplifications 

A premise about the size of the IDA ICE model is necessary, since this aspect affected some 

procedural choices: therefore, whenever it has been possible, the model has been simplified in order 

to reduce the simulation time (a simulation of the complete model, without simplifications, requires 

about 4 hours). 

To have a better understanding of the problem set-up, it is useful to distinguish between IDA ICE 

and MOBO in the following sections. 

5.3.1 IDA ICE model set up 

Two different models have been used in this phase of the work. The first one, for the preliminary 

study, has been provided by the Sweco itself: it is a model that they used to design the system, which 

reflects the current architectural building features with some exception. First, the building system is 

the IDA ICE default one, where each zone is equipped with ideal heaters and ideal coolers and the 

generators are thermal machines whose COP and EER are equal to 1. Indeed, this is the model that 

has also been used to evaluate the thermal loads of the building and consequently oriented the design 

of the system. Another difference is that the windows pattern does not resemble the real one, but at 

each floor there is an equivalent transparent surface for each façade: this simplification lightens the 

model without affect significantly the building performance. Below a screenshot of the model which 

has been used (Figure 5.3-1). 

 

Figure 5.3-1 The IDA ICE model 

Therefore, during the preliminary phase of this work, this model has been used to figure out whether 

or not an external insulation could provide benefits to the building, by checking the building thermal 

loads and energy request (even though characterized by ideal machines) on varying the additional 

insulation layer. Nevertheless, the simulation time resulted to be relatively long, but it has been 
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possible to reduce this duration at least for this preliminary phase by acting on the model’s geometry 

and default components. 

As for the model’s components, two things have been done: first, the doors of the model which were 

scheduled as “always open” have been replaced by simple openings in the wall. Second, the 

maximum power of the ideal heaters and coolers in each thermal zone has been reduced from 400 

kW down to 40 kW (still enough for the zones), avoiding the control signal which alters the power 

output of the heater/cooler to make very small changes with 100% output being 400kW versus 40 

kW. Nevertheless, the biggest slowdown is probably caused by all the openings to the big gallery at 

each floor of the low block, but unfortunately this aspect cannot be simplified in any way. 

Then, there has been also a simplifications related to the building’s geometry. This is based on the 

fact that, taking into account only the heated floors, the Swecohuset is composed by two blocks: a 

15-stories and a 4-stories one (staggered upwards by one floor), that is high house and low house, 

respectively. High and low house are connected by the hall’s staircase, but also through openings in 

the first 4 floors. Now, considering the size of the model, this architectural configuration has been 

very convenient to carry the energetic simulations out, because the model has been split in the same 

way allowing for an individual analysis of each block: in this way, for a single simulation each of 

the simplified model takes about 1 hour. So, despite having doubled the models, the result is a 

considerable reduction in the simulation time, at least for the preliminary study of the energy 

behavior. Obviously, the validity of these simplifications had to be checked, especially for what 

concerns the splitting of the building in two blocks. Therefore, it has been verified that the sum of 

the heating and cooling demands of high house and low house taken separately matched the ones of 

the model as a whole. The slight difference in the result has been considered acceptable. 

Furthermore, focusing just on the high house, there are a couple of aspects which have been made 

the most of. The hall at the ground floor (0th floor) and the venue at the last one (15th) are characterized 

by a smaller floor area and they both border non heating venues. Then, each story from the 2nd to the 

13th is characterized by a singular thermal zone with the same geometrical and energy features, with 

the only considerable difference in the loss factor for thermal bridges of the stories 1 to 4 (which 

adjoins the low house ones). So, if the 1st floor and the 14th cannot be multiplied because they are 

end-floors, it has been still possible to delete some zones in between: indeed, a x3 multiplier, applied 

to the 2nd floors, takes into account the floors up to the 4th (which adjoin the low house), whereas a 

x8 multiplier, applied to an intermediate floor, takes into account the remaining floors up to the 12th. 

Also this simplification has been checked through the comparison of the results get from the model 

with and without the floor multiplier. A similar floor multiplication is not possible in the low house, 

since at each floor either the thermal zones don’t have the same geometry, or the thermal zones are 

characterized by different internal gains. 

The second model which has been used is instead characterized by the actual building system 

components and connection: it tries to reflect the real building energy behavior and has an energy 

consumption which, even not being identical to the real one, is still in an acceptable range: this mean 

that it is neither too low nor too high compared to the real consumption. It is worth to specify that 



Energy retrofit of an office building in Stockholm 

Simone Lapioli 

 

48 

the creation of a model which practically copies the behavior and consumption of such a complex 

building, still in a “stabilization” phase, is far beyond the goal of this thesis. Therefore, all the 

assumption made in the following part of the work as well as the final results are in accordance with 

this model. 

Unfortunately, the same division into two blocks has not been possible in this case where the system 

has been taken into account, since its complexity requires that both blocks works as a whole, 

otherwise the final results would be flawed. The only allowed simplification has been the 

replacement of the doors scheduled as “always open” with simple openings in the wall. Furthermore, 

an assumption for the night ventilation operation has been made. Indeed, while the set points 

temperatures are based on the (source), the operational time has been assumed from 19 to 8: that is, 

it starts one hour after the office closing time and is shut down one hour before the building opening 

time. In this way, according to the set points, it can cool down the building whenever necessary. This 

assumption has been done because in the real case, during certain period of the year, the HAVC is 

always working, and none of the documents in our possession gave us information about its night 

ventilation schedule. As for the set point temperatures of the night ventilation the following values 

have been assumed, according to the function description illustrated in [6]: 

 Winter return air limit 20 °C 

 Summer return air limit 23 °C 

 Outdoor temperature limit 12 °C 

 Benefit limit 3 °C 

The whole year 2014 has been assumed as simulation period for both models (since, when this project 

started, the values of the year 2015 were not available yet). 

A last note is about the “Delivered Energy” report of IDA ICE, more specifically about the meaning 

of the voice Energy delivered related to heating and cooling: in this case, since each thermal zone in 

the model is provided with one ideal heater and one ideal cooler, the energy delivered corresponds 

to the energy need. 

5.3.2 MOBO set up 

The chosen algorithm is an active Pareto Archive NSGA-II, a genetic algorithm belonging to the 

family of the Evolutionary Algorithms (EA) which, in their turn, belong to the group of the 

population based searches (see chap. 4.2). 

Before going on, in order to have a quick, further look on the EC world it is better to quote the words 

of A. P. Engelbrecht in [7]: “Evolutionary computation (EC) refers to computer-based problem 

solving systems that use computational models of evolutionary processes, such as natural selection, 

survival of the fittest and reproduction, as the fundamental components of such computational 

systems … Evolution via natural selection of a randomly chosen population of individuals can be 

thought of as a search through the space of possible chromosome values. In that sense, an 
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evolutionary algorithm (EA) is a stochastic search for an optimal solution to a given problem”. It is 

worth to specify that the word chromosomes indicate the individual of the population which will be 

processed, and those chromosomes are characterized by genes which simply are the variables of the 

problem. 

Back to the Pareto Archive NSGA-II description, this algorithm has been developed based on the 

NSGA-II one, an elitist4 multi-objective algorithm whose acronym stands for Non-Dominated Sorting 

Genetic Algorithm. In a multi-objective optimization, non-dominated are all those solutions 

characterized by the impossibility of improving one of their objective functions without worsening 

another: that is, the ones along the Pareto frontier at each current generation. 

According to the description of K. Deb et al. in [8], the NSGA-II works as follows (see also fig. 

Figure 5.3-2): 

1. A random Pt parent population of size N is created based on the non-domination criterion; 

1.1 Selection of parents, crossover and mutation are applied to Pt in order to create a Qt 

offspring; 

1.2 The union of Pt and Qt gives a new population Rt of size 2N, which ensures elitism since 

both Pt and Qt are totally included. 

2. In the Rt population, the first best set of non-dominated solution F1 is “saved” and chosen to 

be included in the new parent population Pt+1 without any modification; 

2.1 Now, if the size of this set is smaller than N, the “empty spots” are filled with the second 

best set F2 and so on, until no more sets of solutions can be included (otherwise, if the 

inclusion of the first best set exceeds the population N already, the set is sorted following 

the same criterion explained in the next point); 

2.2 Since, generally, by including the last non-dominated set (the worst among the best ones) 

the size N is exceeded, from this last set the less crowded solutions are taken whereas the 

others are discarded. 

3. In this way the new parent population Pt+1 of size N is created; 

3.1 The process is repeated as from point 1.1, in order to create the population Pt+2 and so on. 

Therefore, in order to create each new population Pt+i, the NSGA II algorithm creates an intermediate 

population Rt+(i-1) among which are chosen the N “special” solutions which survive the selection. 

This feature of searching and keeping generation after generation the best individuals of the 

populationis called elitism. 

                                                      
4 In the genetic algorithms, elitism is the feature of keeping generation after generation the best solutions. 
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Figure 5.3-2 NSGA-II procedure. Source: A Fast and Elitist Multiobjective Genetic Algorithm: NSGA-II 

Nevertheless, as stated by M. Hamdy et al in [9], the Pareto archive gives the possibility of saving 

the discarded non-dominated points in an archive and use them in a passive or active way: 

 pNSGA II: it is the passive way of using the archive. The discarded points are simply saved 

in the archive and do not take part in the generation process, being added only to the final 

population; 

 aNSGA II: it is the active way of using the archive. The discarded points are saved in the 

archive and do take part in the generation process, allowing for a small parent population 

size. 

Furthermore, they say that the NSGA algorithm “could occasionally fail to get close to the Pareto-

optimal front, particularly if a low number of iterations is implemented as stopping criterion. In 

order to avoid this, archives can be added to NSGA II”. Thus, since the stopping criterion of this 

problem is characterized by a low number of iteration, in order to get a more reliable result it has 

been chosen this algorithm. In addition, the small size of the population has suggested the utilization 

of an active archive. 

Like the other GAs, the NSGA-II algorithm obviously requires to set up the values for population, 

generation, mutability and crossover parameters. According to [7], these parameters characterize: 

 Population: its value specifies the size of the set randomly drawn from the space of all the 

possible solutions which is taken into account and made evolve for n generation. 

 Generations: it is the selected number of reproductions for each initial population. 

 Mutability: this value indicates the capability of the algorithm to introduce new genetic 

material in the population by randomly changing the values of genes in a chromosome, in 

order to increase the genetic diversity. 

 Crossover: this value indicates the ability of the algorithm to randomly combine the genetic 

material from two or more parents. A reduced diversity may cause a premature convergence 

of the results. 
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For this work, they have been set up in the following way: 

 Population: 8 

 Generations: 12 

 Mutability: 0.018 

 Crossover: 0.9 

The first two values, that is population and generation number, are kept low because, otherwise, the 

time requested for a whole optimization according to the laptop calculation capacity would have been 

too long (about 3 days to run a total of 8×12=96 simulations). The mutability number is instead 

calculated according to the formula suggested by M. Palonen and A. Hasan in [10]: 

𝑚𝑏 = [10 ∙ 𝑛𝑐 + 𝑐𝑒𝑖𝑙(𝑙𝑜𝑔2(𝑛1)) + 𝑐𝑒𝑖𝑙(𝑙𝑜𝑔2(𝑛2)) + ⋯ + 𝑐𝑒𝑖𝑙(𝑙𝑜𝑔2(𝑛𝑥))]
−1

       ( 1 ) 

Where nc is the number of continuous variables and nx the number of possible values for the xth 

discrete variables (ceil is an excel function which rounds up a number to the next integer which is 

equal or greater). The crossover number is the default one suggested by the software. 

5.3.3 Input data 

The first input data requested are obviously the variables of the problem, that is the insulation board 

and relative prices. They are listed in the table below (Table 5.3.3-1). 

Table 5.3.3-1 Insulation boards selected as variables of the problem. Data from the Weber catalogue. 

Board brand name λ [W/mK] th [m] ρ [kg/m3] cost [SEK/m2] R [m2K/W] 

WEBER THERM 321 
SKIVA 

(Stonewool) 

0,037 0,03 85 48,90 0,81 

0,037 0,04 85 79,92 1,08 

0,037 0,05 85 71,61 1,35 

0,037 0,07 85 93,26 1,89 

0,037 0,08 85 106,57 2,16 

0,037 0,10 85 131,94 2,70 

0,037 0,12 85 155,63 3,24 

0,037 0,15 85 194,10 4,05 

0,037 0,17 85 219,83 4,59 

0,037 0,18 85 232,29 4,86 

WEBER THERM 398 
HR SKIVA 

(Stonewool) 

0,037 0,02 180/90 62,15 0,54 

0,037 0,03 180/90 91,60 0,81 

0,037 0,04 180/90 126,93 1,08 

0,037 0,05 180/90 102,03 1,35 

0,037 0,06 180/90 112,57 1,62 

0,037 0,07 180/90 134,58 1,89 

0,037 0,08 180/90 158,15 2,16 

0,037 0,10 180/90 194,28 2,70 

0,037 0,12 180/90 229,17 3,24 

0,037 0,15 180/90 281,25 4,05 

0,037 0,17 180/90 313,69 4,59 

0,037 0,18 180/90 335,88 4,86 

0,037 0,20 180/90 365,97 5,41 
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Then, in order to assess whether the EWIS is feasible from the economic point of view, besides the 

material cost it is necessary to take into account the manpower cost: according to the Eurostat data 

[11], it has been assumed a cost 350 SEK/h (tax included) for the manpower. Therefore, considering 

that the installation time for an external wall insulation system is about 1.1 h/m2 (value for the 

Serporoc system, given by a Weber engineer contacted for this purpose), and considering that 

according to the model the wall surface amounts to 6 050 m2 (calculated from the IDA ICE model), 

the estimated time to complete the installation is 4 235 hrs. This gives a manpower cost of 1 482 250 

SEK. Now, since in this quick calculation the less reliable data is the installation time, this value has 

been allowed to vary in a range from 0.7 to 1.1 h/m2. Then, it has been considered also the scaffolding 

cost, which on average is 370 SEK/m2 (value provided by the Monzon Sverige AB): therefore, the 

total scaffolding cost amounts to 2 405 000 SEK. 

So far, it has been mentioned only what affects the cost of this solution. This expense is supposed to 

be paid by the annual energy savings, and in order to assess the economic impact of this aspect it is 

necessary to know the price per kWh of energy delivered to the building. Since the thermal 

production in the Swecohuset is demanded mainly to heat pump and chillers, the report “Energy in 

Sweden - Facts and Figures 2015” of the Swedish Energy Agency [12] has been consulted in order 

to find the average price of electricity in the country: the value is 1,75 SEK/kWh (value for the year 

2014, last update in the report). 

The remaining input data are the values of delivered energy to the building without the external coat, 

which have obviously been the reference values to calculate the savings: in the model characterized 

by the actual system connections they are 11.2 kWh/m2 for heating and 2.7 kWh/m2 for cooling. 

These low values can be explained considering the way IDA ICE compute the energy needs: indeed, 

the software calculates the energy delivered to each components of the building system. In the 

Swecohuset model, during the heating period the internal gains contribute to heat up the building. 

Instead, during the cooling period the boreholes succeed in fulfilling a high share of the cooling 

needs, whereas the chillers work during the peak periods. That’s why the energy delivered to these 

machines is so low, especially for the chillers. Nevertheless, a share of the total energy consumption 

for conditioning purposes (mainly concerning the cooling period) is hidden somewhere else: indeed, 

even though through the boreholes it is possible to reduce the indoor temperatures for free, it is still 

necessary to ensure the carrier fluid circulation. This share of energy indirectly used to cool down 

the building is under the entry HVAC aux in the IDA ICE delivered energy report, added to the 

energy necessary to run the fans of the ventilation system and to ensure the water circulation in 

radiators and cooling beams. So, a third reference value was the energy delivered for the HVAC aux, 

equal to 20.3 kWh/m2. To summarize (Table 5.3.3-2): 

Table 5.3.3-2 Recap of the cost-related input data 

Manpower 
cost   

[SEK/h] 

Scaffolding 
cost   

[SEK/m2] 

Installation 
time    

[h/m2] 

Wall 
surface 

[m2] 

Electricity 
cost 

[SEK/kWh] 

Reference 
Eheat, delivered 
[kWh/m2] 

Reference 
Ecool, delivered 
[kWh/m2] 

Reference 
Eaux, delivered 
[kWh/m2] 

350 370 1.1 6 050 1.75 11.2 2.7 20.3 
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All the data just exposed are intended to be referred to and calculated only for the extent of the 

building occupied by Sweco. 

5.4 Optimization process 

The following lines illustrate all the steps made to get to the final results, trying to give a clear view 

on this process and the choices made to achieve the final results. The results will be instead illustrated 

in the following chapter. 

5.4.1 Preliminary study 

It has been carried out on the first model, the simplified one with ideal heaters and coolers and 

characterized by the division into low house and high house (see section 5.3.1), since in this phase 

the purpose was to assess the potentiality of thermal loads reduction with consequent energy savings. 

Therefore, a simple parametrization has been conducted for each building block (low and high house, 

with the related simplifications), by using the thickness of an external insulation layer as continuous 

variable and the conductivity as discrete variable, with their possible values which are approximately 

based on the data collected on the insulation boards: 

 Thickness range 0.01 to 0.20 m 

 Conductivity 0.037 and 0.031 W/mK 

This has given a total amount of 40 possible combinations. The value of 0.031 W/mK is referred to 

a set of insulation boards which then have been excluded in the next step, because it wasn’t a strictly 

suitable solution for the building. 

As for the objective functions, in this phase they were: 

 Minimization of the energy need for heating purposes 

 Minimization of the energy need for cooling purposes 

 Minimization of a fictional cost of the insulation 

The last objective function has been added in order to have a set of requests which were similar to 

the one of the actual optimization problem, in order to have a “forecast” as much reliable as possible 

on the building performance. The results of this preliminary study are shown in the following charts 

(Figure 5.4-1, Figure 5.4-2, Figure 5.4-3 and Figure 5.4-4). 
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Figure 5.4-1 Preliminary study: energy delivered on increasing the insulation thermal resistance in the high house model. 

 

Figure 5.4-2 Preliminary study: trend of the delivered energy to the high house model 
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Figure 5.4-3 Preliminary study: energy delivered on increasing the insulation thermal resistance in the low house model. 

 

Figure 5.4-4 Preliminary study: trend of the delivered energy to the low house model 
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segment slope in Figure 5.4-1 and Figure 5.4-3): this aspect is consistent with the floor-wall ratio of 

each house. 

Fortunately, despite this antagonistic trend, on a yearly basis there is an overall energy saving thanks 

the improvement of the U-value: this because the lowering of the wall U-value has a higher impact 

on the reduction of the heating demand rather than the increase of the cooling demand. Therefore, 

since both heating and cooling are mainly provided by thermal machines, a global reduction of the 

energy delivered to the building would have been possible. 

It is important to point out that the main information from these charts concern the trend of heating 

and cooling delivered to the building, whereas the numerical values are not relevant, since the model 

used in this preliminary study is characterized by the IDA ICE default system. 

5.4.2 Optimization study 

After having assessed that an overall energy (and consequently money) saving would have been 

possible, the real optimization has been carried out on the model characterized by the actual building 

system connections. Has previously mentioned (section 5.3.1), this model has just few 

simplifications since the ones made on the preliminary model could have given wrong results in this 

case. 

In this case, each insulation boards from the Weber catalogue (see Table 5.3.3-1) have been used as 

discrete variable, with the possibility of having a different typology of insulation for each block of 

the house (low and high). 

Then, since the antagonistic trend of heating and cooling reduces the global energy saving, the night 

ventilation has been added as a new variable in the optimization process in order to reduce the cooling 

loads of the building. The addition of the night ventilation setup (working schedule as discrete 

variable, air temperatures set point as continuous variables) as a new variable generates thousands of 

available combination which have been studied through an optimization process. Specifically, the 

following variables have been added to characterize the night ventilation: 

 Night ventilation starting time: 19, 20, 21, 22, 23 

 Night ventilation shutdown time: 4, 5, 6, 7, 8 

 Winter return air set point: range 20 – 23 °C 

 Summer return air set point: range 23 – 26 °C 

 Outdoor temperature set point: range 10 – 18 °C 

 Benefit limit5 set point: range 1 – 5 °C 

Instead, the objective functions which characterize this problem are: 

 Minimization of the energy delivered to the building for cooling need 

                                                      
5 difference between outdoor temperature and return air 
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 Minimization of the energy delivered to the building for heating need 

 Minimization of the energy for the HVAC aux 

 Minimization of the cost for the insulation material 

Furthermore, it has been kept track of the money savings by multiplying the simple difference 

between the consumption of the insulated building model and the consumption of the uninsulated 

one by the cost of the energy per kilowatt-hour. Then, with the inclusion of manpower and 

scaffolding cost (which are a constant value), it has been possible to have the set of data which allows 

to compute the payback time and the NPV of this potential investment. Anyway, in the following 

chapter, it will be shown as payback time and NPV doesn’t suggest this installation at all. Actually, 

the idea of further improving the roof insulation of the low house was taken into account as well, but 

then it has been rejected since, after few simulations, it has been realized that the installation cost 

would have been too high compared to the energy savings. 

It is worth to mention that, even though it hasn’t been analyzed in this work, there is a solution to 

smartly use the excessive internal gains of the building. Indeed, it could be possible to “recycle” them 

to heat up other zones of the building or the nearby facilities and businesses, through a system which 

collects and then distributes the excessive heat. Nevertheless, the biggest problem of this solution 

might lie in the mismatch between intern gains “production” and heating needs: indeed, most likely 

the internal gains are a negative contribution during the summer, which is a period when the heating 

needs are very low. Probably, the ideal conditions to exploit this system may occur during spring and 

autumn, when in some zone of the building the internal gains could turn into negative contributions 

whereas other zones need to be heated up. 
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6 Results 

6.1 Is it worth it or not? 

In the following sections the results of the optimization are illustrated and commented first from the 

energy point of view, then form the economic one. It is necessary to point out one more time that the 

energy consumptions of the model do not match the real ones: this is mainly due to the complexity 

of the real building, characterized by a deep interaction among the system components but also 

between the system itself and the building architecture. Despite this, the connections and components 

of the model system reliably replicate the actual ones: therefore, the results are supposed to have the 

same trend also in the real case scenario. The following results are obviously also affected by the 

dependence on the modeling assumption illustrated in the previous chapter, and concern only the 

extent of the building occupied by Sweco.  

For the numerical values of the optimization process, consult the Appendix section. 

6.1.1 Energy aspect 

As shown in Figure 6.1-1, the final outcomes from the optimization process illustrate an overall 

energy saving, despite the antagonistic trend of heating and cooling: indeed, as the thermal resistance 

of the insulation layer is improved the saving in the energy delivered to the building to fulfill the 

heating needs is way bigger than the energy increase for cooling needs (see Figure 6.1-2). 

 

Figure 6.1-1 Energy saving on increasing the insulation thermal resistance (the λ of the boards is always 0.037W/mK). 
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Figure 6.1-2 Trend of the delivered Energy to the Swecohuset model on increasing the insulation thermal resistance. 

Probably, this is first due to the fact that the boreholes succeed in “freely” fulfilling the basic cooling 

needs of the building, so that to mitigate the overheating problem which might occur because of the 

internal gains. Secondly, the night ventilation plays also an important role in this regards by reducing 

the cooling loads in the building. 

The fluctuations in the charts are due to the night ventilation: as it is possible to see, its effect doesn’t 

affect that much the energy trend but, according to the assumption made for its operation schedule, 

it is still possible to reduce its operational time with a consequent energy saving for HVAC aux. This 

contributes to reduce the cooling loads, balancing the extra insulating layer which could “trap” the 

internal gains in the building. 

It is also necessary a clarification about the thickness of the insulation: the most frequent values given 

by the optimization are the ones in the range 0.03-0.08 cm, for both blocks (high and low house). 

This fact could probably be either the consequence of the target of minimizing the insulation cost or 

it could be due to the small size of the population (8) and the its random creation. This aspect leads 

me to suppose that the minimization of insulation cost and cooling energy, which in this problem are 
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for heating purposes. In any case, the values which gives the highest energy savings are the ones over 

0.10 m. 
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If from an energy viewpoint the EWIS is a positive solution, the economic aspect strongly suggests 

the opposite. Indeed, assuming that the energy savings are constant each year, the Pareto front in the 

first chart below shows that the payback time values are very high (minimum 30 years, see Figure 

6.1-3). Then, the results are even worst when the analysis considers the effective value of the money 

for a long term investment. For this purpose, we take into account the interest rate of the 10-years 

70000

75000

80000

85000

200000 205000 210000 215000 220000 225000 230000 235000 240000D
el

iv
er

ed
 e

n
er

gy
 f

o
r 

C
o

o
lin

g 
[k

W
h

]

Delivered energy for Heating [kWh]

Cooling - Heating 



Energy retrofit of an office building in Stockholm 

Simone Lapioli 

 

61 

Swedish government bonds, which is equal to 0.72 % [13]: this might be also the maximum 

acceptable time-limit to start having a real profit from such an investment. Unfortunately, even the 

most patient entrepreneur must desist, because the NPV values on a 10-years basis are drastically 

negative. 

 

Figure 6.1-3 Pareto front representing the trade-off between payback time and annual saving. 

The reason behind this bad investment mainly lies in the cost of the manpower and scaffolding (see 

Figure 6.1-4), which are too high compared to the yearly money saving coming from the energy 

saved. Therefore, the latter don’t succeed in ensuring an overall profit neither in a reasonable time 

nor in the building lifetime!  

 

Figure 6.1-4 Chart representing the correlation between net present value on a 10-years basis and annual money saving. 
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This negative trend doesn’t vary even if we reduce the installation time (according to the range 

mentioned in section 5.3.3): even though the installation time was 0.7 h/m2, the manpower cost would 

be still too high. 

 

Figure 6.1-5 Chart representing the correlation between total cost of the installation and annual energy saving. The 
savings are also affected by the presence of the free cooling. 

 

Figure 6.1-6 Chart representing the correlation between total cost of the installation and annual energy delivered. The 
delivered energy is also affected by the presence of the free cooling. 
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6.1.3 FEBY 12 standard 

In chapter 3 the FEBY 12 standard has been briefly explained, and it has been told that it could have 

been a benchmark to assess the “green quality” of the external insulation installation. Therefore, even 

though the external insulation system is not economically feasible, it has been verified the model 

ability of fulfilling the FEBY 12 standard as for heat loss and delivered energy for heating, DHW 

and appliances. 

The FEBY 12 limit values are different depending on the Swedish climatic zones. Since the city of 

Stockholm belongs to the zone III, the limits are: 

 Max heat loss factor (värmeförlustfaktor) VFTDVUT: 15 W/m2; the Swedish acronym DVUT 

stands for “design winter outdoor temperature”; 

 Max delivered energy for heating, DHW and appliances: 45 kWh/m2Atemp, annum, for non-

electrically heated building; 25 kWh/m2Atemp, annum, for electrically heated building. 

It is necessary to specify that the FEBY 12 definition for electrically heated building is different from 

the BBR one (the Swedish regulations for buildings), since the FEBY 12 states that [14] “Note that 

the definition for electrically heated building in these criteria differs from BBRs and refers to 

buildings with all kinds of electrically heated systems (including heat pumps) for heating and hot 

water, regardless of installed electrical output. With pure system means buildings that either have 

pure electric heating systems or pure non-electrically heated systems. For systems with mixed forms 

of energy refer to the requirements for balanced energy” (translated from Swedish). Now, according 

to this definition, the Swecohuset has a mixed system since the heating is generally provided by the 

heat pump with the exception of the peak condition when the district heating supports the system, 

while the DHW is exclusively provided through the district heating. Therefore the procedure 

specified in [14] says to resort to the following equation to compute the “balanced energy”: 

Eviktad = 2.5 ∙ Eel + 0.8 ∙ Efjv + 0.4 ∙ Ekyla + Eö          [kWhviktad/𝑚2Atemp, år]   ( 2 ) 

Where: 

 Eviktad is the balanced energy 

 Eel is the electricity share 

 Efjv is the district heating share 

 Ekyla is the district cooling share 

 Eö is the share from biofuel, natural gas etc. 

Furthermore, in this case the limit value of the delivered energy for heating is raised. Indeed, for a 

hybrid system it is: 

 Max delivered energy for heating: 63 kWh/m2Atemp, annum, in zone III. 
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In order to verify its compliance with the FEBY limits, the solution which gives the lowest energy 

consumption has been selected among the different solutions got from the optimization process. This 

solution is characterized by (see section 5.3.3 for the input data): 

 High house insulation thickness 0.17 m (λ 0.037 W/mK) 

 Low house insulation thickness 0.12 m (λ 0.037 W/mK) 

 Winter set point temperature 20.5 °C 

 Summer set point temperature 26 °C 

 Outside air limit 16.3 °C 

 Benefit limit (return air-outside air difference) 4.9 °C 

 Night ventilation operation from 19 to 7 

A specification must be done regarding the solution just exposed: indeed, this one is an optimal 

solution for the model utilized during the optimization study. Nevertheless, in order to verify the 

compliance with the FEBY standards, parameters such as occupant density and set point 

temperatures have been modified, thus creating a new model whose optimal solutions might be 

different because of the different boundary conditions. 

In addition, the model has been also set according to the FEBY specifications as in Table 6.1.3-1, in 

order to benchmark it against a reference standard. 

Table 6.1.3-1 The FEBY 12 set up. Source: Kravspecifikation för nollenergihus, passivhus och minienergihus: Lokaler. 

 

Indoo
r 

temp.   
[°C] 

Operation 
time 

[h/week] 

Occupants 
density 

[m2/pers] 

Occupants 
attendance 

[%] 

Occupants 
heat gains 
[W/pers] 

Electric 
energy 

operation 
[kWh/m2] 

DHW 
[kWh/m2] 

Schools, excl. gyms, 
kitchens 

21 50 12 50 70 15 2 

Kindergartens 21 60 10 70 50 15 2 

Nursing home care - 168 30 100 108 20 2 

Offices 21 45 20 70 108 30 2 

Shops - 63 3 15 108 40 2 

Grocery shops - 98 3 15 108 50 2 

Restaurants 21 45 3 10 108 25 2 

Gyms - 112 10 40 108 20 2 

 

Furthermore, still according to the specifications, the internal gains percentage has been set to 70 % 

and the outdoor temperature to calculate the heating load to -12.7 °C. The last change concerns 

instead the U-value of the windows: indeed, the FEBY standard requires a maximum average value 

of 0.8 W/m2K, whereas the Swecohuset is characterized by an average value of 1. That’s why, before 

the simulation, it has been necessary to decrease the U-value of the windows on the façades of high 

house and low house. In the real scenario it would be like replacing again the windows, but this 

section has to be intended as a study to explore the further Swecohuset potential. 
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The results of the simulations are: 

 Heat loss factor VFTDVUT: 14.65 W/m2 (calculated at the outdoor temperature of -12.7 °C) 

 Delivered energy for heating according to eq. (2): 2.5 ∙ (13.5 kWh + 10.9 kWh + 22.1 kWh) 

+ 0.8 ∙ (2.8 kWh + 2 kWh) = 120.1 kWh/m2, Atemp 

Where: 

 13.5 kWh/m2 is the appliances share 

 10.9 kWh/m2 is the HVAC aux share 

 22.1 kWh/m2 is the heat pump share 

 2.8 kWh/m2 is the district heating share 

 2 kWh/m2 is the DHW share 

Because of the difficulty of discerning the HVAC aux share for heating from the one for cooling, for 

this calculation it has been assumed that the HVAC aux energy from May to August is used for 

cooling purposes. Without considering the correction factors the result would be instead 51.3 kWh/ 

m2, Atemp. The results show that the Swecohuset, characterized by the settings illustrated in the 

previous lines, complies just with the limit for the heat loss factor but unfortunately exceeds the one 

for the delivered energy. Below (Figure 6.1-7) the results of the simulation run for the FEBY 12 

requirements: it is also possible to notice that the percentage of hours with thermal dissatisfaction is 

equal to 11 %. 

 

Figure 6.1-7 Simulation results run to check the compliance with the FEBY 12 requirements 
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Nevertheless, an important aspect of the Swecohuset model has been highlighted by this simulation. 

Indeed, as previously mentioned, before verifying the compliance with the FEBY 12 requirements 

the model has been modified by: 

 Decreasing the occupancy density 

 Reducing the heat gains from occupants 

 Introducing a set point temperature of 21 °C throughout the year 

 Improving the average U-value of the windows 

 Reducing the system operating time (and consequently also the office opening hours) 

The simulation results show, besides a reduction in the HVAC aux and facilities energy which is 

consistent with the reduction of the office operation time, also an increase in the heating energy 

consumption of this model. The latter value is much bigger than the one of the model set according 

to the combination of values which ensure the lowest energy consumption (see the differences in 

Figure 6.1-8), which had the following features: 

 More “crowded” zones 

 Winter set point temperature which is allowed to vary between 20 and 21 °C 

The external insulation layer (as well as the HVAC system) are instead the same for both buildings. 

 

Figure 6.1-8 Simulation results of the model set according to solution which gives the lowest delivered energy 

Therefore, it seems that changing occupancy density, occupants heat gains and winter set point has 

a great impact on increasing the model heating request, whereas the slight improvement of the 

windows U-value has almost no effect. Now, if it is considered that the set point difference is very 
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little between the two model, the results of the energy simulations are a further demonstration that 

the internal gains due to the occupants’ density and activity have a significant influence on the winter 

energy demand of the building, since the same occupants contribute to heat the rooms.  





Energy retrofit of an office building in Stockholm 

Simone Lapioli 

 

69 

7 Conclusions 

The retrofit of a building is always a difficult task, which becomes more and more challenging as the 

complexity of the project grows. The Swecohuset example proves that, in these cases, to achieve 

remarkable results it is necessary a careful and well planned design which involves different figures 

and connects them into a constructive cooperation. In this way it has been created an efficient and 

sustainable building with a welcoming and comfortable environment to work in. Furthermore, the 

retrofit proves that the smart use of well-known technologies, along with a proper organization of 

the indoor spaces, allows for great reductions in the energy demand for heating and cooling purposes: 

indeed, the energy consumption of the building has been reduced by 2/3. All these achievements 

have ben also approved by the Swedish Green Building Council through the Miljöbyggnad 

certification, which awarded the Swecohuset for its energy performances, indoor environment and 

quality of the building materials. 

This work has also shown as the Swecohuset uses a set of solutions which can be defined as passive 

and, as demonstrated by the model utilized for the simulations in this work, a further improvement 

of the building energy performance could be something still achievable, even though with slight 

margins. The point was to figure out whether this improvement was achievable just by resorting to 

passive solutions, such as the analyzed EWIS installation. Indeed, in my opinion, the building 

envelope has to be considered as a passive solution and as a first tool to be used in a passive design: 

a proper design of the building envelope as well as the knowledge of its behavior are always crucial 

in achieving energy savings. That’s why in the lack of a proper insulation I saw a powerful solution 

to be analyzed, but not necessarily something to be fixed: the tradeoff between low thermal resistance 

and high thermal mass of the wall is something that still provides benefits to the actual building. But, 

maybe, still improvable. 

The results of the optimization carried out on the model prove that an external layer of insulation, 

along with an adjusted night ventilation operation, actually succeeds in reducing the overall energy 

delivered to the building. Unfortunately, from the economic standpoint, this solution is strongly 

discouraged because the delivered energy reduction is not so significant to ensure a significant money 

saving which can pay back the cost of the installation in a reasonable time. Probably, taking this 

solution into account since the beginning of the whole process could have been a cost-effective 

choice, besides a way to further reduce the energy consumption/beside a further benefit to the 

building. 

Nevertheless, the main goal of this work was to study the operation of a complex building system, in 

order to find a proper methodology to analyze the feasibility of the EWIS installation and further 
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potentialities of the building. The strategy considered as the most suitable was the analysis of the 

design as an optimization problem whose goal was the minimization of both delivered energy and 

insulation cost. Despite the simplicity and the “disappointing” result, the optimization problem which 

has been carried out has been an opportunity to have a first approach to the BPO and understand the 

basis of this design strategy: indeed, it is a useful tool to tackle a complex design in a holistic way, 

taking into account at the same time all the variables affecting the building energy performance. 
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Appendix 



Simulation
Cooling 

[kWh]

Heating 

[kWh]

Heating + 

Cooling 

[kWh]

Δ Cooling 

[kWh]

Δ Heating 

[kWh]

Δ Heating + 

Cooling 

[kWh]

Δ Heating + 

Cooling 

[kWh/m2] 

(with sign -)

Cooling 

[kWh/m2]

Heating 

[kWh/m2]

Heating + 

Cooling 

[kWh/m2]

Δ cooling cost 

[SEK]

1 76965 223364 300329 10289 -57272 46983 1,87 3,07 8,91 11,98 SEK 18.001

2 78304 215932 294236 11628 -64704 53076 2,12 3,12 8,61 11,74 SEK 20.344

3 81456 200036 281492 14780 -80600 65820 2,63 3,25 7,98 11,23 SEK 25.860

4 79899 207473 287372 13223 -73163 59940 2,39 3,19 8,28 11,46 SEK 23.135

5 75873 230189 306062 9197 -50447 41250 1,65 3,03 9,18 12,21 SEK 16.090

6 81167 199652 280819 14491 -80984 66493 2,65 3,24 7,97 11,20 SEK 25.354

7 78179 216606 294785 11503 -64030 52527 2,10 3,12 8,64 11,76 SEK 20.125

8 81095 201634 282729 14419 -79002 64583 2,58 3,24 8,04 11,28 SEK 25.228

9 75364 232397 307761 8688 -48239 39551 1,58 3,01 9,27 12,28 SEK 15.199

10 78296 215931 294227 11620 -64705 53085 2,12 3,12 8,61 11,74 SEK 20.330

11 75864 230197 306061 9188 -50439 41251 1,65 3,03 9,18 12,21 SEK 16.074

12 77805 218780 296585 11129 -61856 50727 2,02 3,10 8,73 11,83 SEK 19.471

13 79725 208331 288056 13049 -72305 59256 2,36 3,18 8,31 11,49 SEK 22.831

14 74109 235040 309149 7433 -45596 38163 1,52 2,96 9,38 12,33 SEK 13.003

15 80832 201758 282590 14156 -78878 64722 2,58 3,22 8,05 11,27 SEK 24.768

16 76888 223410 300298 10212 -57226 47014 1,88 3,07 8,91 11,98 SEK 17.866

17 81185 199617 280802 14509 -81019 66510 2,65 3,24 7,96 11,20 SEK 25.386

18 79917 207467 287384 13241 -73169 59928 2,39 3,19 8,28 11,47 SEK 23.167

19 75374 232375 307749 8698 -48261 39563 1,58 3,01 9,27 12,28 SEK 15.216

20 76943 223411 300354 10267 -57225 46958 1,87 3,07 8,91 11,98 SEK 17.962

21 74315 234617 308932 7639 -46019 38380 1,53 2,96 9,36 12,32 SEK 13.363

22 81540 199357 280897 14864 -81279 66415 2,65 3,25 7,95 11,21 SEK 26.007

23 76612 225316 301928 9936 -55320 45384 1,81 3,06 8,99 12,05 SEK 17.383

24 79306 207911 287217 12630 -72725 60095 2,40 3,16 8,29 11,46 SEK 22.097

25 76817 224212 301029 10141 -56424 46283 1,85 3,06 8,94 12,01 SEK 17.742

26 75380 232386 307766 8704 -48250 39546 1,58 3,01 9,27 12,28 SEK 15.227

27 80440 204994 285434 13764 -75642 61878 2,47 3,21 8,18 11,39 SEK 24.082

28 81265 200801 282066 14589 -79835 65246 2,60 3,24 8,01 11,25 SEK 25.526



Simulation
Cooling 

[kWh]

Heating 

[kWh]

Heating + 

Cooling 

[kWh]

Δ Cooling 

[kWh]

Δ Heating 

[kWh]

Δ Heating + 

Cooling 

[kWh]

Δ Heating + 

Cooling 

[kWh/m2] 

(with sign -)

Cooling 

[kWh/m2]

Heating 

[kWh/m2]

Heating + 

Cooling 

[kWh/m2]

Δ cooling cost 

[SEK]

29 74872 232836 307708 8196 -47800 39604 1,58 2,99 9,29 12,28 SEK 14.338

30 81144 199624 280768 14468 -81012 66544 2,65 3,24 7,96 11,20 SEK 25.314

31 74286 234645 308931 7610 -45991 38381 1,53 2,96 9,36 12,32 SEK 13.312

32 74183 235896 310079 7507 -44740 37233 1,49 2,96 9,41 12,37 SEK 13.132

33 78587 212091 290678 11911 -68545 56634 2,26 3,14 8,46 11,60 SEK 20.839

34 78799 213308 292107 12123 -67328 55205 2,20 3,14 8,51 11,65 SEK 21.210

35 80646 203662 284308 13970 -76974 63004 2,51 3,22 8,13 11,34 SEK 24.442

36 81551 199334 280885 14875 -81302 66427 2,65 3,25 7,95 11,21 SEK 26.026

37 75339 232392 307731 8663 -48244 39581 1,58 3,01 9,27 12,28 SEK 15.155

38 75237 232576 307813 8561 -48060 39499 1,58 3,00 9,28 12,28 SEK 14.977

39 79253 207298 286551 12577 -73338 60761 2,42 3,16 8,27 11,43 SEK 22.005

40 75397 232422 307819 8721 -48214 39493 1,58 3,01 9,27 12,28 SEK 15.257

41 75376 232392 307768 8700 -48244 39544 1,58 3,01 9,27 12,28 SEK 15.220

42 80138 206571 286709 13462 -74065 60603 2,42 3,20 8,24 11,44 SEK 23.553

43 79003 210734 289737 12327 -69902 57575 2,30 3,15 8,41 11,56 SEK 21.567

44 73782 235816 309598 7106 -44820 37714 1,50 2,94 9,41 12,35 SEK 12.430

45 75364 232427 307791 8688 -48209 39521 1,58 3,01 9,27 12,28 SEK 15.199

46 75371 232408 307779 8695 -48228 39533 1,58 3,01 9,27 12,28 SEK 15.211

47 74917 232812 307729 8241 -47824 39583 1,58 2,99 9,29 12,28 SEK 14.417

48 73748 235832 309580 7072 -44804 37732 1,51 2,94 9,41 12,35 SEK 12.371

49 79587 207613 287200 12911 -73023 60112 2,40 3,18 8,28 11,46 SEK 22.589

50 75386 232396 307782 8710 -48240 39530 1,58 3,01 9,27 12,28 SEK 15.237

51 75375 232390 307765 8699 -48246 39547 1,58 3,01 9,27 12,28 SEK 15.218

52 75640 230855 306495 8964 -49781 40817 1,63 3,02 9,21 12,23 SEK 15.682

53 81563 199263 280826 14887 -81373 66486 2,65 3,25 7,95 11,20 SEK 26.047

54 78910 208049 286959 12234 -72587 60353 2,41 3,15 8,30 11,45 SEK 21.404

55 75370 232369 307739 8694 -48267 39573 1,58 3,01 9,27 12,28 SEK 15.209

56 79960 207924 287884 13284 -72712 59428 2,37 3,19 8,30 11,49 SEK 23.242



Simulation
Cooling 

[kWh]

Heating 

[kWh]

Heating + 

Cooling 

[kWh]

Δ Cooling 

[kWh]

Δ Heating 

[kWh]

Δ Heating + 

Cooling 

[kWh]

Δ Heating + 

Cooling 

[kWh/m2] 

(with sign -)

Cooling 

[kWh/m2]

Heating 

[kWh/m2]

Heating + 

Cooling 

[kWh/m2]

Δ cooling cost 

[SEK]

57 78603 211526 290129 11927 -69110 57183 2,28 3,14 8,44 11,57 SEK 20.867

58 80675 203644 284319 13999 -76992 62993 2,51 3,22 8,12 11,34 SEK 24.493

59 75176 232637 307813 8500 -47999 39499 1,58 3,00 9,28 12,28 SEK 14.870

60 80188 206449 286637 13512 -74187 60675 2,42 3,20 8,24 11,44 SEK 23.641

61 73756 235891 309647 7080 -44745 37665 1,50 2,94 9,41 12,35 SEK 12.385

62 76152 225740 301892 9476 -54896 45420 1,81 3,04 9,01 12,04 SEK 16.578

63 77398 220751 298149 10722 -59885 49163 1,96 3,09 8,81 11,89 SEK 18.758

64 75361 232397 307758 8685 -48239 39554 1,58 3,01 9,27 12,28 SEK 15.194

65 78791 213284 292075 12115 -67352 55237 2,20 3,14 8,51 11,65 SEK 21.196

66 78815 213286 292101 12139 -67350 55211 2,20 3,14 8,51 11,65 SEK 21.238

67 75396 232371 307767 8720 -48265 39545 1,58 3,01 9,27 12,28 SEK 15.255

68 76384 226304 302688 9708 -54332 44624 1,78 3,05 9,03 12,08 SEK 16.984

69 76356 226310 302666 9680 -54326 44646 1,78 3,05 9,03 12,07 SEK 16.935

70 80542 204846 285388 13866 -75790 61924 2,47 3,21 8,17 11,39 SEK 24.260

71 74089 234773 308862 7413 -45863 38450 1,53 2,96 9,37 12,32 SEK 12.968

72 75360 232374 307734 8684 -48262 39578 1,58 3,01 9,27 12,28 SEK 15.192

73 75644 230843 306487 8968 -49793 40825 1,63 3,02 9,21 12,23 SEK 15.689

74 75379 232421 307800 8703 -48215 39512 1,58 3,01 9,27 12,28 SEK 15.225

75 80584 204343 284927 13908 -76293 62385 2,49 3,21 8,15 11,37 SEK 24.334

76 76729 224201 300930 10053 -56435 46382 1,85 3,06 8,94 12,01 SEK 17.588

77 76364 226300 302664 9688 -54336 44648 1,78 3,05 9,03 12,07 SEK 16.949

78 75371 232372 307743 8695 -48264 39569 1,58 3,01 9,27 12,28 SEK 15.211

79 75371 232415 307786 8695 -48221 39526 1,58 3,01 9,27 12,28 SEK 15.211

80 76778 224139 300917 10102 -56497 46395 1,85 3,06 8,94 12,01 SEK 17.673

81 80598 204359 284957 13922 -76277 62355 2,49 3,22 8,15 11,37 SEK 24.358

82 76769 224140 300909 10093 -56496 46403 1,85 3,06 8,94 12,00 SEK 17.658

83 75636 230891 306527 8960 -49745 40785 1,63 3,02 9,21 12,23 SEK 15.675

84 76747 224152 300899 10071 -56484 46413 1,85 3,06 8,94 12,00 SEK 17.619



Simulation
Cooling 

[kWh]

Heating 

[kWh]

Heating + 

Cooling 

[kWh]

Δ Cooling 

[kWh]

Δ Heating 

[kWh]

Δ Heating + 

Cooling 

[kWh]

Δ Heating + 

Cooling 

[kWh/m2] 

(with sign -)

Cooling 

[kWh/m2]

Heating 

[kWh/m2]

Heating + 

Cooling 

[kWh/m2]

Δ cooling cost 

[SEK]

85 76741 224156 300897 10065 -56480 46415 1,85 3,06 8,94 12,00 SEK 17.609

86 76375 226297 302672 9699 -54339 44640 1,78 3,05 9,03 12,08 SEK 16.968

87 77044 222602 299646 10368 -58034 47666 1,90 3,07 8,88 11,95 SEK 18.139



Simulation

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Δ heating cost 

[SEK]

Δ Heating + 

Cooling [SEK]

HVAC aux 

[kWh]

Δ HVAC aux 

[kWh]

Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ Heating + 

Cooling + 

Ventilation 

[kWh] (with 

sign -)

Δ Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ HVAC aux cost 

[SEK]

Δ Heating + 

Cooling + 

Ventilation [SEK] 

(with sign -)

-SEK 100.226 -SEK 82.226 478551 -30549 31,07 77532 3,09 -SEK 53.461 SEK 135.686

-SEK 113.232 -SEK 92.888 478610 -30490 30,83 83566 3,33 -SEK 53.358 SEK 146.246

-SEK 141.050 -SEK 115.190 478789 -30311 30,33 96131 3,84 -SEK 53.044 SEK 168.235

-SEK 128.035 -SEK 104.900 478681 -30419 30,56 90359 3,60 -SEK 53.233 SEK 158.134

-SEK 88.282 -SEK 72.193 478511 -30589 31,30 71839 2,87 -SEK 53.531 SEK 125.724

-SEK 141.722 -SEK 116.368 483055 -26045 30,47 92538 3,69 -SEK 45.579 SEK 161.947

-SEK 112.053 -SEK 91.928 478634 -30466 30,86 82993 3,31 -SEK 53.316 SEK 145.243

-SEK 138.254 -SEK 113.026 478743 -30357 30,38 94940 3,79 -SEK 53.125 SEK 166.150

-SEK 84.418 -SEK 69.220 478508 -30592 31,37 70143 2,80 -SEK 53.536 SEK 122.756

-SEK 113.234 -SEK 92.904 478613 -30487 30,83 83572 3,33 -SEK 53.352 SEK 146.256

-SEK 88.268 -SEK 72.195 478508 -30592 31,30 71843 2,87 -SEK 53.536 SEK 125.731

-SEK 108.248 -SEK 88.778 478585 -30515 30,93 81242 3,24 -SEK 53.401 SEK 142.179

-SEK 126.534 -SEK 103.703 478676 -30424 30,59 89680 3,58 -SEK 53.242 SEK 156.945

-SEK 79.793 -SEK 66.791 491404 -17696 31,94 55859 2,23 -SEK 30.968 SEK 97.759

-SEK 138.037 -SEK 113.269 482562 -26538 30,53 91260 3,64 -SEK 46.442 SEK 159.710

-SEK 100.146 -SEK 82.280 480687 -28413 31,16 75427 3,01 -SEK 49.723 SEK 132.003

-SEK 141.783 -SEK 116.398 482799 -26301 30,46 92811 3,70 -SEK 46.027 SEK 162.425

-SEK 128.046 -SEK 104.879 478682 -30418 30,56 90346 3,60 -SEK 53.232 SEK 158.111

-SEK 84.457 -SEK 69.241 478508 -30592 31,37 70155 2,80 -SEK 53.536 SEK 122.777

-SEK 100.144 -SEK 82.182 478551 -30549 31,07 77507 3,09 -SEK 53.461 SEK 135.643

-SEK 80.533 -SEK 67.170 489411 -19689 31,85 58069 2,32 -SEK 34.456 SEK 101.626

-SEK 142.238 -SEK 116.232 478998 -30102 30,32 96517 3,85 -SEK 52.679 SEK 168.910

-SEK 96.810 -SEK 79.427 478541 -30559 31,14 75943 3,03 -SEK 53.478 SEK 132.906

-SEK 127.269 -SEK 105.172 488487 -20613 30,95 80708 3,22 -SEK 36.073 SEK 141.244

-SEK 98.742 -SEK 81.001 478547 -30553 31,10 76836 3,07 -SEK 53.468 SEK 134.468

-SEK 84.438 -SEK 69.211 478507 -30593 31,37 70139 2,80 -SEK 53.538 SEK 122.749

-SEK 132.374 -SEK 108.292 478927 -30173 30,49 92051 3,67 -SEK 52.803 SEK 161.095

-SEK 139.711 -SEK 114.186 478762 -30338 30,35 95584 3,81 -SEK 53.092 SEK 167.277



Simulation

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Δ heating cost 

[SEK]

Δ Heating + 

Cooling [SEK]

HVAC aux 

[kWh]

Δ HVAC aux 

[kWh]

Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ Heating + 

Cooling + 

Ventilation 

[kWh] (with 

sign -)

Δ Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ HVAC aux cost 

[SEK]

Δ Heating + 

Cooling + 

Ventilation [SEK] 

(with sign -)

-SEK 83.650 -SEK 69.312 485776 -23324 31,66 62928 2,51 -SEK 40.817 SEK 110.129

-SEK 141.771 -SEK 116.457 483250 -25850 30,48 92394 3,69 -SEK 45.238 SEK 161.695

-SEK 80.484 -SEK 67.172 489578 -19522 31,86 57903 2,31 -SEK 34.164 SEK 101.336

-SEK 78.295 -SEK 65.163 489457 -19643 31,90 56876 2,27 -SEK 34.375 SEK 99.538

-SEK 119.954 -SEK 99.115 486005 -23095 30,99 79729 3,18 -SEK 40.416 SEK 139.531

-SEK 117.824 -SEK 96.614 478666 -30434 30,75 85639 3,42 -SEK 53.260 SEK 149.874

-SEK 134.705 -SEK 110.262 478932 -30168 30,45 93172 3,72 -SEK 52.794 SEK 163.056

-SEK 142.279 -SEK 116.253 478776 -30324 30,31 96751 3,86 -SEK 53.067 SEK 169.320

-SEK 84.427 -SEK 69.272 478762 -30338 31,38 69919 2,79 -SEK 53.092 SEK 122.364

-SEK 84.105 -SEK 69.129 479976 -29124 31,43 68623 2,74 -SEK 50.967 SEK 120.096

-SEK 128.342 -SEK 106.337 491702 -17398 31,05 78159 3,12 -SEK 30.447 SEK 136.784

-SEK 84.375 -SEK 69.118 478509 -30591 31,37 70084 2,80 -SEK 53.534 SEK 122.652

-SEK 84.427 -SEK 69.207 478508 -30592 31,37 70136 2,80 -SEK 53.536 SEK 122.743

-SEK 129.614 -SEK 106.061 479367 -29733 30,56 90336 3,60 -SEK 52.033 SEK 158.093

-SEK 122.329 -SEK 100.762 484526 -24574 30,89 82149 3,28 -SEK 43.005 SEK 143.766

-SEK 78.435 -SEK 66.005 494167 -14933 32,07 52647 2,10 -SEK 26.133 SEK 92.138

-SEK 84.366 -SEK 69.167 478508 -30592 31,37 70113 2,80 -SEK 53.536 SEK 122.703

-SEK 84.399 -SEK 69.188 478508 -30592 31,37 70125 2,80 -SEK 53.536 SEK 122.724

-SEK 83.692 -SEK 69.276 485264 -23836 31,64 63419 2,53 -SEK 41.713 SEK 110.989

-SEK 78.407 -SEK 66.036 494231 -14869 32,07 52601 2,10 -SEK 26.021 SEK 92.057

-SEK 127.790 -SEK 105.201 484741 -24359 30,80 84471 3,37 -SEK 42.628 SEK 147.830

-SEK 84.420 -SEK 69.183 478507 -30593 31,37 70123 2,80 -SEK 53.538 SEK 122.721

-SEK 84.431 -SEK 69.213 478508 -30592 31,37 70139 2,80 -SEK 53.536 SEK 122.749

-SEK 87.117 -SEK 71.435 478514 -30586 31,32 71403 2,85 -SEK 53.526 SEK 124.961

-SEK 142.403 -SEK 116.356 478777 -30323 30,30 96809 3,86 -SEK 53.065 SEK 169.421

-SEK 127.027 -SEK 105.623 494555 -14545 31,18 74898 2,99 -SEK 25.454 SEK 131.077

-SEK 84.467 -SEK 69.258 478507 -30593 31,37 70166 2,80 -SEK 53.538 SEK 122.796

-SEK 127.246 -SEK 104.004 478737 -30363 30,58 89791 3,58 -SEK 53.135 SEK 157.140



Simulation

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Δ heating cost 

[SEK]

Δ Heating + 

Cooling [SEK]

HVAC aux 

[kWh]

Δ HVAC aux 

[kWh]

Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ Heating + 

Cooling + 

Ventilation 

[kWh] (with 

sign -)

Δ Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ HVAC aux cost 

[SEK]

Δ Heating + 

Cooling + 

Ventilation [SEK] 

(with sign -)

-SEK 120.943 -SEK 100.076 488512 -20588 31,06 77771 3,10 -SEK 36.029 SEK 136.105

-SEK 134.736 -SEK 110.243 478777 -30323 30,44 93316 3,72 -SEK 53.065 SEK 163.308

-SEK 83.998 -SEK 69.129 480581 -28519 31,45 68018 2,71 -SEK 49.908 SEK 119.037

-SEK 129.827 -SEK 106.187 478735 -30365 30,53 91040 3,63 -SEK 53.139 SEK 159.325

-SEK 78.304 -SEK 65.919 494241 -14859 32,07 52524 2,10 -SEK 26.003 SEK 91.922

-SEK 96.068 -SEK 79.490 483810 -25290 31,35 70710 2,82 -SEK 44.258 SEK 123.748

-SEK 104.799 -SEK 86.041 478574 -30526 30,99 79689 3,18 -SEK 53.421 SEK 139.461

-SEK 84.418 -SEK 69.225 478509 -30591 31,37 70145 2,80 -SEK 53.534 SEK 122.759

-SEK 117.866 -SEK 96.670 478665 -30435 30,75 85672 3,42 -SEK 53.261 SEK 149.931

-SEK 117.863 -SEK 96.625 478666 -30434 30,75 85645 3,42 -SEK 53.260 SEK 149.884

-SEK 84.464 -SEK 69.209 478508 -30592 31,37 70137 2,80 -SEK 53.536 SEK 122.745

-SEK 95.081 -SEK 78.097 478729 -30371 31,17 74995 2,99 -SEK 53.149 SEK 131.247

-SEK 95.071 -SEK 78.136 478767 -30333 31,18 74979 2,99 -SEK 53.083 SEK 131.219

-SEK 132.633 -SEK 108.372 478759 -30341 30,49 92265 3,68 -SEK 53.097 SEK 161.469

-SEK 80.260 -SEK 67.293 491704 -17396 31,94 55846 2,23 -SEK 30.443 SEK 97.736

-SEK 84.459 -SEK 69.267 478508 -30592 31,37 70170 2,80 -SEK 53.536 SEK 122.803

-SEK 87.138 -SEK 71.449 478514 -30586 31,32 71411 2,85 -SEK 53.526 SEK 124.975

-SEK 84.376 -SEK 69.151 478507 -30593 31,37 70105 2,80 -SEK 53.538 SEK 122.689

-SEK 133.513 -SEK 109.179 478939 -30161 30,47 92546 3,69 -SEK 52.782 SEK 161.961

-SEK 98.761 -SEK 81.174 479157 -29943 31,12 76325 3,04 -SEK 52.400 SEK 133.574

-SEK 95.088 -SEK 78.139 478788 -30312 31,18 74960 2,99 -SEK 53.046 SEK 131.185

-SEK 84.462 -SEK 69.251 478508 -30592 31,37 70161 2,80 -SEK 53.536 SEK 122.787

-SEK 84.387 -SEK 69.176 478508 -30592 31,37 70118 2,80 -SEK 53.536 SEK 122.712

-SEK 98.870 -SEK 81.197 478568 -30532 31,10 76927 3,07 -SEK 53.431 SEK 134.628

-SEK 133.485 -SEK 109.127 478915 -30185 30,47 92540 3,69 -SEK 52.824 SEK 161.950

-SEK 98.868 -SEK 81.211 478568 -30532 31,10 76935 3,07 -SEK 53.431 SEK 134.642

-SEK 87.054 -SEK 71.379 478514 -30586 31,32 71371 2,85 -SEK 53.526 SEK 124.905

-SEK 98.847 -SEK 81.228 478568 -30532 31,10 76945 3,07 -SEK 53.431 SEK 134.659



Simulation

85

86

87

Δ heating cost 

[SEK]

Δ Heating + 

Cooling [SEK]

HVAC aux 

[kWh]

Δ HVAC aux 

[kWh]

Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ Heating + 

Cooling + 

Ventilation 

[kWh] (with 

sign -)

Δ Heating + 

Cooling + 

Ventilation 

[kWh/m
2
]

Δ HVAC aux cost 

[SEK]

Δ Heating + 

Cooling + 

Ventilation [SEK] 

(with sign -)

-SEK 98.840 -SEK 81.232 478874 -30226 31,11 76641 3,06 -SEK 52.896 SEK 134.127

-SEK 95.093 -SEK 78.125 478546 -30554 31,17 75194 3,00 -SEK 53.470 SEK 131.595

-SEK 101.560 -SEK 83.421 478575 -30525 31,05 78191 3,12 -SEK 53.419 SEK 136.840



Simulation

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Δ Heating + 

Cooling + 

Ventilation 

[SEK/m
2
]

Benefit limit [°C]
Return air limit 

winter [°C]

Return air limit 

summer [°C]
Out temp limit [°C]

High house 

insulation ref

Low house 

insulation ref

SEK 5 1,84 21,01 25,85 17,49 9160 335,88

SEK 6 1,88 21,78 23,80 17,55 10203 281,25

SEK 7 3,23 21,54 23,24 15,84 36597 158,15

SEK 6 4,75 22,25 24,21 10,94 10657 232,29

SEK 5 2,09 21,57 25,26 17,98 6215 281,25

SEK 6 3,33 20,82 24,31 15,33 21983 229,17

SEK 6 1,72 22,53 25,22 11,49 10657 79,92

SEK 7 1,84 21,10 23,11 12,44 22917 335,88

SEK 5 4,91 20,40 25,85 17,37 9160 79,92

SEK 6 2,09 21,57 25,26 17,93 10203 281,25

SEK 5 1,88 21,78 23,80 17,60 6215 281,25

SEK 6 4,75 22,25 23,80 17,56 12693 232,29

SEK 6 1,88 21,78 24,21 10,94 10657 281,25

SEK 4 2,90 20,40 23,11 13,49 9160 79,92

SEK 6 1,84 20,99 25,85 16,44 22917 335,88

SEK 5 1,83 20,82 25,85 17,24 9160 335,88

SEK 6 3,34 20,99 24,31 15,33 21983 229,17

SEK 6 4,89 22,25 24,21 10,44 10657 232,29

SEK 5 4,77 20,40 25,85 17,37 9160 79,92

SEK 5 1,84 21,01 25,84 17,49 9160 335,88

SEK 4 2,90 20,40 23,11 13,49 9160 79,92

SEK 7 3,33 20,49 25,82 17,34 21983 229,17

SEK 5 4,91 20,91 24,31 15,36 9160 155,63

SEK 6 2,90 20,06 24,31 14,33 21983 79,92

SEK 5 3,33 21,15 23,11 13,49 9160 281,25

SEK 5 4,90 20,49 25,85 17,37 9160 126,93

SEK 6 3,34 20,40 25,82 17,34 21983 102,03

SEK 7 4,91 20,40 23,11 17,49 28125 229,17



Simulation

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Δ Heating + 

Cooling + 

Ventilation 

[SEK/m
2
]

Benefit limit [°C]
Return air limit 

winter [°C]

Return air limit 

summer [°C]
Out temp limit [°C]

High house 

insulation ref

Low house 

insulation ref

SEK 4 1,33 20,49 25,82 15,33 9160 79,92

SEK 6 2,83 20,82 25,82 15,33 21983 229,17

SEK 4 3,40 20,40 23,11 13,50 9160 79,92

SEK 4 4,78 20,40 23,11 12,49 9160 79,92

SEK 6 2,90 20,49 23,11 13,44 22917 79,92

SEK 6 4,91 20,40 25,82 17,37 13194 79,92

SEK 7 3,33 20,49 25,84 17,34 15563 229,17

SEK 7 4,65 20,49 25,82 17,34 21983 229,17

SEK 5 3,34 20,54 25,85 17,49 9160 126,93

SEK 5 4,91 20,40 25,85 15,36 9160 79,92

SEK 5 2,94 20,40 23,11 13,49 36597 79,92

SEK 5 3,90 20,49 25,94 17,37 9160 79,92

SEK 5 4,91 20,40 25,85 17,37 9160 126,93

SEK 6 2,88 20,50 25,82 17,34 21983 79,92

SEK 6 4,66 20,49 23,11 13,44 22917 102,03

SEK 4 2,90 20,40 23,11 13,30 9160 79,92

SEK 5 4,91 20,40 25,82 17,49 9160 79,92

SEK 5 3,90 20,49 25,47 17,37 9160 79,92

SEK 4 1,33 20,49 25,82 15,33 9160 126,93

SEK 4 2,90 20,40 23,11 13,30 9160 79,92

SEK 6 4,66 20,49 23,11 13,45 22917 158,15

SEK 5 4,78 20,40 25,85 17,37 9160 79,92

SEK 5 4,90 20,49 25,85 17,12 9160 126,93

SEK 5 4,15 20,49 25,85 17,37 9160 102,03

SEK 7 4,90 20,49 25,82 16,33 21983 229,17

SEK 5 2,90 20,40 23,11 13,30 36597 79,92

SEK 5 4,91 20,40 25,85 17,37 9160 79,92

SEK 6 4,90 20,49 25,85 17,37 23229 91,6



Simulation

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Δ Heating + 

Cooling + 

Ventilation 

[SEK/m
2
]

Benefit limit [°C]
Return air limit 

winter [°C]

Return air limit 

summer [°C]
Out temp limit [°C]

High house 

insulation ref

Low house 

insulation ref

SEK 5 4,34 20,12 23,01 13,44 22917 102,03

SEK 7 3,65 20,49 25,84 17,34 15563 229,17

SEK 5 4,66 20,40 25,85 15,36 9160 79,92

SEK 6 4,91 21,62 23,48 13,44 28125 102,03

SEK 4 2,90 20,38 23,11 13,30 9160 79,92

SEK 5 3,28 20,49 25,82 15,36 9160 155,63

SEK 6 3,91 20,91 24,34 17,34 7992 229,17

SEK 5 4,91 20,49 25,85 17,37 9160 79,92

SEK 6 4,91 20,40 25,85 17,37 13194 79,92

SEK 6 4,91 20,40 25,82 17,49 13194 79,92

SEK 5 4,91 20,40 25,85 17,37 9160 126,93

SEK 5 3,34 20,49 25,84 17,34 7992 102,03

SEK 5 3,34 20,40 25,85 17,27 7992 102,03

SEK 6 4,91 20,49 25,84 17,37 36597 79,92

SEK 4 2,90 20,40 25,36 13,80 9160 79,92

SEK 5 4,91 20,45 23,60 17,37 9160 79,92

SEK 5 4,91 20,40 25,85 17,37 9160 102,03

SEK 5 4,15 20,49 25,84 17,37 9160 79,92

SEK 6 3,34 20,47 25,85 17,37 23229 102,03

SEK 5 3,34 20,49 25,84 17,09 10203 79,92

SEK 5 3,26 20,40 25,85 17,37 7992 102,03

SEK 5 4,97 20,45 25,85 17,27 9160 79,92

SEK 5 4,91 20,40 25,85 17,37 9160 79,92

SEK 5 4,94 20,40 25,84 17,34 7161 79,92

SEK 6 3,34 20,40 24,35 17,37 33588 102,03

SEK 5 4,94 20,38 25,70 17,34 7161 126,93

SEK 5 4,15 20,50 25,84 17,34 9160 102,03

SEK 5 4,94 20,40 24,34 17,37 7161 79,92



Simulation

85

86

87

Δ Heating + 

Cooling + 

Ventilation 

[SEK/m
2
]

Benefit limit [°C]
Return air limit 

winter [°C]

Return air limit 

summer [°C]
Out temp limit [°C]

High house 

insulation ref

Low house 

insulation ref

SEK 5 3,34 20,40 25,84 17,34 7161 79,92

SEK 5 4,94 20,50 25,84 17,34 7992 102,03

SEK 5 4,94 20,40 25,09 17,34 7161 71,61



Simulation

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

High house 

insulation [m]

Low house 

insulation [m]

High house ins λ 

[W/mK]

Low house ins  λ 

[W/mK]

High house ins R 

[m2K/W]

Low house ins R 

[m2K/W]

Average R 

[m2K/W]

0,03 0,18 0,81 4,86 1,04

0,05 0,15 1,35 4,05 1,65

0,2 0,08 5,41 2,16 3,85

0,08 0,18 2,16 4,86 2,54

0,02 0,15 0,54 4,05 0,70

0,17 0,12 4,59 3,24 4,13

0,08 0,04 2,16 1,08 1,70

0,12 0,18 3,24 4,86 3,56

0,03 0,04 0,81 1,08 0,87

0,05 0,15 1,35 4,05 1,65

0,02 0,15 0,54 4,05 0,70

0,04 0,18 1,08 4,86 1,37

0,08 0,15 2,16 4,05 2,47

0,03 0,04 0,81 1,08 0,87

0,12 0,18 3,24 4,86 3,56

0,03 0,18 0,81 4,86 1,04

0,17 0,12 4,59 3,24 4,13

0,08 0,18 2,16 4,86 2,54

0,03 0,04 0,81 1,08 0,87

0,03 0,18 0,81 4,86 1,04

0,03 0,04 0,81 1,08 0,87

0,17 0,12 4,59 3,24 4,13

0,03 0,12 0,81 3,24 1,02

0,17 0,04 4,59 1,08 2,45

0,03 0,15 0,81 4,05 1,03

0,03 0,04 0,81 1,08 0,87

0,17 0,05 4,59 1,35 2,79

0,15 0,12 4,05 3,24 3,80

0,037 0,037



Simulation

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

High house 

insulation [m]

Low house 

insulation [m]

High house ins λ 

[W/mK]

Low house ins  λ 

[W/mK]

High house ins R 

[m2K/W]

Low house ins R 

[m2K/W]

Average R 

[m2K/W]

0,03 0,04 0,81 1,08 0,87

0,17 0,12 4,59 3,24 4,13

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,12 0,04 3,24 1,08 2,11

0,1 0,04 2,70 1,08 1,93

0,12 0,12 3,24 3,24 3,24

0,17 0,12 4,59 3,24 4,13

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,2 0,04 5,41 1,08 2,61

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,17 0,04 4,59 1,08 2,45

0,12 0,05 3,24 1,35 2,36

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,12 0,08 3,24 2,16 2,86

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,03 0,05 0,81 1,35 0,91

0,17 0,12 4,59 3,24 4,13

0,2 0,04 5,41 1,08 2,61

0,03 0,04 0,81 1,08 0,87

0,18 0,03 4,86 0,81 2,08

0,037 0,037



Simulation

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

High house 

insulation [m]

Low house 

insulation [m]

High house ins λ 

[W/mK]

Low house ins  λ 

[W/mK]

High house ins R 

[m2K/W]

Low house ins R 

[m2K/W]

Average R 

[m2K/W]

0,12 0,05 3,24 1,35 2,36

0,12 0,12 3,24 3,24 3,24

0,03 0,04 0,81 1,08 0,87

0,15 0,05 4,05 1,35 2,64

0,03 0,04 0,81 1,08 0,87

0,03 0,12 0,81 3,24 1,02

0,04 0,12 1,08 3,24 1,32

0,03 0,04 0,81 1,08 0,87

0,1 0,04 2,70 1,08 1,93

0,1 0,04 2,70 1,08 1,93

0,03 0,04 0,81 1,08 0,87

0,04 0,05 1,08 1,35 1,14

0,04 0,05 1,08 1,35 1,14

0,2 0,04 5,41 1,08 2,61

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,03 0,05 0,81 1,35 0,91

0,03 0,04 0,81 1,08 0,87

0,18 0,05 4,86 1,35 2,86

0,05 0,04 1,35 1,08 1,27

0,04 0,05 1,08 1,35 1,14

0,03 0,04 0,81 1,08 0,87

0,03 0,04 0,81 1,08 0,87

0,05 0,04 1,35 1,08 1,27

0,18 0,05 4,86 1,35 2,86

0,05 0,04 1,35 1,08 1,27

0,03 0,05 0,81 1,35 0,91

0,05 0,04 1,35 1,08 1,27

0,037 0,037



Simulation

85

86

87

High house 

insulation [m]

Low house 

insulation [m]

High house ins λ 

[W/mK]

Low house ins  λ 

[W/mK]

High house ins R 

[m2K/W]

Low house ins R 

[m2K/W]

Average R 

[m2K/W]

0,05 0,04 1,35 1,08 1,27

0,04 0,05 1,08 1,35 1,14

0,05 0,05 1,35 1,35 1,35

0,037 0,037



Simulation

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Night cooling 

starting time

Night cooling 

shutdown time

Scaffolding cost 

[SEK]

Manpower cost 

(inst time 0,7 

h/m2) [SEK]

Manpower cost 

(inst time 0,8 

h/m2) [SEK]

Manpower cost 

(inst time 0,9 

h/m2) [SEK]

Manpower cost 

(inst time 1,0 

h/m2) [SEK]

22 8

22 7

22 6

21 7

20 6

22 5

21 7

22 8

19 7

20 6

22 7

21 7

22 8

20 7

22 8

22 8

22 5

21 7

19 7

20 8

22 7

22 5

19 7

20 7

22 5

19 7

22 5

22 5

SEK 2.405.000 SEK 1.482.250 SEK 1.694.000 SEK 2.117.500SEK 1.905.750



Simulation

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Night cooling 

starting time

Night cooling 

shutdown time

Scaffolding cost 

[SEK]

Manpower cost 

(inst time 0,7 

h/m2) [SEK]

Manpower cost 

(inst time 0,8 

h/m2) [SEK]

Manpower cost 

(inst time 0,9 

h/m2) [SEK]

Manpower cost 

(inst time 1,0 

h/m2) [SEK]

20 7

23 7

21 5

20 7

20 7

19 7

22 5

22 5

19 7

19 7

20 7

19 7

19 5

20 7

22 5

19 7

20 7

20 7

21 7

19 7

22 5

19 7

19 7

22 5

19 7

19 7

21 7

19 7

SEK 1.482.250SEK 2.405.000 SEK 2.117.500SEK 1.905.750SEK 1.694.000



Simulation

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Night cooling 

starting time

Night cooling 

shutdown time

Scaffolding cost 

[SEK]

Manpower cost 

(inst time 0,7 

h/m2) [SEK]

Manpower cost 

(inst time 0,8 

h/m2) [SEK]

Manpower cost 

(inst time 0,9 

h/m2) [SEK]

Manpower cost 

(inst time 1,0 

h/m2) [SEK]

22 6

22 7

19 6

22 7

19 7

19 6

22 5

19 7

21 7

19 7

19 7

22 5

22 5

19 7

19 7

21 7

21 7

22 7

22 5

22 5

22 5

21 6

22 7

20 7

22 5

19 7

22 5

19 7

SEK 2.405.000 SEK 1.482.250 SEK 1.694.000 SEK 1.905.750 SEK 2.117.500



Simulation

85

86

87

Night cooling 

starting time

Night cooling 

shutdown time

Scaffolding cost 

[SEK]

Manpower cost 

(inst time 0,7 

h/m2) [SEK]

Manpower cost 

(inst time 0,8 

h/m2) [SEK]

Manpower cost 

(inst time 0,9 

h/m2) [SEK]

Manpower cost 

(inst time 1,0 

h/m2) [SEK]

20 7

22 5

20 7

SEK 1.482.250 SEK 1.694.000SEK 2.405.000 SEK 2.117.500SEK 1.905.750



Simulation

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Manpower cost 

(inst time 1,1 

h/m2) [SEK]

Insulation cost [SEK]

Total cost (inst 

time 0,7 h/m
2
) 

[SEK]

Total cost (inst 

time 0,8 h/m
2
) 

[SEK]

Total cost (inst 

time 0,9 h/m
2
) 

[SEK]

Total cost (inst 

time 1,0 h/m
2
) 

[SEK]

Total cost (inst 

time 1,1 h/m
2
) 

[SEK]

SEK 951.135,00 SEK 4.838.385 SEK 5.050.135 SEK 5.261.885 SEK 5.473.635 SEK 5.685.385

SEK 908.514,00 SEK 4.795.764 SEK 5.007.514 SEK 5.219.264 SEK 5.431.014 SEK 5.642.764

SEK 1.876.411,00 SEK 5.763.661 SEK 5.975.411 SEK 6.187.161 SEK 6.398.911 SEK 6.610.661

SEK 849.043,50 SEK 4.736.294 SEK 4.948.044 SEK 5.159.794 SEK 5.371.544 SEK 5.583.294

SEK 732.045,00 SEK 4.619.295 SEK 4.831.045 SEK 5.042.795 SEK 5.254.545 SEK 5.466.295

SEK 1.345.149,00 SEK 5.232.399 SEK 5.444.149 SEK 5.655.899 SEK 5.867.649 SEK 6.079.399

SEK 601.442,25 SEK 4.488.692 SEK 4.700.442 SEK 4.912.192 SEK 5.123.942 SEK 5.335.692

SEK 1.559.882,25 SEK 5.447.132 SEK 5.658.882 SEK 5.870.632 SEK 6.082.382 SEK 6.294.132

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 908.514,00 SEK 4.795.764 SEK 5.007.514 SEK 5.219.264 SEK 5.431.014 SEK 5.642.764

SEK 732.045,00 SEK 4.619.295 SEK 4.831.045 SEK 5.042.795 SEK 5.254.545 SEK 5.466.295

SEK 939.136,50 SEK 4.826.387 SEK 5.038.137 SEK 5.249.887 SEK 5.461.637 SEK 5.673.387

SEK 928.603,50 SEK 4.815.854 SEK 5.027.604 SEK 5.239.354 SEK 5.451.104 SEK 5.662.854

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.559.882,25 SEK 5.447.132 SEK 5.658.882 SEK 5.870.632 SEK 6.082.382 SEK 6.294.132

SEK 951.135,00 SEK 4.838.385 SEK 5.050.135 SEK 5.261.885 SEK 5.473.635 SEK 5.685.385

SEK 1.345.149,00 SEK 5.232.399 SEK 5.444.149 SEK 5.655.899 SEK 5.867.649 SEK 6.079.399

SEK 849.043,50 SEK 4.736.294 SEK 4.948.044 SEK 5.159.794 SEK 5.371.544 SEK 5.583.294

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 951.135,00 SEK 4.838.385 SEK 5.050.135 SEK 5.261.885 SEK 5.473.635 SEK 5.685.385

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.345.149,00 SEK 5.232.399 SEK 5.444.149 SEK 5.655.899 SEK 5.867.649 SEK 6.079.399

SEK 658.228,75 SEK 4.545.479 SEK 4.757.229 SEK 4.968.979 SEK 5.180.729 SEK 5.392.479

SEK 1.102.617,75 SEK 4.989.868 SEK 5.201.618 SEK 5.413.368 SEK 5.625.118 SEK 5.836.868

SEK 862.361,25 SEK 4.749.611 SEK 4.961.361 SEK 5.173.111 SEK 5.384.861 SEK 5.596.611

SEK 611.591,25 SEK 4.498.841 SEK 4.710.591 SEK 4.922.341 SEK 5.134.091 SEK 5.345.841

SEK 1.138.546,50 SEK 5.025.797 SEK 5.237.547 SEK 5.449.297 SEK 5.661.047 SEK 5.872.797

SEK 1.616.932,50 SEK 5.504.183 SEK 5.715.933 SEK 5.927.683 SEK 6.139.433 SEK 6.351.183

SEK 2.329.250



Simulation

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Manpower cost 

(inst time 1,1 

h/m2) [SEK]

Insulation cost [SEK]

Total cost (inst 

time 0,7 h/m
2
) 

[SEK]

Total cost (inst 

time 0,8 h/m
2
) 

[SEK]

Total cost (inst 

time 0,9 h/m
2
) 

[SEK]

Total cost (inst 

time 1,0 h/m
2
) 

[SEK]

Total cost (inst 

time 1,1 h/m
2
) 

[SEK]

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.345.149,00 SEK 5.232.399 SEK 5.444.149 SEK 5.655.899 SEK 5.867.649 SEK 6.079.399

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.143.947,25 SEK 5.031.197 SEK 5.242.947 SEK 5.454.697 SEK 5.666.447 SEK 5.878.197

SEK 713.704,50 SEK 4.600.955 SEK 4.812.705 SEK 5.024.455 SEK 5.236.205 SEK 5.447.955

SEK 1.061.064,00 SEK 4.948.314 SEK 5.160.064 SEK 5.371.814 SEK 5.583.564 SEK 5.795.314

SEK 1.345.149,00 SEK 5.232.399 SEK 5.444.149 SEK 5.655.899 SEK 5.867.649 SEK 6.079.399

SEK 611.591,25 SEK 4.498.841 SEK 4.710.591 SEK 4.922.341 SEK 5.134.091 SEK 5.345.841

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.749.287,25 SEK 5.636.537 SEK 5.848.287 SEK 6.060.037 SEK 6.271.787 SEK 6.483.537

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 611.591,25 SEK 4.498.841 SEK 4.710.591 SEK 4.922.341 SEK 5.134.091 SEK 5.345.841

SEK 1.102.617,75 SEK 4.989.868 SEK 5.201.618 SEK 5.413.368 SEK 5.625.118 SEK 5.836.868

SEK 1.179.876,00 SEK 5.067.126 SEK 5.278.876 SEK 5.490.626 SEK 5.702.376 SEK 5.914.126

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 611.591,25 SEK 4.498.841 SEK 4.710.591 SEK 4.922.341 SEK 5.134.091 SEK 5.345.841

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.271.071,00 SEK 5.158.321 SEK 5.370.071 SEK 5.581.821 SEK 5.793.571 SEK 6.005.321

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 611.591,25 SEK 4.498.841 SEK 4.710.591 SEK 4.922.341 SEK 5.134.091 SEK 5.345.841

SEK 571.128,75 SEK 4.458.379 SEK 4.670.129 SEK 4.881.879 SEK 5.093.629 SEK 5.305.379

SEK 1.345.149,00 SEK 5.232.399 SEK 5.444.149 SEK 5.655.899 SEK 5.867.649 SEK 6.079.399

SEK 1.749.287,25 SEK 5.636.537 SEK 5.848.287 SEK 6.060.037 SEK 6.271.787 SEK 6.483.537

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.176.733,25 SEK 5.063.983 SEK 5.275.733 SEK 5.487.483 SEK 5.699.233 SEK 5.910.983

SEK 2.329.250



Simulation

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

Manpower cost 

(inst time 1,1 

h/m2) [SEK]

Insulation cost [SEK]

Total cost (inst 

time 0,7 h/m
2
) 

[SEK]

Total cost (inst 

time 0,8 h/m
2
) 

[SEK]

Total cost (inst 

time 0,9 h/m
2
) 

[SEK]

Total cost (inst 

time 1,0 h/m
2
) 

[SEK]

Total cost (inst 

time 1,1 h/m
2
) 

[SEK]

SEK 1.179.876,00 SEK 5.067.126 SEK 5.278.876 SEK 5.490.626 SEK 5.702.376 SEK 5.914.126

SEK 1.061.064,00 SEK 4.948.314 SEK 5.160.064 SEK 5.371.814 SEK 5.583.564 SEK 5.795.314

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.410.330,00 SEK 5.297.580 SEK 5.509.330 SEK 5.721.080 SEK 5.932.830 SEK 6.144.580

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 658.228,75 SEK 4.545.479 SEK 4.757.229 SEK 4.968.979 SEK 5.180.729 SEK 5.392.479

SEK 726.047,25 SEK 4.613.297 SEK 4.825.047 SEK 5.036.797 SEK 5.248.547 SEK 5.460.297

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 713.704,50 SEK 4.600.955 SEK 4.812.705 SEK 5.024.455 SEK 5.236.205 SEK 5.447.955

SEK 713.704,50 SEK 4.600.955 SEK 4.812.705 SEK 5.024.455 SEK 5.236.205 SEK 5.447.955

SEK 611.591,25 SEK 4.498.841 SEK 4.710.591 SEK 4.922.341 SEK 5.134.091 SEK 5.345.841

SEK 519.444,75 SEK 4.406.695 SEK 4.618.445 SEK 4.830.195 SEK 5.041.945 SEK 5.253.695

SEK 519.444,75 SEK 4.406.695 SEK 4.618.445 SEK 4.830.195 SEK 5.041.945 SEK 5.253.695

SEK 1.749.287,25 SEK 5.636.537 SEK 5.848.287 SEK 6.060.037 SEK 6.271.787 SEK 6.483.537

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 571.128,75 SEK 4.458.379 SEK 4.670.129 SEK 4.881.879 SEK 5.093.629 SEK 5.305.379

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 1.193.682,00 SEK 5.080.932 SEK 5.292.682 SEK 5.504.432 SEK 5.716.182 SEK 5.927.932

SEK 581.352,75 SEK 4.468.603 SEK 4.680.353 SEK 4.892.103 SEK 5.103.853 SEK 5.315.603

SEK 519.444,75 SEK 4.406.695 SEK 4.618.445 SEK 4.830.195 SEK 5.041.945 SEK 5.253.695

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 535.200,00 SEK 4.422.450 SEK 4.634.200 SEK 4.845.950 SEK 5.057.700 SEK 5.269.450

SEK 446.744,25 SEK 4.333.994 SEK 4.545.744 SEK 4.757.494 SEK 4.969.244 SEK 5.180.994

SEK 1.652.067,75 SEK 5.539.318 SEK 5.751.068 SEK 5.962.818 SEK 6.174.568 SEK 6.386.318

SEK 523.135,50 SEK 4.410.386 SEK 4.622.136 SEK 4.833.886 SEK 5.045.636 SEK 5.257.386

SEK 571.128,75 SEK 4.458.379 SEK 4.670.129 SEK 4.881.879 SEK 5.093.629 SEK 5.305.379

SEK 446.744,25 SEK 4.333.994 SEK 4.545.744 SEK 4.757.494 SEK 4.969.244 SEK 5.180.994

SEK 2.329.250
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86

87

Manpower cost 

(inst time 1,1 

h/m2) [SEK]

Insulation cost [SEK]

Total cost (inst 

time 0,7 h/m
2
) 

[SEK]

Total cost (inst 

time 0,8 h/m
2
) 

[SEK]

Total cost (inst 

time 0,9 h/m
2
) 

[SEK]

Total cost (inst 

time 1,0 h/m
2
) 

[SEK]

Total cost (inst 

time 1,1 h/m
2
) 

[SEK]

SEK 446.744,25 SEK 4.333.994 SEK 4.545.744 SEK 4.757.494 SEK 4.969.244 SEK 5.180.994

SEK 519.444,75 SEK 4.406.695 SEK 4.618.445 SEK 4.830.195 SEK 5.041.945 SEK 5.253.695

SEK 433.240,50 SEK 4.320.491 SEK 4.532.241 SEK 4.743.991 SEK 4.955.741 SEK 5.167.491

SEK 2.329.250
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Payback 

time (inst 

time 0,7 

h/m
2
) [y]

Interest 

rate [%]

Year 

[y]

NPV (inst time 0,7 

h/m2)

NPV (inst time 0,8 

h/m2)

NPV (inst time 0,9 

h/m2)

NPV (inst time 1,0 

h/m2)

NPV (inst time 1,1 

h/m2)

NPV (only 

material)

39 -SEK 4.049.832 -SEK 4.261.582 -SEK 4.473.332 -SEK 4.685.082 -SEK 4.896.832 -SEK 162.582

36 -SEK 3.945.844 -SEK 4.157.594 -SEK 4.369.344 -SEK 4.581.094 -SEK 4.792.844 -SEK 58.594

37 -SEK 4.785.951 -SEK 4.997.701 -SEK 5.209.451 -SEK 5.421.201 -SEK 5.632.951 -SEK 898.701

33 -SEK 3.817.287 -SEK 4.029.037 -SEK 4.240.787 -SEK 4.452.537 -SEK 4.664.287 SEK 69.963

40 -SEK 3.888.642 -SEK 4.100.392 -SEK 4.312.142 -SEK 4.523.892 -SEK 4.735.642 -SEK 1.392

35 -SEK 4.291.231 -SEK 4.502.981 -SEK 4.714.731 -SEK 4.926.481 -SEK 5.138.231 -SEK 403.981

34 -SEK 3.644.600 -SEK 3.856.350 -SEK 4.068.100 -SEK 4.279.850 -SEK 4.491.600 SEK 242.650

35 -SEK 4.481.535 -SEK 4.693.285 -SEK 4.905.035 -SEK 5.116.785 -SEK 5.328.535 -SEK 594.285

39 -SEK 3.709.046 -SEK 3.920.796 -SEK 4.132.546 -SEK 4.344.296 -SEK 4.556.046 SEK 178.204

36 -SEK 3.945.783 -SEK 4.157.533 -SEK 4.369.283 -SEK 4.581.033 -SEK 4.792.783 -SEK 58.533

40 -SEK 3.888.601 -SEK 4.100.351 -SEK 4.312.101 -SEK 4.523.851 -SEK 4.735.601 -SEK 1.351

37 -SEK 4.000.102 -SEK 4.211.852 -SEK 4.423.602 -SEK 4.635.352 -SEK 4.847.102 -SEK 112.852

33 -SEK 3.903.752 -SEK 4.115.502 -SEK 4.327.252 -SEK 4.539.002 -SEK 4.750.752 -SEK 16.502

50 -SEK 3.854.318 -SEK 4.066.068 -SEK 4.277.818 -SEK 4.489.568 -SEK 4.701.318 SEK 32.932

37 -SEK 4.518.962 -SEK 4.730.712 -SEK 4.942.462 -SEK 5.154.212 -SEK 5.365.962 -SEK 631.712

40 -SEK 4.071.241 -SEK 4.282.991 -SEK 4.494.741 -SEK 4.706.491 -SEK 4.918.241 -SEK 183.991

35 -SEK 4.288.455 -SEK 4.500.205 -SEK 4.711.955 -SEK 4.923.705 -SEK 5.135.455 -SEK 401.205

33 -SEK 3.817.419 -SEK 4.029.169 -SEK 4.240.919 -SEK 4.452.669 -SEK 4.664.419 SEK 69.831

39 -SEK 3.708.924 -SEK 3.920.674 -SEK 4.132.424 -SEK 4.344.174 -SEK 4.555.924 SEK 178.326

39 -SEK 4.050.087 -SEK 4.261.837 -SEK 4.473.587 -SEK 4.685.337 -SEK 4.897.087 -SEK 162.837

48 -SEK 3.831.842 -SEK 4.043.592 -SEK 4.255.342 -SEK 4.467.092 -SEK 4.678.842 SEK 55.408

33 -SEK 4.250.764 -SEK 4.462.514 -SEK 4.674.264 -SEK 4.886.014 -SEK 5.097.764 -SEK 363.514

37 -SEK 3.773.087 -SEK 3.984.837 -SEK 4.196.587 -SEK 4.408.337 -SEK 4.620.087 SEK 114.163

38 -SEK 4.169.014 -SEK 4.380.764 -SEK 4.592.514 -SEK 4.804.264 -SEK 5.016.014 -SEK 281.764

38 -SEK 3.968.137 -SEK 4.179.887 -SEK 4.391.637 -SEK 4.603.387 -SEK 4.815.137 -SEK 80.887

40 -SEK 3.785.478 -SEK 3.997.228 -SEK 4.208.978 -SEK 4.420.728 -SEK 4.632.478 SEK 101.772

34 -SEK 4.089.582 -SEK 4.301.332 -SEK 4.513.082 -SEK 4.724.832 -SEK 4.936.582 -SEK 202.332

35 -SEK 4.532.036 -SEK 4.743.786 -SEK 4.955.536 -SEK 5.167.286 -SEK 5.379.036 -SEK 644.786

0,7207 10
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NPV (inst time 0,7 
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NPV (inst time 0,8 
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NPV (inst time 1,1 

h/m2)

NPV (only 

material)

44 -SEK 3.782.424 -SEK 3.994.174 -SEK 4.205.924 -SEK 4.417.674 -SEK 4.629.424 SEK 104.826

35 -SEK 4.292.696 -SEK 4.504.446 -SEK 4.716.196 -SEK 4.927.946 -SEK 5.139.696 -SEK 405.446

48 -SEK 3.833.530 -SEK 4.045.280 -SEK 4.257.030 -SEK 4.468.780 -SEK 4.680.530 SEK 53.720

49 -SEK 3.843.975 -SEK 4.055.725 -SEK 4.267.475 -SEK 4.479.225 -SEK 4.690.975 SEK 43.275

39 -SEK 4.220.301 -SEK 4.432.051 -SEK 4.643.801 -SEK 4.855.551 -SEK 5.067.301 -SEK 333.051

34 -SEK 3.729.951 -SEK 3.941.701 -SEK 4.153.451 -SEK 4.365.201 -SEK 4.576.951 SEK 157.299

33 -SEK 4.000.698 -SEK 4.212.448 -SEK 4.424.198 -SEK 4.635.948 -SEK 4.847.698 -SEK 113.448

33 -SEK 4.248.384 -SEK 4.460.134 -SEK 4.671.884 -SEK 4.883.634 -SEK 5.095.384 -SEK 361.134

40 -SEK 3.787.715 -SEK 3.999.465 -SEK 4.211.215 -SEK 4.422.965 -SEK 4.634.715 SEK 99.535

40 -SEK 3.724.504 -SEK 3.936.254 -SEK 4.148.004 -SEK 4.359.754 -SEK 4.571.504 SEK 162.746

44 -SEK 4.841.608 -SEK 5.053.358 -SEK 5.265.108 -SEK 5.476.858 -SEK 5.688.608 -SEK 954.358

40 -SEK 3.709.646 -SEK 3.921.396 -SEK 4.133.146 -SEK 4.344.896 -SEK 4.556.646 SEK 177.604

40 -SEK 3.785.508 -SEK 3.997.258 -SEK 4.209.008 -SEK 4.420.758 -SEK 4.632.508 SEK 101.742

34 -SEK 4.071.095 -SEK 4.282.845 -SEK 4.494.595 -SEK 4.706.345 -SEK 4.918.095 -SEK 183.845

38 -SEK 4.231.617 -SEK 4.443.367 -SEK 4.655.117 -SEK 4.866.867 -SEK 5.078.617 -SEK 344.367

53 -SEK 3.886.985 -SEK 4.098.735 -SEK 4.310.485 -SEK 4.522.235 -SEK 4.733.985 SEK 265

39 -SEK 3.709.351 -SEK 3.921.101 -SEK 4.132.851 -SEK 4.344.601 -SEK 4.556.351 SEK 177.899

39 -SEK 3.709.229 -SEK 3.920.979 -SEK 4.132.729 -SEK 4.344.479 -SEK 4.556.229 SEK 178.021

44 -SEK 3.853.822 -SEK 4.065.572 -SEK 4.277.322 -SEK 4.489.072 -SEK 4.700.822 SEK 33.428

53 -SEK 3.887.453 -SEK 4.099.203 -SEK 4.310.953 -SEK 4.522.703 -SEK 4.734.453 -SEK 203

38 -SEK 4.299.197 -SEK 4.510.947 -SEK 4.722.697 -SEK 4.934.447 -SEK 5.146.197 -SEK 411.947

39 -SEK 3.709.249 -SEK 3.920.999 -SEK 4.132.749 -SEK 4.344.499 -SEK 4.556.249 SEK 178.001

40 -SEK 3.785.478 -SEK 3.997.228 -SEK 4.208.978 -SEK 4.420.728 -SEK 4.632.478 SEK 101.772

39 -SEK 3.732.160 -SEK 3.943.910 -SEK 4.155.660 -SEK 4.367.410 -SEK 4.579.160 SEK 155.090

33 -SEK 4.247.794 -SEK 4.459.544 -SEK 4.671.294 -SEK 4.883.044 -SEK 5.094.794 -SEK 360.544

46 -SEK 4.874.773 -SEK 5.086.523 -SEK 5.298.273 -SEK 5.510.023 -SEK 5.721.773 -SEK 987.523

39 -SEK 3.708.812 -SEK 3.920.562 -SEK 4.132.312 -SEK 4.344.062 -SEK 4.555.812 SEK 178.438

35 -SEK 4.150.753 -SEK 4.362.503 -SEK 4.574.253 -SEK 4.786.003 -SEK 4.997.753 -SEK 263.503

0,7207 10
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NPV (only 
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40 -SEK 4.276.143 -SEK 4.487.893 -SEK 4.699.643 -SEK 4.911.393 -SEK 5.123.143 -SEK 388.893

33 -SEK 3.999.234 -SEK 4.210.984 -SEK 4.422.734 -SEK 4.634.484 -SEK 4.846.234 -SEK 111.984

41 -SEK 3.730.657 -SEK 3.942.407 -SEK 4.154.157 -SEK 4.365.907 -SEK 4.577.657 SEK 156.593

36 -SEK 4.371.647 -SEK 4.583.397 -SEK 4.795.147 -SEK 5.006.897 -SEK 5.218.647 -SEK 484.397

53 -SEK 3.888.236 -SEK 4.099.986 -SEK 4.311.736 -SEK 4.523.486 -SEK 4.735.236 -SEK 986

40 -SEK 3.826.308 -SEK 4.038.058 -SEK 4.249.808 -SEK 4.461.558 -SEK 4.673.308 SEK 60.942

36 -SEK 3.802.807 -SEK 4.014.557 -SEK 4.226.307 -SEK 4.438.057 -SEK 4.649.807 SEK 84.443

39 -SEK 3.709.025 -SEK 3.920.775 -SEK 4.132.525 -SEK 4.344.275 -SEK 4.556.025 SEK 178.225

34 -SEK 3.729.616 -SEK 3.941.366 -SEK 4.153.116 -SEK 4.364.866 -SEK 4.576.616 SEK 157.634

34 -SEK 3.729.890 -SEK 3.941.640 -SEK 4.153.390 -SEK 4.365.140 -SEK 4.576.890 SEK 157.360

40 -SEK 3.785.498 -SEK 3.997.248 -SEK 4.208.998 -SEK 4.420.748 -SEK 4.632.498 SEK 101.752

37 -SEK 3.643.944 -SEK 3.855.694 -SEK 4.067.444 -SEK 4.279.194 -SEK 4.490.944 SEK 243.306

37 -SEK 3.644.107 -SEK 3.855.857 -SEK 4.067.607 -SEK 4.279.357 -SEK 4.491.107 SEK 243.143

38 -SEK 4.698.146 -SEK 4.909.896 -SEK 5.121.646 -SEK 5.333.396 -SEK 5.545.146 -SEK 810.896

50 -SEK 3.854.450 -SEK 4.066.200 -SEK 4.277.950 -SEK 4.489.700 -SEK 4.701.450 SEK 32.800

39 -SEK 3.708.771 -SEK 3.920.521 -SEK 4.132.271 -SEK 4.344.021 -SEK 4.555.771 SEK 178.479

39 -SEK 3.732.078 -SEK 3.943.828 -SEK 4.155.578 -SEK 4.367.328 -SEK 4.579.078 SEK 155.172

39 -SEK 3.709.432 -SEK 3.921.182 -SEK 4.132.932 -SEK 4.344.682 -SEK 4.556.432 SEK 177.818

34 -SEK 4.139.683 -SEK 4.351.433 -SEK 4.563.183 -SEK 4.774.933 -SEK 4.986.683 -SEK 252.433

37 -SEK 3.692.326 -SEK 3.904.076 -SEK 4.115.826 -SEK 4.327.576 -SEK 4.539.326 SEK 194.924

37 -SEK 3.644.300 -SEK 3.856.050 -SEK 4.067.800 -SEK 4.279.550 -SEK 4.491.300 SEK 242.950

39 -SEK 3.708.863 -SEK 3.920.613 -SEK 4.132.363 -SEK 4.344.113 -SEK 4.555.863 SEK 178.387

39 -SEK 3.709.300 -SEK 3.921.050 -SEK 4.132.800 -SEK 4.344.550 -SEK 4.556.300 SEK 177.950

35 -SEK 3.551.595 -SEK 3.763.345 -SEK 3.975.095 -SEK 4.186.845 -SEK 4.398.595 SEK 335.655

37 -SEK 4.598.130 -SEK 4.809.880 -SEK 5.021.630 -SEK 5.233.380 -SEK 5.445.130 -SEK 710.880

36 -SEK 3.627.905 -SEK 3.839.655 -SEK 4.051.405 -SEK 4.263.155 -SEK 4.474.905 SEK 259.345

39 -SEK 3.732.485 -SEK 3.944.235 -SEK 4.155.985 -SEK 4.367.735 -SEK 4.579.485 SEK 154.765

35 -SEK 3.551.412 -SEK 3.763.162 -SEK 3.974.912 -SEK 4.186.662 -SEK 4.398.412 SEK 335.838

100,7207
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35 -SEK 3.554.503 -SEK 3.766.253 -SEK 3.978.003 -SEK 4.189.753 -SEK 4.401.503 SEK 332.747

37 -SEK 3.641.920 -SEK 3.853.670 -SEK 4.065.420 -SEK 4.277.170 -SEK 4.488.920 SEK 245.330

35 -SEK 3.525.236 -SEK 3.736.986 -SEK 3.948.736 -SEK 4.160.486 -SEK 4.372.236 SEK 362.014

0,7207 10


