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FOREWORD 

In front of you lies the result of one year of study at the Lund Institute of Technol
ogy (LTH) in Lund, Sweden. It has been a interesting year with ups and downs, 
but most of all a year filled with new and exciting experiences. 

I started to work on my Master Thesis in spring 2004 in Eindhoven at the Techni
cal University of Eindhoven (TU/e). While preparing for my thesis I also pre
pared for my stay in Sweden. My tutors in Lund were Maria Wall and Kerstin 
Barup. I had a good contact with them from the beginning and together we dis
cussed the assignment for my thesis. By the end of the academic year, in June 
2004, I had my first presentation in Eindhoven explaining what my thesis would 
be about. I left for Sweden in August 2004 where I found a warm welcome at the 
Department of Energy and Building Design at the School of Architecture in Lund. 
Through the International Housing Office J found a room in a student corridor 
nearby. Soon I felt at home both at the faculty as well as on my corridor. 
At the Department of Energy and Building Design research is done on energy use, 
passive and active solar design, daylight utilisation and shading of buildings. 
The department also conducted research for the IEA task 28 'Sustainable solar 
housing ' . Some of the research at the Department of Energy and Building Design 
focussed on energy efficient terrace housing in Lindas Park. This was very help
ful for my thesis as I tried to find ways to renovate dwellings and making them 
more energy efficient. The terrace housing in Lindas Park functioned as a 
good example. 

Studying in Lund as an exchange student I met people from all over the world. 
There are hundreds of international students in Lund. During the past year I met 
many of them and J felt privileged to be given a chance to study in this interna
tional environment. Lund is a student city with over 40.000 students in a city 
with only 100.000 inhabitants. The university and its students are visible every
where in the city. Lund University has many different faculties. The variety of 
students and the variety in student life in Lund appealed to me. The history of 
Lund as a student city and its many traditions created a great atmosphere. I took 
the chance to experience student life in Lund and enjoyed it a lot. 

Also the School of Architecture has a lot to offer. Research is conducted in both 
Architectural Conservation and Restoration as well as in Energy and Building 
Design. Research and knowledge in other fields such as Construction Manage
ment, Design Methodology, Housing Development and Management and Instal
lation Technology is also present. At the faculty of Architecture, Building and 
Planning at the Technical University ofEindhoven there are no departments that 
are comparable to the Departments of Architectural Conservation & Restoration 
and Energy & Building Design. It was therefore very beneficial for my thesis to 
study in Lund and to take advantage of the knowledge that is present at these 
departments. 

Overall, I felt very welcome and at home in this student town in the south of 
Sweden. I would like to thank everyone who made this experience possible and 
helped and supported me during my time in Lund. It was a wonderful and unfor
gettable year. 

Paulien de Bruijn 

Lund, June 2005 
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LTH·NYTT 
Paulien de Bruijn fran Nederlanderna talar med oss pa perfekt 

svenska. Hon var namligen utbytesstudent 2002- 2003 och 

aterkom i somras for att giira sitt examensarbete i Sverige. 

Paulien laser vid det tekniska universitetet i Eindhoven , hen

nes program heter Arkitektur, byggande och planering och 

ar lite mer tekniskt an det Svenska arkitekturprogrammet, 

forklarar hon. 

Paulien kande sig hemma i Lund och dessutom finns har 

(inom energi- och byggnadsdesign samt byggnadsvard) sak

kunskap pa hennes intresseomraden, energisnalt byggande 

och renoveringsfragor. Hennes examensarbete ar dubbelt sa 

omfattande som ett svenskt, 40 poang, men ska forhoppningsvis vara klart i biirjan av 

juni. Paulien har studerat radhus i Lund fran 60-talet, hur de kan renoveras och bli mer 

energisnala och hur de kan inrymma studentbostader. Hon anvander da de beriimda 

radhusen i Lindas som referensobjekt, de hus som med stiid av forskare fran bl a LTH fatt 

sa bra isoleringsfiirmaga att de i stort sett inte behiiver nagon annan energi an den som 

manniskor, belysn ing och apparater avger. 

Att hon talar sa bra svenska forklarar hon med att hon nu bor pa en rent svensk student

korridor och trivs som fisken i vattnet. 

IJ\:TR< )!)\fl ' TIC lN 

A small interview with me about my 
project in the LTH magazine 'LTH
NYTT' of May 2005 . The full article 
was about exchange students at the 
Architecture faculty. 
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OTHER STUDENTPROJECTS 

Students who have worked with similar subjects are: 

Roelina Heijneman 

Ruud Craenmehr and Roel Driessen 

Dieter van Riel 

Jeroen de Krosse 

Malin Heij 

Roelina Heijneman 

TU/e Building Technology 

TU/e Building Technology 

TU/e Building Technology 

TU/e Building Technology 

L TH Architecture 

'Upgrading of post-war row houses in The Netherlands on the area of usable 

area and thermal resistance.' 

R. Heijneman has worked with post-war terrace houses in The Netherlands. These 
houses do no longer meet present-day demands.First of all she has made a pro
posal that involves a unit that can be placed at the back or the front of the house. 
Here a bathroom or kitchen can be installed. This way the usable area of the 
dweling will increase. Secondly, she made a proposal for upgrading the thermal 
resistance of the complete dwelling with as little inconvience for the occupant as 
possible. Overall, her main goal is to upgrade post-war houses, resulting in a larger 
usable area combined with more comfort and convenience and giving a better 
energy performance. 

Ruud Craenmehr and Roel Driessen 

'Renovation of housing by conservation.' 

R. Craenmehr and R. Driessen have made a proposal for renovating and 
conservating terrace houses in The Netherlands. They designed a glass skin that 
preserves the dwellings and cuts down its energy consumption. Prefabricated spaces 
are added to an outdated terrace house. After this, a glass skin is placed over the 
entire dwelling and the added spaces. Not only is energy being saved, the spaces 
under the glass skin can be used as indoor terraces or extra outdoor rooms during 
large parts of spring, summer and fall. 

Dieter van Riel 

'Duurzaam renoveren. Een onderzoek naar de mogelijkheden om te komen 
tot een meer milieuvriendelijk ontwerp voor een renovatie van woningbouw' 

In his proposal D. van Riel wants to make the renovation of dwellings more sus
tainable. He focusses on the materials that are being used in renovations. The 
effects of the use of new and recycled materials on the environment are examined 
with regard to renovation. He has made several calculations to examine the effect 
of the different materials on the environment. Programs that have been used are 
EcoQuantum and Sirna Pro. 
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Jeroen de Krosse 

'Woning van de 21e eeuw' 

J. de Krosse made a proposal for renovating post-war terrace houses. This pro
posal was made in a project during his Master education (T9). The dwellings that 
he made a new design for are situated in the city of Roosendaal in the south of 
The Netherlands. The neighbourhood is called 'Kroeven'. The proposal mainly 
involves an expansion of the dwelling in order to provide with more space to live . 
A sun room and solar panels are used in order to reduce the use of energy. Overall , 
the dwelling gets a larger usable area and reduces the use of energy by using a sun 
room and a solar panel. 

Malin Heij 

'Draken - Energieffektiva flerfamiljshus i Malmo' 

In her graduation project M. Heij designed energy efficient apartment buildings. 
She does not only discuss how to design an energy efficient apartment building, 
but also how good architecture and energy efficiency can be combined. She claims 
that energy efficiency does not have to stand in the way of good and interesting 
architecture. The result of her work is a design for several new apartment build
ings in the city of Malmo in the south of Sweden. These buildings have a higher 
energy efficiency than average newly built apartment buildings. 

lNTRUDl iCllON 
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ABSTRACT 

ln this project dwellings that are situated in Lund, Sweden are analysed. The street 
in which the dwellings are situated is called Gilleskroken. The aim of this project 
is to find ways to renovate the dwellings at Gilleskroken that make the dwellings 
more energy efficient. Dwellings at Lindas Park, near Gothenburg, have been 
analysed for this purpose. The housing project at Lindas Park is a good example 
of energy efficient terrace housing. To determine the energy efficiency of the 
dwellings at Gilleskroken a computer program called ' DEROB-LTH' is used. This 
program was made available by the department of Energy and Building Design at 
the Lund Institute of Technology (LTH), Sweden. Most of the study and work 
done on this project has been conducted at LTH in Lund, Sweden. 

The dwellings at Gilleskroken were built in 1968-1969 in the north of Lund. They 
were designed by the Danish architect Bent 10rgen J0rgensen (1915-1999). The 
dwellings are terrace houses, the ground floor measures 8,0 by 10,3 meters. They 
are either situated north-south of east-west. The walls dividing the dwellings are 
constructed in brick . The front and back fa;:ade are constructed in wooden frames 
with panels on the outside. The window frames are also made of wood. The dwell
ings have three floors ; basement, ground floor and first floor. 

Interviews have been held with the occupants and the dwellings have been ana
lysed. The outcome of this is as follows. 

To be improved are; 

Insulation 

Roof 

Ventilation 

Facades 

Windows 

Qualities, things that should be kept are; 

Light 

Space 

Functional floor plans 

Use of different materials 

A possibility for creating student apartments in the dwellings was also taken into 
account. The dwellings are very spacious, with often just one or two occupants. 
On the first floor two student apartments can be created. If this is done special 
attention has to be paid to fire safety and acoustical insulation. Glass wool and 
extra gypsum board panels should be used for the walls. The floors are made of 
160 mm concrete; they live up to acoustical demands. 

Different suitable renovation possibilities were tested in the computer program 
DEROB-LTH. The renovation is divided in four steps; 

1. Roof insulation 

2. Windows 

3. Ventilation/infiltration 

4. Wall insulation 
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Roof insulation; increasing the thermal insulation inside the roof Heating de
mands are reduced from 15700 kWh/yr to 14600 kWh/yr. 

Windows; using triple pane windows with low-emission coating and Argon gas 
in the cavity decreases heating demands down to 11300 kWh/yr. 

Ventilation/infiltration; when infiltration is prevented and mechanical ventila
tion is used heating demands decrease a great deal. At 0, 15 airchanges/hour heat
ing demands are only 7000 kWh/yr. 

Wall insulation; the first additional 100 mm of thermal insulation in the walls 
cause a reasonable difference Heating demands are now as low as 6000 kWh/yr. 
More insulation in the walls does not create a big difference. 

All of the above mentioned measures combined reduce heating demands from 
15700 kWh/yr to 6000 kWh/yr. This is a reduction of 62%. After renovation the 
heating demands of the dwellings are only 38% of the current heating demands. 

For the renovation of the dwellings relatively simple renovation measures have 
been applied. They show that energy efficiency in terrace house renovation can be 
achieved and that the way to this achievement is not that complicated or difficult 
at all. 
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1. INTRODUCTION 

The dwellings at Gilleskroken were built in 1968-1969. They are situated in the 
north of the city of Lund, Sweden. Lund is a university town near Malmo, in the 
south of Sweden. The dwellings are situated in a neighbourhood called Norra 
Faladen, in the outskirts oflund. The dwellings are terrace houses. There are three 
blocks of these dwellings at Gilleskroken; two of them have a north-south orien
tation; one has an east-west orientation. The dwellings are 8,0 meters wide and 
10,3 meters long. Their lots are 8,0 meters wide and approximately 26,0 meters 
long. The garden at the front is on average 11 ,0 meters long, at the back this is 5,0 
meters. This does however differ some depending on the orientation and place 
within the block. 

The walls dividing the dwellings are constructed in brick. The front and back 
fa<;ade are constructed in wooden frames with wooden panels on the outside. The 
window frames are also made of wood. The dwellings have three floors ; base
ment, ground floor and first floor. There is no attic. On the ground floor there is a 
hall, living room, kitchen, office (or spare bedroom), toilet and a storage space 
that can be reached from outside. On the first floor there are four bedrooms, a 
balcony, bathroom, hall and closet. In the basement there is an extra room, called 
'Gillestugan' . This room can be used as hobby room, extra living room etc. The 
rest of the basement houses storage space, food storage and a washing room. There 
is a stairs that goes from the outside, close to the entrance, to the basement. A door 
leads to these stairs. The dwellings are designed by the architect Bent Jorgen 
Jorgensen (1915-1999). This was a Danish architect who lived and worked in 
Sweden. The dwellings have been bought by the occupants. 

This project involves renovation of dwellings and increasing their energy effi
ciency. In this project two of my main interests are united; renovation and energy 
use. 

Renovation means 'to repair and improve something, especially a building. ' 
Renovation can also involve to again, with a different function , use a building. An 
example of a renovation and new function of a building is the renovation of the 
Van Nelle factory in Rotterdam. This factory used to package and process tea and 
coffee. Nowadays it is called the Van Nelle Design factory. It houses different 
design agencies. The building has been renovated, in other words repaired and 
improved. It has also been given a different function. 

Energy use by housing is unnecessary high. Of the total Dutch energy production 
on average 15% goes to dwellings. Looking at Graphic 1. in the next column this 
energy is not produced in an environmentally friendly way. In Sweden a large part 
of the energy is hydroelectric power. This is a renewable source of energy. How
ever, almost the same amount of energy is nuclear power. In The Netherlands the 
largest part of the energy production is produced by means of fossil energy sources. 
This is a non-renewable source. The column 'other ' involves wind energy, solar 
energy etcetera. These renewable energy sources should be used a lot more. The 
following fragment is from the website of the European Union 1: 

Figure 1.1. Dwellings at 
Gilleskroken. 

Figure 1.2. Van Nelle Design 
Factory after renovation. 
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"We take energy for granted. Fuel shortages and power cuts are rare, but timely, 
reminders that we rely on energy for transport, for heating our homes in winter, 
cooling them in summer and running our factories, farms and offices. But many 
energy resources are finite . In addition, energy use is often a source of pollution. 
Sustainable development means us ing less fo ssil fuel more intelligently. 
Some 80% of the energy the EU consumes is from fo ssil fu els - oil, natural gas 
and coal. 
A significant and increasing proportion of this comes from outside the EU. The 
Commission estimates that by 2020, 70'1a of the EU's primary energy needs, 
including 90% of its oil requirements, will be met by imports. So, the EU is 
vulnerable to supply cuts or higher prices resulting from international crises. It 
also needs to burn less fossil fu el in order to reverse global warming. The way 
forward requires us to save energy, use it better, develop alternative sources -
particularly within the EU, and seek more internat ional cooperation ." 

fossil hydro nucl ear other 

Dwellings that are built nowadays are much more energy efficient than older 
dwellings. Building very energy efficient new dwellings only effects the increase 
of current energy use. It does not actually decrease the current energy use. Meas
ures in older dwellings can however cause a substantial decrease of energy use. 1 

It is more important to decrease energy use of the current housing stock than to 
build new very energy efficient housing. An average building that is build today 
without special attention to energy efficiency is already much more energy effi
cient than an average building that was built 30 years ago. Renovation and de
creasing the energy needs of dwellings should be combined if the goal is to de
crease the energy use of the current building stock. In table 1.2.it is clear that until 
1968 most dwellings used as much as 230 kWh/m 2a in Germany. Around 78% of 
the current housing stock was built before 1969 and has a high energy use. This 
means that only 22% of the housing stock uses less than 230 kWh/m2a. A large 
part of the energy used by the current building stock can be decreased by renovat
ing dwellings built before 1969. Even dwellings built in the interval 1969-1977 
use a lot of energy compared to new dwellings; 150 - 230 kWh/m 2a. The differ
ence between dwellings with high and dwellings with very low energy use is a 
factor 10. The challenge lies in renovating these very energy consuming dwell
ings and to decrease this factor.:: 
Heizwarmebedarf 
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300 

Table 1.1. Energy production in 
Sweden and The Netherlands. 
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Table 1.2. Space heating require
ment of housing in Gennany, 
by F. Lichtblau. 
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The Netherlands has a temperate climate with winters that are not extremely cold 
and summers that are not extremely hot. In the south of Sweden the climate is 
about the same. However, in the north of Sweden winters can be very cold, with 
temperatures going down dramatically. 

Eindhoven 
Malmo (Lund) 
Stockholm 
Kiruna 

JANUARY 
+3.0° C 
-0.2° c 
-2.8° c 
-16.0° C 

JULY 
+18.0° C 
+ 16.8° c 
+17.2° c 
+12.8° c 

The differences between Lund and Eindhoven are only minimal. In winter it is on 
average 3°C colder in Lund. In summer temperatures are about the same. 

20 
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14 

12 

~ 10 
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4 

2 

0 
jan febf mrch april may jooe july aug sept od nov dee 

Electricity Domestic Hot Water 
(kWh/yr) 
NL 3568 3950 
SE 4500 3500 

Heating 

16424 
15000 

Total 

23942 
23000 

Both in Sweden as well as in The Netherlands a lot of energy is used by housing. 
On average around 23000 - 24000 kWh/year is used on energy for housing. Most 
energy is used for space heating. By insulating residential buildings more these 
numbers can be reduced. 

Table 1.3. Average temperatures 
injanuaiy andjuly in different 
cities in Sweden and in 
Eindhoven, The Netherlands. 

Table 1.4. Average temperature 
in Eindhoven and Lund. 

Table 1.5 . Energy consumption 
of an average dwelling in The 
Netherlands (NL) and in 
Sweden (SE) in kWh/year. 
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The inspiration for this project comes from energy efficient terrace houses at Lindas 
Park, near Goteborg, Sweden. These houses are called 'Houses without heating 
systems ' . Heat for heating the dwellings is partly produced by the occupants them
selves, and their electrical equipments. Also, the dwellings have a solar collector 
on the roof for hot water heating. The dwellings have very good thermal insula
tion and are very airtight. Furthermore there is a heat exchanger to reduce ventila
tion losses. All these measures combined create dwellings that are very energy 
efficient and hardly need any additional heating. The dwellings are heated by 
electric resistance heating in the supply air. Part of the research for this project is 
done by Maria Wall of the Department of Energy and Building Design at LTH. 
She is one of my tutors in this project. The dwellings at Lindas were my inspira
tion and are an example of how energy efficient dwellings can be built. 

In the city of Lund the dwellings at Gilleskroken have been built in 1968-1969. 
They are the subject of research for this project. The terrace houses are not ther
mally insulated well. The dwellings are not airtight at all, there are no ventilation 
systems in the dwellings neither. The occupants are rather old; on average 
44 years old. Most of them live as a couple; in only one third of the dwellings 
there are families with children. 

The aim of this project is to make new designs on how these dwellings can be 
made more energy efficient. The dwellings at Lindas Park are used as a good 
example for this. Also possibilities for creating student rooms in the dwellings are 
taken into account. For dwellings that are oriented north-south a design for a 
sunroom is studied. In a computer program called DEROB-LTH the energy usage 
of these different designs is calculated. Ultimately, a design that has low 
energy use is the outcome of this project. 

Tutors 

Two of my tutors are from the Technical University ofEindhoven, my home uni
versity. I also have two tutors at Lunds Tekniska Hogskola in Lund. 

Prof. dr. ir. J.J.N. Lichtenberg 
Department of Building Technology 

Ir. M. Ham 
Department of Building Technology 

Dr. M. Wall, Architect, Phd. 
Department of Energy and Building Design 

Prof. K. Barup 
Department of Architectoral Conservation and Restoration 

TU/e 

TU/e 

LTH 

LTH 

Figure 1.3. Dwellings at Lindas 
Park. 

TU I e technische univorsitril r1ndhovrn 

LUND INSTITUTE 
OF TECHNOLOGY 

Lund University 

Figure 1.4. Logos ofTU/e and 
LTH. 
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2. URBAN ANALYSIS 

The quarter Nora Faladen is situated in the north of Lund North and East of this 
quarter the country starts with fields and farms . Even though the quarter is situ
ated on the outskirts of the city it is not far to the city centre. It takes about 5 
minutes by car, 10 by bus and 15 minutes by bike to get to the city centre. The 
quarter exists of terrace houses, villas and apartments. In the quarter there is a 
small shopping centre, a church, schools and there is an industrial area. A large 
part of the quarter is being used for student housing. There are many student-flats 
and student-apartments. The quarter is quite green with many parks and lawns. 
The terrain slopes lightly. The design of the quarter is quite open. There is a lot of 
space with greener areas like playgrounds , lawns , parks and bushes. 

2.1. History 

By the end of the 1960's the quarter Norra Faladen was built. All at once houses 
were built for about 10,000 people. All houses built south of Norra Gransvagen 
were built in this time. Because all houses were built at the same time it was a 
good time to install distant heating in the neighbourhood. From the very beginning 
the neighbourhood has had distant heating. At first Gilleskroken had a nice view 
over the fields surrounding Lund. However, some 15 years ago a new neighbour
hood was built north ofNorra Gransvagen. For the people at Gilleskroken it meant 
losing their nice view and the connection with the rural area. Gilleskroken and 
neighbouring Kallarekroken were built in 1968-1969. 

'- '--,.....__ - ind ustria I area tN ..._____ ___ - church - student dwellings - shops - schools 

Figure 1.5 . Neighbourhood Norra 
Falladen. 
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2.2 Traffic 

For car traffic one road is very important. It is the ring road that surrounds the 
entire quarter. This ring road is in the south called 'Magistratsvagen '. In the 
east it is 'Klosterangsvagen', in the north it is called 'Nona Gransvagen ' (north
ern border road) and in the west it is called ' Svenshogsvagen '. This ring road 
is the main road in the quarter. From this road all dwellings can be reached. It 
is the route that the bus takes. There is one bus every ten minutes to the city 
centre. lt takes approximately ten minutes to get to the city centre by bus. By 
car the quarter can easily be reached by the ring road. The highway is also 
very close. The quarter is easy to reach from the highway. The highway and 
ring road are connected. 

For car parking different measures have been taken . At the villas one can park 
next to the villa. At the student dwellings there are large parking areas next to 
the flats . Here students can park their cars. This is however a paid car park, 
parking the car is therefore not cheap for students. At Gilleskroken and the 
other terrace houses in the neighbourhood (Kallarekroken, Nyckelkroken) the 
car can be parked in front of a private garage. The people of Gilleskroken own 
a communal garage. Every household owns one unit in this garage. The com
munal garage is situated next to the houses. It is not allowed to park the car in 
front of the dwelling between 08.00h and 18.00h. Instead of parking the car in 
front of the house it has to be parked in or in front of the garage. 

By bike the quarter and neighbourhood are easy to reach. There are many 
cycle paths. The cycle paths take a very different route than the cars. Cyclists 
can more easily get to the centre. There are direct connections over the cycle 
paths to the centre. This means that there are hardly any traffic lights on the 
way to the centre . Moreover it is safer to cycle when there are no cars around. 
The cycle paths often lead through green areas in the quarter. There are trees, 
bushes and lawns. The cycle paths are easy to use, clean and well maintained. 

- cy clepath 
- road 

GILLESKROKFN 

Figure I .6. Cars parked in front of 
the houses at Gilleskroken 

Figure 1. 7. Cycle paths and roads 
at Norra Falladen. 



Paulten de Bnnjn LTH-TU 'e Energy efficienn 111 terrace house renovation 

2.3 People 

When the neighbourhood was brand new at the end of the 1960's there were a lot 
of families with children that chose to live in Nona Faladen. There was enough 
space for children to play, there were parks, schools and shops were nearby etc. 
All of this contributed to the fact that many families with children decided to move 
to this new neighbourhood. Nowadays there are fewer children. Many of the first 
occupants still live in the same dwellings as 35 years ago. A reason why there are 
fewer families with children at Gilleskroken is that the older people just don ' t 
move out. They like living at Gilleskroken. As long as they can manage them
selves in their dwelling there is no reason for them to move out. When they stay 
there are no houses available for younger families. The consequence is that the 
neighbourhood gets older and older without many new people moving in.However, 
at Gilleskroken there are currently seven families with children on a total of 22 
households. This means that about 30% of the households are families with chil 
dren . 

Most people at Gilleskroken are highly educated. They work as engineers, doc
tors and teachers. They like to live close to nature and appreciate the green areas 
that surround their neighbourhood. 

2.4. Nature 

In Norra Faladen a lot of space is occupied by cycle paths, walking paths and 
nature. There are many lawns, trees and bushes. The paths are used a lot by the 
people that live in Nona Faladen. Dwellings are not situated very close together. 
On the contrary, a lot of space is communal space. There are many places to play 
for children. People can walk their dogs in the neighbourhood, others can cycle to 
work or school. It is a very green and open neighbourhood. 

Figure 1.8. Cycle path and trees 
around Gilleskroken. 
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3. BUILDING ANALYSIS 

In the dwellings at Gilleskroken different materials have been used. These materi
als are used in specific ways for specific reasons. Foundation, walls, floors and 
roof will be discussed in this chapter to get a better understanding of the building 
technology. 

The different construction components that will be discussed are respectively ; 

1. Foundation 
2. Walls 
3. Floors 
4. Roof 

3. 1. Foundation 
In Lund the foundation of the dwellings can be constructed straight on the ground. 
The top layer of soil will have to be removed. Then the foundation can be con
structed. This is often done by creating a cast of insulation material and filling this 
up with concrete or by placing a foundation beam . On top of this the building can 
be erected. 

The foundation of the dwellings at Gilleskroken consists of a reinforced concrete 
foundation beam (250x500 mm). On top of this beam a wall of concrete blocks 
(250 mm) is erected. Wall and beam function as foundation for the dwellings. 
The reinforced concrete foundation beam is placed di rectly on the sand. The base
ment wall is built up with concrete blocks (250 mm). On the inside there is a layer 
of aerated concrete (100 mm). A large part of the basement does not have any 
insulation layer and no damp proof course neither. The room in the basement 
(gillestugan) is in most dwellings in use as an extra bedroom, hobby room etc. In 
other words; it is a heated space. The architect has taken this into account be
cause there is an insulation layer on the inside of the walls in the gillestugan. Pref
erably there would have been insulation on the outside of the basement walls in
stead of on the inside. With the insulation layer on the inside of the basement wall 
the condensation point lies between the concrete wall and the layer of insulation. 
When the insulation layer is on the outside of the wall the condensation point also 
lies on the outside of the concrete wall. 
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Figure 1.12. Basement- gillestugan Figure 1.13. Condensation in the construction 
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3.2. Walls 

The walls of the dwellings can be divided in two categories; 
1. Outer wa lls 
2. Inside wa lls 

To start with an analysis of the outer wall s; they are either constructed in wood or 
in brick. The walls at the end of each block of terrace ho uses are constructed in 
brick. The walls of the main facades are wooden lightweight constructions. Both 
in appearance as in construction these walls are very different. The walls that are 
constructed in wood are not bearing walls. They function as facades of the dwell
ing. In the wooden walls there are openings for doors and windows. 

Wooden outer wa lls 

(!) Wooden studs (95x45 mm) and rails create a frame that functions as the 
structural element of the wall. The wooden rails are placed on and connected to a 
concrete beam . This beam is placed on top of the concrete walls of the foundation 
and cellar. (see Figure 1.17.). The wooden studs are connected to the wooden 
rails. They are the structural elements of the wall. This wall is not a bearing wall. 
It functions mainly as a fayade and as a (building) physical border between indoors 
and outdoors. 

0 The separate studs are connected to each other in order to function as a 
structural element. For this purpose gypsum board panels (l 3mm) are nailed onto 
the studs. The gypsum board form s a connection between the studs. Studs and 
gypsum board function together as a structural wall. 

CD Now a structural wall has been created. This does however not mean that it 
lives up to thermal , acoustical esthetical and physiological demands. For thermal 
insulation mineral wool panels (95 mm) are placed in between the studs. 

@ For extra insulation and to try to live up to physiological demands asfaboard 
panel (10 mm) is nailed onto the wooden studs. Asfaboard consists of a combina
tion of wood fibre and asphalt. The asfaboard panel was probably placed to create 
some sort of vapour barrier. In other words; a layer that blocks the wind but at the 
same time lets through damp. It is doubtful if the asfaboard can fulfil this purpose. 
There are many joints between the different asfaboard panels. At these joints air 
can easily get through. The asfaboard even functions as a structural element like 
the gypsum board. ' 

Sf""..11---- wooden pan el 15 mm 
~;;!1---- air cavity 5 mm 
""="'11-- asfaboard panel 10 mm 
1§11'..:J--tl-- m ineral wool insulat ion 95 mm 
~~-wooden ra il 95 x 45 mm 

GILLESKROKEN 

Figure 1.14. Erectingwoodenrails 
and studs. 
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Figure 1.15 . Constructing the 
wooden wall . 

Figure 1.17. Vertical detail connection 
wooden wall - foundation. 

O 0 .~; .. · concrete 250 mm Figure 1.16. Wooden wall at 
_________ _ ·.'"'· ._~+_-----aerated co ncrete 100 mm Gilleskroken. 
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Q) Masonite strips (5 mm) are used to create an air cavity for ventilation. On 
these strips wooden panels will be connected. The air cavity contains air that 
hardly moves and does therefore not ventilate well. Another function of the masonite 
strips is to create some space between the wooden panels on the outside and the 
wooden studs on the inside. Some clearance is created so that the panels can be 
levelled and put in the right position. Amasonite strip of 5 mm. creates an air cavity 
of 5 mm Ventilation can hardly occur. It would have been better to create an air 
cavity of at least 20 mm Then humid air could be ventilated out of the air cavity. An 
air cavity like this could be created by using wooden studs instead of masonite 
strips. Another point of attention is that in combination with this small air cavity 
hardly any ventilation openings have been created in the fa9ade. So even if the air 
cavity would have been larger there would still not have been a possibility to ven
tilate the air cavity. A solution would have been to create enough air vents in the 
fa9ade . 

G) The last elements to be placed are wooden panels (15 mm). They are the part 
of the fa9ade that is visible on the outside of the dwellings. They are, as mentioned 
before, poorly ventilated. However, most of the dwellings still have the original 
wooden panels. There are no signs of rotting or other moist-related problems. The 
conclusion can be drawn that the panels are of good quality. Also it is very likely 
that some ventilation takes place through joints so that humid air can get out of the 
small air cavity. 

Brick outer wall 

masonite strip 5 mm 

l .
1

Y
1

l / ; 

'~•d'" p•oel 15 mm 

i372Q ;[81\70\37~!1i~ .('.1'!9~/1817\!~(2\ 
' ' 

Figure 1.18. Constructing the 
wooden wall. 
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The brick outer wall is the wall at the end of each block of terrace houses. It is not 
the wall between the dwellings. It does however have a lot in common with the 
wall separating the dwellings. 

'. concrete 
~~~+-----~~: 160 mm 

0 aerated concrete 

The brick outer wall consists of three layers; 

CD The inner leaf (120 mm) is constructed on a concrete floor slab (160 mm). This 
floor slab rests on the concrete foundation. Unfortunately the brick inner leaf is not concrete 

constructed directly on the foundation. The strength of the inner leaf is dependent 1 oo mm 

on (small) changes in the floor slab. The inner leaf is the structural wall. The floor GL 
slab of the first floor rests on this wall. Also the roof is connected to the inner leaf. 
The inner leaf is from a structural point of view the most important part of the brick 
outer wall. 

0 Mineral wool insulation (140 mm) provides with the thermal insulation. The 
cavity wall ties keep the insulation panels in place. There is no air cavity for venti
lation. This can cause problems regarding moist and condensation. Possible moist 
in the wall will not be ventilated out of the construction. There are no vents or 
open side joints to convey moist air out of the wall. 

GL 
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100mm 

*""'-~f--concrete 250 mm 
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Q) The outer leaf (120 mm) looks just like the inner leaf and is built up from the 
exact same material but it has a totally different function. The outer wall is con
nected to the inside wall by means of cavity wall ties. This way the two brick walls 
function more or less as one structural element. The outer leaf is the fa9ade of the 
dwelling and it protects the insulation material and inner leaf from outdoor condi
tions like rain and wind. It has an aesthetical function as part of the Figure 1.19. Constructing the 

brick wall. 
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fa9ade. Therefore it is important that it looks good. At the moment, many of the 
brick outer leafs show ruptures. Not only is this an aesthetical shortcoming but it 
also means that the outer leaf is less able to fulfil its function to protect the insula
tion and inner leaf and it will diminish its structural features . The outer leaf does 
not have a movement joint, probably for aesthetical reasons. This means that the 
chances that the brick will rupture increase. The brick has no possibility to move in 
any direction. The rupturing of the brick is however not caused by the lack of a 
movement joint. The ruptures are on the surface and do not go all the way through 
the brick. The brick is probably oflow quality. The brick suffers from moist prob
lems that causes ruptures. The brick is very poreus and moist can easily get into 
the brick. Wet brick would freeze in winter and the pressure of the ice crystals 
caused the brick to rupture. lf good brick of high quality would have been used 
probably no problems would have occured yet. 

Figure 1.20. Damaged common 
party wall at Gilleskroken. 

Wall between the dwellings 

The brick common party walls between the dwellings are of great importance for 
the structure of the dwellings. These walls are bearings walls. They support the 
floors and roofs. 

Q) First ofall a brick wall (120 mm) is constructed. At the same time the inner leaf 
of a brick outer wall is constructed (see drawing). These walls bear the intermedi
ate floor and the roof. They are both constructed on top of the ground floor and 
foundation wall. The brick common party wall contains one movement joint. This 
is done to prevent the brick and joints from rupturing. 
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Brick wal ls (125 mm) are erected. These walls bear the first floor. 
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Continuation of the wall on top of the 
first floor. 

The frame work of the roof is placed 
in between the two brick walls . 

Figure 1.21. Construct
ing the common party 
wall. 
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@Mineral wool insulation panels (60 mm) are placed. They are kept in place by 
cavity wall ties that have been placed in the joints of the brick wall. The mineral 
wool layer functions both as acoustical as well as thermal insulation. The cavity 
wall ties connect the brick walls and therefore create small thermal and acoustical 
bridges. There is no air cavity in this wall . This means that there can be problems 
with moist and condensation in the wall. However, the wall is not an outer wall and 
will encounter fewer problems than the brick outer wall. One can presume that air 
humidity is roughly the same on both sides of the wall. Also the temperature is 
roughly the same on both sides. Moist and condensation problems can occur at 
places where the common party wall becomes an outer wall , at the balcony e.g. 
There humidity and temperature differ a lot from one side of the wall to the other. 

Q) The brick inside wall for the next dwelling is constructed. This wall is con
nected to the first brick wall by means of cavity wall ties. This wall has exactly the 
same function as the other brick wall (see 1.) It bears the intermediate floor and 
the roof 

-
basement 

brick 125 mm 

insulation 60 mm 

basement 

0 

basement 

Figure 1.22. Construction of the 
common party wall. 

Figure 1.23. Common party wall 
at Gilleskroken. 
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Wooden interior wall 

In the dwellings there are many interior walls. They are constructed in wood and 
gypsum board. Wooden studs function as structural elements. The gypsum board 
panels create a wall. Most of the inside walls have this construction. 

Bearing interior wall 

G) On the ground floor an inside wall is constructed that is a load-bearing wall. 
This wall has round steel columns as structural elements. The tubular columns ' 
function is to bear the intermediate floor. Without the steel columns the storey floor 
would have had to span 7,6 meters. With the steel columns as bearing elements the 
floor has to span a maximum of 4,0 meters. The steel columns are hidden inside 
the wooden interior wall without giving the wall any structural support. There are 
six bearing steel columns from the front to the back of the dwelling. The columns 
are placed approx. 2 meters centre to centre. The col mnns have a head plate on 
each side; a base plate and an end plate. The base plate is connected to the con
crete wall in the basement. The intermediate floor is connected to the end plate . 

® Wooden studs are placed to create a wall. This is not a structural wall. The 
wooden studs create a wall together with the gypsum board panels . They keep the 
steel columns out of sight and create an inside wall. 

Q) On the wooden studs gypsum board panels are fastened. 
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frame for the inside wall. 



Pauhen de BruiJn ITH-TU e Energ> efficienc\ in terrace house renovation 

3.3. Floors 

In the dwelling there are three different floors; 

1. The basement floor 
2. The ground floor 
3. The intermediate floor 

Basement floor 

Q) First a drainage layer of gravel (150 mm) is applied on the sub soil. This layer 
is placed here to prevent the rising of waterdamp into the concrete floor. 

0 A concrete floor slab (80 mm) is constructed directly on the layer of gravel. 
This floor slab lies directly on the gravel and does not make use of the foundation 
beams. 

(D On the floor slab an aerated concrete wall (100 mm) is erected against the 
basement wall. 

@ On the concrete floor there is a layer of plastic foil. This foil prevents damp 
from entering the basement. Because of the foil the insulation felts do not have 
problems with rising damp. However, because the insulation is placed on the inside 
of the construction there could be condensation problems exactly where the foil is 
placed. The moist can damage the wooden rails. 

G) On the foil wooden rails (45 x 70 mm) are placed. They create an air cavity 
between the wooden floor and the concrete floor slab. 

@ In the air cavity mineral wool felts (50 mm) are placed. It would have been 
better ifthere would have been insulation on the outside of the construction. This 
would have prevented thermal bridges and condensation problems. 

(}) Wooden floor panels (parquet 25 mm) are placed on top of the wooden rails. 
Wooden rails and wooden floor panels create the basement floor in the gillestugan. 
In the storage room the floor consists only of a concrete floor slab (80 mm), with
out a wooden floor. 

Overall, the concrete floor slab is only 80 mm. If the groundwater level rises it 
would easily push up the floor. Thus far there have not been any problems with 
this. The neighbourhood Gilleskroken is situated on a hill. Excessive groundwater 
will go downhill not causing problems regarding high groundwater levels. Also, 
drains are placed close to the foundation to drain any excess water. 

wooden rails 
50 x 75 mm 

insulation 50 mm 
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0 
0 

aerated concrete 
100mm 

Figurel.27. Construction of the 
basement floor. 
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Ground floor 

@The ground floor's structural element is a concrete floor slab (160 mm). It spans 
a maximum of 4,0 m. from basement wall to basement wall. Airborne sound is 
insulated very well by the solid concrete floor slab, whereas impact sound is insu
lated much less. 

(Vwooden rails are placed on top of the concrete floor slab. They create space for 
insulation and space between wooden floor panels and floor slab. Insulation be
tween basement and ground floor is preferable because it creates better acoustical 
insulation. Furthermore most of the basement is not insulated. The space between 
the wooden floor and concrete floor slab is needed to have less impact sound. The 
wooden floor is not directly connected to the concrete floor slab. 

®in between the wooden rails mineral wool felts (50 mm) are placed. The mineral 
wool functions both as thermal as well as acoustical insulation. 

@on top of the wooden rails wooden floor panels (parquet 25 mm) are placed. 

GILLESl\.ROKEN 

wooden rails 
50 x 75 mm 

insulation 50 mm 

- thermal bridge 

parquet 25 mn 

Intermediate floor 

The first floor is built up in the exact same way as the ground floor. The only 
difference is that the mineral wool felt will function mostly as acoustical insulation. 
There is no large temperature difference between first floor and ground floor. 

- --parquet 25 mm 

--~insulation 50 mm 

F=xtj~;;;;;;;i::;;__wooden rails 50 x 75 mm 

.....,,_--reinforced concrete 
160mm 

0 

thermal bridge O ~? 

oo'.;·:· 
- - - - - - - - - ~ ~ 

Figure 1.28. Construction of the 
ground floor. 

Figure 1.29. Construction of the 
first floor. 



PauliL'll ck Bruqn LTH-TU e Energy efficienn 111 terrace hou~c renm ation 

3.4. Roof 

For the construction of the roof wooden frameworks are used as structural ele
ments. The roof slopes inwards. Rainwater drainage takes place from the centre 
of the roof. Drainage pipes go through the dwelling. 

The architect has probably chosen this solution for the following reasons: 

The framework can span the 7,62 meters from wall to wall (1200 mm 
center to center) 

Rain water drainage is not visible on the outside. 
Snow stays on the roof and does not slide down. 
Using a framework is less expensive than using glue-bonded beams 

Rain water drainage pipes stay out of sight. They do not interfere with the facades 
and the architecture . This is an advantage of using an inward sloping roof. A 
disadvantage is that the drainage pipes cause acoustical problems inside the dwell
ing. Also problems regarding cleaning and maintaining the drainage pipes occur. 

Snow can gather on a roof and slide down. This can cause quite dangerous situa
tions. With an inwards sloping roof this is not an issue. It should however be taken 
into account when designing the construction that water and snow will accumulate 
on the roof. Accwnulating water can cause damage to the roof. 

To create a roof construction that is 8 meters long there are several possibilities. 
One can use a framework as has been done in the dwellings at Gilleskroken. This 
is an option that is not so expensive. The framework can either be made in a 
factory or in situ. It is most likely that they are constructed in a factory. It is 
easiest; a Jot of frameworks were needed so they could be mass-produced. Moreo
ver, the frameworks vary in height. Constructing them on the building site is more 
difficult than constructing them in a factory. Frameworks are easy to make and 
easy to place. The height differences in the roof that are needed for the rainwater 
drainage system can easily be created in this construction . 
Another possibility would be to use glue-bonded beams. These beams consist of 
different layers of wood. They are more expensive to make. The height differ
ences that have to be created in the beams will cause higher expenses and de 
mand more craftsmanship. 

Figure l.30. Placing a framework. 

wooden beam 

framework 

glue-bonded beam 

wooden I-section beam 

Figure l.31. Different wooden 
constructions 

Figure 1.32. Different roof 
constructions. 
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Construction 

1. First the frameworks are placed and connected to the brick common party 
walls. 

2. Wooden panels (18,75 mm) are connected to the lower side of the frameworks, 
they are the ceiling. They will have to be connected to the framework from the 
inside. This is quite complicated. It would have been easier ifall construction could 
have taken place from the roof. 

3. On top of the wooden panels two layers of insulation material are placed. 
The chosen construction creates possibilities to easily apply mineral wool on the 
inside of the construction. If placing insulation on top of the construction one will 
have to choose a pressure proof insulation material such as polystyrene. 

A possibility would have been to apply polystyrene insulation on top of the wooden 
panel that is connected onto the framework construction. and the roof covering 
could have been placed on top of this.This is however a more complex and more 
expensive solution. Plus that by the end of the 1960's when these dwellings were 
built polystyrene was not used a Jot yet. Using mineral wool was therefore a more 
obvious option. Mineral wool is however not pressure proof. The easiest solution 
was therefore not to place the mineral wool on top of the framework but to place 
it in between the framework construction. The ceiling had to be created anyway 
so there was a wooden panel in place. On top of this wooden panel the mineral 
wool could easily be placed. This is both the easiest and cheapest solution. 

A consequence of the choice for this construction is that the roof is a cold roof. 
The insulation lies on the inside of the construction. It is always advisable to create 
a wann roof. Then the building envelope has a ' skin' of insulation around it. In the 
current situation the brick common party wall causes a thermal bridge. It would 
have been easier to prevent this ifthe roof would have been a warm roof. Further
more the current roof is not ventilated properly. This can cause problems regarding 
moist and condensation. The air in the upper part of the roof is cold and cannot 
contain a Jot of moist. Further down underneath the insulation, in the room itself, 
the air is warm and can therefore contain a Jot of moist. When the vapour barrier 
does not function optimally air can ' leak' from the warm room to the cold con
struction. This warm air will cool down and will not be able to contain that much 
moist any more. There will be condensation inside the construction . This 
is a situation that should be prevented. 

The insulation inside the roof construction consists of 120 mm. mineral wool insu
lation panels. On top of this other mineral wool insulation panels of 30 mm. are 
placed. These panels will most likely have a wind proof course on top of the panel. 
This will prevent the wind from creating an even more unstable and colder insula
tion layer. The two mineral wool insulation layers are placed in two different direc
tions. This makes them more pressure proof. Also, joints between the panels all 
the way through the insulation layer will not occur as much. Risks for thermal 
bridges in the insulation layer are reduced. 

...._,__ __ common party wall 

woode n framework 

thermal bridge 

700 mm 

wooden panel 
18,75 mm 

mineral wool insulation 
120 mm - 30 mm 

Figure 1.33. Vertical detail roof 
construction. 
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4 . On top of the framework wooden panels ( 18.75 mm) are placed . They create a 
flat layer on which the roof covering can be applied. 

5. The roof covering is the last layer. Three layers of bitumen are applied onto the 
wooden panels . Furthermore , sheet covering is placed on the brick wall. 

The inward sloping roof 

The architect had chosen to use a roof built up with a wooden framework. This 
roof slopes inwards. This is a very unusual kind of roof It is however found in oder 
swedish building technology handbooks . The most important reason for choosing 
an inward sloping roof is the fact that rain water drains are not visible on the 
outside of the facade. Rainwater drains on the facades most likely disturbed the 
architectural image that the architect BJ. J0rgensen had in mind. He most likely 
did not think about the consequences of choosing this kind of roof Apart from 
being an inward sloping roof it is also a cold roof, with insulation inside the con 
struction. Condensation takes place inside the construction . 

The choice for the inward sloping cold roof causes the following problems; 

- Rainwater drains are situated inside the dwelling. Rainwater has to go through 
the roof creating possibilities for leakage. It also causes acoustical problems. 

- Condensation problems inside the roof construction. Ventilation of the roof is 
very important in order to ventilate moist out of the construction . 

- Accumulation of water in the middle of the roof When the rainwater drainage 
gets blocked by leafs etc. rainwater accumulates on the middle of the roof It is 
difficult to reach the rainwater drainage for cleaning. 

wooden panel 
18,75mm 

sheet covering 

3-layer bitumen 
roof covering 

Figure L.34. Vertical detail roof 
construction. 

G!LLESKROKEN 
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4. DISTRICT HEATING 

The dwellings at Gilleskroken are connected to a district heating system. This 
means that water is heated centrally in a large heating plant. This water is trans
ported to the dwellings through insulated heating pipes in the ground. The hot 
water passes through a heat exchanger in the dwelling. No source of heat is needed 
inside the dwellings. The hot water from the district heating system heats the 
water in the dwelling. Afterwards the water has a lower temperature and is trans 
ported back to the heating plant. 

Advantages of using district heating are;3 

Usage of efficient heat generators such as collective heaters, heat 
pump and biomass is possible. 

Less enviromnental pollution because of 

o more efficient generation of heat 
o more efficient combustion, purification and maintenance. 

There is no heat source for space heating in the dwelling itself 
o saver 
o easier maintenance 
o takes up less space 

Unused heat stays in the system. Water that went through the sys
tem has a lower temperature and is transported back to the heating 
plant to be heated and used again. 

Disadvantages of using district heating are;3 

The investments in the distribution net are high. However, at 
Gilleskroken these investments have already been made. 

Relatively high heat loss. (9% in the heat pipes during transport) 

Often a distribution net for gas can not be constructed once there is 
a distribution net for district heating as well. At Gilleskroken there 
is no distribution net for gas. 

It is sometimes unsure what the future demand of heat will be like. 
This is a risk for investors. 

The distribution net is already in place. It is old; it was constructed around 1967, 
before the dwellings were built. 

Conclusion district heating 

District heating for heating dwellings is an efficient way of producing heat for 
space heating. It was a good choice of the architect and other parties involved to 
choose to lay on a district heating net. Because the dwellings are already con
nected to a district heating system it is hard to justify the changes to the dwellings 
that make them more energy efficient. However when the dwellings are anyway 
being renovated making them more energy efficient should be considered. 

' From Energiebewust ontwerpen Yan nieubouwwoningen and www.granige .se 
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Figure 1.35. District heating system. 
The heating plant produces hot water 
that is tranported through heating pipes 
to separate buildings. 

Figure 1. 37. District heating central at a dwelling. Here the 
water of the district heating system emits the heat to the 
water inside the dwelling. 

CILLESKROl(.EN 

Figure 1.36. Heating pipes. Alarm wires are connected 
to the heating pipe to detect any leakage. Insulation is 
placed around the heating pipe to prevent heat loss. 
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5. B .J . J 0RGENSEN AND F UNCTIONALISM 

5.1. Bent J0rgen J0rgensen (1915-1999) 

Bent J0rgen J0rgensen was born in 1915 in Copenhagen, Denmark, where his 
family owned a furniture company. He attended a craftsman education and later 
studied at the Konstakademi (Art academy) in Copenhagen. Here he became an 
architect. During his studies he worked as an intern at Hans Westman in Malmo, 
Sweden. Back in Copenhagen he lived at Charlottenborg together with Arne 
Jacobsen . Arne Jacobsen was the most influential and know Danish architect at 
that time. At Charlottenborg J0rgensen also met other important architects such 
as Gunnar Asplund (Sweden) and Al var Aalto (Finland). These architects proved 
to have a great influence on his future work. During World War II Arne Jacobsen, 
a Jew, was forced to flee to Sweden. During the war J 0rgensen took over some of 
Jacobsen 's projects. At Charlottenborg J0fgensen had many conversations with 
G. Asplund, A. Jacobsen and A. Aalto. These conversations and the contact with 
these architects greatly influenced B .J. J0rgensen 's work. Here his ideas and 
opinions regarding architecture were shaped. 

During B.J. J0rgensen 's time in Malmo he met a Swedish girl , they married in 
1940. When one of her relatives, Architect Paul Boberg from Vaxjo, passed away, 
l0rgensen took over the business and started his own architecture office in Vaxjo, 
Sweden . This was in the year 1947. 

In Vaxjo and surroundings J0rgensen built and restaurated around fifty churches. 
One of the churches he designed, in Dalstorp, is not allowed to be changed. It is 
part of the Swedish cultural heritage. Apart from churches, Jorgensen also de
signed dwellings, especially terrace houses, offices, industrial buildings and the 
furnishing of restaurants. An example of one of his buildings is the Stadshotell 
(C ity hotel) in Vaxjo. This building shows different features of the 1960's Func
tionalism . Examples are the drawn back top floor, the flat roof, the assymmetry 
and the horizontal window bands. Examples of dwellings designed by J0rgensen 
are Doppingen ( 1952) and Solstaden ( 1954), both built in Vaxjo. For these dwell
ings the materials brick and wood have been used. Brick is a material that was 
used more often in scandinavian Functionalistic buildings, even though a plastered, 
smooth wall was ideal. The use of wood is not typically Functionalistic, but it 
expresses the connection to nature. Both of the dwelling projects have clear, 
functional plans. Also, both have pitched roofs. In Functionalism it was more com
mon to build flat roofs. Apparently J0rgensen did not take the ' rules ' of Function
alism too strict, he kept an own style and opinion regarding architecture. J0rgensen 
thought that buildings should be built in a way that they become more beautiful the 
older they get. -1 

Bent J0rgen J0rgensen passed away September 21'1 L 999. 
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Figure 1.38. Viistrabo church in 
Viixjo, 1956. 

Figure 1.39. Water tower in 
Yiixjo, 1957. 

Figure 1.40. Stadshotell in Yiixjo, 
1%5. 
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Figure 1.41 . Solstaden in Yiixjo, 
1954 

Figure 1.42. Doppingen in Viixjo, 
1952 
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5.2. Functionalism 

Around 1840 New Classicism seized to exist in Sweden. 1t had been one of the 
biggest and most influential architectural trends until then . Europe started to indus
trialize, thus demanding rationally designed factories. This development towards 
rational industrialization caused an interest in hand-made materials and buildings. 
People turned away from this rationalization and started to develop a great interest 
for nature. L' art Nouveau and Jugendstil were new architectural trends. Empha
sis was on handicraft and art. By the end of the 191

h century a protest against big 
cities started. The idea of Ebenezer Howard about the 'Garden City' as an ideal is 
an example of this. 

At the turn of the century National Romanticism became more and more popular 
in Sweden. Demands on architecture were that it should be honest and that the 
construction should not be hidden. Thi s trend was not (like New Classicism) influ
enced by the Antics but by the country itself and by Scandinavia as a region. 
Decorations in buildings varied from granite sculptures to barock decorations. There 
were strict rules regarding what kind of historical trend had to be ' copied'. A 
famous example of a National Romantic building in Sweden is the City Hall 
(Stadshuset,1909) in Stockholm by Ragnar Ostberg. 

Around 1915 an architectural trend arose that made a come-back in architectural 
history. New Classicism became again important in architecture. Architects searched 
for unity in architecture. The design was dictated by the construction and the 
function of the building. One of the most known architects of this period is Gunnar 
Asplund. Later he would convert to Functionalism. New Classicism had a high 
demand regarding art and decorations whereas the modern problems required 
Modem Architecture that could solve these problems. Social and hygienic prob
lems did not ask for more decorations but for solutions. In the rest of Europe 
conversion to Modern Architecture had already begun. In Sweden however, New 
Classicism was not given up until the late 1920's. 

The turning-point came when Gunnar Asplund openly converted to Functionalism 
and designed the pavilions for the Stockholm Exhibition in 1930. Because of this 
Exhibition Functionalism became known amongst the general public in Sweden. 
Functionalism strived for creating industrial looking buildings that were functional 
without any unnecessary fuss and decorations. Constructions were allowed to be 
seen. The great appreciation of handicraft in earlier years now completely turned 
around and caused a will to design as industrial and mechanical as possible. Even 
ships and cars were taken as examples for architectural designs. Materials were 
allowed to be seen. There was a desire to make a design that was exactly fit for 
the task. This led to many studies into the different functions in a dwelling. 

Functionalism was for a long time the reigning architectural trend in Sweden. Af
ter having been very popular in the l 930's it again became very popular in the 
l 950 's. Unfortunately there was no architect like Asplund to lead the way this 
time. Architects in the 1950's did not have a strong example in an architect like 
Asplund, who died in 1940. By the end of the 1950's a new way of expression had 
emerged. Architecture became more individual. Also, spatial and sculptural shapes 
became more important. Mursten as a material became quite popular. Materials 
kept their own appearance and structure. Constructions were not hidden. 

Figure 1.43. Letchworth city 

Figure 1.44. City hall , Stockholm 

Figure 1.45 . Stockholm Exhibition 
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Examples of Functionalism in the 1960's are dwellings called 'Esperanza ' (1969) 
built in Landskrona, Sweden, by Ralph Erskine. The dwellings were designed to 
naturally fit into their surroundings. The dwellings are quite simple . The quarters 
have got a lot of walk- and cycle paths. Also, there are small playgrounds for 
children. 

For contemporary architecture Functionalism has been of great importance. Func
tionalism was the first expression of Modern Architecture. Before Functionalism 
architecture was dominated by references to history. Functionalism was not look
ing back, but it looked at what was needed at the time, and it even looked further 
than that; it looked towards the future . 

5.3. Functionalism at Gilleskroken 

In Functionalism forms were simplified and clarified. The function of the building 
should reflect in its architecture. The dwellings at Gilleskroken have certain fea
tures that clearly express ideas of Functionalism. 

Horizontal forms dominate in Functionalism 's architecture. In Gilleskroken the 
horizontal window bands are a clear expression of Functionalism. In Functionalism 
also vertical forms are being emphasized with glazed staircases or elevator shafts 
e.g. In the dwellings at Gilleskroken the vertical lines are shaped by the brick 
common party wall that creates clear borders between the dwellings. 

In form , technique and materials the Functionalists wanted to achieve a comfort
able, simple and modern architecture that expressed and developed new architec
tural possibilities. Glass, steel and concrete were new popular materials. Modera
tion with materials was an aesthetic ideal and a way to express what the material 
was good for. It was important that the material's own qualities and characteristics 
were emphasized. Wood was a material that was used a lot. Aalto was a 
Functionalistic architect that used wood as a material in his designs. This is origi
nally not a 'Functionalistic' material. Because of Aalto 's way of combining nature 
and Functionalism wood became a much used material in Functionalistic architec
ture as well. It gives a warmer and softer impression than glass and steel. In 
Gilleskroken different materials have been used in ways that bring forward the 
material 's own qualities. Wood, glass, concrete and brick are used. Wood for the 
exterior walls, glass for the window bands, concrete for the floors and brick for the 
common party walls. Another way of expressing horizontal forms is to use a flat 
roof, as has been used in Gilleskroken. The dwellings form horizontal rows. Flat 
roofs are typical Functionalistic roofs. The dwelling was seen as a machine, as 
something made in a factory. A ' cosy ' pitched roof did not fit in this picture. 
Regarding the urban planning ' green ' and ' air ' were the ideals. Green areas and 
playgrounds were the objective. There are a lot of green areas around the dwell
ings. The orientation of the dwellings is both North-South as well as East-West. 
This is most likely done to create open spaces between the dwellings for play
grounds, lawns, trees and bushes. Also, the dwellings ' interiors are very light. This 
is one of the most appreciated features of the interiors of the dwellings. 

Another characteristic in Functionalism is the use of balconies. At Gilleskroken the 
balcony can be called a loggia. It is situated within the boundaries of the dwelling. 
The dwelling has clear straight lines like many Functionalistic buildings. This is 
why the loggia is placed within these lines. 
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Figure 1.46. Experanza, Landskrona 

Figure 1.47. Use of wood at 
Gilleskroken 

Figure 1.48. Bri ck at Gilleskroken 

Figure 1.49. Playground at 
Gilleskroken 
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6. ANALYSIS INTERVIEWS 

In order to make a proper analysis of the dwellings at Gilleskroken a total of 13 
interviews with the occupants of the dwellings were taken . These interviews give 
a clearer image of the opinion of the occupants regarding their dwellings. [t also 
provides with some useful information regarding the technology and construction 
of the dwellings. [n appendix 1 the questions asked at the interviews can be found. 
The following chapter tries to give a summary of the answers given, followed by 
conclusions that can be drawn from the taken interviews. 

6.1. The households 

The people that live at Gilleskroken differ from younger families to older singles 
and couples. In total there are 22 households at Gilleskroken. Seven of these house
holds are families , ten are couples and five households are single person house
holds (graphic 1.6.). The couples and singles are on average 62 years old. These 
are people who have lived at Gilleskroken for about 20 years or more. Several of 
these households have lived at Gilleskroken since it was built in 1968- L 969. The 
average age of the people living at Gilleskroken is 44 years (graphic 1.7.). 

The people at Gilleskroken are quite educated. Most mentioned professions are 
university lecturer, engineer, doctor and teacher. Some people have their own com
pany. Both the men and women work. Of those who are over 60 years of age 
some people are retired and do not work anymore. This means that they are at 
home more often then the people who work. Some of the occupants spend the 
summer in their summerhouses. This means that they are hardly ever home during 
the summer months. 
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Figure 1.50. Gilleskroken 

Family 
32% 

Different households 

Single 
23% 

Couple 
45% 

Table 1.6. Number of people in 
the different households 

Table 1.7 . Average ages of the 
occupants at Gilleskroken, 
october 2004 
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6.2. Choice for this house and neighbourhood 

Most respondents say they bought this house because they had friends or relatives 
in the neighbourhood. Many respondents used to Live in an apartment before buy
ing their current dwelling. They wanted a bigger dwelling and looked for a house in 
the neighbourhood. What appealed to them was the fact that children have a lot of 
space to play, both on the inside and outside of the house. Most people had small 
children, or were planning to have children in the near future and needed a bigger 
place to live with a garden where children could play. Usually friends or relatives 
told them that one of the houses at Gilleskroken was for sale. Many people said 
that their friends or relatives already lived in one of these houses. 

They often thought that the houses are ugly from the outside. But once they had 
seen the interior of the house they liked it very much and were motivated to buy a 
similar house. Only three respondents say that they like the exterior of the dwell
ing. The others have opinions about the exterior of the house varying from 'boring' 
and ' not very imaginative' to ' very, very ugly ' . One respondent replies when asked 
about the exterior of the dwelling: 'It could have been worse ' and 'The houses are 
ugly but practical '. However, the exterior of the house did not disturb them that 
much. They bought the house even though they did not like the exterior. One 
respondent claims that it was not a determining factor when they decided whether 
or not to buy the house. 

From a technical point of view the opinions about the houses vary. Two respond
ents claim that the dwelling was built with a very low standard regarding materials 
and building technology. Another respondent says that all materials are of high 
standard. Most respondents say that the dwelling requires a lot of maintenance. 
The wood needs to be painted every three to five years. Also, many people had 
changed the roof covering more than once. Some respondents mentioned the use 
of cast concrete in the dwelling as a positive feature. Others said that the usage of 
different materials (wood, brick, and concrete) appealed to them aesthetically. In 
several dwellings there were ruptures in the brick on the exterior. Some respond 
ents claim that this happened because brick of low quality had been used. 

From a functional point of view all respondents are very content. They think that 
the house is big, with a lot of space. There is a large living area. There are four 
bedrooms upstairs. Here respondents say that where they do not like the flat roof 
from a maintenance point of view they do like it functionally because it creates a 
lot of space. With a pitched roof some space would not be used. In general it is a 
big and spacious dwelling. Another thing that was mentioned was the garden and 
the green areas around the dwellings. The respondents liked the view and the 
feeling of being close to nature. One can easily step from the kitchen into the 
garden. The view is not blocked by other houses. All of the respondents have 
smaller or bigger green areas on both sides of their lot. 

GILLESKROKEN 

Figure L. 5 L. Playground at 
Gilleskroken 

Figure 1.52. The wood requires 
regular maintenance. 
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6.3. Changes made in the dwellings 

Most dwellings did not undergo a lot of changes before the respondents moved in. 
The respondents have on average lived in their homes for over 27 years. Some 
people have even lived in the dwelling since it was built in 1968-1969. Most re
spondents have insulated the roof. Many of them put in new windows. The ones 
that did not change the windows yet more often say that there is a draft in the 
house. They do however not think that this is a big problem. One respondent even 
claims that the ventilation in the house is very good because of the windows being 
so old. The house is not airtight at all this respondent says. Therefore the ventila
tion in the dwelling is so good. Bigger changes made in the house are usually done 
at the terrace on the ground floor and the balcony on the first floor. Either the 
kitchen is made bigger by moving the fayade outwards or the balcony is either 
glazed in or built in . The result is a bigger kitchen or a bigger bedroom upstairs. 
More than one respondent made the toilet on the ground floor a bit bigger by 
including the garbage room. This room is then made a shower, and a window is 
placed in the fayade. Another common change was building a wall in between the 
room in the basement ('gillestugan ' ) and the staircase. Originally the room and 
staircase are directly connected, without any wall in between. Obviously, this makes 
sound transmit easily from the basement to the next floors. Some respondents 
changed the wooden fayade panels. When they did this they usually put in extra 
insulation in the exterior wall. Also, some respondents changed the colours of the 
wooden panels. These were originally black and dark green. These respondents 
painted the dark green parts white. They thought that the house looked too dark 
and wanted a lighter exterior of the house. 

When asked if they would like to make some changes to the house some respond
ents replied that they would like to have a second bathroom. Another respondent 
mentioned that the current bathroom is too small. As mentioned before most re
spondents claim that the living room is too small. A respondent said ' there is no 
natural dining place ' . Another respondent said that the living room should have 
been just one meter longer, others mentioned I 0 m2

. A third desired change is to 
build out the kitchen and the smallest room upstairs. The fact that they both lie 
back in the dwelling results in darker rooms. Some people who mentioned this as a 
desired change did however say that a positive thing about this is that the sun gets 
blocked by the balcony and/or roof in summer. This prevents the sun from getting 
into the dwelling too far. One respondent mentioned not only the dark smallest 
room upstairs, but also the dark balcony. When asked what they miss in their 
dwelling respondents gave answers varying from ' a sauna' and ' a bigger living 
room ' to 'an open fire place' . Also, one respondent replied with 'people in the 
house ' . Some people mentioned ' a better roof' . Many people are displeased with 
the construction of the roof. It causes leakage and requires regular maintenance. 
They would have liked to not have a flat roof from the beginning. Or at least a 
better flat roof with a better construction and other rainwater drainage. 

Figure 1.53. House with original 
colours (on the left) and some 
parts painted white (on the 
right). 

Figure 1.54. Glazed in balcony. 
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6.4. Living at Gilleskroken 

6.4.1. Positive things mentioned 

Looking at the neighbourhood many respondents say they like to live in the city, yet 
close to the country. They say that they can easily get to the city centre. There are 
good connections by bus (every I 0 minutes) and there are separate bicycle paths 
that lead straight into the centre . There is a lot of green space like grass, trees and 
bushes all around. The people at Gilleskroken have close contact with each other. 
Many people stated that they have nice neighbours. This is very important for the 
respondents. They like to be in touch with each other and the neighbourhood. This 
also gives them a feeling as if they live in the countryside. One respondent says: 'It 
is like living in the country, but then in the city '. Another respondent says that they 
have a good contact with their neighbours and that this is very important when one 
lives in a terrace house. 

Regarding the house itself most respondents mention the fact that the dwellings 
are so big. ' It is an airy and spacious house with clear lines ' a respondent men
tions. A lot of respondents say that the space is being used well. Many respondents 
like the fact that the dwelling has so many windows. It is a very light house. The 
light can come in easily. Especially the master bedroom and the living room are 
light spaces in the houses that are faced north-south. There are a lot of rooms, 
which all have reasonable sizes. Just one room, the smallest bedroom, is too small , 
many respondents claim. One respondent says: 'The rooms are spacious even 
though the house is not really big.' There is a large living space. There is also a lot 
of storage space. On the first floor there are many closets. Downstairs, there is a 
lot food storage space in the basement. This is also something that most respond 
ents are content with. 

In the basement there is an additional entrance/exit. However, many respondents 
do not use this door. Often things are placed in front of the door. About the ground 
floor many respondents mention the big kitchen. They like this room very much. 
Here they sit and eat. All respondents have placed a dinner table in the kitchen. 
About the first floor the flat roof is often mentioned as a positive feature. The 
height of the rooms is everywhere the same. There are no useless spaces or 
useless surfaces. 

Another comment regarding the neighbours is that the sound insulation between 
the houses functions very well. Some respondents say that they can hear the neigh
bours sometimes, for example walking up and down the stairs. This is however not 
perceived as a problem. All respondents claim that the sound insulation is good or 
very good. 
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Figure 1.55. One bus every ten 
minutes. 

Figure ] .56. Gardens at 
Gilleskroken 
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6.4.2. Negative things mentioned 

To start with the garden, opinions vary a lot. Some respondents mentioned the fact 
that the garden is rather small as a positive thing. Others say that the garden 
should have been bigger and that it is therefore a negative thing that the garden is 
rather small. What they all agree on is that it is very nice that there are green areas 
where the garden ends. The people who do not like gardening think that this is 
something very positive. 

Looking at the house from floor to floor one of the negative things mentioned is the 
fact that sound transmits from the basement room ('gillestugan' ) to the rest of the 
house. Some respondents solved this by building a wall in between the gillestugan 
and the staircase. However, the staircase if very open and still transmits quite 
some sound. Sound can freely transmit up and down. A respondent that mentioned 
the staircase as a negative thing did at the same like the open staircase because ' it 
gives a feeling of freedom, of openness' . Not only does the staircase transmit 
sound, it is also rather big and dark. This is however usually not perceived as being 
a problem. 

On the ground floor something that almost all respondents agreed on is that the 
living room is too small. This room is 22.5 m2

. Compared to the kitchen (17.4 m2
) 

and the rest of the house (a total of 214 m2
) this is rather small. Some three 

respondents say that they just need one more extra meter in the length of the living 
room. Many respondents say that they either cannot walk around the dining table 
or that there is no real place to put a dining table. Most respondents have placed 
their dining table in the kitchen. The kitchen is on the other hand quite big. Because 
of the balcony upstairs the kitchen can get rather dark. More than one respondent 
mentioned the fact that they cannot place the table next to the window because of 
the balcony door. They miss being able to have a meal next to the window. On the 
ground floor the toilet is often mentioned as being small and dark. There is no 
window in the toilet. Some respondents therefore changed the garbage room into 
a shower that is directly connected to the toilet. On the first floor the thing that is 
mentioned most is that the small bedroom is too small and very dark. Because 
there is a covered balcony in front of the room not enough light comes in. 

On a more technical level, some people have problems with the facades . Moist 
and rain could go past the original windows into the construction. In some houses 
the wooden studs got moistly and even started to rot. This is quite a big problem. 
Now that most respondents have new windows water does not get into the con
struction easily anymore. However, the water damaged construction is still there. 
Another negative remark is the ventilation in the dwelling. There are only a few 
vents in the dwelling. Ventilation works by means of natural ventilation. In other 
words : by opening a window. There were no respondents that installed a mechani
cal ventilation system. A respondent did however improve the ventilation situation 
in the dwelling by putting up air grates. 

In the bathroom there is a roof window. One can ventilate using this window. 
However, there is hardly any insulation underneath the window in the roof con
struction. This means that condensation problems can occur. There is another 
ventilation opening in the roof in the bathroom, but there is no ventilation opening in 
the bathroom door. Natural ventilation doesn ' t work optimal that way. 

Figure 1.57. Gardens at 
Gilleskroken 

Figure l.58. The balcony can get 
rather dark . 
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The common party-wall is made of brick. This wall sticks out as part of the archi
tectural design. However, there are ruptures in the brick. Parts of the brick fell 
down and ruptured brick is visible in the fayades. Some respondents claim that this 
happened because of the low quality of the brick. The walls at the end of the 
housingblocks have been painted in order to prevent further ruptures. 

The insulation in the basement is not thought through. There is no insulation in the 
food storage room. Cold goes through easily. One respondent was not content 
about this. 

Another technical issue is the flat roof and the water drainage from the roof The 
roof gathers water in the middle, with a drainage pipe going through the house. 
Some people had complaints about the noise that the rainwater drainage pipes and 
bathroom drainage pipes make. The fact that water gathers in the middle of the 
roof makes this part of the roof sensible for leakage and other damages. Quite a 
few respondents have experienced leakage of the roof. Most respondents claim 
that it was a bad choice to have the rainwater drainage in the middle of the roof In 
winter when some water is still left on the roof it freezes and damages the roof 
Also the roof has not been insulated enough. Most respondents insulated the roof 
later. Originally there was an insulation layer of 150 mm in the roof. In general, 
they are not content with the construction and insulation of the roof and the rain
water drainage. A consequence of having a flat roof is that the rooms underneath 
heat up very soon in summer. A respondent mentioned indoor temperatures of28 
to 30 °C in the bedrooms upstairs. Also the ventilation in the roof is very weak. 
There are only two vents in each fac;ade . However there was only one respondent 
who complained about this. 

G!LL.ESKRC)KEN 

Figure 1.59. Ruptured brick. 



Pauli,'n ck I~t u1.111 LTI I Tl I l' En,'lg\ effic1enc\ 111 tenact' hou~,, Il'rlO\ at1nn 

6.5. Building physics 

The people at Gilleskroken were asked about different building-physical aspects 
of their dwelling such as heating, light, sound, ventilation and electricity. 

6.5.1. Insulation 

The dwellings at Gilleskroken have external wooden walls that are 135 mm thick. 
The insulation in the leightweight wooden construction consists of 95 mm. of 
mineral wool. A simple calculation gives a thermal resistance of2,4 m2K/W for the 
external walls. This is lower than what is today demanded by the Dutch Building 
Code (2,5 m2K/W). The Swedish Building code demands for a minimal U-value 
that is calculated using the following fonnula; 
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Short calculation; external wall at Gilleskroken. 

Current insulation of external wall at Gilleskroken; 

-ico 

wall is 135 mm; 95 mm mineral wool, 13 mm gypsum board on the 
inside, studs and wooden panels on the outside. 

Mineral wool 
Gypsum board 

A-= 0,04 
A,= 0,24 

Rmineral wool= 0,095/0,04 = 2,38 m2K/W 
Rgypsum board= 0,013/0,24 = 0,05 m2K/W 
Rresistance = 0,03+0,14 = 0,17 m2K/W 

Re= 2,60 m2K/W for the wooden external wall at Gilleskroken. This is a 
little bit higher than what is demanded by today's Dutch Building Code 
(2,5 m2K/W). 

fwwvvoo~, 
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6.5.2. Venti lation 

The ventilation in the dwelling is done by natural ventilation. Only in the kitchen 
there is a hood over the kitchen range. Some people installed a mechanical venti
lation device in the bathroom upstairs. Ventilation in the dwelling itself is quite 
poor. Usually one has to open windows in order to ventilate the dwelling properly. 
There are no vents or air grates over the windows. Only in the basement, both 
bathrooms and in the closet upstairs there are vents. Most of the ventilation de
pends on draught through the dwelling. In the bathroom upstairs a roof window 
can be opened in order to ventilate the bathroom. There is also an air grate in the 
bathroom. However, there is no ventilation opening in the bathroom door. No air 
can go through the door, which makes proper ventilation of the bathroom difficult 
with a closed door. 

As mentioned before the construction of the roof is not insulated sufficiently at the 
roof window. There is an opening in the roof and therefore also an opening in the 
insulation layer. The insulation layer does not stretch out over the full height of the 
roof. So the bathroom is in direct connection with the outdoor temperature, which 
causes condensation. In dwellings with newer windows the ventilation situation is 
worse than in dwellings that still have the original windows. The dwelling is more 
airtight and will therefore let through less air and cause less draught. People with 
the original windows do however complain more often about draft in the dwelling 
whereas people with newer windows hardly ever experience any draft in the dwell
ing. The place where most people experience draft is at the front door. People with 
the original double pane windows also experience draft coming from the windows. 
Even though ventilation possibilities are limited people experience the ventilation 
situation in the dwelling as quite good. The more people there are in one household 
the less content they were with the ventilation situation in their dwelling. Singles 
and couples hardly had any complaints about the ventilation in their dwelling. Just 
as the ventilation inside the dwelling the ventilation of the roof construction is quite 
poor. There are only two vents on each side of the roof. Some respondents claim 
that this is not sufficient. 

6.5.3. Daylight 

Most respondents are very content with the daylight in their dwelling. It is a very 
light house with a lot of windows. Several respondents mentioned the comment 
'light and nice '. The kitchen was mentioned as a darker space in the house, to- . 
gether with the smallest bedroom upstairs. Apart from the kitchen, also the toilet 
downstairs and the staircase are mentioned as darker spaces. Originally the toilet 
does not have a window. Neither does the staircase. Some people turned the gar
bage room into a shower and therefore have a window in the toilet now. In the 
bathroom upstairs there is a roof window. Many respondents are content with this 
window, because it brings light into the bathroom. Sometimes the basement was 
mentioned as being too dark. There are not many windows in the basement and 
the existing ones are quite small and high. People who live in a dwelling with a 
north-south orientation mention the north side as being rather dark. This is how
ever not mentioned as a problem. During summer one needs sun protection on the 
south side. The south side of the house can get really hot in summer. Because of 
the flat roof there is no big buffer between inside and outside. The first floor 
therefore heats up quickly in summer. People who live in a dwelling that has an 
east-west orientation mention fewer differences in light situation during the day 
and throughout the year. 

Figure 1.60. Vent in the far;:ade. 
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6.5.4. Heating 6.5.5. Sound 

The heating system consists of radiators in each room. These radiators are heated 
by hot water from a district heating system. The temperature the respondents 
usually have in their homes varies from 18 to 23 degrees Celsius. Some people 
mentioned that it is hard to regulate the temperature in their dwelling because they 
have no thermostat. They turn on the separate radiators by hand. This way one 
room is heated while another is not. The temperature in the dwelling can therefore 
vary a lot. On average one dwelling at Gilleskroken uses 12,8 MWh/a on heating 
and domestic hot water (district heating). In the Lindas project 'Houses without 
heating systems ' one dwelling uses approximately 3600 kWh/a on domestic hot 
water and heating. This equals 3,6 MWh/year. On average a dwelling at Gilles
kroken uses 9,2 MWh/year more than this. 
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Table 1.8. Heating usage at 
Gilleskroken 
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Almost all respondents mentioned the good sound insulation between the separate 
dwellings. They do not hear much sound coming from their neighbours. Walls with 
a mineral wool filled air cavity are used. There is a layer of 60 mm mineral wool in 
between the separating walls. They insulated quite well. Usually only the sound of 
the water pipes is audible in the adjacent dwelling. Some noises carry from one 
dwelling to another, but none of the respondents think that this is a problem. In the 
dwelling there is some noise pollution from the basement to the ground floor. The 
' gillestugan' in the basement has an open connection to the stairs. There is no wall 
between stairs and gillestugan. Sound transmits easily through the open staircase. 
Some respondents mentioned that if all doors are closed there is no noise pollution 
from floor to floor. However when the doors are open, for example for optimal 
ventilation, there is noise pollution from floor to floor. Because of the poor ventila
tion possibilities doors need to be open in order to have some ventilation in the 
dwelling (see 6.5.2.). There were some complaints about a cracking floor and 
many people mentioned the cracking of the stairs. Some people were very discon
tent with this. 

6.5.6. Electricity 

The usage of household electricity by the varies from 2284 to 6840 kWh/a. On 
average one household uses 4600 kWh/a (4,62 MWh/a). An average Swedish 
household in a single family dwelling uses 5,9 MWh/a on electricity5. So the aver
age usage of electricity by the dwellings at Gilleskroken is a bit less than the 
Swedish average. Differences in electricity use by the different households is 
probably caused by the size of these households. Also some people indicated that 
they have a summer cottage and live there during a few weeks up to a few months 
a year. 
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6.6. Conclusions 

In general, most people are quite pleased with their dwelling. Even though the 
dwelling are technically not in an optimal state this does not prevent the occupants 
from being content with their dwellings. Overall , the dwellings are loved because 
of their functionality and the space they have to offer. Occupants are less content 
with the aesthetics of the dwellings and the technical aspects. The plans of the 
dwellings are well thought through by the architect. However, less attention has 
been paid to the quality of materials. 

Many households are small with only one or two people per dwelling. These 
households are rather small compared to the space they have in their dwellings. 
Even though the occupants mention that they like the space in the dwelling it would 
be worth considering changing the dwelling so that it is fit for elderly people. The 
couples and singles that now live in the dwellings are on average over 60 years of 
age. The dwelling could be fit for elderly, with a proper bathroom and bedroom on 
the ground floor. Then a part of the first floor could for example be used to house 
a student. A small apartment can be created at a part of the first floor. This is an 
option that requires further study. 

6.6.1. Improvements 

The dwellings should undergo some improvements from a technical point of view. 

First of all there is the poor insulation of the dwelling. Currently this is 95 mm of 
mineral wool for walls. Also the windows need to be improved. The original win
dows are no longer sufficient. 

Secondly, the construction of the roof causes quite some problems. Many occu
pants mentioned the regular maintenance of the roof and some leakage problems. 
Moreover the ventilation of the roof is very poor. The roofneeds revising. 

Thirdly, there is the ventilation situation in the dwelling. There are hardly any pro
visions for ventilating the dwelling well. There are hardly any air grates and vents. 
Ventilation takes place by opening windows. In winter this is not an optimal solu
tion. 

Usage of passive and active solar energy in the dwellings will improve them and 
cut down energy demands.The different orientations of the dwellings ask for dif
ferent solutions on how to use solar energy in the dwellings. 
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6.6.2. Qualities 

Certain qualities that should remain in the dwelling are as follows. 

The light situation in the dwelling is very good. Apart from some ' problem areas' 
such as the kitchen and the small bedroom the house is very light. This is a feature 
that should be kept. 

Secondly, the rooms in the dwellings are very spacious and the plans are well 
thought through. The abundance of space in the dwelling is a positive aspect of 
the dwelling that should remain even after renovation. The dwellings have practical 
and functional plans. This is a quality that should remain. 

Thirdly, the usage of different materials gives the dwellings its own character. The 
combination of wood, brick and concrete makes the dwellings stand out. 

GILLESKROKEN 

light 

space & functionality 

materials 
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1. INTRODUCTION 

1.1. International Energy Agency 

The project Lindas Park started in 1997. It is designed by EFEM architects in 
Goteborg, Sweden. In spring 200 I the occupants moved into their new dwellings. 
The Lindas Park project was a Swedish national project in combination with an 
EU-project called CEPHEUS (Cost Efficient Passive Houses as European Stand
ard). Later it became of the IEA Task 28 as a good example of energy efficient 
terrace housing. IEA stands for International Energy Agency. This agency per
forms research on energy issues. The following section is taken from the IEA 
website. ' 

'The 26 Member countries of' the lnternational Energy Agen"y (!EA) seek to 
create the conditions in which the energy sectors of' their economies can make 
the fullest possible contribution to sustainable economic development and 
the well-being of their people and of the environment. Jn formulating energy 
policies, the establishment offree and open markets is a fundamental point 
of' departure, though energy security and environmental protection need to 
be given particular emphasis by governments. !EA countries recognise the 
significance of increasing global interdependence in energy. They therefore 
seek to promote the effective operation of' international energy markets and 
encourage dialogue with all participants. ' 

Within the IEA there is a research programme called ' the Solar Heating and Cool
ing Programme'. The research done within this programme is divided in tasks. 
Task 28 ' Sustainable Solar Housing' is a task in which the Department of Energy 
and Building Design at LTH is involved in . The Department of Energy and Build
ing Design performs research for this Task and is responsible for Subtask B ; 'De
sign and Analysis '. The outcome of this subtask is a reference book incl using a 
description of built examples, analyses of energy performance of typical solutions, 
LCA and economy. 

A computer program that is used by the Department of Energy and Building De
sign is called DEROB-LTH. The program simulates the energy balance of build
ings. Different constructions can be applied. The computer program can be used 
for energy performance, passive solar energy design and indoor climate.· 
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Figure 2.1. Section. 
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1.2. Architecture 

Lindas Park is situated near the sea at about 20 km distance south of Goteborg. 
For the project twenty dwellings have been built. The dwellings have been in use 
since the year 2001. The dwellings at Lindas are terrace houses. They have been 
placed in blocks of either four or six dwellings. The dwellings do not look unusual 
in any way. They are ordinary terrace houses. What makes them stand out is the 
fact that they have a very low energy usage. The plans of the terrace houses are 
5,70 meters wide and 12,0 meters deep. The exterior walls are about 500 mm 
thick. Because of the thick walls the indoor plan is 11 ,0 meters deep. On the 
ground floor there is a hallway and storage room near the entrance. From the hall 
one can reach the kitchen, living room and bathroom. The bathroom also has a 
shower. Next to the bathroom is a space with ducts for ventilation, water and 
sanitation. The stairs to the first floor are placed in the living room. On the first 
floor there are three bedrooms; the master bedroom and two smaller bedrooms. 
There is also a bathroom with again a shower. Next to the bathroom is the laundry 
room. It is situated on the north side of the dwelling. The hall on the first floor is 
rather big (2,7 x 4,0 m). On top of the hall there is a loft. 

The architecture of the terrace houses is nothing outstanding. The houses are quite 
average, with two floors and a pitched roof A feature that stands out are the 
colours that have been used in the facades. The colours red and yellow really 
stand out and form a bright contrast to the black that has been used as a base 
colour. Another special feature is the entrance hall with storage room. It creates a 
visible and clear entrance to the dwelling. On the back of the dwellings to the south 
there are balconies. These balconies are not only placed there because of func
tional reasons but also because they can part of the time shade the windows on the 
ground floor. All in all an important architectonical feature at the front of the dwell
ings is the entrance hall; important at the back is the balcony. The roof window and 
solar collectors (5 m2

) are also important for the architectonical design. From the 
outside they create an interesting image; both the glass and the solar collectors 
give the dwellings a positive image. From the interior of the dwelling the roof 
window brings daylight right in the centre of the dwelling. 

1.3. Orientation 

The orientation of the dwellings is of great importance. The dwellings are 
situated north-south. The north side has smaller windows to prevent heat losses. 
The south side has more windows to gain passive solar energy. At the same time 
the sun protection on the south side prevents the sun from heating up the dwell
ings too much in summer. The balconies function as sun protection. 

LINDAS PARK 

Figure 2.2. Dwellings at Lindas 
Park. 

Figure 2.3. Situation dwellings at 
Lindas Park. 
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2. BUILDING ANALYSIS 

In this chapter the construction and building technology of the dwellings at Lindas 
will be discussed. For this purpose drawings of the dwellings were studied. These 
drawings were made available by WSP Group Sweden AB and EFEM Architects. 

2.1. Foundation 

The foundation of the dwelling consists ofa concrete slab ( 120 mm). On the edges 
th is slab is thicker (260 mm). As mentioned before this is quite a common way to 
create a fo undation in Sweden. Usually no ram pi les are needed. In contrary to 
The Netherlands where the subsoil is very weak (clay, peat, a bit boggy) the sub
so il in Sweden is often sandy or rocky which makes an ideal basis for a foundation. 
The two most common fo undation types are the concrete slab on the ground (platta 
pa mark) and the reinforced concrete foundation beam. To stop rising damp there 
is a layer of gravel ( 175 mm) on top of the subsoil. For thermal insulation a thick 
layer of polystyrene insulation (250 mm) is placed on the subsoil. On top of this the 
concrete floo r slab is constructed. There is a vapour barrier in between the two 
insulation layers to prevent condensation. 

wooden outer wall 

insulation I 00 1mn 

ground level 
111.=111.=111.=111.=111.=111.=1 

concrete slab 120 mm 

Bv courtes\ ot.WSP S11eden . .\8 

and EFE\I .\rchitects 
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2.2. Walls 

Some of the walls in the dwellings are bearing walls, others are meant as a sepa
ration between different rooms. The following walls will be discussed: 

Outer walls 

Common party walls 

Inside walls 

Outer wa ll 

The outer walls are of a lightweight wooden construction. The bearing elements 
are wooden frames. The outer walls are 522 mm thick. This is mostly caused by 
the thick layers of insulation in the wall (a total of 435 mm). 

1. A wooden frame ( 45x 170 mm) is erected on the foundation . A horizontal rail 
is connected to the foundation. This frame is the structural element of the outer 
wall. Openings are created beforehand so that windows can be put in later. 

2. Gypsum plasterboard panels (9 mm) are nailed onto the framework on the 
outside of the wall . The gypsum board connects the studs and rails of the frame
work and creates stability in the framework. It also makes it easier to place min
eral wool insulation sheets in between the rails and studs. 

3. Mineral wool insulation panels (170 mm) are placed in between the studs 
and rails . The mineral wool functions as acoustical but most of all as thermal in
sulation. Mineral wool is easy to press and bendand therefore easy to place in 
the framework. 

4. On the inside of the framework a vapour barrier (pe-foil 0,2 mm) is placed. 
It prevents moist from going through the construction and causing condensation. It 
also makes the dwelling airtight which is important in reducing heating demands. 
For this purpose close attention has been paid to joints; overlaps have been cre
ated. The damp proof course is placed quite far from the inside surface of the wall 
(178 mm inwards). This way the vapour barrier will not easily get punctured from 
the inside, for example when occupants want to put up a painting. 

·.·:.o····' ·" · . . · . ... . . 
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Figure 2.7 . Vertical section . 
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5. A structural wall is created, including thermal and acoustical insulation. 
However, the aim is to create a wall with an U-value of0,10 W/m2K (R= lO,Om2K/ 
W). Therefore, more insulation has to be added. On both sides of the framework 
polystyrene insulation sheets are placed. On the outside this is a polystyrene layer 
of 100 mm. On the inside this is a layer of 120 mm . 

6. On the inside of the wall wooden studs and rails ( 45 x45 mm) are placed. 
They are connected to the wooden frame (170 mm) by means of nails. This way 
only a small thermal bridge occurs. The wooden studs and rails keep the polysty
rene panels in place and create a framework that can contain yet another layer of 
insulation. The wood has a low heat flow and is therefore chosen over steel e.g. 

7. In this second wooden frame mineral wool panels ( 45 mm) are placed. This 
is yet another layer of insulation. 

8. The last layer on the inside is a layer of gypsum plasterboard panel s 
(13 mm). They create stability for the second framework and create a nice and 
smooth surface on the inside of the wall. 

9. On the outside of the wall wooden studs (34 x70 mm) are placed. They are 
connected to the wooden frame ( 170 mm) by means of nails. This way only a 
small thermal bridge occurs. Also for this reason it is important that the insulation 
layer (in this case polystyrene panels) can take the pressure of the wooden studs. 
This is an important reason for choosing polystyrene. Another is the fact that 
polystyrene is not as expensive as mineral wool. On the other hand it is dangerous 
when polystyrene catches fire , it burns easily. A better yet more expensive choice 
would be using mineral wool panels that have a high compressive strength. They 
are however more expensive than polystyrene panels. 

10. The final layer on the outside is wooden boarding (22 mm). The boarding is 
connected to the previous mentioned wooden studs (34 x70 mm). The wooden 
studs create an air cavity so that the boarding gets ventilated. It is important that 
an air cavity is created in order to keep the boarding in good condition. The board
ing itself is mostly painted black. Some of the boards have been painted red. They 
are placed horizontally. 

Figure 2.9. Verti cal detail wall and 
foundation . 

By courtesy of WSP Sweden 
AB and EFEM Architects 

mineral wool 
Kr::o~- 45mm 

wooden ---ti·>I< 

studs 
34x701mn 

wooden 
boarding 
221mn 

35 

Common party wall 

The foundation of the common party wall has a joint so that sound pollution through 
the foundation from dwelling to dwelling does not occur. 

1. On the foundation the common party wall is constructed. Wooden rails and 
studs (95x45 mm) are connected to, and erected on top of, the concrete floor. The 
wooden rails are connected to the concrete floor by means of expansion screws. 

2. On the inside of the wooden frame a net is spanned over the frame. This is 
done to keep the air cavity clean and to keep the insulation material inside the 
frame . 

3. In between the studs and rails mineral wool panels (95 mm) are placed. 
They function mainly as acoustical insulation between the dwellings. They also 
function as thermal insulation. In case one dwelling is not inhabited in winter there 
is a temperature difference between the dwellings. 

4. On the outside of the 3 frame gypsum plasterboard panels (13 mm) are 
nailed onto the wooden frame. They provide with enough acoustical insulation. 
They are also important regarding fire resistance. Two layers of gypsum board are 
needed to create enough fire resistance. The third one is placed for additional 
acoustical insulation. 

LINDAS PARK 
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Inside wall 

The inside walls are constructed in wooden studs and gypsum plasterboard panels. 

1. A wooden framework is constructed. This framework consists of wooden 
studs (45 x 120 mm) and rails (45 x 120 mm). 

2. On both sides of the framework gypsum plasterboard panels ( 13 mm) are 
connected to the framework 

2.3. Floors 

Ground floor 

As mentioned before the foundation consists of a concrete floor slab ( 120 mm). 
On top of this concrete slab the sub floor is constructed. In some parts of the 
dwelling the sub floor is made of stone, in others it is parquet/linoleum. On the edge 
of the floor slab extra insulation (I 00 mm) is placed in other to prevent 
a thermal bridge. 

Intermediate floor 

The first floor spans from common party wall to common party wall (or gable 
wall) . It consists of wooden joists (300 mm, centre-to-centre 600 mm). 

1. Wooden joists (300 mm) are placed on top of the wooden studs (45 x95 mm) 
of the common party walls. In the case of the gable wall they are placed on the 
inside studs (45 x45 mm). These studs are connected to the bigger wooden frame 
(170 mm) in the core of the gable wall construction. 

2. Secondary spaced boarding (70x28 mm, 400 mm centre to centre) is con
nected to the joists. It creates some distance between the ceiling and the 
top of the floor. It prevents impact sound pollution. 

3. To the boarding gypsum plasterboard ( 13 mm) is connected. The gyp-
sum plasterboard is the ceiling for the ground floor. 

4. At the ends of the joists three layers of fire resistant insulation (100 mm) are 
placed. They should prevent fire from spreading from one dwelling to an
other. 

5. On top of the secondary spaced boarding, in between the joists, mineral 
wool panels (45 mm) are placed. They function as acoustical insulation. 

6. The floor that is made of chipboard panels (22mm ), glued and nailed to 
the floor joists, and gypsum plasterboard panels ( 13 mm). 

36 

>-e«f----- wooden studs 45x45 mm 
"*lir----- mineral wool insulation 45 mm 
~i.----- gypsum plasterboard 13 mm 

wooden joist 300 trun 
600 mm centre-to-centre 

mineral wool insulation 45 mm 

secondary spaced boarding 70x28 mm 
400 mm centre-to-centre 

gypsum plasterboard 13 trun 

FFL +2,878 

22 FLOOR CHIPBOARD FASTENED !GLUED 
ANO NAILED) TO FLOOR JOISTS 
300 FLOOR JOISTS, SEE PLAN 
45 MINERAL WOOL 
PUNCHING FAILURE FOIL 
SECONDARY SPACED BOARDING 70x28 s400 
13 GYPSUM PLASTERBOARD 

FFL +0,00 

Figure 2.12 . Verti cal secti on. 

Bv courtesv of \VSP S\\ eden . .\B . . 

and EFE!\l . .\rchitects 

LINDAS PARK 

3x fire resistant insulation panels 
lOOmm 

Figure 2.11 Vertical details storey 
fl oor. 
Bv courtesv of\VSP S\\eden .\B 
and EFEM Architects 



Pauli en de Bruijn LTH-TL1 c Energ\ cffic1e11C\ in terrace house renmat1011 

Attic floor 

The attic floor is comparable to theintermediate floor. The attic has a folding stair. 
It is not designed to be used as a bedroom or study. Therefore there are some 
small differences between the attic floor and the intermediate floor. The. differ
ences can be found in the smaller floor joists (195 mm instead of 300m) and the 
fact that there is no gypsum plasterboard floor on top of the chipboard floor panels 
(22 mm). 

2.4. Roof 

1. The structural elements of the roofare masonite rafters (30 x500 mm). They 
are placed at a distance of 1200 mm centre-to-centre on top of the bearing wooden 
framework (170x45 mm) and connected at the ridge. 

2. A vapour barrier (two layers of pe-foil 2 mm) is connected to the masonite 
rafters on the inside of the roof. This is the vapour barrier. 

3. Wooden rails ( 45 x45 mm) are connected to the flanges of the rafters on the 
inside of the roof. They create extra space where thermal insulation material can 
be placed. They also create a frame to which the gypsum plasterboard panels for 
the ceiling can be connected. 

4. Mineral wool panels (45 mm) are placed in between the wooden rails (45x45 
mm). They function as thermal insulation and are connected to the wooden rails. 

5. Gypsum plasterboard panels (13 mm) are nailed onto the wooden rails. These 
panels create a ceiling on the inside of the roof. 

6. In between the masonite rafters different layers of insulation are placed. 
There are four layers of mineral wool panels with the following thicknesses: 45 
mm, 95 mm, 240 mm and 70 mm. The layers are placed crossways on top of each 
other so that their strength and insulating capacity are used optimally. 

7. After all of these layers of insulation there is an air cavity (50 mm). This air 
channel is necessary to make sure that the roof is ventilated inside the construc
tion. The air channel is open to the outdoors near the roof gutter. Air can get in and 
out and ventilate the roof construction. 

8. On top of the masonite rafters (centre-to-centre 1200 mm) tongue-and
groove timber (22 mm) spans from rafter to rafter. They are the finishing of the 
roof on the outside. On top of this layer the battens and roof tiles can be con 
structed. 

9. An underlay felt and polystyrene panels (30 mm) are placed on top of the 
layer of tongue-and-groove timber. 

10. Finally, battens and roof tiles can be placed and connected to the roof. They 
prevent rain and wind from damaging the roof and prevent leakage . 
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air channel 50 mm 

tongue-and-groove timber 22 mm 
underlay felt 

polystyrene panels 30 mm 
battens and rooftiles 

mineral wool insulation; 
70mm - 95 mm - 240 mm - 45 mm 

vapour barrier 
wooden rails 45x45 mm 

mineral wool insulation 50 mm 

masonite rafter 30x500 mm 
1200 mm centre-to-centre 

Figure2.l3. Vertical detail roof-wall. 

BY courtesy ofWSP Sweden AB 
and EFEM Architects 

Figure 2.14. Vertical detail measurements roof-wall . 

By courtesv ofWSP S\\eden AB 
and EFEl\1 Architects 
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Figure 2 . l 5. Vertical section. 

By counesv of WSP Sweden AB 
and EFEM Architects 
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3. ENERGY SAVING MEASURES 

Several measures have been taken to design energy efficient dwellings at Lindas 
Park. These measures can be summarized as follows ; 

1. 

2. 
3. 
4. 

Insulation of the building envelope 

Airtightness of the building envelope 

Ventilation with heat recovery 

Solar hot water heater for domestic hot water (DHW) 

In the following paragraphs the application of these measures at Lindas Park will 
be explained. Also the fact that people are regarded as heat sources in the 
dwellings is discussed shortly. 

1742 

668 

D Heating of space and 
n:ntilation air 

• Domestic hot water 

D Fans and pumps 

D Lighting and household 
a liauces 

---·-~---------------- ---------- ---

Table 2.1 . Energy use at 
Lindas Park. 
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3.1. Insulation of the building envelope 

For the dwellings a wooden construction is used. The dwellings have wooden studs, 
wooden rails, a wooden first floor and a concrete ground floor. The roof has a 
wooden construction. The fas;ade cladding is just like the construction made of 
wood. This fa<;:ade cladding is, as mentioned before, painted black. 

The insulation in both the external walls and the roof is quite extensive. 
In table 2.1. the thermal resistance of the building envelope can be found. 

Insulat ion U-value 0Nl rrfK) Re-value (rrfKiW ) 

Exterior wall 0, 10 10,00 
Roof 0,08 12,50 
Ground lloor 0,09 11, 1 0 
Vil indovv'S 0,85 1, 18 

Compared to the demands in the Swedish and Dutch building codes the insulation 
in Lindas Park is more than enough. It is much more than what is required. 

Building envel ope Dutch building code Swedish building code Lind as 
U-va I u es [W/m 2K] 0,40 0,33 0,10 

Re-values [m 2 K/W] 2,50 3,05 10,0 (walls) 

The windows at Lindas are made of three panes of glass with two metal\ ic coats 
and Krypton or Argon fill. The average U-value of these windows is 0,85 W /m2K. 

An average two pane glass window with wooden window frames has an 
U-value of 2,65 W/m2K . Triple pane glass with low-emmission layers goes as far 
down as 1,57 W/m2K. The windows at Lindas are compared with these values 
very energy efficient. 

Windows double clear tri Jle clear tn )le low-e Lindiis 

U-rnlue 2.65 0.85 

LINDAS PARK 

J .-... , 

figure 2.16. Building envelope at 
Lindas Park. 

Table 2.2. Insulation at Lindas 
Park. 

Table 2.3. Insulation required by 
the Dutch Building Code 
(Bouwbesluit), the Swedish 
Building Code (BBR) and the 
values at Lindas Park. 

Table 2.4. Comparison of differ
ent windows and the windows 
used at Lindas Park. 
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3.2. Airtightness of the building envelope 

A lot of attention has been paid to making the dwelling as airtight as possible. Air 
leakage is approximately 0,30 l/s•m2 at a 50 Pa pressure difference. The area (m2

) 

is in this case the area of the building envelope. According to the Swedish building 
code this number should not be more than 0,80 l/s•m2

. So the dwellings at Lindas 
Park are much more airtight than what is demanded. Airtightness in the dwellings 
has been achieved by having overlaps in the damp-proof course ( dpc ). This means 
that there are hardly any leakages in the damp-proof course. Also, the damp-proof 
course has been placed at 100 mm. from the interior. This has been done to pre
vent nails and plugs to puncture the course. On the north side of the dwellings 
there are smaller windows whereas on the south side there are larger windows. 
Looking at the U-values of walls, floors , roof and windows it is clear that the 
windows have the highest U-value. They are therefore the least energy-efficient. 
It is very important to look at the orientation and size of windows. While the win
dows have the highest U-value they also play an important part in gaining solar 
energy. 

3.3. Ventilation with heat recovery 

Several measures have been taken to make the dwellings at Lindas as energy 
efficient as possible. Mentioned before are the extensive insulation of the enve
lope and the airtightness. The above mentioned two measures reduce transmission 
and infiltration losses. The air-to-air heat exchanger reduces ventilation losses. 
The warm exhaust air heats the supply air. The heat recovery is approximately 
83%. When the exhaust air is humid the heat recovery can become up to 87%. In 
the summer the heat exchanger is by-passed and the house will be ventilated with 
open windows only. When the temperature of the incoming air becomes lower that 
l 5°C a heating battery start. This battery (900W) will heat up the incoming air until 
it reaches l 5°C. The ventilation ducts have been placed in between the floor beams 
of the first floor. 

3.4. Solar water heater for domestic hot water 

Domestic hot water is for a large part ( 40%) provided by the solar collectors. 
These solar collectors are placed on the roof next to the roof window. Per dwelling 
the area of the solar collectors is 5 m2

. The roof has a slope of 27°. The collectors 
are placed on the south side of the roof. The dwellings are situated towards the 
south, yet some degrees towards the east. The domestic hot water tank has a 
volume of 500 litres. It contains two internal heat exchangers. The domestic hot 
water tank is placed on the ground floor next to the bathroom. The covering of the 
tank is insulated with mineral wool. This is done to prevent heat leakage. A glycol 
based heat medium is used to transfer heat from the solar collectors to the accu
mulation tank. The pump that pumps the glycol based fluid through the solar collec
tor is automatically controlled. When the temperature in the solar collector ex
ceeds the temperature in the accumulation tank by 5°C the pump will start. When 
the temperature difference has decreased to 2°C the pump will stop. Also, the 
pump will stop when the temperature in the tank exceeds 95°C. 
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3.5. People as heat sources 

Not only heat losses have been taken into account in the design of the dwellings, 
also heat gains are important for the dwellings. Sources of heat in the dwellings 
are the people that live there and their electrical appliances. The occupants will on 
average produce 73 W /adult. See graphic 2.5. The more occupants present in the 
dwelling, the more heat is being produced. 

Male Female 
Age Heat Body He.at per Heat &d~· Heat pei· 

{yea r) p1·odn<"ed Sm-fa<"e area pro duc-t-d Sul'fa<"e area 
(W) (m2) (W lm 1) (W ) (m1) (\Vim 2

) 

!\'ew-bo1·n 16 0 . 4 ~ y ; 16 0.45 35 
1 3:! 0 .50 64 30 0.50 60 
2 37 0.57 66 35 0.57 61 
5 44 0.72 61 43 0.71 60 
12 65 1.20 55 60 1.22 50 
20 86 1.i6 49 69 1.65 42 
40 80 1.82 43 68 1.67 41 
70 70 1.70 40 59 1.60 37 

LINDAS PARK 

Table 2.5. Body area and 
produced heat from sleeping 
persons at different ages and 
sexes. 
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4. SOLAR HOT WATER HEATER 

Solar collectors can use the sun 's irradiation to provide with either Domestic Hot 
Water (from here on referred to as DHW) or electricity. A solar water heater 
transfers solar irradiation into DHW. A PV panel transfers solar irradiation into 
electricity. At Lindas solar water heaters are used. In the solar collector direct and 
diffuse day light is transformed into heat. A heat bearing medium, in this case water 
and glycol, is transferred to an accumulation tank. Inside the tank a heat-exchanger 
transfers heat from the glycol -based medium to the DHW. 

The solar collector itself is a panel that contains insulation, an absorber, tubes for 
the heat-bearing medium and is protected by a pane of glass. The absorber con
verts the solar irradiation into heat and passes it on to the heat-bearing medium. To 
protect the absorber, to keep the heat inside and at the same time let through as 
much light as possible the collector is covered with a pane of glass. The glycol
based heat bearing medium is pumped through the collector by means of an elec
tric pump. In the accumulation tank there is an electric heating element (6 kW) 
that will heat the DHW in case the temperature drops to a certain minimum tem
perature. A solar collector has the highest efficiency at low temperatures. Keep
ing a temperature of 50°C in the accumulation tank is advisable because oflegionella 
risks. 

glass pane 

insulation 

vapour barrier 

heat exchanger 

pump 
accumulation tank 

Figure 2.17. A solar water heater. 

Figure 2.18. The system of a 
solar water heater. 
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There are three kinds of collectors for solar water heaters: 

l . Flat plate collector 

2. Evacuated tube collector 

3. Concentrating collector 

In Lindas Park a flat plate collector is used. It is the most common one; 90% of 
solar water heaters are flat plate collectors. It functions as described above. 
An evacuated tube collector uses the highly insulating ability of vacuum. It has a 
very high efficiency, even at high temperatures. The absorber is placed inside a 
glass tube where a vacuum is created. In the absorber there is a vapour of a heat 
bearing medium. (see figure 2.19.). The technique of this type of collector is very 
complex. It is therefore more expensive and used less than a flat plate collector. A 
concentrating collector is not used often. It is commonly used for domestic hot 
water systems. It concentrates the solar irradiation by means of a concave mirror. 
The solar irradiation is reflected and concentrated towards an absorber. Concen
trating collectors have limited possibilities in the Swedish climate. Primarily this 
depends on the fact that the direct solar irradiation is far too small in Sweden.3 In 
areas with plenty of solar irradiation the concentrating collector offers better pos
sibilities. An example of this is the usage for preparing food (see figure 2.21.). 

collector 

Figure 2.21. Examples of using 
concentrating solar water heaters 
for cooking. 

LINDAS PARK 

Figure 2.19. An example of an 
evacuated tube collector. In the 
glass tubes absorbers are placed. 
Inside the glass tubes a vacuwn is 
created. 

Figure 2.20. An example of a Dutch 
solar water heater. There is no bat
tery inside the accumulation tank. 
Instead there is a separate heater. 
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The solar collectors are placed on the roof of the dwellings at Lindas Park at an 
inclination of27° which is the inclination of the roof The orientation is southwards; 
the dwellings are oriented 4° in east direction from the south axis. Table 2.6. shows 
the importance of the inclination angle and of the orientation of the solar collector. 
When the solar collector is oriented southwards and has an inclination angle be
tween 30 and 55° it can acquire at least 95% of the collector's anual output. The 
inclination angle of the collector has a bigger influence on the collector's effi
ciency than the orientation of the collector has. If the collectors at Lindas would 
have had a bigger inclination angle ( 45°) it would have slightly increased the effi
ciency of the collectors. 

Table 2.7. shows DHW usage, losses, DHW produced by the electric heating 
element and DHW produced by the solar collector. Loss is energy used by the 
electric heating element minus the DHW usage in kWh. The table shows the 
energy usage for DHW of four dwellings during one year. The solar collector 
produces on average 37% of the DHW usage. As can be seen in the graphic the 
DHW usage varies a lot from dwelling to dwelling. 

A simulation program called MINSUN54 has been used to simulate the efficiency 
of the solar collectors at Lindas. The program gives the delivered per hour in the 
solar water heater as output. The program assumes that the system can use all of 
the delivered heat from the collectors. However, in reality there are several limita
tions in the system. Heat gets lost when being transferred from the collector to the 
accumulation tank and there is heat loss in the tank itself In summer the produc
tion of DHW can be higher than the usage of DHW which means that produced 
heat is Jost. In table 2.8. the difference between simulated production and used 
solar heat is very clear. Unfortunately the months June and July are not available 
due to measuring problems. 

Effect of the collector's positioning on its effectiveness (100% = maximum) 

horizonta l 

30° 

Q) 

Ci 
45° c 

rn 
c 
0 

~ 
.!: 
13 60° 
.!: 

vertical 

north west south 

orientation of the collector 

<De\ eloped for SHEC'P of the International Ener~'Y Agency 

east north Table 2.6. Effect of the collector 's 
positioning on its effective 
ness. 
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The total energy that is needed to provide with DHW in Lindas is on average 1848 
kWh/year, the rest is provided by the solar water heaters. In other words, the solar 
water heater provides with approximately 1100 kWh/year on DHW. A Dutch solar 
water heater provides on average with the equivalent of 150 to 200 m3 /year natu
ral gas. 5 This equals 1600 to 2100 kWh/year. " In the Netherlands the average 
amount of energy that is used per dwelling on DHW (1998) is 380 m3/year of 
natural gas. 7 This equals 3950 kWh/year. The energy that is used in an average 
Swedish detached house on DHW (1990) is 3500 kWh/yr. 8 It can be said that 
energy usage for DHW is at approximately the same level in Sweden and the 
Netherlands. In Lindas the assumption was made that one dwelling would need 
approximately 3000 kWh/year on DHW supply. Half on this (1500 kWh/year) 
would be supplied by the solar water heater. Measurements show that the solar 
water heater on average only covers 37% of the DHW demand instead of the 
expected 50%. .A solar collector of 5m 2 has been chosen so that it covers DHW 
needs in summer without overheating. Overall it would cover 50% of the DHW 
usage, was the expectation. Larger panels would have covered more of the yearly 
DHW needs. Problem is that they would overheat in summer. A suggestion is9 to 
use a bigger and better insulated·accum ulation tank so that DHW can be stored for 
longer periods of time. 
' From ·De zon bij renoYatie · NO\ em I 999 
'· I 111 3 natural gas equals 0.395 kWh energy 
7 From '\lademecum energiebewust ontweq1en 1 an nieuwbouwwoningen '.No\ em 2000 
' From 'Energy efficient household appliances in Sweden· . .I. Sm eds 
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Table 2.7. Heat usage in four of 
the measured dwellings. 

Table 2.8. Solar heat production 
throughout the year compared to 
simulated production. 

"From 'T' an etenskaplig analys a\ li\genergihusen 1 Lindas Park. Goteborg · . Bostrom a.o. 2003 
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The residents of the dwellings are very satisfied with having solar collectors. They 
think that the collectors represent something good and environmentally friendly. 
However, they were not informed sufficiently about the functioning of the system. 
The information that is available in the shape of a folder is difficult to understand. 
The solar collector system would be used more efficiently and would therefore 
save more energy if the residents would have had a clear and accessible user 
manual. If more information is available the solar collectors can be used more 
efficiently. For example, residents could be recommended to shower in the after 
noon or evening when the sun has had the change to heat the DHW. 1

" 

The solar collectors were installed to reduce the energy demand (bought energy) 
of the dwellings. From the beginning of the design process it was said that solar 
energy would be used. The choice for an individual collector instead of a commu
nal collector is probably because of the small scale of the project. The total DHW 
usage is probably not enough to use a communal solar collector system. 
A solar hot water heater has been used and not a PV system because the latter 

option is very expensive. 

Conclusion solar hot water heater 

With a flat plate collector a large part of the total DHW needs can be met. Atten
tion has to be paid to the temperature of the water in the accumulation tank and the 
inclination and orientation of the panel. The solar water heater does provide with 
less DHW per year than expected from simulations. Still it is a good and sustain
able way of producing DHW. 

Figure 2.22. The pump and 
equipment for the solar water 
heater. 

Figure 2.23. The dwellings at 
Lindas Park and their solar 
panels seen from above. 

1,· ,111 · I· .. II""· ctc1i;k:1pl1;.o :111~1h, T· la,_.c11c:r·!..'1lnhcl' 1I111cLh1'·11-k (i,11;.:li.1r!.! f{,htr,i111 :1 ,, 21111; 
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5. VENTILATION 

Ventilation is of great importance when creating a healthy indoor environment. lt 
has become more and more important as a consequence of new building technol
ogy that saves energy and creates an airtight building. Why is it important to ven
tilate? 11 

to supply oxygen for people and pets. 

to extract carbon dioxide (C0
2

) , dust and harmful particles like formalde
hyde and Radon . 

to extract humid air; 
o a relative humidity of the air of over 70% is uncomfortable. 
o a relative humidity of the air of over 70% during a longer 

time-span can cause mould and large populations of dust mite. 
o a high relative humidity of the air can cause problems like 

discolouring and damaging of the building construction because 
of condensation . 

to extract stench and odours. 

to extract heat during the summer season . 

According to M.W. Liddament 12 "ventilation is the process by which 'clean ' air 
(normally outdoor air) is intentionally provided to a space and stale air is removed. " 
Moreover, the ventilation system should in combination with the heating system or 
cooling system be designed in such a way that demands regarding personal com
fort are met. 13 Ventilation is something that is done intentionally, infiltration and 
exfiltration happen accidentally. Infiltration is[ .. . "the uncontrolled flow of air into 
a space through adventitious or unintentional gaps and cracks in the building enve
lope. The corresponding loss ofair from an enclosed space is termed ' exfiltration ' ]14

. 

When buildings and dwellings are built as airtight as possible (like in Lindas) infil
tration and exfiltration will interfere minimally with the designed ventilation sys
tem. Other air losses can for example be [ ... " air leakage from the seams and joint 
of ventilation , heating and air conditioning circulation ducts" . .. ]15. Overall , three 
important air flows can be mentioned; 

- ventilation, 
- in- and exfiltration 
- other air losses. 

When designing a ventilation system it is important that unintentional air flows are 
kept to a minimum. Only then a ventilation system can function properly. There 
are two ways in which ventilation can take place, by means of 

- natural ventilation 

- mechanical ventilation 

In[ . .. " ' natural ' ventilation the flow process is driven by wind and temperature. " 
" The main drawback of natural ventilation is lack of control. "] The ventilation 
system cannot be controlled and [ .. . ,.it is necessary for the occupants to adjust 
ventilation openings to suit demand."] 1(' 

The second way of providing with ventilation is through mechanical ventilation. 
The systems of mechanical ventilation[ ... "are capable of providing a controlled 
rate of air change and respond to the varying needs of occupants and pollutant 
loads, irrespective of the vagaries of climate. "]17 

11 From · \ ·ademecum Energiebewust ontwerpen \'an nieu\\ bou,,.,, oni ngen ·. 1\; O\ em . :zooo 
1•• Author of '..;guide to Energy Efficient Ventilation· 
I· From "T\ an etenskaplig analysis a\ 18genergihusen i Lind8s Park. Gi:iteborg'. ::!003 
14 •h"'""h 1- From · . .;guide to Energy Efficient Ventilation·. M Liddament. 1996 43 

When new building technology is used infiltration and exfiltration and other air 
losses are prevented from occurring. Therefore special attention has to be paid 
to the ventilation system. In an airtight dwelling it is only the ventilation system 
and airing by occupants that causes air flows in the dwelling. 

Ventilation systems in buildings 
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At Gilleskroken the dwellings are ventilated by means of natural ventilation . As 
can be seen in table 2.9. this is not uncommon in Swedish one-family dwellings. 
Over 70% of one-family houses in Sweden use ' passive stack', in other words 
' natural ventilation ', as a ventilation method. In table2 . l 0. it becomes cl ear that 
before the l 960 's other ventilation methods hardly were used. In the 1960's, when 
the dwellings at Gilleskroken were built, the majority of the dwellings use passive 
stack for ventilation. Natural ventilation is driven by wind and stack (thermal) 
pressure. Attention has to be paid to "the careful sizing and positioning of open
ings. " 18 

1
' From -A Guide to Enerb'Y Efficient \'entihllillll '. \I L iddament. 1996 
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Table 2.9 . Ventilati on sy stems 
in buildings in Sweden. 

Table 2 . 10. Ventilation methods in 
one-famil y ho uses in Sweden 
untill 1992. 
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Ventilation depends on airing by the occupants and on in-and exfiltration of air. 
Natural ventilation can be driven by wind pressure. Wind creates a pressure dif
ference over the dwelling. See figure 2.24. Ventilation air will flow through the 
dwelling from the region with a high pressure (+)to the region with a low pressure 
(-) . A similar thing happens with stack (thermal) pressure. The difference in air 
temperature and therefore in air density creates a vertical pressure difference. 
See figure 2.25 . The figure shows a situation where[ ... "the inside air temperature 
is greater than the outside air temperature. Air enters through openings in the 
lower part of the building and escapes through openings at a higher level. " 19 To 
create a more controlled ventilation situation it is important to design airtight dwell
ings. Then the designed ventilation wil 1 perform best. According to M . W. 
Liddament20 " The philosophy, ... , is to ' build tight and ventilate right. "' 

Wind Dl'Nen Flow 

Wind 
direction 

Stack D rf.Jen Flow 

Flow pattern for outside,., ......... 
temperature less than 
inside temperature 

Negative 
pressure 

' ,, __r~gion 

"Neutral" pressure 
plane 

: 1-.1111 \1 ;11i.Jc :,: !.1J..T..'\ Ftti'-1·~111 ..,c1111i.111 .. 11 \ 11 1,lcl:1111c1H ]·)•)(, 

\11!11. q· ·1· 11:111 .. I-.:11 [net'<.'\ !~lfi,_1c111 ·., ~1111IJt11.i1 

Figure 2.24. Natural ventilation, 
wind pressure. 

Figure 2.25. Natural ventilation, 
thermal pressure. 
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5.2. Mechanical ventilation 

Mechanical ventilation systems can be divided in three groups, as mentioned be 
fore; 

1. Extract (exhaust) ventilation 
2. Supply ventilation 
3. Balanced ventilation. 

They will be discussed briefly to explain the functioning of these different 
systems. 

5.2.1. Extract (exhaust) ventilation 

Air is mechanically exhausted from the dwelling. The system depends on the ven
tilation system to suck the air out of the dwelling, thus creating under-pressure in 
the dwelling. This causes fresh air to enter the dwelling through openings in the 
fa9ade " If the under-pressure created by the extract process is greater than that 
developed by wind and temperature, the flow process is dominated by the me
chanical system. If the under-pressure is weaker, then the flow process is domi 
nated by air infiltration. " 21 

' sta le ' air enters 
ex tract duct from 
'wet ' O[ polluted 
zones 

stale air exhausted 
from bu ilding 

• 
\fresh air enters 

through purpose I provided vents 

-' _____ ,. 
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Figure 2.26. Extract ventilation. 
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5.2.2. Supply ventilation 

Outside air is mechanically introduced into the dwelling. An advantage is that all 
incoming air can be controlled. It can be conditioned thermally and cleaned before 
entering the dwelling. First the air enters an air filtration system. The outside air is 
filtered. Once inside the dwelling it mixes with the existing air. Possible pollution in 
the air becomes less dense. Fresh outside air is added to the stale inside air. Be
cause air is supplied the pressure inside the dwelling will be higher than the pres
sure outdoors. A dwelling at over pressure should be avoided. Warm, humid inside 
air will go through the construction, cool down, and condensate there. Exhaust 
ventilation takes place without any mechanical system . The stale inside air simply 
flows out of the dwelling. It is important to create openings for this air flow. If 
these are not available the air will flow through joints and unintentional openings in 
the building envelope. 

Filtration/ air condit ion ing 

Reci rculation 

,,h~ I 
• I 

Conditioned space 

Supply 

I 
I 

Exhaust 

Figure 2.27. Supply ventilation. 
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5.2.3. Balanced ventilation 

Supply and extract ventilation are combined in one system. All ventilation takes 
place mechanically. A balanced ventilation system has also been used in the 
dwellings at Lindas Park A heat recovery system is often used to heat the cold 
incoming air with the heat of the warm outgoing air. " It is often the potential for 
heat recovery that is used to justify the additional capital and operating costs. "22 

Attention has to be paid to creating an airtight dwelling and airtight and insulated 
ductwork. 

O utside air 
enters ventilation 

system \ 

A 'heat exchanger 
transfers heat from 
the extract air 
stream to pre-heat 
the supply air 

'Dry' 
zones 

Exhaust air 
leaves build ing 

/ 
All ducts w ithin 
the roof space 
are insulated 

Pre-heated fresh 
air enters building 

~ Air flow from 'dry' 
/ to 'wet' zones 

' From · A Ciu1de 10 En erg\ l-.tlicie11\ \·e111ilatio11·. l'\l I .iddame11\. 1996 

L!NDAS PARK 

Figure 2.28. Balanced ventilation. 



Paulien de f3ruijn I.TH-TU e l:::nergv efficiencv in terrace house renovation 

5.3. Ventilation at Lindas Park 

The systems that are used at Lindas Park to supply fresh air, extract stale air and 
meanwhile create a comfortable indoor environment are; 

Balanced ventilation system 
Heat exchanger 
An integrated heating battery (900 W)23 

The ventilation system does not only ventilate the dwellings, it also provides the 
dwellings with heated air ifnecessary. There is no traditional heating system. If the 
heat in the dwelling that is produced by the occupants and their electrical appli 
ances is not sufficient the electric heating battery will additionally heat the incom
ing fresh air. 

Figure 2.30 shows a diagram of the heat exchanger that is used in the dwellings at 
Lindas. On the left fresh outside air first goes through a filter( / lµm) before it 
enters the heat exchanger. The heat exchanger consists of two series-connected 
counter flow heat exchangers. There is a frost protector that will start when it is 
needed. This means that the cold incoming air flow will be by-passed for a while. 
Meanwhile the warm exhaust air will defrost the heat exchanger.24 

The heat exchanger used at Lindas Park is a plate heat exchanger. A plate heat 
exchanger uses an air-to-air heat recovery system. This means that heat is trans
ferred from the exhaust air of a ventilation system to the supply air. Plate heat 
exchangers consist oflayers of separated, interleaved flow channels through which 
the supply and exhaust air flows. The channel walls are constructed of very high 
conducting material. 25 The heat of the exhaust air is conducted through the walls 
of the channels. Advantages of using a plate heat exchanger are that the system is 
simple and reliable, there are no moving parts, and the chances of cross contami
nation (stale exhaust air is mixed with fresh incoming air) are small.26 Disadvan
tages are that increased fan energy is needed to assure air flow through the heat 
exchanger because it presents extra flow resistance. Secondly if the heat ex
changer is not installed properly the system could cause noise pollution. Thirdly 
cross leakage could occur if there are any faulty seals or if there is damage. 27 

Because they are simple and reliable and because supply and exhaust ducts need 
to be able to be brought together plate heat exchangers are often used in dwellings. 

l il tn \)J I \Cl' 

Ef) _____ [ ~~ su pp ly air > 
e>: haust air e>: haust air 

by-pass 

I . .. · 

Figure 2.29. Living room at 
Lindas Park. In the comers there 
are air inlets. 

Figure 2.30. Heat exchanger at 
Lindas Park. 

Figure 2.31. Heat exchanger at 
Lindas Park. 
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The filters near the heat exchanger make sure that the ventilation air is clean 
and that ducts and the heat exchanger do not grow filthy because of particles in 
the ventilation air. The filter for incoming air does not let particles through-that 
are bigger than 1 m. The filter for the exhaust air does not let particles through 
that are bigger than 5 im. For good air quality inside the dwelling the filters have 
to be changed every year. 28 

The heat exchanger is placed in the kitchen. From there incoming ventilation air 
is distributed throughout the dwelling. Picture 2.34. shows the placement of the 
ventilation ducts. They are situated inside the intermediate floor construction. 
Inlet openings can be found in the living room (two openings) and the three 
bedrooms, see pictures 2.32. and 2.33. The air is extracted from the toilet 
downstairs and the bathroom upstairs. The kitchen has a separate extract duct 
at the hood over the kitchen range. The extract air is again filtered. In summer a 
bypass duct can be used so that the warm air from the dwelling will not heat up 
the incoming air. 
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Figure 2.32. Air inlet in a bed
room at Lindas Park. 

Figure 2.33. Air inlet in the living 
room at Lindas Park. 

Figure 2.34. Ventilation ducts at 
Lindiis Park. 

Figure 2.35. Balanced ventilation 
system at Lindas Park. 
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The way of ventilating the rooms differs. On the ground floor fresh air enters the 
living room close to the ceiling. On the first floor fresh air enters the three bed
rooms close to the floor. When the supply air is relatively cold (most of the year) 
the air will drop on the ground floor whereas it will stay close to the floor on the 
first floor. If the cold air warms up because of people or electrical appliances it will 
nse. 

When the supply air is warm (heating battery in use) it will stay close to the ceiling 
on the ground floor and it will rise on the first floor. 29 See figure 2.37 This has 
consequences for the air flow and effectiveness of the ventilation system. It needs 
to be taken into account when designing a ventilation system. 

Lo11 er tnrnperature than in the room Higher termperature than in the room 
1----.,...······ 

Fir't floor 

Ci round floor 

When designing the dwellings the total energy use was calculated to be 5400 
kWh/year; 

2900 kWh/year on electricity 

1500 kWh/year on domestic hot water 
(an additional 1500 kWh/year on DHW is supplied by the solar 
water heater) 

1000 kWh/year on fans and pumps30 

After the occupants had moved in the total energy usage was measured. It was 
more than calculated; 7000 kWh/year for a 'normal ' dwelling and 8500 kWh/year 
for a gable dwelling. This equals 58 kWh/m2year for a ' normal' dwelling and 71 
kWh/m2year for a gable dwelling. This can be compared to 152 kWh/m 2year that 
an average Swedish dwelling uses on heating alone. 

-" ' F rnm · T' iin etenskaplig analys m lagenergihusen i Lindas Park. Gi:iteborg -_ 2003 
"'From ·Houses \\ithouth heating systems - 20 low energy teITace houses in Goteborg· 

Figure 2.36. Air flows on the 
ground floor and first floor at 
Lindas Park. 
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The difference between a gable dwelling and the other dwellings depends on the 
fact that a gable dwelling has an additional outer wall and an additional window. 
This causes transmission losses trough the wall and window. In table 2.12. the 
difference in electricity use between a gable dwelling and a ' normal' dwelling is 
shown. During the weekend (19 and 20 october) when the occupants are home 
during the day the difference is less. 
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Table 2.11. Energy usage of dwell
ings, average in The Netherlands, 
Sweden and Lindas Park. 

Table 2.12. Energy usage of gable 
dwellings and other dwellings dur
ing from 14-10-2002 untill 
24-10-2002. 
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The total ventilated volume in a dwelling is 340 m3
; the floor area is 120 m2

. The 
total supply air flow is 47 l/s. It means that the ventilation turnover per hour is 0,5 . 
This equals the demands from the Swedish Building Code (Boverket). The aver
age air flow is 0,39 l/s·m 2

. The Swedish Building Code demands 0,35 l/s·m23 1 

A potential problem is the fact that the dwellings have overpressure 3 2 The air that 
is supplied exceeds the air that is extracted. This causes overpressure in the dwell
ing. Normally one would want to create under pressure in a dwelling. Then cold air 
would be sucked into the dwelling. This air would heat up and not cause any 
condensation problems. Warm air will condensate when it meets a cold surface. 
This can happen when there is overpressure in the dwelling. This can create con
densation and damage caused by damp. Thus far no condensation problems have 
been reported yet. Still a situation where a dwelling is put at overpressure should 
be avoided. 

For the dwellings at Lindas Park the choice to provide with heat using electricity is 
quite good since the heating demand is very low. There is no district heating sys
tem nearby33 However, in an area that already has a district heating system, like 
Gilleskroken, using the district heating system for additional heating should be con
sidered as an option. Using district heating for additional heating of the dwellings is 
both economical and environmentally friendly. 

In the beginning of the project (year 2001-2002) the heat exchanger did not func
tion very well. The bypass function was put into function automatically far too 
often. By March 2003 the problems had been resolved as good as possible. See 
graphic 2.13. In the graphic the times when the bypass function is used are visible. 
This is when the efficiency of the heat exchanger decreases. If one looks at the 
temperature at these moments it is clear that the bypass function of the heat ex
changer is operational when the outdoor temperature rises. The bypass function 
contributes to more comfortable indoor climate. If the bypass function would not 
have worked occupants would have had to use manual airing or and solar shading 
to keep a comfortable indoor temperature. 34 Once the bypass function as adjusted 
optimally it contributed to a stable and comfortable indoor climate. 
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Table 2. L3. Temperature and 
effectiveness of the heat 
exchanger from 14-03-2003 until 
OL-04-2003 
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The indoor temperature has been measured from the beginning of the project 
(year 2001 ). Graphic 2.14 and 2.15. show graphics of the indoor air temperature 
from both the ground floor and the first floor. Data of two arbitrary dwellings are 
shown dating from January until September 2003. After the first two years the 
ventilation systems were adjusted optimally. During the year 2002 some data was 
lost. This makes the year 2003 the most reliable and representative. From the 
graphics one can conclude that the indoor temperature kept a comfortable tem
perature during these months. Only sporadic the temperature was below 20°C. In 
summer the temperature sometimes is as high as 30°C. Then the dwelling can be 
aired manually opening the roof window and some additional window(s) on the 
ground floor. 
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Table 2.14. Housing block C, house 
nr. 15. Temperature outside, on the 
ground floor and on the first floor 
from januari until october 2003. 

Table 2. l5. Housing block C, house 
nr. 16. Temperature outside, on the 
ground floor and on the first floor 
from j anuari until october 2003 . 
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The temperature and relative humidity of the air have been measured in the bath
room. This has been done in five dwellings (B8throughB12) of which B8 is a test 
dwelling. No people live here. See graphic 2.16. and 2. 17. People and their activi
ties, showering e.g., are simulated. The shower runs according to a simulation 
schedule. Attention has to be paid to the temperature which at times is very low in 
the bathroom. This depends on the fact that the door is closed most of the time. 
The bathroom has no own supply air. It depends on incoming air from the bed
rooms to heat the room.35 With a closed door this air will hardly reach the bath
room. Unfortunately there are no sufficient provisions for the air to enter the bath
room when the bathroom door is closed. Possibilities for the air to easily reach the 
bathroom, like air vents, should have been used. An additional heating element, like 
a heated towel rack, would have been a simple solution.36 Humidity of the air in the 
bathroom has, despite the low air temperatures, always been lower than levels that 
could lead to mould and moist damages. The humidity of the supply air was also 
quite low; the colder the outside temperature the lower the humidity of the supply 
air. However, there is still risk for mould and moist damage in some parts of the 
room. This is yet another reason to install an extra heat source in the bathroom. 

During the first half of February the automatic showering did not function in the 
test dwelling (B8). That is why the humidity of the air is much steadier during this 
time. 
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Table 2.16. Relative humidity of 
the air in dwellings B8untilB12. 
B8 is a test dwelling. 

Table 2 .17. Air temperature in 
dwellings B8 until Bl2. B8 is a 
test dwelling. 
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5.3.1. Windows 
First no airing through windows was measured in the test dwelling. Simply be
cause nobody lived there and therefore there was no-one there to open the win
dows. This Jed to very high indoor temperatures in summer. For the summer of 
2003 an automatic window opening system was installed, see figures 2.37 
and 2.38. When the indoor temperature reached 24°C both the roof window and 
kitchen window opened automatically. Once the indoor temperature was down 
to 23 ,5°C the windows were closed again. This showed how important the opening 
of the windows (airing) is in the ventilation of the dwellings. That summer the 
indoor temperature did not exceed 28°C whereas it exceeded 35°C during the 
summer of 2002. In addition to airing, solar shading should be used when summer 
temperatures are high. 

I INDA\ PARK 

Figure 2.37. Automatic opening of 
the roof window. 

Figure 2.38. Automatic opening of 
the kitchen window. 
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6. WINDOWS 

6.1. Heat loss 

Loss of heat through windows is relatively high . Looking at an average dwelling 
35% of the total heat loss is through windows. This means that a lot of energy can 
be saved by using energy efficient windows. 

Windows have many functions . They should let in light, protect against weather 
conditions, insulate etc . A complete list of performance requirements;37 

Sunlight and daylight penetration 
View out and view in 
Thermal insulation 
Control of air flow and ventilation 
Control of water vapour flow 
Protection against rain and snow 
Sound insulation 
Mechanical strength and rigidity 
Durability 
Fire protection 
Fire escape 
Burglary protection 
Insect protection 
Easy to open 
Window cleaning 
Child safety 
Aesthetical appealing 
Economical 
Sustainability 

6.2. Low emission windows 

Heat loss through windows can take place in three different ways;38 

I . Radiation 
2. Conduction 
3. Convection 

For traditional double pane windows (clear glass) most heat is lost by means of 
radiation . For low-emission windows conduction and convection are the primary 
causes of heat loss. Heat radiation from the room is stopped by the coating on the 
window panes.39 Radiation does not only cause heat loss through the windows. 
Solar radiation is transported through the windows during daytime by means of 
radiation. Part of this radiation is visible for the human eye. The wavelength inter
val between 380 and 780 nm is what is visible for the human eye. It contains 
approximately 50% of the solar radiation .40 

' " ""
1 'From 'Energ.y-Ftfo..:1ent Window Systems· H Btilovv-Hiibe . 2UIJ I 

" F mm · T \ an etenskap I 1g. anal y s a\ I ag..:nerg.i husen i L indas Park. Goteborg. '. 200_-; 
'" From ·Energ.y -Efti(1e11t Windm\ Svstems·. H BCtlow-Htibe. 200 I 

15% 

Figure 2.39. Heat losses through 
the building envelope and ventila
tion. 

Figure 2.40. Heat flow through 
windows. 
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Table 2.18. Transmittance of 
different types of glass. 
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Of great importance regarding windows is both transmittance as well as reflect
ance. Transmittance (Ts) is the solar radiation that the glass lets through. Reflect
ance (p s) is the solar radiation that is reflected by the glass. To be complete 
absorptance ( ex s) should be mentioned. It is the solar radiation that is absorbed by 
the glass. Graphic 2.19. and 2.20. show transmittance and reflectance for differ
ent types of glass; 

- Clear float glass (normal glass, no coating) 
- Low-e coated (Sn02) glass (glass with doped tin-oxide coating) 
- Low-e coated (Ag) glass (glass with a thin silver layer coating) 
- Solar control glass (glass with advanced, multiple layer coating, silver e.g.) 

Only a small amount of the wavelengths are visible. Clear 
float glass has a relatively high transmittance and low 
reflectance.The first research in this field was done by Svante 
August Arrhenius in Sweden in 1896. 

Coatings are used to create less transmittance at longer 
wavelengths. The choice and thickness of the coating deter
mines for a large amount the transmittance of the glass com
bination. The thickness of the coating film has a high influ
ence on its transmittance. See table 2.20. 
A silver-based coating of 7 i m transmits more than 80% at 
shorter wavelengths while a similar coating of 17 l m trans
mits less than 50% here. The double silver-based coating 
reaches transmittance levels of over 70% at small wave
lengths whereas transmittance decreases rapidly at longer 
wavelengths. This is a favourable transmittance curve. 
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Table 2.19. Reflectance of 
different types of glass. 
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Table 2.20. Transmittance of 
glass with a silver-based coating 
with varying thicknesses. 
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Ideal low emission glass has a transmittance of 100% for short wavelengths and a 
reflectance of 100% for long wavelengths, see table 2.21. T and R represent 
respectively the ideal transmittance and ideal reflectance situation. On the left 
(black line) the solar spectrum is shown. The blue line represents the sensitivity of 
the human eye. On the right heat radiation of three different 'bodies' (person, tv, 
e.g.) at different temperatures are shown. In the ideal situation the solar radiation 
(light) can transmit through the glass whereas the heat from the three 'bodies ' 
cannot transmit through the glass. lt is reflected back into the room, keeping the 
heat inside.4 1 

"Coated energy efficient windows transmit most ol the radiation in the visual 
range ol the solar spectrum so that the inhabitant has a good contact with 
the outdoor environment, but has a lower U-value than traditional windows 
so that less heat escapes from the house through the windows. These win 
dows are suitable for cold climates." 42 
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To increase a window's heat insulating capacity the air space between two layers 
of glass can be filled with an inert noble gas. The most common ones are Argon, 
Krypton and Xenon. Argon is cheaper than Krypton but less insulating. Using gas 
in the window's air space reduces heat loss by conduction. 
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41 From 'Tyaryetenskarlig analys a' lagenergihusen i Lindas Park, Goteborg · 
42 From 'Window aspects oflow ener1:,ry housing ~ The Lind:'\s case · 

Table 2.21. Ideal transmittance and 
radiation, solar and visible spec
trwn as well as radiation from 
three different bodies. 

Table2.22. U-valuesfromair,Ar
gon and Krypton gas at differ
ent air space distances. 
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The windows at Lindas Park approximate an ideal window much more than a 
traditional window with two clear glass panes. Transmittance is low at higher wave
lengths and reflectance is high at higher wavelengths. The ideal situation is indi
cated in graphic 2.24 and 2.25 . 
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6.3. Angle of incidence 

The angle of incidence is of importance regarding the amount of solar radiation 
that is transmitted and reflected. A sunbeam that strikes a pane of glass at a 
perpendicular angle of incidence will be reflected less and transmitted more than a 
similar sunbeam that has an angle incidence of 60°. The angle of incidence influ
ences the amount oflight that is reflected and the amount of light that is transmit
ted. In winter the sun is at a relatively low position. This means that the angle of 
incidence in winter (± 15°) is less than in summer (± 54°). Compared to the sum
mer, in winter more light will be transmitted and less will be reflected. In summer, 
when the cooling demand is highest, more light will be reflected and less will be 
transmitted. 

LINDAS PARK 

Table 2.23 . Transmittance of win
dows used at Lindas Park, clear 
panes and ideal transmit
tance. 

Table 2.24. Reflectance of win
dows used at Lindas Park, clear 
panes and ideal reflectance. 

' ' ' ' 

Figure 2.4 I . Angle of incidence. 
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6.4. Windows at Lindas Park 

At Lindas Park the total building envelope of one dwelling (not a gable dwelling) is 
380 m2

. The windows and doors have a surface of 19 m2
. The windows (without 

doors) have an area of 17 m2 and represent around 5% of the area of the building 
envelope.43 The insulating capacity of the windows is therefore of importance to 
the insulating capacity and energy efficiency of the dwellings. At Lindas Park two 
different window types have been used; 

1. Windows that can be opened. 
2. Windows that cannot be opened. 

Both combinations are triple-glazed, consisting of three 4 mm thick glass panes. 
See pictures 2.42. and 2.43. 

The fixed window consists of two 4 mm thick glass panes with an air space of 15 
mm between the two panes. This air cavity is filled with Argon gas. The glass 
pane facing the room has a thin silver layer on the window's inside. The glass pane 
facing the outdoors has a layer of tin oxide on the window's inside.44 This pane is 
at a distance of 84 mm from the middle pane. It is possible to open the window 
here for cleaning. The air space is filled with air. The pane with a layer of tin oxide 
can be cleaned without a big risk of tearing or in another way damaging 
the tin oxide fi lm.45 

The window that cannot be opened consists of three glass panes of 4 mm. In 
between the panes are two air spaces that are 15 mm. wide. Both the air 
cavities are filled with Krypton gas. The inner and outer glass pane have a low
emission coating facing the inside of the window. This coating is a thin silver 
layer. 

To calculate the U-value of the windows also the window frames have to be taken 
into account. Windows with a very low U-value often are fit in window frames 
that have a higher U-value. The frame could then be seen as a thermal bridge. The 
windows at Lindas Park have the following U-values; 

Fixed windows 
Operable windows 
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Figure 2.42 . Section of the 
openable window at Lindas Park. 

Figure 2.43. Section of the static 
window at Lindas Park. 
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According to the Swedish Energy Agency (STEM) an energy efficient window 
should have a U-value of 1,2 or less. See graphic 2.26. 

Sweden Wlm'K rrhe Netherlands Wlm'K 

En era v efficient < 1 ;2 Hiah enera vefficient rHR++l Low-e coatina &aas fi ll < 1 ;2 
Norma l 3- oa ne 2,0 Enerav efficient (HR\ low-e coatina 2 IJ 
Norma l 2-pane 3,0 Normal 2-oane 2 f3 

Normal one pane 5 f3 

Energy efficient windows do not only provide better insulation of the building enve
lope. The indoor climate also improves. The glass surface is less cold and cold 
downdraft will not occur. To prevent cold downdraft often a radiator is placed 
under the window. When the glass is well insulted the risk for cold downdraft 
decreases. At the same time it is no longer necessary to place a heating element 
under the window. Other, more efficient heating systems can be used instead.46 

Cold radiation is another phenomenon that can occur at a cold surface. When a 
warm ' body ' (person, TV, e.g.) is close to a cold surface (glass) the body will be 
cooled, giving a feeling of draft. 3 The bigger the temperature differences, the big
ger the problem. Cold downdraft and cold radiation can only occur when the tem
perature on the surface of the glass is 5 degrees (Celsius) colder than the indoor 
temperature. When installing energy efficient windows heat loss, cold downdraft 
and cold radiation will be much less. This is beneficial for the indoor climate. A 
more comfortable indoor climate is created. 

6.4.1. Angle of incidence 

The differences between the angle of inclination in summer and winter can be 
found in table 2.26 for the fixed 3-pane low-emission glass that has been used at 
Lindas Park. Tn the interval 780< <2500 nm (near-infrared radiation) of which 
only a part is visible in the graphic, the differences between the angles of incidence 
are minimal. Approximately 40% of the energy content from the sun is found 
within the near-infrared radiation interval. 47 This means that the angle of incidence 
has a smaller influence on the reflectance and transmittance of solar radiation at 
this glass type. However, the glass reflects a lot more light than the clear glass 
does. On the contrary is transmittance much less. 

T. R, A (%) 

' 
- L -

I 

I.INDAS PARK 

Table 2.26. U-values of different 
glass types in both Sweden 
and The Netherlands. 

Table 2.27. Influence of the angle 
of incidence of solar radiation on 

o 10 20 30 40 50 60 70 so 90 transmittance, reflectance and 
Angle of incidence (0

) absorptance (clear float glass). 

''"From ·T\ :in etenskapl ig a11alys a\ l<ig:energihusen 1 Lindas Park . Goteborg ·. 2003 
'
7 From ·T \ iin etenskapl ig analys m lagenergihusen i Limhls Park. Goteborg . 2003 
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Comparing clear glass and the glass types used at Lindas Park the transmittance 
and reflectance show a similar graphic for the visible wavelengths. Within the 
visible interval (3 80</\ <780 nm) the difference is not that big. At longer wave
lengths however the reflectance is over 60% at the Lindas Park glass and less 
than 20% at the clear glass. Looking at the transmittance it shows a different 
image. Again the situation is comparable at the visible interval. However, at high 
wavelengths the clear glass transmits much more light than the glass at Lindas 
Park. At wavelengths over 2000 nm the glass at Lindas Park transmits almost no 
energy anymore whereas the clear glass still transmits around 60% of the energy. 

Clear glass Fixed 3-pane combination at Lindas Park 
100-' ---~---~---~--

I 

80f 

normal 

Transmittance 

.c 

.2' 

~ 60f 
B 
0 
" . °' . i 40~ 
~ 

20 

' "-... normal 

~ 60rlegrees 

o~-50~0---1-0~00 ___ 1_5~00---2~00_0 ___ 2500 400 500 600 700 800 900 1 ODO 1100 

The ideal situation is also indicated in the graphic. In both cases the glass combina
tion that is used at Lindas Park approximates the ideal glass most. The reflectance 
increases at longer wavelengths. The 2-pane clear glass combination has the same 
reflectance for all wavelengths and does never exceed 20 % reflectance. The 2-
pane clear glass combination shows a better situation when looking at transmit
tance. At shorter wavelengths the glass transmits over 80% of radiation. This 
decreases only slightly at longer wavelengths. The glass combination used at Lindas 
Park shows a maximum transmittance of around 70% at shorter wavelengths. At 
longer wavelengths the transmittance decreases soon, not letting through longer 
wavelengths. Regarding both reflectance and transmittance the glass combination 
used at Lindas Park approximates the ideal situation most. This is therefore a more 
favourable option than using 2-pane clear glass. 

Transmittance Reflectance 
1001

=. ~--~--,~- --- - , --

! - I 
stat ic \'l.' indowrombination 

1<./eol 1ri.1ns1111f/un( ·, 
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\\ J\ ele11glll 11 1n 

Table 2.28. and 2.29. 
Transmittance and reflectance at 
different angles of incidence for 
both clear glass as well as static 
3-pane glass used at Lindas Park. 

Table 2.30. and 2.31. 
Transmittance and reflectance of 
different glass types and ideal 
transmittance and reflectance. 
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6.4.2. Surface temperatures 

It is important that the temperature of the window surface is not more than 5°C 
lower than the room temperature. In the rapport 'Tvarvetenskaplig analys av 
lagenergihusen i Lindas Park, Gateborg ' a comparison of data has been made, 
comparing the terrace houses at Lindas Park with two other Swedish dwellings. 
These are a terrace house in Uppsala built in the 1970's and a modern villa in 
Uppsala built in the l 990 's. The terrace house form the l 970's could be compared 
to the terrace houses at Gilleskroken, built in 1968-1969. It also has two-pane clear 
glass windows with heating elements under the windows. The villa uses floor heat
ing. First the results from Lindas Park will be shown and discussed. 

Temperatures have been measured in Lindas on and near the glass surface of a 
window that has an orientation towards the south. Clear is that the temperature at 
some centimetres distance from the window is higher than the actual glass tem
perature. When the sun starts to shine it heats the glass and causes the glass 
surface temperature to rise rapidly. The glass surface reaches values of over 25"C. 
The outside temperature was during these measurements no higher than -2°C. 
Close to the floor the temperature is lower than in the middle of the window. The 
glass temperatures in the big bedroom on the north side at Lindas Park are shown 
in table 2.33 and 2.34. The temperature on the glass is in the interval l 4-l 8°C. 
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Table 2.32.Temperatures at differ
ent measure points near the 
window at Lindas in winter. 
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Compared to Lindas Park and the villa the windows at the terrace house have a 
strong draft. The indoor temperatures are much higher here; over 23°C. The villa 
has values of 20°C, whereas L indas Park has an indoor temperature of only 18 to 
l 9°C. Temperature differences on a window surface are much higher in the ter
race houses in Uppsala (interval l 2- l 7°C). Even the villa has higher temperature 
differences than the window at Lindas Park (interval 13 ,5-17,5°C) . In the terrace 
house in Uppsala ther is a difference of 6 to 7°C between the middle point of the 
window and the room temperature. This can cause cold downdraft and cold radia
tion . In Lindas Park this temperature difference is only 2°C. The indoor tempera
ture does therefore not have to be as high as in the terrace house. A much more 
comfortable indoor climate is established. 

Dwelli ng In doo r temp. Floor close lo Diffe rence center of Diffe rences on the 
window glass and in the edges of the glass 

room 
Dwelling in Lindas Park 18 to 19 18 ,4 2 3 lo 4 

Vila in Up psa la 20 19,1 3 lo 4 5 

Terrace house in >23 22 6 to 7 5 
Uoosala 

Table 2.33. Temperatures at differ
ent measure points on the win
dow, from bottom to top. 

Table 2.34. Temperatures at differ
ent measure points on the win
dow, from left to right. 
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""" Figure 2.44. Different measure 
points on the window. 

Table 2.35 . Temperature differ
ences at the three different dwell
ings in Lindas and Uppsala. 
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Table 2.36. Temperatures at differ
ent measure points on the win
dow, from bottom to top . 

6.4.3. Light 

A consequence of the well-insulated walls at Lindas Park is that these walls are 
very thick (520 mm). Less sunlight can enter the dwelling. The thick walls block 
quite some sunlight. A solution is to give sunlight more space to enter the dwelling 
and create oblique edges near the window frames. When doing this more sunlight 
can enter the dwelling. However, the wall is less thick and will insulate less. 

In Lindas the walls are quite thick (520 mm). To get in daylight the windowsills are 
painted white. Also the walls are a little bit oblique like in situation 1 in picture 2.45 . 
Creating walls with a lot of insulation material will cut down energy losses but it 
will at the same time prevent sunlight from shining into the dwelling. It is therefore 
important to limit the sizes of the walls. A wall that is as thin as possible is best from 
a day light point of view. Therefore it is of importance to find the optimal situation; 
a wall that insulates well and is not too thick. The same goes for window frames . 

Number or Clll . fro m lcfl edge 

Table 2.37.Temperatures at differ
ent measure points on the win
dow, from left to ri ght. 
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Figure 2.45. Influence ofobliquity 
of the window frame and window 
sill the amount of solar irradiation. 



3. RENOVATION 



Paulien de Bru1jn LTH-TU e Energy efficiency in terrace house renovation 

1. INTRODUCTION 

1.1. Student rooms 

The dwellings are very spacious. There is an available floor area of 212 m2 divided 
over three floor levels; basement, ground floor and first floor. Approximately 60% 
of the dwellings only have one or two occupants. Most of them either are retired 
or will retire in the near future . Chances are that they will soon want to have a 
smaller and more practical dwelling. They also think very highly of their dwelling 
and neighbourhood. They would like to continue living in their current dwelling. 

At the same time Lund is a student city with a high demand for student rooms. 
There is a need for more student rooms in the city. 

Both these factors point at a direction where the dwelling is not only renovated but 
also is transformed into a several new dwellings. On the ground floor an apart
ment can be created for the current, senior, occupants. This apartment will have a 
floor area of 50 m2

. It will contain a hall , living room, kitchen and bedroom. From 
this apartment there is also acces to the garden. The apartment is easy to reach as 
it is on ground level. On the first floor two independent student apartments are 
created. They both have a kitchenette and a bathroom. The two student rooms 
have floor areas of 30 and 31 m2

. 

The staircase will become a communal staircase. A communal storage space for 
bicycles, lawn mover, etc. is created next to the entrance. The laundry room in the 
basement will be communal. The former ' gillestugan' in the basement will be 
owned by the occupant(s) of the ground floor apartment. They can use it as a 
guest room or hobby room. All other storage space is owned by the current 
occupant( s ). 

1.2. Sunroom 

The dwellings at Gilleskroken have two different orientations; some dwellings are 
orientated N-S , others are orientated E-W. The dwellings that have their entrance 
on the north side and their living room on the south side could consider building a 
sun room. A glass wall will be ereted in front of the terrace and balcony, creating 
a sun room at the back of the dwelling. It will cut down the heating demands for 
space heating. The sun room can be used from early spring to late autumn. This 
sun room is not heated. It will have to be cooled in summer which can be done by 
opening windows at ground level and near the roof and by using shadings. Studies 
are made to determine if building a sunroom will decrease heating demands so 
that creating a sun room can be justified from an energy perspective. 
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Gilles tuga n 

21 m2 

3770 

Food storage 
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After renovation 

7567 

3487 

Storage room 

19 m 2 

Laund ry room 

11 m2 

The ways to reach the basement stay the same. 
The laundry room becomes a communal space so 
that all occupants of the dwelling can wash their 

0 

clothes here. The ' gillestugan' is now a guestroom/ ~ 
hobbyroom for the occupants of the senior apart
ment. The storage space also remains a space for 
the senior occupants. 

RENOVATION 

Basement 

Current situation 
The basement can be reached in two ways. One way 
is to take the stairs from outside, close to the entrance. 
Then one enters the dwelling through the laundry room. 
Another way is to take the stairs down from the hall 
on the ground floor. In the basement there is a 
' gillestugan' (hobbyroom/spare bedroom). Also there 
is a lot of storage space. There is a laundry room where 
the washing machine and dryer can be placed. 

7567 

o 21 m2 

D 

Storage space 

5 m2 

3487 

Storage room 

19 rn2 

Laundry room 

11 m2 
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From the hall one can reach the senior apartment This 
apartment has a kitchen, living room, bedroom and 
bathroom. From the hall one can take the stairs down 
to the laundry room and spare bedroom/hobbydroom. 
From outside a storage space can be reached. 

Ground floor 

Current situation 
There is a living room, kitchen and office/spare bed
room All these rooms can be entered from the halL 
From the hall the stairs leads up to the first floor and 
down to the basement Left of the entrance there is a 
toilet A small storage space next to the toilet can be 
reached from the outside. There is a terrace at the 
back of the house. This can be reached from the 
kitchen. 
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The first floor can be reached by the stairs that lead 
from the communal hall on the ground floor to the first 
floor There are two apartments. Both house a one 
student One apartment is situated at the back of the 
dwelling with a view towards the garden. It has a small 
hall , living room with kitchenette, a bedroom and bath
room. The other apartment is situated at the front of 
the dwelling with a view towards the street This apart
ment has a living room with kitchenette, bedroom and 
bathroom . Both apartments have a floor area of 
approximately 30 m2

. 

RENOVATION 

First floor 

Current situation 
The first floor can be reached by the stairs that lead 
from the hall on the ground floor up to the hall on the 
first floor. There are four bedrooms. The master bed
room is 18 m2

. The smallest bedroom is 9 m2
. There is 

a walk-in-closet for clothing and as extra storage 
space. From the master bedroom the balcony can be 
reached. There is a bathroom with a bathtub. 

Living room 

18 m 2 

3990 

8000 
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2. ACOUSTICS 

When creating student rooms in a dwelling several apartments are situated in one 
dwelling. Proper acoustical insulation is necessary in order to create a comfortable 
indoor climate. If the occupants were to be disturbed by each other their pleasure 
of living in their dwellings would decrease. It is important to be able to live in a 
dwelling without being disturbed by the noise from the neighbours and without 
being a source of disturbance for one's neighbours. In a research1 done by Statis
tics Sweden (SCB) tenants were asked about what they think is important regard 
ing their dwelling. They answered as follows: 

I . Good acoustical insulation 82% 
2 . Common rooms and spaces are well taken care of 76% 

(stairs, attic, basement, park) 
3. Modem laundry facilities in good condition 75% 

(in Sweden common laundry facilities are available in most apartment blocks) 
4. Quick help in case of defects 74% 
5. Easy to get in contact with the property 's tender 71% 

According to Andreas Novak2, 'There is apparent needfor higher sound insu
lation in Swedish residential buildings. ' When noise levels are sufficient to 
cause annoyance or discomfort or difficulty of communication between persons, 
noise quieting is recommended. 3 Noise does not only influence the psychological 
health of people. It also has its effect on people 's physiological health. There is 
ample justification for classifying noise as an occupational hazard along with gases, 
fumes , dust, toxic liquids, and bacteria.4 

Regarding sound and sound insulation one can distinguish airborne sound insula
tion and impact sound insulation. Sound insulation deals with the reduction of 
sound transmission from one space to another. Sound transmission is caused by 
the vibration of a separating building element (wall, floor, ceiling, etc.) . When this 
vibration is caused by the pressure of sound waves striking the other side of this 
e lement it is referred to as airborne sound. When the sound is transmitted by 
mechanical impacts on a structural element it is referred to as impact sqund. 5 

Figure 3. l. Airborne sound trans 
1mss1on. 

1 Fro111 ·siikrmg a\ l.1udk\ alitet 'id projektering a\ bostadshus 
: Author ot"Studies of Sound Insulation in Buildings· S Ljunggren. 199:' 
''

1""'"i.' Fro111 ·sound Control and Ther111al Insulation of Buildings'. PD Close_ 1966 

Figure 3.2. Impact sound trans
m1ss1on. 
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Decibel (dB) is the unit of sound level. The threshold of audibility is at approxi
mately a pressure amplitude of 0,0002 micro bar. This is the reference level of 
human hearing and therefore equals 0 dB .6 Human hearing thresholds are be
tween 0 and 140 dB, with 0 dB being the minimum sound pressure level audible for 
man and 140 dB being the pain threshold. 
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Dwellings inclus.ive of their ex.ternal walls, floors and ceilings, 
doors. windows and air intakes, s.hall be designed in such a \vay that 
outdoor noise and noise in adj oi:ning space.s is attenuated and does 
not to an annoymg extent disturb those who are pres.ent in the dwel
ling. If a noisy activity adjoins dwellings, special sound insulation 
measures shall be taken 

General recommendation: 
The above requirement is met if 
- the values given for Class (' in SS 02 52 67 (2) are at the mini

mum obtained and in addition 
- the r~ommendatiou in foo1note l to Table .u in SS 02 52 67 

(2) is followed and 
- he recommendation iu footnote l to Table 4 .2 in SS 02 52 67 (2) 

is met 
Classes A and B in SS 02 5 2 67 (2) may be chosen if ~pecial 

good w und condttious are desired. (BFS 1998.33) 

'From ·sound C ·untrol and Therm a I 1 nsulation of Bu1 ldmgs · _ P D ('k1se. I C)66 

RENOVATION 

Figure 3.3. Different activities and 
their sound levels . 

Figure 3.4.Paragraph from the 
Swe-dish Building Code. 
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The requirements regarding minimum sound insulation given in the Swedish build
ing code have hardly been changed since 1945 and then they were based on build 
ing constructions from the 191" century. 7 

1 n Sweden a classification in four standard sound insulation classes exists. 8 

Class A 
Class B 
Class C 

Class D 

This is the highest class, giving very good acoustical conditions. 
This is the next highest class, giving good acoustical conditions. 
Represents the minimal demands by the Swedish Building 
Regulations (BBR) 
Equals the acoustical conditions of dwellings built in stone or brick 
at the beginning of the 20111 century. 

The changes made in Gilleskroken should at least comply with the demands from 
class C This means that there is a minimum Rw-value of 52 dB and a maximum 
Ln-value of 58 dB between apartments. The Rw-value expresses the reduction of 
transmission . Less transmission means a higher R-value. 
Rw means that different thirds are weighed. The Lo-value expresses the impact 
sound transmission. It is measured in a standardized level Ln. When different 
thirds are weighed it is called Ln,w. More transmission means a higher Ln,w
value. Inside one apartment there are no demands regarding acoustical insulation 
from one room to another. 

MJNIMUM AIRBORNE SOUND INSULATION R'w IN dB; 
Aco1:s11c cuss C 
B ETWEEN A FLAT AND A SPACE OUTSIDE THE FLAT ~ 
B ETWEEN ACCESS BALCONY AND HABlTABLE ROOMS '39 
B ETWEEN STAIRCASE/CORRIDOR AND A SPACE IN THE FLAT ADJOINING THE CORRIDOR '39 

MAXIMUM IMPACT SOUND LEVEL BETWEEN DIFFERENT SPACES L'n,w IN dB; 
Acm ST/(' CLA.)'.)' c 
To A HABITABLE ROOM FROM STAIRCASE, CORRIDOR OR ACCESS BALCONY 

OTHER SPACE OUTSIDE THE FLAT 

7 From 'Studies of Sound Insulation in Buildings·. PD Close. 1966 
' From "Ljudisolering: i bostadshus byggda pa 1960-talet- en sk1ift om haliteter. brister 
och forbatttingai". S Blomquist and S Danielsson. 2002 

Figure 3 .5. From the Swedish 
Building Code. 
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2.1. Acoustical insulation at Gil/eskroken 

Outside walls 

The wooden outside walls are connected to the brick walls between the dwellings. 
If the wooden outside walls would be connected to each other, from dwelling to 
dwelling, the acoustic situation would not have been as good. Now the wooden 
outside walls end at the brick walls between the dwellings. These brick walls are 
constructed in two layers of brick (120 mm) filled with mineral wool (60 mm) . The 
brick walls comply with class C's demands. No extra acoustical insulating meas
ures have to be taken. If the wooden outside walls would have been constructed in 
such a way that the walls go from dwelling to dwelling, without a barrier there 
would have been a less good acoustic situation. Sound could be transmitted 
through the outside wall from dwelling to dwelling. 

wooden outside wall; 
gypsum board 9 mm 
mineral wool and studs 
g5 mm 
BS fa board 
masonffe stn"p 5 mm 
wooden panels 15 mm 

brick 120mm 

COi--+-- mineral wool insu· 
Jation 
60 mm 

Figure 3.6. Current situation. Sound is 
not transmitted to the neighbouring 
dwelling. 

Inside walls 

\11.'00den outside wau. 

wooden panel 15 mm 
masonl1e strip 5 mm 
asfaboard 1 O mm 
studs & insulation 95 mm 
gypsum board El mm 

Figure 3.7 . Situation where sound is easily 
transmitted to the neighbouring dwelling 
through the facades . 

The inside walls at Gilleskroken consist of wooden frames (studs and rails) with 
gypsum board panels on the outside. A wooden frame with studs of either 95x45 or 
120x45 mm is the structural element of the wall. On the frame gypsum board 
panels are connected. No mineral wool insulation is used for sound insulation . For 
acoustical insulation between rooms inside one dwelling class C does not make 
any demands. It would however be advisable to fill the air cavities with mineral 
wool for additional acoustical insulation. This can make a difference of 6 to 8 dB. 9 

If student apartments are created in a dwelling higher demands are made regard
ing these walls ' acoustical insulating capacities. An Rw-value of at least 52 dB is 
required. 

''From 'JsO\·er en geluid - Theorie en praktijk oYer geluidsisolatie en 
geluidsabsorptie'. leatlet 

RENOVATION 
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For improving the existing situation ofa lightweight inside wall the following meas 
ures can be taken; 10 

1 Increasing the number of gypsum board panels 
2 Increasing the air cavity dimensions 
3 lncreasing the filling of the air cavity with acoustical insulation material 
4 Using a double frame with air cavity 

All of these measures will improve the acoustical insulating capacities of a light
weight wall. When creating apartments in a dwelling the wooden parquet floor will 
have to be taken out. New walls have to be built and some parts of existing walls 
will have to be taken out. When creating apartments it is not possible to keep the 
curent floor. This means that the walls can take up a bit more space than they do 
now. Currently the inside walls are either 95 or 120 mm wide. The walls that will 
separate one apartment from another will have to provide with an R ' w-value of at 
least 52 dB. The following construction is a suitable one. lt consists of wooden 
studs and rails of 70x45 mm. with an air cavity of 10 mm. The two frames are 
filled with mineral wool (70 mm). On both sides of the wall two layers of gypsum 
board panels (13 mm) are connected to the frames Multiple layers of gypsum 
board panels increase the acoustical insulation. 

J1 

c/' 

Inside waJI: 
13 mm gypsum board 
13 mm gypsum board 
70 mm studs. rails and mineral wool 
10 mm air cavity 
70 mm studs, rs/ls and mineral wool 
13 mm gypsum board 
13 mm gypsum board 

choice ol /kJor by occupfrls 
l 

. concrete floor slab 160 mm 
oC 

Figure 3.9. New inside wall. Airborne sound insulation 53 s_R' w :s._55 dB. 11 

~ r"111 · ! "P' c:r -.:11 '-'L'l11id I ii, ·1·1_ :Ii ,,,. i!. '.!ik 1'' .:r· :"::lu1d-.:r"Pldtic: -.:11 

;elu1d,,d·-.111 ptic . k-1lk1. 

Fr•,111 111tc:r\ lei\ \\ 11h i>d I L11111111r !)11il,!1 11;! \~1111-tl,'" I I I I 1\ll q'ril I'\ -.!ll!.; 

Rw: 45 dB Rw: SO dB 

1. [ncreasing the number of 
gypsum board panels 

----- _=i 
7YSMliN WfJJJfJ 

2. [ncreasing the air cavity 
dimensions 

II: ·I! ?' ! 
- i _.,., paohally M~I ~l1e<1oom:iiete1y 

3. lncreasing the filling of the 
air cavity with acoustical 
insulation material. 

4. Using a double frame with 
air cavity. 

Figure 3.8. From the Swedish 
Building Code. 
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Walls that are situated within an apartment do not have to be insulated. It is how
ever advisable to do this anyway. The gypsum board panels can be taken away on 
one side. Mineral wool can be put in between the wooden studs. Afterwards new 
gypsum board panels can be put in place. For additional acoustical insulation 
two (or even three) layers of gypsum board panels can be used. 

Floors 

The floors at Gilleskroken are made of concrete (160 mm). On top of the concrete 
slab wooden rails (75 mm) are placed. In between these rails insulation material 
(mineral wool, 50 mm) is placed. On top of the rails parquet is connected. This 
floor complies with class C demands. It provides with an Ln-value of approxi
mately 58 dB. 12 If one wants to improve the acoustical qua] ities of this construc
tion a layer of foam can be placed underneath the wooden rails . This does how
ever mean that the existing parquet floor will have to be removed to be able to put 
this foam underneath the wooden rails. When the foam is placed sound will be 
reflected by both the mineral wool as well as the foam . The sound that transmits 
through the parquet either ends up at the mineral wool or at the foam. This sound 
is reflected back into the construction and is not transmitted to the underlying 
apartment. In the case of the new apartments this is easy to place this foam. The 
floor will anyway be removed. When a similar floor is used after renovation the 
foam underneath the wooden rails will create better acoustical insulation. If the 
floor is not removed for other purposes it is not advisable to do so just for acousti
cal reasons. The current floor provides with enough acoustical insulating qualities. 
However, some sound pollution can occur because of tranrnittance through the 
wooden rails . 

transmission 
transmission 

RENOV!\rlON 

Figure 3.10. Sound transmittance 
and reflection through the floor. On 
the right with foam underneath the 
wooden rail s, on the left without 
foam. 
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3. FIRE 

The dwelling will have to live up to the demands set by the Swedish Building Code 
(BBR), After renovation and changing the dwelling into three apartments the de
mands on the dwelling regarding fire safety change. Three apartments are now 
situated in what used to be one dwelling. The three apartments do however still 
belong to the same property; they have one owner. This means that demands on 
apartment separating walls are not as high as when the apartments would be dif
ferent properties. The wall in between two terrace houses is constructed in two 
layers of brick ( I 20 mm ) with a layer of 60 mm mineral wool in between. This wall 
creates a good barrier between two terrace houses. The brick wall goes all the 
way up, separating one roof from another. Fire cannot spread from the inside of 
one roof to another. 

5:64 Attics and ceiling voids 
Attics and ceiling \•oids shall be constructed so that the risk of the 
spread of fire is limited. 

A ceiling \'Oid which extends O\."ef a number of fue compartments 
shall be sepuated by construction to not less than the fue resistance 
class whkh is required for the compartment walls. 

Also, this wall does not end at the fa9ade . It ' sticks out' somewhat 500 mm. For 
fire safety this is a good situation, fire cannot easily spread from the fa9ade of one 
dwelling to that of another. When student apartments are created walls between 
apartments have to be fire resistant for at least 60 minutes. Fire is not allowed to 
spread from one apartment to another during this time . The wall s that are used 
between two apartments are as follows; 

2x gypsum board panel 13 mm 

wooden studs 45x70 mm 
600 mm centre to centre 

glasswool insulation 70 mm 

air cavity 10 mm 

•,· i. 

glasswool insulation 70 mm 

wooden studs 45x70 mm 

2x gypsum board panel 13 mm 

According to the product qualification oflsover this wall will provide with a fire 
resistance of 60 minutes. 

Figure 3.11. From the Swedish 
Building Code. 

Figure 3.12. Inside wall at 
Gilleskroken after renovation. 

61 

This is what is required by the BBR. The facades are a sensiti ve point regarding 
fire safety. A fire can spread from the ground floor to the first floor through the 
fa9ade. For thi s reason it is important to create a fa9ade that will not easily burn. 
This is difficult to achieve with a wooden fa9ade. It is better to use glasswool or 
mineral wool instead of polystyrene insulation. Polystyrene burns very easy; fire 
will spread from one apartment to another through the fa9ade . For fire safety 
reasons it is therefore advisable to choose glasswool or mineral wool insulation in 
the facades . 

The floors between apartments are constructed in concrete (160 mm). This should 
be sufficient as fire resistance between two apartments. The stair case is commu
nal. This means that doors going from one apartment to the hallway/staircase 
should be fire resistant and shut when not in use. The doors should automatically 
close so that they do not stay open for a longer period of time. A spring can be used 
on the door for this purpose. The stairs are constructed in wood. Wood burns 
easily. Preferably the stairs have a hi gher fire resistance. The wood should be 
impregnated with fire resistant coating. The stairs are an escape route. Every 
apartment should have at least two escape routes . In this case they are ; 

1. the stairs and hall 
2. the window(s) 

The windows on the first floor are not higher than 5 meters from the ground. 
People can jump out of the window in case of a fire and survive the fall. 

5 :3 7 4 Dwellings 
Escape from a habitable room in a building of Class Br2 or Br3 shall 
be possiole without the assistance of the rescue senice. 
(BFS 1995:17) 

General recommendation: 
An escape roote from a habitable room may be arrmged by means 
of one of the fol.lowing: 
a) Esit to an escape route (e.g. stain outsMie the dwelling). 

b) But clirecdy imo the e:aemal air at ground level oa- to an 
outside 5Wrs oa- fixed ladder comttucted in accordance with 
Swedish Stmdard SS 83 13 40 (1) wbkh leads to grOUDd le\"el. 

c) An openab!e window with the bottom of the opening not more 
the 5.0 m abo\t.e the ground leve! outside. 

cl) Access to another nearby room 011 the same storey which 
ce>mplies with the requiremems accord.mg to a). b) or c) ifdris 
room cau be pm out of conmnmication 'Aith a storey below by 
dosing one or more doors. (BFS 1995: J 7) 

RENO\~ATION 

Figure 3.13. From the Swedish 
Building Code. 
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4. MOIST 

In the Swedish and Dutch climate the outside temperature often differs from the 
indoor temperature. This means that there also is a difference in air humidity. 
Warm air can contain more water vapour than cold air. When this air cools down 
it cannot contain as much vapour anymore. If this happens close to a surface, 
condensation on this surface will occur. This can also happen inside a construc
tion. A cold surface (glass e.g.) will therefore sooner have condense. Moist and 
condensation in and on building elements will be discussed in this chapter. In the 
ventilation chapters specific comments are made concerning moist in the indoor 
air and ventilation. 

Brick outer wall 

The brick outer walls at the end of each block of houses consist of three different 
layers; Brick 120 mm 

Mineral wool thermal insulation 140 mm 
Brick 120 mm 

There is no air cavity to transport any vapour that ended up in between the two 
brick walls out of the construction, there are no ventilation openings in the brick 
walls neither. Any moist that ends up in the construction is not ventilated and can 
condensate . A calculation is made to determin~ the relative humidity in the con
struction. It shows that between the outer brick wall and the mineral wool layer 
relative humidity is 1,60 ( 160%). This means that there is a high risk for condensa
tion here. Assumptions made in this calculation are as follows ; 13 

Indoor temp. Tin = 22 °C 

Outdoor temp. Tout = -10 °C 

Relative air humidity indoor <p = 0,90 (90%) 

Relative air humidity outdoor <p = 0,35 (35%) 

The calculation method and results can be found in the appendix. 

Currently there is a very high risk of condensation between the outer brick layer 
and the mineral wool. Most likely the mineral wool has gotten wet throughout the 
years. This affected the thermal insulating capacities of the brick wall. Wet min
eral wool insulates much less than dry mineral wool. For thermal insulation rea
sons and because the existing brick wall is damaged a new will be built up around 
the existing brick wall. Also a new layer of insulation will be applied. The current 
brick wall is damaged. Something needs to be done to improve both the appear
ance as well as the thermal insulation of the wall. 
The original wall has an R-value of 4,08 m2 K/W (U = 0,25 W/m2 K). When 50 mm 
of polystyrene (EPS) is applied on the outside of the wall, with a new brick wall 
(60 mm ) on the outside the R-value is 5,62 m2K/W (U = 0,18 WI m2K). The risk 
for condensation is lower, but still present, and even on two places; in between the 
brick and polystyrene ,Cp = l , 12) and between brick and mineral wool (<p = 1,05). 
The risk for condensation between brick and polystyrene can be solved by creat
ing an air cavity (20 mm) in between the two layers. From here any vapour can be 
ventilated out of the construction. The condensation risk between brick and min
eral wool is still present. It is however a lot lower than before; it went down from 
<p = 1,60 to .<p= 1,05 . The vapour that condensates in between brick and mineral 
wool layer will not be able to leave the construction easily. Not much can be done 
about this. One cannot reach in between the two existing brick walls. 

outside 

Tin= -lU °C 

inside 

<p = U,90 <p = 0,35 

~ "' 
1,60 

Figure 3.14. Existing brick outer 
wall with condensation <p = 1,60. 

I 1 11 

<p = 0,90 

outside 

Tin = -1 0 °C 

<p= 0,35 

~~ 1, /2 ~ l ,05 

Figure 3.15 . Brick outer wall with 
polystyrene insulation and new 
brick lay er on the outside. 

~(} 

I> ii ' II l 2 11 I [ I I l 2 11 

t -- f 

<p= 0,90 <p = 0,90 
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inside 

outside 

Ti n =- 10 °C 

<p= 0,35 

Figure 3.16. Brick outer wall with Figure 3.17. Brick outer wall with 
mineral wool insulation and new mineral wool insulation, air cavity 
brick layer on the outside . andnewbricklayerontheoutside. 

If mineral wool is used instead of polystyrene insulation the risk of condensation in 
the existing construction decreases to <p = 0,99. However, the risk for condensa
tion between the new outer brick wall and the new mineral wool increases to 
<p = 1,21. This problem can be solved by creating an air cavity, as mentioned 
before. 

RENOVATION 
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Wooden outer wall 

The existing wooden wall does not have a vapour barrier. This means that the risk 
of condensation is high. Vapour can go straight through the construction. Calcula
tions show that condensation will occur in between the outer wooden panels and 
the asfaboard ( <p = 1,89), and in between the asfaboard and the wooden frame 
with mineral wool insulation (<p = 2,21 ). So the asfaboard has possible condensa
tion on both sides. If a vapour barrier would have been used there would not have 
been a relative humidity of > 1 in the construction. The highest values are then 
cp = 0,91 in between wooden panel and asfaboard and cp = 0,84 in between 
asfaboard and the wooden frame with mineral wool insulation. This example shows 
how important the vapour barrier is in a wooden wall. It can prevent ~ondensation 
problems. 

wooden panels 15 mm 
air cavity 5 mm 

outside 

masonite strips 5 m .. m,.:_=~~~~~~~OOi~~~~~~;ij~~~~~~ 
asfaboard 1 0 mm -

mineral wool 95 mm --i--r-i
wooden studs 45x95 mm 

inside 

C{J out = 0,90 

~~~ii~~~~~~~~~~~~~~........c:: cp = 1,89 ~ l........c:cp=2,21 

I 

~~~~~~~~~~~~~~§-1 ........c:: cp = 0,39 

(/Jin = 0,35 

C{Jout = 0,90 

~~~~~~~~~~@~~~~iSi~~~~~........c:: cp = 0,91 
jO I ........c:: cp = 0,84 

I 

(/Jin= 0,35 

R = 2,44 m2K/W 
U = 0,41 W/m 2K 

Figure 3. I 8. Wooden outer wall. 

Figure 3.19. Wooden outer wall 
and relative air humidity in the 
construction. 

Figure 3.20. Wooden outer wall 
with vapour barrier and relative air 
humidity in the construction. 
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When the amount of thennal insulation is kept the same but the construction is 
changed so that ventilation can take place behind the wooden panels the risk for 
condensation already diminishes. In between the outer gypsum board and the 
wooden frame relative humidity is cp = 1 ,22 instead of cp = 2,21 in the existing 
situation. 

inside 

outside 

When extra thermal insulation is used relative humidity in the construction be
comes less. On the outside of the wooden frame I 00 mm polystyrene panels are 
placed. The outer wooden panels are connected to the wooden frame through 
the polystyrene panels. Between the frame and the polystyrene panels relative air 
humidity is;cp = 0, 74. When however a vapour barrier is used on the inside of the 
construction the relative air humidity in between the frame and the polystyrene 
panels goes down to q> = 0,26. See figure 3.24. on the next page. Again the 
vapour barrier makes a big difference. 

R = 2,20 m 2K/W 
U = 0,45 W/m 2K 

RENOVATION 

Figure 3.21. Wooden outer wall 
with ventilated air cavity on the 
outside. 

Figure 3.22. Wooden outer wall 
with ventilated air cavity on the 
outside, relative air humidity. 
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polystyrene 100 mm I 

R = 5,03 m2KIW 
U = 0,20 W/m 2K 

00''. _:,r\19·ii:::. ;()Q '';,>11 

A model has been made in the program DEROB-LTH to see the impact of chang
ing the wooden outer walls. The results and conclusions can be found in the DEROB 
section. 

Roof 

The existing roof is a cold roof This is caused by the fact that the insulation of the 
roof lies in the roof instead of on top of it. Part of the roof is not thermally insu
lated; cold. A cold roof can easily suffer from condensation problems. Vapour 
from indoor can go through the insulation material. The temperature falls and there
fore the air's capacity to contain water vapour goes down Air at a low tempera
ture cannot contain equally much vapour as air at a high temperature. The conden
sation problems occur in the roof because the insulation lies inside the roof In a 
cold roof it is very important 

Figure 3.23. Wooden outer wall 
with l 00 mm extra polystyrene in
sulation. 

Figure 3.24. Wooden outer wall 
with 100 mm extra polystyrene 
insulation and vapour barrier. 

wooden frame 
700111111 

111i11eral wool 

11i11eral wool 1. To create a vapour barrier between the indoor climate and the roof brick 120 mm 

2. 
construction. 
To provide with sufficient outdoor air ventilation in the ' cold' part of the 
roof 

111i11eral ;:oool -+-?t'~ 
140111111 wooden panel 

18.75 mm 

Figure 3.25. Existing roof and 
brick outer wall. 11'1r<:' 11<1' arh>u1· 

h;1rr1c:r 111 the co'd~tlll!.'" n>uf 
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For this purpose air vents are present in the fa<;ades ; two in each favade. For more 
ventilation the openings in the vents should let through more air. Also, and addi
tional third vent can be installed. The ventilation capacity of the vents depends on 
the grates per vent. If a vent has many grates it cannot let through as much air as 
a vent with few grates. Possibly the existing air vents should be replaced by vent 
that are more open and that can provide with more ventilation . 
The vapour barrier will have to be placed underneath the insulation material. A 
vapour barrier foil can be stuck to the existing wooden panel (ceiling). Gypsum 
board panels can be stuck to the ceiling and vapour barrier foil from underneath. ft 
is very important to create overlaps in the vapour barrier so that no vapour can go 
through. With plenty of ventilation and a secure vapour barrier the roof is not too 
sensitive for condensation anymore. Installing lights etc. in the ceiling will however 
always ask for cautiousness not to pierce the vapour barrier or to make any pierc
ing airtight. 

Possibilities such as removing the roof and constructing a new roof have been 
studied. They did not give satisfying results. New problems are created, such as; 

The entire roof will be demolished and a new roof will be constructed 
causing great discomfort for the occupants. 

Rain water drainage will be at the facades creating aesthetical problems. 

Condensation problems also occur in a new construction. 

A lot of building demolition waste is created. New materials will be used. 
This is not sustainable. 

When demolishing the existing roof damage can occur to the existing 
dwelling. 

For these reasons a solution that makes it possible to keep the existing roof is 
chosen. Close attention has to be paid to creating a vapour barrier and creating 
ventilation inside the roof 

When keeping the old roof in place and creating extra ventilation and a good va
pour barrier more insulation material can be put inside the roof construction. For 
this purpose mineral wool insulation can be chosen. Both mineral wool panels and 
fibre glass blown insulation can be used. The panels are more difficult to put in 
place. They do however cause fewer problems when the occupants in years from 
now want tot change the roof. Fibre glass blown insulation will give a great mess, 
but it is easier to put in place. There is enough space for a person to crawl through 
the roof putting mineral wool insulation panels in place. There is however not 
enough bearing capacity. The wooden panels underneath the wooden frame would 
have to bear the worker. There is a high risk for the wooden panels to fall down 
because of the weight of the worker. Therefore the choice is made for fibre glass 
blown insulation. It can be put into the roof from the existing trapdoor. This trapdoor 
is a possible ' leak' in the vapour barrier. Close attention has to be paid to creating 
a vapour barrier here. This can be done by placing vapour barrier foil on the trapdoor 
and making the connection between trapdoor and ceiling airtight by means of rub
ber strips. Fibre glass blown insulation is a not hygroscopic material which means 
that it will not take up any vapour. 

RENOVATION 

glassll ·oolfihre 
insulation 

120 mm 
mineral WNJ/ 

18.-5111111 
~~~~~-- wooden panel 

13 mm gypsum 
hoard 

Figure 3.26. Roof with vapour 
barrier and space for additional 
insulation. 

Figure 3.27. Fibre glass blown 
insulation. 

Figure 3.28. Fibre glass blown 
insulation in the attic. 
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5. VENTILATION 

In the dwellings at Gilleskroken the only ventilation is in the bathroom and toilet. 
From here ventilation ducts go up, through the roof to ventilate moist air out of 
these rooms. No other ventilation system is present in the dwellings. This means 
that space for ventilation ducts has to be created when installing a ventilation sys
tem in the dwelling. The Swedish Building Code (BBR) demands the following 
ventilation; 1 

a. 0,35 l/s·m 2 floor area or 0,5 air changes per hour (ach/h) 

b. Minimum values per room; 

Rooms for sleep and rest 

Rooms for sitting work 

Rooms for moving work 

Bathroom and toilet 

Kitchen 

4 l/s per bed place 

5 l/s per person 

7 l/s per person 

10 l/s per room 

10 l/s per room 

Either a. orb. applies to the situation. It depends on which of the two requires most 
ventilation . For the rooms in the dwellings at Gilleskroken ventilation demands are 
as follows ; 

Basement 
Gillestugan 21 m2 

Washroom 11 m2 

Ground floor 
Livingroom 23 m 2 

Kitchen 12 m 2 

Office 11 m2 

Toilet 1,3 m2 

First floor 
Bedroom I 18 m2 

Bedroom 2 9 m2 

Bedroom 3 14 m2 

Bedroom4 12 m2 

Bathroom 4,4m2 

Two ventilation systems are considered; 

1. Extract ventilation 

2. Balanced ventilation 

a. 

7,4 

3,9 

8,1 

4,2 

3,9 
0,5 

6,3 

3,2 

4,9 
4,2 

1,5 

b. choice 

4+4 8 l/s 

10 

5+5 

10 

5 
10 

4+4 
4 

4 

4 

10 

10 l/s 

10 l/s 

10 l/s 

5 l/s 
10 l/s 

8 l/s 

4 l/s 

4,91/s 

4,21/s 

l 0 l/s 

Extract ventilation provides with fresh air through air vents in the facades. Stale air 
is mechanically exhausted from the dwelling. 

Balanced ventilation provides with fully mechanical ventilation. Outside air can be 
preheated in a heat exchanger before it is used as ventilation air. This is a great 
advantage of using a balanced ventilation system. 

1 From an inten ·iew with Lars .J ensen. L TH held on April 22'"1 and fro m the BBR 
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5.1. One family dwelling 

5.1.1 Extract ventilation 

Air is not preheated before it is used as ventilation air. Energy will be lost through 
ventilation. An advantage is that air intake can take place in all rooms through the 
fa9ades. When renovating the fa9ades and placing new windows, air vents can be 
included in this. In the following plans the minimal amount of ventilation in l/s can 
be found per room. 

Extracting the stale air already takes place in the toilet downstairs and the bath
room upstairs. In the kitchen stale air is extracted through the hood over the kitchen 
range. If the extract point in the toilet and bathroom are not functioning mechani
cally yet facilities for this should be installed. A fan with sufficient capacity should 
be used; this depends on the amount of incoming air, see plans on next page. 

Doors should either be left open or a space for ventilation air should be created. 
This can be done by creating an air opening underneath the door or over the door. 
A small part of the existing door will have to be sawed off. Alternatively, a part of 
the door frame can be sanded off to create a ventilation gap. If the occupants do 
not feel for any of these options, a vent can be placed in the wall. For this a hole 
has to be made in the existing wall. 

5.1.2. Balanced ventilation 

A balanced ventilation system is more complex yet more energy efficient than an 
extract ventilation system. Air intake has to take place centrally. The biggest prob
lem here is to place the ventilation ducts somewhere where they function optimally 
but are out of sight as much as possible. On the other hand as little demolishing as 
possible should take place. There are several choices for doing this. The two most 
favourable ones are as fo llows; 

1. All ducts are placed underneath the wooden floors on the first floor. When 
ducts have to go through the floor, a hole is drilled in the concrete floor. This is only 
necessary on two places; in the living room and in the office. Air supply takes 
place from the ceiling on the ground floor and from the floor on the first floor. The 
wooden floor on the first floor will be damaged when placing the air ducts . A new 
(preferably higher) floor will have to be placed after placing the ventilation ducts. 
An advantage is that a better sound insulating floor can be chosen. 

2. All ducts are placed on top of the wooden floors on the first floor. Again, for 
supply ventilation of the ground floor holes have to be drilled. A large advantage is 
that damage to the floor is kept to a minimum. A large disadvantage is that ventila
tion ducts are visible in two of the bedrooms. They take up some floor space. The 
ducts will be 0 60 mm. in the bedrooms. 

Because of the minimal damage to the existing dwelling the second option is rec
ommended. 

RENOVATION 
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Figure 3.29. Extract ventilation 
system in one family dwelling. 

Figure 3.30. Balanced ventilation 
system in one famil y dwelling. 
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5.2. Student rooms 

Creating a ventilation system for a dwelling with student rooms is a Jot more com
plex that creating a ventilation system for a one-family dwelling. A dwelling with 
student rooms consists of three separate apartments. This means that every apart
ment will need its own ventilation system. An advantage when creating the three 
apartments is that the floors will anyway be taken out. The ventilation system can 
therefore easily be placed underneath the new wooden floors. 

Basement 
Guest room 21 m2 

Laundry room 11 m2 

Ground floor 
Living room 35 m2 

Bedroom 11 m2 

First floor 
Living room 18 m2 

Bedroom 9 m2 

Bathroom 4,4m2 

Living room 15 m2 

Bedroom 12 m2 

Bathroom 2 m2 

5.2.1. Extract ventilation 

a. 

7,4 

3,9 

12,3 

3,9 

6,3 

3,2 

1,5 

5,3 

4,2 
0,7 

b. 

4+4 

10 

choice 

8 l/s 

10 l/s 

10+5+5 20 l/s 

4+ 4 8 l/s 

10 10 l/s 

4 4 l/s 

10 10 l/s 

10 10 l/s 

4 4,21/s 

10 10 l/s 

As mentioned before air vents will have to be put in the fa9ades together with the 
new windows. Extract ventilation takes place through a new ventilation shaft. 
Inside this shaft the different ducts are placed. Extraction of stale air takes place in 
the bathrooms/kitchens. In all three apartments the bathroom is situated right next 
to the kitchen. 
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Dimensions of ventilation pipes 

The ventilation pipes will be placed underneath the parquet floor and on top of the 
concrete structural floor. Here there is only limited space available. Pipes with 
dimensions d = 60 mm can be used here. See table 3.1. When the new parquet 
floor is placed a bit higher than in the current situation, even pipes with dimension 
d = 80 mm can be used. 

Table 3 .1. Dimensions of 
ventilation pipes. 
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5.2.2. Balanced ventilation 

A dwelling with student rooms consists actu
ally of three new dwellings. These three sepa
rate dwellings need to be regarded as such. 
They should all have their own ventilation sys
tem. The three dwellings all have their own 
air intake. For the dwelling on the ground floor 
this is at the kitchen . For the dwe ll ings on the 
first floor this is at the living room at the back 
and at the front. For the dwelling on the ground 
floor and one dwe lling on the first floor a ven
tilation shaft is constructed. Both dwellings use 
this air shaft. This means that air ducts etc. 
need to be insulated well so that in case of a 
fire the fire does not spread easily. Air is blown 
into the dwellings in the living room and bed
room and is extracted in the bathroom and 
kitchen . A heat exchanger is installed; every 
dwelling has its own heat exchanger. The cold 
incoming air is heated here using the warm 
extract air. 
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Figure 3.32. Extract ventilation sys
tem in dwelling with student 
rooms. Filter before the air enters 
the ventilation system. 

heat exhanger 

Fi ure 3.33. Balanced ventil ation 
system in dwelling with student 
rooms. Filters before the air 
enters the heat exchanger, and 
before the air enters the heat 
exchanger again on its way out . 
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6. DAYLIGHT 

6.1. Model in light simulator 

A model at scale 1 :20 has been built. this model was placed in the daylight simula
tor at the Technical University of Eindhoven. The effects of different changes in 
the model on the daylight situation inside the model have been measured . 

Figure 3.34 & 3.35. 
Model of the dwelling, scale 1 :20 
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Figure 3.36. First fl oor seen from 
above. 

Figure 3.37. Wall of the office at 
the front of the dwelling with the 
existing wall. 

Figure 3.38. Wall of the office at 
the front of the dwelling with a 
thicker wall. 
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6.2. Sun room 

The effects of creating a sun room at the south side of a dwelling on the lighting 
situation inside the dwelling are studied. Results can be found on the right. Differ
ent measurements are made; with and without balcony, see pictures 3.39 and 3.40. 

Figure 3.39. The current dwelling. 

Figure 3.40. The dwelling without 
a balcony. 
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Figure 3.4 L. The balcony. 
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6.3. Daylight measurements 

The measured lux-values are indicated in the following figures . Here the current 
daylight situation is underlined (19 lux e.g.). The daylight situations in all the rooms 
in the dwelling are indicated. 

7567 

Figure 3.42. Basement 
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0 
2580lux 
without 
balcony 2650 

4125 

5701ux ® 
without balcony 616 

26701ux 
without 
balcony 3140 

Entrance 

3495 

without balcony 1355 

I ~;~:;:, balco _11_)_®_;_6 __ __, 

00 
00 

® 

Q 

609 lux (wood coloured walls) 

wall 200 mm 560 
wal1300mm 530 
white walls 690 
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Figure 3.43. Ground floor 
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l640 ILL'\ @ 
without ba lcony 1750 

632lux @ 
witho ut balcony 702 

8000 

1801lLX@ 
with out balcony 3 70 

241 ILLX @ 
without balcony -+-+ 9 

Figure 3.44. First floor 
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When a sunroom is created it has great influence on the daylight situation in the 
kitchen (measure point 7). It also has quite some effect on the daylight situation in 
the living room (measure points 4 and 5). It has less influence on the daylight 
situation in the small bedroom upstairs (measure points 12 and 13). 

When a sunroom is created the concrete floor of the balcony will have to be 
demolished. The influence of taking out the balcony on the daylight situation inside 
the dwelling can be said to be insufficient to justify a change with such an impact 
on the dwelling. 
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Table 3. 2. Influence of the balcony 
on daylight situation on the ground 
floor. For situation of measure 
point 4 til I 13 see plans . 

Table 3.3. Influence of the balcony 
on daylight situation on the first 
floor. For situation of measure point 
4 till l 3 see plans. 
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6.4. Visualisation of the changes 

The changes in the dwelling will change the appearance of the dwellings quite a 
bit. To get a better understanding of these changes several drawings have been 
made . The most important changes for 
the facades are the separating walls 
that getthicker and the changes i 

the window frames . They 
effect the appearance 
of the facades. 

~!~;JIL~11 
t=· 

Figure 3.45. Existing situation
nnpress10n. 

Figure 3.46. Existing situation, in 
detail 
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Figure 3.47. After renovation -
' ' 

nnpress10n. 

The common party walls 
have changed from 380 mm 
to 510 mm. 

The window frames are 
approx. 1 OOmm 

Figure 3.48. After renovation, in 
detail 



4. DEROB-LTH 
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1. THE PROGRAM DEROB - LTH 

DEROB stands for Dynamic Energy Response Of Buildings. The program DEROB 
was originally developed in the 1970's by Francisco Arumi-Noe at the School of 
Architecture at the University of Texas. During past 25 years the Department of 
Energy and Building Design has used the program and developed it under the 
name of DEROB-LTH. 

In the program DEROB-LTH one can calculate; 

- heating demand 

- solar energy gains 

- cooling demand 

- indoor temperature 

The model of the building can be divided into different volumes. The model of the 
dwelling that is created in DEROB-LTH for this project consists of 6 volumes; 

1. basement 

2. ground floor - kitchen and office 

3. ground floor - living room, stairs, toilet 

4. first floor - bedrooms 

5. first floor - bedrooms and bathroom 

6. sun room 

In a material library different materials are given, others can be added. With these 
materials different constructions can be created. 

Opaque Materials ;;_ -_ 

Type Name 
1 
2 Reinf. c oncrete 
3 Cement mortar 
4 B1ick 
5 Gypsum 
6 Minera l wool 
7 Air Space at 21 C 
8 Sand 
9 Earth 

-48 lightweight conc1e te 
-49 polystyrene 
50 wood. softwood 
51 bitumen 

B.dd 

£an eel !:!.elp 

Conduct. (\11/m.K) Sp. Heat (\rlh/kg.K) Density (kg/m3 • 
11 

1.28 .26 2100 
_93 .29 1800 
_5 .2 1300 
.22 .23 900 
. 0-4 . 2-4 50 
.02-4 .280 1.201 
.4 .24 1700 
1.-4 .22 1300 
0.25 0.27 1000 
0.035 0.-47 100 
0.1-4 0.76 550 
0.18 0.5 1050 

~ n nnn n :u i:nn 

Chame Q_elete Figure 4. l. Material library in 
DEROB-LTH. 
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A construction exists of at least one material with a certain thickness. An example 
of a construction is a floor, see figure 4.2 . 

Walls / Hoors / roofs (Hoor_ver) ""~~·~ 

Existing walls I floors / 10ofs 

011 floo r bas 
11 ,. ... 11 1. 

03110of 
0-41 wall ext 
051 sunloom 
061 bas cone 
071 adi.;h a tic wa ll 
081 inte riorwall 
091 windowfra me 

U-va lue 

-

~ 

Add 

Delete £an eel 

Co.ID' .!:!_e lp 

ftename I 

I 0-669 YI /m2. ·c 
Wall/ floor/ 10of -laye rs 

M d I lnsert I Dele!e I _f._d_it~ 
Laye r Thic k.(mm) Type Name 

1 160 1 Concrete 
2 50 57 frame & min.wool hoh 60c m 

25 50 wood. softwood 

Library----~ 

Opaque materials 

Conduct 
1 .7 
0.0475 -------

Sp. hea t De nsity 
.24 2300 
0.279 87.5 
0.76 550 

Using the constructions one can build up the building elements of the volumes 
(walls, floors, roof etc.). A building element can be a square or a square with a 
hole. Other shapes are possible but have not been used in this study and are not 
discussed here. As quare can be the demonstrated floor A square with a hole can 
be a wall in the fa9ade. The fi lling of the hole can be glass or opaque. 

Building element (Roor3) - ~· 

Building elements 
1 I basemen 
2 I b frontl 
3 I 2:::basemen 
4 I b_front2 
5 I b backl 
6 lb- back3 

8 I 1100 12 

9 I floor5 
101floor4 
11 I cpwalll .::J 

Add I !nsert I 
Coll}' 

Qelete 

f!.ename I 
~ !:ancel l 

!:!r.lp 

lower left corner 
Shape index: j 1 A ectangle 

Zenith: fi80 • 
Azimuth: ro-- • 

:::J x: ~m 

Dimensions (m): 

y: ~m 

z: ~m 

A B C D E F 

no.J1 13-99 r-- r-- r-- r--

Front lacing 
Volume : 

jv olume 1 :::J 

Back lacing 
Volume : 

jvolume 2 ::.:J 

l
Main wall (if opaque I Main wall [of transparent)~ 
Construction type: j 2 I floor_ ver :::J Window type j ::.:J 
Absorptance front: ~ Z back: ~ Z f:urta1n tvne j ::.:J 
Emittance front: ~ Z back :~ Z 

1
-~~~:i·,~=ti(oi~ ~;~a:~T-- ------- -- --;~····~ :..;::::,~:.:;;;1,;;;;;;;;;;;i- ::; 
Abso1ptance front: rzo- Y. back: rzo- Z Curtain type: j ::.:J 
Emittance front: ~ Z back.:~ Z 

-- --- -- ---------

DE RUB-I.TH 

Figure 4.2. Construction of a 
floor (floor ver). 

Figure 4.3. Building elements in 
DEROB-LTH. 
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Now that the dwelling is created in DEROB-LTH other factors that influence a 
dwellings ' energy use should be indicated as well. Ventilation and infiltration are 
important regarding energy use of a dwelling. 

iii. HVAC - Schedules - -; 

Schedules 

j ventilation·schedule :::J 
8dd I D~lete I J;opy I Rename I 

Volume 

JtlitlntM :::J 
CQPY I 

Type of operating periods Daily operating periods 

jDaily :::J 101 /01 ·31/12 :::J 
~ De)etel 

Hourly operating periods 

Hour lnfiltration.[ach)I Mp-Healing(W) I Heating[.C) I Mp·Cooling(W) I Cooling[•C) I Internal loads(W] 
01 ·06 0 18 0 -
07·08 0 21 60 -
09·18 0 20 60 -
~ 0 21 200 

23·24 0 20 0 

~ Dele!ef ~ r Internal loads from : I 

At 'HVAC schedules' the infiltration in air changes/hour, heating, cooling and in
ternal loads have to be indicated. An internal load is the heat that people and 
electric devices produce. The climate has to be chosen; in this case it is 'Lund ' . 
Also the resistance of the ground has to be put in . 

General Parameters 

External IA radiation: r. Ff"esl r No 
: .......... , 

Ground reflectivity: ro % 

Soil resistance: f3.40 m2.K/W 

Convective film coefficients: 

Exterior: J1T W/m2.K 
Interior 

Calculate r. 
Set ( rt W/m2.K 

Loop first day: ro times 

Cancel Help 

Figure 4.4. Heating, Ventilation 
and Cooling schedule in DEROB
LTH. 

Figure 4.5. General parameters 
used for the model of the dwell
ing in DEROB-LTH. 
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5ite / Period / Climate ._ :::~-

Latitude: lm:i 
Longitude: j 13_ 13 

Time meridian: j 15_ 00 

Rotation of the Imo 
x-axis from south: 

• ( -90.0 to 90.0, positive to the north ) 

• ( -180 to 180. poitive to the east ) 

• ( -180 to 180. positive to the east ) 

• (-360.0 to 360.0. positive 
anti-clockwise . o· if not setl 

Year Month 

P · d f - 1 . First date: 11995 eno o s1mu ahon: rm 
fi2 Last date: I 1995 

( Postfix: CU ) 

Climate data file: lc:\derob\Climate \Lund(SE).cli 

I ~ z: [\ \dvsvrO ... ) ::::J 

Solar radiation----------~ 

r. Use hourly values from the c limatic file 
r No sun 

Outdoor temperatures --------. 
r. Use hourly values from the c limatic file 
r Set temperature to I . c 

OK .Cancel I !:!_elp I 

After creating all these data a model in DEROB-LTH is the result. This model can 
be used to make the above mentioned calculations. It can be altered and adjusted; 
renovation designs can be applied. 

DLRUB-LTJ-1 

Figure 4.6. Climatic data in 
DEROB-LTH. 

Figure 4.6. Picture of the model in 
DEROB-LTH. 
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2. CALCULATION STEPS AND RESULTS 

In DEROB-LTH heating demands of the current dwelling are calculated. For this 
a model has been made in the program. According to this calculation current heat
ing demands are 15700 kWh/yr for one dwelling. From the value 15700 kWh/yr an 
attempt to reduce heating demands is made. This is done in DEROB-LTH chang
ing the model in four different steps. The renovation of the dwellings at Gilleskroken 
is divided in different steps to be able to see the effect of each step. The first step 
is rather simple and relatively cheap. The last step requires a total renovation of 
the facades and is therefore quite expensive and complex. The four steps of reno
vation are as follows; 

1. Roof 

2. Windows 

3. Ventilation/infiltration 

4. Walls 

The first step involves filling up the roof with additional thennal insulation material. 
This is relatively easy. The second step requires the windows to be changed. This 
means that the facades do not have to be renovated. However, it is advisable to 
apply additional thermal insulation in the walls when changing the windows. The 
third step requires renovation of the outer walls. The outer walls can stay in place 
but on the inside the gypsum board panels will have to be taken away. Behind them 
a vapour barrier can be placed. Preferably however the third step is combined 
with the fourth step. The fourth step involves creating better thermal insulation in 
the outer walls. For this the outer walls require total renovation. 

The steps follow up on each other. The calculations are made expecting the occu
pants to start with step 1; additional thermal insulation in the roof. No change is 
made without first applying the previous changes.When occupants want to im
prove ventilation/infiltration it is expected that they also change the windows and 
insulate the roof. After taking step 4 heatingdemands for space heating will be 
brought down to a minimum. 

Current situation 
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Step 1 
Extra thermal insulation in the roof. 

( 

Step4 
Extra thermal insulation in the walls. 

DEROB-LTH 

WINDOWS 

Step 2 
Changing to energy efficient 

windows. 

! 

VENTILATION 

& -
INFILTRATION 

Step 3 
Making the dwelling airtight 

and creating a ventilation system. 
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2.1. Calculation results 

Existing dwelling 

The existing dwelling is built up in DEROB-LTH. A dwelling with orientation N-S 
is used. The infiltration in air changes/hour is set at 0,5. For the basement this is 0,1 
ac/h . The existing dwelling needs approximately 15700 kWh/yr for space heating. 
Since no cooling facilities are present the dwelling does not spend energy on cool
mg. 

1. Roof insulation 

The first renovation measure that the occupants can take to cut down heating 
demands is to insulate the roof. This is a relatively simple measure. Some occu
pants already insulated their roofs. The ceiling should be made airtight. Then the 
roof can be filled with fibre glass blowing insulation. Because the roof is a cold 
roof it should be ventilated. Insulating the roof does not require complete renova
tion. This measure can be taken without causing much problems and disturbance 
for the occupants. Currently 150 mm of mineral wool insulation is used inside the 
roof. If 50 mm additional insulation is used heating demands already go down from 
15700 to 15300 kWh/yr. When insulating the maximum possible; a layer of 400 
mm fibre glass blown insulation, the heating demand is 14600 kWh/yr. This makes 
a difference of approximately 1100 kWh/yr compared to the existing situation. 

15 800 
15700 

15 600 

15 400 15~ () () 
-;::-

<' 
~ 15 200 

~ 
;< 15 000 ;;; 
E 
<U 

14800 
-0 14 800 Cl) 

" 14600 
~ 

I 14 600 

14 400 

14 200 

14 000 

original 200 mm insulacion 300 nun insulation 400 mm insubrion 
(150 mm insular ion) 

Table 4.1. Heating demands for 
space heating when insulating the 
roof more. 
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2. Windows 

The next step in creating an energy efficient dwelling is to change the windows. 
First is looked at the changes when only the windows are changed. Currently the 
windows are double pane windows. Some occupants changed the windows using 
triple pane windows. Changing the windows makes a big difference; where the 
dwelling with double pane windows uses 15700 kWh/yr the same dwelling uses 
14100 kWh/yr with triple pane windows. This is a difference of approximately 
1600 kWh/yr. Using better windows than this makes an even greater difference; 
heating demands are 12900 kWh/yr when using triple pane windows with two low
emission layers. If the air cavities are filled with Argon gas instead of air the 
dwelling only needs 12400 kWh/yr. 

By changing the windows using triple pane glass with two low-emission layers 
filled with Argon, heating demands decrease 3262 kWh/yr compared to the exist
ing situation. This is the difference when only changing the windows. 

18 000 

16 000 
15700 

14 100 
14 000 

12900 
--.:- 124 00 
<-· 12 000 
~ 
~ ..,, 10 000 ; 
E 
"' ..,, 

8 000 Cl) 

.: 
~ 

I 6 000 

4 000 

2 000 

0 000 

original triple tr iple low-e trip le low-e Argon 

If both the roof is insulated with 400 mm insulation and energy efficient windows 
are used energy demands are even lower; 11300 kWh/yr. This is a difference of 
4300 kWh/year compared to the existing situation. 

18 000 

15700 
] (, 000 .... 

14600 

--.:- 14 000 
>. 

~ 12 000 
1 1300 

~ ..,, 
10000 " g 

I 
II 

I 
<U ..,, 8 000 II 
Cl) 

.: 
5 (, 000 

:r: 
4 000 

2 000 

0 000 - ' .· "' ' 
Original Step 1 Roof Srep 2 Roof and Wi ndows 

DEROB-LTH 

Table 4.2. Heating demands for 
space heating when using enert,>y 
efficient windows. 

Table 4.3. Heating demands for 
space heating when using energy 
efficient windows and insulation 
the roof with 400 mm of glass wool 
insulation. 
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3. Ventilation 

The third step in decreasing heating demands is to decrease infiltration (air changes 
per hour). A lot of infi ltration means a lot of warm air that escapes from the 
dwelling, being replaced by cold outside air. When the dwelling is made more 
airtight infiltration will decrease. Then a mechanical ventilation system with heat 
recovery is needed. When a heat exchanger with an effectiveness of 80% is used 
ventilation is decreased with 80%. In the program the current rate of 0,5 ac/h will 
go down to 0, 1 if a heat exchanger with an effectiveness of 80% is used. At the 
same time the dwelling has to be air tight to prevent any unwanted air flows (draft). 
The ventilation rate and heat recovery have a great effect on the heating demand; 
where heating demands are almost 18000 kWh/yr at 1,0 ac/h it is approximately 
6000 kWh/yr at infiltration rate 0, l ac/h. 

20000 .,.-----------------------------...., 

18000 

16000 

14000 .. .. .. . . .... .. . .. . . . . . ...... . .. . .. . ··•· · ·•· 

>., 
~ 12000 
_;< 
;1 
;:; 
§ I 0000 

"":;) 

5 HOOO 
I 

1000 · · ··· ····· · ·· ··· · · · · ·· ··· · ···· ·· ·· ··· ·········· · 

2000 . . ·· ·· •· · .... . . .. . ..... ... . . . . . . . . . ... . . . . ... .. . .... .. ... .... .. . . . . . .. .. .... . ....... . . .. .. ... . ... .. . . 

O +-----~-----~-----~----~-----~ 

0.0 0,2 0.4 0,6 0 ,8 1,0 
a ir changes/ hr 

The peak load maximum effect is found on the day that most energy has to be 
supplied to the dwelling. At a high ventilation rate (or low heat recovery) the peak 
load is almost 10000 W. However, at low ventilation rates (or high heat recovery) 
the maximum power is lower than 4000 W. 

Table 4.4. The influence of the 
ventilation rate on the heating 
demands for space heating. 

80 

10000 

8000 

6000 

4000 

2000 

0 ,0 0,2 

18 000 
15700 

16 000 .......... 

~ 14 000 <-....c 
~ 12 000 
~ 

.... 

-0 
I 0 000 c: 

'"' -
5 

8 000 -0 .... 

.S° 
6 000 ~ 

'"' -
<!) 

:r: 
4 000 -
2 000 .... 

0 000 

Original 

0,4 0,6 

air changes/hr 

14600 

p 

I• 

. .... 
I> 
I· 

Step l Roof 

0,8 

11300 

• 

" 

' 
• 
C• 

Step 2 Roof and 

Windows 

1,0 

7000 

.. . .. . ...... . ..... 

Step 3 Roof and 

windows and 0 , 15 

ai rchanges/h r 

For the next step venti lation rates are assumed to be 0, 15 ac/h. This is possible to 
achieve using a heat exchanger (85%) and making the dwelling more airtight. 

DEROB-LTH 

Table 4.5 . The peak load in relation 
to the airchanges per hour. 

Table 4.6. Roof insulation, energy 
efficient windows and ventilation 
rate 0, 15 air changes per hour. 
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Walls 

The last step on the way to a more energy efficient dwelling is insulating the walls. 
After insulating the roof, using very energy efficient windows and at a rate of 0,15 
air changes per hour the heating demand is as low as 7000 kWh/yr. This is a 
reduction of 8650 kWh/yr compared to the current situation. This means that heat
ing demands were reduced with 55 % applying these three measures. 

Simulations for additional wall insulation are made, going from the current 95 mm 
of mineral wool insulation to I 95 mm, 290 mm and 390 mm. The brick walls are 
insulated with an additional 50 mm of mineral wool. When applying 100 mm extra 
insulation heating demands decrease quite a lot; from 7000 kWh/yr they go down 
to 6000 kWh/yr, a difference of I 000 kWh/yr. However in the next step, from 195 
mm to 290 mm heating demands only decrease with 300 kWh/yr. When increasing 
the insulation in the walls even more, from 290 mm to 390 mm, heating demands 
only decrease an additional 100 kWh/yr. 

It is obvious that compared to the big differences previous changes made these 
last steps give disappointing results. The walls are very important for the appear
ance of the dwelling. Therefore only the first step is taken to decrease heating 
demands; an additional 100 mm of mineral wool insulation is applied to the walls 
creating a total insulation layer of 195 mm. The brick walls will get an additional 50 
mm of insulation. After applying this step the heating demand is only 6000 kWh/yr. 
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The current heating demand is 15700 kWh/yr. These are the proposed energy 
savmg measures; 

1. Insulating the roof 

2. Using energy efficient windows 

3. Making the dwelling airtight & using mechanical ventilation with heat 
recovery 

4. Insulating the walls 

After taking these steps the heating demands of a dwelling at Gilleskroken will 
only be 6000 kWh/year. All of the mentioned measures reduce the dwellings ' heat 
ing demands with 62%. 
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Table 4.8. The proposed energy 
saving measures and the heating 
needs for space heating. 
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Gable dwelling 

Because the dwellings at Gilleskroken are terrace houses there are al so gable 
dwellings. They each have one big brick wall towards the outside. The differ
ence between a ' mid ' dwelling; a dwelling with two attached neighbours, and a 
' gable ' dwelling is studied in DEROB-LTH. A ' mid ' dwelling uses as mentioned 
before 15700 kWh/yr in the current situation . For a gable dwelling this is 17500 
kWh/yr. A gable dwelling thus has a heating demand of 12 % more compared to 
a mid dwelling. When all energy saving measures are applied a mid dwelling 
uses 6000 kWh/year. For a gable dwelling this is 7200 kWh/yr. Then a gable 
dwelling still uses 12 % more energy on heating. The relative difference stays 
the same whereas the absolute difference decreases from 1800 kWh/yr to 1200 
kWh/yr. 
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Table 4.9 . Annual heating de
mands for space heating of a ga
ble dwelling and a mid dwelling. 
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Sun room 

The dwellings with an orientation North-South can consider creating a two storey 
sun room at the back of the dwelling. This leads to a reduction of the heating 
demands. The sun room can be used in late spring, summer and early autumn as 
an extra room. 

A sun room has been created in the model in DEROB-LTH. A renovated dwelling 
with a sun room is compared to a renovated dwelling, in other words; a dwelling in 
which all energy saving measures that were mentioned before have been applied. 

The difference in heating demand between a dwelling with a sun room and a 
dwelling without a sun room is 650 kWh/year. Creating a sun room will bring about 
quite some changes in the dwelling. Either the concrete floor of the balcony will 
have to be demolished. Then more light can enter the kitchen. Another choice is to 
not demolish th concrete floor. This is a more sensible idea regarding the relatively 
little effect it has on the daylight situation. Then an opening should be made be
tween the upper and lower part of the sun room so that ventilation can easily take 
place. 
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Table 4.10. Heating demands for 
space heating of a dwelling with a 
sun.room compared to a dwelling 
without a sun.room . 
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2.2. Conclusion DEROB-LTH results 

The energy used by a dwelling on heating can be reduced drastically when reno
vating a dwelling. Insulating the roof already has quite some effect on the energy 
use of a dwelling. A measure that brings about a great difference in energy de
mands is changing the windows of a dwelling. Also the airtightness of a dwelling is 
of great importance when a dwelling is renovated. A dwelling with an airtight 
building envelope uses a lot less energy on space heating than a dwelling with an 
envelope with high infiltration losses. When creating an airtight dwelling ventilation 
is an important issue. An airtight dwelling without proper ventilation will soon cause 
problems, it is moreover unhealthy to live in such a dwelling. When the above 
mentioned measures have been taken the insulation of the walls does not have a 
great effect on the dwellings ' energy use anymore. The shown additional 100 mm 
of mineral wool insulation creates, together with the other measures, a dwelling 
that uses 6000 kWh/year on heating. 

A gable dwelling uses approximately 1000 kWh/year more than this . A sun room 
does not change this situation that much. Heating demands go down, but cooling 
demands go up. The choice for creating a sun room is therefore not considered a 
choice that reduces heating demands. 

DEROB-LTH 
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