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Sammanfattning 
Vilken påverkan har vårt vardagsliv och de aktiviteter som sker i hemmet på vår miljö lokalt 
och globalt sett? Hur bidrar vi till den nu så aktuella frågan om global uppvärmning? Vanliga 
företeelser såsom matlagning, dörrar och fönster som öppnas, att ta ett bad eller en sådan 
grundläggande sak som vår närvaro är alla exempel som påverkar det globala energisystemet. 
 
Om en dörr öppnas eller om en ugn sätts på påverkas inomhusklimatet genom förändringar i 
inomhustemperatur och luftkvalité. Som en följd av detta påverkas även energianvändningen i 
huset vi bor i samt det lokala energisystemet vi befinner oss i. Förändringar i lokala 
energisystem får i sin tur följder för det globala energisystemet och därmed klimatet på global 
nivå. Därmed är det inte sagt att allt vi i vardagen gör indirekt har negativa konsekvenser på 
det globala klimatet. De två följande frågorna utgör grunden till denna rapport: Vad kan göras 
för att minska de negativa effekterna av en energipåverkande aktivitet? Och vad finns det för 
möjligheter att göra detta?  
 
Ett alternativ är att förbättra våra byggnader så att den värme som kommer från solen, våra 
kroppar och aktiviteter tillvaratas på ett optimalt sätt, just detta är grundtanken med konceptet 
passivhus som under det senaste årtiondet fått alltmer gehör. I ett passivhus använder man sig 
av ett välisolerat klimatskal samt värmeväxling för att uppnå ett behagligt inomhusklimat 
samtidigt som en minimering av uppvärmningsbehovet sker.  
 
Denna studie omfattar ett antal nybyggda passivhus och ett antal konventionella hus i 
bostadsområdet Lambohov i Linköping. Här undersöks hushållsaktiviteters påverkan på 
energibalansen i båda hustyperna samt vilka effekter en omfattande ombyggnation till 
passivhus kan ha på Linköpings energisystem. Studien jämför hur uppvärmningsystemet 
påverkar inomhusklimatet för de boende. I studien ingår även en undersökning om de 
förväntningar de nyinflyttade har på passivhusen samt de förväntningar som bostadsbolaget 
har på hyresgästerna. Vidare undersöks de faktorer som motiverade byggandet utifrån 
bostadsbolagets samt staden Linköpings perspektiv. 
 
Denna rapport går bakom kulisserna på passivhusen i Lambohov och söker information kring 
aktörer och hyresgäster av dessa passiva radhus-hyreslägenheter. En bottom-up-metod 
används för att få en realistisk bild av hushållets verksamheter som bidrar till den passiva 
uppvärmningen av byggnaden. Mätningar av energianvändning och termiskt inomhusklimat 
sker i precisionen 5-sekunder och extrapoleras i både tid och rum från hushållet till 
byggnaden och sedan över till kommunal nivå i syfte att identifiera miljöeffekter globalt.  
 
Studien är tvärvetenskaplig i den bemärkelse att den innehåller användning av teori och 
metoder för analys och insamling av information som traditionellt används inom olika 
vetenskapliga discipliner. Ett systemtänkande tillämpas som bygger på idén om att utföra en 
analys av passivhusens energisystem som sträcker sig över flera systemnivåer. Den första 
systemnivån där studien startar är hushållsnivån, den innefattar hyresgästerna och de termiska 
laster som genereras från vardagliga hushållsaktiviteter. Från hushållsnivån går studien vidare 
upp till byggnadsnivån där egenskaperna hos själva byggnaderna samt värme och 
ventilationssystem analyseras inom ramen för inomhusklimat och energibalans i byggnaden. 
Slutligen nås den lokala nivån för att ta reda på vilka motiv som fanns för kommunen och 
bostadsbolaget att investera i passivhus från första början. Här ingår även en 
optimeringsstudie om effekterna av en omfattande ombyggnation till passivhus. De olika 
nivåerna i energisystemet som beskrevs här illustreras i figuren nedan.  

 



 Figur 1. Illustration av det systemperspektiv som har applicerats i studien av passivhusen i 
Lambohov. 
 
Hushållsnivån  
Målet med studien på hushållsnivån är att belysa hushållens erfarenheter hittills av 
passivhusen samt att simulera hushållsaktiviteter för jämförelser av de termiska lasterna 
mellan de två typerna av lägenheter. De metoder som används i denna nivå är intervjuer med 
hyresgästerna och bostadsbolaget samt mätningar i kombination med aktivitetssimuleringar.  
 
De förväntningar som intervjuerna fångat upp är följande: Hyresgästerna förväntar sig att 
passivhusen i Lambohov ska fungera som vilka andra hus som helst men att de kommer 
medföra en lägre uppvärmningskostnad. Bostadsbolaget förväntar sig att husen skall passa 
alla typer av hyresgäster och även om bostadsbolaget hävdar att de inte har haft några 
särskilda önskemål vad målgruppen anbelangar så välkomnar de ändå människor med ett 
intresse i energirelaterade frågor och passivhusens funktion. 
 
De första erfarenheterna har mest handlat om huruvida hyresgästerna har fått tillräckligt eller 
otillräckligt med information från bostadsbolaget om vad man bör tänka på när man bor i 
lägenheterna. Vissa hyresgäster har yttrat att de önskar mer information om hur t.ex. 
värmesystemet fungerar. Här är det viktigt att notera att hyresgästerna inte bott särskilt länge i 
lägenheterna (inflyttningen började i februari 2009) vilket medför att erfarenheterna är 
begränsade. Då det emellertid krävs en tid innan man lär sig att hantera och anpassa sig till ny 
teknik är det viktigt att man för fram dessa erfarenheter och drar lärdom av hur lägenheterna 
skall skötas vilket även kan hjälpa nya hyresgäster i framtiden.    
 
De termiska laster som produceras i lägenheterna kommer från hushållsaktiviteter och 
hushållsapparater vilka kan delas in i två delar. En del som beror på hushållsaktiviteter och en 
annan som inte är associerad med någon hushållsaktivitet. Den första delen innehåller 
hushållsaktiviteter som härrör från genomsnittliga aktivitetsmönster i hushåll med tre personer 
och den andra delen har med stand-by effekten hos hushållsapparater att göra. Summerade ger 
de båda delarna en termisk last på 8 – 10 W/m2  för en lägenhet på 105 m2. I jämförelsen kan 
det nämnas att passivhuset har något bättre energiprestanda tack vare att apparaturen har en 
bättre effektivitet och ett tätare klimatskal vilket leder till att köksfläkten skapar mindre 
inläckage av utomhusluft än i det konventionella huset. De termiska lasterna skapade utifrån 
dessa genomsnittliga aktivitetsmönster är större än vad som får inkluderas då man designar 
värmesystem enligt den Svenska passivhusstandarden som sätter gränsen vid 4 W/m².  
 
Om man går tillbaka till titelfrågan för denna rapport betänkande ”passiviteten” i någons 
aktiviteter och tar detta i beaktande, kan dessa två delar sammanfattas så att i en byggnad på 
105 m² bidrar ett 3-persons hushåll i genomsnitt med en termisk last på 8 - 10 W / m². 

 



 
Byggnadsnivån 
På byggnadsnivån används de termiska laster som beräknades på hushållsnivån för att 
analysera byggnadernas energibalans och den termiska komforten för hyresgästerna. Detta 
gjordes genom att integrera fältstudiemätningar med datorsimuleringar av energiprestandan i 
Lambohovhusen. 
 
Det termiska inomhusklimatet i såväl passivhusen som i de konventionella husen i Lambohov 
visade sig vara acceptabelt. Dock visade sig passivhusen möta kraven på termisk komfort 
bättre än de konventionella husen i ett kallare klimat. Detta förklaras av den högre 
isoleringsgraden i passivhusen som leder till högre strålningstemperaturer från väggar, fönster 
och golv. Den högre isoleringsgraden och de högre strålningstemperaturerna innebär även att 
temperaturen på inomhusluften i ett kallare klimat kan hållas på en lägre nivå med samma 
termiska komfort. Detta leder således till ytterligare lägre energianvändning i passivhusen 
jämfört med de konventionella husen. 
 
Den högre transmittansen i de fönster som installerats i de konventionella husen innebär att 
det föreligger en högre risk för undermålig termisk komfort i form av övertemperaturer 
inomhus under varma årstider. Detta kan även resultera i ett behov av aktiv kylning för att 
behålla en optimal termisk komfort inomhus, vilket i sin tur innebär att extra energi behövs 
för kylning av de konventionella husen under sommarmånaderna. 
 
Passivhusen i Lambohov har en installerad värmeeffekt i ventilationssystemet som är 19 
W/m2. Detta ligger över vad Svenska passivhuskraven tillåter, max 12 W/m2. Trots detta är 
energibehovet för rumsuppvärmning enligt simuleringarna 19.5 kWh/m2 år i passivhusen 
vilket ligger under passivhusspecifikationernas krav på max 25 kWh/m2 år. Så enligt 
simuleringarna som gjorts i den här studien är husen i Lambohov inte passivhus när det gäller 
installerad värmeeffekt samtidigt som de klarar passivhuskriteriets krav vad gäller 
energibehov för rumsuppvärmning. 
 
Det faktum att de svenska passivhuskraven för hur stora de interna värmelaster som får tas 
med vid dimensionering av värmesystem är 4 W/m2 vilket ungefär motsvarar hälften av de 
interna värmelaster som beräknats utifrån tidsanvändningsdata i den här studien, har visat sig 
ha markant effekt på resultaten i datorsimuleringarna av Lambohovhusen. 
 
Man kan anta att vid en förmodad jämförelse mellan passivhusen i Lindås (2001) med 
passivhusen i Lambohov (2008) har en lärprocess skett som antagligen har bidragit till 
förbättringar i Lambohovhusen jämfört med Lindåshusen, exempelvis av effektivare fönster.  
 
Att sätta upp ett krav för minimerat energibehov, som det svenska passivhusspecifikationen 
gör, innebär förmodligen signifikanta fördelar. Det kan antas leda till en strävan att utveckla 
energieffektiva byggnadskomponenter som till exempel fönster och dörrar. Ett exempel på 
detta i den här studien är fönstren som kan anses vara en nyckelkomponent i 
Lambohovhusens byggnadsskal som tack vare passivhuskriteriet förmodligen kommer att 
leda till en bättre termisk komfort för hyresgästerna året runt.  
 
Ur byggnadssynpunkt skulle det "passiva" i att leva i ett passivt hus eller ett konventionellt 
hus i Lambohov, kunna sammanfattas i siffran som beskriver den specifika 
energianvändningen för uppvärmning, det vill säga 11 kWh/m2år och 25 kWh/m2år, om de 
hushållsaktiviteter som nämns ovan används för beräkning.  

 



 
Den lokala nivån 
Den lokala nivån omfattar den vidaste systemgränsen i det här arbetet. De metoder som 
använts till denna del är intervjuer med representanter för bostadsbolaget och Linköpings 
kommun samt scenarie-baserade optimeringar av det lokala energisystemet. Frågeställningen 
för den lokala nivån handlade om vilka de generella motiven var för införandet av 
lågenergibyggnader i en svensk kommun och vilka konsekvenser en utvidgad 
passivhusomvandling skulle ha på det lokala energisystemet. 
 
Enligt bostadsbolaget har byggandet av passivhus i Lambohov varit ett testprojekt och kan ses 
som en del av strävan mot hållbara byggnader inom företaget. Det har också funnits en 
drivkraft i att bedöma huruvida kostnaderna för byggandet av lågenergihus är rimliga eller ej 
och ifall konceptet passar även för hyresrätter. Tanken har varit att formge passivhusen på 
samma sätt som vanliga bostäder av samma standard och kategori. Eftersom bostadsbolaget 
ägs av Linköpings kommun ses detta av bostadsbolaget som en fördel när det gäller 
långsiktigt engagemang samt möjligheten att agera som en hållbar beställare och inköpare och 
därigenom verka som föregångare för andra bostadsbolag på marknaden. 
 
Kommunens motiv är att införa ett mer generellt lågenergikoncept för byggnader inom 
kommunen och i samband därmed även utöka införandet av passivhus. Diskussioner förs med 
det lokala energibolaget om fjärrvärmens och lågenergihusens samtida existens och 
utveckling i kommunen. Ibland är det möjligt att fastighetsbyggares och värmedistributörens 
intressen är på kollisionskurs med varandra och enligt energiplaneraren på Linköpings 
kommun måste nya modeller för samverkan utvecklas för att undvika dylika situationer. 
 
För optimeringarna konstruerades två scenarier där det första inkluderade ett antagande att 
alla lägenheter i Linköping byggda mellan 1961 och 1980 renoverades till passivhusstandard. 
Det andra scenariet baserades på antagandet att 10000 nya lägenheter infördes i 
bostadsbeståndet i Linköping. I detta scenario låg fokus på skillnaderna mellan ifall dessa nya 
lägenheter byggdes enligt passivhusstandard eller enligt standarden hos Bostadsverkets 
byggregler, BBR. 
 
I scenario 1 ledde renoveringarna till ett minskat värmebehov i bostadssektorn och detta 
påverkade i sin tur fjärrvärmesystemet. Den totala värmeproduktionen per år minskades med 
112,6 GWh medan elproduktionen i kraftvärmeverket endast minskade med 6,5 GWh. I 
samband med detta ökade spillvärmen med 7,8 GWh. Resultaten indikerar att ett minskat 
värmebehov påverkar värmeverken i högre grad än kraftvärmeverken. Detta påverkar också 
de lokala och globala koldioxidutsläppen från värmeproduktionen. Renoveringar till 
passivhusstandard medför minskade lokala och globala koldioxidutsläpp. Orsaken är att 
mindre bränsle används enbart till värmeproduktion och att elproduktionen minskar i mindre 
grad än värmeproduktionen. Detta har stor inverkan på utsläppen eftersom den elektricitet 
som produceras i Linköpings fjärrvärmesystem antas ersätta den europeiska 
koldioxidintensiva kraftproduktionen.     
  
I scenario 2 är skillnaden i total värmeproduktion mellan de två fallen 32,4 GWh, där mer 
värme produceras i BBR-standard fallet. Skillnaden i elproduktion mellan de två fallen är 
endast 1,45 GWh, så enligt resultaten i scenario 1 kommer ett lägre värmebehov inte att 
påverka elproduktionen, i någon större utsträckning. Även om det finns mer spillvärme i 
passivhusfallet finns det fortfarande möjligheter att spara energi genom att bygga passivhus. 

 



Koldioxidutsläppen från scenario 2 stämmer också med resultaten från scenario 1, alltså 
förorsakar passivhus mindre utsläpp av koldioxid på både lokal och global nivå. 
 
Om man än en gång ser till titelfrågan kan konsekvenserna av att människor lever i passivhus 
för det lokala energisystemet sammanfattas med att det minskar eller åtminstone bidrar till en 
mindre ökning av CO2-utsläpp, lokalt och globalt. Dessutom utgör det en länk till var och ens 
aktiva val av boende. 
 
Övergripande slutsatser 
 
Det övergripande syftet med denna studie är att göra en energisystemanalys av passivhusen i 
Lambohov, en analys som sträcker sig över flera systemgränser. Analysen tar avstamp i 
hushållsnivån och går via de tekniska aspekterna av byggnaden mot det lokala energisystemet 
och passivhusens roll däri. Arbetets övergripande slutsatser är:  
 

• Generellt sett betraktas och upplevs passivhuslägenheterna som vanliga lägenheter i 
bostadsbeståndet, både av hyresgästerna och av bostadsbolaget. I praktiken har dock 
bostadsbolaget förhoppningar om att hyresgästerna ska vara energimedvetna.  

• De första hyresgästerna i passivhusen kommer via information och egen erfarenhet att 
införskaffa kunskap om passivhuskonceptet vilket antagligen kommer att resultera i en 
anpassning till konceptet. Detta kan vara värt att ta i beaktande vid utvärderingar, 
speciellt om bostadsbeståndet ska utökas med flera passivhuslägenheter för uthyrning. 

• Bostadsbolaget har byggt passivhusen för att inhämta erfarenhet av energieffektivt 
byggande och för att testa om passivhuskonceptet också passar hyreslägenheter. Dock 
verkar det som att även om företaget arbetar mot hållbart boende så verkar man likväl 
på en fri bostadsmarknad vilket kräver en balansakt mellan hållbarhet, politik och 
affärsmässighet.  

• Alla byggnadens klimatskärmsegenskaper, såsom solenergitransmittans genom 
fönster, isoleringsnivå av väggar, dörrar, fönster, golv etc., talar för bättre termiskt 
inomhusklimat i passivhusen i denna studie, men byggnadens uppvärmningssystem 
kan fortfarande förbättras ytterligare genom rumsspecifik lufthantering, särskilt för 
ökad flexibilitet i rumstemperatur hos enskilda rum. 

• Datorsimuleringar visar att passivhusmodellen har en lägre energiförbrukning än den 
konventionella husmodellen. Beroende på om simuleringarna bygger på 
tidsanvändningsdata eller de svenska passivhuskravens 4 W/m2-gräns använder 
passivhusen 44% respektive 57% av vad de konventionella använder. 

• En hypotetisk anpassning av byggnadsbeståndet i Linköping som skulle utgöras av en 
större andel passivhus-lägenheter visar genom optimeringar att både de lokala och de 
globala CO2-utsläppen skulle minskas från värme- och elproduktion. En 
omstrukturering till mer passivhus skulle inte innebära några betydande förändringar i 
lokal elproduktion ifrån kraftvärme. 

 



Summary 
How do our regular and most basic activities, often performed in our own homes, affect our 
global and local environment? How do we actually, in our everyday life, contribute to the 
currently highly prioritized issue of global warming? Simple household activities such as 
cooking, opening front doors and windows, bathing, even just our presence as human beings 
are all examples of activities that affect the global energy system. It might start with an open 
door or a switched on stove that affects our indoor climate in terms of changed indoor 
temperature and air quality. These changes have further on an impact on the energy use of the 
buildings we live in and on the local energy system we are situated in. Finally, our local 
energy supply and energy use have a direct effect on our global energy system and or global 
climate.  
 
This introduction might inflict the reader to think that all our every-day activities are having 
an indirect negative effect on our global climate.  Is this necessarily the case? Not quite. What 
can be done in order to turn the effects of an energy demanding activity to be less energy 
demanding? And what are the possible effects of this? These two questions mainly constitute 
the starting point and the focus of this report. So, how do we improve our buildings so that 
waste energy from our activities is utilized to an optimum? During the last decade in Sweden, 
the concept of passive houses has entered this discussion. Passive houses are basically 
buildings that need a minimum of additional energy for space heating due to the fact that the 
energy from installed equipment, activities and merely human presence are used to heat the 
house and to yield a comfortable indoor climate.  
 
In this study a number of new built passive and conventional houses in the residential area of 
Lambohov, Linköping, are studied. The effect of household activities on the building’s energy 
balance is investigated along with an investigation of the effects of an extensive adaptation to 
passive houses in the energy system of Linköping. The study compares how the heating 
system affects the thermal indoor climate for the tenants. Further on, the study also contains 
in-depth interviews on the expectations on the passive houses of the recently moved in 
tenants. Also the expectations from the housing company on the tenants and the factors that 
motivated the actual building of the passive houses are investigated, both out of the housing 
company’s perspective and the perspective of the City of Linköping.       
 
This report looks behind the scenes of the passive houses in Lambohov and digs for 
information around the actors and tenants of these rental passive row-house apartments. A 
bottom-up approach is used to obtain a realistic picture of the household activities that 
contribute to the passive heating of the building. Measurements of energy use and thermal 
indoor climate takes place in the precision of 5-seconds and is extrapolated in terms of both 
time and space from the household to the building and then over to the municipality level in 
order to identify the environmental effects globally.  
 
A transboundary systems approach is applied that is based on the idea of performing an 
energy system analysis of the passive houses in Lambohov that spans over several system 
level boundaries. The first system level where the study starts is the household level with the 
tenants and the thermal loads generated from ordinary household activities. From the 
household level the study moves further up to the building level where the properties of the 
building envelope and the heating and ventilation systems are analyzed in the context of the 
indoor climate and the energy balance of the building. Finally the study moves up to the local 
level in order to find out what the motives was for the municipality and the housing company 
to invest in passive houses from the start. Also the effects of an extensive adoption of passive 

 



houses would have on the local energy system have been studied in an optimisation study. 
The system level staircase that was just described is illustrated in the Figure below. 
 
 

 
Figure 1. The system perspective applied in the study of the Lambohov passive houses. 
 
 The Household Level 
The aim of the household level is to look at the households’ experiences of the passive houses 
so far and to simulate household activities for comparing the thermal loads of the two types of 
apartments; The methods used have partly been interviews with the tenants and the housing 
company and partly field measurements in combination with household activity simulations.  
 
As far as the expectations from the tenants and the housing company is concerned, the tenants 
expect the passive houses in Lambohov to function as any other house and they expect that 
the passive houses will yield a lower cost for heating than other houses. The housing 
company, expects the houses to be suitable for any kind of tenants. Even though the housing 
company claims not to actively have had specific desires regarding the target group for the 
tenants of the passive houses, they are still welcoming people with an interest in energy 
related issues and the function of the houses.  
 
The initial experiences have so far mostly been an issue of sufficient or insufficient 
information from the housing company to the tenants on how to operate the apartments. Some 
tenants have urged a need of more information on for example how the heating system works. 
Of course it is important to note that the time that the tenants have been living in the passive 
houses this far is relatively short (started to move in February 2009) and the experiences so 
far are limited. However, since every new technology requires a period of learning and 
adjustment from the users, it is vital to address these experiences in order to learn how to 
maintain and operate the apartments.  This is equally important for new tenants in the future. 
 
The thermal loads produced in the apartments come from household activities and domestic 
appliances. They can be divided into two parts; one that is dependent on household activities 
and one that is not associated with any household activity. The first part, household activities 
are derived from average household activity patterns of a 3-person household. The other part 
is derived from the stand-by power of domestic appliances. Together they give at hand that 
the thermal load for a 105 m² apartment is 8 - 10 W/m². In comparison, the passive house 
apartment has slightly better energy performance thanks to more energy efficient appliances 
and to a more air-tight building envelope. The air-tightness reduces the amount of outdoor air 
leaking in to the passive house compared to the conventional house when the kitchen fan is 
operated. The passive house has thus more internal heat gains than what may be included 

 



when designing the heat and ventilation system according to the Swedish passive house 
directive which states 4 W/m².  
 
If referring to the initial question addressed in the title of this report regarding the “passivity” 
of someone’s actions, a building of 105 m² containing a 3-person household contributes in 
average passive heat gains of 8 - 10 W/ m² stemming from household activities. 
 
The Building Level
On the building level the thermal loads from household activities that were calculated in the 
household level, were used in the analysis of the buildings energy balance and the thermal 
comfort of the tenants. This was done by integrating field measurements on site with 
computer simulations of the energy performance of the Lambohov buildings.  
 
The thermal indoor climate in both the passive houses and the conventional houses has proven 
to be acceptable. However, in a cold climate, the passive houses meet the requirements of 
thermal comfort better than the conventional houses. This is explained by the higher 
insulation level in the passive houses, which lead to higher radiant temperatures from walls, 
windows and floor. The higher insulation level and radiant temperatures also implies that the 
air temperature in a colder climate can be held on a lower level while still achieving a similar 
thermal comfort sensation, thus the energy use of the passive houses, is further lowered 
compared the conventional houses due to this fact. 
 
The higher solar transmittance of the windows installed in the conventional houses implies 
that there is a higher risk of thermal discomfort, in terms of a higher indoor temperature 
during warm seasons. This might result in a need for active cooling to keep an optimal 
thermal comfort, and thus additional energy would be required for cooling the conventional 
houses during warm seasons.  
 
The passive houses in Lambohov have an installed heating power of 19 W/m2 in the 
ventilation system. This is in opposition to the Swedish standard for passive houses where the 
heating power is required to be at a maximum of 12 W/m2. Still the energy demand for space 
heating in the houses is simulated to be 19.5 kWh/m2, yr which is well below the passive 
house standards’ requirement of 25 kWh/m2, yr. Thus, according to the simulations made in 
this study, the houses in Lambohov are not passive houses in terms of installed heating power 
but they are passive houses in terms of energy demand for space heating.  
 
The fact that the Swedish standard of an internal heat gain maximum of 4 W/m2 seems to be 
only about half of the internal heat gains derived from time-use data in this study has shown 
to have great effect on the computer simulated energy use in the passive houses.  
 
If a comparison between the Lindås houses (2001) with the Lambohov houses (2008) was 
made, one could assume that a learning process has occurred that probably have contributed 
to the fact that the windows used in the Lambohov houses have been improved compared to 
the ones used in Lindås.  
 
The concept of having a specification for minimized energy demand under the name “Passive 
house” does have a significant advantage compared to not having one. It leads to an aspiration 
towards more efficient construction details such as windows and doors for example. The 
windows appeared in this study of the Lambohov houses to be a key building envelope 

 



component that thanks to the regulation of the passive houses will lead to a better comfort for 
the tenants all year around. 
 
From the building point of view, the “passivity” of living in a passive house or a conventional 
house in Lambohov, can be summarized in the figure describing the specific energy use for 
space heating, that is 11 kWh/(m2, yr) and 25 kWh/(m2, yr), assuming the free heat gains from 
the household activities mentioned before. 
 
The Local Level 
The local level is the system level in this work with the widest system boundaries. The 
methods used on this level have been partly research interviews with representatives of the 
housing company and the City of Linköping, and partly scenario based optimisations of the 
local energy system. The formulated research question for the local level was about the 
general motives for introduction of low energy buildings in a Swedish municipality and the 
consequences of an extensive conversion towards passive-houses would have on the local 
energy system. 
    
The building of the passive houses in Lambohov is, according to the housing company, a test 
project and part of striving towards environmentally sustainable buildings within the 
company. There is also an urge within the company too see if the costs of building houses 
with such a low energy use are reasonable and to see how well the concept of passive houses 
is applied as rental apartments. The intention was to have the passive houses designed 
esthetically like any other domestic building in the same category. The fact that the housing 
company is owned by the municipality of Linköping has from their point of of view had 
advantages in terms of long term engagements and the possibility to be a sustainable buyer 
and good example for other housing companies on the market. 
 
The motives from the municipality are to expand the implementation of the passive house 
concept along with the implementation of the more general concept of low-energy buildings 
in the local energy system. A discussion is going on within the municipality and with the local 
energy company regarding the parallel existence and development of district heating and low-
energy houses. At times it is possible that the interests of house builders and heat distributor 
collide and according to the energy planner at the City of Linköping new models of 
collaboration has to be developed for how these situations are to be avoided.  
 
Two scenarios were constructed where the first included an assumed renovation to passive 
house standard of all apartments in Linköping that were constructed between the years 1961 
and 1980. The second scenario was based on the assumption that 10 000 new apartments were 
added to the Linköping building stock. The analysis in the second scenario focused on the 
differences between if these new apartments were made according to passive house standard 
or according to conventional BBR standard.  
 
In scenario 1 the renovations led to a reduced heat demand in the building sector and this had 
effects for the district heating system. The total heat production per year was reduced by 
112.6 GWh while the electricity production in CHP plants was only reduced by 6.5 GWh. 
Along with this there was an increase in the amount of wasted heat of 7.8 GWh. These results 
indicate that a reduction in heat demand affects the heat only production plants to a larger 
extent than the CHP-plants. This also affects the local and global CO2 emissions stemming 
from the heat production. Renovations to passive houses imply a reduced local and global 
CO2 emission. This is due to the fact that less fuel is used for heat production only and the 

 



produced electricity is reduced to a lesser extent than the heat production. This has a major 
impact on the emissions since the electricity produced in the Linköping district heating 
system is assumed to replace European CO2 intensive power production.  
 
In scenario 2 the difference in total heat production between the cases with different standards 
of new built apartments is 32.4 GWh more heat produced in the BBR standard case. The 
difference in electricity production between the cases is merely 1.45 GWh so in accordance 
with the results in Scenario 1 does a lower heat demand not affect the produced electricity. 
Although more heat is wasted in the passive house case there are still energy savings to be 
made from building passive houses. The CO2 emission results for scenario 2 are also in 
accordance with the results in scenario 1, hence the passive house case cause less CO2 
emissions locally as well as globally.  
 
Once again looking to the overall title-question of this report, the consequences of people 
living in passive houses affect the local energy system in the reduction or less increase of CO2 
emissions, locally and globally, and constitute the link to the “passivity” of someone’s active 
choice of living. 
 

 



The Overall Conclusions 
 
The overall aim of this study was to perform an energy system analysis of the passive houses 
in Lambohov that spanned over several system level boundaries. The analysis began in 
household components and moved via the technical standards of the buildings towards the 
role of the Lambohov passive houses in the local energy system. The main conclusions 
reached in this work to meet this overall aim are: 
 

• In general terms the passive house apartments are perceived and expected to be like 
regular apartments in the housing stock, both by the tenants and the company. In 
practice, though, the housing company has a desire for tenants that are energy aware. 

• The tenants, by being the first to move in, will through information activities and own 
experience gain knowledge of the concept and probably conform to it. When 
evaluating the passive houses this should be taken into account, especially if more 
passive houses for new tenants are to be built. 

• The housing company has built the passive houses to gain experience of building 
energy efficiently and to test if the concept suits rental apartments. However, even 
though the housing company works towards sustainable housing, it has to compete on 
the regular housing market which seems to require a balancing act between 
sustainability, politics and business.  

• All building envelope properties, like solar transmittance of the windows, insulation 
level of walls, doors, windows, floors etc, speak for enhanced thermal indoor climate 
in the passive houses in this study, but the building space heating system can still be 
further improved by room specific air handling, especially for increased flexibility in 
specific room temperature. 

• The computer simulations reveal that the model of the passive house has a lower 
energy use than the model of the conventional. Depending on if the simulations are 
based on time-use or if the 4 W/m2 limit is used, the passive house uses 44 % or 57 % 
of the amount that the conventional uses. 

• A hypothetical adaptation of the building stock in Linköping to be constituted by a 
significant fraction of passive house apartments did according to the optimisations 
reduce both the local and the global CO2 emissions from heat and electricity 
production. The restructuring to more passive houses did not imply any significant 
changes in local CHP electricity production.     
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1. Introduction 
In Sweden today, the building sector stands for 35 % of the total energy use and in the EU the 
corresponding figure is 40 %. Further, about 36 % of the CO2 emissions from the EU 
countries stem from buildings (Swedish Energy Agency, 2008). An important characteristic of 
buildings is it's high level of permanence; once built, the houses will generally be standing for 
a long period of time.  The building sector is in other words an area where the potential for a 
reduction of energy use is substantial. Important factors for reducing the energy use are the 
security and affordability of energy supply, along with the currently beheld global warming 
issue (European Commission, 2000). In the climate change debate, the reduction of CO2 
emissions due to reduced energy use in buildings is commonly suggested as part of the 
solution (IPCC, 2008).  
 
As mentioned above most buildings will be standing for a long period of time. This is vital 
since a large amount of all buildings in OECD countries were built before the energy crisis 
during the 1970’s and will have to be renovated which have effect during the coming 40-50 
years. (Laustsen, 2008) If energy efficiency measures are prioritized in these renovations 
there are huge savings to be made in the energy use of buildings. Since investments made 
today will have effects for a long time this means, according to Berthold Kaufmann from the 
Passive House Institute in Darmstadt-Germany, that if energy use savings is our objective 
then we should make sure that the investments made today in the building sector, are the best 
we currently can afford (Kaufmann, 2009). 
 
During the last 30 years, ideas for reducing energy use in buildings have emerged. The first 
low-energy buildings in Sweden were built in the beginning of the 1980’s using inspiration 
from USA where passive solar energy had been tested for space heating in buildings. 
Different techniques where tested in various Swedish projects in for instance Växjö, 
Färjelanda and Uppsala and some of them came close to what today is considered passive 
house standard, mainly due to their lack of radiators (Glad, 2006).  
 
The passive house concept is based on a minimum need of additional heating by creating an 
air tight building envelope to reduce heat leakage. The concept is easily understood and has a 
potential for being easily applied, which is a prerequisite since it is important to remember 
that the issue essentially concerns people’s homes. 
 
The number of Passive houses worldwide today has reached well over 10 000 and EU is 
working with a new construction standard with the Passive house as the minimum acceptable 
standard by 2016. In Austria, this has already been implemented and UK plans to do so by 
2013 (Passivhuscentrum, 2009). The name ‘Passive house’, stems from the ability of the 
house to use the heat that is gained from the sun, the tenants and the installed household 
appliances in the house.  
 
The first passive house project in Sweden, Lindås Park in the south western parts of Sweden, 
was finished in 2001. This project was supervised by Hans Eek who is considered to be the 
founder of the passive house concept in Sweden (Boström et al, 2003). After that, more 
passive houses have been built; apartments, villas, pre-schools etc. Until recently, only new 
buildings have reached passive house standard, but currently existing multi-family houses in 
Alingsås are being renovated in order to achieve passive house standard. Today there are 
about 100 passive houses in Sweden according to The Swedish passive house centre, a 
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resource centre for actors in the passive house market (Passivhuscentrum, 2009, EnBo 2009, 
Alingsås).  
 
This report contains a case study that concentrates on a block of semi-detached apartment 
houses in eastern Lambohov in Linköping. Nine apartments in Lambohov have been 
constructed according to the Swedish passive house standard. The specific characteristic of 
these houses is that they are connected to the regional district heating network and they are 
rental apartments instead of co-operatives, which initially used to be more common for 
passive houses in Sweden (Passivhuscentrum, 2009). These apartments constitute a pilot 
passive house project carried through by the housing company “Stångåstaden”. The 
apartments were finished in 2009.  
 

1.1 Problem formulation 
The choice of the passive house apartments in Lambohov as the centre of interest in this study 
is based partly on them being the first of their kind in the eastern part of Sweden. Most 
passive house apartments have been built in the western parts of Sweden where much of the 
knowledge, experience and networks are prospering. The eastern parts of Sweden have not 
until recently been active on the passive house market. The second reason why the Lambohov 
houses were studied here is that apartments of both passive house standard and apartments of 
conventional standard were constructed in the same area. Both types of houses are of the same 
size and design which offers a great option to make a comparative study on the energy related 
differences between them. Thirdly, the Lambohov houses are situated in the local energy 
system of Linköping and significant information on the system structure along with developed 
tools for modelling and optimisation are available from earlier studies. Thus, the houses in 
Lambohov constitute a case that offers unique options for a comparative study on several 
levels of detail.   
  
The overall aim of this study is to perform an energy system analysis of the passive houses in 
Lambohov that spans over several system level boundaries. The analysis begins in household 
components and moves via the technical standards of the buildings towards the role of the 
Lambohov passive houses in the local energy system.  
 
To be able to fulfil this broad aim there is a need for a multi-perspective and multi-
disciplinary approach. Apart from the fact that the building properties need to be investigated, 
the buildings are also situated in a particular area. Additionally, there are people living in the 
apartments and their daily household activities will have an impact on the energy use in the 
building as well. The overall aim is met by applying a three levelled approach where diverse 
methods from different disciplines yield multifaceted and a versatile understanding of the 
problem. The three levels are: 
  

• The household level 
• The building level 
• The local level 
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Figure 1-1. An illustration of the system levels applied in this study 
 
Figure 1-1 illustrates the three levels and the steps that constitute a theoretical staircase that 
starts in the household activities and end in the local energy system. The household level 
deals with the people living in the apartments and their activities and appliances. The building 
level combines the knowledge about the tenants’ activities from the household level with the 
properties of the building envelope and heating system to study the effects on energy use. 
Finally, the local level includes the energy supply to the buildings and the context in which 
the housing company operates. Each of these three levels needs to be elucidated from 
different perspectives and require the answering of more specific research questions related to 
each level separately.  
 
 

1.2 Research questions 
In this chapter the research questions are presented for the three different system levels.   
 
 The household level 

• What are the expectations and initial experiences on living in and letting out a passive 
house, and what are the thermal loads of household activities?  

 
The building level 

• How do internal heat gains, building envelope and building utilities affect the thermal 
indoor climate and what effect does this have on the energy use in a passive house and 
in a conventional house? 

 
The local level 

• What are the general motives for the implementation of low energy buildings in a 
Swedish community, and what are the consequences for the local energy system of an 
extensive adaptation to passive houses? 

 
 

1.3 Scope and delimitations  
The scope of this report is a comparative case study of a particular group of apartment 
buildings consisting of both conventionally built apartments and apartments of passive house 
standard in a residential area in the city of Linköping. These houses are unique in the region. 
Initially, surveys of the tenants and housing company´s expectations on the apartments have 
been made. Further on, comparisons between the two types of apartments have been done on 
thermal comfort, building envelope energy performance and since the buildings share the 
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same geometry of a two-stored house and are oriented in the same direction, they are suitable 
for a comparative study. Finally the impact of a local adaptation to an extensive amount of 
passive house apartments in the local housing stock on the local energy system.  
 
Moreover, the household activities have not been studied in real life but simulations based on 
time-use statistics have been used for comparisons. The time-use statistics cover 3-person 
households covered by a study from Statistics Sweden (28 households containing 78 persons). 
In order to find a comparable base set of activities the average value of time for the 3-person 
households covered by the study have been used. 
 
Not all subjects of this study have been exposed to comparative analyses. The tenants 
expectations have been limited to only concern the tenants in the passive house apartments, 
hence comparisons between the tenants experiences in the two types of apartments cannot be 
done. The reason for this is mainly due to different time schedules, the tenants in the 
conventionally built apartments have lived there longer and will most likely have gained more 
experience over time. The passive house apartments were also the last ones to finish in the 
area which means the option to choose a passive houses apartment may not have been 
relevant for people looking for an apartment at that time. The passive house tenants were 
caught right before or after moving in which gives an opportunity to study their first 
impressions and ideas about a new housing concept.  
 
Even though the focus lies on a particular group of buildings, the scope of this report also 
includes the local energy system of Linköping, but limited to the district heating system only. 
Since the buildings are integrated in the local district heating system, the report focuses on the 
effect of having a changed heat demand in this system.  
 
A limiting aspect of the optimisation study is that the space heating demand and DHW 
demand is not separately defined in the model that was used. Thus, the effect of the energy 
efficiency measures made on the building envelope during renovations is consolidated with 
the efficiency measures on equipment for DHW use. And as the heat needed for space heating 
during summer months could be considered nonexistent there is a risk that calculated energy 
efficiency measures on the building envelope leads to an underestimation of the heat demand 
during summer months. The reason to why the heat demands were not separated in this study 
is that the heat demand defined in the original model was not separated. This however is an 
object for further work with the model that could improve the performance in the 
optimisations. 
 
Further, the model used for the optimisations includes the community of Mjölby since the 
district heating network is connected to Mjölby. However, the possibility of that there exist 
apartments in Mjölby constructed in the years 1961-1980 that also could have been included 
in the scenarios is not dealt with. Only apartments in the municipality of Linköping are 
considered for the renovation scenario. This was due to the lack of available statistics for 
buildings in Mjölby community. This should not however have a significant impact on the 
results of the optimisations since the focus is to study the impact of an assumed heat demand 
size reduction.  
 
A final limitation present in the optimisation study is that the used model does not take into 
consideration that new boilers and plants can be installed in the local energy system in the 
future. The optimisations made here are thus only valid for the case that if changes were made 
in the system as it functions today. This implies that the local energy system and the district 
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heating system will have possibilities to adjust to changes in the building sector heat demand. 
A future local energy system might therefore have easier to adopt and make benefit from the 
proposed changes.  
 

1.4 Major assumptions  
Electricity on the margin 
The concept of electricity on the margin is used in the optimisation study in this report. This 
concept is based on the assumption that every change in electricity use affects the electricity 
produced in the most expensive power plant in the northern European electricity grid at that 
time. The power plants that are assumed to be the most expensive in a shorter time 
perspective are coal fired condensing power plants in Germany and Denmark. This 
perspective is used in this report as a “worst case scenario”. A second perspective is applied in 
the optimisation study when the future European energy system is regarded. This perspective 
implies that electricity on the margin stem from natural gas combined cycle plants. This is 
based on the expectation that the energy system in Europe will rely more and more on natural 
gas instead of coal in the future, due to the lower long-term marginal costs for natural gas 
combined cycle plants. (Sköldberg et al. 2006) 
 
Passive houses or not 
The houses studied are marketed as passive houses by the housing company. The Swedish 
passive house specifications say that no more than 12 W/m2 heating power may be installed in 
such a house. However, the apartments studied have 19 W/m2 heating power installed. So 
according to the heating power specifications the houses are not of passive house standard. 
This is according to the housing company an action to ensure a good thermal indoor climate 
in the coldest days, even when tenants are absent. Moreover, according to the energy use 
requirements the houses fulfill the passive house standard. The apartments are also verified as 
passive houses according to Passivhuscentrum (Passivhuscentrum, 2009). Therefore, the 
apartments are henceforth labeled “passive”.  

1.5 Outline of the report  
The report is based on three main parts that emanates from the three levels derived from the 
research questions. The results from every level chapter are discussed at the end of the chapter 
along with a short compilation of the level conclusions. All conclusions are then presented 
extensively in chapter 8.  
 

 
 

• Chapter 2 describes the background of the passive houses in Lambohov and the 
passive house concept in general. Further on, the housing company and the local 
energy system of the City of Linköping is briefly described  

 
• Chapter 3 presents the theories used in this study.  

 
• Chapter 4 presents the methods used in the study. 

 
• Chapter 5 investigates the household level, which includes the expectations of the 

housing company and the tenants on the passive houses in Lambohov. Also, the effect 
of the household activities on thermal loads is presented. 
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• Chapter 6 investigates the building level. The building envelope and the building 

specific installations of the Passive houses are studied. This includes the analysis of 
the buildings’ energy performance.   
 

• Chapter 7 investigates the local level with the aspects and strategies of the housing 
company and the municipality regarding energy efficient housing. Also an 
optimisation study on the role of the passive houses in the Linköping district heating 
system is included in chapter 7. 

 
• In chapter 8 the results are discussed and the overall conclusions are presented. 
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2. Background 
In contrast to the manufacturing industry, the production process of construction within the 
building sector takes place at the same spot as the consumption of the product (even though a 
growing number of construction parts are prefabricated). There is, in other words, a high 
degree of immobility when buildings are concerned. The required durability of constructed 
buildings exceeds the life span of most other industrial products. The durability and costliness 
of buildings make the construction market less sensitive to novelties and minor structural 
changes. Testing new materials is difficult and expensive in the building sector and may lead 
to risk-averse strategies of designers and builders. Furthermore, a high degree of 
responsibility to the public may also increase conservatism on design and specialisation 
among contractors. This responsibility is expressed in a high density of construction-related 
regulations engaging with public safety and health or environmental effects. Lastly, 
immobility and social responsibility has given rise to often highly localised building codes 
which makes it more difficult for construction companies to operate across geographical 
boundaries (Rohracher, 2006). This implies a number of obstacles for introducing new 
building concepts, such as passive houses, but also good opportunities to make visible and 
thorough changes as soon as the uncertainties are eliminated. It is therefore highly important 
to provide examples of new techniques and concepts to show that they work. 
 
This chapter contains general descriptions on the concept of passive houses and the passive 
house technology. Further on, the passive houses in Lambohov-Linköping and the housing 
area of Lambohov are described. Finally the chapter contains a short description of the district 
heating system of the City of Linköping.  
 

2.1 A survey of the current standing of low-energy buildings in 
Sweden 
The relevance of this study is best described in the light of earlier work that can be related to 
the questions and aims formulated in this work. During the last decade passive houses have 
been built on several sites in Sweden, mainly on the west coast. Advocates of the passive 
house concept have struggled with criticism from instances such as the building sector and the 
energy supply sector. Some criticism has been justified while some have been questionable 
and perhaps more of an expression of conservatism, for example in the building sector. In 
some cases the passive house concept has even been considered a threat to other businesses, 
such as district heating producers and distributors. Some relevant studies, arguments and 
discussions regarding passive houses in Sweden will be briefly presented here to place this 
study into a context; this also is in order to elucidate its relevance. 
 
In 2001, the first passive houses in Sweden were finished in Lindås, Gothenburg. This project 
was studied in a sense that has several parallels to the work presented in this report. From the 
report of the Lindås study the main conclusions were that the Lindås Passive houses indicated 
that it was possible to build energy efficient buildings in which the indoor climate still is 
acceptable. However, some of the persons living in the Lindås houses experienced a 
fluctuating indoor temperature and that the heating system did not function satisfactory. The 
Lindås houses were using electricity for top load heating demand and the total electricity use 
(Heating, ventilation and household electricity) in the houses were between 58 kWh/m2, yr 
and 71 kWh/m2, yr. This study of the Lambohov houses will gain in relevance due to the 
comparative advantages of the reader being able to investigate what differences in the 
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building performance and operation of passive houses that can be seen between Lindås in 
2001 and Lambohov in 2008. (Boström et al, 2003)  
 
An important issue of the implementation of passive houses is the parallel development and 
existence of passive houses and district heating. This has been, and still is, the object of 
discussion in Sweden. The essential issue in this debate is whether it is preferable or not to 
invest in a lower heat demand in the building sector by improving building envelopes. This is 
by some considered to reduce the possibilities of extending district heating networks due to a 
lower profitability in network extension. Klasson for instance, concludes that there is a larger 
potential of reducing CO2 emissions in converting heating systems from domestic oil boilers 
and electrical resistance heaters to district heating from biomass fuelled CHP plants (Klasson,  
2007). Joelsson reach similar conclusions while studying the primary energy use for 
comparisons of energy efficiency measures in the building envelope and conversion of 
heating system (Joelsson, 2008). Another aspect concerns the recently imposed directives 
from the Swedish National Board of Housing that new buildings should not have a total 
energy demand over 110 kWh/m2, yr. In the Swedish Energy Magazine nr 3 2008 a 
representative of the Swedish District Heating Association argues that this directive treats 
district heating unfairly while heat pumps and electric boilers are gaining advantages on the 
heating system market in single-family houses and this could be considered to be a waste of 
energy since district heating has possibilities to use waste heat from industries 
(Energimagasinet, 2008).  
 
The results from these studies have unfortunately been used to occasionally undermine the 
potential of energy efficient buildings and strengthened the common opinion that district 
heating and energy efficient buildings do not match, and it has at times become a question of 
one excludes the other.  However, recently a report have been published which deals with 
these questions and the possibilities of the co-existing of district heating and low energy 
buildings. One of the main conclusions in this report is that there is no environmental aspect 
that holds district heating and energy efficient buildings (passive houses) against each other. 
According to this report it is more about the adjustments of both parts to each other and a 
local and global energy system that is currently going through significant changes (Nyström, 
et al, 2009).        
 
There is in Sweden an upcoming need for renovation of multi-family houses built during the 
1960s and the 1970s. During this time period a great extension of the Swedish building stock 
took place, in the so called “one million programme”. This need for renovation has also 
contributed to the discussion of a possible extensive adaptation to passive houses in Sweden, 
mainly due to the ongoing project in Brogården, Alingsås. In Brogården multi family 
apartments built in 1970 are renovated to achieve passive house standard (Janson, 2008).   
 

2.2 What is a passive house? 
What is a passive house? Passive houses have well insulated building envelopes and due to 
this, the demand for additional heating becomes low enough to make it possible to exclude a 
conventional heating system with radiators.  
 
Although the idea with a Passive house is that there is no need for a traditional heating 
system, occasionally, especially when the temperature drops fast or during a cold period, there 
might still be a need for extra heating. At such times, the heat can for example come from a 
heat pump or a pellet boiler. To use the term ‘Passive house’, according to Swedish standard, 
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the energy demands that have to be met are the following (Swedish Energy Agency, 2008). 
The maximum amount of thermal power at an indoor temperature of 20 ˚C and the 
recommended amount of purchased (excluding domestic electricity and other property 
electricity like lighting, elevators etc., solar collectors and solar cells on the building or 
property) energy for the whole house is listed in Table 2-1. 
 
Table 2-1. Maximum thermal power and purchased energy requirements for the Swedish 
passive house standard. Source: IVL report nr A1548 
 Apartment 

block 
Detached house  
< 200 m² 

Expected energy for 
space heating 

Purchased 
energy 

Southern climate 
zone 

10 W/m² 12 W/m² 5 – 25  kWh/ m² ≤ 45/55* kWh/m² 
per year 

Northern climate 
zone 

14 W/m² 16 W/m² 5 – 25  kWh/ m² ≤ 55/65* kWh/m² 
per year 

*Apartment block/detached house 
 
According to the Swedish standard for Passive houses, the amount of heat generated from 
equipment and tenants bodies and activities that may be used for dimensioning the heating 
system is 4 W/m2. Also, there are recommendations regarding the installed household 
equipment and lighting appliances that says that they should be of energy class A. (IVL report 
A1548) 
 
In addition to the requirements included in Table 2-1, the passive house building needs to 
have an air leakage of maximum 0,3 l/s m² at +/- 50 Pa and windows that have a verified U-
value2 of maximum 0,9 W/(m²K) which applies to all glass areas in the building. Furthermore 
the ventilation system should manage sound class B3 in the bedroom. In all other aspects the 
building should fulfil the standard Swedish building regulations according to Boverket’s 
Byggregler (BBR). There are no recommendations concerning the inhabitants, even though 
their presence and activities are of vital importance. 
 

2.2.1 The Passive house technique 
The Passive house technique is a way of constructing energy efficient buildings where energy 
losses are reduced and the use of green technology often stands for a larger share of the 
energy supply than compared to conventional buildings. The energy balance of a building is 
an interaction of various technical, social and climate factors, so in order to maximize the 
energy efficiency of the building it is important to recognize this as a socio-technical problem. 
 
Building envelope  
If the building envelope shall be as efficient as to make the heating system unnecessary, its 
performance has to be better than the one in a conventional building. Since the walls often 
make up the lion’s share of the area of a building, it is of importance that they are of a high 
quality, in the sense that they do not leak heat from the inside of the house. The property 
called U-value (W/(m2K)) is a measure of how much heat that is leaked per surface area at the 
temperature difference surrounding the layer. According to Swedish passive house standard, 
                                                 
2 U-value describes how well a building element keeps heat from leaking, the smaller the number, the better the 
insulation’s effectiveness.  
3 According to the Swedish building standard there are certain noise reduction requirements on equipment and 
insulation used indoors. The requirements are graded from A – D where A and B class refer to very good 
soundproofing and usually required for new building, where as C and D are sufficient in public spaces and old or 
temporary buildings (Boverket, (2009)). 
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the U-value for the walls, the roof and the floor in a Passive house should not be higher than 
0.10 W/(m2K) and when it comes to windows and doors, these values should not be higher 
than 0.9 W/(m2K). This leads to that the walls in a Passive house need extra insulation and so 
they become approximately 40-50 cm thick compared to a conventional house where the 
corresponding wall thickness is around 30 cm (Passivhuscentrum, 2008c).  
 
Since heat spreads upwards, it means that the insulation in the roof also is important. Due to 
this, an extra thick layer of insulating material is used which results in that the roof becomes 
approximately 50 cm thick. The windows are part of the building envelope where large heat 
losses usually occur and to avoid this from happening, or at least to reduce the losses, energy 
efficient windows with lower U-values are used in a Passive house. These windows have 
usually three glasses and in between them a noble gas is contained instead of air since the 
noble gas has a higher insulating capability. These windows are better at preventing cold 
draught from occurring which is a phenomenon that happens when the windows cool down 
the surrounding indoor air that in turn becomes denser and spreads out over the floor causing 
a decrease in the thermal comfort.  
 
Places in the building envelope where large heat losses occur, usually around the windows 
and doors or where different components of the building envelope meet, are called thermal 
bridges. Since steel have a high thermal conductivity, it causes components like joists and 
edge beams to become thermal bridges that in turn also can cause cold draught. Consequently, 
in order to achieve a better insulating capability of the building envelope in a passive house it 
is of importance to reduce these thermal bridges as much as possible. To achieve a high 
insulating capacity in the external floor of the house, the strategy is usually to use a concrete 
ground together with cellular plastic. A positive side effect that follows with the extra 
insulation is that the house becomes more soundproof.  
 
Actions for improving the efficiency of the passive house 
As a building is ventilated, heated indoor air is transported out of the building which causes 
heat losses. To reduce these in a passive house, a heat exchanger can be used in which the 
supply air gets heated by the warm exhaust air before it is (if necessary) further heated by the 
heating system. In this way the heat in the warm outgoing air is recycled and with an efficient 
heat exchanger the energy savings can be up to 50-80 % compared to when the air is not 
exchanged (Swedish Energy Agency, 2008b). 
 
Further, a minimization of the area per volume of the building will reduce the heat losses and 
thus, the need for heat. Also, the climate at the location of the house will affect the processes 
of the energy balance. If a house is built on a sunny site free from wind, the need for heating 
can be reduced by 10-20 % (Energirådgivningen, 2008). On the other hand, during 
summertime, the incoming solar radiation can result in too high indoor temperatures. A 
solution to this problem is to use roof projections since the sunbeams that hit Earth’s surface 
during summertime have a steeper gradient and a share of them will therefore be blocked. 
During wintertime when the need for heat is greater the roof projections will not block the 
sunbeams since the gradient is not as steep.  
 
Inhabitants 
A passive house is quite in contrast to its name not passive in the sense that it requires 
peoples’ activities to keep a comfortable indoor climate. The inhabitants and their activities 
are an important source of heat. The size of the households, age structure, appliances and their 
energy label, the values of the people living in the house etc will have an impact on how the 
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houses function and how the indoor climate is perceived. A passive house will not stay warm 
unless people live in them. 
 

2.3 Local housing company and the Lambohov area 
Stångåstaden is the non-profit municipality owned housing company in Linköping with 
18.500 apartments of which 4.000 are student’s apartments. Stångåstaden also provides 
commercial and public premises to business enterprises and the municipality, as well as 
accommodation for companies. The building stock consists of both old and new housing and 
about 20% of the entire housing in the municipality is owned by Stångåstaden. The residents 
are a mix of people in both age and household structure, and the overall household structure 
of the municipality is represented in the Stångåstaden client base (Stångåstaden, 2008). As a 
municipality owned company certain regulations apply to the management of all municipal 
operations. All municipality owned companies are to be managed according to a 
comprehensive view which means that the companies and operations have to find common 
solutions in situations where decisions might create disadvantages for other municipality 
owned companies. The municipality management has the overall responsibility for the 
supervision and development of the group of companies (Linköping municipality, 2007). 
Through Stångåstaden the municipality is hence able to influence matters relating to housing 
policy in the region. 
 
Stångåstaden is a main actor in the housing area in Linköping. There is continuing 
development of the housing stock where one important goal is to adjust the balance of rental 
apartments and co-operative apartments, especially in areas of imbalance. Old buildings are 
being renovated and new housing is planned for year 2009 – 2010. There is also big emphasis 
on maintenance and upgrading of old buildings to more energy efficient standard. 
(Stångåstaden, 2008). 
 
The Lambohov area is situated in the south west of Linköping and consist of diverse 
settlement; small houses, row houses and blocks of flats, both private and municipality 
owned. The area is close to the large working sites in the business centre Mjärdevi Science 
Park, the university and university hospital and has good access to communications like 
public transport and cycle roads. Services like schools, day care, health care, library and 
convenience stores are also provided. Lambohov has about 7.000 residents. The area is 
surrounded by nature areas to the east and south. The area is expanding in the southern parts 
where new housing is being planned, including day care and some commercial services 
(Linköping Municipality, 2009a). 
 

2.3.1 Description of the passive houses in Lambohov 
The construction of the passive houses in Lambohov started in December 2006 when the first 
building foundation was set. Before that the idea of building low energy houses had been a 
recurrent element in the managerial body. By that time a building project was planned in the 
part called eastern Lambohov north but financially the limits had been exceeded and the 
project was placed on hold.  To get it moving again, a suggestion was made to build a few 
pilot houses of passive house standard for evaluation purposes, which resulted in some extra 
funding and allowed the project to restart. A total of 39 apartments were built in Lambohov, 
30 of them according to standard building specifications and 9 according to passive house 
specifications. The passive houses are a mix of both semidetached houses and row houses. 
Two of the apartments are single floor apartments with three rooms and the remaining seven 
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are 4-room apartments with two floors. The 39 apartments, including the 9 passive houses all 
have plastered façades.  
 

 
Figure 2-1. One of the 4-room apartments in Lambohov  Photo: Patrik Rohdin  
 
Inside the apartments have either 3 or 4 rooms. The 3-room apartments have one floor only, 
while the 4-room apartments have a second floor. The 4-room apartments have a shower room 
on the ground floor and a bathroom on the first floor. The walls in the kitchen and stairway 
are painted while all other walls are wallpapered. The shower rooms have glazed tiles on the 
walls and clinker on the floors. The bathrooms on the upper floor have plastic carpet on the 
floors and tiled walls. They are equipped with a bath tub, bathroom cabinet and towel dryer. 
On the ground floor, all floors except in the entrance hall and laundry room have parquet 
flooring. On the first floor the floors have a linoleum carpet in all rooms.  
 
Table 2-2. Living space according to type of apartment  
 3-room apartment (single floor) 4-room apartment (with second 

floor) 
Area (standard house) 74 m² 107 m² 
Area (passive house) 73 m² 105 m² 
 
The houses look identical to the conventionally built houses and can not by external view be 
distinguished from the others. The idea is to compare the energy use in the two types of 
houses to see what impact this way of building has on the actual use of energy.  
 
In Lambohov all houses, including the passive houses, are connected to the district heating 
system. This means that the passive houses get their additional heating and domestic hot water 
from Tekniska Verken, the local district heating company, and don’t use electricity for indoor 
heating when necessary, which often has been the case in other passive houses. 
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2.3.2 The energy system of the City of Linköping 
The City of Linköping is the fifth largest city in Sweden with 140 000 inhabitants. The district 
heating network covers the heat demand in most of the multi family buildings in Linköping. 
The local energy company, Tekniska verken i Linköping AB, is owned by the municipality. 
Figure 2-2 shows the fuels used for heat production in Linköping in 2006 based on numbers 
from statistics Sweden.   
 
 
 

Coal
8% Light  oil

1%

Oil
16%

Wood
24%

Wast e
38%

Ot her
12%

Elect r icit y
1%

Figure 2-2. Fuelmix in the Linköping district heating system 2006. Source: 
[Statistics Sweden, 2007] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The heat production units in the Linköping system produces about 1700 GWh heat per year. 
(Difs et al, 2009)  The system includes heat from heat only plants and CHP (Combined Heat 
and Power) plants. (Henning, 2006)  
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3. Theory 
This chapter describes the theoretical background and the theoretical concepts that are used in 
the analysis on the different levels of the study. Occasionally, theory and concepts are also 
briefly discussed in order to elucidate complexity and eliminate the risk for incorrect 
interpretations by the reader. Initially, the energy systems analysis perspective applied in this 
report is presented in section 3.1.   
 

3.1 Systems perspective and system boundaries 
Definition of a system: 
According to Ingelstam a system consists of two different quantities; its components and the 
connections in between the components. There also need to be an entity that motivates the 
participation of all components and connections to be a part of the system. This entity is 
defined by a system boundary that separates the system from its surroundings. The 
surroundings of the system is defined as the part of the rest of the world, that is not part of the 
system but do have some sort of impact on the system (Ingelstam, 2002).  
 
 
 

Household Activities 

Building Envelope & Installations 

Local Energy System 

 
Figure 3-1. The energy system levels and system boundaries applied.  
 
 
The Building as an Energy System 
In the study of this report a socio-technical perspective on the building as an energy system is 
used. The building as an energy system is considered to be part of a more extensive local 
energy system. Another distinction made is the separation of the activities of people using the 
building from the building envelope and the consistent components (ventilation, heating 
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system etc.). This division of the building energy activities in different energy systems offers 
the possibility of using diverse perspectives and diverse disciplinary research methods in 
order to achieve a wide and interdisciplinary analysis of the studied case. Another important 
advantage connected to the multi-level approach is the elimination of possible sub 
optimisations of a system. Finally, this approach offers the possibility of studying the 
interaction between human activities and technical specifications of a building.   
 
An energy system that consists of three different energy subsystem levels requires three 
defined system boundaries. The first level is the household activities (see Figure 3-1) and this 
level includes all household activities that have an effect on the energy balance and the energy 
use of the building. This could be activities that are directly connected to the use of energy 
such as cooking, washing, cleaning, showering etc. The household activity level includes 
however also activities that indirectly effects the use of energy such as opening doors and 
windows (passively letting heat in or out of the building), body activity (different body 
activity level yield different amount of heat to the building), number of persons at home. 
 
Next level, building envelope and installations, consist of the building itself. This includes all 
technical aspects of the building for example thickness of the walls and the roof, isolative 
performance of the floor, thermal transmittance of windows and doors, etc. This level also 
includes the heating system and the ventilation system of the building. The interactions 
between the household activity level and the building envelope level are extensive and 
therefore the distinction between them is not consistently clear. In some cases the studying of 
one of the levels explicitly is hard to perform and attention needs to be paid to the present 
circumstances concerning the studied object. The rule of thumb however is that energy related 
aspects connected to human activity is considered to take place on the household activity level 
and energy aspects that are specific for the construction of the building, the heating system or 
the ventilation system is on the building envelope and installations level. 
 
Buildings are however not isolated energy systems lacking context. Buildings are, in most 
cases part of a local energy system and in this study this system level is defined as the local 
level. The energy system surrounding the building mainly consist of the local facilities for 
supply of energy to the buildings, for example; heat production plants, district heating 
network and local electricity production and distribution network. This level is local in the 
sense that it does not include components acting on a national or international level. The 
factors that might affect the energy balance of local energy systems and separate buildings 
and are part of a national or international framework are considered to constitute the 
surroundings of the system. That is, the affecting factors that is not specific for the local 
energy system where the building is situated.         
 

3.2 Energy balance in buildings  
This chapter aims to highlight the processes involved in the energy balance of a building, that 
is, processes that add/subtract heat to/from the building. In a building, heat is added not only 
from the heating system but also, in considerable amounts, through the incoming solar 
radiation, the heat emitted from the installed equipment as well as from the tenants and the 
lighting. The picture below illustrates these processes in the house and each indexed Q stands 
for the heat power of its process.  
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Figure 3-2. Energy balance of a building. (based on Fahlén, 2008) 

 
The tenants and their activities have a substantial influence on the energy balance. Different 
households will have a different amount of equipment installed, and different equipment will 
emit different amounts of heat. At the same time, how the tenants use their equipment will 
also affect the amount of energy that is used in the household. Owing to these facts, energy 
efficient measures can be taken by either installing equipment with better performances or by 
a change in the activities of the tenants. 
 
To maintain the energy balance at a comfortable indoor temperature it requires that Qgain 
equals Qloss, see the equations below and Figure 3-2 above. 
 
Qgain = Qperson + Qequipment + Qlighting + Qsolar + Qheating 
 
Qloss = Qtransmission + Qventilation + Qinfiltration   
 
Qperson is the emitted heat from the tenants, typically 100 W/person (see chapter 3.2.2). 
 
Qequipment is the heat from the household equipment. 
 
Qlighting is the heat from the lights in the household. 
 
Qsolar is the heat gained from the incoming solar radiation.  
 
Qheating is the heat that comes from the installed heating system.  
 
Qtransmission is the amount of heat that is lost by transmission, convection and radiation through 
the building envelope, it is highly depending on the insulating performance of the building.  
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Qventilation is the heat that is lost via the ventilation system. Since the house is ventilated, it 
means that heated air (texhaust) leaves the house which results in a loss of heat.  
 
Qinfiltration is the heat that is lost via the unwanted air-leakage through the building envelope. 
 
The abbreviation “CAV” (Constant Air and Volume) in Figure 3-2 is referring to the 
ventilation system which has an air flow rate that is constant. What is more, large amounts of 
the waste water have been heated while inside the building which causes further heat losses.  
 
Building time constant 
Another important measure that is used when calculating space heating power demand is the 
building time constant. It is a measure of the time it takes for the building's indoor 
temperature to react to a rapid temperature change outdoors or at a break in the heating 
supply. A low time constant, means that the building is affected relatively quickly by the 
surrounding temperature. The slower the building affected, the longer the time constant, and 
the less amount of space heating power is needed.  The sum of the building’s specific heat 
capacity inside the building envelope is an important parameter when calculating the building 
time constant. 
 

3.3 Introduction of new technology 
In order to understand how new technology is being perceived and how it eventually will be 
used by different actors, in this case the tenants and the housing company, it is important to 
understand the process of learning and diffusion of new technology. Glad (2006) has for 
instance studied the professional actors during the building process of the Lindås apartments 
and concluded that an energy concept had to go through a process of transformation into a 
new energy concept in order to fit a new setting (Glad, 2006). The passive house technique is 
still considered a new building technique and the process of learning how to build and how to 
live in a passive house is on going. In order to make a concept work it has to be placed, 
spatially, temporally, and conceptually which means that it has to be fitted into the existing, 
heterogeneous networks of machines, systems, routines and culture. For this to succeed there 
is a need for learning processes that are highly social. According to Rohracher (2006): 
 

 “Such a concept of social learning means that only during the 
practical engagement with new technology – its production, use and 
regulation – it becomes clear under which conditions an innovation 
can be used, how a technology is integrated into daily practice by its 
users, or how accompanying regulations and other measures can be 
designed effectively. Different social players are directly involved in 
such processes and they mainly learn by communication and 
interaction.” (Rohracher, 2006, p 47) 

 
There are in other words several actors involved when new technology is diffused. One such 
actor that has an impact on new technology is the end user. 
 
The term user is often applied when new technologies or innovations are discussed, the user is 
almost always defined in relation to a specific technology or product and this relation is not 
design or production of this artefact, technical system or service. The term has been criticized 
for its implicit technocentrism, as a user a person is defined with respect to a system, but 
people seldom use a system for the sake of using. As users people are reduced to appendices 
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of the machines they are using. Research on innovations has in many ways been focused 
around the user as a counterpart to designers and producers of technology, but there are other 
ways of approaching the user as well. Technology use in households and in the context of 
consumption has for instance a strong element of cultural orientation and expressive value for 
individuals, which means that social use of products don’t necessarily say much about their 
necessity or usefulness. From this point of view production and consumption are cultural 
activities that generate, reproduce and transform meaning. The user as consumer has long 
been at the centre of economic, political, environmental and cultural debates. One interesting 
aspect is consumption as means of communication, the non-verbal communication of cultural 
meaning. Through consumption people may express themselves and construct social 
identities. This, however, is something that is not available for everybody. Consumption in 
this sense is a set of social practices that establishes social differences. (Rohracher, 2006) 
 
Another interesting aspect on the user is the political approach where broader social 
consideration is taken into account, the user as citizen, where product use is linked to public 
interest. This is common when environmental technologies are concerned but is a somewhat 
ambivalent concept since it easily individualizes political action and responsibility. Still it 
points out an important aspect of the use of technology as an act of citizenship, from the users 
side it gives an active and politically conscious engagement with the purchase, use and 
shaping of technology. In this sense institutional arrangements are vital for an active user-
technology relation and the perceived effect of ones actions that strongly influences the 
propensity to act as a citizen. (Rohracher, 2006) 
 
There are also other kinds of users that are not specifically end-users of a product. When 
building technology is concerned there are a number of intermediary users, planners, 
architects, installers etc that work with technology and products and that play a mediating role 
in the construction and dissemination of low-energy buildings. 
 
Intermediary users mediate between component production and the final ready-to use 
technology. An example is the ventilation and heating system technology which is not a 
consumer product per se but requires an actor between producer and consumer before it can 
be used. A specific type of intermediary user is housing companies or property developers. In 
a way they are end-users having to maintain and operate the passive house after completion. 
At the same time they are intermediaries renting out the apartments to tenants, who are also 
end-users and live in the apartment. The role of housing companies is important in both 
directions. They can define requirements of the building and select the companies involved, 
but the tenants also depend on the building management. (Rohracher, 2006) 
 
Previous studies show that various reasons have been named why public housing companies 
would commission advanced low-energy buildings. Sometimes it appears to be a mixture of 
public relations work and public service commitment. Other reasons might be to gain 
experience and know-how with the environmental construction technologies. A third reason 
might be to want to serve a particular consumer segment which means environmentally aware 
and quality conscious consumers (Rohracher, 2006). It seems like the motives for public 
housing companies to build passive houses in many ways is a combination of business and 
politics.  
 

18 
 



3.4 Household activities and time-use data  
Household activities is a central concept in this study, particularly where the household and 
building level are concerned. At first glance household activities could easily be taken as 
merely activities performed in the household, but the concept is broader than that. Household 
activities are socio-technical by nature since they involve both people and technology; 
nowadays almost all household activities involve using electrical appliances of different kind. 
To be able to understand the logical sequence of activities performed in a household it is 
essential to observe that household activities are projects that serve a function. A common 
method to specify household activities is to divide them into functional areas like warm and 
light house, cleanliness, food provision and entertainment and information (Carlsson-
Kanyama & Lindén, 2002). Food provision, for example, might consist of using a kettle when 
boiling water, rinsing plates under running water before putting them in the dishwasher, or 
using the food processer to prepare vegetables. All activities where electrical appliances are 
involved use energy and generate heat which will have an effect on the indoor climate. 
 
Household activities are of course also dependent on the people doing the activities. User 
behaviour is a somewhat complex term but in connection to technology it could be used to 
emphasize the human aspect of socio-technical activities. For instance, electricity use in 
households is a function of three factors: amount of appliances in a home, energy use for each 
appliance and the usage of appliances where the usage of appliances is directly connected to 
behaviour (Lindén, 2008). How people use their appliances will in other words have an effect 
on energy usage which in turn has an effect on the energy system as a whole. Mere human 
presence also affects the building energy system. A passive house is per definition a socio-
technical concept since household activities, including mere presence in the home, have a 
crucial impact on the building energy system. 
 
If household activities are to be explored even deeper it is possible to map out the actual time 
used for different activities and how they fit together. Time geography claims to provide a 
basis for analysis of phenomenon in which the fundamental dimensions of space and time are 
taken into account to form a bridge between material processes and people's subjective 
experiences of these processes. Fundamental to the time-geographic perspective is the 
perception of individuals' everyday lives as a sequence of activities with an intrinsic logical 
sequence. The total time-use also called added time use, is described as the total allocation of 
time distributed in various activities, but does not consider when the activity takes place, the 
sequence of activities that follow each other or how fragmented the total time is. The actual 
sequence of activities is given by the real time use. (Ellegård et al, 2004) The distribution of 
real time use for one person can be visualized as in Figure 3-3, where the activities are 
divided into seven categories. Most of the activities that are displayed in Figure 3-3 is 
connected to home activities, except “transportation” and “Employed work /education” .  
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Figure 3-3. Example of a time-resolved activity pattern for one person, divided on 
seven basic activity patterns. The activity pattern is visualized with the Visual- 
TimePAcTS software.  
 
Time-use studies show the structure of everyday life and it seems like peoples everyday lives 
consist of a number of fragmented activities that all have an impact on energy use in 
households. 
 

3.5  Thermal loads from household activities  
As was described in the previous section, the household activities affect the energy balance 
and hence also the thermal indoor climate of a building. In order to find out the significance 
of the household activities, a high resolution of thermal load profiles must be obtained. Since 
it is hard to measure all single households one by one, another method that still holds a high 
resolution must be used. 
 
Time-use data describes in detail the everyday life of household members as high-resolved 
activity sequences and is now a largely untapped resource in the energy calculation area. It 
can provide information down on the device level for that can be applied for any level of 
aggregation, e. g. individuals, households and population. By using a statistically selected 
group of individuals the time-use can be extrapolated and be valid for larger groups of people. 
Widén et al 2008 used time-use data for domestic energy demand modeling. They constructed 
load profiles for household electricity and hot water, which forms a good basis for the internal 
heat gains in a building. Another important heat gain that can be derived from the time-use 
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data is the human presence. The following chapter describes the theory behind the time-use 
approach. 
 
 

3.5.1 Time-use for electricity consumption patterns 
The real time-use was used by Widén et al in order to find various typical electricity and hot 
water consumption patterns. The main input to the model is based on a pilot study on time use 
from Statistics Sweden conducted in 1996, where 431 persons in 169 households were used 
after the exclusion of incomplete input data sets. The output from these activity patterns are 
generated from diaries written on weekdays and weekend-days. The parameters for the 
electricity demand model depend on the power level, activity time for the various applications 
and daylight-level data for the modeling of lighting. A typical weekday activity profile of 
watching TV can be seen in Figure 3-4. The black lines represent the activity being done by 
one person per line of the 431 persons present in the study. If assuming 100 W of electrical 
power to be consumed by each person watching TV a total electricity use is given according 
to the graph to the right in Figure 3-4. The added time-use is used later on in Chapter 5-3. 
 

 
 
Figure 3-4. Activity profiles for all persons in the study from Statistics Sweden conducted in 
1996, showing TV-watching during a weekday (black lines). The horizontal axis shows 
number of individuals (ordered by increasing age from right (10 years old) to left (97 years 
old)). The vertical axis shows the time of the day. To the right a modeled electricity use is 
shown. (Widén et al, 2009) 
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3.6 Thermal comfort 
What measurable parameters are involved in thermal comfort sensation? This chapter will 
describe the physical parameters involved in the concern of the indoor thermal comfort. 
 
The thermal sensation of a person is related to the thermal balance of the entire body. Physical 
activity and clothing insulation as well as environmental parameters such as air temperature, 
velocity and humidity, influence the sensation of comfort. Also the sensation is influenced by 
the thermal radiance from walls, ceiling and floors, measured in mean radiant temperature. 
People shield themselves from the weather by going indoors. (Nilsson, 2003) Actually, a 
typical person in an industrialized country spends as much as 90 % of the time indoors. Thus, 
a lot of effort is put into achieving a comfortable indoor climate. (Malkawi, 2003) 
 
In 1972 P O Fanger combined the parameters influencing the heat balance of the body with 
results from several studies in a single equation. This equation is called the comfort equation 
and gives information about the optimal thermal neutrality. Fanger also developed the indices 
PMV (Predicted Mean Vote) and PPD (Predicted Percentage Dissatisfied) to describe the 
consequences of a deviation in thermal indoor climate. The PMV and PPD specify to what 
degree the thermal environment is satisfactory for a large group of people. Along with the 
comfort equation, PMV and PPD form the basis of the ISO standard 7730. (Nilsson, 2003) A 
more detailed description of the equations regarding thermal comfort can be seen in Appendix 
A. 
 

3.6.1 Predicted Mean Vote (PMV)  
The PMV is an index that is used to predict the mean value of the opinion of a large group of 
people regarding thermal sensation on a 7-point scale (see Figure 1). The PMV depends on 
the metabolic rate, clothing insulation, air temperature, mean radiant temperature, air velocity 
(and its fluctuations) and air humidity and can be calculated for different combinations of 
clothing and human activity in a given environment. (ISO7730, 2005) 
 
The PMV can then be used to calculate the fraction of a large number of people that are 
dissatisfied with the thermal indoor climate, thus forming the PPD (predicted percentage 
dissatisfied). The PPD as a function of PMV can be seen in Figure 3-1.  A Thermal indoor 
climate corresponding to a PMV of between -0.5 to 0.5 predicts dissatisfaction below 10 % 
and that is the definition of an acceptable indoor climate according to ISO7730. (ISO7730, 
2005) 
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Figure 3-5. Predicted percentage dissatisfied (PPD) as a function of PMV (predicted mean 
vote). The graph shows how to interpret a PMV of +0,5. 
 

3.6.2 Activity and clothing 
The metabolic rate is linked with the activity level of a person and is traditionally described in 
met. One met is equivalent to 58 W/m2 body area. Figure 3-2 present typical activities and the 
corresponding metabolic rate.  A person sitting down has a metabolic rate of 1.0 met or 58 
W/m2 and a person doing the standing up while doing the dishes has a metabolic rate of 2.5 
mets. To calculate the total heat loss of a person, a surface area of 1.77 m2/person can be 
assumed for a typical Scandinavian person. Hence, the typical heat loss for one person based 
on these assumptions is approximately 100 W and is used in the experiment set-up further on 
in this study. (Nilsson, 2005) 
 

 
Figure 3-6. Typical metabolic rates for persons involved in different activities; sedentary 
office work, dishwashing, and digging.  
 
Each single piece of clothing has a thermal resistance that can be expressed by a unit called 
“clo”. One clo is proportional to 0.154 m2K/W. For instance a pair of thin socks has a thermal 
resistance of 0.02 clo and typical summer clothing sums up to 0.5 clo. Typical indoor winter 
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clothing sums up to 0.9 clo, which is used later in the field measurement study, see Chapter 6-
3 . Figure 3-3 shows two ensembles of clothing. 
 
 

 
Figure 3-7. Ensembles of clothing and their thermal resistance in clo (For more information 
see Appendix A  
 

3.6.3 Local thermal discomfort 
The PMV expresses thermal discomfort for the entire body, but there are also other factors 
that can cause discomfort for our bodies. These phenomena are known as local discomfort and 
are according to ISO7730 divided into: 
 

• Draught 

Draught depends on the following parameters, relative air velocity, turbulence intensity and 
the air temperature. These three parameters have shown to have an effect on the percentage of 
dissatisfied people.  This effect commonly stems from bad air-tightness in the building 
envelope. (Nilsson, 2003) 
 

• Vertical air temperature difference 

Vertical air temperature difference can contribute to the uncomfortable feeling of a warm 
head and cold feet, and can be solved by a proper ventilation system design. According to 
ISO7730 the temperature difference should be below 3 °C between the ankle and the head, 
which is about one meter for a person sitting down. (Nilsson, 2003) 
 

• Asymmetric thermal radiation 
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“Radiant asymmetry”4 is common in buildings e.g. with old windows, having low surface 
temperature, since this area is poorly insulated in comparison to the walls.  
 

• Warm and cool floors  
 
Warm and cool floors can also cause discomfort for bare feet or when wearing only thin 
socks. The standard level of acceptance for floor temperature is according to ISO7730 
between 19 and 26 °C. (Nilsson, 2003) 
 

3.6.4 Limitations of applying a Generalized Comfort criteria 
The question of whether there are varying preferences in desired indoor climate depending on 
the surrounding outdoor climate must be discussed. Olesen and Fanger (1971) found no such 
difference in preferred temperature between such groups. Humphreys (1976) has showed that 
neutral temperatures are related to daily experiences and are found in the range 18-32 °C and 
similar results were presented by Brager & Dear 1988 for buildings. The explanation to the 
difference in preferred temperature could be dependent on people’s expectations, and it could 
also be that people who are acclimatized to heat or cold have adapted to the climate to such a 
degree that the water balance of their body is differs significantly when changing climate. 
(Nilsson, 2003) 
 
There are some individual differences in thermal comfort preferences among people. That is 
why Fanger’s percentage of dissatisfied people never reaches below 5 percent. Grivel and 
Candas (1991) showed that neutral temperatures can have a standard deviation of 2.6 °C. 
Wyon and Sandberg (1996) found the standard deviation to be 1.2 °C for regularly dressed 
office workers. This indicates that people use clothes that suites their own preferences. 
(Nilsson, 2003) 
 
The human body seems to be able to adapt to most thermal climates so is there actually any 
reason to use the comfort indexes PMV and PPD to describe the satisfaction of thermal indoor 
climate? In order to get an idea of the opinion of thermal comfort for a larger scale of people 
the PMV is a good tool. The PPD extracted from the PMV can be used together with a set-
point level of acceptance for energy use comparison, since the comparison made must be on 
equal bases.  
 
 

                                                 
4 A typical example of radiant asymmetry is the feeling of a warm front of the body and cold back when seated 
in front of an open fire. 
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4. Method 
The centre of attention for this report is on a building area in Lambohov. Multiple research 
methods from both social and technical sciences have been used, resulting in an 
interdisciplinary study. Qualitative methods like interviewing as well as quantitative methods 
like measuring have been used. Tools like simulations and modelling has also been adopted. 
In addition other sources like articles in local newspapers and magazines, annual reports, 
other printed material, conference proceedings and web sites have been used for gathering 
background information on passive houses in general and activities of Stångåstaden in 
particular. 
 
 

4.1 Case study 
 
This study is based on a method generally known as a case study. According to Yin a case 
study is “an empirical inquiry that investigates a contemporary phenomenon within its real-
life context, especially when the boundaries between phenomenon and context are not clearly 
evident” (Yin, 2003, p13). Because phenomenon and context are not always distinguishable in 
real-life situations, a whole set of other technical characteristics, including data collection and 
data analysis strategies, are needed. The case study as a research strategy comprises an all-
encompassing method and is therefore not merely a data collection tactic or a design feature 
but a comprehensive research strategy. In this sense an interdisciplinary approach suits well.  
 
There are different kinds of case studies, some using only one case or object to explore while 
others use two or more cases. Using multiple cases is also called a comparative research 
design where two or more cases are studied using identical methods to be able to find 
differences and similarities and by doing this gaining better knowledge of for instance 
particular social phenomena (Bryman, 2002). This study concentrates on a single case, first 
and foremost out of practical reasons. There aren’t that many passive houses available to 
study in Sweden, there is also a time and resource limit to consider that rules out the use of 
multiple cases. This case study can however be considered an extended case study since it 
also includes a comparative analysis on a regular building of the same type and standard. The 
comparisons, however, concern only the technical simulations and measurements on the 
building and household level. The interviews, for example, focus merely on the tenants in the 
passive houses, the tenants in the conventional houses are not included. The research design 
can of this reason not be considered a complete comparative case study.  
 
 

4.2 Interviews 
An important source of data collection has been qualitative interviews with various actors at 
Stångåstaden, the municipality and some of their passive house tenants. This has been done in 
order to get an understanding of how the different actors view the passive houses and how 
they express these views. More specifically the material is based on interviews with the 
project manager of the Lambohov building project, the head of information, the energy 
strategist and sales representatives at Stångåstaden. An interview has also been made with the 
environmental planner at Linköping municipality. The interviews with the tenants and sales 
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representatives have been performed as part of a parallel project on energy use in households5. 
A total of 9 households have been interviewed. In order to keep the tenants anonymous they 
are referred to as Interview 1, 2, 3 etc. 
 
The method used for gathering data through interviews has been the general interview guide 
approach. This involves outlining a set of issues that are to be explored before interviewing 
begins (Patton, 2002). A set of questions was prepared and used as guideline through the 
interviews but the interviewer was free to build a conversation within a particular area 
(Appendix C). The advantage with using this approach is to let the person being interviewed 
use his or her own words, expressions and thoughts about a particular subject but still within a 
predetermined area. The interview guide also helps the interviewer staying focused on the 
area of interest and makes interviewing a number of different people on the same issues more 
systematic.  
 
The interview guide can be developed in more or less detail depending on how easy it is to 
specify important issues in advance and the extent to which it is important to ask the questions 
in the same order to all respondents (Patton, 2002). A relatively specific list of questions has 
been used and the questions have been asked in accordance with the list but at the same time 
the respondents have been allowed to talk as freely as possible which means that many 
questions in the interview guide got answered before they were being asked. Hence the 
interviews were not identical when it comes to the order of the questions but the themes 
followed the overall structure in all of them. The interviews were also recorded and 
transcribed directly after the event. 
 
As mentioned before, the interviews with the tenants were made as part of a parallel project 
that is currently on going. The reason for choosing to use this data instead of doing interviews 
with the tenants of our own was partly due to timing. Getting the interviews done right before 
or right after the tenants moved in was a prerequisite to capture their anticipations and 
expectations before they had gained experience of the passive house concept. This had to be 
done before the interdisciplinary project started and was not feasible at the time. Another 
reason is of course respect for the informants; it would have been impractical and 
inconvenient to make basically the same interview once again with the same informants 
within a month’s time. Since the material already existed and was in line with the aim of this 
project a decision was made to use it and analyse it according to the research questions stated 
in this study.  
 
The data collected from the interviews have been analysed according to a predetermined plan. 
There are many ways of analyzing qualitative data, a very much used strategy is the grounded 
theory approach where you try to deduce theory from empirical data (Bryman, 2002). This 
study has not had any ambitions to do that but using some of the tools from the methodology 
has proven useful, namely coding the material into concepts and categories. The material has 
been processed several times in order to find similarities and differences. Basically the 
analysis was done accordingly: The first analysis was done through the first listening of the 
audio files where notes and preliminary thoughts were written down. At this point a 
preliminary coding also occurred. In the next round the transcribed material was coded 
according to different concepts, categories and characteristics for instance attitudes, emotions 
etc. This procedure was done a few times depending on new insights and new categories to 
                                                 
5 The project is called ”Energibeteende i hushåll” [Energy behaviour in households] and will investigate energy 
use in households. The project comprises all sorts of housing, including organizational aspects of housing and 
will be concluded in 2011. 
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look for. The audio files were listened to once again to see if the first impressions and notes 
were still valid. The categories were then compared to the notes, adjusted were necessary and 
put together in themes from which the quotes were picked. 
 

4.3 Field experiments of household activity based on time-use 
In order to find the individual significance of different household activities for the building 
internal heat gains, the mean value of added time-use is used to find the length of a household 
activity sequence, see Chapter 3.5.1. Then the total time-use of the household activity is 
simulated in a field experiment, in one sequence at a time most probable according to the real 
time use, which stems from data acquired by Statistics Sweden. For the purpose of finding the 
mean value of total time-use, data for the all the 3-person households included in Widéns 
study was used (28 households containing 78 persons), since the average number of occupants 
in the 4-room apartments in Lambohov is approximately 3. See Chapter 5.3 and Appendix B 
for more precise information. 
 
In order to measure the actual electricity consumption of the activities involving electricity 
Energy meter PM-300 was used.  In order to be able to calculate the thermal loads from water 
activities a Therma 1 Thermometer was used, together with calculations. These meters were 
tested for measurement validity and reliability and can be seen in Appendix F. For furher 
information about the measurement process, see Appendix F. 
 

4.4 Measurements of Thermal comfort 
A commonly used method of describing the thermal comfort sensation of a human body, 
derives from experiments carried out by P O Fanger in the 1970s and now is forming the basis 
of the ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning 
Engineers) and ISO7730 standards. As was described in Chapter 3.6, The PPD derived from 
the PMV can be used together with a set-point level of acceptance for energy use comparison, 
since the comparison made must be on equal bases. Fundamental to the theory is the thermal 
environment, where four physical parameters need to be known. These four factors were 
initially measured in the precision of 5-seconds and were used to predict the thermal 
sensation, at the same time as the amount energy used in the activities is monitored.  
 

4.4.1 Measurements of thermal indoor climate 
As was mentioned in Chapter 3.6, the thermal comfort sensation in a building is influenced by 
many physical parameters. In order to evaluate the thermal comfort according to ISO7730 a 
set of 4 transducers is needed. The variables that have been measured are air temperature, 
relative humidity (RH), air velocity and mean radiant temperature. In the experiment a 
thermal comfort analyzer Innova 3710 was used which simultaneously measures air 
temperature (Tair), relative humidity (RH), air velocity and operative temperature at one single 
point.  
. 
The PMV was calculated, using the Innova software from the measurements where the Innova 
measuring equipment was used, only at times when the researchers were present. In other 
cases the PMV was calculated from; measured air temperature and air humidity logged with 
Intab Tinyloggers, mean radiant temperatures obtained with an IR camera (Thermacam S 640) 
and finally air velocities was assumed to be below 0.10 m/s. All measurement devices are 
now mentioned except the one used for temperature gradient, a local thermal discomfort 
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criteria was measured with a Swema,Air 300 held at 0.2 and 2.2 above floor. For the floor 
surface temperature, the Therma 1 Thermometer used in Chapter 4.2 was used.  
 
The thermal indoor climate was evaluated in winter-climate, wherefore a clothing level of 0.9 
clo was assumed, which is typical indoor winter clothing. As was discussed in Chapter 3.6.2, 
the PMV calculation also needs an activity level. This activity level was chosen to be 1.2 met, 
which equals sedentary activity.  
 

4.5 Computer simulation study with IDA Indoor climate and energy 
(ICE)   
Computer simulations have been carried out in order to study the impact that components and 
users have on the amount of energy needed for space heating in a house. Also, an evaluation 
on the amounts of heat that are gained from different sources and the factors responsible for 
heat losses has also been made. The study involves a comparison between a Passive house 
and a conventional house sharing the same geometry and geographical orientation. When 
investigating this, the simulation program IDA Indoor climate and energy is used, a dynamic 
simulation tool with which it is possible to create 3D models of buildings made up of several 
zones. In these it is possible to control or monitor the flows of heat, sun and air passing 
through them. Information about the components and users of the houses is fed as input to the 
simulations whereupon the result that is sought for can be extracted, in this case the power 
and energy needed for space heating. The software has since its release in 1998 grown to 
become one of the leading international tools (U.S. Department of Energy, 2009).  
 

4.6 MODEST optimisation study 
To study the effect on the energy system of an extensive adaptation of the passive house 
concept in the building sector, energy system model optimisation has been used. This 
optimisation was performed using the optimisation software MODEST (Model for 
Optimisation of Dynamic Energy Systems with Time dependent components and boundary 
conditions). (Henning, 1999) This model is developed for local and national energy system 
optimisations including district heating and electricity. (Henning et al, 2006 and Difs et al, 
2009) MODEST uses linear programming to minimize an objective function, see equation 2-
1.  
  
        y = f1X1 + f2X2 + f3X3 +...+fNXN                                                                                                             (2-1) 
 
The objective function is a linear equation of parameters (Xi) that are describing the monetary 
costs of the components in the energy system. The objective function thus describes the over 
all system cost to meet a specified demand. The minimisation of this cost implies that the 
production capacity is allocated to meet a specified demand at the lowest monetary cost. The 
optimisation needs also to handle a set of constraints (equation 2-2) that describes all limits 
and feasible solutions in the system components. (Henning, 1999)   
 
         a1,1X1 + ...+a1,NXN = b1
             :        (2-2) 
         am,1X1 + ...+am,NXN = bm, Xi  ≥ 0, all i 
 
The optimisations in this study are scenario based. This means that assumptions are made 
regarding certain features of the modelled system. Then optimisations are made under these 
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certain conditions and specific consequences (i.e. changes in heat production allocation) 
might be identified that are connected to the specific conditions studied.  
 
MODEST was used in this study since it has been used frequently in studies of municipalities 
and local district heating systems which indicates that the software has been validated several 
times. (Henning, 1999) Another reason is that MODEST has been used earlier for the 
Linköping district heating system and the structure of the model used in this study was 
developed earlier and is well documented. (Henning et al, 2006) This enabled this study to 
focus directly on the objectives described in this section and not as much on model creation 
and development. 
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5. Household level 
The passive houses are built for people to live in. People will cook, wash clothes, take baths, 
vacuum-clean, relax watch TV, sleep, have visitors and so on. All these activities use energy 
and generate heat in different ways. People themselves generate heat and so does lighting, 
appliances, candles etc. This sort of energy exist in all kinds of houses, however, the indoor 
climate of a passive house will lean on the use of this energy for space heating and additional 
heat is supposed to be kept to a minimum. This is what primarily differ the passive houses in 
Lambohov from conventional houses. Apart from the lower energy demand for space heating 
Stångåstaden has an ambition to keep the differences as small as possible between the passive 
houses in Lambohov and other conventional houses. This stems from an idea of that anybody 
should be interested in renting a passive house, but still the passive houses are designed to 
keep energy use at a minimum. So what is Stångåstaden’s approach towards the passive house 
tenants and their household activities? Do they look for certain kinds of tenants for the passive 
houses and how do they inform them of the specific characteristics of the building? What do 
the tenants themselves think and what are their expectations? The idea is to find out if their 
expectations differ from each other and if this could have implications for how the apartments 
are perceived. 
 
When people move in they start using household appliances, both the ones that the apartments 
are pre-equipped with and their own electrical goods like TV, stereo, personal computers etc. 
How much do the appliances contribute to the space heating in the house and to what extent 
do they affect the indoor climate? Are there any differences compared to the regular houses? 
Thermal loads from household activities are measured and calculated to get an idea on the 
effects of the use of household appliances and tenant activities. 
 

5.1 The tenants 
Living in a passive house is somewhat different to living in a conventional house with a 
conventional heating system, according to Stångåstaden. You need to be aware of the effects 
on indoor climate from keeping doors or windows open and you can not expect the indoor 
temperature to rise very quickly if you have been away for a longer time and nobody has been 
in the house for a while. These kinds of building characteristics are perhaps easier to adjust to 
if you have built the house yourself and have the knowledge of the passive house function and 
it’s implications. But does the same go for tenants that are renting their apartments from a 
housing company? This chapter will explore the expectations on the tenants from 
Stångåstaden and the tenants’ expectations on the apartments and the housing company. This 
part will only concern the tenants of the passive house apartments; no comparison has yet 
been made to the tenants in the houses of conventional standard. 
 

5.1.1 Stångåstaden’s expectations 
Stångåstaden has stated that the passive houses are like any other of their apartments and that 
anybody could live in them. The rents are in a range from 8.052 – 10.392 SEK (7.902 – 
10.199 SEK for the regular apartments) depending on size of living space, size of garden, the 
orientation of the apartments, distance to garage, play ground etc. Since the houses are newly 
built and the rents are set according to standard the clientele will be specified in the sense that 
it will include people searching for newly produced apartments. The general idea from 
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Stångåstaden though, is that no particular group is being targeted specifically for these 
apartments. 
 

“You don’t have to be an extremist to live in this house; anybody 
should be able to live there.” (Project manager) 

 
The starting point according to Stångåstaden is in other words that despite the somewhat 
different functionality of the passive house apartment the tenants should be able to live in 
them like in a conventional apartment.  
 
Promotion activities 
Stångåstaden has not actively been promoting the passive houses in Lambohov. They usually 
promote entire areas and not single apartments when reaching out to the public. This means 
that all 39 apartments were promoted at he same time. Ideally, the apartments are booked in 
advance and all contracts signed before the houses are ready to be moved in to. This is 
however not often the case, according to Stångåstaden, especially at the moment when the 
financial crisis tend to reduce mobility in the housing sector, including apartments. Newly 
built houses also tend to be a bit harder to let, since new buildings are expensive. In the case 
of the passive houses there has of course been information available about them and when 
they were ready to let out, but there has been no particular promotion activities specifically 
designed for them. The passive houses have however drawn some public attention in the local 
news paper and magazines because they are the first rentable passive houses in Östergötland 
(Dialog, no 2, 2008, Välkommen hem, no 3, 2008).  
 
Stångåstaden has a system where potential customers can apply for certain types of 
apartments via the internet and this could actually imply disadvantages for the passive houses 
when matching people with apartments. Since the passive houses lack traditional heating 
system they may not suit everyone’s requests. A way to get around these marketing problems 
until the internet functionality has been updated in a satisfactory way, has been to set the rent 
higher than the conventional apartments so that the passive houses don’t pop up as the 
cheapest alternative in the hit list when applying.  
 

“The rent is slightly higher. Production costs are about 6% higher for 
these houses due to larger amount of insulation, so the production 
costs aren’t the real extra costs. The rent does not need to be higher 
for that reason, but we have set it higher of educational reasons. 
Because you may rent an apartment via internet.  … should you end 
up in the passive house because you look for the cheapest apartment in 
the area. Now because there is a few hundred SEK difference they will 
end up number 8 or 9 in the hit list. You should choose it because you 
are interested in energy. And that’s why we think we will get tenants 
that stay for a long time.” (Project manager) 

 
So, according to Stångåstaden, the reason for having slightly higher rent on the passive houses 
is not merely due to higher production costs but also a result of the internet based customer 
service system and its functionality and a way to tackle the fact that some potential customers 
may not care for the passive house functionality but only want cheap housing costs. From this 
point of view one could say that the choice of the passive house should be an active choice 
and hopefully resulting in a sense of additional value. According to Stångåstaden there has not 
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been any problems finding tenants for the passive houses but a few of the corresponding 
conventional houses are still vacant.  
 

“It is more difficult to let new production generally like the rest of the 
market. I think people move less frequently. People are afraid to leave 
the co-operative flat or the house because they’re afraid of not getting 
much paid for it. The whole market closes easily but I haven’t heard 
that these houses would have been harder to let. On the contrary, 
which I believe is because there is a long-felt want. (…) There has 
been a clique, a small group in Linköping that has been looking for 
this sort of apartments.” (Energy strategist) 

 
According to Stångåstaden the frequently asked questions have been the same for both types 
of houses; rent, living space, planning and practical questions like schools, day care, 
communications etc. After that technical questions arose about passive house specific details. 
The technical questions seems to be the only thing that separates the interested parties for the 
two types of houses, the ones interested in the passive houses were generally much more 
interested in technical details than the others and to a certain extent more educated about such 
details, according to sales representatives at Stångåstaden.  
 
As said by Stångåstaden there have been no indications about people avoiding the passive 
houses because of their functionality. Instead the reason for not choosing them has more 
likely been apartment planning or living space. The ones that finally chose the passive house 
apartments have in many cases chosen them because the area is suitable and then considered it 
a bonus that the house hopefully has low energy use. The last available passive house 
apartments were occupied at the end of March 2009.  
 
Information to the tenants 
Finding the right tenants is important for Stångåstaden. From a business point of view, high 
turnover among tenants is costly since every tenant moving in or out imply additional costs 
for the housing company. Ideally a tenant stays for a long time and hence it is important to 
find people who are likely to do so. Even though Stångåstaden states that the passive house 
apartments are like any other apartments, there are still some requirements on what to be 
expected from the tenants.  
 

“Getting the right customer (…) What you need to be aware of as a 
tenant is that if the outdoor temperature is – 30 °C one morning then 
maybe it is not possible to get 20 °C inside the house.” (Project 
manager) 

 
An important thing seems to be the tenants’ willingness to learn how the heating system 
works and take into consideration the special functionality of a passive house. This means for 
instance, not to expect getting a cold house warm very quickly or keeping windows open all 
year round. Hence, information activities are an important tool in the communication between 
housing company and their tenants and there is awareness at Stångåstaden that this aspect is 
even more important when the future is considered, not only for the next generation of tenants 
in Lambohov but also if the passive houses become more common in Stångåstaden’s entire 
housing stock. So far there is some apprehension that the next round of tenants might not get 
enough information: 
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“There are no written rules yet [on how to act in a passive house]. 
This will have to be done so that the next generation of tenants is able 
to take part of them. Because that scares me a bit … first they get 
information when they move in, when it is new … then you loose 
control. (…) There have to be a written document that describes … 
because it is a little special.” (Project manager) 
 

Since the passive houses function somewhat differently than conventional houses there is an 
additional need of information about the passive house concept and its functionality, 
according to Stångåstaden. Some extra information has been prepared and folders on the 
passive house concept have been handed out during exhibitions. The person responsible for 
post-contract signing services also has a responsibility to inform the tenants about the houses. 
Thus, the first generation of tenants have been given some information when signing the 
contracts and a more hands-on information meeting is planned where Stångåstaden on a more 
detailed level will inform and educate them on how the passive houses function technically. 
This is also an opportunity for the tenants to ask questions and get some useful tips and tricks. 
Interested and willing tenants are decisive in this aspect to make the exchange of information 
and experiences work satisfactory. 
 
Apartments for anybody? 
Is it true then that the passive house apartments are like any other apartments and that 
anybody could live there? There is a somewhat contradicting picture of who the apartments 
are meant to attract. Even if the starting point is that the apartments aren’t built for a specific 
group of tenants, it is difficult to avoid that certain characteristics of the area, the design of the 
apartments, new building etc will create interest among specific groups of people. For 
instance, the fact that it is a passive house will for sure attract people who are interested in 
energy efficient living; newly built apartments will be interesting for people who want a 
modern and fresh home and who can afford it. To some extent the functionality of a passive 
house will create a need for at least a minimum of awareness about the concept and will rule 
out tenants who either do not care or have difficulties understanding the idea behind the 
concept. The fact that Stångåstaden does inform about the concept implies that the tenants do 
need to take it into consideration. Also the fact that the rent is slightly higher for the passive 
house apartments in comparison to the conventional ones does entail that if price does not 
matter, the choice of a passive house apartment could mean an extra value that at least from a 
social point of view creates distinction. It is adequate to refer to “the user as consumer” when 
these aspects are taken into consideration, particularly when consuming new technology. A 
passive house is still new technology in the housing sector, and this could partly contribute to 
the construction of social identities among people who live in such housing. From of a 
business point of view, providing for this segment of customers could be very effective for 
many reasons as well.  It is, however, important to consider that by letting out these 
apartments to certain groups of people, in this case energy aware people, there is a risk that 
the first tenants to move in will be unaware that they might influence how the company will 
set the standard for future passive house apartments. There is a risk that the passive houses 
become more exclusive than they need to be and might create problems if many more, or even 
all buildings, are to be built according to passive house standard. If anybody really can live in 
a passive house apartment, the houses should be viewed and maintained as that as well, also 
in regard to potential tenants, to avoid creating unnecessary segregation in the future.  
  
In conclusion, the apartments are much like any other apartment in Stångåstaden’s housing 
stock and anybody could live there since the passive house concept in itself is not complicated 
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to understand and does not require special rules for living that differ much from living in a 
conventional house. In spite of this Stångåstaden is actively trying to shape the clientele of 
tenants to be a group interested in energy, this in order to have tenants that will stay in the 
passive houses for a long time. This could perhaps be problematic if further passive house 
apartments are to be built and new customers to be found, because energy aware people might 
act differently and by that set the standard for future tenants. Good information material and 
service is vital for the apartments to succeed in this initial phase and will probably have an 
influence on how the concept will be shaped for future diffusion. At this stage some aspects 
that might be developed further is better information of the concept itself and above all tips 
and tricks on how to use the functionality in an optimal way.  
 

5.1.2 The tenants’ expectations 
There seems to be an element of coincidence on how the tenants came to choose the passive 
houses. Most of them did not specifically look for passive house apartments but got the 
information in their contacts with Stångåstaden.  
 

”We wanted a garden, that was a requirement from us and this house 
happened to have it. The fact that it was a passive house constituted to 
maybe 50 % of the reason to why we chose the apartment, but we 
reasoned like … if you can decide to do something that is considered 
to be more environmentally friendly then we are happy to do it.” 
(Interview 5) 
 
”None of us knew what it was before … they were noted as passive 
houses so we checked it up … that made it more interesting. (…) 
When we found out about them it felt like the passive house standard 
made it more valuable.” (Interview 7) 

 
Some of the becoming tenants were however actively seeking out environmentally friendly 
living and had some knowledge about passive houses and how they function.  
 
The whole idea with passive houses seems to have touched a chord among the tenants. The 
climate debate has had an influence and most of the interviewed tenants, even the ones that 
did not choose a passive house, think that it is important to do something about these issues.  

 
”We were looking for houses in Lambohov and … well, if you’re 
going to move here then I think you should choose a passive house 
because it is more environmentally friendly and you get lower 
working expenses when you pay the heat yourself. I think it’s strange 
that they didn’t build passive houses only!” (Interview 1) 
 
”I thought it was an interesting way of saving heating costs … an 
interesting way of saving energy.” (Interview 7) 
 
“It was such a cool idea. It would be fun to see if it really works and if 
it reaches the goals they say. There is of course a feeling that you 
make a contribution. (…) The environmental and energy issues are so 
important now that they have presented such water proof evidence.” 
(Interview 6) 
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When being asked what made them choose a passive house instead of a house of conventional 
standard most of the tenants said cheaper heating bills, better energy usage and having the 
opportunity to choose wall paper themselves. The passive houses had an advantage by being 
the last ones to get finished in the area and to some tenants the period to move in suited them 
better and also not having to live on a construction site was considered a plus. One mentioned 
the garden and that the passive house had a better garden than the other house options. 
Generally a new and fresh apartment with garden seems to have been important features, not 
necessarily the fact that it was a passive house. Sometimes a combination: 
 

”We had not chosen a row house hadn’t it been a passive house (…) I 
think the passive house was the selling argument.” (Interview 7) 

 
The fact that the apartments have a slightly different functionality has of course resulted in 
curiosity and a quest for knowledge. Some of the tenants did know what a passive house was 
before seeing them while to some the whole concept was new and has awoken an interest in 
the concept itself and energy efficient living. One of the tenants was very skeptical, though, 
because he had heard of another house in another part of Sweden that didn’t work well: 
 

”I was very skeptical about it [the other housing in x] they had a 
different system and many families moved out because it was too cold 
… there was no additional heating. (…) Here they have extra heating, 
should it get cold outside then the district heating is turned on. I was 
very skeptical until I heard about this system and then I changed my 
mind. Now we can at least take a chance and try it.” (Interview 4) 

 
All of them are interested in finding out whether the houses actually work or not. The 
technically interested tenants are eager to know exactly what is going on the inside of the box 
and if there are other features of the system that they can adjust and use. Some more 
information seems to be welcome among those households. A general feeling though is that 
most tenants feel good about being able to contribute to better ways of using energy. 
 
What do the tenants expect from their newly built passive house apartments? Their 
expectations are first and foremost lower heating bills. They also think the energy system will 
work once they get used to it, some even thought that the heating bills might be higher in the 
beginning before the system is fully adjusted and they learn how to manage it properly. 
Otherwise they expect a normal living in comparison to other apartments.  
 

”I expect this to function as a normal house. I expect that the energy 
system will work and that it won’t use that much district heating 
because if it doesn’t, then maybe this is not a passive house. It feels 
like as if it is hard to tell; is it right? Is it leaking or what …?” 
(Interview 3) 

 
On the other hand they are also willing to adapt to certain “rules” like keeping the front door 
shut and other practical matters that affect the functionality. One woman who was used to 
having 24°C indoor temperature in her former apartment said she was getting used to 21°C 
now and that it was quite OK.  
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Initial problems and fears 
Some complaints have of course also been addressed. The interviews have mostly been made 
right after the families moved in, which means that some of the problems that would normally 
occur during an adjustment period in a newly built house also have affected some of the 
families. There have been some technical problems with the ventilation system that 
fortunately has been corrected quickly. Some families have noted that the floors are cold and 
that temperatures upstairs seem to be more balanced than downstairs. 
 

“I think the floors are a bit cold so I have the feeling that it is a bit 
chilly. That’s why we raised the temperature, 20 °C usually is nice but 
now we have 22.” (Interview 2) 
 
“The floors are cold, I was cold a lot in the beginning and had to use 
woollen socks, but you get used to it.” (Interview 4) 

 
One family mentions dry indoor air: 
 

“Man: The air is drier somehow. I have had to place a glass of water 
by the bed to able to have a sip. 
Woman: Yes I think so, too, the air is drier. 
Man: The mouth feels half dry.” (Interview 8) 

 
There are of course some fears that the concept will not work in reality. Typically there is a 
fear that in winter the extra heating will not work and one had some apprehension about the 
air quality indoors being poor because of the tight envelope. Also warm indoor temperatures 
during summer might be a problem.  
 

”How much of the sun … well, when the sun shines it gets warm in 
here without sun blinds. In summer you shouldn’t have the windows 
open to keep the house cool. But how will it be … there are no 
Venetian blinds or sun blinds (…) What if it is like this all day and 
when you come home it’s 40 °C indoors? … How will you, like, cool 
down the house then?” (Interview 8) 

 
All of the tenants however argue that should the passive houses not function satisfactory they 
will always be able to move, which is considered a great advantage. They seem to be 
somewhat prepared to be guinea pigs for a while. They also rely on Stångåstaden’s ability to 
provide technical service in case of any serious problems. 
 

“That’s what so comfortable with renting, you can call Stångåstaden. 
You don’t have to worry that much, you can just report the matter.” 
(Interview 2) 
 

In spite of calculations on expected heating needs some do fear high heating bills. 
 

”But next winter … that we’ll receive a huge bill because this hasn’t 
functioned as they thought. That’s what scares me and it’s not very 
funny. Because the rent is pretty high without the heating. We’d like 
to stay within limits and according to Stångåstaden Tekniska Verken 
has calculated for warm water and heating about 800 SEK a month … 
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a bit less during summer and a bit more during winter … but the 
passive houses should be cheaper than that. We hope this is correct 
but then it has to work properly.” (Interview 1) 

 
A need for information 
There is however one area that all tenants would like to improve and that is information on the 
passive houses and their functionality in general, which they feel hasn’t been adequate.  
 

“We got a review when we received the keys, he showed us the 
system quickly, but I think it would have been better if the project 
manager had visited all the passive houses. Of course that would have 
taken 3 hours longer but I think it had been worth it because now it 
got a bit like ... well, everybody couldn't look into the place where he 
stood and had the demonstration and you think, well, we'll call if 
something bothers us. If they turn up personally and demonstrate the 
system and explain more in detail you can ask questions if you have 
any. That would have been better.” (Interview 5) 

 
Most tenants are also interested in knowing the technical aspects of the heating and 
ventilation system and how much they are allowed to adjust themselves. They argue that to be 
able to fully understand what is going on they need to know more details to be able to decide 
on what measures they are able to take. They want to know how to save energy, but feel that 
they don’t have all the information available to be able to do that correctly. Some mention that 
it would be good to know how other appliances and activities influence the indoor climate: 
 

”If you use the stove for 10 minutes, how much heat does it 
generate?” (Interview 8) 
 

They feel a need for figures and concrete advice on how to get a comfortable indoor climate 
and at the same time save some money on lower heating bills. Since many of them do have 
technical backgrounds this could be used as an advantage when developing information 
material and general instructions. 
 
Shaping a new concept 
It is interesting to see how a new building concept fits into already existing systems. The 
passive house concept fits well into the discourse around the climate debate and lowering of 
energy usage and some of the tenants also express a willingness to act as “the user as citizen”, 
the aware consumer that chooses products that make a difference. Even if some of the tenants 
did not know anything about the concept before seeing it they all tend to think the idea is 
interesting and living energy efficiently is a plus. Interestingly enough, the passive house 
concept in itself is not enough to attract potential customers, though. There seem to be other 
practical matters that determine the willingness to choose a passive house, like a well placed 
garden. This also confirms the ambivalence around new technology when used as means of 
broader social consideration. Individual tastes might not always coincide with what’s good for 
society as a whole. This is why there may be a need for institutional arrangements for new 
technology to work as a political instrument. In these cases publicly owned housing 
companies like Stångåstaden do have a responsibility to provide alternatives to people who 
are willing to take action, who according to Rohracher (2006), also need to see results from 
their actions.  
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From the interviews it is also evident that the use of new technology is a learning process that 
is highly social. The informants want more information on for instance how the ventilation 
works which could be interpreted as a way of understanding a new concept and make it part 
of ones every day life. To some extent the tenants also express a willingness to adjust to new 
conditions like having slightly colder floors than they are used to. In this sense the end user is 
a very important actor in the diffusion of new technology. As an intermediate user 
Stångåstaden could actively help and make it easier for the tenants to gain knowledge and 
experience and quickly respond to the tenants concerns. This is probably true for all housing 
companies that introduce new concepts; it will require information activities together with the 
tenants. Maybe to some extent Stångåstaden has not really been prepared for their tenants to 
be as knowledge seeking as they actually are, which is rather surprising since there was a wish 
for tenants that are energy aware. Perhaps the attitude that the apartments are like any other 
has to some extent been misleading when informing potential customers at exhibitions for 
instance. The people that actually have moved there now seem to have high ambitions when 
energy saving is concerned and could use additional information activities. On the other hand, 
the tenants do consider the apartments to be as any other apartment and that is also what they 
expect them to be in the long run. The need for information could be a sign that the passive 
house concept still is new to the majority of people. 

5.2 Domestic appliances 
Many household activities nowadays involve electrical equipment and increase the overall 
energy use in the household. The general idea when designing the equipment for a passive 
house is that the household equipment should be as energy efficient as possible. In this 
chapter a closer look at the appliances will be taken to survey the equipment Stångåstaden has 
chosen for both the passive house standard apartments and the apartments of conventional 
standard. This chapter will also investigate how well the chosen equipment in fact performs in 
terms of energy use to find out the thermal influence of domestic appliances. The pre-installed 
equipment is considered building specific since the tenants have not chosen them or brought 
them with them to the apartments. 

5.2.1 Pre-installed appliances 
When moving in the tenants will have a range of household appliances already installed in the 
apartments. The passive house and the conventional apartments are equipped in the same way 
according to standard requirements at Stångåstaden, but some of the products in the passive 
houses are slightly more energy efficient. The kitchens are furnished with; a dish washing 
machine, a refrigerator, a freezer, a stove and a kitchen fan. The kitchen equipment is 
basically similar in both types of apartments. The laundry room is equipped with a washing 
machine and a tumble-dryer.  The tumble dryer in the passive house apartment is B classified 
and the conventional apartment’s tumble dryer is C classified. The washing machine is also 
one energy efficiency classification higher in the passive house apartment (A+) than in the 
conventional apartment (A).  
 
Table 5-1. Appliances in the passive house and conventional house according to EU energy 
classification*. 
 Passive house apartment Conventional apartment 
Dish washing machine A A 
Refrigerator A A 
Freezer A A 
Stove/Oven A A 
Washing machine A+ A 
Tumble-dryer B C 

39 
 



* Energy class is mandatory on household appliances within EU. Appliances are graded on a 
scale from A – G where A indicates the best energy performance (A has been extended with + 
and ++) (Swedish Energy Agency, 2006). 
 
The energy efficiency of the equipment in the passive house is then slightly better than in the 
conventional house. 
 
From a heating point of view it could be argued that a passive house does not need low energy 
appliances since the waste heat can be used for indoor heating. This is however not always the 
best way of using energy, especially since the extra heat may result in a need for cooling, 
especially during summer months. The reasoning behind this is that the energy that the 
appliances use stem from a higher energy quality level (electricity) than district heat, which 
would lead to a higher primary energy use. According to Stångåstaden there is no point in 
avoiding low energy white goods, not from a passive house indoor climate point of view and 
not from the tenants’ point of view.  
 

“During three months there is a demand for additional heating, a few 
months are in balance … about six months, during summer anyway, 
there is a surplus of heat … and then it is not a good idea to have 
electrical appliances heating the house still even more.” (Project 
manager) 

 
Should the tenants themselves bring along lots of electrical equipment that make the indoor 
temperature uncomfortable, and this leads to complaints there might be recommendations 
given out to the tenants on how to avoid unnecessary heating, according to Stångåstaden. 
There is a risk however, especially during summer months, that it might get too warm 
indoors. This is an interesting notion from Stångåstaden because it implies that there might be 
conflicts between the modern life style and the low energy housing concept that could be 
difficult to tackle if the use of electrical appliances increases even more in the future. 
 
The pre-installed equipment in both types of apartments was also measured on spot to see 
how much energy they in fact use. It was found that the pre-installed equipment use some 
stand-by power as well. The measurements of stand-by power shall not be used as an exact 
value, since the equipment used for measuring was inaccurate for small loads (see Appendix 
F). Still however, it can be used to see that there is stand-by power use in these pieces of 
equipment just by plugging in to the wall socket. Interestingly, the cold appliances showed no 
such stand-by power use; see Table 5-2. 

 
Table 5-2. Measured power and energy use for pre-installed equipment.  

Passive building [kWh] Conventional building [kWh] Appliance 

Power [W] Energy/24h [kWh] Power [W] Energy/24h [kWh] 
  Stand

by 
Operation Mean 

Value 
Stand

by 
Operation 

cycle 
Stand

by 
Operation Mean 

Value 
Stand

by 
Operation 

cycle 
Washing 
machine 

4-11 50-2200 490 0.13 1.35 4-11 50-2200 520 0.13 1.42 

Tumble-
dryer 

4-11 50-2200 1700 0.14 1.68 4-11 50-2200 2200 0.14 2.2 

Dish 
washer 

4 50-2200 570 0.1 1.05 4 50-2200 570 0.1 1.05 

Refrigerat
or 

0 71 17 0 0.41 (24h) 0 71 17 0 0.41 (24h) 

Freezer 0 68 35 0 0.83(24h) 0 68 35 0 0.83 (24h) 
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The table shows that stand-by energy use differs among household appliances which are 
interesting in itself. It seems like energy efficiency is measured differently for the different 
appliances and actually gives a somewhat misleading picture of how energy efficient they in 
fact are. The machines in the laundry room and the dishwasher are classified according to 
operation cycle while the cold appliances in the kitchen are classified according to mean 
energy use per year.  This is an interesting difference that should be taken into consideration 
when purchasing domestic appliances. Since the fridge and freezer have zero energy use at 
stand-by (when the compressor is not operating) it ought to be possible to produce other white 
goods with the similar feature. Could it be that since the regulations do not take the energy 
use at stand-by into consideration there is no incentive for the producers to optimize the stand-
by energy usage? They only need to consider the energy use per cycle; hence the regulations 
need to be modified to include stand-by energy usage as well. If the housing companies start 
asking for appliances with zero stand-by energy use the manufacturers might get stimulated to 
change the energy usage profile of their products.  
 

5.2.2 The use of appliances 
As a housing company Stångåstaden will be able to upgrade the household equipment to even 
better standards than currently is the case. The slightly better energy performance of the 
equipment in the passive house shows that the choice of appliances does matter for reducing 
energy use. This is perhaps even more important in the passive house apartments since the 
extra heat from appliances could make the indoor climate uncomfortable for the tenants and 
create discomfort. Also, the tenants have not chosen the equipment themselves, nor do they 
have an influence on the standard range of equipment that the housing company purchases. 
Stångåstaden has the responsibility to make adequate decisions concerning white goods and 
their energy efficiency in order to make the passive house apartments as comfortable as 
possible. 
 
The appliances do not operate themselves, though, human activity is required and this has 
actually a greater impact on the overall energy use than the energy label of the appliances. 
How the appliances are used is in other words equally important to reduce energy demand. 
This is where life style, habits, desires and other ideas about how to live a good life shows 
what people actually do. Being energy aware might not always show in actual behaviour 
when household appliances are concerned. For instance, ideas about cleanliness will affect 
how often a tenant will wash and dry clothes. Is it OK to wear a T-shirt for two days in a row 
or do you have to have a fresh one every day? These sorts of aspects are hardly up to the 
housing company to get involved in. 
 
The tenants will also bring electrical appliances with them when they move in. Most families 
have personal computers, TVs, stereos, armatures of different kind and these are highly 
dependent on individual tastes when usage is concerned. Should these additional appliances 
and their use result in overheating and the indoor climate become uncomfortable there might 
be complaints heard from the tenants. Stångåstaden mentioned that they might have to inform 
the tenants about such aspects, which is very well, but will it be enough if the activities are an 
integral part of everyday life for the tenants? Will they stop using a computer if it generates 
heat? Probably not, it is more likely that they start opening windows to get cool air into the 
apartment. It is in other words problematic for a housing company to interfere with the 
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individual choices of their tenants; on the other hand, the company has to keep the quality of 
housing at acceptable levels to keep their tenants satisfied. To get a more realistic picture 
whether this is a potential problem or not it would be of great importance to evaluate the 
actual activities and energy use in the households. Since this study is done during a period 
where the tenants have not moved in yet, or right after, a theoretical study on time-use in a 
household in general have been done. The idea of using time-use data is also that they can be 
statistically selected and therefore be applicable for a larger group of people. This study has 
been followed by a field study where measurements of time-use based household activities 
and their consequences on thermal comfort have been made.  

5.3 Finding the thermal loads of household activities 
As was mentioned in the previous chapter, the thermal loads for different appliances are 
highly dependent on how much they are used. Finding the thermal loads involves finding out 
the mean use of equipment and for that time-use activity data has been employed, see 
Appendix B. In order to find a relevant use of equipment for people in general a mean value 
for a 3-person household is used. The thermal influence of the activities can then be used as 
internal heat gains for the building. The purpose of finding the internal heat gains is to use 
them in a field measurement study in order to evaluate the thermal indoor climate and as input 
for computer simulations with realistic thermal loads.  
 
The internal heat gains are divided into 10 different categories of household activities 
following a specified activity pattern and applied into the different rooms of the apartments. 
Table 5-3 presents the categories of the equipment linked with an activity-pattern and a 
corresponding room, along with this is the impact of the activities on the internal gains for a 
weekday pattern presented. For thermal power loads the powers are set to equal the loads of 
Widén et al figures. This is for the activities; lighting, cooking, ironing, vacuuming, watching 
television, computer usage, stereo usage and additional activities. For the other loads the 
mean value of the total time-use is used, at the most probable time according to the real time-
use taken from the activity sequences. The values for the kitchen fan are typical for the 
experiment period 5th to 13th of March 2009 when measurements were performed in the 
Lambohov houses and the ambient air temperature was around 2 °C, which have effect on the 
thermal load. Correspondingly, the available day-light at the measurement period affects the 
lighting pattern, e. g. from 07:00 to 17:00 daylight is assumed. Moreover, the values for a 
weekend-day pattern can be seen in Table 5-4. In the experiments the bathing and washing-
hand activities are not exactly according to the Widén et als time-use activity patterns. They 
are assumed to be 2 and 2,5 h respectively (given with brackets in the Tables 5-3 and 5-4), in 
order to simulate the moisture  production of human presence since the thermal mannequins 
that are used in the experiment do not produce any such. The activity time for the mean value 
of 3-person families involved in bathing and washing hands et c- activity is given without 
brackets in the Tables 5-3 and 5-4. 
 
The power and energy are measured on spot using the installed equipment, in order to validate 
the assumed energies with actual used energies. For the duration time of the activity, person 
hour is used as indicator for the tenant’s total time-use. The additional activity that comes 
from Widén is a rest-post that was needed in order to validate the electricity demand model 
with the actual measured values.  This energy is constantly on for 24 hours per day and can 
not be considered to be involved with any activity, but rather with the standby-power use for 
all equipments in a household.  
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The experiment set-up uses thermal mannequins for simulation of human activity. Since, the 
experiment set-up for the field study includes also researcher presence; it must also be taken 
into consideration. The researcher presence is subtracted from the total human presence. To 
give an example on how Table 5-3 and Table 5-4 are to be interpreted the human presence is 
addressed for two activity patterns; “at home awake” and “at home asleep”. At home awake is 
assumed to take place in the kitchen/living room and yield a thermal power of 100 W/person 
for the duration of 23.2 person hours, i e an average of 3 persons being at home and awake for 
7 h 44 minutes. This sums up to 2.32 kWh of thermal energy added to the room, where 1.8 
kWh was simulated in the experiments with the thermal mannequin and 0.52 was originating 
from the researchers presence. The results of these field experiments will be further analysed 
in the building level, Chapter 6. 
 
Table 5-3. Thermal loads, activity time and corresponding energy from the installed 
equipment and the corresponding activity pattern according to Weekday pattern in a 3-person 
household. 

Activity time  Energy Equipment Activity pattern Room Power (Thermal load) [W] 
[personhour] 24 h 

[kWh] 
80W/person daylight time 9.02 ph 0.72 Lighting At home & level 

of day-light 
All 

200W/person at other time 14.4 ph 2.83 
Electric Stove Cooking Kitchen/Living 

room 
1500 W 0.8 ph 1.2 

Exhaust Fan Cooking Kitchen/Living 
room 

-500W*/-1000W** @2°C 0.8 ph -0.4*/-
0.8** 

Ironing Ironing Laundry 1000 W 0.2 ph 0.17 
Vacuum 
cleaner 

Cleaning Kitchen/Living 
room 

1000 W 0.08 ph 0.08 

Television Watching TV Kitchen/Living 
room 

200 W 3.5 ph 0.7 

Computer Using computer Kitchen/Living 
room 

100 W 1.03 ph 0.1 

Stereo Using Stereo Bedroom 3 100 W 0.22 ph 0.02 
Additional Always on Kitchen/Living 

room 
100 W  24h/day 2.4 

At home awake Kitchen/living 
room 

100 W/person awake 23.2 ph 1.8+0.52 Human 
presence 

At home alseep Bedrooms 1 & 2 100 W/person asleep 21.2 ph 2.12 
Bath-tub Bathing Bathroom ~500 W 0.04 ph (2 h) 1 
Shower Showering Shower room ~200 W 0.33 ph 0.07 
Kitchen sink Washing hands  

et c  
Kitchen/living 

room 
~200 W 0.7 ph (2.5 h) 0.5 

*Passive house 
**Conventional house 
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Table 5-4. Thermal loads, activity time and corresponding energy according to Weekend-day 
pattern in a 3-person household.  

Activity time Energy  Equipment Activity 
pattern 

Room Power (Thermal load) [W] 
[personhour] 24 h 

[kWh] 
80W/person  daylight time 13.61 ph 1.09 Lighting At home & 

level of day-
light 

All 

200W/person at other time 15.31 ph 3.06 
Electric Stove Cooking Kitchen/Living 

room 
1500 1.15 ph 1.73 

Exhaust Fan Cooking Kitchen/Living 
room 

-500W*/-1000W** @2°C 1.15 ph -0.6*/-
1.2** 

Ironing Ironing Laundry 1000 W 0.12 ph 0.12 
Vacuum cleaner Cleaning Kitchen/Living 

room 
1000 W 0.08 ph 0.08 

Television Watching TV Kitchen/Living 
room 

200 W 5.86 ph 1.17 

Computer Using 
computer 

Kitchen/Living 
room 

100 W 1.15 ph 0.12 

Stereo Using Stereo Bedroom 3 100 W 0.40 ph 0.04 
Additional Always on Kitchen/Living 

room 
100 W  24h/day 2.4 

At home 
awake 

Kitchen/living 
room 

100 W/person awake 28.9 ph 1.8+1.09 Human presence 

At home 
alseep 

Bedrooms 1 & 2 100 W/person asleep 25.5 ph 2.55 

Bath-tub Bathing Bathroom ~500 W 0.14 ph (2 h) 1 
Shower Showering Shower room ~200 W 0.41 ph 0.08 
Kitchen sink Wash hands  

et c 
Kitchen/living 

room 
~200 W 0.7 ph (2.5 h) 0.5 

*Passive house 
**Conventional house 
 
 
The thermal load derived from bathing activity is calculated with an enthalpy difference 
method by assuming a linear temperature loss from the bathtub and the water temperature is 
measured before and after the activity. The same method is used for the kitchen sink. For the 
shower, the enthalpy of the air is compared from time-step to time-step and perfect mixing of 
ventilation air is assumed. 
 
The energy use for the washing machine, dryer, and dishwashing machine, which also affects 
the thermal loads households, was depicted in Table 5-2 and varies typically with varying 
amount of laundry, dampness of laundry, amount of dish respectively. Hence the values in 
Table 5-2 are typical for one washing or drying cycle. By using mean values of times operated 
per day for these pre-installed appliances the figure is seldom equal to an integer number, 
which is needed for the field experiment. It is irrelevant to simulate half a cycle, since this 
never happens in everyday life. According to Widén (2009) the mean value of number of 
times the dishwasher, washing machine and tumble dryer are used is 0,4;0,6;1,0, and here is 
assumed that they are used 1 times each respectively. During the weekday, figures from 
Widén (2009) say 0,5; 1,4; 2,0 respectively and it is therefore assumed that the washing 
machine and the tumble-dryer are used 2 times and the dishwasher once. 
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The exact measured values for each zone and experiment set-up can be found in Appendix B, 
as well as a more detailed description regarding how the activity patterns are transformed into 
heat loads. 
 

5.4 Thermal zones 
Similar to the discussion in Chapter 5.3, it is also of importance of where in the apartments, in 
which rooms, the thermal loads take place.  The 4 room apartments in Lambohov are 
positioned in 2-store buildings that on the ground floor mainly consist of a kitchen and living 
room and a hallway together with a laundry-room and a shower-room. On the upper floor 
there are three bedrooms and one bathroom. As can be seen in Figure 5-1 the living room and 
the kitchen are connected to each other directly without a door, implying that they are to be 
treated as the same thermal zone, i.e. air moves freely between the rooms and thus distributes 
heat. Figure 5-1 also shows where the ventilation diffusers are set as well as the temperature 
measurement points for the field study. In order to find the amount of internal gains per room, 
the activities are assumed to correspond to a certain room, see Table 5-3 & 5-4. In addition, 
the dishwashing machine affects the kitchen/living room, the washing machine and tumble-
dryer affects the laundry. 

 
Figure 5-1. Building drawing of the studied 4-room apartments. 
 
 
The different household activities are summed up for each zone.  In Table 5-5 a 
summarization of the activities and their assumed thermal energy load in each room is shown. 
The loads to the laundry-room and the kitchen/living room have the highest loads. The 
electricity consumption is measured for each individual experiment set-up and show good 
correspondence to the pre-set thermal loads presented here. This part of the experiment is 
more closely presented in Appendix B. 
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Table 5-5. The thermal loads set-up according to the different thermal zones in a 3-person 
household. 
 

Thermal zone Activity Weekday [kWh] Weekend-day[kWh] 
    Passive Convent Passive Convent 
Kitchen/Living room Cold appliances 1.24 1.24 

Lighting 3.1 3.59 
TV 0.7 1.17 
Computer 0.1 0.12 
Addtional 2.4 2.4 
Cooking-stove 1.2 1.73 
Cooking-fan air -0.4 -0.8 -0.6 -1.2 
Cooking-fan electricity 0.03 0.04 
Dishwashing 1.05 1.05 
Washing hands 0.5 0.5 
Cleaning 0.08 0.08 
Human presence 1.8 1.8 
Innova 0.32   0.32   

  

SUM 12.12 11.72 13.44 12.84 
Laundry room Ironing 0.17 0.12 

Washing 1.35 1.42 2.7 2.84 
Drying 1.68 2.2 3.56 4.4 
Heat circulation pump 0.96 0.96 0.96 0.96 
Ventilation fan 0.85 1.53 0.85 1.53 

  

SUM 5.01 6.11 8.19 9.73 
Bedroom1 Lighting 0.12 0.18 

Human presence 0.73 0.85   
SUM 0.85 1.03 

Bedroom2 Lighting 0.12 0.18 
Human presence 1.45 1.7   
SUM 1.57 1.88 

Bedroom3 Lighting 0.11 0.08 
Stereo 0.02 0.04   
SUM 0.13 0.12 

Bathroom Lighting 0.11 0.12 
Bathing 1 1   
SUM 1.11 1.12 

Shower room Showering 0.07 0.08 
All zones SUM  20.54 21.24 25.54 26.48 
  W/m2 8.15 8.43 9.95 10.31 

 
Table 5-5 shows that the thermal energies for lighting, TV, computer, washing, laundry and 
stove are higher for the weekend-day scenario than for the weekday scenario. The cooking fan 
uses a small amount electric energy, what is more relevant is the negative thermal influence 
caused by the air leakage associated with the operation of the fan. The ventilation flow 
associated with the use of the same type of kitchen fan is double in the conventional house 
compared to the passive house and during the measurement period, this implicated an inflow 
of 2 °C air, which cools down the building. The only activity that is less occurring during the 
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weekend compared to the weekday is ironing, which is almost negligible. The sum of thermal 
loads is equal to 20.5-26.5 kWh per day and apartment, depending on day of scenario and the 
set-up of equipment for the different apartments. If recalculating this amount of thermal load 
to a mean value of heating power per day it is between 8 and 10 W/m². This is double the 
amount compared to the amount that may be used according to the passive-house regulations. 
 
As has been seen, there are some differences between the passive houses and the conventional 
houses when the same amount of household activities is concerned. The main differences are 
dependent on the better energy performance of the equipment in the passive houses, but also 
due to the different effect of the kitchen fan in the two houses. Although the fan is similar, the 
air leakage is greater in the conventional house which would cool down the conventional 
apartment. All together, the thermal loads are slightly higher in the conventional house. 
 

5.5 Discussion household level 
In this chapter the attention is concentrated on the household level which means that the 
people and their activities are in focus. Part of the chapter deals with the introduction phase of 
the new housing concept at Stångåstaden and provides some useful information on what 
thoughts are at hand right before the tenants occupy the apartments. The starting point is that 
the passive house apartments are like any other apartments and the tenants will be able to live 
in them like in any other house. To some extent that is also true, a passive house is a normal 
house in several aspects, but still in need of some extra effort when functionality is concerned. 
However, the passive houses in Lambohov are special since they are connected to the district 
heating system and maybe this is a reason for not treating them like some kind of special 
housing. The original passive house idea of having no additional heating but electricity 
heating is not applicable for these apartments and that makes them more similar to regular 
apartments. It could in other words be true that there is no need for special rules or vast 
amount of information regarding the heating and ventilation system and that the apartments 
could function well in spite of that. On the other hand, since this is a fairly new way of 
building and passive house rental apartments are quite an unexplored concept in Sweden, 
there could be a point in being extra aware of what the first tenants feel they need, in terms of 
information and help with these apartments.  
 
Since the passive house concept itself has not been used as a marketing tool it's difficult to say 
whether the potential customers have been different from the ones to the conventional 
apartments in the same area, but it is likely that slightly higher rents, additional information 
material and using a specific building concept are factors that do create a sense of 
exclusiveness which could affect the potential clientele. This could be unintentional from the 
company’s side but has nevertheless an impact on who decides to live in the apartments. If 
new passive houses are to be built the experiences from the pioneer tenants might be different 
from what future tenants will experience. 
 
According to the first tenants it is important to get enough information once they move in. 
The idea of having a system where you don't have to do anything to keep a nice indoor 
climate is a sensible idea when you let an apartment, but maybe it isn't enough if the tenants 
do want to get the most out of the concept. It is not difficult to grasp the idea behind the 
passive house concept, so good and informative material for the tenants should not be difficult 
to supply. It is logical to keep the technical details to a minimum since most people do not 
care about trying to improve a system that is functioning properly, but it could perhaps be an 
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idea to provide other useful information. This could be for example information about things 
that have an effect on the indoor climate, like household activities, additional electrical 
appliances and their effect on temperature etc. For those who really want specific details, such 
information should perhaps be available and since people that are very interested also tend to 
use the information and knowledge for improving their quality of life. In other words, it seems 
to be of importance to make sure the non-interested as well as the very interested get the 
information they want and need. In line with Rohracher (2006) it seems that the end-user is 
critical when introducing new technology since the learning process is social by nature and 
will have great impact on whether new technology works as intended or not. 
 
Another aspect that perhaps should be raised is the fact that the tenants are allowed to sub-let 
the apartments for longer or shorter periods. If somebody moves in that hasn't received the 
initial information it is not sure that the person knows how to use the system. Similar 
apprehension was also heard from Stångåstaden and is well worthy the trouble of finding a 
useful way to deal with. Maybe new routines could be introduced or every apartment should 
be equipped with a description of the apartment and its functionality. Perhaps the need for 
information is higher in the establishing of a new housing concept. What the tenants currently 
asks for may well be common knowledge in the future if more passive houses are available 
and energy efficient living perhaps is common place. But for the time being it could be useful 
to make an extra effort to take care for these things. 
 
The initial problems that some tenants have experienced may not have anything to do with the 
apartments being passive houses but should in any case be followed up after a while to make 
sure that the energy system functions properly. Otherwise there is a risk of problems occur 
that not necessarily are passive house specific but are incorrectly considered to be that. 
 
Living in the apartments involves household activities and human presence and these will 
have an effect on the indoor climate. The fact that the equipment in the passive houses have a 
slightly more energy efficient performance entail that energy labels do matter when 
appliances for apartments are procured. However, the stand-by power is not included in these 
classifications which mean that the stand-by power on some appliances probably is ignored. 
Moreover, the stand-by power is not only stemming from the pre-installed appliances, all 
single devices, small as large, often has some stand-by power use. Summed up, they become 
so large that they are a significant factor for the thermal loads of the building. 
 
The thermal loads produced within the building envelope can be divided into two parts; one 
that is dependent on household activities and one that is not associated with any household 
activity. The latter part includes the stand-by power use of different domestic appliances and 
also the more or less constant loads of the cold appliances. Of course the thermal loads of a 
frequently opened and closed refrigerator door will contribute with a larger thermal load, but 
this can be assumed to be negligible. The loads for the dishwashing machine, tumble-dryer 
and the washing machine can to some extent be associated with the choice of appliance, e g 
depending on the energy classification, but the lion’s share of this use stems from how much 
it is used, in other words, the household activities. The other part of the thermal loads is 
directly dependent on the household activities that stem from diverse household activity 
patterns. If these two parts are summarized into one building of 105 m² containing a 3-person 
household they contribute in average with a thermal load of 8 - 10 W/ m², which is well above 
the passive house standard recommendations The most significant loads are found in the 
kitchen/living room, which stands for 60% of the loads and in the laundry, which stands for 
about 30 %. 
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The passive house standard states a limit for 4 W/m heating power in the apartments, a limit 
that is well exceeded by the double in the passive house apartments in Lambohov. This is 
interesting from many aspects, because it suggests a more flexible use of the apartments in 
comparison to a regular passive house apartment. The tenants will not have to be as strict with 
keeping windows closed, for instance, because there is more heating power available. For the 
housing company it means that there probably will be fewer complaints about cold indoor 
temperatures which is beneficial from a maintenance point of view. In addition, there will not 
be a need to look for specifically energy aware customers since the apartments will have a 
comfortable indoor climate even without adjusting activities. Should the tenants want to live 
energy efficiently, the functionality is still there. 
 
Worth noting is that using time-use data for simulation of household activities have some 
advantages in trying to evaluate how they affect the indoor climate. It is not possible without 
much effort to measure all households, but by using time-use data it is possible to get an 
average estimation that would be representative for an average 3-person household. Of course 
it is possible that the households in the passive houses in Lambohov differ and of that reason 
it might be difficult to predict the thermal loads from their activities but by assuming that 
fairly average people will live there, it is still possible to draw some conclusions from normal 
household activities. In addition, using time-use data makes it possible to compare the two 
houses using exactly the same activity pattern, which would not be possible with real 
households since in reality every household is unique. 
 
Conclusion compilation  
In conclusion Stångåstaden considers the passive houses to be like any other apartments and 
has not specified any particular group of people suitable to live in the passive houses. The 
housing company does however appreciate tenants that are able to take in information and are 
interested in the functionality of the houses.  
 
The tenants expect the house to function as a regular house but do hope the passive house 
concept will work since they would like to have lower heating bills. There is a need for more 
information about the functionality, at least initially before they gain personal experience of 
the house.  
 
The two types of houses are equipped with energy efficient appliances (A or A+). However, 
the equipment in the laundry room is slightly more energy efficient in the passive house 
which implies that the choice of appliances do matter for energy use. The use of appliances is 
difficult to control, though, because it is dependent on household activities and individual 
preferences. 
 
The household equipment show use of stand-by power. The laundry machine and the dryer 
are using electricity in stand-by mode while the cold appliances do not, which suggests that a 
change in the regulations for energy classification would be beneficial. 
 
Another interesting point is that the kitchen fan is able to transport more air out of the 
building in the conventional apartments, which leads to a doubled air leakage and will 
therefore have an effect on the thermal balance of the building in cold days. 
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The results from the weekday and week-end day household activity patterns show thermal 
loads of 8 – 10 W/m². This suggests higher flexibility when living in the apartments since 
there is more heat power than the passive house regulations allow. 
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6 The building level 
This chapter contains the technical details of the two houses and explains the differences 
between the passive house apartments and the apartments of conventional standard. 
Additionally, the results from the field measurements and the computer simulations are here 
presented.    
  

6.1 The building envelopes of the houses in Lambohov 
In this chapter the differences between the various components in the two building envelopes 
are described and quantified. For more detailed information about the topics in this chapter, 
see Appendix E. 
 
Exterior walls in the passive house 
The exterior walls in the passive house are seven layer structures and consist of the following 
materials (outside to inside) and their thicknesses (mm): rendering – 15, rock wool – 200, 
glass wool – 12, mineral wool – 145, plastic film, mineral wool – 45, plaster - 13. The two 
layers of mineral wool are to 15 % made out of wooden scantlings (Lundin, 2008). In  
Table E-1 in Appendix E, data for thickness, density, specific heat capacity and thermal 
conductivity are given for each of these layers.  
 
Exterior walls in the conventional house 
The exterior walls in the conventional house consist of six layers. From the outside to the 
inside these layers are made of the following materials and their thicknesses (mm): rendering 
– 15, rock wool – 80, glass wool – 12, mineral wool – 145, plastic film, plaster - 13. The layer 
of mineral wool has the same proportion of wooden scantlings (15 %) as the layer in the 
passive house. The differences from the exterior walls in the passive house are thus the 
absence of the second mineral wool layer along with a thinner layer of rock wool. (Lundin, 
2008) 
  
The compositions of the two types of exterior walls are given as input to the simulation tool 
which then can calculate the U-values for the two cases. The exterior walls in the passive 
house and in the conventional house end up having U-values of 0.1073 and 0.1917 
respectively, see also Table 6-3.  
 
Doors 
Each house has two doors, one at the back of the house with a U-value of 0.9 in the passive 
house and a U-value of 1.2 in the conventional house (Carlfjord, 2009). The other door is at 
the front of the house with a U-value of 0.75 in the passive house and with a U-value of 1.0 in 
the conventional house (Jäderberg, 2009).  
 
Windows  
Table 6-1 shows the U-values of the various windows in the two houses (Technical Research 
Institute of Sweden, 2007). The window frame fraction is dependent on the size of the 
window and is also given in the table and is used in the computer simulations. 
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Table 6-1. The U-values of the windows in the two buildings (Technical Research Institute of 
Sweden, 2008). 

Size of the window 
Height* Width [m] 

U-values [W/(m2K)] 
passive house  

U-values [W/(m2K)] 
conventional house  

Frame fraction  

0.6*0.6   1.22 1.39 0.57 
1.4*0.8  1.01 1.22 0.38 
1.4*1.0  0.96 1.18 0.37 
1.4*1.6  0.88 1.12 0.27 

 
Roofs 
The roofs are similar in both types of houses and consist of three layers. From the outside to 
the inside they are of the following materials and thicknesses (mm): mineral wool – 150, 
mineral wool – 345, plaster - 13. In this component of the building envelope the layer of 
mineral wool which has a thickness of 150 mm includes 8 % of wooden scantlings while the 
second layer is homogeneous (Lundin, 2008).  
 
Floors 
The floors in the two buildings consist of two layers, first there is a concrete layer with a 
thickness of 100 mm and below this, a layer of cellular plastics with the thicknesses of 
300 mm (passive house) and 200 mm (conventional house). 
 
Other surfaces in the building envelopes 
Electrical cabinets - there is a part of the building envelopes where adjustments are made due 
to an electrical cabinet which has consequences for the insulation in the wall. In the passive 
house it results in the removal of the 200 mm thick layer of glass wool while the conventional 
house is without its 80 mm thick layer of glass wool. 
 
A part of the wall with wooden panel - this part of the envelope does not affect the 
conventional house but in the passive house it causes a reduced thickness of the rock wool 
layer, here it is 120 mm instead of its usual 200 mm.  
 
Thermal bridges  
Table 6-2 contains the values of the thermal bridges in the elements of the houses. In the 
computer simulations, the values of the thermal bridges in the passive house were used for the 
conventional house as well, except for the edge beam. This is not correct since the 
conventional house probably has a higher leakage through the other thermal bridges, 
therefore, this result will give a lower energy need in the conventional house compared to if 
the real values were to be used.  
 

 Table 6-2. Thermal bridges (Carlfjord, 2009. Lundin, 2008). 
Thermal bridge Edge beam 

(Passive/conventional) 
Wall 

corner 
Windows 
& Doors 

Walls/joists 

Ψ [W/mK] 0.094/0.17 0.027 0.041 0.025 
Meters 54 45 120 63 
Thermal bridge [W/K] 5.1 1.2 5.0 1.6 

 
U-values 
Table 6-3 presents, the by the simulation tool calculated U-values of the components in the 
building envelope. The largest difference in energy performance result from the differences in 
the exterior walls since this is the component with the largest area and the U-value of this 
component in the passive house is nearly half of that in the conventional. 
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Table 6-3. U-values of the components of the building envelope, calculated with IDA ICE. 

Component of building envelope U-values [W/(m2K)] in the 
passive house 

U-values [W(/m2K)] in 
the conventional house 

External wall 0.1073 0.1917 
Front door 0.7500 1.000 
Door at the back 0.9000 1.200 
Roof 0.08735 0.08735 
Floor 0.1199 0.1775 
Behind the electrical cabinet 0.2557 0.3237 
Wall with wooden panel 0.1520 0.3237 

 

6.2 Building specific properties affecting thermal indoor climate 
This chapter describes the results of the field measurement regarding the building specific 
envelope and utilities important for the thermal indoor climate. 
 

6.2.1 Mean radiant temperature (Trm) difference 
Since the thermal sensation of the tenants is affected not only by the air temperature, but also 
by the surface temperatures of the walls, floor, ceiling, furniture and equipment surrounding 
them, it is of essence to find out whether the mean radiant temperatures of these surfaces. This 
chapter will analyze the mean radiant surface temperatures and compare the passive and 
conventional house. The mean radiant temperature difference (Trm) that is spoken of, 
compares the difference in temperature between the air temperature and the tenants’ 
perception of the radiant surface temperatures. 
 
The operative temperature in the passive house was around 0.1 °C lower than the air 
temperature, according to the Innova 3710 measurements. By knowing the operative 
temperature (Top), the mean radiant temperature (Trm) can then be extracted by the following 
equation: 
 

2
rmair

op
TTT +

=      (6-1) 

 
This implies a Trm-difference of -0.2 °C lower than the air temperatures. For the conventional 
house, the operative temperatures were one time measured showing an operational 
temperature of 0.2 °C lower than air temperature, which implies a Trm-difference of -0.4 °C.  
 
Similar measurements were done with the IR camera. In Figure 4-2 below a comparison of 
the radiant temperatures measured with the IR camera in the living room is shown. A typical 
area (AR1 in Figure 4-2) gives a mean radiant temperature of 20.4 °C for the passive house, 
where the air temperature is 21.2 °C, i e Trm-difference of -0.8 °C. For a corresponding area in 
the conventional house, the radiant temperature is 19.2 °C, where the air temperature is 20.7 
°C, i e Trm-difference of -1.5 °C. Both measurements where done with similar outdoor 
temperature (2 °C). 
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Figure 6-1. Comparison of radiant temperatures in the living room, passive house to the left, 
conventional to the right. The outdoor temperature during the time of the measurements was 
stable around 2 °C. 
 
The IR camera gives a typical difference of -0.8 °C and -1.5 °C when Trm is compared to 
room air temperature for the passive and conventional house respectively. This when 
assuming homogenous outer wall radiant temperature (without windows and doors) to be set 
for the mean radiant temperature of the point evaluated. However, since there is only one 
measurement of the operative temperature with the Innova equipment, and the radiant 
temperatures can be found from the IR camera measurements it is possible to do a sensitivity 
analysis for this parameter in order to find the effect of this assumption on the Trm. The 
operative temperature accuracy for the Innova 3710 is given to be ± 0.3 ºC, which imply ± 0.6 
ºC difference in Trm. This also speaks for the relevance of a sensitivity analysis, see Table 6-4. 
 
Table 6-4. PPD, PMV as a function of mean radiant temperature difference at air 
temperature 20 °C, relative air humidity 24 %, activity 1.2 met and clothing 0.9 clo. 

Mean radiant 
temperature difference 

Measured Predicted Mean 
Vote (PMV) 

Percentage 
Dissatisfied (PPD) 

-0.2  Innova passive -0.65 14 
-0.4  Innova conventional  -0.67 14 
-0.8 IR passive -0.72 16 
-1.5 IR conventional -0.79 18 
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In the sensitivity analysis presented in Table 6-4 the Trm-difference of the passive house was 
assumed to be somewhere between -0.2 °C to -0.8 °C (-0.2 °C was the lowest measured value 
by the Innova and -0.8 °C was the temperature difference when assuming the outer wall 
temperature to be figurant for the Trm, according to the IR camera). These extreme values for 
the passive house and the conventional house without any activities would produce a 
predicted percentage dissatisfied of 14 % and 16 % respectively.  
 
For the conventional house the mean radiant temperature difference can be assumed to be 
somewhere between -0.4 °C and -1.5°C. The IR-camera measured the outer wall to a Trm-
difference of -1.5 °C, corresponding to a PPD of 18%. The other case with a Trm -difference 
of -0.4 °C produces a PPD of 16 %. The conclusion for the sensitivity analysis is that for the 
continuous measuring of PMV and PPD an assumption is made for a Trm -difference of -0.8 
°C for the passive-house and -1.5 °C for the conventional house. This is in order to have a 
unified approach to comparison of the two building standards. 
  

6.2.2 Building specific energy use 
Without any human presence and household activity there are still some thermal loads that 
interfere with the active heating system for the building, important for the thermal indoor 
climate. The ventilation fan and heat circulation pump also use energy that is delivered as an 
internal heat gain to the building. Looking at the 24-hour measured ventilation energy use, a 
considerable difference can be seen between the two house standards. If calculating the 
energy use from these values on a yearly basis, the building specific electricity use is almost 
doubled in the conventional house than in the passive houses. In Table 6-5 a summary of 
measured energy use for heat circulation pump and ventilation fan can be seen. The yearly 
electricity use for the ventilation fan is calculated from the measured one and should be 
regarded as a hint of the yearly energy use. 
 
  Table 6-5. Building specific energies and their calculated impact on a yearly basis. 

Passive building  Conventional building Building specific  
energy use Power 

[W] 
Energy/24h 

[kWh] 
[kWh 
/m2, 
yr] 

Power 
[W] 

Energy/24h 
[kWh] 

[kWh 
/m2, yr] 

Heat circulation pump 0/44*  0.96 3.3 0/44* 0.96 3.3 
Ventilation fan 34 0.85 3.0 64 1.53 5.2 

   *standby/ in operation 
 

6.3 Field measurements of thermal comfort 
This chapter will describe the results from the experiments in the different houses (passive 
and conventional), when simulating no activity, weekday activity and weekend-day activity, 
as was described in chapter 3.4 (and is furthermore described in Appendix B). 
 
It is worth to mention that according to Chapter 5.4, the internal heat gains from household 
activities were mostly present in the kitchen/living room zone and the laundry room zone. 
Normally, there are also heat gains from solar radiation. However, during the measurements 
periods, the solar radiation was negligible. The thermal comfort in the laundry room is not 
assumed to be of great importance to the tenants’ apprehension of the thermal indoor climate. 
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Taking that into consideration, the focus of the thermal indoor climate analysis will be on the 
kitchen/living room zone. 
 

6.3.1 Results without any activity 
The results in the kitchen/living room were obtained on a day when the outdoor temperature 
was around 2 °C and solar radiation was negligible. The air temperatures in both houses were 
around 20 °C. The minor internal heat loads that are present show that the passive houses are 
more responsive to changes in these heat loads.  
 
The PMV calculation show that when the air temperature is 20 °C the thermal sensation is 
predicted to be around -0.7 for tenants in the passive house and -0.8 for the conventional 
house. The calculated PMV-values correspond to a prediction of 16 % dissatisfied people of 
for the passive house and 18 % for the conventional house.  
 
The thermal loads and the living room temperature for the passive house can be seen in  
Figure 6-5. The temperature is stable as long as only the supply air heating is present. When 
there are people present the temperature increases and the supply air heating is stopped and 
stand still until the temperature goes down below 20 °C. Regarding the passive house 
ventilation, it has a regulator that responds to the indoor temperature in the ground floor and 
the upper floor hall temperature and is not directly reacting to the kitchen/living room 
temperature. This can be seen in the Figure 6-2. 
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Figure 6-2. Thermal loads for the passive house and the kitchen/living room temperature, 
during the reference case. The predicted mean vote (PMV) is -0.7 at 20 °C air temperature. 
The outdoor temperature during the time of the measurements was stable around 2 °C. 
 
 
For the conventional building the thermal loads together with the kitchen/living room 
temperature can be seen in Figure 6-3. The difference compared to the passive house can 
mainly be found in the space heating. Since the conventional house has no supply air heating, 
it is heated with the radiator system. The radiators heat distribution is not measured in detail, 
but the radiators for the total zone are calculated to distribute ~400 W as mean value for the 
total duration of the reference scenario. The air exchange rate is the same for both houses, but 
the conventional ventilation method uses double amount of electricity, which was stated in 
Table 3-2 in Chapter 3.3. However, the ventilation is used for three different purposes in the 
passive houses; heating, cooling and air quality but in the conventional house only for two 
(cooling and air quality). 
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Figure 6-3. Thermal loads for the conventional house and the kitchen/living room 
temperature, during the reference case. The predicted mean vote (PMV) is stable around -0.8 
at 20 °C air temperature. The outdoor temperature during the time of the measurements was 
stable around 2 °C. 
 
 
Regarding the local discomfort criteria, none of the houses show signs of the occurrence of 
any such discomfort. The temperature gradient in the passive house is measured to 0.30 °C/m 
and the conventional 0.15 °C/m and can be neglected in terms of people percentage 
dissatisfied. The floors are well insulated and the floor temperature is acceptable (meaning 
~10 % dissatisfaction) at 19 - 20 °C on both floors in both houses. This is on the verge of 
being acceptable according to ISO7730 and was also mentioned to be uncomfortable by some 
tenants in the interviews, see Chapter 5.1.2, Interview 2. The conventional house has a less 
insulated ground, but the hot water distribution system to the radiator that is placed under the 
floor will help to increase the floor temperature. Local air draught is not present at any level 
above 0.10 m/s, except if induced by any human activity such as opening doors and/or 
windows. Asymmetric thermal radiation can be found at the windows of up to 5 °C for both 
houses at the outdoor ambient temperature of 2 °C, implying that no percentage dissatisfied 
will originate from this temperature. However, a cold winter day of – 20 °C could cause a 
radiant asymmetry of 10 °C, which would denote a percentage dissatisfied of 5 %, which still 
is considered acceptable. 
 

6.3.2 Applying activity pattern week day 
During a weekday, many activities take place in a short time period, typically when people 
come home from work. The relative air humidity of the house rises significantly from 25 % to 
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35 % in the evening. Moreover, the household activities’ influence on the thermal balance   of 
the building peaks during the evening with positive influence of ~3000 W, which were 
presented in Table 5-5. The thermal balance is also negatively influenced by the air 
ventilation and the kitchen fan to an extent maximum of ~-700 W and ~1400 W, for the 
passive house and conventional one respectively, during the evening. Also the temperature is 
increasing, which can be seen in Figure 6-7 for the passive house and in Figure 6-8 for the 
conventional house. For both houses the temperature reaches its maximum a few hours after 
the maximum load of the zone.  For the conventional house, all loads except for the radiator 
heat are measured in detail. However, they are calculated to distribute ~400 W as mean value 
for the total duration of the weekday scenario. 
 

 
Figure 6-4. Thermal loads for the passive house and the kitchen/living room temperature, 
during the activity pattern weekday. The predicted mean vote (PMV) varies between +0.1 and 
-0.5. The outdoor temperature during the time of the measurements was stable around 2 °C. 
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Figure 6-5. Thermal loads for the conventional house and the kitchen/living room 
temperature, during the activity pattern weekday. The predicted mean vote (PMV) varies 
between -0.2 and -0.8. The outdoor temperature during the time of the measurements was 
stable around 2 °C. 
  
The PMV for the passive house is calculated to vary from -0.5 to +0.1 resulting in PPD from 
5-11 %, which lies within the acceptance level of the ISO 7730 standard. However, for the 
conventional house the PMV is calculated to vary from -0.8 to -0.2 resulting in PPD from 6-
18 %, which gives an acceptable level during the evening. Temperature drop during night-
time is no problem, since the bed clothes have higher insulation capability. However, the 
temperature during the following day remains constant at a slightly insufficient comfort 
satisfaction level. The reason for deviance in temperatures can be explained by the absence of 
an individual room temperature regulation in the passive house. Even though the overall set-
point temperature of both houses is 20 °C, the conventional houses use the radiator thermo 
regulators for the temperature setting for the individual rooms. These settings have been too 
low to have equal comparison basis for the measurements. It is also found in the diagrams that 
the temperature drops faster in the conventional house. Thus, the building time constant for 
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the conventional house is lower. Moreover, the kitchen fan affects the building energy balance 
with a doubled air leakage from the outside, which at the time of the study involved a 
negative thermal heat balance of ~1200 W. 
 
 

6.3.3 Applying activity pattern weekend-day 
During a weekend-day, the activities are more scattered and more evenly distributed 
throughout the day, which can be seen Figure 6-6 for the passive house and Figure 6-7 for the 
conventional house. The activities involved can be seen in Table 5-5. The thermal balance of 
the building is merely maximally influenced to an extent of ~+2400 W, and the negative 
influence is not different compared to the weekday scenario.  For the conventional house, all 
loads except for the radiator heat are measured in detail. However, they are calculated to 
distribute ~550 W as mean value for the total duration of the weekend-day scenario. 
 
 

 
Figure 6-6. Thermal loads for the passive house and the kitchen/living room temperature, 
during the activity pattern weekend-day. The predicted mean vote (PMV) varies between -0.2 
and -0.5. The outdoor temperature during the time of the measurements was stable around 2 
°C. 
 
The PMV for the passive house is calculated to vary from -0.5 to -0.2 resulting in PPD from 
6-11 %, which lies within the acceptance level of the ISO 7730 standard.  
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Figure 6-7. Thermal loads for the conventional house and the kitchen/living room 
temperature, during the activity pattern weekend-day. The predicted mean vote (PM
between -0.4 and -0.8. The outdoor temperature during the time of the measurements was 
stable around 2 °C. 
 

V) varies 

he PMV for the conventional house is calculated to vary from -0.8 to -0.4 resulting in PPD 

6.4 Computer simulations of the Lambohov houses 
mponents and tenants 

 
T
from 9-18 %. Similar to the weekday activity simulation, the thermal comfort is only 
considered ok during the evening. It is observed that the air temperature is not increasing 
enough during the day, which could cause comfort dissatisfaction. This explores a difference 
in comfort level for the two studied houses, which means that comparative energy analyses on 
this basis are not justified, due to the fact that the tenants' thermal sensation in the buildings 
are different. Hence, energy analyses should be done on equal thermal comfort bases as well, 
meaning the same operative temperature (see Chapter 3.6.2) In order to apply the same 
operative temperature, the air temperature in the conventional will need to be higher than in 
the passive house, due to the less insulated building envelope. 
 

The purposes with these simulations are to investigate the impact that co
have on the amount of energy needed for space heating in the houses. Also, to calculate how 
the need for space heating differs between the two types of houses and how this is correlated 
to the outdoor temperature.  
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6.4.1 Input for the computer simulations 
The house model  
The modeled houses are two-stored buildings containing two apartments each. The whole 
building has a surface area of 210 m2 and the ground floor has a roof height of 2.5 meters 
while the second floor has a roof height of 2.4 meters. Figure 2-1 shows a picture of the 
passive house that is modeled and in Figure 5-1 the two floors can be seen.  
 
When building the model with the software, it is possible to define not only the heating 
system and building envelope, but also the amount of equipment, lighting and human 
presence in order to get more realistic results. In the experiments made here, the input for the 
use of equipment, lighting and human presence are based on Widén et al. and are presented 
below in Table 6-6. 
  

 
Figure 6-8. The IDA ICE-model of the building. 

 
Human presence 
Each of the total four apartments in the two houses has three tenants and when applying the 
data from Widén et al. to the households it results in an average human presence of 44.4 hours 
each day in every apartment. Of the 44.4 hours, 23.2 represent being awake and 21.2 being 
asleep. The settings made in IDA are such that during the sleeping hours the human presence 
is located in the bedrooms on the second floor and the hours spent awake are located on the 
first floor. The heat that is gained from the tenants during these hours is a function of their 
activities and the variable used for describing this is called the metabolic rate or 
met (W/m2). Further information about the metabolic rate is given in Chapter 3.6.2. In the 
IDA simulations the met values are set as follows:  
 

• While awake, an average activity level of 1.2 met is assumed which describes a 
sedentary activity (ISO,7730, 2005). 

• While sleeping, an activity level of 0.7 met is assumed which describes a person 
asleep (Equa, 2001). 

Lighting 
The results of Widén et al. gives a lighting power of 80 W per person at home awake during 
daylight time and 200 W per person at home awake during other periods. In this simulation, 
the daylight part of the day is assumed to be 07:00–17:00 throughout the entire year which is 
an approximation since the daylight time varies over the year.  
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Differences in the activity patterns from the measurements and computer simulations 
Some of the thermal loads applied in the field measurements for the houses are not suitable to 
be used in the yearly IDA simulation. Here, the water activities (bathing, showering, washing 
hands etc.) are left out since the building as a whole also is affected by the cold water that 
comes within the building envelope before it has been heated. However, when evaluating the 
thermal comfort in specific zones these thermal loads are important to include. 
  
The implementation of the activities of dishwashing, laundry washing and drying in IDA are 
approximations of the real activities. Here, the values of the thermal loads are multiplied by 
the average number of times they take place per weekday or weekend-day after which they 
are added each weekday or weekend-day. This simplification results in a more even 
distribution of the thermal loads which does not reflect reality in an equally good way.  
 
Below in Table 6-6 the internal heat gains from household activities used in the IDA 
simulation are presented. 
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Table 6-6. Input data set for the IDA ICE simulations of household activity. 
Weekday [kWh] Weekend [kWh] Thermal zone Activity 

Passive Convent Passive Convent 
Cold appliances 1.24 1.24 
Lighting 3.1 3.59 
TV 0.7 1.17 
Computer 0.1 0.12 
Additional 2.4 2.4 
Cooking-stove incl. kitchen fan 0.8 0.4 1.13 0.53 
Dishwashing 0.41 0.53 
Cleaning 0.08 0.08 
Human presence 2.32 2.89 

Kitchen/Living 
room 

SUM 11.15 10.8 13.15 12.55 
Ironing 0.17 0.12 
Washing 0.82 0.86 1.88 1.98 
Drying 1.74 2.28 3.36 4.4 
Heat circulation pump 0.96 0.96 0.96 0.96 
Ventilation fan 0.85 1.53 0.85 1.53 

Laundry room 

SUM 4.54 5.8 7.17 8.99 
Lighting 0.12 0.18 Bedroom 1 
Human presence 0.71 0.85 
Lighting 0.12 0.18 Bedroom 2 
Human presence 1.41 1.7 
Lighting 0.1 0.08 Bedroom 3 
Stereo 0.02 0.04 

Bathroom Lighting 0.11 0.12 
Upper floor SUM 2.59 3.15 
All zones SUM  18.28 19.1 23.47 24.68 
  W/m2 7.25 7.6 9.14 9.61 

 
Climate files 
When preparing the model for the simulations, climate data can be chosen for a variety of 
places and the climate file can either be based on observed data or a synthetic climate file can 
be used. The climate file that was used in the simulations covering a year was received from 
Equa, the creator of IDA and had been created with the Meteonorm, a software used for 
creating climate files. In the static simulations, a synthetic file with a constant temperature is 
used.  
 
Building envelopes  
When preparing the house model for the simulations, the data of the building envelope in 
Chapter 6-1 are used as input so that the windows, doors, walls and all the other elements that 
make up the house shall have the properties they have in the real houses. 
 
Heating and ventilation systems  
The two building have different plants and air handling units, in the passive house the heat is 
supplied via the ventilation system while in the conventional house, the heat is supplied by 
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water radiators. In the model of the passive house, a constant air volume (CAV) ventilation 
heating system is used that controls the mean exhaust air temperature. This is an 
approximation of the real system which has two temperature meters controlling the 
ventilation, one located in the upper hallway and one in the lower hallway. In the 
conventional house, the same type of ventilation system is used but with no heating.  
 
Both systems are tuned for maintaining the indoor temperatures of 20 ˚C and throughout the 
year there is no cooling. Also, the passive house is equipped with a more efficient heat 
exchanger than the conventional, these efficiencies are 87 % and 83 % respectively. 
 

6.4.2 One year simulation with household activities based on time-use 
In this experiment, a year is simulated with the household activities based on time-use 
according to Table 6-6. With these implemented, calculations are carried out to see how the 
need for space heating differs between the two types of houses and if the model of the passive 
house uses less energy than what is allowed in the Swedish passive house standard. 
Additionally, the impacts of the different household activities are calculated and the amounts 
and variations of these over the year are presented.  
 
Results - annual energy use 
In Figure 6-9 below the calculated results of the power need for space heating in the two 
houses over the year are visualized. They confirm the higher performance of the passive 
house since the conventional building has a need of 21.8 kWh/(year*m2) for space heating 
whereas the passive house needs 11.0 kWh/(year*m2). Consequently, to compensate for its 
lower performance, the conventional building has an extra need of 10.8 kWh/m2 for space 
heating each year. 
 
Studying the results further, the conventional house uses more electricity due to lower 
efficiencies in some of its equipment and since this gives more internal heat gains it decreases 
the need for heat from the district heating system. Therefore, this extra energy which sums up 
to 3.2 kWh/(year*m2) should be included in the need for space heating in the conventional 
house which then uses 25.0 kWh/(year*m2). As a result, it increases the difference in the need 
for space heating between the two houses which now becomes 14.0 kWh/(year*m2).  
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Figure 6-9. The power needed for space heating during the months of the simulated year. 

 
Figure 6-9 shows the power needed for space heating per m2 during each month of the year 
and the diagram reveals that the passive house uses the heating system from October to April, 
however, the need for space heating in April is low. In the conventional building there is a 
need for space heating during September to April but the need for space heating in September 
is low.  
 
Results - free energy 
Below in Figure 6-10 the amounts of the free energies from different sources that are gained 
in the passive house are displayed. The sources are the incoming solar radiation, the lighting, 
the equipment and the human presence.  
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Figure 6-10. The monthly mean values include the free heating power from solar radiation 
and human presence as well as the internal heat gains from lighting and equipment. For more 
detailed information, see Table E-13 in Appendix E. 
 

 
Figure 6-11. The monthly mean values include the free heating energy from solar radiation 
and human presence as well as the internal heat gains from lighting and equipment. For more 
detailed information, see Table E-14 in Appendix E. 
 
The two figures above show that an application of the activity data from Widén et al. leads to 
large amounts of internal heat gains ranging between 8.6 W/m2 in December to 12.1 W/m2 in 
May. The maximum amount of free energy that according to the Swedish National Board of 
Housing, Building and Planning can be included when designing the heating system can here 
be gained from the equipment alone which is the source that causes the largest internal heat 
gains. The heat from the human presence decreases during summertime from 2.5 W/m2 in 
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April to 2.0 in July even though these inputs are constant throughout the year. This has to do 
with the indoor temperature being higher during the summer which decreases the amount of 
energy that is radiated from this source. Moreover, the heat gained from solar radiation varies 
largely over the year from 0.2 W/m2 in December to 4.1 W/m2 in May and it is this increase 
that is responsible for making the space heating system unnecessary during the warmest six 
months. The values of the free energies that are gained from lighting and equipment on the 
other hand lies steady on about 1.4 and 4.3 W/m2 throughout the year. 

6.4.3 Static simulations  
To gain knowledge of the correlation between the energy needed for space heating in the 
houses and the outdoor temperature, static simulations have been carried out. In these 
experiments the temperatures in both climate files are given the same constant values and the 
energy needs of the houses at this specific temperature are thereafter calculated. These 
simulations are repeated with a new constant value of the outdoor temperature and this 
procedure results in data describing the sought after correlation. Since the amount of 
incoming solar radiation varies over a year, the simulations have been carried out for each of 
the first four months of the year. Naturally, the amount of incoming solar radiation varies 
during these monthly periods too, so the result is the space heating dependence of the outdoor 
temperature based on the average value of each month. The constant temperatures that have 
been used are -15, -10, -5, 0, 5, 10 °C, varying slightly on the month that is simulated. 
 
Results – power need for space heating 
The two diagrams below visualize the results from the static simulations. Here, the need for 
space heating in the buildings as a function of the outdoor temperature is plotted for the four 
simulated months. The graphs confirm a lower need in the passive house and Figure 6-13 
show that at the constant temperature of 5 °C in March, or at the constant temperature of 0 °C 
in April, the passive house needs no heating.  
 

 
Figure 6-12. The power needed for space heating in the conventional house as a function of 
the static outdoor temperature. 
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Figure 6-13. The power needed for space heating in the passive house as a function of the 
static outdoor temperature. 

 

6.4.4 Energy performance evaluation of the building envelope 
In order to evaluate the energy use of the buildings according to the Swedish passive house 
standard, the data used in the previous simulations must be replaced. The maximum amount 
of free heating power in the standard is 4 W/m2, but the data based on time-use resulted in 
amounts reaching well above this limit and for that reason, the data have to be replaced. Here 
the air temperature is not allowed to increase substantially above 20 ˚C when heating is used. 
In order to achieve 20 ˚C, the building model is simplified to only hold one upper floor 
thermal zone and one lower floor thermal zone. Installed heating power is set to 2 kW (19 
W/m²), since this is the actual amount for the passive house apartments. The total free energy 
from equipment, persons and lighting is set to 4 W/m2 constantly over the year, which is equal 
to 35 kWh/(year*m2).  
 
The energy balances of the two houses can be seen in Figure 6-14 and Figure 6-16, here the 
positive thermal influence consists of the active space heating, passive solar gains transmitted 
through the windows, and the ventilation electricity use which is delivered as an internal heat 
gain. On the negative side, the thermal influence is divided in window, envelope and 
infiltration losses, and also, the ventilation air losses. There is also a post for other influences 
such as internal heat gains from circulation pumps and numerical modeling errors. The only 
difference between the models of the two houses, except the building envelope is the active 
space heating system. However, due to an open zone on both floors the temperature inside the 
building envelope remains stabile around 20 ˚C, which is the purpose of the energy 
evaluation. The conventional house uses the same type of ventilation system, but with no 
space heating capability. For room heating, ideal heaters are used with a maximum heating 
power of 10 kW. 
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Figure 6-14. Energy balance of the passive house according to the building envelope 
evaluation scenario. 
 
In January to April and October to December the passive house is in need of active space 
heating. The active space heating energy use in the passive house sums up to 19.5 
kWh/(year*m2). Window transmission losses equals the passive solar gains in March and 
October, and in between that time the solar gains are higher than the window transmission 
losses, at other times the windows contribute to an active space heating demand. In May to 
September the houses are in need of cooling, which is accomplished with the by-passing of 
the ventilation HRX, thus the ventilation air losses increase. The diagram also reveals that 
these ventilation losses are higher in January to April than October to December, which can 
be explained by a need of cooling on a sunny spring afternoon, in order to maintain the 
temperature set-point.  
 
Since the active space heating is rather high, when comparing it to the regulations allowance 
of 5-25 kWh/(year*m2), and also the fact that the passive houses has more heating power 
installed than allowed,  it is interesting to find out whether the passive house will be able to 
keep the temperature at 20 ˚C. One such simulation was performed, only differing in installed 
heating power to a maximum of 12 W/ m2. It showed that when a low ambient temperature 
for a longer period, typically some days in January and February, the installed heating power 
was not enough to maintain the temperature at 20 ˚C. The lowest indoor air temperature was 
down to 16 ˚C, in both zones. 
 
In order to show the performance of the building envelope, a duration diagram gives a 
relevant picture. Here the outdoor temperatures of all hours of the year (8760) are sorted after 
the ascending outdoor temperature. The balance temperature, e. g. the temperature where the 
house is in no need for active heating or cooling, is printed as well as the indoor temperature. 
The area formed between the balance temperature and the outdoor temperature forms the 
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active heating demand. The duration diagram for the passive and conventional house can be 
seen in Figure 6-14. Interestingly, the conventional house shows a higher indoor temperature 
during the highest temperature. 
 

 
Figure 6-15 Duration diagram for the passive house (left) and the conventional house (right), 
according to the building evaluation scenario. 
 
 

 

 
Figure 6-16. Energy balance of the passive house according to the building envelope 
evaluation scenario. 
 
The conventional house is in need of space heating from September until May and the space 
heating demand is 34.5 kWh/(year*m2). The main differences in comparison to the energy 
balance of the passive house are higher losses in all categories, and significantly higher 
passive solar gains in the summer. This leads to a higher solar gain summer time and also to 
higher temperatures during summer. If comparing the mean indoor air temperature, on the 
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upper floor, in the month of July, it is 1.4 ˚C higher for the conventional house, which speaks 
for a risk of too warm indoor climate also in a warmer climate. The actual numbers (mean 
value 29.86 ˚C and 28.44 ˚C in July) for these simulations are not realistic, since no door or 
window openings are taken into consideration, but can be used to evaluate the difference in 
the building envelope between the houses. This reason behind this comes from the higher 
solar transmittance of the windows in the conventional house compared to the passive one 
(0.55 and 0.29 respectively (Jonsson, 2007)).  
 

6.5 Discussion building level 
The thermal sensation for the tenants in the houses of Lambohov can be considered to be 
acceptable if applying typical household activities to them. Measurements from a winter day 
at 2 °C show that the passive house meets the requirements of thermal comfort better than the 
conventional houses. On one hand, this can be assumed to stem from bad settings and the 
thermal regulation system, but still, the higher insulation level of the building envelope gives 
a better thermal comfort performance in cold climate. In a conventional house, the lesser 
amount of insulation along with the fact that a higher temperature of the supply air is needed 
to achieve a thermal comfort similar to that in a passive house both lead to a larger need for 
space heating. 
 
An interesting point of the building envelope evaluation is that the higher solar transmittance 
of the windows in the conventional house actually leads to less comfortable indoor climate in 
summer-time. It could be discussed why the lighting need for the passive house could be 
higher since the solar transmittance is almost half, but the fact is that the windows transmit 72 
% and 62 % of the radiation that is visible to the human eye and 55 % and 29 % of total solar 
radiation for the conventional and passive house respectively. The tenants’ perception of 
daylight will therefore only differ marginally. This adds an interesting part to the discussion 
of energy use. If to apply a constant acceptable thermal indoor climate, according to the 
standards requirements of thermal comfort, ISO7730, the conventional house will not only 
use more energy in the heating season, but also during the cooling season. 
 
Another interesting discussion is about the pros and cons of the passive houses, and weigh 
them towards each other. An important thing that differs between the houses is the wall 
thickness. The apartments in the passive houses are 2 m² smaller in living space, but still those 
square meters consist of radiators in the conventional houses. The window recess is deeper in 
the passive house which is useful, in comparison to the conventional ones where radiators are 
placed in front of the window in the conventional house. The thicker walls in the passive 
house uses 8 m2 larger building area than the conventional ones and this could be a problem in 
the planning process for buildings, especially in dense urban areas. On the other hand it is 
mostly a legislative problem since often regulations are set according to the building area, 
which leads to a consideration of less living space towards the passive house concept. This is 
something that could be taken into consideration when setting building regulations for new 
residential areas. In order to encourage passive houses, an improvement of the regulations 
could be to define them according to the inner area of the building.  
 
Another con that should be weighted, when looking at the space heating system in the passive 
houses can also prove to be a problem, partly due to the fact that the passive houses does not 
have any room specific regulation. Tenants today are used to be able to regulate each room 
temperature specifically with thermo-static valves on each radiator. Different preferred room 
temperature in some rooms might show to be a disadvantage for the passive houses, when this 
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option is not provided. Also, the regulation of the space heating system is controlled by two 
air temperature meters in the upper hallway and the lower hallway and does not consider the 
temperature of each room specifically, which may cause discomfort. This can for instance 
occur if there is a large thermal heat load in a specific room where the door is closed. 
 
The results from the IDA simulations show a lower need for space heating in the passive 
house compared to the conventional house and an integrated heating and ventilation system 
with a maximum heating power of 19 W/m2 in the model is enough for supplying the passive 
house with heat when needed. This applies not only for the internal heat gains from the 
household activities based on time-use data but also for the 4 W/m2 according to the passive 
house specifications.  
 
Regarding the energy use of the building envelope, Stångåstaden has installed more heating 
power than allowed according to the passive house regulations, therefore it could be discussed 
whether their houses are passive houses or not. IDA simulations show that the passive house 
would not be able to keep a comfortable indoor climate if they were equipped with 12 W/m2., 
which is according to the standards. But still the energy demand for space heating is 19.5 
kWh/(year*m2) and thus within the regulations (5-25 kWh/(year*m2)). For the thermal 
comfort and due the fact of having rental apartments with tenants moving in and out on a 
regular basis it is an advantageous move of the housing company to install more heating 
power than according to the standards. It might also be an advantage if applying night-time 
lowering of the indoor temperature. Due to more heating power it is possible to lower the 
night-time temperature even further, which reduces energy use. This could lead to a higher 
allowance of installed heat power in a passive house, but still the energy use demand and the 
building construction dimensioning requirements could be argued to be followed. It is, 
necessarily not an advantage to force the heating dimensioning to include higher internal heat 
gains, just for lowering the space heating power demand. This could lead to an adaptation 
towards a higher quality level of energy use, i.e. electricity instead of heat, and could also 
increase primary energy use for space heating. According to the German passive house 
standard a building may only use maximum 2.1 W/m2 for internal gains and in Sweden it is 
set to maximum 4 W/m2.  
 
In the computer simulations with the household activities based on peoples’ time-use, the 
results show that the internal gains are well over the limit according to the Swedish passive 
house standard, they are twice as large. This has consequences for the energy need in the 
buildings and raises the question whether it is the model created in IDA or the application of 
the data from Widén et al. that is unrealistic. Otherwise, if correct, it adds to the discussion of 
the passive house standard above. Savings in energy use for space heating can be made if the 
internal heat gains are better utilized through buildings with more efficient building 
envelopes. If the limit of 4 W/m2 would be changed to a lower limit it could lead to energy 
savings for space heating since the insulating capacity of the buildings would have to be 
increased. At the same time, there must be enough space heating power to keep a good indoor 
climate during colder periods or to quickly restore the indoor climate if no one has been in the 
house for some time. Moreover, in a warmer climate, it could be a problem to use a too low 
limit regarding the internal heat gains, since they could cause an excessive indoor temperature 
and active cooling might have to be installed.  
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Conclusion compilation building level 
The higher level of insulation in the passive houses gives a thermal indoor climate advantage 
in cold climate, because of the higher radiant temperatures from the outer walls, the windows 
and the floor. Moreover, the passive house stores the internal heat gains for a longer time than 
the conventional ones which is an advantage in terms of energy use during a colder climate.  
 
The results from the computer simulations reveal that the passive house has a lower energy 
use than the conventional. In the simulations based on time-use the passive house uses 44 % 
of the amount that the conventional uses (11 kWh/(m2, yr) and 25 kWh/(m2, yr), respectively) 
and in the simulations with 4 W/m2 as the limit for the internal gains, the passive house uses 
57 % of the amount that the conventional uses (20 kWh/(m2, yr) and 35 kWh/(m2, yr), 
respectively). 
 
The more optimized solar transmittance of the windows in the passive houses leads to better 
thermal indoor climate also in a warm climate. On the other hand, if typical household 
activities are applied it could be a problem since they make out a larger share of the internal 
heat gains than the solar heat gains. The larger internal heat gains from household activities 
combined with the higher building time of the passive houses could lead to a too warm indoor 
climate since no active cooling is installed. 
 
Looking at the space heating system one can say that the passive houses have less possibilities 
of regulating the room specific temperatures, which can lead to thermal discomfort. Our 
measurement from 5th to 13th of March and building simulations do however show the 
contrary. 
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7. The Local Level  
The overall aim of this study of the passive houses in Lambohov, as it was described in 
chapter 1, is to elucidate the impact of passive houses in Sweden on different energy system 
levels. The expectations of the tenants, the expectations of the housing company, the technical 
specifics of the buildings and the thermal comfort for the tenants are perspectives that have 
been presented earlier in this report. However, a further perspective to be investigated is the 
local context of the passive houses. This context includes the energy system and the 
municipality of which the houses are a part. It is important to investigate the interaction 
between passive houses and its surroundings to understand what impact changes in the energy 
standards of our building stock might have on a larger scale. 
 
This chapter includes a survey of the underlying idea of the Lambohov passive houses and 
what role these houses play for Stångåstaden as a housing company. The research question 
formulated in chapter 1.3 for this system level concerned the general motives for the 
implementation of low energy buildings in the local energy system and the consequences of 
an extensive local adaptation to passive houses.  
 
Thus, the role the passive houses play for the municipality of Linköping has been 
investigated. In what context have the idea of testing the passive houses been developed? 
What considerations have been made and what decisions have been made? What factors have 
an impact on the realization and future success of the Lambohov passive houses? And finally, 
what role do the passive houses have in the energy system and how do they affect the local 
energy company in Linköping? The empirical material for these investigation stems partly 
from interviews with representatives of Stångåstaden and the municipality of Linköping, and 
partly from an optimisation study of the role of passive houses in the local energy system. 
 

7.1 The housing company perspective  
It is no coincidence that Stångåstaden has decided to test the passive house concept. Issues on 
energy use and other factors concerning the environment, the climate debate not the least, do 
affect businesses of all kind. It is getting harder to ignore environmental and energy issues, 
partly due to new regulations and political action plans on EU and national level, e g the 
National Energy Efficiency Action Plans (NEEAP) on behalf of the EU-directive, “Nationell 
handlingsplan för energieffektivisering” (SOU 2008:25), but also because the market is 
getting more sensitive to ecofriendly business concepts as well. The popularity of organic 
food, for example, is a sign that the market for green products is maturing. The building and 
housing business is no exception. 
 

7.1.1 Environment and sustainability 
The pilot project of the passive houses fits well into the overall environmental management 
program at Stångåstaden. The company has an ISO14001 certification which calls for 
constant and continuing work with issues concerning energy use, materials management, 
education, information and other issues that are connected to different environmental and 
sustainability goals, according to Stångåstaden. In the housing sector there is an overall 
development towards sustainability thinking instead of merely environmental issues, like 
waste sorting, which embraces more comprehensive ideas about living that include public 
transportation, cycle ways and -parking, car pools, child day care, closeness to convenience 
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stores, work etc. For Sångåstaden the passive houses are primarily a way of testing different 
ways of reducing energy use in housing. The houses are to be evaluated to see how well they 
perform in comparison to the ordinary apartments of equal type and standard in the same 
residential area. How these evaluations will be performed is not decided, though: 
 

“I can’t really tell. We will of course interview or talk to our tenants 
(…) But we will obviously do a financial follow-up on net working 
expenses for the houses and compare them just like we do on current 
stock.” (Energy strategist) 
 
“We will measure these [two apartments] for a little more than a year, 
next winter at the least, and I would like to keep the instruments there 
even longer (…) So if the tenants still think it’s okay after one year we 
will keep them there.” (Project manager) 
 

The geographical closeness to Djurgården, an area that is currently being planned in 
accordance with an overall sustainability approach towards housing and residential issues, has 
no doubt influenced Stångåstaden to test passive houses as rented apartments. As municipality 
owned, Stångåstaden is also an interested party in the development of Djurgården and a 
potential housing partner, that makes the passive houses a convenient object to study for all 
parties involved. The municipality also has a requirement on Stångåstaden to take part in the 
development of Linköping, for instance in building technology, and the passive houses are a 
way to contribute to those goals: 
 

“We have from our owners … a demand to contribute and develop 
Linköping as municipality and of course this is one way to make a 
contribution to that … but Linköping also wants to make itself known 
as a technological city and be in the front line where these issues are 
concerned so this is also a way to contribute to that part.” (Head of 
information) 

 
Stångåstaden is in other words as a public housing company involved in many planning and 
development activities in the municipality.  
 

7.1.2 How to build in a sustainable way 
When a new building is being prospected Stångåstaden is involved on many levels. On a 
general basis all material used in construction are certified in the SundaHus Miljödata 
register. Everything from nails to freezers are listed and classified and a policy decision has 
been made at Stångåstaden to always use the best available classification, A or B. C is the 
lowest level but still nearly half of the total amount of material is C-classified since it is 
unavoidable due to lack of better material. A handle is for example C-classified but still 
acceptable and basically all materials that contain copper, zinc, lead and the like are C 
classed. All such materials need approval, though, before putting into use. The SundaHus 
Miljödata register is considered a very valuable tool, both when dealing with the construction 
companies and the producers of building material.  
 

“Now we have been able to refer to Miljödata and ask why they 
haven’t been graded at all or why are they C-classified which is the 
worst grade or just because they haven’t been open enough about their 
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products. Next step is then that they probably will develop better 
products. Because we try to look for the best ways and, like, show 
them that this little component could be replaced and then you get a 
better classification and that is also a marketing advantage …” 
(Energy strategist) 

 
It is a way of pin pointing health issues, sustainability issues, product development and helps 
creating transparency and discussion in the business that in the long run is of benefit to all, 
according to Stångåstaden. 
 
To be able to evaluate the performance of the two types of houses and also to keep costs at a 
minimum, there has been a conscious choice of not using specially made or fabricated 
materials and products during construction.  
 

“It’s exactly the same, no specially made products, that’s what our 
goal has been. We will find the products that are most energy 
efficient, that are standard. Because if you start using specially made 
things the costs will exceed quickly, it may become expensive.” 
(Project manager) 

 
The only exception is the door in the passive house that due to passive house specifications 
needed thicker insulation, so a standard door had an extra 10-15 mm of insulation added. 
Hence the products used are standard products currently found on the market, all though best 
available technologies in regard to energy efficiency. Not only is this a way of keeping down 
the cost of material, according to Stångåstaden, but also a way to test whether it is possible to 
build according to passive house standard by only using regular products. 
 
Another standard applied in working with the energy efficiency goals is also he EU energy 
label on white goods that is mandatory for refrigerators, freezers, ovens, dishwashers, 
washing machines, tumble-driers and washing machine-drier combinations (Swedish Energy 
Agency, 2006). So far Stångåstaden uses A-classes for all equipment, both in new building 
and refurbishments. In the passive houses all the equipment is the top range from Electrolux. 
This means that even though there are products available on the market with better energy 
saving potential, the extra cost exceeds what is considered to be practical and realistic from a 
service and maintenance point of view.  
 

“No, we don’t pick extremes. I heard that Bosch or AEG has a 
tumbler now that actually is A-class. A normal drier is C, here we put 
in B-class because that is the best available from Electrolux  (…) The 
A-classified has a heatpump, I can’t guess what it costs but it is 
probably very expensive.” (Project manager) 

 
The standard requirement from Stångåstaden is however always A class at minimum in their 
entire housing, when such products are available, according to Stångåstaden. There will 
probably be a revision of these requirements and the suggestion is to move up one level and 
make A+ standard. One problem with using these classifications, according to the project 
manager, is that some times they collide with other requirements, for instance the banning of 
PVC which makes the selection of available goods very small. 
 

78 
 



Stångåstaden is obliged to follow the law on public procurement which means that they are 
not allowed to choose one particular supplier but have to specify in words exactly what they 
need. When asked how come they ended up with only Electrolux goods when there are in fact 
products that are more energy efficient, the main reason was because the purchase was done 
for the entire area, before the decision on the passive houses were settled. When the passive 
houses were equipped the choice of white goods were made from the selection available at 
Stångåstaden and the most energy efficient among them. There has in other words not been 
particular procurement for the passive houses specifically.  

7.1.3 Business or sustainability? 
During the interviews with Stångåstaden one cannot fail to notice the engagement the 
company has towards environment friendly activities. They are an integral part of business 
and it is obvious that the issues have an influence on both management and staff. On a more 
practical level the ISO-certification surely has an impact on the operations but personal 
engagement also seems to be vital for the interest to prosper within the company. It is 
however interesting to see how the arguments for energy saving and sustainability issues go.  
 
Is there a market for low energy houses on the housing market? The maturity of the market is 
crucial for the passive houses to succeed according to Stångåstaden. Should the customers not 
be interested there will be no future for passive houses in the housing stock at Stångåstaden.  
 

“Should this not work [letting passive house apartments] then the 
market is not ready for passive houses with tenancy right.” (Head of 
information) 

 
In Stångåstaden's point of view there are several issues connected to success: the houses are 
easy to operate, the customers like them and will stay for a long time, maintenance is equally 
cheap or cheaper compared to regular houses, and energy costs are lower than the regular 
houses. It seems like the passive houses need to be just as good or better compared to the 
ordinary housing stock. 
 
Another question concerning the market is the image of ecofriendly goods and products. 
There is an explicit wish to keep the passive houses as close to the regular house standard as 
possible, to be able to compare the performance of the two types of houses. This includes 
having the same design and look of the houses so that they are impossible to separate from 
each other. Neither has there been any particular marketing activities for these houses even 
though they are special when energy saving is concerned. Somehow there seem to be an 
underlying wish not to emphasize the ecofriendly aspect of the houses which is somewhat 
contradictory to the overall image of the company.  
 

“That has been the point to some extent. Green products don’t have to 
look different, they don’t have to look weird or grey or boring. They 
can look exactly like ordinary houses and I think that has been a 
conscious choice to have them looking exactly the same.” (Head of 
information) 

 
The reason for this is said to be practical. Firstly, the houses are considered normal and the 
people living there should be able to live a normal life in them. This is of course an important 
aspect for evaluation purposes. On the other hand, Stångåstaden do want tenants that are 
energy conscious to be able to fully understand the function of the house. Secondly, 
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Stångåstaden do not want to have the passive houses associated with a lifestyle that signals 
ecofreak.  
 

“The thought behind this is that it is the same kind of living only a bit 
smarter and a bit better. It shouldn’t have to be visible that it is 
environment friendly. We have to get rid of the fuzzy eco-label, this 
back-to-nature label that I think many are scared of.” (Energy 
strategist) 

 
This is perhaps a sign that having an image of being too environment friendly could be risky, 
that it might frighten away potential customers. This could be interpreted as even though 
Stångåstaden has a “higher” purpose than just running a housing business, the market still 
rules what is feasible and that too much green thinking might still have some draw backs from 
a market perspective. Interestingly enough, the image of “green” products is somewhat 
negative, quite in contrast to the popular belief that everything “green” is an advantage in 
today’s climate debate. 
 
It should also be noted that Stångåstaden consider itself to be a company that builds houses to 
manage and administer them over a long period of time. This is emphasized as an advantage 
compared to companies that only build and then sell the buildings, because of the longer time 
span that allows for bigger investments in material for instance. On the other hand, there is 
never a question of building energy efficiently at any cost, no matter how good some product 
on the market might be. There is always economy to consider when investments are made. 
This is interesting from many aspects. As a public housing company Stångåstaden is obliged 
to follow certain guidelines that are decided on a political level. At the same time the 
company should be managed according to normal business practise and competes on the 
regular housing market with other private and co-operative housing companies. It seems like 
the company has to be doing a balancing act between these sometimes contradicting aspects. 
It would for example seem beneficial to market the passive houses in Lambohov as very 
environmental friendly housing but there does not seem to be motives for doing that. Is it 
because of business or political reasons? Since the municipality is the owner of Stångåstaden 
it is also responsible for setting the rules for the activities of the company. The municipality is 
in this sense a very dominant actor on the local housing market. 
 
Regarding the dominance of the municipality, on a more general level, the ideal would be if 
public housing companies like Stångåstaden could be acting in an environment where it 
would be an advantage if the best and most energy efficient solutions also were the 
economically most favourable as well. Maybe there is a need for revising the economic 
aspects as well in the building and housing industry. The municipality owned housing 
companies would in these aspects, due to their size, have a chance to act as role models for 
the rest of the industry, since they have the opportunity to set up requirements for the building 
companies to fulfil. If these requirements become standard other companies would surely 
follow since it would be difficult not to keep up with the rest. 
 

7.1.4 Passive houses as rented apartments 
In Chapter 2 Background the work of previous studies in Europe has shown that public 
housing companies often have differing reasons for building low energy apartment blocks 
(Rohracher, 2006). It could either be a combination of business and public service to improve 
the image of the company, or to gain experience on how to build energy efficiently. 
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Sometimes it is also to provide quality housing for certain segments of customers. In some 
respect all these reasons seem to fit Stångåstaden as well, although the image part in regard to 
business is toned down and never mentioned as a reason for building passive houses. It is 
however not unlikely that the municipality and Stångåstaden would like to be perceived as 
front runners for sustainable housing projects since they do bring good will with them. The 
public service commitment is instead emphasized more. It seems anyway to have been the 
testing of a new building technique that appears to have been the primary reason building 
passive houses, maybe because the area was already planned and it was fairly convenient to 
merely adjust the construction to passive house standard. The other aspects, providing low 
energy apartments to the inhabitants of Linköping or contributing to the society can perhaps 
be seen as positive resulting effect. 
 
Passive houses do exist in other parts of Sweden but very few of them are rental. Due to the 
fairly conservative building sector passive houses have until now not been very common and 
especially not among public housing companies. Hence there is a need to test and see if this 
way of living is suitable for hire as well, according to Stångåstaden:  
 

“The environmental issues are such an important cause for us so we 
want to test this. These nine houses are a test … is there an interest … 
is there a base in this sort of living? (…) There aren’t that much to 
compare when passive houses and rental apartments are concerned. 
We need to gain that knowledge ourselves and that can only be given 
by our tenants and of course our own administration.” (Head of 
information)  

 
Most passive houses so far in Sweden have mainly been built by private house owners. Some 
of them are so called cooperative apartments that can be compared to rented apartments, but 
they are still owned by the inhabitants. Rented apartments are different in that way, since the 
tenants don’t own their apartments and of that reason might have other attitudes and 
approaches to the housing environment. In this sense it is difficult to compare owning and 
renting since the financial risk involved is distinct. According to Stångåstaden, they assume 
that their tenants are more straightforward when complaining is concerned.  
 

“We get more honest inhabitants. They behave like in any other 
apartment, I think, to a larger extent and above all they say what they 
think, at once. A private house owner that builds a passive house 
because he is very interested  or buys one and knows exactly what he 
gets … he won’t … he can loose 100.000 SEK by bad talking his own 
house. Here the tenants don’t take any risks by being honest. And we 
get a “move away-questionnaire” … we want to offer high quality 
housing and will get immediate response if we succeed.” (Energy 
strategist) 

 
Should there be any problems with living in a passive house apartment, for instance that the 
indoor temperature is too low, they are sure to be informed by the people living in them. Here 
it is valid to bring up the issue of good service and the introduction of new technology once 
again. The tenants will probably learn how to use the apartments, but it is not easy to predict 
how they will deal with potential problems. Will they adjust their activities or merely ask the 
housing company to fix the problem? Stångåstaden need to provide quick service and listen to 
the tenants in order to gain own experience and knowledge about the potential problems these 
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apartments might have. If this works then there should not be any obstacles for letting out 
passive houses. 
 
It is however important to note that the passive houses are considered test housing at 
Stångåstaden, mainly concerning building technology and process, materials and furnishing. 
They are to be evaluated in about one year’s time to see how well they perform in comparison 
to the standard houses, which means that as few parameters as possible should deviate from 
each other in the two types of houses. The assumption is that they have lower energy use 
compared to the similar apartments of non-passive house standard and that is the whole idea 
with the project. In regard to this the passive houses in Lambohov have not followed the 
original passive house idea to its fullest and are therefore not entirely representative for the 
concept. This could perhaps be seen as the first step towards a full realization of the passive 
house concept at Stångåstaden. For now what can be evaluated is whether building according 
to passive house standard with district heating works for reducing energy use and if the 
apartments are suited as rental apartments. Next step could be to see if a passive house 
without heating and with for instance solar thermal collectors would work as rental 
apartments as well. 
 

7.2 Perspective of the municipality of Linköping   
When studying the macro effects of the Lambohov passive houses on the local level of the 
energy system of Linköping the municipality is one of the key actors to consider. This chapter 
consists of an analysis of the role, participation and position of the City of Linköping in the 
development and discussion of the passive house concept and low energy houses in the 
Linköping region.  
 

“Within the municipality we are generally positive to passive houses 
and low-energy houses and we have the ambition to explore these 
concepts as far as possible.” (Environmental Planner, City of 
Linköping) 
 

A common criticism towards the implementation of low energy houses within areas where 
district heating is available is that the reduced total heat demand due to the energy efficiency 
of the houses makes it financially unbearable to deliver heat in the district heating network. 
This issue was addressed in the Fjärrsyn report “Energy efficient buildings and district heating 
in the future” by Nyström et al. (2009). One of the conclusions in this report is that an 
increase in the construction of energy efficient buildings does not inhibit the environmental 
benefits from district heating. Instead both should be seen as energy efficient components that 
together form an optimal energy efficient system. (Nyström et al, 2009) This discussion is 
anyhow currently going on in the City of Linköping.  
 

“In the discussion with the community owned energy company 
Tekniska Verken AB that produce and distribute district heating, we 
try to develop a model of agreement between heat distributor and end-
users to promote the co-existence of district heating and energy 
efficient buildings.” (Environmental Planner, City of Linköping) 

 
There are still some issues concerning the significance of a sufficient heat demand when 
planning for new buildings and extensions of the district heating network. This problem is 
reinforced when it comes to detached houses and their connection to local district heating. 
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“However, it is a separate discussion when it comes to detached 
houses where the profitability of district heat distribution is dependent 
on a certain level of the heat demand…then there might be a problem 
when for example 80 detached houses need to be connected to district 
heating for profitability, and 30 or 40 of the house owners decides to 
build energy efficient houses. Then the possibility for the rest of the 
house owners to connect to district heating is gone.” (Environmental 
Planner, City of Linköping) 

 
In addition to the passive houses in Lambohov the City of Linköping is currently working 
with the planning of the previously mentioned project called “Djurgården”. In this project a 
tool for energy efficiency calculations of building plans is made available for builders on the 
internet. This tool is combined with restrictions of the amount of energy used for space 
heating and domestic hot water (DHW) in the planned buildings, 80 kWh/m2, yr weighted 
energy and a heating power restriction of 15 W/m2. These restrictions are specifically formed 
to suit the characteristics of the municipality of Linköping and district heating is favoured in 
front of other energy forms used for heating. (Sandberg., 2009) The restrictions are not quite 
passive house standard requirements but significantly lower than the requirements set by the 
Swedish national board of housing (BBR).         

7.3 Energy system optimisations  
In this section the optimisation study of the role of passive houses in the Linköping local 
district heating system is presented. Initially the idea and objectives of the study is described, 
after that model specific assumptions and calculations for the two different scenarios are 
presented. Finally, the results are presented along with a short discussion of the scenarios, the 
model and the results.  

7.3.1 Aim of the optimisations  
The idea of the local energy system optimisations is to study the district heating system of the 
city of Linköping and the consequences of passive house related changes for the heat demand 
and for the heat production/distribution system. The heat demand changes derive from 
changes in the present local building stock. This study is done to widen the perspective for the 
analysis of the passive houses in Lambohov. When studying single houses and the differences 
in these houses towards conventional houses the impact on a local level is limited, in fact it is 
negligible. However, the local energy systems perspective is of interest and the Lambohov 
passive houses as a concept is not negligible. To study the role of passive houses on the local 
level a theoretical up-scaling of the amount of passive houses in Linköping has been used. 
This helps the interpretation of several issues coupled to the local heat production and the 
energy efficiency standard of partly the already existing building stock and partly the 
buildings that are expected to be added to the building stock in the future. 
 
The analysis of the optimisation concerns differences in the local heat production over the 
year and for the production plants separately, the use of fuels for heat production and the 
effects in local CO2 emissions due to change in the local heat demand.  

 

7.3.2 The MODEST model of the Linköping district heating system 
The model used in this project is a modification of a model previously used and developed at 
Linköpings University. (Henning et al, 2006 and Difs et al, 2009) Model modifications 
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compared to Henning et al, (2006) includes the addition of a fourth boiler in the Gärstad plant 
which was installed in 2005, and the exclusions of electricity production from wind and 
water. The electricity production modifications were done since the total electricity sales and 
cost are not of interest in this study and the modifications do not affect the model performance 
for the heat production and heat use. However, note that electricity production in the CHP 
plants is included in the analysis and so is the electricity used in the system for district heating 
production. The model allows electricity production in CHP plants even in cases when the 
heat is not needed due to a low space heating demand. This occurs when income from 
electricity production is sufficient to make electricity production only in CHP plants 
profitable. Figure 7-1 shows a schematic description of the model and the included 
components. Table 7-1 lists the heat, electricity and steam production units included in the 
model that are relevant for the analysis. 
  
The heat demand implemented in the model is the heat demand in the Linköping system from 
2007. These numbers for the heat demand were placed in the models disposal from Tekniska 
Verkan AB. The electricity prices over the year were calculated to fit a more integrated 
European level with daily variations. (Difs et al, 2009) 
 
The Central CHP plant (KVV) 
The central CHP plant has four boilers of which three are fired with oil (Vo in Fig. 7-1), 
rubber (Vr) and biomass (Vb) respectively. The fourth boiler is an electrical boiler (EK) that 
is connected to the condenser (DI) for district heat production. The plant is flexible in the 
sense that it can produce heat (225 MW) and electricity (86 MW) either simultaneously or 
separately. The heat and electricity production is based on the production of steam with high 
temperature and high pressure. The steam is then led through a steam turbine (CC) for 
electricity production and in the cooling process water is heated in a condenser (XX) for 
district heat distribution. If only electricity is produced the cooling process uses water from 
the local river instead of the district heating circulation water. If the plant is used only for heat 
production the steam turbine is bypassed and the steam is directly led to the direct condenser 
(DI). (Henning, 2006)   
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Figure 7-1. Model in MODEST of the Linköping local utility for district heat production. The three 
different plants are circumscribed to illustrate the components in each plant. 

 
The Hybrid CHP plant (Gärstad + new Gärstad) 
Waste is imported to Linköping from around 30 different municipalities to be incinerated in 
Tekniska Verken’s Hybrid CHP plant, “Gärstad”. The incineration of waste and wood is used 
in four boilers for steam production and flue gas condensation (XA). The fourth boiler 
supplies a steam turbine in a separate plant, defined in this model as new Gärstad (FG,FP,FT 
in Figure 7-1). Old Gärstad has an oil-driven gas turbine and a steam turbine (GA and GB) for 
electricity production. In base-load mode exhaust gases from the gas turbine (GA) heat steam 
from the boilers, which is used for heat and electricity production in the steam turbine. GB 
represents additional output through oil supply and is only used when GA is fully utilised due 
to the higher taxes on the used oil. (Henning, 2006)   
 
The Diesel Engine Plant (Tornby) 
The Tornby plant consists of one diesel engine CHP plant (ZZ) which produces steam for the 
steam distribution network, heat for the district heating network and electricity. There are also 
two oil boilers (OP and LP) and one electric boiler (EP) in the Tornby plant. These three 
boilers however, only produce steam for the steam distribution network (BB). (Henning, 
2006)   
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(MT) and (LT) are wood fired boilers for heat production that are also included in the district 
heating system even though they are not part of any of the plants mentioned above. 
 
Table 7-1. Units for heat and electricity production units that is included in the model and 
short descriptions of their characteristics. (“-“ indicates that output capacity of the unit is not 
known to the author) 

Unit Description Output [MW] 
heat/electricity 

JJ Oil boilers, only used for heat 
production, fuelled with heavy fuel 
oil. 
 

240  

PP Steam boilers, part of the old Gärstad 
plant, Waste incineration. Heat 
production 
 

70 

XA A flue gas condensor, part of the old 
Gärstad plant, heat production. 
 

- 

GA Gas turbine and steam turbine. Part of 
the Gärstad plant. Heat steam from 
waste incineration to produce 
electricity and heat. Fired with light 
fuel oil. 
 

-/31 

GB Gas turbine and steam turbine. Part of 
the Gärstad plant. Uses light fuel oil 
(EO1) when needed. Produces 
electricity and heat  
 

-/16 

FG Flue gas condensor in the new Gärstad 
plant. Heat production 
 

- 

FP Waste incineration boiler in the new 
Gärstad plant. This unit represents the 
new Gärstad when it is producing heat 
only. The boiler is shut down during 
July. 
 

0 - 68 

FT Steam turbine in the new Gärstad 
plant. Produces electricity and heat. 
 

-/19 

Bb Biomass fuelled steam boiler. Named 
P3 and part of the central CHP. 
Varying output over time. The boiler 
is shut down in June and July.  
 

0 – 50 

Kk Coal fired boiler P1 in the central 
CHP. Varying output over time. Boiler 
is shut down in May, June and July.  
 

0 – 51 

Oo 
 

Oil fired boiler in the central CHP. 
Boiler is shut down during July.  
 

0 – 137 
 

DI Direct condenser at the central CHP. 
Heat production unit.  
 

- 

EK Electric boiler, connected to the 20 
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condenser DI.  
 

Vb P3, CHP. Heat production. Bio fired. 
Reflects bb. 
 

- 

Vk P1, CHP. Heat production. Coal fired. 
Reflects kk. 
 

- 

Vo P2, CHP. Heat production. Oil fired. 
Reflects oo. 
 

- 

MN District heat from diesel engines, part 
of the Tornby plant.  
 

12 

MT Wood fired boiler, stationed in Mjölby 
 

0-23,5 

LT Wood fired boiler, stationed in 
Ljungsbro 
 

0-4,2 

AK Cooler for wasting heat while 
producing electricity 

 

7.3.3 Scenarios 
Two different scenarios have been defined for this study. Both scenarios aim to describe 
possible consequences of different developments in building stock energy efficiency. The first 
scenario handles the already existing building stock and in particular houses that were built 
between 1960 and 1980. The second scenario deals with expected future additions to the 
existing building stock. The heat production differences between building energy efficient 
apartments of passive house standard compared to building houses of conventional standard 
are analyzed.       
 
Scenario 1: “The renovation scenario” 
Scenario 1 is based on an assumed reduced heat demand due to extended building stock 
energy efficiency measures. The Swedish national building stock contains about 180 million 
square meters of multi dwelling buildings. Of this total area, about 30 % consists of buildings 
built between 1961 and 1980. When connected to the district heating grid these buildings 
consume an average of 155-160 kWh of heat per m2 and year. This heat consumption adds up 
to an average of 11.9 MWh/dwelling and year for buldings built in 1961-1970 and 11.6 
MWh/dwelling and year for buildings built in 1971-1980. All statistics are for 2007. (ES 
2009:02) 
 
There is an ongoing project in Brogården in the Swedish municipality of Alingsås, where 
multi dwelling buildings built in 1970 are renovated. The project is aiming to achieve passive 
house standard for the buildings included in the project. The Brogården houses are connected 
to the local district heating network which supplies the space heating demand and the 
domestic hot water (DHW) demand. (Janson., 2008) The energy standard for the Brogården 
dwellings in 2004 is presented in Table 7-2 along with the energy efficiency goals that the 
project aims to achieve. The Brogården project is used in this scenario as a guideline to the 
energy efficiency potentials that are at hand for corresponding buildings in the municipality of 
Linköping.    
 
Table 7-2. Energy demand, present (2004) and project goal. Source: Janson, U., 2008 
Energy demand [kWh/m2,a] 2004 Goal 
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Space heating 115 30 
DHW 30 25 
Household Electricity 39 27 
Electricity, Common area 20 13 
Sum 204 95 
 
The main task in the making of this scenario is to approximate the outputs on the heat demand 
in Linköping due to an extensive renovation of the multi dwelling buildings built between 
1961 and 1980. From the Brogården example an efficiency potential can be calculated for 
space heating and DHW. This potential was calculated to be 62.07 %. Electricity use is not 
considered in this study. The reason to why the DHW and Space Heating demands are not 
optimised and energy rationalized as separate heat demands is that these two demands are not 
separated in the MODEST model for the Linköping district heating system. 
 
Several different areas in the municipality of Linköping contain multi dwelling buildings from 
1961-1980. These are listed along with approximate amounts of apartments in each area in 
table 2. 
 
Table 7-3. Multi dwelling buildings in Linköping areas from 1961-1980. The areas are not 
listed in any particular order (Linköping municipality 2009b). 

Year of construction  1961-70 1971-80 
Ekkällan 362 342 
Berga 1965 0 
Johannelund 463 0 
Vidingsjö 0 596 
Gottfridsberg 1819 479 
Skäggetorp 2077 2121 
Ryd 1909 1028 
Ekholmen 869 1170 
Tannefors 210 90 
Hejdegården 130 156 
Hjulsbro 213 89 
City centre 832 555 
Tot 10849 6626 

  
From Table 7-3 the total number of dwellings built in the years under consideration is 
summed up to be 17475. In the urban part of the Linköping municipality are approximately 90 
% of the multi family houses connected to the district heating network. Therefore the number 
of dwellings affecting the district heat demand is likely to be 90 % of 17475, resulting in 
15727 dwellings.  
 
The energy use for apartments built in 1961-1970 and 1971-1980 were presented earlier (11.9 
MWh/dwelling 11.6 MWh/dwelling respectively). Thus, the total heat demand for the 
Linköping dwellings under consideration is (121704+72457) MWh which represents 11.84 % 
of the total district heat demand in the Linköping model. The approximated heat demand in 
every time period is calculated by using equation 7-1.  
 

refrefrefapp QQQQ ⋅=⋅⋅−= 9265.0)6207.01184.0(                  (7-1) 
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Qapp is the new approximated heat demand and Qref is the present heat demand for the 
Linköping energy system. The factor 0.1184 represents the part of the total heat demand that 
consists of the considered apartments that are assumed to be renovated. 0.6207 is the earned 
fraction of the heat demand in the renovated apartments that is due to the renovation 
measures.   
 
Scenario 2: “The future buildings scenario”  
This scenario is focusing on the future extension of the building stock. The task is to 
investigate the differences between buildings constructed with the energy standards 
recommended by the “Swedish National Board of Housing, Building and Planning” (BBR), 
and buildings constructed in passive house standards according to the Swedish passive house 
criteria suggested by The Swedish Forum for Energy Efficient Buildings. These standards are 
listed in Table 7-4. Linköping is positioned within climate zone III. 
 
Table 7-4. Specific energy usage in different building standards. Source: BFS 2006:12; IVL 
report nr A1548 

Type of building Specific energy use 
[kWh/m2 year] 

Remarks 

Constructions with BBR standard 110 Valid only for buildings that are 
not heated with electricity and are 
located in climate zone III 

Constructions with Swedish 
passive house standard 

45 >200 m2, in the southern climate 
zone 

 55 <200 m2, in the southern climate 
zone 

5 The energy needed for space heating, domestic hot water and ventilation. Household electricity use is excluded 
and all other energy use not connected to the basic energy demand of the building. Source: BFS 2006:12 
 
 
The assumption is made that 10000 new dwellings are added to the building stock and thus 
changes the total heat demand in the Linköping district heating system. Initially 10 000 
dwellings in BBR standard are added and a new heat demand is calculated, see Table 7-5. 
This creates the reference case in scenario 2 which thereby is different from the reference case 
in scenario 1. Optimisation is run for this reference case with BBR standard extension of the 
heat demand. After that a new optimisation is run where instead of adding 10 000 BBR 
standard dwellings, 10 000 passive house standard dwellings are added. Every new apartment 
is assumed to have a heated area of 70 m2. However, since each house is assumed to be 
containing more than two apartments the passive houses are assumed to have a heated area 
greater than 200 m2.  
 
Initially in scenario 2 optimisations were made for 5000 new dwellings instead of 10 000. The 
optimisation results for the 5000 dwelling case showed small or even negligible differences in 
heat production, CHP electricity production and local CO2 emissions. Therefore the number 
of dwellings was increased in order to yield results with certain significance.  
 
10 000 is a great amount of dwellings and the reasonable time period needed for an extension 
of the building stock of that size is not to be underestimated. For example, between 2001 and 
2005 merely 1778 apartments in multifamily buildings were added to the building stock in the 
municipality of Linköping (Linköping municipality, 2009c).   
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Table 7-5. Changes in heat demand due to a 10 000 dwelling extension of the building stock. 
Building 
standard 

 [kWh/year]  [GWh/year]  Change of heat 
demand [%] 

BBR  77000000  77.0  4.69 
       
Passive house > 200 
m2

31500000 
 

31.5 
 

1.92 

Passive house < 200 
m2

38500000 
 

38.5 
 

2.35 

 
 
CO2 emissions from used fuels 
There is an ongoing non-trivial discussion on how to calculate the emissions of CO2 
emissions from heat and electricity production. One of the main issues is how to evaluate the 
emissions from electricity stemming from co-producing plants, it is however not the task of 
this study to focus on this, truly interesting discussion. In order to provide the study two 
alternative, or rather complementary approaches on CO2 emissions from heat production in 
the district heating system of the City of Linköping, both local and global CO2 emissions have 
been calculated. The local emissions of CO2 from different fuels are listed in Table 5-6. For 
the local emissions only the CO2 emissions from the fuels used in the local system production 
plants are included in the calculations. In this approach, neither used nor produced electricity 
is assigned to any emissions, which could be considered a limitation. However, there is a 
point in separating the local emissions from the global emissions since the local emissions 
does not require any assumptions on the origin of the electricity that is used or replaced by 
CHP produced electricity. In that sense the calculated numbers for the local emissions can be 
directly derived to the use of fuels in the local system.       
   
Table 7-6. Local CO2 emissions from the different fuels used in the Linköping district heating 
system. 
Fuel CO2 emissions [kg CO2/MWh ] 
Waste 100 (Holmgren,K., Gebremehdin, A., 2004) 
Oil 280 (Henning, D., Amiri, S., Holmgren, K., 2006)  
Coal/rubber/wood-mix 165 (Henning, D., Amiri, S., Holmgren, K., 2006) 
Bio-fuels + wood 0 
 
But electricity is not at all times produced in a non CO2 emission plant. Sweden has an import 
of electricity from for example Norway and Denmark during top load periods. The question is 
how to evaluate the electricity we use in Sweden in terms of CO2 emissions, since it is hard to 
know where the electricity we use stem from at a specific time. One approach to this problem 
is the concept of electricity on the margin which is based on the assumption that every change 
in electricity use affects electricity produced in the most expensive power plant in Europe at 
that time. The second assumption that needs to be made is regarding what power plant that is 
assumed to be the most expensive. A common and simplified assumption is that all marginal 
electricity stem from coal fired condensing power plants in Germany and Denmark, this 
approach is used here as a “worst case scenario”. Another assumption which often is applied 
when using scenarios regarding the future European energy system, is that the electricity on 
the margin stem from natural gas combi cycle plants. This is based on the expectation that the 
energy system in Europe will rely more and more on natural gas instead of coal in the future, 
due to the lower long-term marginal costs for natural gas combi cycle plants. (Sköldberg et al, 
2006) 
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Table 7-7 describes the evaluations of the fuels including electricity used for calculating 
global emissions of CO2 from heat production in the Linköping district heating system. 
Electricity is differently evaluated whether it is assumed to stem from coal condensing power 
plants or natural gas combined cycle power plants. Bio-fuel and wood fuel are assumed to be 
CO2 neutral. 
 
Table 7-7. Global CO2 emissions from the Linköping district heating system. 
Fuel CO2 emissions [kg CO2/MWh ] 
Waste 100 (Holmgren,K., Gebremehdin, A., 2004) 
Oil 280 (Henning, D., Amiri, S., Holmgren, K., 2006)  
Coal/rubber/wood-mix 165 (Henning, D., Amiri, S., Holmgren, K., 2006) 
Electricity (CC) 950 (Holmgren,K., Gebremehdin, A., 2004) 
Electricity (NGCC) 400 (Persson, T., 2008)  
Bio-fuels + wood 0 
 
All electricity used for heat production is evaluated as an emission while the electricity 
produced in CHP while producing heat is assumed to replace marginal electricity production. 
The produced electricity thus constitutes a negative emission from the local energy system. 
 

7.3.4 Results from the optimisation – Reference Case 1 
The heat production in the different studied units in the case where the heat demand has not 
been altered is presented in Figure 7-3 to 7-5. This is also the case that forms the reference 
case in scenario 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7-3. Heat production in all production units for the un-changed heat demand case (i.e. 
reference case in scenario 1).  
 
 
From Figure 7-3 it seems as the heat production mainly stems from CHP production (GA,  
FT, Vb, Vk, Vo) when heat is co-produced with electricity. However, there is also heat that 
stem from heat only production plants (DI-EK, EK, PP, FG, MT, LT, XA, kk, bb, JJ). (FP and 
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FT is actually the same boiler in the new Gärstad plant. FP represents heat only production 
and is less beneficial to use than to use the boiler as a co-generation unit FT, and that is why 
FP has no production in the reference case). 

 
Figure 7-4. Total heat production per month in the Linköping district heating system over one 
year for the reference case.  
 
In Figure 7-4 the total heat production for every month during a year in Linköping is 
presented. Heat production is high during winter months and low during summer months. The 
total heat production is 1667 GWh.   
 

 
Figure 7-5. Use of fuels for heat production in the optimised reference case of the Linköping 
district heating system. 
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Figure 7-5 shows the fuels used for heat production in the optimised reference case without 
heat demand changes. This can be compared to the fuel mix shown earlier in Figure 2-2 where 
the fuel mix for heat production in the Linköping district heating system 2006 was presented 
based on numbers from statistics Sweden. The figures differ in their categories and are 
therefore not optimal for comparisons but the conclusion can be drawn that they match 
relatively well. Waste form the largest single part of the used fuels and electricity form the 
smallest part. The used oil and coal also seem to match well in both figures. There is a 
difference in used wood which could be explained by differences in the definition of wood as 
a fuel. Biomass in Figure 7-5 has no corresponding category in Figure 2-2 and the category 
“other” in figure one is not to be found in figure 7-5. This indicates that either the Linköping 
district heating system is well optimised in its production. The CO2 emissions from the fuels 
used in the optimisation of the present system is 269 500 tonnes of CO2 if electricity is 
assumed to stem from coal fired condensing power plants. If electricity is assumed to be 
produced in natural gas combi cycle plants the CO2 emissions were 260 730 tonnes. 
 

7.3.5 Results - Scenario 1 
The results from the optimisations for the different scenarios are presented in two different 
bar plots. First the heat production from the heat production units that is included in the model 
is shown in the upper diagrams of the left figures. The lower diagrams in the left figures show 
the differences in production between a reference case and the optimised scenario conditions.  
 
The results from the first scenario are presented in figures 7-6 to 7-10. Scenario 1 consisted of 
a situation where 15 727 dwellings in Linköping built in the years 1961-1980 where assumed 
to be renovated and upgraded in their energy performance in accordance with the ongoing 
project in the houses in Brogården, Alingsås. The optimisation results for scenario 1 (red bars 
in Figure 7-6) is compared to the reference case where no dwellings are renovated. The blue 
bars in figure 7-6 show the reference case for the first scenario, which are the results that were 
presented in the previous section. The calculations for the reduced heat demand in scenario 1 
were described in chapter 7.2.3.      

 Figure 7-6. Upper: Heat production in different system units. Lower: Difference 
between scenario 1 and reference scenario 1.  
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From the diagrams in Figure 7-6 it is shown that the greatest differences in heat production is 
found in the central CHP plant, heat produced in the coal and oil fired CHP boilers (Vo and 
Vk) were reduced by 25.1 GWh/year and 27.4 GWh/year respectively. Also, in the small 
wood fired heat production only boiler in Mjölby (MT), the production reduced considerably 
by 25.1 GWh/year. Heat produced in the direct condenser (DI -EK) is reduced by 5.8 GWh, 
this is heat produced when the turbine in the central CHP plant is bypassed and the plant runs 
as a heat only production unit. The electric boiler (EK) is also producing less heat, about 13.3 
GWh/year.  
 
In the Gärstad plant the greatest reduction (19.1 GWh/year) is seen in the heat-only 
production in the boiler (PP) fuelled by waste and wood. However, the only increase in 
production in the entire Linköping system is seen the Gärstad turbines (GA) which co-
produce electricity and heat (GWh/year). The production in (GA) increases 19.1 GWh/year 
which is a significant rise in production. So, the heat only production in Gärstad decreases 
while the CHP production increases. The rest of the heat production units in Figure 7-6 show 
small reductions, or no changes at all, in heat production between the compared cases. The 
(FP) unit has zero production in the scenario case as well as in the reference case due to the 
fact that it is not used at all as a heat only production.  
 

 
Figure 7-7. Upper: Heat production in the system units over the year. Lower: Difference 
between scenario 1 and reference scenario 1.  
 
In Figure 7-7 the heat production in all units presented in Figure 7-6 is summed up and 
presented for each month of the year. The heat production is reduced for all twelve months of 
the year. However, during the colder months of the year (Jan, Feb, Mar, Nov and Dec) the 
heat production is reduced more extensively. In both January and December the produced 
heat is reduced by 16.9 GWh. During summer months (Jul and Aug) the reduction of heat 
production is less than 3 GWh / month. The total amount of produced heat is 1554 GWh 
which is a reduction of 112.6 GWh compared to the reference case. 
 
Figure 7-8 presents the monthly production of electricity in CHP plants in the Linköping 
district heating system, both for the reference case and scenario 1 (dark blue and light blue 
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bars respectively). The total amount of produced electricity is 481 GWh for one year in 
scenario 1 and for the reference case the corresponding electricity production was 488 GWh. 
Thus, the difference in total electricity production between the two compared cases is 6.5 
GWh, or 1.3 % less produced electricity in scenario 1. Figure 7-8 also shows that when the 
total heat demand is lowered in scenario 1, the electricity production per month is generally 
reduced. This with the exception that for two months (April and October) a higher production 
of electricity can be seen in the reduced heat demand scenario, than in the reference case. 
 

 Figure 7-8. Electricity production in CHP units and waste heat cooling and the 
difference between the reference scenario 1 and scenario 1.  

 
 
Figure 7-8 also includes the amount of heat that is wasted through cooling while producing 
electricity only in CHP plants (yellow bars for scenario 1 and red bars for reference case). 
When heat is wasted during electricity production the producing unit functions as a 
condensing plant instead of a CHP production unit. The amount of wasted heat through 
cooling is also increased when the heat demand is reduced. Cooling is only necessary between 
April and October. Most heat is wasted in May, August and September. However, differences 
in cooling between the reference case and scenario 1 are found in October, April, July and 
August. The total amount of wasted heat is 27.3 GWh for the reference case and 35.1 GWh 
for scenario 1.  
 
It is also interesting to compare the amount of extra heat that is wasted in scenario 1 with the 
amount of heat saved from energy efficiency measures in the renovated apartments. This to 
see to what extent the saved energy due to renovation is wasted while producing electricity in 
CHP and that will give a hint on the benefits of energy efficiency measures in buildings. The 
extra heat wasted is 7.8 GWh (35.1 – 27.3) and the saved heat from renovation is 120.5 GWh 
0.6207·(121.7+72.46) GWh. Thus, the heat savings in scenario 1 of 120.5 GWh per year was 
at the expense of a reduction in CHP electricity production of 6.5 GWh and an extra waste of 
7.8 GWh heat while producing electricity.  
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The total amount of used fuel for heat and electricity production in the model reference case 
was 2.28 TWh and the fraction of different fuels used are presented as the left bars in Figure 
7-9. The bars to the right are the fuel mix for the reduced heat demand scenario presented. In 
this case the total amount of fuel was 2.16 TWh. According to Figure 7-9 there are reductions 
in the use of electricity, heavy oil, coal/rubber/wood and biomass. The amount of incinerated 
waste is the same in both cases, this is because waste as a fuel is a negative cost since 
Tekniska Verken AB has an income from collecting and handling public waste. An increase 
can be seen in the use of light oil that could be connected to increased CHP heat production in 
the Gärstad plant (GA), see Figure 7-6. Light firing oil is used for additional heating of the 
steam used in the gas turbine in the Gärstad plant (GA).  
 

 
 
 

Figure 7-9. Fuels used in the reference scenario 1 and scenario 
1 with the reduced heat demand. 

When calculating the local CO2 emissions for the fuels used in the different cases the factors 
in Table 7-6 and 7-7 were used. The result for the cases in scenario 1 is shown in Table 7-8. 
The amount of tonnes emitted CO2 per year were calculated for two different environmental 
evaluation approaches for the used electricity, coal condensing production (CC) and natural 
gas combi production (NGCC). Note that the evaluated electricity use is the electricity used 
for heat production in the district heating system.  
 
For local CO2 emissions a reduction is calculated of 12 720 tonnes CO2 per year for scenario 1 
compared to the reference case. For the global CO2 emissions the corresponding reduction is 
19 390 tonnes when electricity is assumed to be originating from coal fired condensing power 
plants. When natural gas combi cycle plants are assumed to constitute the electricity 
production, the difference is 15 527 tonnes of CO2 between the reference case and scenario 1. 
These figures are presented in Table 7-8 along with the differences per apartment in all three 
cases. The local emissions yield a reduction of 809 tonnes of CO2 per apartment and for CC 
and NGCC the corresponding figures are 1233 and 987 tonnes of CO2 respectively. This can 
be compared to the around 10 tonnes of CO2 equivalents that is emitted per capita and year in 
the EU. (Swedish Environmental Protection Agency & Swedish Energy Agency, 2007)     
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Table 7-8. Local and global CO2 emissions per year in scenario 1 and in the reference case. 
CC – Electricity from coal fired condensing plants, NGCC – Electricity from natural gas 
combined cycle plants. 
 

 Ref 
case 

Scenario 1 Difference 

Local emissions    
Emissions from fuels 
[tonnes CO2] 
 

254 360 241 640 -12 720 

Emissions[kg CO2]/ 
apartment 

- - -809 

    
Global emissions    
(CC) [tonnes CO2] 
 

-194 010 -213 400 -19 390 

Emissions[kg CO2]/ 
apartment (CC) 

- - -1 233 

    
(NGCC) [tonnes CO2] 
 

65 570 50 043 -15 527 

Emissions[kg CO2]/  
apartment (NGCC)  

- - -987 

 

7.3.6 Results - Scenario 2 
In scenario 2 different energy standards in future hypothetical extensions of the building stock 
was studied. In the optimisations 10 000 new 70 m2 dwellings were assumed to be built, and 
the results show the difference it makes if these 10 000 new dwellings are built as passive 
houses or conventional BBR standard houses. The calculations for this scenario were 
presented in chapter 7.2.3. The reference case in scenario 2 is different from that in scenario 1 
and the existing building stock has the same energy demand as in the reference case in 
scenario 1. In scenario 2 the reference case is a case where the new dwellings are built in BBR 
standard. This reference scenario is denoted “reference scenario 2”.  
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Figure 7-10. Upper: Heat/electricity production in the system units Lower: Difference 
between the 10000 passive house dwellings case and the 10000 BBR standard case 
(reference scenario 2). 



The results presented in Figure 7-10 represents the difference between a case with a minor 
increased heat demand due to the extension of the present building stock with 10 000 new 
dwellings of passive house standard and a case with a larger increase in heat demand due to 
the extension of the building stock with 10 000 dwellings of BBR standard. In Figure 7-10 the 
systems production units are shown and the difference between the two cases.  
 
From Figure 7-10 it can be seen that the most significant differences between the cases are 
connected to the central CHP plant. The difference is largest in the amount of heat produced 
from the direct condenser (DI-EK) in which 11.9 GWh more heat will be produced if BBR 
houses are built in stead of passive houses. The electric boiler (EK) is producing 5.6 GWh 
less heat. When the central CHP plant is co-producing heat and electricity the coal fired boiler 
(Vk) and the oil fired boiler (Vo) produce less heat, a 12.5 GWh and a 3.5 GWh reduction 
respectively. It is interesting though that the co-production from the biomass fuelled boiler 
(Vb) would be 6.5 GWh higher if the passive houses are built than what it would be if the 
BBR houses were built. Since the BBR houses means a larger extension of the heat demand 
compared to the extension from building passive houses the co-production could have been 
expected to be higher in the BBR case. In the Gärstad plant the differences consists of a 
higher production of electricity from the gas turbine (GA) with 5.0 GWh and a lower heat-
only production in the waste incineration boilers (PP) with 5.4 GWh if passive houses are 
built. Thus, in Gärstad the heat only production is reduced and the CHP production is 
increased. In the central CHP biomass fuelled CHP increases with passive houses and heat 
production in the direct condenser and the electric boiler is reduced. CHP production in the oil 
and coal/rubber/wood boilers is also reduced in the central CHP. 
 
 
 

   
 
 
In
pr
th

 

Figure 7-11. Upper: Summed up production in the studied units Lower: Difference
between scenario 2 and reference scenario 2. 
 Figure 7-11 the production from all the studied system units per month over one year is 
esented. As expected the heat production is generally lower for the passive house case than 
e BBR case. However, in May the production is 1.2 GWh higher for the passive house case 

98 



than for the BBR case and in September the corresponding production is 7.0 GWh higher for 
the passive house case. Except for the result in May and September the difference between the 
two cases is generally negative and more extensive during the cold months of the year. The 
total amount of heat produced was 1726 GWh for the BBR standard case and 1693 GWh for 
the passive house case. The difference is 32.4 GWh or 1.9 % between the cases. 
 

Figure 7-12. CHP electricity production and waste heat cooling when comparing 
10 000 added passive house apartments compared to when 10 000 BBR standard 
apartments are added. 

 
 
 
 
 
In Figure 7-12 the electricity production and heat waste is shown for both cases. In May the 
passive house case wastes 3.75 GWh more heat than the BBR case. In September, 9.5 GWh is 
wasted in the passive house case while in the BBR case only 0.22 GWh is wasted. In Figure 
7-12 it is also seen that the electricity production for these two months is higher for the 
passive house standard case than for the BBR standard case. Another important aspect is that 
heat is only wasted in the optimisations during hours when the income from sold electricity is 
at a season high. So if passive house standard apartments are built then the lower heat 
demand, compared to if BBR standard houses were built, gives rise to a higher heat 
production during some hours due to the monetary benefits of producing condense electricity 
in the CHP that compensates for the less heat sold.  
 
The total amount of produced electricity is 488 GWh if the passive house standard apartments 
are built and 489 GWh if BBR standard apartments are built. Thus the difference in electricity 
production between the cases is 1.45 GWh or 0.3 %. The total amount of wasted heat in the 
cases is 22.3 GWh for the passive house case and 9.3 GWh for the BBR case. The difference 
in added heat demand is 45.5 GWh (77 – 31.5) when building passive house apartments 
instead of BBR apartments and the difference in wasted heat is 13 GWh. So there is still 
energy saved in the passive house case even if more heat is wasted compared to the BBR 
case, especially since the amount of produced electricity does not differ significantly between 
the cases.       
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Figure 7-13. The fuels used for heat production in scenario 2 with 10000 new dwellings 

 
 
Difference in the use of fuel is presented in Figure 7-13. According to the optimisations less 
heavy oil, slightly less electricity and slightly less biomass are required in the Linköping heat 
production if 10 000 passive house standard apartments are built compared to if 10 000 BBR 
standard apartments are built. The total fuel amount for the passive house and BBR standard 
house cases is 2.31 TWh and 2.34 TWh respectively.  
 
The figures in Table 7-9 show that the local CO2 emissions are 5750 tonnes of CO2 less per 
year, if passive houses are built instead of standard houses. The local emissions per apartment 
are 575 tonnes less CO2 if passive houses are built. When CC is considered for electricity 
origin are the global emissions 9760 tonnes of CO2 less for passive houses than for BBR 
houses. And the emissions per apartment in this case are 976 tonnes of CO2.  When NGCC is 
considered for electricity origin the emissions are 7440 tonnes of CO2 less for the passive 
house case and 744 tonnes less per apartment. 
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Table 7-9. Local and Global CO2 emissions per year from the fuels used in scenario 2 with 
10000 new dwellings. CC – Electricity from coal fired condensing plants, NGCC – Electricity 
from natural gas combined cycle plants. 
 

 Ref case Scenario 2 Difference 
Local emissions    
Emissions from fuels 
[tonnes CO2] 
 

263 610 257 860 -5 750 

Emissions[kg CO2]/ 
apartment 

- - -575 

    
Global emissions    
(CC) [tonnes CO2] 
 

-177 280 -187 040 -9 760 

Emissions[kg CO2]/ 
apartment (CC) 
 

- - -976 

(NGCC) [tonnes CO2] 
 

77 970 70 530 -7440 

Emissions[kg CO2]/ 
apartment (NGCC) 

- - -744 

 
 

7.4 Discussion local level 
In this study of the passive houses in Lambohov on the local level the Stångåstaden motives 
for building passive houses is investigated along with the reasoning on low energy buildings 
within the City of Linköping.  These investigations are based on interviews with a number of 
key actors within the respective organisation. Further on this level included an optimisation 
study, including fictive scenarios based on assumptions regarding future changes in the heat 
demand in the Linköping district heating network were performed.   
 
When the context within which Stångåstaden operates is considered, it is clear that the 
housing market influences the decisions to a large degree. The activities of the company are 
thus dependent on many factors outside the company, factors of which the housing company 
have limited influence over. In the case of the passive houses there seem to be many elements 
that have affected the decisions in different ways. These factors are discussed below. 
 
Firstly, the decision to build passive houses has to a certain degree been a consequence of 
limited funding for the original plan. The original building plan for eastern Lambohov north 
got too expensive, but could be continued thanks to the decision to make a part of it into a 
passive house pilot project instead. This of course has had an influence on how the houses are 
designed and how they are equipped. The fact that the original plans did not include any 
apartments of passive house standard might have had an impact on the final shaping of the 
passive houses and the residential area where they are situated. It could be argued that some 
of the decisions regarding the passive houses have been compromises between the passive 
house standard and the previous building plans and that the passive house concept has not 
been realised to its full potential. This, however, is not necessarily a disadvantage since the 
houses actually have been built and it seems like the plan to build energy efficient homes have 
been realised. This is in itself interesting, and implies that you don't have to go all the way to 
be able to improve the properties of a building. 
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Secondly, the municipality holds the power to decide over areas with district heating and play 
thus an important role when energy efficient buildings are planned. The passive houses in 
Lambohov have all been connected to the district heating system and are hence equipped with 
a heating system that commonly not installed in passive houses.  
 
Thirdly, even if Stångåstaden is owned by the municipality and has a broader spectrum of 
activities to cover than a privately owned housing company, it still has to adjust to what is 
going on the housing market. Stångåstaden talk about the importance of market maturity 
which certainly also applies to non-profit organisations but it could be argued that it should 
not be used as an excuse not to lie ahead of competition when energy efficient solutions are 
concerned. On the contrary, public owned companies like Stångåstaden could be the 
forerunners they claim to be due to the fact that they are owned by the public. Again there is a 
balance act to consider. How do you act on a free market where you have to run a profitable 
business, and at the same time carry a public responsibility to work for sustainable market 
solutions?  
 
According to the environmental planner of the City of Linköping, the municipality is eager to 
expand the implementation of the passive house concept along with the implementation of the 
more general concept of low-energy buildings in the local energy system. Other ongoing 
projects, such as the Djurgården area in Linköping, where certain requirements of energy 
performance of the buildings have been included, are also an expression of the attention paid 
to the energy use in buildings issues within the municipality.  
 
There is also a discussion going on within the municipality and with the local energy 
company regarding the parallel existence and development of district heating and low-energy 
houses. At times it is possible that the interests of low energy houses and the heat distributor 
collide and according to the energy planner at the City of Linköping new models of 
collaboration has to be developed for how these situations are to be avoided. This issue is not 
unique for the Linköping energy system and has been discussed for other local district heating 
systems in Sweden and also on a general level as was described in the background chapter.  
 
However, the results of the optimisation study in this chapter indicates that an extensive 
adaptation of the building sector to passive houses, that is a higher level of energy efficiency 
and a lower heat demand, does not affect the production of heat and electricity in CHP plants 
significantly. Thus, the heat production is reduced significantly primarily in heat only plants 
while the co-produced electricity is not reduced significantly. Further on, the results also 
indicate that an extensive implementation of passive houses in the local energy system implies 
lower CO2 emissions both locally and globally.     
 
Note that the results in this optimisation study are specific for the municipality and the energy 
system in Linköping and can not be generalized to be applicable for other municipalities in 
Sweden. However, the methodology used and the interdisciplinary approach applied in this 
study could be used in studies on other municipalities and district heating systems. This gives 
the opportunity of comparing different the role of the energy standard of buildings in different 
regions.          
 
Another aspect of the optimisations and a possible improvement of the MODEST model is 
that the space heating demand and DHW demand is not separately defined in the renovation 
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scenario (scenario 1). Thus, the effect of the energy efficiency measures made on the building 
envelope during renovations is consolidated with the efficiency measures on equipment for 
DHW use. And as the heat needed for space heating during summer months could be 
considered nonexistent there is a risk of underestimation of the heat demand during summer 
months when using equation 7-1. The reason to why the heat demands were not separated in 
this study is that the heat demand defined in the original model was not separated. This 
however is an object for further work with the model that could improve the performance in 
the optimisations. 
 
A final important aspect of the performed optimisations is that the model does not take into 
consideration that new boilers and plants can be installed in the future. The optimisations 
made here are thus only valid for the case that if changes were made in the system as it 
functions today. It is also important to realize that neither the renovations that are assumed to 
take place in scenario1, nor the construction of the 10 000 new apartments in Scenario 2 are 
done over night. This implies that the local energy system and the district heating system will 
have possibilities to adjust to changes in the building sector heat demand. A future local 
energy system might therefore have easier to adopt and make benefit from the proposed 
changes.  
 
Conclusion compilation on the local level 
Since Stångåstaden has been working on reducing energy use in their buildings for a longer 
time, the decision to test the passive house concept has developed over time. Moving towards 
sustainable buildings is an overall goal for the company and the testing of the passive house 
technique seems to be the primary goal of building them, in addition to see if the concept 
works for rental apartments. 
 
As a public housing company there are some advantages when for instance long term 
engagement is concern, which offers an opportunity to act as a sustainable buyer and 
forerunner in the building sector. However, there are business as well as political and 
sustainability aspects to consider which seems to require compromises on many levels when 
moving towards the sustainability goals. 

 
For scenario 1 in the MODEST optimisations a heat demand saving of 120.5 GWh per year 
caused a total reduction in heat production of 112.6 GWh. Further on the renovations caused a 
reduction in CHP electricity production of 6.5 GWh and an extra waste of 7.8 GWh heat 
while producing electricity.  
 
For scenario 2 a heat demand difference of 45.5 GWh per year between the passive house 
case and the BBR case caused a total difference in heat production of 32.4 GWh more 
produced heat in the BBR case. Further on the difference in CHP electricity production 
between the cases was 1.45 GWh and an extra waste of 13 GWh heat while producing 
electricity was seen in the BBR case.  
 
Both scenarios showed that the lower heat demand led to reductions in both local and global 
emissions of CO2.  
 
Even though the magnitude of the differences in the optimisations of scenario 2 is smaller 
than in scenario 1, the pattern is similar in the two scenarios. 
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In both scenarios it was clear that a lower heat demand increases the CHP production in the 
gas turbine in the Gärstad plant. 
 
The increased production in the gas turbine in Gärstad increases the use of light fuel oil. The 
use of electricity and heavy fuel oil was decreased along with the use of the coal/rubber/wood 
mix, wood and biomass.  
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8 Discussion and conclusions 
This chapter extensively presents and discusses the conclusions from the entire project 
presented in this report. The systems perspective applied in the study that was illustrated in 
Figure 1-1 in the Introduction chapter constitutes the framework for this chapter. Conclusions 
from each system level (household, building and local) and each step in the theoretical 
staircase (household activities – Internal heat gains – indoor climate – building energy use – 
local energy system) are discussed and evaluated according to the research questions 
proposed for each system level. Finally the overall and most relevant conclusions are 
summarised and lifted in short.      
 
The household level have included the tenants’ expectations on the passive houses, the 
housing companies’ expectations on the tenants and the passive houses, the household 
activities and finally the thermal loads of household activities. The work on these issues has 
partly involved the use of research interviews with the tenants and representatives from the 
housing company to gain insight in the involved actors reasoning. And partly the work has 
also involved the use of field measurements of the energy use of household equipment. The 
question formulated for this level was 
 

• What are the expectations and initial experiences on living in and letting out a passive 
house, and what are the thermal loads of household activities?  

 
As far as the expectations from the tenants and the housing company are concerned, the 
discussion and conclusions presented in chapter 5.5 reveals that the tenants expect the passive 
houses in Lambohov to function as any other house and they expect that the passive houses 
will yield a lower cost for heating than other houses. The housing company, Stångåstaden, 
expects the houses to be suitable for any kind of tenants. Even though Stångåstaden claims 
not to actively have had specific desires regarding the target group for the tenants of the 
passive houses, they are still welcoming people with an interest in energy related issues and 
the function of the houses.  
 
The initial experiences have so far mostly been an issue of sufficient or insufficient 
information from the housing company to the tenants on how to operate the apartments. Some 
tenants have urged a need of more information on for example how the heating system works. 
Of course it is important to note that the time that the tenants have been living in the passive 
houses this far is relatively short (started to move in February 2009) and the experiences so 
far are limited. However, the studies of the initial phase is also interesting since they help 
eliminate some problems for future generations of tenants. Further on the initial phase is 
interesting as a starting point for regular follow up studies on the experiences of living in 
these houses. 
  
The thermal loads produced within the building envelope can be divided into two parts; one 
that is dependent on household activities and one that is not associated with any household 
activity. The latter part includes the stand-by power use of different domestic appliances and 
also the more or less constant loads of the cold appliances. The thermal loads of the 
dishwashing machine, tumble-dryer and the washing machine mainly stems from how much it 
is used, in other words, the household activities. The other part of the thermal loads is directly 
dependent on the household activities that stem from diverse household activity patterns. 
Taking this into consideration, these two parts are summarized into one building of 105 m² 
containing a 3-person household contribute in average with a thermal load of 8 - 10 W/ m². 
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The thermal loads calculated on this level constitute the link to the building level where the 
calculated loads are used in the evaluation of the building envelope and utilities. 
 
The interviews made with the tenants were done right before or after they moved into the 
houses which mean that there has been a unique opportunity to catch their initial expectations 
and possible anticipations about the passive houses. Of the same reason it was not feasible to 
make a household activity study with the actual tenants. Instead time-use data based on 
statistics from time-use diaries were used to get an average 3-person family activity pattern. It 
is of course not possible to tell whether these simulations match the real activities in the 
households but they do give a general picture of the activities of an average family, which is 
interesting for generalizing purposes. Furthermore, thanks to time-use data, the comparison 
between passive house and conventional house has been as controlled as possible, using real 
families would not have given equally comparable results. Combining interviews and 
household activity simulations like this gives a chance to do a follow-up study after a year or 
so to see whether the expectations were fulfilled or not and if other problems have occurred. It 
will also be possible to check how well the simulated household activities match reality by 
asking the tenants themselves how they perceive the indoor climate once they have gained 
experience of it. 
 
The building level 
The thermal loads that were calculated from household activities in the household level were 
used in the analysis of the buildings energy balance and the thermal comfort. This was done 
by integrating field measurements on site with computer simulations of the energy 
performance of the Lambohov buildings. The studies on this level also included a 
comparative aspect of the passive houses in Lambohov and the similarly designed 
conventional houses in the same residential area. The research question for this level was.   
 

• How do internal heat gains, building envelope and building utilities affect the thermal 
indoor climate and what effect does this have on the energy use in a passive house and 
in a conventional house? 

 
The thermal indoor climate in both the passive houses and the conventional houses has proven 
to be acceptable. However, in a cold climate, the passive houses meet the requirements of 
thermal comfort better than the conventional houses. This is explained by the higher 
insulation level in the passive houses, which lead to higher radiant temperatures from walls, 
windows and floor. The higher insulation level and radiant temperatures also implies that the 
air temperature in a colder climate can be held on a lower level while still achieving a similar 
thermal comfort sensation, thus the energy use of the passive houses, is further lowered 
compared the conventional houses due to this fact. 
 
The higher solar transmittance of the windows in the conventional houses implies that there is 
a higher risk of thermal discomfort, in terms of a higher indoor temperature during warm 
seasons. This might result in a need for active cooling to keep an optimal thermal comfort, 
and thus additional energy would be required for cooling the conventional houses during 
warm seasons.  
 
The results from the computer simulations reveal that the passive house has a lower energy 
use than the conventional. In the simulations based on time-use the passive house uses 57 % 
of the amount that the conventional uses (11 kWh/(m2, yr) and 25 kWh/(m2, yr), respectively) 
. In the simulations with 4 W/m2 as the limit for the internal gains, deranged from the 
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standards,, the passive house uses 44 % of the amount that the conventional uses (20 
kWh/(m2, yr) and 35 kWh/(m2, yr), respectively).  
 
The passive houses in Lambohov have an installed heating power of 19 W/m2 in the 
ventilation system. This is in opposition to the Swedish standard for passive houses where the 
heating power is required to be at the maximum 12 W/m2. Still the energy demand for space 
heating in the houses is simulated to be 20 kWh/(m2, yr) which is well below the passive 
house standards’ requirement of 25 kWh/(m2, yr). Thus, the houses in Lambohov are not 
passive houses in terms of installed heating power but they are passive houses according to 
the simulations made in this study in terms of energy demand for space heating.  
 
Passive house or not, there might be energy use reductive advantages in the higher installation 
of heating power. This is explained by the fact that a higher installed power allows the 
temperature to drop lower during night time and therefore the energy use could in fact be 
reduced, if a night-time lowering control system would be applied.  
 
An interesting aspect was noticed during the computer simulations of the buildings’ energy 
use when the internal heat gains from time-use data for household activities were 
implemented in the model. The fact that the Swedish standard of an internal heat gain 
maximum of 4 W/m2 seems to be only about half of the internal heat gains derived from time-
use data in this study. This has great effect on the energy use in the passive houses. Further 
studies is needed to investigate if this result stems from poor agreements between the real 
houses and simulation model, poor agreement between the time-use data and real household 
activities or if in fact the 4 W/m2 is a poor approximation of the actual internal heat gains in 
domestic buildings.      
 
It is interesting that when comparing the Lindås houses (2001) with the Lambohov houses 
(2008) a learning process can be assumed to have contributed to the fact that the windows 
used in the Lambohov houses have been improved compared to the ones used in Lindås. 
Another example of improvements is the lesser window area oriented to the south.  
 
The concept of having a directive for minimized energy demand under the name “Passive 
house” does have a significant advantage compared to not having one. It leads to an aspiration 
towards more efficient construction details such as windows and doors for example. The 
windows appeared in this study of the Lambohov houses to be a key building envelope 
component that thanks to the regulation of the passive houses will lead to a better comfort for 
the tenants all year around. 
 
The local level 
The local level is the system level in this work with the widest system boundaries. The 
purpose of this approach was on one hand to investigate the overall motives of the housing 
company and the municipality for building the passive houses in Lambohov. On the other 
hand the purpose was also to investigate the effects on the local energy system of a future 
extensive restructuring of the building stock to consist of a significant amount of passive 
houses. The methods used to do this has been partly research interviews with representatives 
of the housing company and the City of Linköping, and partly scenario based MODEST 
optimisations of the local energy system. The formulated research question for the local level 
was        
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• What are the general motives for the implementation of low energy buildings in a 
Swedish community, and what are the consequences for the local energy system of an 
extensive local adaptation to passive houses? 

 
The building of the passive houses in Lambohov, according to Stångåstaden as a housing 
company, is a test project and part of striving towards environmentally sustainable buildings 
within the company. There is also an urge within the company too see if the costs of building 
houses with such a low energy use are reasonable and to see how well the concept of passive 
houses is applied as rental apartments. The intention was to have the passive houses designed 
esthetically like any other domestic building in the same category. The fact that Stångåstaden 
is owned by the municipality of Linköping has from the housing company’s point had 
advantages in terms of long term engagements and the possibility to be a sustainable buyer 
and good example for other housing companies on the market. 
 
The motives from the municipality are to expand the implementation of the passive house 
concept along with the implementation of the more general concept of low-energy buildings 
in the local energy system. Other projects, such as Djurgården in Linköping, where 
construction of buildings with a low energy use soon is to be initialized are according to the 
environmental planner in the City of Linköping also an expression on the attention paid to 
these questions within the municipality. There is also continuously a discussion going on 
within the municipality and with the municipality owned Energy Company regarding the 
parallel existence and development of district heating and low-energy houses. At times it is 
possible that the interests of house builders and heat distributor collide and according to the 
energy planner at the City of Linköping new models of collaboration has to be developed for 
how these situations are to be avoided. This leads the discussion to the results from the 
optimisations of the local energy system. Optimisations that intend to investigate the effects 
that passive houses and low-energy houses might have on the district heating system in 
Linköping. 
  
Two scenarios were constructed where the first included an assumed renovation to passive 
house standard of all apartments in Linköping that were constructed between the years 1961 
and 1980. The second scenario was based on the assumption that 10 000 new apartments were 
added to the Linköping building stock. The analysis in the second scenario focused on the 
differences between if these new apartments were made according to passive house standard 
or according to conventional BBR standard.  
 
In scenario 1 the renovations led to a reduced heat demand in the building sector and this had 
effects for the district heating system. The total heat production per year was reduced by 
112.6 GWh while the electricity production in CHP plants was only reduced by 6.5 GWh. 
Along with this there was an increase in the amount of wasted heat of 7.8 GWh. These results 
indicate that a reduction in heat demand affects the heat only production plants to a larger 
extent than the co-producing plants. This also affects the local and global CO2 emissions 
stemming from the heat production. Renovations to passive houses imply a reduced local and 
global CO2 emission. This is due to the fact that less fuel is used for heat production only and 
the produced electricity is reduced to a lesser extent than the heat production. This has a major 
impact on the emissions since the electricity produced in the Linköping district heating system 
is assumed to replace European CO2 intensive power production.  
 
In scenario 2 the difference in total heat production between the cases with different standards 
of new built apartments is 32.4 GWh more heat produced in the BBR standard case. The 
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difference in electricity production between the cases is merely 1.45 GWh so in accordance 
with the results in Scenario 1 does a lower heat demand not affect the produced electricity. 
Although more heat is wasted in the passive house case there are still energy savings to be 
made from building passive houses. The CO2 emissions are also in accordance with the results 
in scenario 1 and the passive house case cause less CO2 emissions locally as well as globally.  
 
It is important though to remember that the scenarios are created to be valid for changes that 
could not be carried out in a near future and thus the system also has time to change its 
structure to further adjust to these kinds of changes in heat demand. Also there are 
possibilities to further improve the model for optimisations and to develop the scenarios for 
future studies.         
 

8.1 Overall conclusions 
As an interdisciplinary project this study has been a great challenge and an opportunity to 
study the passive houses in Lambohov from several different disciplinary viewpoints.  
Research interviews, building simulations, field measurements and energy system 
optimisations have been forced to operate under the same roof and on the same case. 
Qualitative interviews have for instance been combined with energy system optimizations and 
simulations have been extended with measurements on site. Mixing disciplines doesn't only 
imply the use of different scientific methods and the figuring out how they can be combined; 
it also reveals the strengths of backing up results from research interviews with detailed 
technical studies such as simulation, optimisations or measurements. Technical details are 
contextualized with qualitative data from interviews and interview results can be analyzed and 
compared with the results of technical methods.  
 
The overall aim of this study was to perform an energy system analysis of the passive houses 
in Lambohov that spanned over several system level boundaries. The analysis began in 
household components and moved via the technical standards of the buildings towards the 
role of the Lambohov passive houses in the local energy system. The main conclusions 
reached in this work to meet this overall aim are: 
 
 

• In general terms the passive house apartments are perceived and expected to be like 
regular apartments in the housing stock, both by the tenants and the company. In 
practice, though, the housing company has a desire for tenants that are energy aware. 

• The tenants, by being the first to move in, will through information activities and own 
experience gain knowledge of the concept and probably conform to it. When 
evaluating the passive houses this should be taken into account, especially if more 
passive houses for new tenants are to be built. 

• The housing company has built the passive houses to gain experience of building 
energy efficient houses and to test if the concept suits rental apartments. However, 
even though the housing company works towards sustainable housing, it has to 
compete on the regular housing market which seems to require a balancing act 
between sustainability, politics and business.  

• All building envelope properties, like solar transmittance of the windows, insulation 
level of walls, doors, windows, floors etc, speak for enhanced thermal indoor climate 
in the passive houses in this study, but the building space heating system can still be 
further improved by room specific air handling, especially for increased flexibility in 
specific room temperature. 
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• The computer simulations reveal that the model of the passive house has a lower 
energy use than the model of the conventional. Depending on if the simulations are 
based on time-use or if the 4 W/m2 limit is used, the passive house uses 44 % or 57 % 
of the amount that the conventional uses. 

• A hypothetical adaptation of the building stock in Linköping to be constituted by a 
significant fraction of passive house apartments did according to the optimisations 
reduce both the local and the global CO2 emissions from heat and electricity 
production. And the restructuring to more passive houses did not imply any significant 
changes in local CHP electricity production.     

 

8.2 Further work 
 
Since this case study was done during an initial phase of a new housing concept at 
Stångåstaden, it would be very valuable to do a follow-up study after about 2-3 years to see 
how well the concept has worked on all levels. Particularly interesting would be to follow up 
the tenants and how they perceive the apartments after having gained experience of them. 
Equally interesting would be to see if energy use really is reduced in these particular 
apartments in comparison to the conventional ones. 
 
It would also be useful to validate the model of IDA with measurements from winter -10 °C 
and summer case +25 °C to gain more adequate results. More measurements would also gain 
more validation of actual thermal comfort problems occurred due to the absence of room 
specific regulation. Furthermore, it would be beneficial to do IDA simulations to find the load 
matching of the radiators in the conventional house. 
 
Also a study to adapt the load of the building stock to a more high-resoluted, where the 
domestic hot water energy use is separated from the total energy use, giving the actual load of 
passive houses could be interesting. 
 
On a more general level, from a sustainability perspective, it would be useful to dig deeper 
into the local energy system and the actors influencing it to investigate the sometimes 
colliding interests between low energy buildings and district heating. 
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Appendix A 
PMV and PPD equation 
 
The PMV equation is given by equation 1. The surface temperature of clothing (tcl) and 
convective heat transfer (αc) is solved by iteration. 

(A- 1) 

 

 
The PMV can then be used to calculate the fraction of a large number of people that are 
dissatisfied with the thermal indoor climate, thus forming the predicted percentage dissatisfied 
(PPD).The PPD equation can be seen in eq 2 and figure 2 shows the PPD as a function of 
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PMV.  A Thermal indoor climate corresponding to a PMV of between -0,5 to 0,5 predicts 
dissatisfaction of below 10 %. 
 

[ ] )2179,003353,0exp(95100% 24 PMVPMVPPD ⋅−⋅−⋅−=  (A-2) 
 

Standard levels of activity and clothing 
 
Table A-1. Levels of activity and their corresponding metabolic rates (ISO7730, 2005). 

Metabolic RateActivity 
met W/m2

Seated. relaxed 1.0 58 
Sedentary activity 1.2 70 

Standing. light activity 1.6 93 
Standing. medium activity 2.0 116 

Walking 2 km/h 1.9 110 
Walking 5 km/h 3.4 200 

 
 
 
Table A-2. Standard thermal insulation values for typical clothing ensembles (ISO7730, 
2005) 

Clothing Clothing ensemble 
clo m2K/

Underpants, T-shirt, shorts, light socks and sandals 0.30 0.050 

Underpants,shirt with short sleeves, light trousers, 
light socks and shoes 

0.50 0.080 

Underwear with short sleeves and legs, shirt, 
trousers, jacket, socks and shoes 

1.00 0.155 

Underwear with short sleeves and legs, shirt, 
trousers, jacket, heavy quilted outer jacket and 
overalls, socks, shoes 

2.00 0.310 
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Appendix B 

Field experiments of thermal loads based on household activities 
 
Aim 
The aim of the experiments is to study indoor thermal climate effects, considering the heating 
and cooling effects connected to different household activities and the non-activity based 
heating effects to see how they affect the indoor climate in a row-house apartment. A 
comparison between a building envelope built according to the Swedish passive house 
standards and a conventional building envelope according to standards from Swedish National 
Board of Housing, Building and Planning is performed.  
 

Experiment 1. Reference case  
This experiment is setup as a reference scenario and no household activities are simulated. 
Thermal comfort measurement is performed during a 24-hour period according to the 
following schedule: 
 

• Solar radiation is measured from the eastern, southern and western facades.  
 

• Outdoor temperature is measured in the inlet of the ventilation.  
 

• Ventilation efficiency is measured by measuring the temperatures of the supply air, 
the exhaust air and the outlet air out of the building. The flow of ventilation air is 
measured at each supply and exhaust diffuser. 

 
• The total district heating use is measured by reading the installed energy meter. 

 
• The total electricity use is measured by reading the installed electricity meter. 

 
• The electricity use by cold appliances, ventilation fan, Innova measurement equipment 

and heat circulation pump is measured by separate energy meters.   
 

• The number of times the door is opened is recorded as well as our presence during the 
experiments. 

 
Table B-1. Result protocol of energy use for passive house 
Energy (kWh) and volume (m3) Before After 
District heating [kWh]/[m3] 29 ; 2860 / 198.43 ; 82.83 29 ; 2885 / 202.19 ; 

83.39 
Electricity (main board) 715 720 
Innova Equipment - 0.32 
Heat circulation pump - 0.90 
Ventilation fan - 0.70 
Fridge - 0.68 
Freezer - 0.75 
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Laundry machine and dryer, 
standby 

- 0.27 

Dishwasher, standby - 0.10 
Solar Measurements  N/A 
Human presence  See Figure 6-2 to 6-7 

Chapter 6.3.1 
Results for conventional house are not available. 
 
 
 

Experiment 2. Applying heating pattern for weekday 
 
Except for the reference energies, activity pattern according to Widén et als figures is also 
applied in this experiment. The heating patterns are taken from all 3 person households in the 
study resulting in 78 people involved and 28 apartments. Below is the experiment guide that 
was used at the time of the field measurement study. 
 
The heating patterns is assumed to affect the following zones with the following load. 
 
1: Cold appliances 
Heating Pattern. The heating pattern for cold appliances affects zone Kitchen. Activated 24-
hour period. 
Experiment setup. The electricity use of cold appliances is measured by an energymeter for 
kitchen/living room. 
 
Resulting typical power:_________________________ 0-130 W, mean value 52W 
Resulting energy:_______________________________1.24 kWh 
 
2: Lighting 
Heating Pattern. The heating pattern for lighting is assumed to affect the kitchen/living 
room, Bedroom 1, Bedroom 2, Bedroom 3 and Bathroom.  
Assumptions. The activity sequences gives information of people away and people sleeping. 
In order to retrieve the actual people at home, we subtract “people away” from 3, which is the 
amount of people living in the 3 person households. Then the activity sequence “sleeping” is 
subtracted to get the sequence “at home awake”. 
 
From Widén et al we assume that 80W of lighting per person at home awake during daylight 
and 200W per person at home awake during other periods. This gives 9.02 personhour during 
the assumed daylight time (7:00-17:00 is assumed to be daylight period) in the experiment 
period (5-13 March on the 58 degree latitude), and 14.14 personhour other time. Figure B-1 
below describes the pattern for number of people at home awake. 
 
Resulting power daytime____________________80 W 
Resulting energy:________________________0.72 kWh 
 
Resulting power other time__________________200 W 
Resulting energy:________________________2.83 kWh 
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Figure B-1. Number of people at home in 3-person families as a function of time of day. 
 
Experiment setup. The experiment setup is one 60 W bulb is operated 07:00-17:00, resulting 
in 0.60 kWh. A 500W construction light is operated from 17:00-22:00 with a load of 500 W, 
resulting in 2.50 kWh. Four other 60 W light bulbs is operated in Bedroom 1, Bedroom 2, 
Bedroom 3 and Bathroom for totally 7 h 40 minutes resulting in 0.45 kWh. All in all 3.55 
kWh of lighting is operated during the 24-hour period. The electricity use of lightning is 
measured by an energymeter for the different zones they are present in. 
 
 
3: Cooking. 
Heating Pattern. The heating pattern for cooking activity affects zone kitchen/living room. 
Assumption. The activity sequence cooking is directly obtained from Widén et al and can be 
seen in figure 2 below. During one 24-hour period 48 personminutes are involved in cooking. 
As can be seen in Figure B-2 below the most probable time for cooking activity is at 17:00. 
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Figure B-2. Number of people cooking  in 3-person families as a function of time of day. 
 
Resulting electric power, stove:_______________1500 W 
Resulting electric energy use, stove:____________1,2 kWh 
 
The kitchen fan is affecting the thermal balance in the room, since indoor air is directly 
emitted to the ambient air. The thermal load from the kitchen is calculated by equation 1, 
where a typical result for this environment is -500W. The actual result is measured by the 
actual temperatures for the kitchen and the outside air. 
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Resulting electric power, kitchen fan:________________35 W 
Resulting electric energy use, kitchen fan:_____________0,03 kWh 
 
Resulting thermal load, air flow, kitchen fan:___________-500 W 
Resulting thermal energy, air flow kitchen fan:__________0,4 kWh 
 
 
Experiment setup. The experiment is performed by operating the stove at 1500W from 17:00 
to 17:48. In some cases the stove did not use 1500 W all the time, then it was operated until 
1.2 kWh of electricity was used. The kitchen fan was operated from 17:00 to 17:48. The 
electricity use for cooking stove and fan is measured by an energymeter for kitchen/living 
room. 
 
4: Dishwashing 
Heating Pattern. The heating pattern for dishwashing activity affects zone kitchen/living 
room. 
Assumption. The activity pattern shows dishwashing activity of in average 0,4 times per day 
for a 3-person household. As can be seen in Figure B-3, it is most probably started between 
16:00 and 18:00. In this experiment we are interested in seeing the effect of different activities 
and therefore we assume 1 start of the dishwasher. 
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Figure B-3. Probability of starting the dishwasher in 3-person families as a function of time 
of day. 
 
 
 
Resulting typical power:____________0-2200W. Mean value 570W 
Resulting energy:_________________1.05kWh 
 
Experiment setup. In the experiment the dishwasher is started between 17 to 19 to go for one 
normal 55 °C sequence. This is done by starting the machine in auto mode. The process time 
for the dishwasher is 1.85 hours. The electricity use for the dishwasher is measured by an 
energymeter for kitchen/living room. 
 
 
 
5: Washing 
Heating Pattern. The heating pattern for washing activity affects zone laundry room. 
Assumption. The activity pattern shows washing activity of in average 0.61 times per day for 
a 3-person household. It is most probably started between 19:50 and 20:15, this can be seen in 
Figure B-4. In this experiment we are interested in seeing the effect of different activities and 
therefore we assume 1 start of the washing machine. 
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Figure B-4. Probability of starting the washing machine in 3-person families as a function of 
time of day. 
 
 
Resulting typical power passive house:___________0-2200 W. Mean value 490 W. 
Resulting energy passive house:_________________1.35 kWh 
 
Resulting typical power conventional house:_______0-2200 W. Mean value 510 W. 
Resulting energy conventional house:_____________1.42 kWh 
 
 
Experiment setup. In the experiment the washing machine is started between 18 to 20 go for 
one 60 °C sequence with 3.5 kg of laundry. This is done by starting the machine in auto 
mode. The process time for the dishwasher is 2.75 hours. The electricity use for the washing 
machine is measured by an energymeter for the laundry room. 
 
 
6: Drying 
Heating Pattern. The heating pattern for drying activity affects zone laundry room. 
Assumption. The activity pattern shows drying activity of in average 1.04 times per day for a 
3-person household. As can be seen in Figure B-5, it is most probably started between 20:35 
and 21:10. In this experiment we assume 1 start of the laundry washing machine. 
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Figure B-5. Probability of starting the tumble-dryer in 3-person families as a function of time 
of day. 
 
Resulting typical power passive house:___________0-2200 W. Mean value 1680 W. 
Resulting energy passive house:_________________1.68 kWh 
 
Resulting typical power conventional house:_______0-2200 W. Mean value 2200 W. 
Resulting energy conventional house:_____________2.2 kWh 
 
 
Experiment setup. In the experiment the dryer is started after the washing machine cycle to 
go for one hour sequence with 3.5 kg of laundry (dryweight). The process time for the dryer is 
1 hour. The electricity use for the dryer is measured by an energymeter for the laundry room. 
 
 
7: Ironing 
Heating Pattern. The heating pattern for ironing activity affects zone laundry room. 
Assumption. During one 24-hour period 12 personminutes are involved in ironing. As can be 
seen in Figure B-6 below the most probable time for ironing activity is at 18:00 to 21:00.  
Resulting Power:________________1000 W 
Resulting energy use:_____________0.17 kWh 
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Figure B-6. Number of people doing ironing in 3-person families as a function of time of day. 
 
Experiment set-up. In the experiment, ironing is operated at 1000W for 12 minutes between 
18:00 and 21:00 with an electric resistance stove. The electricity use for the ironing is 
measured by an energymeter for the laundry room. 
 
8: Cleaning 
Heating Pattern. The heating pattern for cleaning activity is assumed to affect kitchen/living 
room.  
Assumption. The activity sequence cleaning is directly obtained from Widén et al and can be 
seen in figure 4 below. During one 24-hour period 5 manminutes are in average involved in 
cleaning activity. As can be seen in Figure B-7 below the most probable time for cleaning 
activity is at 12:00 to 18:00.  
Resulting Power:________________1000 W 
Resulting energy use:_____________0.08 kWh 
 

 
Figure B-7. Number of people cooking  in 3-person families as a function of time of day. 
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Experiment set-up. In the experiment, cleaning is operated at 1000W for 5 minutes between 
12:00 and 18:00 with an electric heating fan. The electricity use for the cleaning activity is 
measured by an energymeter for the kitchen/living room. 
 
  
9: TV 
Heating Pattern. The heating pattern for TV-watching is assumed to affect kitchen/living 
room.  
Assumption. The activity sequence TV-watching is directly obtained from Widén et al and 
can be seen in figure 5 below. During one 24-hour period 3.5 personhour are involved in TV-
watching. What more can be seen in Figure B-8 below is that the most probable time for TV-
watching activity is at 19:00 to 22:30. 
 
Resulting Power:_________________200 W 
Resulting energy use:_____________0.70 kWh 
 

 
Figure B-8. Number of people watching a TV in 3-person families as a function of time of 
day. 
 
Experiment set-up. In the experiment, TV-watching is simulated with a 150 W construction 
light plus a 60 W light-bulb operated for 3.5 hours between 19:00 and 22:30. The electricity 
use for the TV watching activity is measured by an energymeter for the kitchen/living room. 
 
10: Computer 
Heating Pattern. The heating pattern for computer activity is assumed to affect kitchen/living 
room.  
Assumption. The activity sequence computer is directly obtained from Widén et al and can 
be seen in figure 6 below. As can be seen in Figure B-9 below the most probable time for this 
activity is at 18:00 to 19:00. During one 24-hour period 62 manminutes is in average involved 
in computer activity. 
Resulting Power:_________________100 W 
Resulting energy use:_____________0.10 kWh 
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Figure B-9. Number of people using a computer in 3-person families as a function of time of 
day. 
 
Experiment set-up. In the experiment, computer is simulated with a 60 W light-bulb 
operated for 1.75 hours from 18:00 to 19:45. The electricity use for the computer activity is 
measured by an energymeter for the kitchen/living room. 
 
 
11: Stereo 
Heating Pattern. The heating pattern for stereo activity is assumed to affect bedroom 3.  
Assumption. The activity sequence stereo is directly obtained from Widén et al and can be 
seen in Figure B-10 below. During one 24-hour period 13 manminutes are involved in stereo 
activity. As can be seen in figure 10 below the most probable time for this activity is at 19:35 
to 20:10. 
Resulting Power:_________________100 W 
Resulting energy use:_____________0.021 kWh 
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Figure B-10. Number of people using a stereo in 3-person families as a function of time of 
day. 
 
Experiment set-up. In the experiment, stereo activity is simulated with a 60 W light-bulb 
operated for 0.25 hours from 19:45 to 20:00. The electricity use for the stereo activity is 
measured by an energymeter for the kitchen/living room. 
 
 
12: Additional 
Heating Pattern. The heating pattern for additional activity is assumed to affect 
kitchen/living room.  
Assumption. A 100 W of extra load is needed find a good validation of Widen et als model 
compared to measured values, therefore a 100W of load is added in the experiments. 
Resulting Power:_________________100 W 
Resulting energy use:_____________2.4 kWh 
Experiment set-up. In the experiment, a light-bulb of 100W is operated for 24 hours. The 
electricity use for the additional is measured by an energymeter for the kitchen/living room. 
 
 
13. Human presence 
Heating Pattern. The heating pattern for human presence is assumed to mainly affect 
bedroom 1, bedroom 2 and kitchen/living room.  
Assumption. The activity sequence sleeping is directly obtained from Widén et al and can be 
seen in figure 8. During one 24-hour period 21.2 personhours are involved in sleeping 
activity. As can be seen in Figure B-11 the most probable time for this activity is at 23:00 to 
06:00.  
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Figure B-11. Number of people at home asleep in 3-person families as a function of time of 
day. 
 
The activity sequence at home awake was presented in Figure B-1. During one 24-hour period 
23,2 personhourours are involved in being awake at home. As can be seen in figure 1 the most 
probable time for this activity is at 06:00 to 24:00.  
 
Resulting Power asleep:_________________300 W 
Resulting energy asleep:_____________2.12 kWh 
 
Resulting Power awake:_________________300 W 
Resulting energy awake:_____________2.32 kWh 
 
Experiment set-up. In the experiment it is assumed that during sleeping time 3 mannequins 
are operated at 100 W/mannequin, where 1 is placed in bedroom 1 and operated from 22:45-
06:00, and 2 mannequins in bedroom 2 operated from 23:00 to 06:00. The other time a 
mannequin is operated at 100W in kitchen/living room, between 06:00 and 24:00. The 
electricity use for the mannequins is measured by an energymeter for the actual room. 
 
The rest, 5.2 personhours, is to be operated by our presence. Our presence is noted and can be 
seen in Figure 6-4 and 6-5 in Chapter 6.3.2. 
 
 
14. Water activities, bathing and washing hands 
Heating Pattern. The heating pattern for bathing activity is mainly affecting bathroom. 
Assumption. The activity sequence washing hands etc and bathing is obtained from Widén 
and be seen in Figure B-12. During one 24-hour period 40 personminutes are involved in 
washing hands etc activity and 2 personminutes in bathing activity. Since these numbers show 
that the bathtub is not used very often, and it is probable that it will be used when a bathtub is 
installed in the apartments. Therefore we assume one bathtub to be filled with 150 l of 40 
degree water and a kitchen sink to be filled with 23 liters’ of 47 degree water.  The water is 
left for 2 hours in the tub and the sink and then measured for finding the heating energy that 
has been emitted to the building. If assuming a linear temperature drop and calculating the 
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energy of the water at the starting point and after 2 hours, we obtain a power of emitted heat 
to the room in average. 
 

 
Figure B-12. Number of people involved in bathing(right) and washing hands et c(left) -
activity in 3-person families as a function of time of day. 
 
 
Kitchen sink 
Starting temperature:________________________47 C 
Temperature after 2 hours:___________________25 C 
Amount of water___________________________23 litres 
Average power emitted______________________290 W 
 
Bath tub 
Starting temperature:________________________41 C 
Temperature after 2 hours:___________________35 C 
Amount of water tapped:_____________________150 litres 
Average power emitted______________________530W 
 
Experiment set-up. The bathtub is filled with 150 l of water during the evening. The water 
temperature is measured and the amount is measured by tapping the water into a bucket. In 
the kitchen, the sink is filled where the temperature and amount is measured in the same way. 
 
 
15. Water activity, showering 
Heating Pattern. The heating pattern for showering activity is mainly affecting zone shower 
room. 
Assumption. The activity sequence showering is obtained from Widén et al. During one 24-
hour period 20 personminutes are involved in showering. As can be seen in Figure B-13 the 
most probable time for this activity is at 06:00 to 07:00, and also 19-23.  
Temperature:______________________40 degree C 
Amount of water tapped:_____________192 litres 
Average power emitted______________200 W 
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Figure B-13. Number of people involved in showering in 3-person families as a function of 
time of day. 
 
The amount of energy given off to the room before the water leaves the apartment is 
measured by looking at the temperature and humidity rise of the room. 
Experiment set-up. In the experiment, the shower is used from 19:00 to 19:20. The water is 
set to be around 40 C, the temperature measured and tapped into bucket for measuring the 
amount of water tapped. 
 

Results from weekday pattern 
Since the actual consumed energy might differ do to a number of reasons, for instance 
differing voltage in the electricity distribution grid, the results for the actual electric energies 
are compared in Table B-2 with the theoretical values given above. The measured values do 
differ some in the different zones, but still looking at the whole building the values differ only 
2 % for the weekday pattern in the passive house. 
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Table B-2 Electricity measurements protocol from weekday pattern in the passive house. 
Thermal zone Activity Electricity use [kWh] 
    Theoretical Measured 

Cold appliances 1.24 
Additional 2.4 
Dishwashing 1.05 

Kitchen/Living room point 1 

SUM 4.69 

 
 
 

4.83 

Lighting 3.1 
TV 0.7 
Computer 0.1 
Cleaning 0.08 
Human presence 1.8 

Kitchen/Living room point 2 

SUM 5.78 

 
 
 
 
 
 

5.51 
Innova 0.32 
Cooking-stove 1.2 
Cooking-fan 0.03 

Kitchen/Living room point 3 

SUM 1.55 

 
 
 

1.53 

Kitchen/Living room SUM 12.02 11.87 
Ironing 0.17 
Washing 1.35 
Drying 1.68 
Heat circulation 
pump 

0.96 

Ventilation fan 0.85 

Laundry room 

SUM 5.01 

 
 
 
 
 
 
 

4.22 
Lighting 0.12 
Human presence 0.73 

Bedroom1 

SUM 0.85 

 
 

0.86 

Lighting 0.12 
Human presence 1.45 

Bedroom2 

SUM 1.57 

 
 

1.36 

Lighting 0.11 
Stereo 0.02 

Bedroom3 

SUM 0.13 

 
 

0.12 

Bathroom Lighting 0.11 0.12 

 
Looking at the results for the actual electric energies of the conventional house for a weekday 
pattern, they are compared in Table B-2 with the theoretical values given in the experiment 
set-up above. The measured values for the whole building differ 10 % for the weekday pattern 
in the passive house. 
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Table B-3 Electricity measurements protocol from weekday pattern in the conventional house. 
Thermal zone Activity Electricity use [kWh] 
    Theoretical Measured 

Cold appliances 1.24 
Additional 2.4 

Kitchen/Living room point 1 

SUM 3.64 

 
 

3.82 

  Lighting 3.1 
TV 0.7 
Computer 0.1 
Cleaning 0.08 
Human presence 1.8 

Kitchen/Living room point 2 

SUM 5.78 

 
 
 
 
 

5.38 

Innova 0.32 
Cooking-stove 1.2 
Dishwashing 1.05 
Cooking-fan 0.03 

Kitchen/Living room point 3 

SUM 2.6 

 
 
 
 
 

3.25 
Kitchen/Living room SUM 12.02 12.45 

Washer Washing 1.35 1.42 
Ironing 0.17 
Drying 1.68 
Heat circulation 
pump 

0.96 

Ventilation fan 0.85 

Laundry room 

SUM 3.66 

 
 
 
 
 
 

4.69 
Lighting 0.12 
Human presence 0.73 

Bedroom1 

SUM 0.85 

 
 
 

0.98 
Lighting 0.12 
Human presence 1.45 

Bedroom2 

SUM 1.57 

 
 

1.81 

Lighting 0.11 
Stereo 0.02 

Bedroom3 

SUM 0.13 

 
 

0.12 

Bathroom Lighting 0.11 0.12 

 
 
 

Experiment 3. Applying heating pattern for weekend-day 
 
The experiment 3 was set-up similar to the weekday, but following other time-use activity 
sequences. The activity sequences that involve people and their time with the different 
equipment can be seen in Figure B-14. The activities involving a start can be seen in Figure 
B-15 and the activities involving water use can be seen in Figure B-16. The results of the 
actual measurements compared to the theoretical one can be seen in the next chapter. 
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Figure B-14. Average number of people doing different activities in 3-person families as a 
function of time of day. The sum of time-use involved with the different activities is summed up 
and  printed in the legend. 
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Figure B-15. Probability of starting different activities in 3-person families as a function of 
time of day. The sum of time-use involved with the different activities is summed up and 
printed in the legend. 
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Figure B-16. Average number of people doing different activities involving water use in 3-
person families as a function of time of day. The sum of time-use involved with the different 
activities is summed up and printed in the legend. 
 

Results from weekend-day pattern 
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Table B-4 Electricity measurements protocol from weekend pattern in the passive house. The 
difference for the whole building in measured values compared to the theoretical ones is 5 %. 
Thermal zone Activity Electricity use [kWh] 
    Theoretical Measured 

Cold appliances 1.24 
Additional 2.4 
Dishwashing 1.05 

Kitchen/Living room point 1 

SUM 4.69 

 
 
 

4.94 

Lighting 3.59 
TV 1.17 
Computer 0.12 
Cleaning 0.08 
Human presence 1.8 

Kitchen/Living room point 2 

SUM 6.76 

 
 
 
 
 
 

7.94 

Innova 0.32 
Cooking-stove 1.73 
Cooking-fan 0.04 

Kitchen/Living room point 3 

SUM 2.09 

 
 
 

2.08 

Kitchen/Living room SUM 13.54 14.96 
Heat circulation 
pump 

0.96 

Ventilation fan 0.85 
Ironing 0.12 
Washing 2.7 
Drying 3.56 

Laundry room 

SUM 8.19 

 
 
 
 
 
 
 

7.73 
Lighting 0.18 
Human presence 0.85 

Bedroom1 

SUM 1.03 

 
 

1.5 

Lighting 0.18 
Human presence 1.7 

Bedroom2 

SUM 1.88 

 
 

1.7 

Lighting 0.12 
Stereo 0.02 

Bedroom3 

SUM 0.14 

 
 

0.12 

Bathroom Lighting 0.12 0.13 
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Table B-4 Electricity measurements protocol from weekend pattern in the conventional house. 
The difference for the whole building in measured values compared to the theoretical ones is 
10 %. 
Thermal zone Activity Electricity use [kWh] 
    Theoretical Measured 

Cold appliances 1.24 
Additional 2.4 
Dishwashing 1.05 

Kitchen/Living room point 1 

SUM 4.69 

 
 
 

4.66 

Lighting 3.59 
Computer 0.12 
Cleaning 0.08 
Human presence 1.8 
SUM 5.59 

 
 
 
 
 

5.56 

Kitchen/Living room point 2 

TV 1.17 
Innova 0.32 
Cooking-stove 1.73 
Cooking-fan 0.04 

Kitchen/Living room point 3 

SUM 3.26 

 
 
 
 
 

3.35 
Kitchen/Living room SUM 13.54 13.57 

Heat circulation 
pump 

0.96 

Ventilation fan 1.53 
Ironing 0.12 

Laundry room 

SUM 2.61 

 
 
 
 

3.52 

Washing 2.84 
Drying 4.4 

Washer/dryer Laundry room 

SUM 7.24 

 
 

8.73 

Lighting 0.18 
Human presence 0.85 

Bedroom1 

SUM 1.03 

 
 

1.54 

Lighting 0.18 
Human presence 1.7 

Bedroom2 

SUM 1.88 

 
 

1.86 

Lighting 0.12 
Stereo 0.02 

Bedroom3 

SUM 0.14 

 
 

0.12 

Bathroom Lighting 0.11 0.12 
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Appendix C 
 

Interview guide 
 
Bostadsbranschen 
 
Hur talas det i branschen om passivhus? 
Vilken är din syn på passivhus i Sverige? 
När började S planera för passivhus i Lambohov?  
Har S funderat på andra områden än Lambohov? 
Finns det andra hyrespassivhus i Linköping (konkurrens)? 
Tanken bakom att ha passivhus som hyresrätter? 
Har ni stött på problem när det gäller byggandet av passivhus? (Material/Kommun/andra 
intressenter?) 
Har hyresgästerna tillfrågats? Varför/varför inte? 
Bygger ni flera passivhus? (I så fall, är dessa byggda på samma sätt, finns det skillnader?) 
Har detta projekt varit annorlunda jämfört med andra nybyggnationer? På vilket sätt? 
Har byggandet av passivhusen lett till förändringar i byggsätt på vanliga hus?  
Planeras det flera passivhus? I såfall var? Varför/varför inte? 
På vilka punkter skiljer sig passivhusen från de vanliga hyresrätterna? 
Är det dyrare att bygga passivhus än vanliga? 
Kommer S att bygga vanliga lägenheter framöver eller det passivhus som gäller nu? 
Hur ser resultatet ut jämfört med visionen innan ni satte igång? Vad blev som det var tänkt, 
vad har förändrats? 
Hur kommer ni att utvärdera passivhusen? 
 
Marknadsmässiga aspekter 
 
Har S någon uttalad miljöpolicy när det gäller bostadsbeståndet (själva bostaden)?  
Hur är det med kringservice (sopsortering, kollektivtrafik)?  
Var det lätt att hyra passivhusen jämfört med de vanliga lägenheterna? 
Varför så liten skillnad i hyra mellan passivhusen och vanliga hyresrätterna? 
Är hyrorna konkurrenskraftiga i jämförelse med liknande områden? 
Svårigheter att hitta hyresgäster? 
Vilka har avstått? 
Hur lyfter ni fram passivhusen i marknadsföringen just nu? 
Hur kommer ni i framtiden att använda er av passivhusen i marknadsföringen? 
Blir det flera passivhus i framtiden? 
 
Hyresgäster och boendet 
 
Vad har S för vision för sina hyresgäster? 
Är passivhusen tänkta för någon speciell grupp? 
Hur väljer ni hyresgäster till passivhusen? 
Har ni fått de hyresgäster ni ville ha? Stämde målgruppen överens med dem som visade 
intresse för husen?  
Har ni hyresregler för alla hyresgäster (inklusive vanliga)? 
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Har ni specifika boenderegler för passivhusen (vädring, dörrstängning)? 
Hur informeras hyresgästerna? 
Får alla hyresgäster samma information? 
Har hyresgästerna bett om mera information? (Vilken i såfall?) 
Finns det någon annan filosofi bakom passivhusen än eventuellt miljötänk?  
 
 
Utrustning, klimatskal 
 
Specialmaterial som skiljer sig från de vanliga hyreshusen 
 
Dörrar? 
Fönster? 
Solskydd? 
Ventilation? 
Uppvärmning? 
Kranar, toaletter? 
Varför dessa? Vilka har valts bort? 
Har det skett förändringar i materialvalet under projektets gång? Varför? 
 
Hushållsapparater (hur är lägenheterna utrustade från början) 
 
Vad skiljer utrustningen i passivhusen från de vanliga lägenheterna? 
Hur resonerar S kring apparaturen i passivhusen resp vanliga hyresrätter? 
Frys, kyl, spis, fläkt, ”värmepump”, tvättmaskin, torktumlare (be om att få manualer) 
Varför denna apparatur? Finns det någon tanke bakom? Vad har valts bort? 
Har S avtal med någon leverantör?  
Vilka leverantörer är aktuella? 
Vilka motiv har S för att införskaffa lågenergiapparatur när det är de boende som betalar 
elräkningen?  
Finns det några incitament för S att hyresgästerna använder lågenergiapparatur? 
Finns det ”regler” för hur apparaterna ska användas när det gäller energiförbrukning? 
Informerar S om ”riskerna” med för mycket apparatur som står och värmer? 
 
Uppvärmning 
 
Fjärrvärme 
 
Varför fjärrvärme?  Varför ingen annan typ av uppvärmning? 
Hur tänker S om fjärrvärme? 
Ska alla S:s passivhus kopplas till fjärrvärmenätet? 
Avtal med Tekniska Verken ang taxor? 
Räcker varmvattenbehovet för att det ska vara lönsamt med fjärrvärme i passivhusen? 
Varför samma avtal för passivhus och vanliga hus? 
Teknik? Varför just denna teknik? Vad har valts bort? 
Uppkoppling? 
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Appendix D 
 

Interview guide - households 
 
Frågemall till hushåll i Lambohov (Visning samt innan inflyttning) 
 

1. Namn, ålder, utbildning, hushållets inkomst (Antal hushållsmedlemmar) 

2. Vad är era upplevelser hittills av lägenheten? Vad har varit positivt så här långt? Vad 

har varit mindre bra? 

3. Varför väljer de passivhus framför annat boende.? Om de inte tittar på passivhusen – 

har de haft funderingar på att välja ett passivhus? Varför – varför inte? Varför valde 

dem att titta på dessa andra lägenheter? Hur fick dom reda på passivhusen? Vilka 

informationskanaler har de använt?  

4. Vad tänker du/ni på när du/ni tänker på energi? 

5. Hur bor de nu? Hur bodde de innan dess? (boendekarriär + 

uppvärmningssystemkarriär) 

a ) Vad har de för uppvärmningssystem? Vilken skötsel innebar det?  Vem 

handhar/kontrollerar energitekniken, varför? Vilken inomhustemperatur har de? 

Vilken inomhustemperatur föredrar de? Varför? 

6. Vad har de för förväntningar på sitt nya boende? 

7. Förväntar de sig problem med värme eller elen? Vilka problem? Låga eller höga el- 

och värmeräkningar? 

8. Vilken information har de fått om boendet? 

9. Vilken information vill de ha under visningen? Vilka frågor har de?  

10. Har de efter kontakt med Stångastaden och ev visning valt att skriva kontrakt och 

flytta in eller inte? Varför valde de som de gjorde?  

11. Vi återkommer gärna med ytterligare frågor om sisådär 2 månader – går det bra? - 

kontaktuppgifter 
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Appendix E 
The Building envelope in the Lambohov houses  
 
The exterior walls in the passive house 
The exterior walls in the passive house consist of seven layers. From the outside to the inside 
they are of the following materials: rendering - rockwool - glasrock - mineral wool – plastic 
film - mineral wool - plaster, where the two layers of mineral wool are to 15 % made out of 
scantlings. In the table below the properties of these materials are given.  
 
Table E-1, The exterior walls in the passive house. 

Material 
(outside to 

inside) 

Rendering Rockwool Glasrock Mineral wool, 
15 % wood 

Plastic 
film 

Mineral wool, 
15 % wood 

Plaster 

Thickness of 
layer [mm] 

15 200 12 145  45 13 

Density [kg/m3] 1800 90-100 800 96.3  96.3 692 
Spec. heat 
capacity 
[J/(kgK)] 

790 753 837 970  970 837 

Thermal 
conductivity 
[W/mK] 

0.8 0.037 0.25 0.052  0.052 0.25 

 
The exterior walls in the conventional house 
The exterior walls in the passive house consist of six layers. From the outside to the inside 
they are of the following materials: rendering - rockwool - glasrock - mineral wool – plastic 
film - plaster, where the two layers of mineral wool are to 15 % made out of scantlings. The 
difference from the exterior walls in the passive house is the absence of the second mineral 
wool layer. In the table below the properties of these materials are given.  
 
Table E-2, The exterior walls in the conventional house. 

Material Rendering Rockwool Glasrock Mineral wool, 
15 % wood 

Plaster 

Thickness of layer [mm] 15 80 12 145 13 
Density [kg/m3] 1800 90-100 800 96.3 692 
Spec. heat capacity [J/(kgK)] 790 753 837 970 837 
Thermal conductivity [W/mK] 0.8 0.037 0.25 0.052 0.25 
 
In the mixed layers made of mineral wool and wooden scantlings, a weighted value of the 
thermal conductivity is calculated. The U-value of each wall is calculated in IDA based on the 
thickness and thermal conductivity of each layer in the walls.  
 
 
The roofs of the houses 
The roofs in both types of houses consist of three layers. From the outside to the inside they 
are of the following materials: mineral wool (8 % wooden scantlings) – mineral wool – 
plaster. 
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Table E-3, the roofs of the houses. 
Material Mineral wool, 

8 % wood 
Mineral wool Plaster 

Thickness of 
layer [mm] 

150 345 13 

Density [kg/m3] 70 30 692 
Spec. heat 
capacity 
[J/(kgK)] 

860 753 837 

Thermal 
conductivity 
[W/mK] 

0.0498 0.042 0.25 

 
Table E-4, the floor in the passive house. 

Material Concrete Cellular plastic 
Thickness of layer [mm] 100 300 
Density [kg/m3] 2300 20 
Spec. heat capacity [J/(kgK)] 880 750 
Thermal conductivity [W/mK] 1.7 0.037 
 
Table E-5, the floor in the conventional house.  

Material Concrete Cellular plastic 
Thickness of layer [mm] 100 200 
Density [kg/m3] 2300 20 
Spec. heat capacity [J/(kgK)] 880 750 
Thermal conductivity [W/mK] 1.7 0.037 
 
Table E-6, behind the electric cabinet in the passive house. 

Material Rendering Glasrock Mineral wool, 
15 % wood 

Plastfic 
film 

Mineral wool, 
15 % wood 

Plaster 

Thickness of 
layer [mm] 

15 12 145  45 13 

Density [kg/m3] 1800 800 96.3  96.3 692 
Spec. heat 
capacity 
[J/(kgK)] 

790 837 970  970 837 

Thermal 
conductivity 
[W/mK] 

0.8 0.25 0.052  0.052 0.25 

 
Table E-7, behind the electric cabinet in the conventional house. 

Material Rendering Glasrock Mineral wool, 
15 % wood 

Plaster 

Thickness of layer [mm] 15 12 145 13 
Density [kg/m3] 1800 800 96.3 692 
Spec. heat capacity [J/(kgK)] 790 837 970 837 
Thermal conductivity [W/mK] 0.8 0.25 0.052 0.25 
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Table E-8, the wall with wooden panel in the passive house. 
Material Wooden 

panel 
Wind -
stopper 

Mineral wool, 
15 % wood 

Glasrock Mineral wool, 
15 % wood 

Mineral wool, 
15 % wood 

Plaster 

Thickness of 
layer [mm] 

  120 12 145 45 13 

Density [kg/m3]   96.3 800 96.3 96.3 692 
Spec. heat 
capacity 
[J/(kgK)] 

  970 837 970 970 837 

Thermal 
conductivity 
[W/mK] 

  0.052 0.25 0.052 0.052 0.25 

 
Table E-9, the wall with wooden panel in the conventional house. 

Material Wooden 
panel 

Glasrock Mineral wool, 
15 % wood 

Plaster 

Thickness of layer [mm]  12 145 13 
Density [kg/m3]  800 96.3 692 
Spec. heat capacity [J/(kgK)]  837 970 837 
Thermal conductivity [W/mK]  0.25 0.052 0.25 
 
Table E-10, the thermal bridges in the houses. 

Thermal bridge Edge beam 
(passive/conventional) 

Wall 
corner 

Windows 
& Doors 

Walls/joists 

Ψ [W/mK] 0.094/0.165 0.027 0.041 0.025 
Meters 54.26 44.6 122.18 62.76 
Thermal bridge [W/K] 5.10 1.2042 5.009 1.569 
 
Table E-11, U values of the components in the building envelopes. 
Component of building 

envelope [m] 
U value (passive 

house) 
U value (conventional 

house) 
Window, 0.6*0.6 1.22 1.39 
Window, 1.4*0.8 1.01 1.22 
Window, 1.4*1.0 0.96 1.18 
Exterior wall 0.1073 0.1917 
Front door 0.75 1.0 
Door at the back 0.9 0.9 
Roof 0.0874 0.0874 
Floor 0.1199 0.1775 
Behind the cubicles 0.2557 0.3237 
Wall with wooden panel 0.1520 0.3237 
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Results from the computer simulations  
Table E-12, the power need for space heating each month in both houses. 

W/m2 The passive house 
 

The conventional house The conventional house 
(including the heat from the extra 

electricity use) 
 

January 4.36 7.56 7.93 
February 3.67 6.59 6.96 
March 1.85 3.73 4.10 
April 0.13 0.64 1.00 
May 0 0.05 0.42 
June 0 0.01 0.38 
July 0 0.01 0.38 
August 0 0.01 0.38 
September 0 0.11 0.48 
October 0.54 1.67 2.04 
November 1.57 3.76 4.13 
December 3.09 5.91 6.27 
 
 
 
Table E-13, the free heating power each month in both houses. 

W/m2 Heat (including latent) from 
human presence 

 

Heat from 
equipment 

 

Heat from 
lighting 

 

Heat from lighting 
 

January 2.71 4.28 1.43 0.31 
February 2.71 4.27 1.43 0.90 
March 2.66 4.28 1.43 1.85 
April 2.50 4.24 1.43 2.97 
May 2.26 4.32 1.44 4.07 
June 2.02 4.24 1.43 4.20 
July 1.97 4.23 1.42 3.93 
August 2.06 4.32 1.44 3.49 
September 2.34 4.24 1.43 2.09 
October 2.57 4.28 1.43 1.04 
November 2.67 4.29 1.43 0.5 
December 2.68 4.23 1.42 0.23 
 
Table E-14, the free heating energy each month in both houses. 

kWh/m2 Heat (including latent) from 
human presence 

 

Heat from 
equipment 

 

Heat from 
lighting 

 

Heat from lighting 
 

January 2.02 3.18 1.07 0.23 
February 1.82 2.87 0.96 0.61 
March 2.00 3.18 1.07 1.38 
April 1.80 3.05 1.03 2.14 
May 1.68 3.21 1.07 3.03 
June 1.00 3.06 1.03 3.02 
July 1.00 3.15 1.06 2.92 
August 1.54 3.21 1.07 2.60 
September 1.68 3.06 1.03 1.51 
October 1.91 3.18 1.07 0.77 
November 1.92 3.09 1.03 0.36 
December 2.00 3.15 1.05 0.17 
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Appendix F Measurement accuracy 
 

Electricity measurement accuracy 
The electricity consumption is measured with energy meters PM-300 which are able to 
measure 110-240 V at 0.02 – 16 A, meaning a power of 4 - 3480 W. Each energy meter is 
calibrated by looking at the deviances in power and energy use, i.e. reliability, when a power 
load (light bulb) is used as load for a certain amount of time (22h). 
  

 
Figure F-1. Comparison in measurement accuracy for the electricity meters when attached to 
a 500 W construction light for 22 h 
 
The Figure F-1 shows a variation of 3-4 % both in electric energy and power measurements at 
500 W of load. The same deviations can be seen down to a 40 W power load. However, when 
reaching smaller power loads the differences increase. In Figure F-2 a comparison for the 
involved energy meters can be seen with a 15 W light bulb figurant as load and the variation 
is up to 30 %. 
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Figure F-2. Comparison in measurement accuracy for the electricity meters when attached to 
a 15 W light bulb for 22 h. 
 
The validity of the PM-300 energy meters was tested at different loads and compared with a 
FLUKE 41B, which has a known error of 5%, according to Karlsson, 2006. The comparison 
measurements showed a difference of 0 - 33 %, when applying a power load of a 15 W light-
bulb. When applying a higher load, the measurements showed a difference of 0 - 2 %. 

Indoor climate measurement accuracy 
The temperature and relative humidity measurements use Tiny loggers from Intab and are 
estimated to have an accuracy of about 0.45 °C and 3 % - RH respectively. In order to find the 
temperature deviance for the temperature range where the measurements were done, the 
loggers were put in the same spot (kitchen) for an hour and then the logged values were 
compared to detect possible variations. In Figure 4-3, the temperature loggers for the 
instruments are showed after one hour has gone.. The laundry room-loggers have another type 
of probe, and differ from the others. If neglecting the laundry room-loggers, all the 
temperature loggers show a temperature of 21.8 ± 0.15. The Innova air temperatures show a 
good correspondence to the Tiny logger´s air temperatures. Deviations of up to 0.2 °C can be 
found, except during weekday-scenario in the conventional house. This may be the position of 
the devices in different parts of the room and therefore deviance has occurred due to varying 
room temperature. 
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Figure 4-3. All tiny loggers used showing the temperatures in the kitchen. 
 
The relative humidity loggers are “calibrated” in the same way and the output can be seen in 
Figure 4-4. They both show 24.6 ± 0.5 %. 
 
 

 
Figure 4-4. Relative humidity tiny loggers showing the humidity in the kitchen. 
 
The air velocity is measured by the Innova equipment and has a typical error of 0.05 m/s plus 
5 % of the air velocity for velocities under 1 m/s. The operative temperature is measured with 
an accuracy of  ± 0.3 °C. 
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Surface temperature were measured by the IR camera, but also with the Therma 1 
Thermometer, in order to check the validity of the IR camera. Therma 1 was calibrated in 
melting snow at 0 °C for validity check, which was good showing a difference of 0.2 °C. 
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