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BETEENDE OCH VÄRMEBEHOV I  BOSTÄDER 

Förord 

E2B2s vision är en resurs- och energieffektiv byggd miljö.  

Bebyggelsesektorn svarar för cirka en tredjedel av Sveriges totala energianvändning och en effektivare 
energianvändning är en viktig del av utvecklingen av energisystemet. I E2B2 arbetar forskare och 
andra aktörer tillsammans för att utveckla samhällets byggande och boende och effektivisera energi-
användningen.  

E2B2 är ett forsknings- och innovationsprogram från Energimyndigheten där IQ Samhällsbyggnad är 
koordinator. Programmets andra programperiod pågår mellan 2018 och 2021. 

Syftet med E2B2 är att ta fram ny kunskap, teknik, tjänster och metoder som bidrar till en hållbar 
energi- och resursanvändning i bebyggelsen. Det läggs därför stor vikt vid samverkan mellan närings-
liv, samhälle och akademi och programmet ska bidra till och vara ett verktyg för att länka samman 
behovsägare med projektutförare. 

Beteende och värmebehov i bostäder är ett av projekten som har genomförts i programmet med hjälp 
av statligt stöd från Energimyndigheten. Det har letts av Chalmers Tekniska Högskola.  

Projektet har med hjälp av Boverkets betsi-databas som innehåller uppgfiter om byggnader och deras 
system, brukare och deras uppfattning om termisk comfort samt detaljerade mätningar av tempera-
ture inomhus undersökt hur brukarna påverkar värmebehovet i byggnader. Vilket är viktigt för ut-
formning av strategier för energibesparingar. 

Stockholm, 28 juni 2021  

Rapporten redovisar projektets resultat och slutsatser. Publicering innebär inte att 
E2B2 har tagit ställning till innehållet. 
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Sammanfattning 

Bostäders värmebehov påverkas, förutom utetemperaturen, av byggnadernas konstruktion, värmesy-
stem, hur värmesystemen används och hur de boende agerar (t.ex. ändrar termostater, vädrar, osv.).  
Inomhustemperaturen under uppvärmningssäsongen är en viktig faktor i byggnadens energibalans då 
den både är en dimensionerande parameter och ett resultat av nämnda faktorerna, samtidigt som den 
har en stark koppling till de boendes preferenser och agerande. För att påverka energianalyser och 
strategier för energibesparing är det viktigt att förstå bidragen från de olika faktorerna, speciellt hur 
de boende agerar i förhållande till inomhustemperaturen och värmebehovet under uppvärmningssä-
songen. För att studera skillnaden mellan önskad och verklig inomhustemperatur omfattar det här 
projektet en analys av data från BETSI (nationell undersökning av statusen i svenska byggnader) som 
omfattar såväl detaljerade mätningar av inomhustemperatur, som småhus- och lägenhetsdata och de 
boendes upplevelse av inomhusklimatet. Betydelsen av lägenhetsspecifika variationer i uppmätt, i för-
hållande till önskad, inomhustemperatur har bestämts med hjälp av byggnadssimuleringar.             

Dataanalyserna visade att inomhustemperaturen var över 21 °C i 80% av fallen och över 23 °C i en 
fjerdedel av fallen, medan 82% av bostäderna hade konstant temperatur hela dygnet. Höga tempera-
turer var vanligare i lägenheter på mellanvåningarna i flerbostadshus med fjärrvärme och i bättre iso-
lerade småhus. Det indikerar dålig injustering och svårigheter för de boende att justera temperaturen 
i flerbostadshusen, och reboundeffekter i småhusen. Höga temperaturer var också kopplade till upp-
levt drag från fönster, för hög upplevd temperatur och upplevda svårigheter att justera temperaturen 
under uppvärmningssäsongen. Däremot var de inte kopplade till den upplevda termiska komforten, 
vilken upplevdes som bra såväl vid höga som låga temperaturer. Det pekar mot att de boende anpassar 
sig. Förbättrad koppling mellan de boende, byggnader och system och effektiv värmestyrning lyfts 
fram som nyckelfaktorer för att erhålla lämpliga och acceptabla temperaturer utan att värmebehoven 
blir större än nödvändigt under uppvärmningssäsongen.  Byggnadssimuleringarna visade att en ana-
lys av bostadsspecifika temperaturer underlättar identifiering av byggnader med större potential för 
temperaturrelaterade energibesparingsåtgärder, baserat på deras högre temperaturer och bättre an-
passningsmöjligheter, dvs. lägre risk för försämrad termisk komfort.      

Nyckelord: Värmebehov, Mänskliga faktorer, Byggnadsfaktorer, Brukarnas beteende, Inomhusklimat, 
BETSI. 
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Summary 

Besides the ambient temperature, household heating demand is influenced by building characteristics, 
HVAC system and their operation, and by occupant behaviours (e.g. use of heating controls, window 
opening, etc). Winter indoor temperature is an important factor in buildings’ energy balance, being 
both an input as a required design parameter and an output of the previously mentioned influencing 
factors, while being also strongly linked to occupant behaviour and preferences. It is important to un-
derstand the contribution of different factors- especially occupant-related- to winter indoor tempera-
tures and the associated heating demand, in order to better direct energy analyses and energy reduc-
tion strategies. This project focused on the analysis of the National Survey database BETSI, which in-
cluded detailed indoor temperature measurements, building and dwelling characteristics and occu-
pant responses on their indoor environment. The energy impact of dwelling-specific temperature pat-
terns and comparison with business-as-usual scenarios were explored through building simulations. 

The data analysis showed that 80% of standardised winter indoor temperatures were above 21 °C, 
with one third of the latter being above 23 °C, while 82% of dwellings had constant temperatures 
throughout the day. High winter indoor temperatures were more evident in middle-placed apartments 
in multi-family buildings connected to district heating and in better insulated single-family houses, 
indicating system balancing issues and ineffective occupant control in multifamily buildings and re-
bound effects in single-family buildings. High temperatures were also associated with experiencing 
draft from windows, too warm conditions in winter and difficulty to control the indoor temperature, 
but not with the overall thermal comfort assessment which was very positive in both the high and low 
temperature tails, pointing to thermal adaptation effects. Improved interaction between people, build-
ings and systems and efficient system operation are highlighted as key factors in maintaining appro-
priate and acceptable levels of winter indoor temperatures without leading to excess heating demand. 
The building simulations showed that using dwelling-specific temperatures helps to identify buildings 
with a higher potential for temperature-related energy saving measures, based on their higher indoor 
temperature level and the easier implementation due to building characteristics, i.e. lower thermal 
discomfort risks. 

Keywords: Heating demand, Human factors, Building characteristics, Occupant behaviour, Indoor cli-
mate, BETSI. 
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1 Introduction 
Households account for 25% of Sweden’s final energy use (Swedish Energy Agency, 2018) and heating 
is the main component of their energy demand. The drivers of this demand are linked to building char-
acteristics but also to occupant practices, thermal comfort preferences and comfort standards, varying 
greatly between populations. What thermal conditions do people prefer? Are there behavioural pat-
terns in their heating practices, or absence thereof? 

The Swedish National Board of Housing, Building and Planning conducted a study in the heating season 
2007/08 in order to investigate the status of the building stock. The BETSI study (Buildings, Energy 
consumption, Technical Status and Indoor environment) project- involved inspection of 1800 build-
ings, from which 1400 were residential. The buildings were selected as representative of the building 
stock from different parts of Sweden and included both single-family dwellings and apartments in 
multi-family buildings. The collected data include the building characteristics, energy systems, some 
energy use data, measurements of indoor climate parameters and occupants’ perception, satisfaction 
levels, health symptoms, occupancy and behavioural aspects regarding the indoor climate. The results 
were presented in the form of description of technical aspects of the building stock and a brief over-
view of occupants’ responses (Boverket, 2009). The data became openly available in 2011 and a num-
ber of researchers conducted further analysis in parts of it (Wang et al., 2017a, Wang et al., 2014, Wang 
et al., 2017b, Smedje et al., 2017, Langer and Bekö, 2013). None of these studies had analysed the de-
tailed indoor climate data in combination with occupant responses and the buildings’ technical prop-
erties and energy use in order to better understand what influences these indoor climates, especially 
user-related factors. This knowledge is important as studies have shown that there is often an alarming 
gap between the predicted and actual energy consumption of buildings, which in some cases reached 
300% (Calì et al., 2016) and the role of occupants has been identified as one of the main contributing 
factors (Menezes et al., 2012, Calì et al., 2016). Furthermore, a risk of increasing heating demand trends 
due to increased winter temperatures has been observed (Mavrogianni et al., 2013). In Sweden, aver-
age indoor temperatures were estimated at 21.2°C in single-family dwellings and 22.3°C in multi-fam-
ily dwellings using the BETSI data (Boverket, 2009, Langer and Bekö, 2013), whilst in 1984 the esti-
mated averages were 20.4oC and 21.8oC respectively (Holgersson and Norlén, 1984). Similar increases 
have been documented across the globe. The above temperature increases may be associated with 
higher standards of comfort, behaviours and lifestyles, or other factors, which are largely dependent 
on context, and such analysis in the Swedish context had not been conducted. 

Based on the above, the project’s aim was to identify the factors that determine dwellings’ indoor tem-
peratures and the associated heating demand, with a focus on better understanding human factors and 
influences. To meet the aim, the project team combined expertise from the areas of energy, environ-
mental psychology, indoor environmental quality and thermal comfort: Despoina Teli, Chalmers, Sarka 
Langer, IVL, Jan-Olof Dalenbäck, Chalmers, Theofanis Psomas, Chalmers, Cecilia Bergstad and Debora 
Lombardi, GU, Corinne Mandin and Laeticia Malingre, CSTB Paris. 
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2 Study design and methods 
The project comprised a combination of qualitative and quantitative data analysis of the BETSI dataset, 
which includes i) completed questionnaires by residents and ii) detailed technical information, from 
approximately 1 400 dwellings. The main methods used in the project are: statistical analysis and 
building energy modelling. 

Indoor temperature patterns were used in the project as indicative of heating patterns, i.e. low winter 
indoor temperatures are considered to be associated with conservative heating and high winter indoor 
temperatures with potentially wasteful heating. 

The project was carried out in 4 phases, as described below. 

2.1 Phase 1 - Dataset preparation  
Phase 1 included quality control and cleaning of the data, processing and preparation for analysis. This 
process was important in order to ensure that inconsistencies and other anomalies in the data are 
excluded and all questionnaires and indoor climate measurements are matched to the right building 
properties for further analysis. 

First, a sample from the ~1400 available datafiles of detailed indoor temperature measurements were 
inspected for errors and inconsistences. Critical issues were identified with absurd readings either in 
the beginning or the end of the measurement periods in some of the files, which are most likely at-
tributed to two possible reasons: a) the instrument takes some time until it reaches equilibrium, b) the 
instruments were collected from the dwellings without first having been stopped, which means they 
continued recording outside the dwelling. The erroneous readings were removed as appropriate. Fol-
lowing this procedure, the data matching was undertaken, i.e. each survey response was matched to 
the corresponding dwelling and then building. 

Dwellings that were monitored during the transitional or non-heating season were excluded from the 
analysis (N=198), based on Swedish recommendations for determining the heating season, i.e. the 
heating season ends when Tout>11oC (SVEBY, 2009). 62 dwellings where monitoring took place in ei-
ther the entrance, dining room, kitchen or bedroom were also excluded. The remaining sample was 
N=1039 dwellings and approximately 1.3 M indoor temperature readings taken either in the living 
room or in the - typically adjacent - hall. Based on the share of multifamily and single-family buildings 
and the share of dwellings in building age groups, the new sample remained representative of the 1400 
BETSI dwellings. 

2.2 Phase 2 – Development and classification of temperature patterns 
This phase included analysis and classification of the detailed indoor temperature measurements 
based on (a) temperature level, (b) temperature daily variation and (c) temperature daily profile. De-
tailed description of the analysis methods used can be found in the corresponding scientific publica-
tion (Teli et al., 2021). 
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2.2.1 Temperature level 
The indoor air temperatures were standardized for a specific outdoor air temperature. This was done  
to enable comparison of the indoor air temperature levels between dwellings, since the measurements 
were taken at different periods, outdoor conditions and in different locations across Sweden, and fol-
lows a method used by previous researchers (Wilkinson et al., 2001, Oreszczyn et al., 2006, Hamilton 
et al., 2017). The method involves generation of dwelling-individual models of the indoor temperature 
as a function of the outdoor temperature, using ordinary least squares (OLS). The standardized tem-
perature per dwelling at outside temperature Tout=5oC was then predicted from the dwelling models. 
The fitted models and predicted dwelling temperatures were inspected for potential bias and preci-
sion, which lead to the exclusion of 244 dwellings from the analysis. Standardized temperatures for 
further analysis were therefore available for 795 dwellings.  

2.2.2 Temperature variation and daily profile 
For the investigation of thermal variation, the mean daily standard deviation of the measured air tem-
perature in each of the 1039 dwellings is extracted (no exclusion applied), as a first indicator of tem-
perature fluctuations during a day. A second and more detailed indicator is the typical daily profile of 
the indoor temperature, which was derived through cluster analysis. Both agglomerative hierarchical 
(with squared Euclidean distances and the Ward's minimum variance method) and K-means clustering 
were applied for verification purposes. Only temperature measurements during weekdays were in-
cluded in the analysis, to maintain as similar conditions as possible. 

2.3 Phase 3 - BETSI analysis 
Phase 3 included the main analysis of the project, i.e. statistical analysis and modelling of the relation-
ships between the developed indoor temperature patterns, occupant factors from the questionnaire 
responses [perception of thermal comfort and discomfort factors, occupant characteristics (gender, 
age), occupancy (time spent in dwelling), household composition, frequency of window opening] and 
building characteristics from the inspections (building type, building envelope, HVAC and energy sys-
tems, location). A complete list of the variables investigated with their categories can be found in Table 
A1 (Appendix). 

Unfortunately, the measured energy data included in the BETSI database could not be used in the anal-
ysis. The main issue was the absence of the year the metered data corresponded to, with only 3% of 
cases including start and end date of the measurement period. This made it impossible to weather-
normalize the data for comparison. Furthermore, the data was aggregated per building, without details 
on what it included (e.g. space heating, hot water use, one building or more, etc). Therefore, for this 
component of the project we resorted to modelled building stock energy data, which were kindly pro-
vided by Prof. Angela Sasic Kalagasidis, Chalmers. The calculation methodology and input data can be 
found in (Mata et al., 2013a). The input data are based on the same buildings analysed above, i.e. the 
Swedish building stock represented by 1400 sample buildings (energy efficiency measures considered 
in the cited article are not included). Climate data for 30 different locations in the country were used, 
as obtained from year 2005. 
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2.3.1 Indoor temperature patterns vs building and occupant variables 
The chosen statistical tests were based on the type of variables (categorical, ordinal, continuous) and 
their distributions (normal or non-normal), e.g. Chi-Square test for association, independent samples’ 
t test (parametric, with equal or unequal variances, as applicable) and two-sample Mann–Whitney U 
test (non-parametric). Statistical significance was defined as p≤ 0.05. 

Following bivariate analysis between temperature groups and building and occupant variables, multi-
variate logistic models were generated to detect the most significant drivers of the differences between 
dwellings maintaining high temperatures and those maintaining low temperatures. 

2.3.2 Occupant perception and behaviour 
More thorough analysis of the human factors was conducted by the collaborators from Environmental 
Psychology at GU. Three specific aims were set which lead to three strategies for data analysis: 

• Strategy 1 – Occupants profiling based on perception of building characteristics (method: two-step 
cluster analysis). 

• Strategy 2 – Heating profiling based on building characteristics, energy use and behaviors 
(method: two-step cluster analysis). 

• Strategy 3 – Physical, behavioral and subjective predictors of the occupants´ thermal comfort 
(method: ordinal regression). 

2.3.3 Replication with French data 
Data from a Nationwide French energy-efficiency and IAQ program were used following the same 
methodology as described in 2.2 and 2.3.1, in order to test for cultural and other location-specific in-
fluences. The dataset from the French housing campaign performed by the French Indoor Air Quality 
Observatory of the Scientific and Technical Center for Building (CSTB) during 2003 and 2005 included 
567 dwellings, representative of the housing stock. Only dwellings monitored during heating were se-
lected for the analysis. The final sample consisted of N=361 dwellings and approximately 61k indoor 
temperature readings taken in the living rooms. Building-, dwelling- and occupant-related character-
istics were collected through questionnaires. Information on the occupants’ perception of thermal 
comfort and energy demand of the buildings were not collected in the French survey. The data were 
analysed by CSTB. 

2.4 Phase 4 - Energy analysis  
Energy simulations were conducted to quantify the energy impact of the different derived dwelling-
specific temperature patterns and comparison with business-as-usual scenarios, which include fixed 
standard indoor temperatures of: 21oC, as a typical design value, and 22.3 °C, the average of multifam-
ily dwellings, as currently used in building stock modelling (Mata et al., 2013b). Only multifamily build-
ings were simulated, as the purpose was to demonstrate the effect dwelling-specific temperatures 
have on energy estimations. Selection of appropriate representative buildings to model was based on 
the temperature analysis of BETSI. The software IDA ICE was used for the simulations.  
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3 Results 
The following sections provide a summary of the project findings. Detailed description of the main 
analyses and results can be found in the published scientific article by the authors (Teli et al., 2021). 

3.1 Levels, variation and shape of winter indoor temperatures 
The temperature standardization led to the distribution of dwelling temperatures seen in figure 1(a). 
The majority of the standardized indoor temperatures are well within the recommended range of 20-
23oC of the Swedish Health Agency (Folkhälsomyndigheten, 2014), an illustration of overall adequate 
winter indoor temperatures in Swedish dwellings. It is however also apparent that a fairly large pro-
portion (27%) of those temperatures that are above 21oC are above 23oC, which can be considered to 
result in excess heating demand. 

 
Figure 1. (a) Histogram of predicted dwelling hourly temperatures (‘standardized indoor temperatures’) for 5 
°C outdoor temperature (all dwellings, N= 795), (b) Histogram of the dwellings’ mean daily standard deviation 
(all dwellings, N= 1039). 

The dwellings were allocated in groups based on the quartile of the distribution their standardized 
temperature belonged to. This led to the following four groups: 

• Q1: Low indoor temperature group- conservative heating pattern [T’< 21.2 oC] 

• Q2: Lower range of typical temperature group [21.2 < T’ < 22 oC] 

• Q3: Upper range of typical temperature group [22 < T’ < 22.8 oC] 

• Q4: High temperature group- potentially wasteful heating pattern [22.8 < T’oC] 
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In terms of daily temperature variation, results in figure 1(b) illustrate very small mean daily standard 
deviations of the measured air temperature in the dwellings, most lying below an SD of 1oC. The rela-
tionship between temperature level and variation was also tested but no meaningful association was 
found, with the latter being low in all four temperature level groups. 

 
Figure 2. Average profiles of the three clusters (weekdays only). (1) ‘evening peak’, (2) ‘flat line’ and (3) ‘after-
noon peak’. 

Three daily temperature profiles were identified by the cluster analysis: (1) ‘evening peak’, (2) ‘flat 
line’ and (3) ‘afternoon peak’ (figure 2). The absence of diurnal variation of indoor temperature in most 
dwellings is confirmed by the cluster analysis, with 82% of dwellings belonging to the ‘flat line’ cluster. 
In contrast, in a similar UK study, 30% of dwellings belonged to the ‘flat line’ cluster, with the largest 
cluster being the ‘two peak’, i.e. early in the morning and evening (Huebner et al., 2015). This highlights 
the considerable differences in dominant heating approaches between countries, e.g. continuous heat-
ing in Sweden and intermittent heating in the UK. 

The variable clusters (1 and 2) consist mainly of single-family houses (93% and 85% respectively), 
while in the ‘flat line’ cluster the shares are 42% apartments and 58% houses. This suggests a more 
active control of heating, adjusted to demand or occupancy schedules. 

3.2 Drivers of temperature levels 
The aim of this analysis was to identify the building-, dwelling- and occupant- related factors that de-
termine winter indoor temperature levels. Focus was placed on the comparison between the low and 
high temperature groups Q1 and Q4, as the ones related to conservative and potentially wasteful heat-
ing, respectively. Table 1 shows the variables with statistically significant difference, either for the en-
tire sample or subsample by building type.  
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Table 1. Results of the comparison between groups Q1 and Q4 by building- and dwelling- related variables (sig-
nificance tested using Chi-Square tests for categorical variables and t-test for continuous variables). 

Variable Categories All  MF SF 

Building type Multifamily, Single-family < 0.001 N/A N/A 
Building's age group ≤ 1960, 1961-1975, 1976-1985, 1986-

1995, 1996-2005 
< 0.001 < 0.01 < 0.05 

Building location City centre, City suburbs, Residential 
neighbourhood, Sparsely populated area 

< 0.001 0.096 0.564 

Building's exposure to wind Strong, Moderate, Negligible < 0.05 0.122 0.162 
Heat supply system Direct electricity, Combustion boiler, Elec-

tric boiler, District heating, Heat pump, 
Other 

< 0.001 <0.01 0.06 

Ventilation system Natural ventilation, Extract v, Extract v 
with heat pump, Supply and extract, Sup-
ply and extract with recovery 

< 0.001 0.4 < 0.05 

Floor level (apartments only) Basement/semi-underground, Ground, 
Middle, Top floor 

N/A < 0.05 N/A 

Average U-value incl. thermal 
bridging 

[continuous] 0.093 0.488 < 0.05 

Glazing U-value incl. thermal 
bridging 

[continuous] < 0.05 0.647 0.180 

External wall U-value incl. ther-
mal bridging 

[continuous] 0.262 0.720 <0.01 

Glazing to external Wall ratio [continuous] < 0.001 0.203 0.550 
Air change rate ACH [continuous] < 0.05 0.347 0.480 
Dwelling volume [continuous] < 0.001 0.077 < 0.05 
Thermal discomfort/too warm Yes-often, Yes- sometimes, No-never < 0.001 N/A N/A 
Thermal discomfort/cold floors Yes-often, Yes- sometimes, No-never < 0.001 N/A N/A 
Thermal discomfort/difficulty 
to control temperature 

Yes-often, Yes- sometimes, No-never < 0.05 N/A N/A 

Notes: MF- Multifamily building, SF- Single-family building 

Two binary logistic regression models were developed, one including the building and dwelling inde-
pendent variables and one the occupant variables. The models highlight the most significant factors 
contributing to the difference between the low and high temperature groups, adjusting for covariates. 
Both models were statistically significant and a good fit with the data [model details in (Teli et al., 
2021)].  

From 8 predictor variables included in the first model (building/dwelling variables), only the following 
added significantly to the model: building type, ventilation system and heating system. 

The building type covers the effect of several other variables, as also suggested by the bivariate analy-
sis by building type in table 1.  
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The second model (occupant variables) highlights the significant contribution of the following discom-
fort parameters in the likelihood for a dwelling to belong to the high or low temperature group: ‘too 
warm in winter’ (Q4), ‘cold floors’ (Q1), ‘difficulty to control the temperature’ (Q4), ‘draft from 
windows’ (Q4). 

Interestingly, the model added ‘draft from windows’ as an influencing factor, with higher likelihood 
for a dwelling to belong to the high temperature group if the occupants reported to often experience 
draft from windows. High temperatures are therefore employed in this case to compensate for poor 
envelope properties. 

3.3 Drivers of indoor temperature profiles 
For this analysis, the variable temperature clusters 1 and 3 were merged into one, since they constitute 
a small part of the dataset. The aim was to see whether these two different heating patterns (varia-
ble/stable) can be associated with available building, dwelling or occupant characteristics that were 
selected as relevant, i.e. construction year, average U-value, measured ACH, floor level, architectural 
type, ventilation system, heating system, and occupant perception responses. 

• Single-family houses: statistically significant difference between clusters only in average U-
value, i.e. houses with constant temperatures have on average worse building fabric.  

• Multifamily buildings: Architectural type was found to be significantly associated with the 
clusters, i.e. larger proportion of small-scale multifamily buildings (e.g. terraced houses split 
into apartments, apartment villas, etc.) in the variable cluster, possibly explained by more in-
dividualized heating controls in such buildings. Significant difference was also found in the 
installed ventilation systems, i.e. higher percentage of exhaust air heat pumps in the variable 
temperature cluster. 

From the occupant perception responses, the only parameter with a meaningful and statistically sig-
nificant difference between the two clusters was the ‘difficulty to control temperature’, with higher 
% experiencing this in the flat-line profile. 

3.4 Comparison with French National data 
The distributions of standardized indoor temperatures and mean dwelling standard deviations in the 
French dwellings are presented in Figure A1 (Appendix).  Less than half of the dwellings had a tem-
perature between 19°C and 21°C, which is the temperature range recommended by the French Envi-
ronment and Energy Management Agency (ADEME, 2019). The shares of dwellings with temperature 
below 19oC (Q1F) and above 21oC (Q4F) were similar. More than two-thirds of the dwellings had stable 
temperature during the day with a standard deviation <1°C and one-third of the dwellings had variable 
temperature with a standard deviation >1°C. The temperature limits for the quartiles are shown in 
Table 2. It can be seen that the limits are 2oC lower in the French dwellings compared to Swedish 
dwellings. The derived daily temperature profiles from the cluster analysis are shown in Figure A2 
(Appendix). A list of all French variables together with the statistical results is presented in Table A2 
(Appendix). Binary correlations on the French data were performed using Kruskal-Wallis test for con-
tinuous or ordinal dependent variables and Chi-square test for categorical dependent variables. 
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Higher standardized indoor temperatures and lower temperature variation were found in apartments 
compared to single family houses, and in urban and suburban locations compared to rural locations 
(statistical significance p < 0.001).  

Table 2. Comparison of the temperature limits for the quartiles between Sweden and France. 

Quartile Description Sweden (oC) France (oC) 

Q1 Low indoor temperature group- conservative heating practice < 21.2 < 18.9 
Q2 Lower range of typical temperature group 21.02 - 22.0 18.9 - 20.2 
Q3 Upper range of typical temperature group 22.02 - 22.8 20.2 - 21.2 
Q4 High temperature group- potentially wasteful heating practice > 22.8 > 21.2 

 

The proportions of dwellings belonging to the three clusters in the Swedish and French datasets are 
shown in table 3. The proportion of dwellings with stable temperature (flat-line profile) was higher in 
the Swedish buildings while dwellings with variable profiles (afternoon and evening peaks) were more 
common in France. 

Table 3. Percentage of dwellings within the three temperature daily profiles. 

Profile Sweden  France 

Flat line 82% 68% 
Afternoon peak 12% 24% 
Evening peak   6%   8% 

 

The statistically significant building/dwelling- and occupant-related determinants of the indoor tem-
perature level were: climatic zone, longitude, building location, building type, air change rate, type of 
heating system, time spent outside the dwellings and drying laundry in the living room.  

The temperature variation and the daily profiles were regrouped into two new groups: 1) dwellings 
with standard deviation < 1 oC and flat-line daily profile, 2) dwellings with standard deviation ≥ 1 oC 
and variable daily profile (afternoon peak and evening peak). The statistically significant variables (p 
< 0.05) were: building location, building type, type of heating system, tenure status and a presence of 
a veranda. A comparison of the drivers of temperature levels and variation between the Swedish and 
French dwellings is presented in table A3 (Appendix). 

3.5 Occupant perception and behaviour analysis 
The aim of Strategy 1 was to identify groups of residents based on their perception of the dwelling´s 
quality, i.e., thermal comfort, indoor quality, air quality and overall satisfaction, through a two-step 
cluster analysis. Groups would then be described in terms of socio-demographics, behaviour and prac-
tices, dwelling´s characteristics, energy systems and use. However, no significant cluster model has 
been drawn from the data. The best cluster solution found was a not-significant two-cluster model 
(Goodness-of-fit < .05) that was run on overall satisfaction, overall thermal comfort, overall indoor air 
quality, overall acoustics. The high skewness towards the positive evaluations found in the occupants´ 



 

 

 

16 

BETEENDE OCH VÄRMEBEHOV I  BOSTÄDER 

perceptions (i.e. grouping variables) may explain the resulted 2-cluster model and specifically the fact 
that the larger cluster (n = 677; 77.5%) was composed by quite satisfied respondents while the smaller 
cluster (n = 196; 22.5%) was composed by very satisfied occupants. 

With Strategy 2, we intended to identify heating profiles based on the dwelling characteristics, behav-
ioral factors and energy supply and distribution with the aim to later compare those profiles in terms 
of thermal comfort and perception of control over the indoor temperature. Similarly to strategy 1, the 
data analysis involved applying a two-step cluster analysis to the data and later comparing means be-
tween heating profiles (i.e. Chi square test and Mann-Whitney test). Once again, no statistically sound 
model was obtained from the data. The best cluster solution found was a not-significant two-cluster 
model (Goodness-of-fit < .05) that was run on tenure status, house type, heating distribution system, 
heating supply, No. rooms/living area, crowding. Despite being not significant, the cluster composition 
revealed interesting results: the first cluster (n = 393; 42.3%) was composed of 58.8% owned dwell-
ings, having mostly district heating supply (89.8%) and water heating distribution (80.7%; air distri-
bution: 1.3%) while the second cluster (n = 508; 54.7%) was composed mostly of owned properties 
(91.9%), having private heat supply (boilers, 48%) and water heating distribution (45.5%; air distri-
bution: 15.4%). Findings from a chi-squared test revealed that the occupants´ perception of control 
over the temperature in cluster 2 was significantly higher than in cluster 1, X2 (1, 928) =25.61; p 
<.001; similarly, the occupants´ thermal comfort in cluster 2 is also higher than in cluster 1, U  = 
88234.5; p < .001; mdn cluster 1 = 422; mdn cluster 2 = 461. Those results highlight the role of owning 
a dwelling (vs. renting), having a private heating supply (vs. district-based) on affecting both the per-
ception of control over the dwelling indoor temperature and on thermal comfort. 

To follow-up the initial findings from Strategy 2, we aimed at identifying the primary energy-related, 
behavioural and subjective predictors of the occupants´ thermal comfort. To this purpose, we run an 
ordinal logistic regression model including the following predictors: background information, i.e. gen-
der, age, years spent living in the dwellings, time spent away per day, climate zones; energy infor-
mation, heating distribution system, heating supplier, behavioural information, i.e. airing practice, air-
ing frequency, drying laundry inside the dwelling. Results from the ordinal regression model, X2 (21) 
=230.21; p <.001, (Table A4), revealed that the occupants´ thermal comfort was significantly predicted 
by the amount of time spent living in the dwelling (odds ratio = 1.226; CI: 1.091-1.379,  p < .01), the 
type of heating distribution, i.e. air heating (odds ratio = 2.365; CI: 1.234- 4.533,  p < .05) and the 
perception of control over the heating (odds ratio = 7.204; CI: 5.243-9.900, p < .001). Specifically, 
the model predicts a significant increase in thermal comfort when passing from a negative to an ac-
ceptable evaluation of thermal comfort (B (1, 0.58) = 1.902; p < .01) as well as when passing from a 
good to an extremely good evaluation of thermal comfort (B (1, 0.57) = 3.166; p < .001). 

3.6 Modelled heating demand vs standardised temperatures 
Modelled building energy outputs were matched with the corresponding dwellings in the dataset to 
investigate the relationship between modelled heating demand and standardized indoor tempera-
tures. The input setpoint temperatures used in the simulations were the averages from the stock, i.e. 
21.2°C in single-family dwellings and 22.3°C in multi-family dwellings. The purpose therefore of this 
analysis was to examine whether high heating demand due to the overall characteristics of the building 
is driving the high indoor temperatures. The modelled energy outputs were screened for outliers. The 
outliers were defined as values that exceed by 1.5 times the interquartile range above and below the 
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upper and lower quartiles respectively. N=718 dwellings are used in the analysis presented in figure 
3. As can be seen, the heating demand decreases as standardized temperature increases and therefore 
the initial hypothesis is not supported. Overall, there is a wide spread of the data and it is evident that 
space heating demand can only explain a small part (6%) of the variance in indoor temperatures. 

 
Figure 3. Modelled space heating demand against dwelling’s standardized temperature. 

3.7 Energy impact of dwelling-specific temperatures 
The building age groups with the highest % of apartments in group Q4 were selected for detailed anal-
ysis, as those with largest potential for energy savings from indoor temperature management. These 
building age groups were the ‘1996-2005’ (32%), followed by the ‘1961-1975’ (23%) and they cover 
nearly 50% of the apartments in group Q4, while also being reasonably spread between them to ensure 
differences in building characteristics and construction standards. 

The models were generated with information on form, construction and characteristics from (Cecilia 
Björk et al., 2013) and standard use input values from Sveby Indata (SVEBY, 2012). Calibration and 
validation were based on 2 sources: a) the BETSI reports on the building stock’s technical characteris-
tics (Boverket, 2010b) and envelope heat losses (per component and total) (Boverket, 2010a), b) the 
thermal properties and energy demand of Generic Building Types for Sweden in the European TABULA 
project (TABULA, 2012). Only multifamily buildings were simulated, for demonstration purposes. 

Based on the analysis on indoor temperatures (Section 3.1), the following scenarios were developed 
for the building simulations in IDA ICE and illustrated in figure 4: 

a) Use of typical, stable theoretical/design temperature setpoint, i.e. 21oC, typical average stable 
value based on aggregated building stock data, i.e. 22.3oC, and age-group average standard-
ized temperature from the temperature data analysis. 

b) Use of stable quartile standardized temperatures from building stock temperature data anal-
ysis, distributed in apartments based on their distributions in the investigated sample.  

c) Use of variable temperature profile, based on derived profiles from the temperature data 
cluster analysis. 
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Figure 4. Modelling process for the two representative buildings. 

As can be seen in figure 5, in the case of the 1961-1975 building there is no difference in space heating 
demand between using the building stock temperature average or the age-group average, as they are 
in fact the same value. Similarly, the difference between using the average values in all apartments and 
using allocated Q-specific temperatures is very small. The latter is influenced by the specific building 
form of Lamellhus, with an equal 1/3 share of ground-middle-top placed apartments. The difference 
would likely be slightly larger for the high-rise buildings of that period, as high temperatures are more 
evident in middle-placed apartments. 

Results are different for the 1996-2005 building. There is a 5% difference in energy savings between 
using building stock temperature average or the respective age-group average standardized tempera-
ture, with the building stock average underestimating the energy savings. As can be seen in the abso-
lute savings in kWh/m2 y of Table 4, using the building stock average temperature leads to higher 
energy savings from 1961-1975 buildings, while when using the dwelling-specific temperatures based 
on the temperature data analysis, the savings from the two age-groups are equal. From the perspective 
of planning for energy savings, this result is important. The 1996-2005 age-group category appears to 
be a better target for indoor temperature reduction as an energy savings measure. Given the better 
envelope and mainly high-rise buildings with large share of middle-placed apartments, temperature 
reduction would be a lot easier to implement and with less impact on occupants’ thermal comfort.  

Finally, for the 1996-2005 age-group, using the age-group average standardised temperature instead 
of allocated dwelling-specific temperatures leads to slight overestimation of savings. This result is due 
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to the equal distribution of a rather high age-group average to all apartments on top-middle-ground 
floors. Therefore, dwelling-specific allocation appears to be important for more accurate results. 

 
Figure 5. Modelled space heating demand by scenario: A.1. Design indoor temperature 21oC, A.2. Building stock 
average 22.3oC, A.3. Age group average of standardized temperature, B. Quartile averages of standardized tem-
perature distributed in apartments. 

Table 4. Space heating savings in kWh/m2 y from shifting from scenarios A.2, A.3 and B to scenario A.1. 

 From A.2 From A.3 From B 

1961-1975 10.2 10.2 10.0 

1996-2005 7.3 11.3 10.2 

 
The variable temperature profile for scenario C was selected based on the cluster analysis. Cluster 3 
(afternoon peak) was the predominant among the two variable clusters. It should be highlighted that 
the profile was derived from averaging temperatures at 15-min time-steps from two-week monitoring 
of several apartments and therefore it is an average representation of temperature variation, not the 
precise variation of a specific dwelling. Two sub-scenarios were investigated: profile with average 
22.3oC and profile with average 21oC. 

The results showed that using a profile with such small variations as seen in Swedish dwellings (just 
± 1oC over a 24-hour period) compared to using the dwelling’s average value made negligible differ-
ence to the modelled space heating demand, which means that using a profile instead of the average 
temperature does not improve the model’s accuracy in this case. However, such temperature profile 
provides the possibility of improved thermal comfort during occupied and awake hours and reduced 
temperature when not needed. In the modelled case with an average of 21oC, this means experiencing 
a temperature of 22oC in the evening and a reduced temperature of 20oC during night-time. This would 
facilitate acceptance of temperature reduction by adapted residents. However, it should be highlighted 
that such measure should consider the operative temperature and potential cold discomfort from ra-
diant effects, depending on building properties.  
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4 Discussion 
The project provided interesting insights on the drivers of thermal conditions in Swedish dwellings 
and the associated heating demand. The results clearly indicate a tendency towards rather high and 
stable indoor temperatures in Swedish dwellings, where a high potential for energy savings can be 
inferred. Compared to the Swedish case, in the French dwellings the cut-off standardized tempera-
ture in the low-temperature quartile (Q1) was 2.3 oC lower and in the high-temperature quartile (Q4) 
1.6 oC lower. The recommended indoor temperature range in France is also lower (19-21oC com-
pared to 20-23oC). There are clearly important contextual differences that lead to these discrepan-
cies in residential indoor climate. 

Although building type, envelope of single-family houses and heating system were highlighted by the 
analysis as main contributing factors to temperature differences between Swedish dwellings, it ap-
pears that, in reality, other underlying occupant-related processes are at play, i.e. licencing behav-
iour/rebound effects in better insulated single-family houses and perceived- or actual- ability to 
change the indoor temperature, especially in multi-family buildings. The analysis revealed higher in-
door temperatures in middle-floor apartments, which suggests that the high temperatures may be 
due to balancing problems in the building, with middle-floor apartments experiencing much warmer 
conditions than those at the top floor. In this case, the high temperatures are a combination of tech-
nical and operational inefficiency (unbalanced radiator system to account for differences between 
apartments, e.g. less external wall area in intermediate apartments) and lack of occupant control. The 
latter could be due to lack of a central apartment-level control, ineffective/ non-functioning controls 
(thermostats), occupants’ lack of awareness and knowledge on their use, lack of financial incentive to 
lower the temperature, or combinations of these. Either way, the important role of human factors, 
and the need to address ‘occupants-HVAC-building’ as one system, are highlighted. 

The findings point to the importance of efficient indoor climate controls, both at the building and 
dwelling levels. This was supported both by the temperature data analysis and the cluster analysis of 
heating profiles, where the cluster with owned dwellings with private heating supply (vs. district-
based) reported higher perception of control over the temperature and higher thermal comfort. Oc-
cupants should be able to adjust their home’s thermal conditions to avoid experiencing ‘too warm’ in 
winter or resort to lower clothing levels, and they should be aware of their household’s heating. Im-
proved interaction between people, buildings and systems can help maintain appropriate and ac-
ceptable levels of winter indoor temperatures without leading to excess heating demand. 

Although less critical than unacceptably low indoor temperatures, high and stable winter indoor 
temperatures have negative long-term implications beyond the mere increase of heating energy use,  
which is anyway not a great concern in a country with one of the highest shares of energy from re-
newable sources, although peak demand issues still exist. Long-term health and comfort issues, as 
well as thermal adaptation effects are more critical here, with potentially significant implications for 
energy saving measures based on occupant behaviour change and for human resilience in the future. 
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Appendix 
Table A1. All variables included in the analysis with their categories (for categorical) and units (for continuous 
variables). 

Independent variable Variable categories/unit Independent variable Variable categories/unit 
Building characteristics    
Building type Multifamily 

Single-family building 
Ventilation system Natural ventilation 

Extract ventilation 
Extract ventilation with 
heat pump 
Supply and extract venti-
lation 
Supply and extract with 
heat recovery ventilation 

Architectural type Swedish typology, based 
on morphological building 
characteristics (e.g. 
lamellhus, punkthus, etc) 

Heat supply system Direct electricity 
Combustion boiler 
Electric boiler 
District heating 
Heat pump 
Other 

Building location City centre 
City suburbs 
Residential neighbourhood 
Sparsely populated area 

Building’s geographical 
location (latitude) 

Degrees [o] 

Level of building exposure 
to wind 

Strong 
Moderate 
Negligible 

Dwelling characteristics  

Relation to surroundings Completely detached 
Intermediate 
Part of building block 

Floor level (apartments 
only) 

Basement/semi-under-
ground 
Ground floor 
Middle floor 
Top floor 

Construction year Before 1960 
1961-1975 
1976-1985 
1986-1995 
1996-2005 

Dwelling volume  
Air change rate ACH  
Glazing to external Wall 
ratio 

m3 

1/h 
% 

Average U-value incl. ther-
mal bridging 

W/m2K   

Glazing U-value incl. ther-
mal bridging 

W/m2K   

External wall U-value incl. 
thermal bridging 

W/m2K   
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Occupant characteristics  Occupant perception  
Age Years Overall thermal comfort 

rating 
Very good 
Good 
Acceptable 
Poor 
Very poor 

Gender Male 
Female 

Thermal discomfort fac-
tors (too warm, too cold, 
cold floors, draft, varying 
temperatures, difficulty to 
control temperature) 

Yes-often 
Yes-sometimes 
No-never 

Lifestyle (duration outside 
home) 

Away 0-4 hours 
Away 5-9 hours 
aAway ≥ 10 hours 

  

Household composition Adults 
Adults and teenagers 
Adults and children 
All three 

  

Airing frequency Daily 
Once a week 
Once a month 
Never 

  

 

 

  

Figure A1. Histogram of predicted indoor temperatures for 5 °C outdoor temperature in French dwell-
ings (left); histogram of the dwellings’ mean daily standard deviations (right). 
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Figure A2. Average profiles of the three clusters in French dwellings: (1) flat line, (2) evening peak and 
(3) afternoon peak. 

 

Table A2. Results from the French dwellings of the comparison between groups Q1 and Q4 by building/dwell-
ing- and occupant-related variables (significance tested using Chi-Square tests for categorical variables and 
Kruskal-Wallis test for continuous variables). The variables in blue are common for the Swedish and French 
dwellings. 

Variable Categories All 

Longitude [continuous] < 0.01 
Latitude [continuous] 0.852 
Climatic zone  H1 = West, H2 = East, H3 = South) < 0.001 
Building type Multifamily, Single-family < 0.001 

Building's age group <1871, 1871-1914, 1915-1948, 1949-1961, 1962-
1967- 1968-1974, 1975-1981, 1982-1989, >1990 0.125 

Building location Urban, surburban, rural < 0.01 

Ventilation system Mechanical ventilation, passive stack ventilation, no 
ventilation 0.976 

Air change rate ACH [continuous] < 0.01 

Heating supply system Collective central heating, individual central heating, 
individual electric, none <0.0001 

Main energy used in central heating system  Domestic fuel oil, netweork gas 0.578 
Renovation of the building Never, > 10years, 5 - 10 years, < 5 years 0.374 
Is the roof in poor condition No, Yes 0.197 
Presence of a chimney No, Yes 0.088 
Presence of a veranda No, Yes 1.000 
   

Tenure status  Owner, tenant 0.195 
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Number of members of the household [continuous] 0.980 

Household composition  
1-child couple, 2-child couple, 3 or 4-child couple, 
couple without children, single parent family with 
one or more children, single person 

0.533 

Mean age of the household members [continuous] 0.828 
Average time spent outside  [continuous] < 0.05 
Drying laundry in living room Yes, no < 0.05 
Window opening of the living room  Rarely or never, < 0.5 hour/day, >0,5 hour/day 0.071 
Do you have or keep any pets? No, Yes 0.149 

 

Table A3.  Comparison of the main drivers of the temperature levels and variation between the Swedish and the 
French surveys based on the results from the bivariate analyses between groups Q1 and Q4. The variables in 
blue are common for the Swedish and French dwellings. 

Temperature 
level Sweden France 
 --- Climatic zone 
 --- Longitude 
 Building type Building type 
 Building's age group (All, MF, SF) --- 
 Building location (All) Building location 
 Building's exposure to wind (All) --- 
 Heat supply system (All, MF) Heat supply system 
 Ventilation system (All, SF) --- 
 Floor level (apartments only) --- 
 Average U-value incl. thermal bridging (SF) --- 
 Glazing U-value incl. thermal bridging (All) --- 
 Ext.l wall U-value incl. thermal bridging (SF) --- 
 Glazing to external Wall ratio (All) --- 
 Air change rate ACH (All) Air change rate ACH 
 Dwelling volume (All, SF) --- 
 Thermal discomfort/too warm --- 
 Thermal discomfort/cold floors --- 
 Thermal discomfort/difficulty to control temperature --- 
 --- Time spent outside the dwellings  
 --- Drying laundry  
 Average U-value (SF) --- 
 Architectural type (MF) --- 
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Temperature 
variation Sweden France 

 Ventilation system (MF) --- 
 Thermal discomfort/ difficulty to control temperature --- 
 --- Tenure status  
 --- Presence of a veranda 

Notes: MF- Multifamily building, SF- Single-family building, All 
--- : variable not statistically significant or not available in corresponding dataset 
 
Table A4.  Estimated Parameters for the ordinal logistic model with Thermal Comfort as dependent variable. 

 

 

 B Std Err df Sig. Exp (B) 
Lower CI 
95% 

Upper CI 
95% 

Thermal comfort =1.00 -1.902 0.5835 1 .001 0.149 0.048 0.469 
Thermal comfort =2.00 0.647 0.5592 1 .248 1.909 0.638 5.713 
Thermal comfort =3.00 3.166 0.5718 1 .001 23.711 7.73 72.728 

airing_frequency_exp 0.075 0.0729 1 .301 1.078 0.935 1.244 
airing_practice_exp -0.037 0.0953 1 .697 0.964 0.799 1.161 
years_living_sr 0.204 0.0597 1 .001 1.226 1.091 1.379 
hours_spent_away_perday_sr -0.133 0.0963 1 .166 0.875 0.725 1.057 
water_heatdistr_d 0.177 0.2504 1 .48 1.193 0.73 1.949 
electricold_heatdistr_d -0.401 0.3242 1 .216 0.67 0.355 1.264 
electricoil_heatdistr_d -0.697 0.3881 1 .072 0.498 0.233 1.065 
air_heatdistr_d 0.861 0.332 1 .01 2.365 1.234 4.533 
floor_heatdistr_d -0.54 0.4672 1 .248 0.583 0.233 1.456 
other_heatdistr_d -0.358 0.4099 1 .383 0.699 0.313 1.561 
boiler_heatsupl_d -0.086 0.1693 1 .611 0.918 0.658 1.279 
other_heatsupl_d 0.13 0.1902 1 .495 1.139 0.784 1.653 
drying_inside_yd 0.002 0.1443 1 .987 1.002 0.755 1.33 
male_gender_d 0.255 0.1388 1 .066 1.291 0.983 1.695 
young_age_d -0.232 0.1831 1 .205 0.793 0.554 1.135 
adult_age_d 0.017 0.1795 1 .923 1.018 0.716 1.447 
mature_age_d 0.021 0.2034 1 .917 1.021 0.686 1.522 
north_climatezone_d -0.463 0.3424 1 .176 0.63 0.322 1.232 
midsouth_climatezone_d -0.083 0.2906 1 .775 0.92 0.521 1.627 
south_climatezone_d 0.096 0.3035 1 .752 1.101 0.607 1.995 
control_tcom_rev 1.975 0.1622 1 .001 7.204 5.243 9.9 
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En tredjedel av all energi som används i Sverige 
används i bebyggelsen och en effektivare energi-
användning är en viktig del av utvecklingen av 

energisystemet.  
 
I E2B2 arbetar forskare och andra aktörer tillsammans för 
att utveckla samhällets byggande och boende och effektivi-
sera energianvändningen. I den här rapporten kan du läsa 
om ett av projekten som ingår i E2B2.  
 
E2B2 är ett forsknings- och innovationsprogram från 
Energimyndigheten där IQ Samhällsbyggnad är koordi-
nator. Läs mer på www.E2B2.se. 
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