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SUMMARY 
In the next few years all new buildings in the EU countries have to be so called nearly zero-energy 
buildings. In the effort to reduce the use of energy, it is important not to compromise on the 
requirement of a good indoor comfort. This paper describes the realisation of the passive house area 
Vallda Heberg and presents evaluations of energy performance and indoor climate in the residential 
houses. Even though possible improvements are identified, the Vallda Heberg project shows that it is 
possible to build an energy-efficient residential area without compromising on a good indoor comfort. 
The results indicate the importance of strong involvement of residents in order to secure an energy-
efficient behaviour and to get the residents satisfied.  
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INTRODUCTION 
The EU Directive 2010/31/EU on the energy performance of buildings implies that in the next few 
years all new buildings or existing buildings that are subject to major renovation have to be so called 
net zero energy buildings (December 31 2018 for public buildings and December 31 2020 for other 
buildings) (EPC, 2010). In the effort to reduce the use of energy, it is important not to compromise on 
the requirement of a good indoor comfort. However, different residents may have different behavioural 
patterns and different needs and demands on their houses or apartments. 

In the residential area Vallda Heberg, located in the municipality of Kungsbacka in Sweden, all 
buildings are designed, built and certified according as passive houses and have a very small energy 
demand. The passive house area consists of detached single family houses, apartment blocks, terrace 
houses, a retirement home and commercial buildings, see Figure 1. When designing these passive 
houses, different resident requirements have been considered; for instance, elderly people may wish a 
higher indoor temperature during the winter season, but may, at the same time, be more sensitive to 
over temperatures during the summer season. 

The Vallda Heberg project is a partnering project between the real estate owner Eksta, the contractor 
NCC Construction and consultants Markgren Arkitektur AB, Mats Abrahamsson Arkitekter AB, NCC 
Environment, Andersson & Hultmark and BA-Elteknik. 

This paper describes the realisation of Vallda Heberg and presents evaluations of energy performance 
and indoor climate in the passive houses for each specific type of residential house. More specifically, 
the following questions are addressed: How well do measurements of energy performance correspond 
to the energy performance calculated? How satisfied are the residents regarding indoor comfort in 
their homes? 
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Figure 1: Passive house residential area Vallda Heberg during construction (Bergslagsbild, 
2014). 

TECHNICAL DESCRIPTION OF THE PASSIVE HOUSES 
All residential buildings in Vallda Heberg are designed, built and certified according to the Swedish 
passive house standards FEBY09 or FEBY12 (SCN, 2009 and 2015). The buildings have highly 
insulated climate shells and are all equipped with a heat recovery unit. There is a hot water circuit 
inside the buildings which is used not only for space heating (there is a heat exchange with a glycol 
circuit that supplies the heating coil in the air handling unit with heat) and for comfort heating in the 
bathroom floor, but also for domestic hot water. In all buildings, the washing machines and the 
dishwashers are connected to the domestic hot water. The domestic hot water use is individually 
debited in all the households. Only the detached houses have individual debiting also for the heating 
energy. 

For the different types of residential passive houses, there are variations of technical choice, for 
instance of insulation materials and thickness of wall insulation. In the apartment blocks 
polyisocyanurate (PIR) insulation is used, which makes the wall thinner (by 10 cm) compared to if 
standard insulation were used. In the detached houses, mineral wool insulation is used in the walls 
and in the terrace houses, graphite enhanced EPS insulation with a better heat transfer coefficient is 
used. Despite better insulation properties of graphite enhanced EPS insulation, the insulation is thicker 
in the terrace houses (0.5 m) than in the detached houses (0.37 m). The reason is that it is more 
difficult to fulfil the passive house requirements for single-storey buildings. In the retirement home, 
stone wool is used since it has better safety properties in case of fire and it has a similar heat transfer 
coefficient as mineral wool insulation. 

The small amount of energy needed for space heating and domestic hot water is supplied by 100% 
renewable energy generated on site and which is distributed in a local district-heating network. The 
goal is that as much as 40% of the annual energy use for domestic hot water and for space heating 
will come from solar thermal collectors. The rest of the heat needed is supplied by a local wood pellet 
boiler. For an evaluation of the energy system solution on a district-heating level, see Olsson et al. 
(2015) and Fahlén et al. (2014a). 

Below, the four different types of residential passive houses in Vallda Heberg are described. For a 
more detailed technical description, see Fahlén et al. (2014a) and Jimmefors and Östberg (2014). 

Detached houses 
There are 26 detached single family houses in Vallda Heberg, see Figure 2. Unlike the other 
residential buildings, these houses are owned by the residents. The heated floor area of the single 
family houses is 140 m2 split into two floors. There is a vestibule that, if used properly, is functioning as 
a wind catch and reduces heat leakage when doors are opened. There is also a carport with a storage 
room in close connection to the building. The carport as well as the balcony is designed to be used as 
solar shading for some windows on the first floor. The calculated annual specific energy use is 60 
kWh/m2 Atemp including energy use for space heating and domestic hot water as well as electricity use 
for the fans. In the calculation of the building energy performance, indoor temperature has been 
assumed to be 22˚C. 
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Figure 2: Detached passive house in Vallda Heberg (Abrahamsson, 2014). 

 

Terrace houses 
There are six terrace houses in Vallda Heberg with 22 apartments in total, see Figure 3. The heated 
floor area of the apartments is 64-91 m2 in one floor. All apartments in the terrace houses have their 
own entrance with a vestibule, a carport, and a storage room. The vestibules are functioning as wind 
catch and the carports are functioning as solar shadings. The apartments in the terrace houses are so-
called 55+ homes, which means that the tenants of the apartments have to be at least 55 years old. In 
the calculation of the building energy performance, the indoor temperature has been assumed to be 
22˚C. The calculated annual specific energy use is 59 kWh/m2 Atemp including energy use for space 
heating and domestic hot water as well as electricity use for the fans.  

 
Figure 3: Terrace house in Vallda Heberg (Abrahamsson, 2014, and Markgren, 2014). 

 

Apartment blocks 
There are four two-storey apartment blocks in Vallda Heberg with four apartments in each block, see 
Figure 4. The heated floor area in the apartment varies between 67-95 m2. Like the houses and 
apartments previously described, the apartments in the apartment blocks have a separate entrance 
with a vestibule that is functioning as wind catch. There is also a small storage room in close 
connection to the entrance. In order to reduce problems with over-temperatures during summer, the 
balconies are designed to shade some of the windows on the first floor and the eaves are designed to 
shade the windows on the south side of the second floor.  

Solar thermal collectors have been mounted on the south side of the roofs of all four apartment blocks. 
Since the solar thermal collectors are part of the area’s energy system solution (they are connected to 
two different sub-stations in the area), the heat produced has not been subtracted from the specific 
energy use. The calculated annual specific energy use is 52 kWh/m2 Atemp including energy use for 
space heating and domestic hot water as well as electricity use for the fans. In the calculation of the 
building energy performance, the indoor temperature has been assumed to be 21˚C. 

 
Figure 4: Apartment block passive house in Vallda Heberg  (Abrahamsson, 2014, and Markgren, 
2014). 
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Retirement home 
The retirement home in Vallda Heberg, see Figure 5, is the first passive house certified retirement 
home in Sweden. It has a net floor area (Atemp) of 7280 m² and consists of 64 small apartments divided 
into six departments on three floors. The retirement home also has social areas and activity rooms for 
the residents, a kitchen and a restaurant and office for the employees.  

In order to reduce problems with over-temperatures during summer in the retirement home, solar 
shading has been mounted above the windows. Still there is a small demand for comfort cooling 
during the summer and, therefore, a cooling system has been installed. In order to cover a part of the 
electricity used in the retirement home, 545 m2 of photovoltaics have been installed on the roof, see 
Figure 1. The goal is that at least 40 % of the total building service electricity and 100 % of the 
electricity used for comfort cooling, will be met by solar power on an annual basis. 

In the simulation of the building energy performance, the indoor temperature is allowed to vary 
between 22˚C and 25˚C. The calculated annual specific energy use is 50 kWh/m2 Atemp. This includes 
energy use for space heating and domestic hot water as well as electricity use for lighting, pumps, 
fans and elevators and solar power generated (as a negative energy use). 

 
Figure 5: Passive house retirement home in Vallda Heberg (Markgren, 2014). 

METHODS  
Expected energy performances of the passive houses are based on calculations performed in the 
simulation tool IDA Indoor Climate and Energy (IDA ICE) by NCC. The evaluation of energy 
performance and indoor climate in the occupied houses has been made by NCC, Eksta and 
Andersson & Hultmark. The passive houses in Vallda Heberg have been occupied from a half year to 
one and a half year by residents of different ages. The results presented in this paper are based on 
monthly measurements of energy use (for space heating, space cooling, domestic hot water, property 
electricity) during this period. Measured values of energy used for space heating have been 
statistically adjusted due to the outdoor temperature and its duration for a normal year. 
 
In three of the 26 detached passive houses, air tightness and heat recovery efficiency have been 
evaluated. Measurements of air tightness have been performed before occupancy and once again 
after one and a half year. The performance of the heat recovery unit has been evaluated based on 
hourly measurement for one year. In all homes, indoor temperature and air humidity have been 
measured on an hourly basis. In three detached passive houses, detailed measurements of thermal 
comfort and daylight factor have also been performed for a summer case and for a winter case. 
Measurements have been complemented by residents’ surveys to get a picture of the perceived indoor 
comfort and to get a picture of user behaviour. 

EVALUATION OF ENERGY PERFORMANCE 
The specific energy use, which includes property electricity (for buildings services), energy used for 
space heating and domestic hot water, are presented for the different types of residential passive 
houses in Vallda Heberg in Figure 6. Note that washing machines and dish washers in the passive 
houses are using domestic hot water. According to Swedish building regulations, the energy used for 
appliances is part of the household energy and not of the specific energy use. This means that the 
specific energy use is a bit lower than the values presented in Figure 6. According to a rough 
estimation based on residents’ surveys and standard values, the use of domestic hot water for 
appliances corresponds to 3-4 kWh/m2, year (Fahlén et al., 2014a), which may be subtracted from the 
values presented. Note also that the energy use presented does not include the heat produced in the 
solar thermal collectors in the area. The Swedish building regulations do not allow subtraction of heat 
produced in solar thermal collectors that are not located at each building. The net energy use would be 
considerably lower if the solar energy produced were subtracted from the energy use. 
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Figure 6: Calculated and measured average annual energy use for space heating, domestic hot 
water, property electricity and solar power generated (presented as a negative energy post) for 
the different types of residential passive houses in Vallda Heberg. 

The 26 detached passive houses, which have been occupied during the longest time period (one and 
a half year), have a lower measured energy use compared to the energy use calculated. The specific 
energy use for one year (from September 2013 to August 2014) in the 26 detached passive houses is 
presented in Figure 7. As shown, for the almost identical 26 single family houses, with almost the 
same number of residents in each house, the energy use (including heating, domestic hot water and 
property electricity) varies between 40 kWh and 75 kWh per m2 net floor area (Atemp) and year. The 
use of domestic hot water varies by a factor four. 

The average house fulfils the expected energy performance and has a lower energy use than what 
has been calculated. There are many possible explanations for this. These include energy-efficient 
end-user behaviour as has been shown in the results of residents’ surveys (no or little airing) and of 
indoor temperature measurements (annual average of 21.3 °C compared to 22 °C as assumed in the 
calculations). Results of detailed measurements for three houses also show that the building shell has 
very high air tightness (0.05-0.09 l/s, m² compared to the requirements of 0.25 l/s, m² for passive 
houses) and that the heat recovery unit has a high efficiency (annual averages between 73% and 
76 %, compared to 80 % as assumed in the calculations, which is within the uncertainties of the 
measurements).  

Another reason for a lower energy use than calculated (apart from a lower average indoor 
temperature) can be a higher internal heat supply due to a higher use of household electricity than 
assumed. The household electricity assumed in the energy calculations was 2760 kWh/year in the 
detached houses and the measured mean value was as much as 4672 kWh/year (based on 
measurements for 23 of the single family houses during 2013).  

As shown in Figure 6, the measured energy use for the six terrace houses (based on measurements 
for one year) and for the apartment blocks (prognosis based on measurements for nine months) 
exceeds the calculated energy use considerably, mainly due to a higher use of energy for space 
heating. There are three main reasons behind this – heat losses from hot water circulation, higher 
indoor temperature than assumed (for the apartment blocks) and frequent airing also during winter, 
which has been assumed unnecessary in well-ventilated passive houses. Probably, there are also 
heat losses from hot water circulation in the detached passive house, but they may be outweighed by 
other factors that decrease the energy used for space heating. 
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Figure 7: Calculated and measured average annual energy use for space heating, domestic hot 
water, property electricity for 26 detached passive houses in Vallda Heberg. 

The prognosis for the retirement home (based on a half year in full operation) shows that the net 
energy use is slightly higher than the net energy use calculated, see Figure 6. This is explained by 
higher use of domestic hot water, higher use of property electricity (including electricity for comfort 
cooling) and less solar power generated that can be subtracted from the gross energy use. The 
summer 2014 was warmer than a normal summer in Sweden, and resulted in the need for comfort 
cooling as well as in a high solar power generation in the photovoltaic plant. 

The solar power generation from the photovoltaic plant the first year in operation (Sep 2013 to Aug 
2014) was in fact higher than estimated (134 instead of 113 kWh/m2 photovoltaics). However, 
according to Swedish building regulations, only the power generated that can be used within the 
building for building services can reduce the specific energy use of the building (Boverket, 2014). 
Considering the hourly coincidence of power demand and generation, 63 % of the total solar power 
generation can be used for building services. For a more detailed analysis of the correlation between 
power demand for cooling and solar power generation for the retirement home in Vallda Heberg, see 
Fahlén et al. (2014b). 

EVALUATION OF INDOOR CLIMATE 
Measurements of indoor climate 
Even though the results are not directly comparable since measurements have not been performed for 
the same year for all buildings, some conclusions can be drawn. Generally, the indoor temperatures 
are relatively constant during winter while there is a correlation between indoor and outdoor 
temperatures during summer, see the results of measurements in 26 detached houses in August 2013 
and in January 2014 presented in Figure 8 and Figure 9 (Östberg and Jimmefors, 2014). In the 
figures, the hourly average value for all detached houses is represented by a black line; the green and 
red lines show the measured hourly values for the houses with the lowest and the highest monthly 
average value. 

Under-temperatures (<19°C) is not common in any of the residential houses. The results of hourly 
measurements show that, generally, the indoor temperatures in the terrace houses and the apartment 
block houses are higher than in the detached houses over the measurement periods. 

The results show that the share of over-temperatures (>26°C) in hourly measurements is considerably 
higher for the terrace houses (4.5 % of the values between October 2013 to September 2014) and for 
the apartment blocks (13 % of the values between January to September 2014) than for the detached 
houses (0.2 % of the values 2013). It should be mentioned that it was a very hot summer in the year 
2014 and the summer 2013 could be considered more normal. Since over-temperatures have been 
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measured in the terrace houses and the apartment blocks, it would be interesting to investigate the 
possibility to utilise night cooling in the heat exchange unit in a better way. 

It is interesting to note that the residents (in the detached houses) who pay for the energy used for 
space heating individually and have the possibility to adjust the indoor temperature themselves, they 
also have a lower indoor temperature than in the other households (terrace houses and apartment 
blocks) where the tenants pay indirectly for their energy cost for space heating in the rent. 

There is a connection between energy use and indoor temperature which is also shown in the 
measurement results. For instance, the indoor temperature is generally higher in the apartment blocks 
than assumed in calculations at the same time as the energy use is higher than expected. This is not 
the only reason but one of the reasons for the exceedance of the calculated energy performance for 
the apartment blocks. 

 
Figure 8 Indoor temperatures in 26 detached houses August 2013.  

 
Figure 9 Indoor temperatures in 26 detached houses January 2014. 
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Residents’ survey  
Detailed indoor climate measurements in three detached houses gave a very low PPD-value 
(Predicted Percentage Dissatisfied), which indicate a good perceived indoor climate. Nevertheless, 
measurements have been complemented by residents’ surveys to get a more accurate picture of 
perceived indoor comfort for a summer and a winter case as well as to get a picture of user behaviour.  
 
In general, the response rate was good. The lowest response rate (56 %) was found for residents in 
the apartment blocks where 9 and 10 (out of 16) households replied to the winter and the summer 
residents’ survey, respectively. The highest response rate (92 %) was found for residents in the 
terrace houses where 20 and 19 (out of 22) households replied to the winter and the summer 
residents’ survey, respectively. For the detached houses 17 and 18 (out of 26) households replied to 
the winter and the summer residents’ survey, respectively. It is not straightforward to calculate the 
response rate for the employees at the retirement home where 9 to 10 of the employees available (out 
of 40-50 employees including kitchen staff and ushers) replied to the questions.  
 
This paper focuses on perceived indoor temperatures and on airing habits since these two factors 
have a large influence on the energy performance. For a more detailed evaluation, see Fahlén et al. 
(2014a). 
 
Indoor temperature 

Most residents in the detached houses, terrace houses and apartment blocks answered that they were 
very of fairly satisfied with the indoor temperature during the winter (2013/2014), see Figure 10. Also 
the employees at the retirement home were generally satisfied with the indoor temperature and they 
estimated that few of the residents were dissatisfied. During summer, the answers are more dispersed, 
see Figure 11. Note that the question was asked differently in the different surveys and that the survey 
was performed for different periods; residents in the detached houses answered the residents’ survey 
for the summer 2013 (regarding perceived heat) and the residents and employees in the other houses 
participated one year after and answered the question for the summer 2014 (perceived indoor 
temperature). 
 
According to the answers, the employees at the retirement home and the residents in the detached 
houses and the terrace houses were more satisfied with their indoor climate (regarding indoor 
temperature/heat) than residents in the apartment blocks. The results are reasonable. Only the 
retirement home has comfort cooling available and, as previously mentioned, over-temperatures were 
measured during the warm summer 2014, especially in the apartment blocks. However, even though 
over-temperatures were also measured in the terrace houses, most of the residents in these houses 
were satisfied with the indoor temperature. 
 
Airing habits 

According to answers from the residents’ surveys, the most frequent airing during winter can be found 
in the retirement home, the terrace houses and the apartment blocks. It is interesting to note that the 
residents (in the detached houses) who pay for the energy used for space heating individually and 
have the possibility to adjust the indoor temperature themselves, do not only have lower indoor 
temperatures, but also a more energy-efficient behaviour considering airing habits compared to the 
tenants who pay for their energy cost for space heating indirectly through the rent. 

There is a connection between the results of resident’s surveys and the energy use measured, 
especially considering airing habits. Apart from the results of residents’ surveys, the real estate owner 
Eksta Bostads AB has experienced that the vestibules have been used as an extra floor area in the 
houses and apartments also during winter. After information campaigns to all residents, it is only in the 
apartment blocks that doors opened to vestibules have been seen frequently. There is no insulation in 
the vestibules which means that the heat leakage is huge and will result in a higher energy use for 
space heating. 
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Figure 10: Result of answers to the questions: How satisfied have you been regarding indoor 
temperature in your home/at your workplace during the winter? How satisfied do you think the 
residents in the retirement have been regarding indoor temperature in their homes during the 
winter? 
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Figure 11: Result of answers to the questions: How satisfied have you been regarding indoor 
temperature/heat in your home/at your workplace during the summer? How satisfied do you 
think the residents in the retirement have been regarding indoor temperature in their homes 
during the summer? 

CONCLUSIONS AND DISCUSSION 
Considering the relatively short time of operation, the passive houses in Vallda Heberg perform well. 
Most of the responding residents are satisfied with the indoor climate. In general, residents are 
satisfied with the indoor climate during winter while the opinions are more dispersed for the summer. 
Comfort cooling is available only in the retirement home and it is not possible in the other passive 
houses to reduce the indoor temperature below the outdoor temperatures by airing during hot summer 
days. Improved possibilities for night airing in the ventilation system could probably reduce over-
temperatures.  

Some buildings have lower energy use than calculated while others exceed the expected energy use. 
Technical factors that may have a large impact in the measured energy use are air tightness of the 
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building shell, efficiency of heat recovery unit and heat losses from hot water circulation. Of these 
factors mentioned, heat losses from hot water circulation have been identified as one of the main 
reasons for exceedance of expected energy performance in the apartment buildings (terrace houses 
and apartment blocks). Probably, there are optimisation possibilities for future hot water circulation 
system to reduce heat losses inside the buildings by decreasing the length of the circulation pipes.  

The share of user-related energy in total energy use is especially large (in relative numbers) when it 
comes to passive houses which have a very low energy demand. The large differences in energy use 
between the different households in Vallda Heberg indicate the difficulties for evaluating energy 
performance of a building according to the Swedish building regulations (based on measured energy 
use).  

According to results from detailed measurements and from residents’ surveys, the indoor climate 
during winter is generally good in the passive houses. Still, the results reveal frequent airing in the 
apartment buildings (terrace house and apartment blocks) also during winter, which has been 
assumed unnecessary in well-ventilated houses. It is interesting to note that the residents (in the 
detached houses) who pay for the energy used for space heating individually and who have the 
possibility to adjust the indoor temperature themselves, do not only have lower indoor temperatures, 
but also a more energy-efficient behaviour considering airing compared to the tenants who pay for 
their energy cost for space heating indirectly through the rent. The large variations in airing habits, use 
of domestic hot water and household electricity as well as in indoor temperature preferences indicate 
the need for a strong involvement of residents in order to secure an energy-efficient behaviour. 
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