
WORKING PAPERS 102 • 2007

Ardi Daniëls

Study of technical solutions in low energy houses,  
satisfaction, lifestyle and changes for the residents
Study of technical solutions in low energy houses, Study of technical solutions in low energy houses, 

Life and living in low energy houses



 



WORKING PAPERS 102 • 2007

Life and living in low energy houses 

Ardi Daniëls

Study of technical solutions in low energy houses,  
satisfaction, lifestyle and changes for the residents



National Consumer Research Centre, Working Papers 102 • 2007

Life and living in low energy houses – Study of technical solutions in low energy  
houses, satisfaction, lifestyle and changes for the residents

Ardi Daniëls

National Consumer Research Centre
Kaikukatu 3, 00530 Helsinki, Finland
P.O. Box 5, 00531 Helsinki, Finland
Tel. +358 9 77 261
Fax +358 9 7726 7715
www.ncrc.fi

October 2007



Summary

ardi Daniëls

Life and living in low energy houses – Study of technical solutions in low energy 
houses, satisfaction, lifestyle and changes for the residents

This report is about the life and living in low energy houses in Finland. A new research framework is 
developed for studying this topic on large scale. This report tries to answer the following questions:

Main question: what aspects are relevant for a research framework that can be used to study the 
behavior of residents in low energy houses?

Sub questions:
What are the differences in types of low energy houses, applications and the use of these 
applications?
How have consumption patterns changed since people are living in a low energy house, from 
the perspective of the user?
Does living in a low energy house result in a rebound effect?
Does the extent of influence of the resident on the building process of influence the change in 
consumption pattern?
Does living in a low energy house result in lower total energy consumption than living in a 
standard house?

The newly developed research framework should answer the last sub question. In this report, a preli-
minary answer is given.

Due to a limited amount of available literature expert interviews were first executed. During these 
discussions the experts provided useful literature, which is also been studied for this research. Five 
families filled in a diary during one week in the winter of 2006/2007. Also a questionnaire was 
administered. Afterwards an interview in their houses was held. The methods were mainly used for 
investigating the behavior of the residents, changes in behavior due to living in a low energy house 
and use of the technical solutions that aim to decrease the energy consumption.

The number of houses in Finland is increasing as is also the amount of energy used. The most 
important reason for that is an increase in the number of (small) households. Solutions to prevent or 
even counteract the tendency of increasing energy consumption are being sought. Low energy hou-
ses might be an appropriate solution. Information is lacking concerning the number of low energy 
houses built, however a new label system for energy consumption of houses that will be introduced 
in Finland in 2007 will likely clarify the situation. 

In the current report, information is given concerning the technical solutions implemented in the 
low energy houses: structure of the building (needs to be as simple as possible in order to decrease 
building costs, installing a more reliable heating system and increase energy efficiency), insulation, 
windows, lower floor, roof, heating and ventilation system (most important issue for Finnish low 
energy houses due to the low temperatures; these houses aim to decrease heating energy), heat pumps, 
fireplace, sauna, tap water, indoor air quality, solar energy and other appliances. Also the technical 
solutions installed in the houses of the respondents are discussed.

It was unknown what the expectations about living in a low energy house of the residents are. It 
was supposed that also other than ecological or sustainable living aspects were important, which can 
be summarized in better indoor air quality and financial aspects. It seemed that these were important 
reasons for the residents to choose for a low energy house, however often they did not have any special 
expectations about living in a low energy house.

Building the house is a difficult task because designing is difficult, as well as choosing the building 
materials and technical solutions. Information concerning the interrelationships between different 
energy saving solutions and guidance from designers, constructors and suppliers is lacking. The resi-
dents in this study often relied on experiences in their field of action or from relatives. 

•

•

•
•

•



The use of the heating system and then the knowledge of the resident concerning how to use it 
optimally are essential for a good use. The residents paid much attention to choosing an appropriate 
system for the house and for their family from a user and energy efficiency perspective. In particular, 
the men in the families also devoted much attention to adjusting the heating system.

The experts interviewed expected that the residents were satisfied about many aspects of the house. 
All the residents were indeed satisfied, however some had some small comments on the design and 
design process, materials and heating system. No difference in satisfaction were found due to different 
levels of influence on the building process.

Household activities influence the total energy consumption. Many aspects were investigated: 
showering and bathing behavior, sauna, food preparation, doing the dishes, doing the laundry, clea-
ning, shopping, car use and transportation, going to the summer cottage and on holiday abroad and 
leisure activities. It seemed that many activities are executed due to sustainable, ecological or health 
motivations. It seems that the residents are conscious about their behavior. However it is difficult to 
conclude whether they are more aware than when they were living in their previous house or than 
residents living in a standard house, because information is lacking about it. Another difficulty is that 
also other aspects than just living in a low energy house might have an influence on choosing a certain 
behavior and the reasons for it. 

It seems that the residents want to spend their money on more expensive products, because in their 
opinion these products do have a better quality and are more environmental friendly, or the residents 
feel responsible for taking this decision. Some respondents explained that their standard of living had 
increased since their mortgage was redeemed or that they want to live in a low energy house due to 
an expected reduction in income.

In this study, a new research framework is developed in order to study living in a low energy house 
on larger scale, in order to answer the fourth sub question. In this framework attention is paid to 
excluding side effects of moving to a new location with different services available and the search for 
information needed to make comparisons between residents living in low energy houses and standard 
houses, and between the current and previous situation of residents of low energy houses.
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ChapTer 1: INTroDuCTIoN 

1.1 research framework

A low energy house is a type of building that aims 
to decrease 50% of the energy consumption com-
pared to a house built consistent with the Building 
Code 2003. In Finland most attention is paid to 
decreasing heating energy. This aim is realized 
by equipping the house with several technical 
solutions. 

In Finland the energy consumption is rising. 
The most important reason for this is that the 
number of (small) households increases. The 
government is searching for solutions in order to 
prevent or counteract the tendency of increasing 
energy consumption. 

So far no information is available concerning 
living in a low energy house. It is unknown how 
people behave in their houses, react on the new 
circumstances, appreciate their house and whether 
this type of houses is appropriate for becoming a 
mainstream product. This report wants to give an 
insight into this. 

Which information is already available?

In Finland, some research is done about low energy 
housing and much research is done about energy 
consumption in households. Research about low 
energy houses is mostly limited to technical aspects 
and figures about the energy saving potential and 
to marketing aspects of the houses and how to 
improve these. Research about energy consump-
tion in households is about energy savings, energy 
consumption and how environmental friendly 
households are. This information is combined with 
lifestyle and behavioral patterns of these people. 
The information is only about families living in 
standard houses, and there is not much up-to-date 
information in English. Behavioral patterns of resi-
dents in low energy houses have never been studied 
so far. There is no previous research on behavio-
ral changes resulting from living in a low energy 
house, or to what extent changes in behavior have 
an influence on energy savings. There is also no 
research available on the motives of the residents 
to choose for a low energy house. Low energy hou-
ses are promoted as a solution to save money and 
energy in the long term. It is not known whether 

residents take these aspects into account and what 
their experiences are about the money and energy 
savings.

Introduction and motives for this research

This research aims to develop a new research fra-
mework in order to determine how residents of 
low energy buildings are living. It will mainly focus 
on exploring their behavior. From this it will be 
determined whether the behavior is focused on 
energy savings and how living in a low energy 
house changes the daily activities. Furthermore, 
it will be studied which systems aiming at saving 
energy are available in these houses. Also the use of 
these applications by the residents will be analyzed. 
Finally, the reasons to choose a low energy house 
and the expectations residents had beforehand, 
and to what extent these came true, will be stu-
died. Hence an in-depth study of a few households 
will be conducted in their homes in order to select 
the essential points for the framework that will be 
developed.

This framework can be used for determining 
whether residents living in low energy houses are 
actually saving energy, with a focus on their total 
energy consumption including household activities. 
Moving to a new home brings changes in the life of 
the residents compared to living in their previous 
house and this framework could be used in order to 
determine what the changes are for residents living 
in low energy houses. Then it can be studied whet-
her those people are more environmental friendly 
in their total consumption pattern or whether they 
save money and spend it on other goods and servi-
ces that are damaging for the environment. In this 
case, a rebound effect occurs. It might also happen 
that people become more ecological or sustainable 
in other aspects in their lifestyle due to living in a 
low energy house.

Selecting the essential points for this new rese-
arch framework will be done by collecting infor-
mation about different aspects of the daily activi-
ties of the residents living in low energy houses. 
This will be compared, as far as possible, with data 
concerning the daily activities of residents living in 
standard houses. When there is a big difference, the 
item will be included in the research framework. 
When information of residents living in a standard 
house is lacking, the aspect will be included in the 
research framework anyway. A recommendation 
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then is to compare this information with the resi-
dents living in a standard house.

Importance of the study

The framework that will be developed can be used 
for research on a larger scale. By doing this exten-
ded research the total energy use for daily activities 
of residents living in a low energy house can be 
determined. This will give an answer to the ques-
tion whether people living in a low energy house 
are actually saving energy. The information can be 
used for policy makers to stimulate living in a low 
energy house and for improving the solutions, both 
in technical solutions and in other aspects that have 
an influence on the daily activities of the residents. 
The technical systems can be adapted to the actual 
behavior of the residents in order to make the use 
more optimal: more energy efficient and easier to 
use for the resident.

Description of the keywords as used in this 
study:

Consumption pattern: expenditures and 
life style (housing practices) of low energy 
house residents inside and outside the 
house.
Energy consumption: use of direct and 
indirect energy for heating, warm water, 
transportations and consumption needed 
for daily activities (Ranta, 1996).
Initiative of building low energy houses: 
low energy house built by the resident him-
self, bought in a low energy house project, 
or existing building renovated into a low 
energy house. The house can be a new or 
an existing building and residents can be 
involved in the building process to different 
extents. 
Low energy house: house that saves at least 
50% of the heating energy compared to 
standard houses built consistent with the 
Finnish Building Code 2003.
Rebound effect: the introduction of a 
new technology that is meant as a solution 
results in increasing the problem because of 
changes in the consumption patterns (Slob 
and Verbeek, 2006) or provides a greater 
improvement than expected because people 
acquire new norms (Groot-Marcus et al., 
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2006). These results in a change of total 
energy consumption, which can either be 
positive or negative. 
Standard house: house without special 
energy saving measures. If it is a new buil-
ding it must be build consistent with the 
Finnish Building Code 2003.
Perspective of the user: consumption pat-
terns and user patterns of durable and non-
durable goods, services and the low energy 
house applications as judged by the resident. 
During the building phase also user invol-
vement in design and construction of the 
house is a characteristic of the perspective 
of the user.

1.2 Conceptual design

Aim of the research:
The aim of the research is to determine which infor-
mation is needed in order to develop a research fra-
mework that can be used to study the behavior of 
residents living in low energy houses. When this 
behavior is studied on a larger scale it will be pos-
sible to determine which measures could be taken 
by policy makers and engineers to enhance energy 
efficient living.

Definition of the problem:

Main question: what aspects are relevant for a rese-
arch framework that can be used to study behavior 
of residents in low energy houses?
Sub questions:

What are the differences in types of low 
energy houses, applications and the use of 
these applications?
How did consumption patterns change since 
people are living in a low energy house, from 
the perspective of the user?
Does living in a low energy house result in a 
rebound effect?
Is the extent of influence of the resident 
on the building process of influence on the 
change in consumption pattern?
Does living in a low energy house result in 
lower total energy consumption than living 
in a standard house?

By answering these sub questions the main 
question can be answered. The sub questions make 
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it possible to select the critical points needed for 
developing the new research framework. It also 
gives a direction in which the answer on the main 
question should be searched. 
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ChapTer 2: meThoDS 

For this research several sources and methods will 
be used. This chapter explains why these specific 
information sources were used and how they were 
used. 

The literature used for this study consists of rese-
arch reports and scientific magazines from several 
Finnish research centers and international scientific 
journals. Also data from Statistics Finland is used in 
order to get the most recent figures that are relevant 
for this study. First, literature was used in order to 
see what has already been studied about low energy 
housing. This is indeed useful for outlining this 
project and writing the introduction chapter. For 
Chapter 3: Background information literature was 
used to give an overview of the different techni-
cal solutions implemented in low energy houses, 
to give information about the residents living in 
low energy houses and to describe the daily acti-
vities of the Finnish people. If possible, a com-
parison between technical appliances in standard 
houses and low energy houses, and behavior cha-
racteristics of residents living in a standard house 
and low energy house is given. The literature gave 
also many insights for developing the new research 
framework.

For this research also expert interviews were 
conducted. Companies have commissioned most 
of the research done so far, so the research papers 
are not publicly available. During the interview 
the experts gave those useful reports. They also 
gave a lot of information concerning the techni-
cal aspects and their expectations concerning the 
experiences about living in a low energy house. 
This information is incorporated in Chapter 3: 
Background information. The following persons 
were interviewed:

J. Laine, 10 November 2006 and 21 Decem-
ber 2006, Senior Research Scientist at VTT, 
department Building and Transport
B. Erat, 27 November 2006, PhD Architect 
SAFA, Erat Arkkitehtitoimisto Ky
J. Heljo, 28 November 2006, Laboratory 
Engineer at Tampere University of Techno-
logy, department Construction Economics
S. Karjalainen, 4 December 2006, Research 
Scientist at VTT, department Building and 
Environment

•
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E. Korhonen, 11 December 2006, Rese-
archer at Urban Research Department 
Helsinki
K. Rautiainen, 13 December 2006, Cus-
tomer Service Manager, Construction and 
households at Motiva
J. Nieminen, 14 December 2006, Research 
Scientist at VTT, Building Technology, 
department Indoor Climate and Building 
Services
K. Bossart, 21 February 2007, Statistician 
at Statistics Finland, Finance of housing 
corporations.

Unfortunately it was not possible to contact a 
supplier of the low energy application systems. Mr. 
Pääjärvi from LVI-Suunnittelupalvelu Senewa Oy 
did not answer phone calls or e-mails. Therefore, 
information concerning an optimal use of the app-
lications is lacking. 

In order to study the actual behavior of resi-
dents living in low energy houses, five families were 
asked to fill in a diary during one week. Contact 
information for these residents was obtained from 
the expert interviewees. Four families filled it in 
between 10 and 16 January 2007 and one family 
between 10 and 16 February 2007. Also a questi-
onnaire of 55 questions was included. This and the 
diary gave information about the activities inside 
and outside the house, which products and services 
the residents use and the frequency and time spend 
on the activities. The questionnaire and diary can be 
found in Appendix D. The questionnaire was tested 
and the diary was also tested for one day by a col-
league at the National Consumer Research Centre. 
The comments of the test-person were integrated 
in the final version. A few days after filling in the 
diary and questionnaire by the respondents in the 
sample, an interview was done with these residents 
for specifying questions and asking questions that 
were too difficult to answer in a questionnaire or 
diary.  The interviews were open and unstructured. 
Pre-defining closed interview questions might have 
been risky because valuable information for this 
project might be disregarded. The interviews aimed 
to develop a complete view about how residents are 
living in a low energy house and their satisfaction 
level. One pilot study and four interviews were 
accomplished. Also the houses were observed and 
the temperature was measured. The results of this 
part of the study are incorporated in Chapter 4: 
Results of the field study. 

•
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ChapTer 3: BaCkgrouND 
INFormaTIoN

3.1 energy use in the domestic setting 
in Finland

The Finnish climate

The winters are cold and the summers warm in 
Finland. In the southwestern area the annual tem-
perature is about +6°C and in the most northern 
area -2°C. July is the warmest month; the mean 
temperature varies then between +14 and +18°C 
in almost the whole country. It is possible that 
the daily temperatures then even rise to +30°C. 
January and February are the coldest months, the 
mean temperatures vary between -4°C in the south 
and -15°C in the north (Karjalainen, 2007).

Figures concerning the building stock in 
Finland

In Finland, there were 2,634,728 dwellings in 
2005. The composition of the different types of 
dwellings is as follow: 39.9% are detached houses, 
13.6% attached houses, 44.1% blocks of flats and 
2.4% other buildings (Statistics Finland, Popula-
tion Statistics: Employment and Dwelling Statis-
tics, 206, 2006). In 2005, 15,831 new residential 
buildings (Statistics Finland, Business Trends: 
Industry and Construction, 199, 2006) and 4,172 
summer cottages were built. The total number of 
summer cottages in 2005 is 474,277 (Statistics 
Finland, Population Statistics, Employment and 
Dwelling Statistics, Statistics Finland, Business 
Trends: Industry and Construction, 218, 2006). 
Many of these cottages are designed and equipped 
like standard residential houses (o.i. Rautiainen, 
2006). In 2004 the average size of floor area of the 
dwelling was 37.1 m² per person, and the average 
size of a dwelling was 77.6 m² (Statistics Finland, 
Population Statistics: Employment and Dwelling 
Statistics, 210, 2006). In recent years, the policy 
of the government has been to promote building 
detached houses (Halme et al., 2005).

The number of low energy houses built in Fin-
land is unknown due to a lack of statistics about it. 
Roughly 5 to 10% of the new build houses per year 
are low energy houses. Statistics concerning insula-

tion type are also lacking, however there are statis-
tics available concerning building materials: at the 
end of 2004, 84.1% of all conventional residential 
buildings in Finland, including free-time residen-
ces, were made of wood and 12.6% were made 
of stone (Statistics Finland, Population Statistics: 
Employment and Dwelling Statistics, 203, 2006). 
Of the sold and built standard detached houses, 
60 to 70% are prefabricated houses (Halme et al., 
2005).

In 2007 a new regulation concerning a labeling 
system for houses will be introduced in Finland. 
Every house will be classified and certificated accor-
ding to its energy consumption. Based on these 
certificates it will be possible to determine how 
many low energy houses have been built. The label 
is obliged for newly built residential houses and all 
apartments, including the already built ones. At 
present, it is only inspected whether the houses are 
consistent with the Finnish Building Code 2003. 
In this Code, requirements are determined for a 
maximum level of energy use and heat losses for 
the building components. The requirements are 
valid for all the houses (Nieminen, 2000). In 2004 
the Building Code was reviewed in order to dec-
rease the energy consumption levels by 25 to 30% 
compared to the energy consumption level then 
(Heiskanen, forthcoming). 

Energy consumption in the domestic 
setting

The total energy consumption in Finland is 
1,077,020 terajoule. Space heating requires 
236,489 terajoule, which is 22% of the total energy 
consumption (Statistics Finland, Business Structu-
res: Environment and Energy, 186, 2006). Buil-
dings consume 34% of all primary energy use in 
Finland (Laine and Saari, 2004). Of the total CO2  
emissions, 31% is exhausted by heating buildings. 
More than 80% of the environmentally harmful 
emissions from buildings are emitted when the 
building is used and consumes energy (Laine and 
Saari, 2004). The total electricity consumption 
for agriculture and households is 21,450 GWh in 
2005 (Adato Energia Oy and Statistics Finland, 
190, 2006). 

The total amount of energy consumed for 
space heating between 1970 and 2005 is shown in 
Figure 1. From this figure it seems that there was 
a decrease in energy consumption until 1990. The 
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energy consumption increased till 2003 and since 
then it is decreasing again. Until 1990 the total 
energy consumption for space heating was measu-
red only once in five years, so in 1970, 1975, 1980 
and 1985. From 1990 it was measured on yearly 
basis (Statistics Finland, Business Structures: Envi-
ronment and Energy, 186, 2006). 

Source: Statistics Finland, Business Structures: Environ-
ment and Energy, 186, 2006 

Figure 1: Final energy consumption for space heating, 
1970–200�

Because the number of households, and then only 
the small ones, was increasing between 1980 and 
2005 (Statistics Finland, Population Statistics: 
Employment and Dwelling Statistics, 214, 2006)), 
the total energy use has also increased. The use 
of electricity has increased because more electricl 
devices were purchased (Nurmela, 1994). Another 
reason is that new houses are built in the munici-
pal areas where no district-heating network is avai-
lable, so the houses are heated with electricity (Per-
rels et al., 2006 in: (Heiskanen, forthcoming). Of 
the total electricity consumption, 10% is used for 
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space heating. In peak periods 30% of the electri-
city generation capacity is used for heating and the 
CO2  emissions during this period are eight times 
higher compared to normal periods (Heiskanen, 
forthcoming). 

Since the 1970s the industry became more 
energy efficient. The Finnish policy for energy is 
dualistic: providing cheap energy because this is a 

competitive factor, and aiming to save energy and 
use renewable energy sources (Heiskanen, forthco-
ming). The Kyoto protocol obligated Finland to 
decrease the CO2  emissions (Halme et al., 2005). 
In 2010 the emission level must be reduced to 
the level of 1990 (Heiskanen, forthcoming). The 
Finnish government is searching for solutions in 
different fields (Heiskanen, forthcoming) and is 
interested in promoting to build low energy houses 
(Halme et al., 2005). 

Heating in standard houses

Standard houses are well insulated and provided 
with a centralized heating system or direct electri-
city. The room temperature is between 20 to 24°C 
in the winter and in the summer it could rise to 
25 to 30°C. Cooling systems are rather uncommon 
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in residential buildings. Many standard houses are 
aired naturally or cooled by means of a mechanical 
exhaust ventilation system (Karjalainen, 2007). 

In existing standard houses an oil-heating sys-
tem is installed more often than in new build stan-
dard houses, although these systems are chosen 
more frequent for new built standard houses than 
a few years ago. However, the total number of oil 
heating systems in standard houses is decreasing 
(Figure 2). In large standard buildings a district 
heating system is installed, in small houses most 
often an electric heating system is chosen because it 
is most economical. Especially electric ceiling and 
electric and oil floor heating make the choice for 
these heating systems attractive because the systems 
are more convenient, better manageable and safer. 
In the 1980s many people changed their heating 
system into a district heating system or a domestic 
fuel heating system, due to the energy crisis during 
this period and the government subsidizing rep-
lacement. Wood has been the traditional heating 
fuel in Finland and it has made a partial comeback 
since the 1980s. Due to a price increase for oil, the 
fuel price became more important for choosing a 
certain heating system than the investment costs of 
it. This situation changed when real energy prices 
decreased in the 1990s (Heljo et al., 1997). The 
average price in Finland for district heating is €40/
MWh, for electricity it is €70/MWh. This depends 
on the city; in some cities the energy price could be 
higher (Heljo and Peuhkurinen, 2004). Nowadays 
45% of the houses in Finland are heated by district 
heating, and around 20% of the houses are heated 
with oil and another roughly 20% of the houses 

are electricity heating. Geothermal heating systems 
had a share of 10% in the total number of sold 
heating systems in 2005; this share is increasing. 
It is expected that electrical heating will maintain 
a strong position due to its convenience in use and 
maintenance, although this type of main heating 
system was chosen less frequent during 1999 to 
2004. The number of installed electrical main hea-
ting systems compared with the total number of 
installed main heating systems declined from 58% 
to 50%. Another expectation is that it will be espe-
cially popular for low energy houses, because these 
houses require less energy than standard houses so 
the residents are unwilling to make a great invest-
ment for a heating system (Ympäristöministeriön 
moniste 166, 2006). Wood heating becomes more 
popular for standard houses, especially as second 
heating source. Some families use wood heating as 
primary heating source and electrical heating as a 
supplementary heating source (Heiskanen, forth-
coming). A special form of wood heating is pellet 
heating. This could be a good alternative for oil hea-
ting due to increasing oil prices. The oil boiler must 
be equipped with a pellet burner then. However, a 
lot of discussion is going on whether this solution 
is workable as an alternative for oil heating (Ympä-
ristöministeriön moniste 166, 2006). In Figure 2 is 
shown what the distribution of installed systems is 
for new-detached houses.

In Table 1 the distribution of already installed 
heating systems in different types of standard hou-
ses is shown.

Figure 2: Distribution of installed heating systems along with 
main fuel for new-detached houses (Tilastokeskus, Väestörekis-
terikeskus, ennuste: Heljo, Nippala, in (Ympäristöministeriön 
moniste 1��, 200�)) 
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In standard houses the amount of energy used 
for heating is around 120 to 150 kWh/m² per year, 
in low energy houses this is 40 to 60 kWh/m² per 
year. The aim of a low energy house is to decrease 
the need for heating so that radiators can be elimi-
nated (Laine and Saari, 2004). Reducing the hea-
ting energy consumption is most important in the 
Finnish climate (Nieminen, 2000). However, the 
components have, besides heating, also a cooling 
function (Laine and Saari, 2004).

Low energy houses in Finland

Low energy houses consume 50 to 70% less hea-
ting energy compared to standard houses. In stan-
dard houses the amount of energy used for heating 
is around 120 to 150 kWh/m² per year compared 
to 40 to 60 kWh/m² per year in low energy houses 
(Laine and Saari, 2004). Because 22% of the total 
energy consumption is used for space heating, low 
energy housing is a very welcome solution for Fin-
land (Heiskanen, forthcoming). 

The low energy house concept is mostly used for 
residential houses. For apartments or apartment 
blocks it is still an uncommon building method 
(o.i. Laine, 2006a).

There are three types of low energy houses (o.i. 
Heljo, 2006). In the first type the insulation in the 

upper floor and walls is improved. These houses are 
so-called ‘small-houses’, namely less than 150 m² 
in total. These are heated with electricity and the 
room temperature is 21 to 22°C. These houses use 
60% of the amount of energy compared to a stan-
dard house. The heat is provided for 10 to 30% 
by wood. The second type of low energy house is 
heated through a heat pump, which is combined 
with oil or district heating, which is cheaper than 
electrical heating. The heat in the second type low 
energy house is provided for 5 to 10% by wood, 
especially the sauna heating. These houses are lar-
ger, 200 m² and the room temperature is as well 
21 to 22°C. The energy savings in this type is 50% 
compared to a standard house. Combining the 
applications from the first and second type of low 
energy houses is economically inefficient. Most 
people are choosing the heat pump system, because 
it is most appropriate one for them. The third type 
low energy house is uncommon; it is known as ‘eco-
logical house’. It is heated on wood and the indoor 
temperature is between 16 and 23°C. Similarly to 
the first type of low energy houses, these houses 
often have a special insulation. 

1) Liquid gas is used in free-time residences and agricultural buildings
2) TJ = terajoule = 1012 joules (= 277.8 MWh)
Source: Statistics Finland, Business Structures: Environment and Energy, 194, 2006

Table 1: Energy sources for space heating by type of buil-
ding in 200�
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3.2 Technical solutions  
From the studied literature, it can be concluded 
that many technical applications or systems are 
available in order to decrease the energy consump-
tion in a low energy house. This section will give 
information of the different appliances that can be 
installed.

The low energy houses are equipped with 
simplified systems. VTT utilizes this definition: 
“in structural and mechanical design the concept 
of ‘simplifying’ means decreasing the number of 
components and materials, simplifying the compo-
nents which are necessary and using the same com-
ponent or system for various different functions” 
(Laine and Saari, 2004). Simplifying brings many 
advantages as savings in investment costs, the sys-
tem becomes more reliable, less materials need to 
be ordered, transported, installed and fixed, the 
transport waste is reduced as well as the waste 
management costs (Laine and Saari, 2004).

The initial construction costs of a low energy 
house are 2 to 5% higher than of a standard house. 
These extra construction costs are earned back 
in 5 to 15 years energy savings. The total extra 
construction costs are €30 to €80/m². Because the 
house requires less heat, simplified systems can be 
installed and construction costs are lower than for 
standard houses (Laine and Saari, 2004).

The U-value is the coefficient of thermal trans-
mittance (Laine and Saari, 2004) of a construction 
element of the house. It specifies the energy flow 
(Watt) per square meter per K temperature diffe-
rence. So U = W/m²K. This coefficient is used to 
calculate the amount of energy that is needed for 
keeping the room temperature at a constant level. 
For calculating the energy flow, the inside and out-
side temperatures and the element area are needed. 
Q is the energy input expressed in kWh for this 
part of the house to keep the room temperature at 
a constant level in a certain time period. 

Q = U * (inside – outside temperature) * area of 
part * amount of time. 

Temperature is expressed in Kelvin and time in 
hours. The lower the U-value, the lower the amount 
of thermal energy that is transferred through this 
element. The U-value is also needed for calcula-
ting the energy savings, for that purpose U-values 
before and after improving the compartment are 
needed (o.i. Heljo, 2006).

VTT studied energy consumption for diffe-
rent compartments of several types of one-family 
houses. Also the energy that is needed due to heat 
losses by different compartments is calculated. The 
results are included in Appendix A. 

The applications and appliances that can be 
installed in low energy houses will be discussed per 
item.

Structure of the building

It is important that during the building phase the 
constructor takes care that all the structural ele-
ments of the house are connected tightly in order 
to avoid air and heat leakages (Laine and Saari, 
2004). The house should be designed in a way that 
heat leakages via pipes are avoided (Heiska, 2006).

Building all new houses consistent with the 
low energy house principles is the best. Renova-
ting existing buildings into low energy houses is 
also important (Laine and Saari, 2004). However 
the energy savings are lower in low energy houses 
that were originally standard houses, only 40%, 
because some new installed appliances, for instance 
the heat pump, is running on electricity. This used 
electricity is excluded in the calculations made 
before the renovation process. The building mate-
rials are often older than the materials in new build 
low energy houses (o.i. Heljo, 2006). Furthermore 
renovating an existing building into a low energy 
house is a complicated task because of making a 
good design and choosing and installing the best 
technical solutions (o.i. Laine, 2006a).

The structures and building materials should be 
safe. It is possible to use wood as building material. 
Potential investors assume building a multi-storey 
wooden building is a risky investment due to high 
maintenance costs. Wooden buildings have been 
built often; however for wooden low energy houses 
there is still limited experience concerning design, 
construction and use. When the timber treatment 
is accomplished well, the high quality of the buil-
ding material decreases the maintenance costs 
(Laine and Saari, 2004). 

Extra energy savings in wooden apartments are 
possible by doubling the amount of insulation and 
installing a ventilation system combined with heat 
recovery system. The houses use 60% less heating 
energy compared to standard houses (Laine and 
Saari, 2004).  
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It is also possible to build a low energy house 
with a light steel envelope construction. Perfora-
tions in the web of the construction reduce heat 
transportations outside the room by the steel frame. 
This enhances the thermal characteristics of the 
structure. Also here the walls are well insulated by 
using gypsum and mineral wool. The foundation 
is insulated with expanded polystyrene insulation. 
This type of low energy houses, when equipped 
with all the other low energy attributes, consume 
60% of the amount of energy compared to stan-
dard houses (Nieminen, 2000).

By simplifying the water distribution system in 
low energy houses, water damage could be avoided 
or quickly and easily ascertained (Laine and Saari, 
2004).

As also mentioned below, the structures of 
the building are able to store heat. The characte-
ristics of the structures concerning heat capacity 
influence the heating energy consumption. In 
low energy houses it is possible to decrease the 
heating energy by 19% by using good structures 
(Laine and Saari, 2006). The heat is provided by 
electrical heat, which is transferred via the electric 
cables in the structures. The heat is then stored 
in these structures (Laine and Saari, 2004). Due 
to the absence of radiators cleaning is easier (Asu 

Paremmin, date unknown). Technical devices are 
less important for decreasing energy consumption 
than the building construction (o.i. Erat, 2006). 
This means that an airtight construction without 
technical devices already saves energy, because the 
heat is not exhausted. 

The Building Code requires that the airflow into 
bedrooms is 4 dm³ per second per person; howe-
ver in low energy houses it is possible to double it 
(Laine and Saari, 2004). This means that the struc-
ture of the building is better than required.

Insulation

External walls are responsible for a large part of the 
heat losses (Laine and Saari, 2006). Therefore good 
insulation is important. The following types of 
insulation can be implemented in low energy hou-
ses; although it is possible some low energy houses 
deviate in type of insulation (Heljo and Peuhkuri-
nen, 2004):

Figure �: Foundation of the house

A: Normal insulation: the exterior of the foundation and 
under floor are insulated.

B: Special insulation: the under floor is extra insulated 
and the foudation is less deep. It is needed to check  
whether the exterior of the foundation should be  
insulated too.
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The first low energy window was launched by 
Fenestra in the beginning of the 1990s. The U-
value of low energy windows is between 0.6 and 
1.0 W/m²K (Asu Paremmin, date unknown). The 
Building Code determines the maximum U-value 
of windows at 1.4 W/m²K. Fenestra produces large 
windows; sometimes they even reach until the 
floor. The windows block both UV and solar heat 
radiation. Inside the window a film is put in order 
to reflect radiation on both sides, which results 
in good insulated windows. It is claimed that by 
installing these windows the costs for heating, air-
conditioning and energy will decrease (Asu Parem-
min, date unknown). An example of such a high 
performance window is shown in Figure 4.

For the METOP low energy offices, build in 
Espoo in the test house area of VTT in 1991, new 
type of windows were developed. The air between 
this double glass window is filled with argon gas. 
The calculated U-value is 0.5 W/m²K. The heat 
loss is only 25% compared to a triple glass window 
in standard houses in Finland. The radiation energy 
of the sun is only let through for 12% (Laine and 
Saari, 2004).

The window frames are still energy inefficient. 
Previously the window frame was better than the 
window due to the high effective insulation perfor-
mances. Nowadays the situation is opposite. Imp-
rovements in insulating the window frames should 
be done in order to avoid heat leakages (o.i. Laine, 
2006a).

Using large window surfaces can decrease light 
use. A labeling system for windows is being develo-
ped. This labeling system should be comparable to 

In the walls: 250 to 300 millimeter rock 
wool insulation
In the upper floor: 400 to 500 millimeter 
rock wool insulation
In the lower floor: 200 to 300 millimeter 
expanded polystyrene insulation” (Laine 
and Saari, 2004) 

The maximum U value of the walls in standard 
houses is determined at 0.25 W/m²K according 
to the Building Code. In low energy houses the 
U value is considerably lower (Laine and Saari, 
2006).

The external walls are made of broader stones 
than normal stones, with big holes in the middle. 
Sometimes the holes are filled with polystyrene 
foam. This type of stones is more effective in isola-
ting but expensive (o.i. Laine, 2006a).

The insulation is also very appropriate for avoi-
ding noise nuisance. The Building Code requires 
a maximum noise level of 30 dB in the bedroom, 
however in low energy houses it is between 20 and 
22 dB (Laine and Saari, 2004). This is also due to 
the excluded radiators and the floating floor struc-
ture installed in the intermediate floor (Asu Parem-
min, date unknown).

The foundation of a house is 80 centimeters 
deep. Ice formation under the house must be avoi-
ded by isolating the foundation and under floor. 
Absence of insulation in the under floor means a 
higher risk for ice formation in the foundation. By 
containing a normal level of abyss the exterior of 
the foundation should be isolated. However, imp-
roving the insulation of the under floor is risky 
because of a less deep foundation then. It needs 
to be calculated whether extra insulation for the 
exterior of the foundation is needed when the insu-
lation in the under floor is already improved (o.i. 
Heljo, 2006). Figure 3 illustrates the foundation.

Windows

In standard houses the residents use the windows 
for two reasons: 

Enhancing the indoor air quality and the 
indoor comfort by lowering the room tem-
perature. When the outdoor temperature is 
rising to over 10°C, more windows will be 
opened.
Air movement inside the building (Nicol, 
2004).

•

•

•

•

•

Figure �: High performance window with special film in bet-
ween the two windows 
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the refrigerator labeling system. It will be a national 
decree (o.i. Rautiainen, 2006).

Lower floor

As mentioned before, the lower floor is insulated 
with 200 to 300 millimeter expanded polysty-
rene insulation. It is provided with a floor heating 
system. This system can also be used for cooling 
the house. The needed energy is provided by the 
ground and has the optimal temperature for coo-
ling massive structures (Laine and Saari, 2004). 
The lower or intermediate floor can also be used 
as a storage place for heat. By this, the cheap night 
electricity can provide more than 90% of the requi-
red heating energy. This is a good solution for low 
energy houses heated by electricity. Furthermore, 
ventilation heat can be used for these houses (Laine 
and Saari, 1997).

According to the Building Code, the maximum 
U-value of the floor slab is determined at 0.25 W/
m²K in standard houses. In low energy houses the 
U value is 40–50% lower (Laine and Saari, 2006).

Figure �: Air recovering device

Figure �: Air exhausting device

Figure 7: Ventilation device

Figure �: Panel to monitor the room temperature per room 
and the ventilation intensity device under it
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Roof
According to the Building Code, the maximum 
U value of the roof slab is determined at 0.16 W/
m²K. In low energy houses the roof could be insu-
lated with mineral wool 500 or 600 millimeter. 
Then the U-value is 0.08 W/m²K.

Ventilation

A supply and exhaust air ventilation system is 
installed in most new build standard houses (Laine 
and Saari, 1997). In a ventilation system the follo-
wing characteristics can be implemented: exhaust 
air, heat recovery, filtering and preheating of supply 
air. The ventilation system runs on electricity (Laine 
and Saari, 2004). 

Thermostats are not appropriate to decrease the 
consumption of heating energy; their function is to 
adapt the room temperature to the adjusted opti-
mal room temperature. These are also installed in 
low energy houses (o.i. Karjalainen, 2006).

A ventilation-heating system is defined as a 
controlled supply and exhaust air ventilation sys-
tem and supply air-heating device, the so-called 
‘heating system’. It is shown in Figure 7. Due to 
better insulation, the heating systems can be simp-
lified. Together it is a simple, low-cost and easy to 
control ventilation-heating system that results in a 
good indoor quality and room temperature. The 
installation of this system results in low energy 
consumption and a distinctive heat distribution 
system is not needed (Laine and Saari, 2004). In all 
low energy houses a ventilation-heating system is 
installed and sometimes it is combined with floor 
heating (Laine and Saari, 1997). 

The ventilation heat is transferred via supply air. 
The supply air can be the recycled room air or fresh 
air from outside (Laine and Saari, 1997). The con-
tinuously running ventilation system distributes 
constantly pure and fresh air. The supplied air is 
filtered first (Laine and Saari, 2004). The main part 
of the air, 80%, is heated to 15 to 40°C by the ven-
tilation unit. Oil, electricity and district heating are 
appropriate for heating the supply air (Laine and 
Saari, 1997). Figure 6 shows an exhaust air device 
for fresh air.

Room thermostats and centralized heat control 
systems check the room temperature and adjust 
it to the right level if necessary. In each room are 
supply air terminal devices installed for this specific 
space. These devices contain very small electrical 

heating elements that warrant the room tempera-
ture (Laine and Saari, 1997). A single remote cont-
rol can adapt the room temperature in a certain 
room to the comfort level the resident wishes. Inc-
reasing the ventilation level is possible by means of 
a switch or opening the windows (Laine and Saari, 
2004). These devices are shown in Figure 8.

The heat is recovered from people and applian-
ces in the house (Heiska, 2006). Figure 5 shows 
an absorb air device. Only two to three months 
per year external sources should supply the energy. 
The same ventilation system can distribute this 
heat (Heiska, 2006). The heat engendered by two 
people is sufficient to heat a bedroom, even with 
an outside temperature some degrees below zero 
(Laine and Saari, 1997).

The ventilation-heating unit with heat recovery 
system for apartments can be located in a techni-
cal closet in the wet area unit, for instance the 
bathroom. The closet is called “the engine room 
of the apartment”; all the mechanical systems are 
located here. Simplifying the electrical systems 
is possible by locating it in a dry part in the wet 
area unit. For locating it at this place, it is needed 
that the number of water system components is 
reduced. Other requirements are that the closet is 
watertight and that the location must guarantee 
that a possible leakage can be discovered as soon 
as possible. The air pipes are lead directly towards 
the outer wall so flues and holes in the upper floor 
can be eliminated (Laine and Saari, 2004). Ventila-
tion is responsible for a large part of the heat losses; 
however installing it as mentioned above can mini-
mize the heat leakages (Laine and Saari, 2006). A 
model of the installed heat-ventilation system can 
be found in Figure 9.

In a low energy house the amount of energy 
needed for cooling is also minimized by ventila-
tion heating and cooling systems. These systems are 
demand-controlled and designed to prevent noise 
nuisance. The heat recovery system keeps the indoor 
temperature also at a comfortable level during the 
summer without applying refrigerators running on 
CFC-refrigerants (Laine and Saari, 2004). A direct 
digital control appliance is needed to program the 
decentralized ventilation heating and cooling sys-
tem. This decentralized system is “monitoring the 
air filtering, the heat and cooling recovery, heating, 
cooling with outdoor air, forced indirect evapora-
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Figure 9: Installed ventilation system and all it’s components (Laine and Saari, 1997)
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tive cooling, pressures and ventilation of the buil-
ding” (Laine and Saari, 2004). 

In conventional air heating in standard houses, 
the airflow is determined by the heating require-
ment, which also determines the heating intensity. 
In ventilation heating the airflow is determined by 
the need for ventilation and not for heating (Laine 
and Saari, 1997).

Another possibility is to install a natural ven-
tilation system instead of a mechanical one. The 
ventilation tunnels are installed at the roof and the 
wind blows in here. This was tested in a low energy 
house area in Viikki, a district of Helsinki (o.i. 
Korhonen, 2006).

Heat pumps

All low energy houses are equipped with venti-
lation-heating systems; heat pumps are an extra 
application. A heat pump runs on electricity and 
is a kind of complicated compressor system. Many 
types of heat pumps are developed: air-to-air, air-
to-water and air-to-ground. Many air-to-air heat 
pumps are inefficient for heating from an energy 
saving perspective due to the cold temperature out-
side, however they are efficient for cooling in the 
summer while ventilation-heating systems are inef-
ficient for this purpose because the heat is extracted 
from the absorbed indoor air by the heat recove-
ring system. Sometimes small heat pumps are effi-
cient for heating when the house has not too many 
heat losses. Ventilation systems are always needed 
because otherwise the air would just circulate (o.i. 
Laine, 2006b).

More and more heat pumps are sold because of 
increasing electricity prices, heat pumps are user-
friendly and monitoring these systems can be done 
well. It is possible that every house has its own heat 
pump or a heat pump can be used commonly by 
several houses. The latter alternative is the chea-
pest. Consequently, heat pumps are cost effective, 
on household level as well as on community level 
(o.i. Nieminen, 2006).

Fireplace

In 43% of the standard houses a fireplace is build. 
Of the standard houses, 4% are heated this way 
(Karjalainen, 2007). As explained earlier, in many 
houses wood heating is a secondary heating met-
hod. The Finnish word for fireplace is ‘Varaava 

Takka’, which means heat-storing fireplace. The 
fireplace differs from the well-known open firep-
laces in the sense that these fireplaces are closed. 
The gasses are transferred first through a large mass 
before it is exhausted via the chimney. The dam-
per retains the heat when the fire is burning and 
radiates it for one day after the fire is extinguished. 
The fireplace can be made of soapstone. This mate-
rial is a naturally stone and very appropriate for 
withstanding fire and storing heat. In the fireplace 
wood is burned (Wood masonry, 2007). Figure 10 
shows a picture of a typical Finnish fireplace.

Based on the results of the low energy houses 
build by VTT the fireplace can produce 40% of 
the heating energy for the entire building, or 10 to 
20 kWh/m³ of building volume. This means that 
the use of heating electricity can be reduced (Laine 
and Saari, 1997). Heating the house with wood is 
cheaper and better from environmental perspec-
tive as long as the burning process is efficient, than 
heating the house with a different fuel, due to the 
CO2 neutral process (o.i. Erat, 2006).

Sauna

In Finland are 1,333,398 private saunas in dwel-
lings in 2004 (Statistics Finland, Population Sta-
tistics: Employment and Dwelling Statistics, 209, 
2006). The sauna in both standard and low energy 
houses is heated on wood or electricity. In low 
energy houses this room is well insulated and ven-
tilated (o.i. Laine, 2006a). 

Figure 10: Finnish fireplace with heat storing capacity in the 
soapstone (Wood masonry, 2007)
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A sauna heated by electricity in a standard house 
consumes around 1,000 kWh per year (Nurmela, 
1994). When the sauna is heated on wood, the 
extra energy consumption is not calculated because 
energy generated from wood is not included in the 
calculations. Because of this, the heating source of 
the sauna has an influence on the total energy use 
(Melasniemi-Uutela, 1994).

The heating source does not have an influence 
in frequency for running the sauna. In most stan-
dard houses, the sauna was used three times in the 
early 1990s (Melasniemi-Uutela, 1994). During 
the period from 1987 to 1988 people went on ave-
rage nine minutes per day to the sauna, during the 
time from 1999 to 2000 it was the same (Niemi 
and Pääkkönen, 2001). Information concerning 
how many times the sauna is running in low energy 
houses is lacking.

Tap water

Tap water can be heated by heat from the fireplace 
or solar energy, except during the winter period 
(Laine and Saari, 2004). When heating the tap 
water is included in the energy saving calculations, 
the savings decline towards 50%. The low energy 
house project in which LVI-Suunnittelupalvelu 
Senewa Oy took part consumes 30% less service 
water compared to standard houses (Asu Parem-
min, date unknown).

In all residential buildings where four persons 
are living, 120 liter per day per person is used. The 
amount of used hot water is 48 liter per day (Laine 
and Saari, 2006). Measuring the amount of used 
water and informing the residents about the results 
leads to energy savings. This is one of the most 
important solutions as well as the other technical 
solutions. The household water saving is 50% in 
renovated apartment blocks; this is 3% of the total 
energy use (Heljo and Peuhkurinen, 2004).

Indoor air quality

Due to all the measures the indoor air quality in 
low energy houses is higher than in standard hou-
ses. This means that the indoor air is pure, con-
centrations of harmful emissions are below the 
admitted maximum levels, draft-free rooms, and 
stratification and noise nuisance are avoided. Stra-
tification means different air layers with different 
temperatures (Laine and Saari, 1997). Problems 

such as humidity and mould, which occur in stan-
dard houses, are absent in the new low energy hou-
ses (o.i. Laine, 2006a).

In the low energy house project in which LVI-
Suunnittelupalvelu Senewa Oy took part, the 
indoor air quality was high. The apartments were 
appropriate for asthma and allergy sufferers (Asu 
Paremmin, date unknown). In Finland the rule 
of thumb is developed that windows should be 

Figure 11: Large windows in south direction reach almost 
until the floor

Figure 12: Solar energy device, active use of solar radiation 
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opened 15 minutes per day in order to ventilate 
the room. However, many people refuse to do this 
during wintertime. In a low energy house, avoiding 
window ventilation does not affect the indoor qua-
lity (o.i. Rautiainen, 2006).

Solar energy

Using solar energy can be done in two ways: passive 
and active. Passive use is defined as using sun radia-
tion in order to reduce the heating energy, without 
using extra systems for it. Installing the windows in 
south direction in order to intercept heat and light, 
and building solar walls can do this. Solar walls 
are transparent insulation materials. An example is 
shown in Figure 11. Active use is defined as using 
solar energy in order to decrease heating energy by 
use of installed systems. This can be done by col-
lecting solar energy by solar panels provided with 
a daily storage system and the use of ground heat 
(Nieminen, 2000). An example is shown in Figure 
12. The investment costs for solar heating systems 
are higher than for the installed appliances that 
decrease the energy consumption with only 50%, 
which are explained earlier (o.i. Erat, 2006). 

Houses heated on oil and summer cottages, 
which are usually not equipped like low energy 
houses, have some solar panels for collecting energy 
for running the computer and lights (o.i. Heljo, 
2006). It can also be used to heat tap water; howe-
ver insufficient energy is collected for heating (o.i. 
Laine, 2006a). However solar energy is rather an 
unimportant measure. Most important is to save 
energy during the winter, because then the use of 
solar energy is impossible in Finland. In wintertime 
the heat should be distributed by district heating or 
from a common energy supplier. The heat is gene-
rated from unsustainable energy sources by energy 
suppliers (o.i. Laine, 2006a; o.i. Heljo, 2006).

Other appliances

Research has been done and is still being done 
about appliances that are not principally installed 
in a low energy house, for instance special light 
systems (o.i. Laine, 2006a) and a special computer 
desk (Laine and Saari, 2004). Because these are not 
principally installed in low energy houses in cont-
rast to the technical appliances discussed earlier, no 
further discussion will be included in this report 
about it. However, many residents are encouraged 

to choose for low energy household appliances as 
well in order to decrease the amount of consumed 
household electricity (Nieminen, 2000). Chapter 
4: Results of the field study of the present report 
will discuss to which extent the residents of low 
energy houses actually choose energy efficient 
appliances.

3.3 The residents of low energy houses

This part of the background information focuses on 
expert interviews related to the resident: the resi-
dents’ needs and expectations, their influence on 
the building process, living in a low energy house 
and the satisfaction level among the residents.

The needs and expectations of the resident

Before a resident moves into his new house, he has 
expectations and wishes concerning the house. This 
part is devoted to the expectations and needs of a 
resident who moves to a low energy house.

Low energy consumption is an important cha-
racteristic of the house, as are also comfort, the 
suitability of the facilities for the needs of the resi-
dents and the durability of the house, according 
to the Finnish people (Mikkola and Riihimäki, 
2002). Most experts do not know why someone 
decides to live in a low energy house (o.i. Erat; 
Heljo; Korhonen; Rautiainen, 2006). The expecta-
tions and needs of the residents are expected to be 
based on other issues than just ecological reasons. 
Important issues for the residents concerning living 
in a low energy house are – according to the inter-
viewed experts – health or a good indoor air qua-
lity in a draft-proof house due to better insulation, 
natural living, renewable clean energy sources and 
building materials, saving money and lower risks 
in the future for high energy costs because of the 
lower energy consumption or to more purchasing 
power. Residents are not very good at calculating 
the economic aspects. Social considerations like 
telling about one’s low energy house to guests and 
impressing them might also be a reason (o.i. Heljo, 
2006). The resident sees a higher selling price of 
the house than the selling price of a standard house 
as an advantage (o.i. Laine, 2006a). Every resident 
has other desires and expectations concerning their 
home, as well (o.i. Erat, 2006).

The residents of a low energy house have an eco-
logical approach of which low energy is just one 
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aspect. More important than energy efficiency is 
the energy resource. Using sustainable and clean 
energy sources is most important for the environ-
ment, more important than using wasteful energy 
sources as efficiently as possible (o.i. Erat, 2006).

Some of the experts state that the extra invest-
ment costs and the long payback period are discou-
raging people to buy or build a low energy house 
(o.i. Karjalainen; Erat; Heljo, 2006). Another point 
is that the low energy solutions, both the materi-
als and the applications, are less well known. This 
involves an extra risk then for the resident who 
wants to build a house.  The supplier is also not 
an energy efficiency expert and is unable to advise 
the buyer; instead of that he may discourage the 
buyer from building a low energy house (Halme 
et al., 2005). 

The residents living in low energy houses in the 
Viikki area decided to live here because the price 
level of the houses was not too high. Only 10% 
said their reasons were environmentally based. Of 
the respondents, 15% explained that ecological 
aspects did have a strong influence on moving to a 
low energy house, 25% said it had some influence, 
37% said it had a little influence and 20% said it 
had no influence (o.i. Korhonen, 2006).

Building a low energy house

The extent to which residents have influence on the 
energy efficiency of their house is also dependent 
on their influence on the building process. One 
aspect in this is the way the house is purchased, 
which means whether the resident gave the buil-
ding order himself, bought in a building project, 
built a house with the help of a contractor, renova-
ted an existing building into a low energy house or 
used a prefabricated housing structure. 

When it is decided to build a new house, the 
decision of an architect has influence on the extent 
in which the resident is involved in the building 
process for a residential house. For an apartment 
block the resident is uninvolved and the construc-
tor makes all decisions. The resident of a residen-
tial house gives the architect a design order. In that 
case the residents are involved in all the phases and 
agreements concerning the building. It is impor-
tant that the resident chooses the most appropriate 
devices for the house. The resident decides in case 
of a residential building. When an apartment block 
is built the constructor decides (o.i. Erat, 2006).

However the constructor can influence the resi-
dent. This first person can discourage the plan of 
building a low energy house or advise the resident 
to go to a competitor when he has no experience 
in building this type of house. Subsequently the 
resident has to decide which applications should 
be installed, however because he might be strongly 
influenced by the constructor that might have an 
impact on the final decision (o.i. Heljo, 2006; o.i. 
Nieminen, 2006; Halme et al., 2005).

Choosing a heating system is a difficult task for 
a resident because of the price of the system, the 
current and future energy price, the user-friendli-
ness and the operation of the system. Understan-
ding an electrical heating system is easier than a 
heat pump system (o.i. Heljo, 2006). When people 
are involved in choosing the application, they 
might be more interested in learning how to use it 
optimally (o.i. Karjalainen, 2006). Most important 
benchmarks of heating devices for residents are in 
order of importance: good quality, low energy con-
sumption, product guarantee and easy to revise. 
Besides low energy consumption, ecological aspects 
of heating systems are less important in choosing a 
system (Mikkola and Riihimäki, 2001).

The most important criteria for choosing buil-
ding materials are easy maintenance and product 
guarantee. Another factor is low energy consump-
tion; however it is not clear whether this is in rela-
tion to maintaining the materials or for producing 
the materials (Mikkola and Riihimäki, 2001).

Good information about aspects relevant when 
building a low energy house is lacking and reaching 
future residents is a difficult task. The residents of 
low energy houses are satisfied about the received 
information, although it costs time and effort to 
gather it (o.i. Nieminen, 2006; Mikkola and Rii-
himäki, 2001). 

Only a few low energy houses are available on 
the market, those are built in building projects. 
The building projects are most of the time examp-
les or pilots. Most people who want to live in a 
low energy house must build one themselves (o.i. 
Laine, 2006a).

Motiva is running a project called Energiate-
hokaskoti. Six low energy houses are involved in 
order to measure energy use, study the experien-
ces concerning building the house and investigate 
which systems are provided. Some respondents 
in this project faced some problems. One of the 
respondents was asked by the supplier of heating 
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systems to make a heat calculation. Residents are 
unable to do that. Another problem is that finding 
the materials for a prefabricated low energy house 
and the right information about it is a difficult task 
(o.i. Rautiainen, 2006).

Living in a low energy house

The design, maintenance, operation and use of a 
low energy building have an influence on its per-
formance (Drake et al., 1986).

Most current residents of low energy houses 
have an academic education and approximately 
two children. A high educational level is a typi-
cal characteristic of the resident, because those 
people are often more interested in social topics. 
Educational level is also important to understand 
the information concerning building a low energy 
house. Gathering the right information is difficult 
for people who do not understand the concept of 
low energy housing (o.i. Nieminen, 2006).

The kind of applications, the type of house 
(apartment or one-family house), the number of 
installed devices and the possibilities to monitor the 
indoor environment determines whether the resi-
dent uses the applications as prescribed (o.i. Erat, 
2006). The type of appliances and the number of 
appliances determine the energy consumption level 
(o.i. Nieminen, 2006) and have an influence on 
the functioning of the appliances elsewhere in the 
system (Drake et al., 1986).

For some people an automatic system is most 
appropriate because they do not want to put effort 
in using the application and saving the energy. 
Some people behave in the opposite way and wish 
to have influence on the system. People should at 
least understand how the system works, how to 
monitor, how to repair it if necessary or be able to 
call a service mechanic and explain the problem. 
Therefore, the applications must be visible and easy 
to use (o.i. Erat, 2006). 

In heat pump houses the lifestyle may not differ 
from the lifestyle of residents in houses with impro-
ved insulation. In the ‘ecological houses’, the third 
type of low energy houses, the lifestyle may differ 
from the behavior of residents living in standard 
houses and the ‘heat pump low energy houses’ and 
‘extra insulated low energy houses’, the first two 
types of low energy houses  because the whole lifes-
tyle is in ecological perspective (o.i. Heljo, 2006).

In an extra-insulated low energy house the sys-
tems are rather simple compared to those in a heat 
pump house. The system is possibly used optimally 
when it is simple. Until now good instructions 
about using the systems in small houses opti-
mally is lacking. The resident should develop the 
instructions himself. Different systems are bought 
from different suppliers. The systems are interde-
pendently related, the resident should find out the 
relative contexts himself. The suppliers are unable 
to provide advice in it because their knowledge is 
exclusively about their offered products (o.i. Heljo, 
2006).

The aim of the resident is to live in a house that 
consumes less energy than a standard house; howe-
ver it is difficult to see whether this goal is reached. 
In Finland an energy label for systems will be intro-
duced in 2007, which will give more information 
(o.i. Rautiainen, 2006). However energy saving is 
still a theoretical concept and difficult to measure 
for residents. Residents want to know whether 
they actually consume less energy. Comparing the 
energy use is difficult because of differences in the 
houses and between residents (o.i. Heljo, 2006). 
There are insufficient appliances to measure the 
energy and water consumption. 

Another problem in efficient use of energy for 
living is using the thermostat optimally (o.i. Kar-
jalainen, 2006). This is only used when the room 
temperature is at an uncomfortable level. For the 
thermostat no use pattern is designed. Information 
is lacking about how to use the thermostat as opti-
mal as possible in order to use energy as efficient 
as possible, so the resident should develop it him-
self. Men use the thermostat more frequently than 
women; however they are more satisfied about room 
temperature than women (Karjalainen, 2007). All 
residents living in a low energy house developed 
the same kind of use pattern; people in new buil-
dings or people who had more influence on the 
building project could not be distinguished in the 
use of thermostat (o.i. Karjalainen, 2006). The resi-
dent can determine the ventilation intensity and 
room temperature and then this is controlled auto-
matically. These are the only systems that can be 
changed and controlled by the resident. An energy 
efficient house with more extensive systems is less 
user-friendly and more expensive. It is unnecessary 
to lower the room temperature when the resident is 
absent, because the energy consumption is already 
very low. Decreasing the temperature hardly makes 
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any difference in terms of energy and money saving 
(o.i. Laine, 2006a). Exact figures about energy and 
money saving are presented in Appendix B. 

Most appliances are designed from ‘need’ as 
perspective instead of ‘comfort’. This means that 
the designer is focusing more on how the appliance 
or application should be used in order to get the 
primary benefit. Users can use the system diffe-
rently then prescribed because it is more comfor-
table or easy (o.i. Nieminen, 2006).

The Viikki project concluded that there was only 
a small change in consumption style due to living 
in a low energy house. This conclusion is based on 
the results about a change in ecological awareness 
during everyday shopping and consuming. Of the 
respondents, 6% said there was a great change, 
42% said some change, 28% said a little change 
and 20% said no change in consumption style (o.i. 
Korhonen, 2006).

Satisfied residents

No research has been done concerning the satis-
faction level of residents living in a low energy 
house. However, there has been some research 
about which attributes of the house the resident 
appreciates. Characteristics of the living condi-
tions, for example comfortable building, facili-
ties suitability for own needs, areas of the house 
are suitable, good road connections and adequate 
building rights, are most important to satisfy the 
resident. Low maintenance and heating costs and a 
low energy consumption are important aspects in 
the living conditions. The most important ecolo-
gical aspects are durability of the building and low 
energy consumption. Less important are flexibility 
of the space and use of ecological building materi-
als. Residents do not want to decrease their living 
standard (Mikkola and Riihimäki, 2001). 

Many interviewed experts were not sure whet-
her the residents are content, however they think 
they are or they see that their customers or respon-
dents are (o.i. Erat, Heljo, Karjalainen, Nieminen 
and Rautiainen, 2006). The residents are satisfied 
about the high quality materials, the energy effi-
ciency, the indoor air quality and the sustainable 
way of living, saving money on energy costs which 
cover the investment cost (o.i. Erat; Heljo; Kar-
jalainen, 2006). Other issues where the residents 
are satisfied about are: cold walls and windows are 
absent, a constant room temperature in the whole 

house, the possibility to adapt the ventilation to 
the needs and the user-friendliness of the designed 
applications. The residents are less satisfied when 
the energy savings are disappointing. The disap-
pointing results are caused by a lack of information 
about an optimal use of the applications. Besides 
that an energy saving of 50% does not imply a 
money saving of 50% (o.i. Heljo, 2006).

There was a research about the low energy hou-
ses in Viikki, a district of Helsinki. According to 
this research, more than 80% of the residents were 
satisfied or very satisfied with living in a low energy 
house. Living in this area also had some disadvan-
tages like the unsatisfying public transport and a 
lack of public services (o.i. Korhonen, 2006).

Behavior of the residents living in low 
energy houses

The experts are unsure about differences in beha-
vior and satisfaction level among residents who 
had a different extent of influence on the building 
process (o.i. Erat; Heljo; Karjalainen; Korhonen; 
Nieminen; Rautiainen, 2006).

Two experts expect that the dwellers react and 
behave differently independently of what kind of 
house they are living in. Residents of low energy 
houses may behave differently compared to other 
residents living in same types of low energy houses 
and probably will not show a common use pattern 
(o.i. Erat 2006; o.i. Heljo, 2006). The dweller is 
unaware about the special type of house he is living 
in due to the high quality of the building (o.i. 
Heljo, 2006).

Some experts expect that people who followed 
their dream and build a low energy house them-
selves are more content than those who build 
their house in a building project (o.i. Erat, 2006). 
Dwellers of row houses and detached houses have 
a more ecological lifestyle compared to residents 
living in apartment buildings, according to one of 
the experts (o.i. Korhonen, 2006).

The residents who renovated their standard 
house into a low energy house face problems when 
an application is installed which was originally not 
designed for their house. However the residents 
living in a renovated low energy house are satisfied 
(o.i. Laine, 2006a). Residents in newly built low 
energy houses who face problems in efficiency try 
to find a solution by discussing with the supplier 
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of the system, and if that is not working they go to 
court (o.i. Nieminen, 2006).

3.4 household consumption and 
activities in Finland

It is important to take also the household consump-
tion and activities of the residents into account in 
order to determine whether the residents living in 
a low energy house have a more sustainable lifestyle 
than residents living in a standard house. In this 
paragraph the consumption patterns and activities 
and the influences of it on energy consumption 
will be discussed in order to gather information 
for making comparisons between residents living 
in a low energy house and in a standard house on 
household consumption and activities in Chapter 
6: Conclusions.

A noticeable environmental pressure and 
resource usage takes place in the household phase 
and the environmental pressure has been increa-
sing since decades (Quist et al., 1999). The level 
of living, which is the total household activities for 
creating well-being in line with the aspiration level 
of the family, is the outcome of all inputs: human 
resources of the household members, money, time, 
appliances and other goods which are available in 
the household and information, facilities and ser-
vices from external organizations. Those inputs 
require direct and indirect energy resources and 
result in emissions of waste and energy. When the 
level of well being decreases it might be adjusted 
to the aspiration level by increasing the energy 
resources (Groot-Marcus et al., 2006). People have 
an influence on energy consumption by their con-
sumption pattern: the (non-)durable goods and 
services bought and used. Indirect energy con-
sumption means the consumption of goods and 
services that cost energy to produce them; howe-
ver the consumer does not buy it as energy source 
itself. It is calculated that in the 1980s and 1990 on 
average 58% of the energy consumption refers to 
indirect energy in a household living in a standard 
house because of the purchased goods and services 
(Nurmela, 1994). The actual energy consumption 
of household appliances is influenced by the con-
ditions in which they are used and the use method, 
irrespective to the energy efficiency of the product 
itself (Humala, 1999; Slob and Verbeek, 2006).

Households have an influence on sustainable 
consumption patterns and can put a pressure on 

the production for sustainable goods (Quist et al., 
1999).  Sustainable goods can have two functions. 
First a technical one, namely decrease the amount 
of exhausted pollutions. Secondly a moral one: gui-
ding the behavior of the user in the desired direc-
tion, which might be the ecologically use of the 
products (Slob and Verbeek, 2006). The current 
report will not discuss those sustainable aspects 
into detail, however only some remarks are made 
about the energy labels. 

The average income was €21,139 per income 
recipient in Finland in 2004 (Statistics Finland, 
Tulo 1, 2007). Because of a change in the following 
factors, the primary energy demand in Finland has 
changed:

Population growth 
Change in types of households, the average 
household size is decreasing
Change in time spent on different activities
Change in energy intensity of the categories
Change in inputs for household activities 
and in household production (Jalas, 2005)

Because of the growth in the population and 
smaller households, the energy consumption inc-
reased. The population is spending more time on 
activities that consume less energy, for instance 
families do have more hobbies inside and outside 
the house, watch longer television and sleep lon-
ger; the activities themselves become more energy 
intensive. The energy intensity of the activities had 
more influence than the changes in time use of 
activities. 

‘Lexical time use categories’ mean that for a cer-
tain activity a source is needed in order to accomp-
lish a certain activity, for instance a television is 
needed for watching television. However, not every 
product can be classified in one of these categories, 
or a product that is classified can be used for more 
than one activity. For example a house cannot be 
classified for a specific activity, and furniture is 
used for more than one activity. For some products 
it is difficult to see whether it is an input or out-
put for a certain activity, for instance food (Jalas, 
2005). However it may be assumed that a change 
in activities results in a change in the use of certain 
products and thus a change in direct and indirect 
energy use.  In order to determine the change in 
energy consumption due to a change in activities 
it is important to remember the principle of the 
lexical time use categories.

•
•

•
•
•
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Another aspect which influences the total 
energy consumption is the rebound effect. This 
means that when a solution is introduced in order 
to save a problem, the problem is rising due to the 
solution. For instance when the energy saving light 
bulb was introduced, more lights were used than 
before, also in places where previously no light was 
available (Verbeek and Slob, 2006). However it is 
also possible that the results in the end are better 
than expected beforehand, due to changing values 
and norms into environmental friendly directions, 
which becomes the new standard and keeping that 
values and norms high because a change in stan-
dard will be experienced as negative (Groot-Mar-
cus et al., 2006). The latter explanation is a positive 
rebound effect.

There are two types of negative rebound effects: 
the income effect and substitution effect. The 
income effect means that more money is available 
and thus another product or service is bought on 
a larger scale compared to the previous situation. 
The substitution effect means that a difference 
occurs in energy sources, which results in a diffe-
rent use of the product or service that is running 
on that energy source (Jalas, 2002). An example is 
the increasing use of light bulbs due to introducing 
the energy saving light bulb.

For low energy housing, substitution effects 
might be for example that because heating the 
sauna is not that expensive compared the situation 
in a standard house, the resident is going more 
often to the sauna now he is living in a low energy 
house. This has an influence on the total energy 
consumption, because he saves less energy than he 
would do with his previous lifestyle. An example of 
an income effect is that someone saves money on 
energy now he is living in a low energy house and 
decides to go on holiday by plane to Spain instead 
of going by train to the summer cottage as he used 
to do when he was still living in a standard house 
and did not have the money for going on holiday 
in Spain by plane. Also here the new lifestyle and 
actual behavior can have an impact on the total 
amount of energy used.

Important issues that affect the total energy 
consumption for activities are the stage in the life-
cycle of a household and the age of the children 
and of the head of the household. The younger 
the children the less energy is consumed. When a 
family has two children it consumes more energy 
in total than households with one child. House-

hold size has also an impact on the extent to which 
the family is energy efficient, although the total 
energy consumption does not increase proportio-
nal with the number of people: small households 
consume relatively more energy than large house-
holds. The availability of a car is also affected by 
whether there are children, the age of them and the 
household size. When a family has a car, the level of 
total energy consumption is higher than in families 
without a car. When the head of the family is aged 
between 30 and 60 years old, often more energy is 
used irrespective of the availability of a car. The age 
of the child(ren) also has an influence then on the 
total energy consumption. The elder the child(ren) 
become, the more energy is used (Nurmela, 1994). 
Information about the total energy consumption 
for different types of households living in a low 
energy house is lacking.

In Finland, there were 2,430,435 passenger cars 
in 2005. On average, each car is driven 21.6 kilo-
meters per day (Nissinen et al. 2007). The number 
of passenger cars has grown during the period from 
1970 to 1995 (Statistics Finland, Business Trends: 
Transport and Tourism, 288, 2006). In 2004 the 
total energy consumption for road transport was 
164,037 TJ. This number is also growing in time, 
at least since 1995 (Statistics Finland, Finnish Oil 
and Gas Federation, Technical research Centre of 
Finland, Gasum Oy, VR Ltd and Helsinki City 
Transport, Finnish Maritime Administration, Road 
Administration and Neste Group, 5.1, 2005). 

Information is lacking concerning both house-
hold and leisure activities done by low energy house 
residents. However, information is available con-
cerning the time use of the Finnish population and 
the energy use of those activities. Time use studies 
might be appropriate to study sustainability con-
cerns (Jalas, 2005). Also it is hypothesized in the 
social practices approach that a change in a lifestyle 
segment influences other lifestyle segments (Spaar-
garen et al., 2006). This means that for instance 
the change in living might have an influence on for 
instance the consumption of daily goods, because 
the resident decided to live in a more sustainable 
house, also his consumption pattern regarding 
daily products is more sustainable. Some household 
activities are explained in detail by using numbers 
from the time use study and other literature in the 
last part of this paragraph. In the results of the 
field study these different items will be discussed in 
order to draw conclusions in what extent living in 
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a low energy house influences other lifestyle aspects 
regarding energy consumption and environmental 
friendly use. A time use study of the different acti-
vities of the overall Finnish population is listed in a 
table that is included in Appendix G.

Food preparation

In 1999–2000 31 minutes per day were spent on 
food preparation and this time is decreasing: in 
1987–1988 34 minutes were spent on preparing 
food. Also the time for baking and conserving is 
declining: from five minutes in 1987–1988 to four 
minutes in 1999–2000 (Niemi and Pääkkönen, 
2001).

In 1990 the energy consumption increased for 
preparing food when the residents became older. 
The availability of a car did not have an influence 
on this increase. Only when two persons were 
living together the energy consumption for prepa-
ring food decreased for people older than 64 years. 
The energy consumption for cooking decreased 
between 1981 and 1990 for all household types. In 
1990 a family used on average 30.7 gigajoule per 
year for cooking and in 1981 48.0 gigajoule per 
year. In both time periods it is clear that the lar-
ger the family, the more energy is used (Nurmela, 
1996).  

Doing the laundry

In Finland sometimes houses share a washing 
machine room, with tumble dryer, a drying closet 
and a room with a heating and ventilation system 
for drying the laundry. The number of shared laun-
derettes is approximately 20,000. These are built 
in the 1960s and 1970s. Most laundry facilities 
are old, only 10% is replaced (Pehkonen and Reis-
backa, 2002). It is not known how many families 
utilize the shared washing facilities.

The energy needed for doing the laundry, so both 
washing and drying, is about 1,835,900 MWh per 
household per year. Washing cost about 20% of 
the consumed energy and drying 80%. In shared 
launderettes the used energy is only about 17% 
compared to a private washing facility. In common 
laundry rooms the total amount of laundry was 
between 3.1 and 3.7 kilo and the washing tempe-
rature maximum 40°C according to a research of 
Pehkonen and Reisbacka (2002). 

By making the washing machines more 
appropriate for small amounts of laundry and rep-
lacing the washing facilities in the shared launde-
rettes, doing the laundry can be done more energy 
efficient. Also the drying facilities should be innova-
ted or replaced in order to make the drying process 
more energy efficient. Examples for improving the 
drying process are replacing the tumble dryers with 
a new one working with a heat pump and make 
tumble dryers more energy efficient. The use of the 
number of washing facilities will not be changed 
compared to the old situation then. The facilities 
must be user and energy friendly (Pehkonen and 
Reisbacka, 2002). 

According to other research from Heiskanen and 
Jalas (2003), much research is being done about 
what is better for the environment: using profes-
sional laundry appliances or private ones at home, 
which often have less quality. A clear outcome is 
missing, because many factors must be taken into 
account like the loads of the washing machine, the 
quality of the washing machines, the applied met-
hod for drying clothes, the energy used for lighting 
and heating the launderette and transportation 
costs. When people free air dry their laundry in 
their house, a risk that the house gets moisture and 
the indoor air quality decreases comes up.  In order 
to avoid this, extra ventilation is needed which 
requires more energy.

According to Aalto (2002), Finnish households 
with four members did the laundry about 24 times 
and single people about 7 times per month. More 
than half of the laundry is washed at 40°C and a 
third at 60°C. Finns spent ten minutes per day on 
the laundry in 1999-2000 and this number is inc-
reasing. In 1987–1988 this was eight minutes per 
day.

Summer cottages and going on holiday

In 2005, the number of trips to friends, relatives or 
summer cottages in Finland was 22,723,000. The 
number of leisure trips with paid accommodation 
in Finland was 4,637,000 in 2005.

The number of overnight domestic trips is inc-
reasing since 2001. In 2005, 3,112,000 leisure 
trips and sleeping abroad were made. The number 
of leisure cruises going abroad and sleeping on the 
ferry was 1,570,000. The number of leisure trips 
abroad and returning the same day was 6,390,000. 
Also these numbers increased since 2001, except 
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for the leisure cruises going abroad and sleeping on 
the boat. The number of trips of this last category 
decreased with 467,000. In all the calculations 
only people between 15 and 74 years are included 
(Statistics Finland, Business Trends: Transport and 
Tourism, 314, 2006).

Table 2 shows the distance of traveling and how 
many trips were made to it in 2005. It is remarkable 
that the final sum is 90% and not 100%, however 
this is because rounding up and down. Statistics 
Finland uses an accuracy level of 1,000 because of 
statistical evidence reasons and smaller number is 
useless for them. The used sampling techniques 
and sampling size are unable to give more precise 
results (o.i. Bossart, 2007).

 Less than 500 500  to 1 000 1 000 to 5 000 More than  
5 000 

Number of trips 737,000 654,000 1,262,000 147,000 

Percentage 23.7 21.0 40.6 4.7 

 

Table 2: Distances in kilometers and number of trips abroad of the Finnish population in 200�

Source: Statistics Finland, Business Trends: Transport and Tourism, 315, 2006
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ChapTer 4: reSuLTS oF The 
FIeLD STuDy

“Each individual undertaking an action, eit-
her official or unofficial, believes that she is 
improving her environment. This may or may 
not be the case” (Drake et al., 1986). 

This chapter shows the results of the interviews, 
diaries and questionnaires about building and 
planning a low energy house, living there, the lifes-
tyles of the residents, the use of the installed appli-
cations and satisfaction among the residents. It will 
be also discussed whether the use of appliances has 
an impact on the actual energy consumption.

As mentioned in Chapter 3: Methods, the field 
study consists of a questionnaire, diary and inter-
view. In this study five families were involved. In 
Table 3 the family composition is explained and 
compared with the family composition of the total 
Finnish population. The family composition of the 
sample represents 72.8% of the Finnish families 
living in one of these family composition types. 

Except for one family, all the families earn a 
higher income than the average income per income 
recipient in 2004. Exact numbers can not be given 
because in the questionnaire was asked what the 
total net income was of the family. In the statis-
tics only information about the average income 
per income recipient is available. However, it is 
obvious that most families in the sample earn a 
higher income than a Finnish family on average.

4.1 Description of the houses

The families were living in their houses for twelve, 
ten, seven, five and less than one year. Three res-
pondents built the house themselves, one bought 
the house in a building project and one renova-
ted an existing building into a low energy house. 
Four houses were type 1 low energy houses, thus 
extra insulated, heated with electrical heating and 
equipped without heat pump. One was an ecolo-
gical building, thus extra insulated, built of eco-
logical building materials, as ecological as possible 
equipped and the heat is mainly provided by wood 
burning in the fireplace.

All the low energy houses were larger than the 
previous standard houses where the families used 
to live, from 1.2 to 3.5 times larger. Three families 
are living in a house with two extra rooms and one 
family in a house with three extra rooms. All the 
houses except for one have now four to six rooms 

Family composition Percentage of Finnish population* 

1 person 25–64 years old 
1 person 19–24 years old 
2 persons 0–3 years old 

Couple (married, unmarried, registered) 
with two children: 13.3 

1 person 25–64 years old 
1 person elder than 65 years old 

Couple (married, unmarried) without 
children: 46.4 

2 persons 25–64 years old Couple (married, unmarried) without 
children: 46.4 

2 persons 25–64 years old 
2 persons 12–18 years old 

Couple (married, unmarried, registered) 
with two children: 13.3 

2 persons 2–-64 years old 
1 person 12–18 years old 

Couple (married, unmarried, registered) 
with one child: 13.1 

 

Table �: Family composition of the respondents and number of 
comparable families in the Finnish population

* Source: Statistics Finland, Population Statistics: Demographic and Causes of Death Statistics, 60, 2006 and 
Statistics Finland, Population Statistics: Demographic and Causes of Death Statistics, 61, 2006
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including the kitchen. One family used to live in a 
house with four rooms; however their low energy 
house is one open space now that is larger than their 
previous house. See for specific numbers Table 4.

House 2 and 3 looked like standard houses, 
however they were provided with technical solu-
tions that aim to decrease the energy consumption. 
There were separate rooms. In the third type 1 
low energy house, House 4, the house is one big 
room, including the bedrooms, with some parti-
tions around two meters high that do not reach the 
ceiling, so the airflow can cross over. Only the two 
bathrooms with compost toilets and the entrance 
hall are separated. In the ecological house, the 
room downstairs was one big space without parti-
tions. In the middle the fireplace was installed and 
a separate toilet room. The toilet was a compost 
toilet. However the rooms upstairs were separated. 
The family living in the renovated house, House 5, 
had upstairs one big space without partitions and 
in the middle the chimney. Downstairs a bedroom, 
bathroom and toilet were separated from the living 
room and kitchen. The kitchen and living room 
were one big space as well. 

In Table 5 the low energy solutions that are 
equipped in the houses are mentioned.

Structure of the houses
Four houses are wooden houses and only House 3 
is a brick-stone house. House 1, 4 and 5 are made 
by hand and the other houses are prefabricated. 
The renovated house was totally renovated, except 
for the outside walls, the roof and the chimney. 
Every component was made by hand. In this house 
the space is used as optimal as possible. Under the 
under part of the stairs and under the kitchen cup-
board are drawers for extra storing spaces. Outside 
the house is slanted because it is built on two diffe-
rent bottom layers. Inside the floor is evened. 

Isolation

Because of the extra insulation of 30 centimetres 
in total in the walls, these walls are thicker than 
walls in standard houses. House 2 is insulated with 
mineral wool and House 3 is insulated with cellu-
lose wool. From two other houses the insulation 
material is unknown.

Only House 5 has no extra insulation in the 
walls. An extra-insulated front door is installed 
from about 15 centimetres thick. Normally two 
doors should be in-between the living room and 
outside, so one door is the front door and one door 
is located between the living room and entrance 
hall. Because in this house the front door is so thick 
a second door is unnecessary. In House 4 the second 
door is placed directly behind the front door.

Table �: Details about the low energy houses and previous 
houses of the respondents

 House 1 
(eco- 

logical) 

House 2 
(Type 1 

low 
energy 
house) 

House 3 
(Type 1 

low 
energy 
house) 

House 4 
(Type 1 

low 
energy 
house) 

House 5 
(Reno- 
vated 

into low 
energy 
house, 
Type 1) 

Number of rooms in low 
energy house including 
kitchen 

4 6 6 1 3 

Number of rooms in previous 
standard house including 
kitchen 

1 4 4 4 2 

Space in square meters in low 
energy house 156 145 204 155 86 

Space in square meters in 
previous standard house 44 95 90 120 39 
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Windows
In all the houses high performance windows are 
installed. In House 2 the windows are filled with 
argon gas. It is a triple window; the space bet-
ween the two windows inside is filled with the gas. 
House 4 has also windows filled with gas, however 
it is krypton gas. The windows here are enclosed 
in the walls in order to decrease the number of 
compartments like frames needed for installing the 
windows. In the door the windows have a special 
film, which reflects the solar radiation outside and 
the heat inside. In the remaining houses the high 
performance windows have a special film inside in 
every window and none of the windows were filled 
with gas. 

The respondent living in House 3 told that 
because of the low U-value, the windows are con-
densing in August and September during a bright 

night. He heard this problem is a characteristic of 
low U-value windows.

In none of the houses curtains are placed in 
front of the window. House 3 and 5 have Venetian 
blinds; however these are open during daytime. 
The residents living in House 5 closes them when 
it becomes dark. In this house the Venetian blinds 
reflect the light from inside. The respondent living 
in House 4 said they do not need curtains because 
no one can look inside from the street and curtains 
only prevent to watch the view and stem the radia-
tion. However in front of this house on the south 
side a veranda is built, which shades the windows 
a little bit.

Technical solutions: Number of houses equipped with: 

Extra insulation in floor 5 
Extra insulation in roof 5 
Extra insulation in walls 4 
Ventilation heat recovery system  4 
Natural ventilation system  1 
High performance windows  4 
Passive solar heat (built in south direction) 4 
Active solar energy 2 
Heat-storing fireplace 5 
District heating system 1 
Radiator 3 
Floor heating (electrical) 2 
Floor heating (district heating) 1 
Floor heating (solar energy and fireplace heat) 2 
Heat s toring w ater t ank connected t o the solar 
energy system 

2 

Heating control systems for automatic control 4 
Devices to measure water consumption 5 
Compost toilets 2 
Special ceiling in order to prevent echoing 1 
 

Table �: Technical solutions to decrease energy consumption 
in the houses of the respondents
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Heating and ventilation
The radiator is differently equipped in the three 
houses. In the ecological house a radiator is located 
as a long pipe above the window in south direction. 
However, the heat from the fireplace is the main 
heating source. The heat in this house is transferred 
via a natural ventilation system. The outdoor air is 
transferred via pipes to the fireplace and from there 
the heated air is transferred to other spaces via pipes. 
The ventilation intensity can be adjusted by using 
a clasp fastening in the fireplace. An example of a 
clasp fastening system is shown in Figure 13. The 
ventilation intensity is dependent on how much 
heat is needed to heat the room and how much 
air is needed for the burning process. The ventila-
tion intensity must be controlled by the resident 
and is not controlled automatically. Keeping the 
ventilation intensity on the same level constantly 
would not be energy efficient and is bad for the 
ventilation. On the roof a wind pump is installed 
for air circulation and it is also naturally working. 
An advantage of the natural ventilation system is 
the safety and due to short pipes it works really 
well, the resident was really satisfied about it.

House 4 has an electrical radiator, installed 
under the window in east direction and one water 
radiator with long pipes under the floor. These only 
run when it is too cold in the house, thus it is con-
nected with the thermostat. During the interview 
it was running. The electrical energy is provided 
by a wind power plant owned by the shareholders 
who all use the generated energy. In the summer 
the heat generated with a solar energy system is suf-
ficient. In the winter the fireplace is also used for 
heating. The electrical heating is only used when 
solar heating and fireplace heating is insufficient. 
The heat from solar energy and the fireplace is sto-
red in a 2300 litre water tank. In the fireplace a spe-
cial water tank is installed which accumulates the 
heat there. This tank is connected with the other 
tank; the heat stored in the water is transferred via 
pipes without pumping. VTT inspected the house 
on heat leakages to ensure that spoiled heating 
energy is avoided.

In the last house, House 3, a radiator was instal-
led behind the ventilation exhaust device. This is 
an uncommon place for installing a radiator.

The house is also heated with electricity hea-
ting. Since a few months the family is buying wind 
power electricity. This electricity is cheaper than 
the normal electricity, because of a price change for 

conventional electricity. Besides that, two adults 
are working on environmental issues, which make 
them feel responsible to decide to change over to a 
durable energy source. 

The renovated house had the same heating sys-
tem as House 4 that is heated by the heat stored in a 
water tank and it works the same. In the renovated 
house the water tank has a volume of 1,000 litres. 
The fireplace provides the main part of the heating. 
Electrical heating is only used when the residents 
are absent and continuously for a minimum level, 
because the water where the heat is stored for hea-
ting circulates badly through the house. It is not 
used in the summer when solar heat is used.

In House 1 the floor heating is installed in the 
bathroom and sauna building. In House 2 and 5 
it is installed in the bathrooms and the entrance 
hall with tiles. In the two other houses it is instal-
led in the whole house. In House 3 the thermostat 
measures the floor temperature.

In House 4 the ventilation devices for absorbing 
air are only installed in the wet rooms and kit-
chen in order to avoid humidity inside. In House 
2, 3 and 5 the exhaust ventilation devices and the 
absorb devices are installed in every room.

House 2, 3, 4 and 5 are provided with a heating 
control appliance in order to adjust the tempera-

Figure 1�: Clasp fastening of fireplace
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 House 1 
(ecological) 

House 2 
(Type 1 low 

energy 
house) 

House 3 
(Type 1 low 

energy 
house) 

House 4 
(Type 1 low 

energy 
house) 

House 5 
(Renovated 

into low 
energy 
house) 

Daytime 20 20 21 22 21 
Night time 19 22 21 22 21 
Actual room temperature during 
the interview 

21 23.4 21 21 25.6 

 

Table �: Temperature level in °C during daytime and night 
time

ture per room per hour. These are connected to the 
thermostat. It can be adjusted whether the heat is 
provided by the ventilation system or the floor hea-
ting system. 

The devices are only used by the men who are 
fond of trying electronics and have some experi-
ence in trying because they are engineers and cons-
tantly dealing with new electronics and devices; the 
women do not try to understand it. The system is 
too difficult for them. One woman would like to 
see her man writing a simple manual about it, so 
she could also use it. One of the men said it was 
difficult to learn the system, however he thinks the 
provided information of the project leader and the 
supplier was good. He tried to do it himself without 
reading the instructions, as he is used to do when 
he is trying to learn to handle a new appliance. In 
another house the man adjusted the control device 
and since then he never touched it again.

In House 2 all the rooms are adjusted at the 
same temperature level. However, it is warmer in 
the night and morning because the electrical heat 
via floor heating is provided with cheap night 
electricity. In daytime when everyone is absent the 
lowest temperature level are adjusted, 18°C, and 
in the evening when the residents are present it is 
around 23°C downstairs and around 21°C ups-
tairs. Downstairs it is warmer due to the fireplace. 
The fireplace radiates the heat the day afterwards. 
During the interview at noon, the temperature 
level was 23.4°C because the fireplace was used the 
day before. The ventilation system is hardly ever 
used for heating. The ventilation heat is never used 
to heat downstairs, however it is used for heating 
the rooms upstairs. Downstairs only the floor hea-
ting and fireplace are used. The ventilation system 

is equipped with a heat recovery system. The effi-
ciency rate is 60%, which was the best solution 
when it was purchased.

In House 3 a separate control device for venti-
lation intensity is installed. The ventilation inten-
sity can be adjusted on seven levels. Normally it 
is put on five, however sometimes on four. When 
the sauna is running or the cooking facility is used, 
the ventilation intensity is adjusted on level six 
or seven. This ventilation system is the same as 
in standard houses according to the respondent. 
He was happy with this system, because opening 
a window during the winter decreases the room 
temperature. With the ventilation system, fresh air 
is gained in the house without a decrease of room 
temperature.

In House 3 a heat recovery system is placed in 
the extractor above the cooking facility. Also the 
oven is connected with the central ventilation 
system. However, the respondent thinks this is a 
disadvantage because the ventilation intensity inc-
reases in the whole house when the oven is used, 
which increases the energy consumption level.

The thermostat was adjusted on temperature 
levels during daytime and night time according to 
Table 6.

House 3, 4 and 5 had a constant temperature 
level during the whole day, the residents of House 
2 increased the temperature during the evening 
and the resident of House 1 decreased it. The 
actual room temperature was measured nearby the 
second entrance door behind the entrance hall, at 
an inner wall. 

In the ecological house, the respondent thought 
that the temperature level during the interview was 
too high. A temperature of 19 to 20°C is sufficient; 
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it is a matter of getting used to it. If the person 
is used to it, it is unnecessary to heat to a higher 
temperature level. However in many buildings 
in Finland the temperature is too high, especially 
for working places according to this respondent. 
People are getting used to higher temperatures and 
also increase the room temperature at home. It is 
not healthy to live in a house where the room tem-
perature is too high according to this respondent.

In House 2 only the man is adjusting the tem-
perature level. The women think that 22°C is too 
cold. 

In House 3 the woman thought that the room 
temperature during the evening was too cold. 
Because she heard that 21°C must be sufficient, 
and the other family members are satisfied with the 
room temperature, it is not adapted to her need. 
She puts on an extra pullover and socks then, and 
is sitting on another position away from the win-
dows because the strongest heat leakage is at that 
position. She thinks that feeling cold results from 
being hungry and tired.

In House 4 both the residents thinks that the 
temperature level is satisfactory.

In the renovated house the residents were satis-
fied with the room temperature. It is easy to heat 
the house, and they love heat. In the summer it 
is warm and then opening the doors cools the 
house.

Fireplace

All the houses have a fireplace with a heat reco-
very device inside, so the heat is transferred via 
the structure for at least one day. Two respondents 
living in House 2 and 3 said that the fireplace is 
nice for giving a cosy atmosphere. The respondent 
living in House 3 thought that burning wood in 
the fireplace is a good solution for decreasing the 
use of heating energy. They use the fireplace once 
in two days. In the ecological house the fireplace is 
the main heating source, as explained earlier.

House 4 and 5 have a water tank inside the 
fireplace for collecting the heat and transferring 
it to other spaces in the house. The material of 
the fireplaces is red brick-stone. The respondent 
living in House 5 thinks that brick-stone is a better 
material for a fireplace. He decorated the fireplaces 
with soapstone at the outside because of esthetical 
reasons. The fireplace has four ventilation exhaust 
openings: two in the door, one under it and one 

inside that exist of four small pipes, as can be seen in 
Figure 14. Because the burning process is so clean, 
the ash is almost white and the pollution level is 
low. The chimney sweep, who comes once a year, 
always gives compliments about this. The fireplace 
is the main heating source in the house. In front of 
the fireplace a fence is placed in order to prevent 
the children from hurting themselves on it.

In House 2 and 5 the chimney is also upstairs. 
In House 2, the chimney is made of soapstone; so 
the structure provides the heat also upstairs, howe-
ver much wood is needed to get it warm there. The 
fireplace weights three tonnes. This respondent 
tried to keep the house at a comfortable room tem-
perature by burning wood in the fireplace when it 
was a few days -25°C outside. The floor became 
cold because the electrical heating was turned off; 
however the room temperature stayed at a com-
fortable level, namely around 20°C. In this house 
the floor heating and fireplace is the main heating 
source downstairs. The respondent recently bought 
a storage place for the wood for burning in the 
fireplace and because of this investment he expects 
to use more wood for heating. Cutting wood is a 
hobby for him because it gives him good physical 
exercises. Buying pre-cut wood for heating in the 
area of Helsinki is more expensive than using elec-
tric heating. He is a little bit disappointed that his 
fireplace is not as environmental friendly regarding 
exhausting particles compared to the new develo-
ped ones. 

Figure 1�: Inside of the red brick-stone fireplace with  
ventilation exhaust openings inside and in the door
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Measuring the water consumption
All houses are equipped with instruments in order 
to measure the total water consumption. House 2 
was a low energy test house for VTT. During this 
test an instrument was installed which measured 
only the warm water consumption. This respon-
dent thinks that the water consumption decreased 
since he is living in a low energy house. In his pre-
vious house he had to pay a fixed price, irrespec-
tive to the water consumption. Now he has to pay 
for what he is using. He checks once a month the 
water consumption level. He thinks it is interesting 
to try to save water. In the garden is a well that is 
used to water the garden. Using this water is free 
of charge.

The respondent living in the renovated low 
energy house checks the water consumption level 
once a year. This level is around 100 litres per per-
son per day. The family does not try to decrease 
the water consumption because they always use 
as much as water as they need. They always try to 
avoid spoiling water. 

Solar energy

In House 4 a solar energy system is installed for 
active solar energy use. The solar heating panels 
are 13.2 square meters. The tap water is heated by 
this and by fireplace heating. The generated heat is 
transferred to 2300 litre water tank, which is instal-
led behind the walls.

During one summer the water in the water tank 
became over 100°C due to the collected heat of the 
solar energy system and then there was the risk the 
water would boil and damage the system. The hea-
ting system working on electricity was put off then 
in order to loose heat in the water tank that is gene-
rated via the solar panels. A larger tank replaced it 
and this reduced the risk for boiling water and a 
damaged heating system. 

In the summer only solar energy is used. and 
when this is insufficient also electrical heating is 
used. An advantage of available solar energy is that 
no problems occur when electricity is ceasing. 

The renovated house has also a solar heating sys-
tem. The family who is living there uses the solar 
energy four months a year during the summer. In 
other months it is impossible to use due to the 
wrong angle of the solar radiation. It was one of 
the most expensive investments of the low energy 
equipment, however it was calculated that the pay-

back period takes only five years. Now they can use 
energy for free during the summer months. In this 
period no electricity is used. 

Four houses use passive solar heating by pla-
cing large window surfaces facing south in order 
to catch solar radiation for both heating and light-
ning. Only the renovated low energy house has 
normal sized windows.

Lights

All the houses are equipped with energy saving 
lights and normal lights, and all the respondents 
had it also in their previous houses. The respondent 
living in the ecological house also uses candlelight 
and he used it also in his previous house. The resi-
dents living in House 4 only use candlelight during 
Christmas time. Since a short period this family 
lights outside by energy saving LED lights. House 
2 is lighted for 70% by energy saving lights and 
30% normal lights, and in the previous house this 
was opposite: the house was lightened for 30% by 
energy saving lights and for 70% by normal lights. 
House 3 only uses normal lights for floor lamps 
and table lamps. In House 5 a daylight-lamp is 
installed, because one of the residents is in the win-
ters only at home when it is dark outside. 

The respondent living in House 5 said that the 
energy saving lights outside works badly when the 
temperature is below -15°C.

Other technical applications and appliances
All the respondents bought the as the most energy 

efficient appliances possible at the time of purcha-
sing. In the opinion of the respondent living in an 
ecological low energy house, it is fine to pay extra 
for an energy efficient appliances. The respondent 
living in House 2 told that the appliances available 
in the house are not that energy efficient anymore. 
When replacement is needed they will buy again 
the most energy efficient electronics. The residents 
of House 3 bought new electrical appliances when 
they moved to the low energy house, except for the 
washing machine that already had the A-label. All 
the other electronics also have the A-label now. The 
respondent thinks that the energy consumption is 
low due to all A-labelled appliances. Other envi-
ronmental aspects then energy consumption are 
not taken into account in the purchase decision. 
The respondents living at House 4 compared all 
the product aspects, thus not only energy efficiency. 
They thought that the performance of the applian-
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ces brings should be as good as possible because 
otherwise the product would be useless. 

In four of the houses, the heating facilities 
including the cooking facilities are not placed 
directly next to a cooling facility. In House 3 the 
microwave is placed next to the refrigerator, howe-
ver these appliances were placed in two separated 
cupboards. Around the microwave a ventilation 
exhaust system is installed.

House 1 and 4 both have compost toilets. The 
compost is used for gardening. Figure 15 shows 
one of these toilets. 

House 3 had a very high living room. On the 
ceiling a special plate was constructed in order to 
prevent echoing, as is shown in Figure 16. This 
appliance is not an energy saving measure.

Technical issues in which the residents have 
negative experiences

House 4 used to be equipped with a smaller 
water tank than the current one. During a sum-
mer the water in the tank was boiling, so it was 
necessary to replace the tank by a bigger one. This 
respondent also faced the problem of leaking val-
ves, however plumbers repaired it. Another point 
they would like to change is installing the water 
pipes in the wall instead of in the floor, because this 
will reduce the risk of freezing in wintertime. The 
family also would like to paint their house with a 
different kind of paint, which requires that pain-
ting is needed less often and because of the warmer 
climate the wood erodes easier. The quality of the 
paint nowadays is enhanced in order to prevent 
adverse effects and painting is needed less often.

The family living in House 5, where also a water 
tank is installed for storing and distributing the 

heat through the house, thinks that the heat is not 
transferred so well, which requires a continuous 
minimum use of electrical heating. It is impossible 
to solve the problem because the tank in the firep-
lace is fixed. The heat storing tank is placed in the 
bedroom downstairs. In summer this is too warm, 
however during the winter this is comfortable.

The family living in House 5 thinks that energy 
saving lights work badly when the temperature is 
below -15°C.

The family living in House 3, where the venti-
lation system of the oven is connected to the cent-
ral ventilation system, thinks this is a disadvantage 
due to an increase in the use of energy when the 
oven is used.

4.2 Before living in a low energy house

Building and designing the house
The ecological house is made by hand and this took 
more time than planned in advance. The resident, 
who is a professional designer, designed the house 
and he built it together with three other people. 
The designing process was an iterative process: it 
was constantly checked and eventually adjusted to 
new ideas. New expectations of living in the house 
were included in the design.

Suppliers of houses designed House 3. For this 
house only three suppliers were able to design a low 
energy house, which was a requirement of the resi-
dents. The most difficult task was to design a house 
with extra insulation material. A colleague gave 
a list with applications for decreasing the energy 
consumption in the house. The list was given to 

Figure 1�: Acoustic ceilingFigure 1�: Compost toilet
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the designer. The family changed the design a little 
bit: larger rooms, different room position and extra 
windows were finally integrated in the design. The 
house is made of yellow brick-stones and a red 
roof, which was fashionable during the time of the 
building process. The large rooms and spatial stairs 
were a requirement of the residents. The building 
process went very well because the house is positio-
ned in the same way as standard houses except for 
the extra insulation and low energy heating equip-
ment. The family got help for building the house; 
the helpers were experienced in building a low 
energy house. They built low energy test houses 
for VTT. The helpers knew the expectations of the 
family and had the necessary skills. The residents 
are very contented about the house.

House 4 was not prefabricated and was built by 
the residents themselves. The respondent already 
had some experience in building a low energy 
house because of his work. He wanted to build one 
for himself. He used to live in Espoo and started 
looking for a location from there. In a place 80 
kilometers from Helsinki the location and building 
was not too expensive, however around Helsinki 
it was. The family decided to live on the location 
away from the capital city. Other advantages are 
that there was a barn that was used for cutting the 
wooden pieces and a garden around the house. 

The resident heard about the possible low energy 
solutions during an excursion with foreigners for 
his work. The indoor climate of these houses is 
good. It is quiet and has a good temperature: not 
too hot or too cold. He envied the people living in 
this house; he wanted also to live in such a house. 

The respondent built the house during seven 
months of unpaid leave from his work. The house 
is build by the respondent and according to his 
ideas about structures and design. The family con-
tacted an architect for getting some ideas; however 
these ideas were inconsistent with their ideas so the 
cooperation ended.

The house is built with help from colleagues. 
For building the house, as few as possible different 
materials and renewable building materials were 
used because this way of building is most natural 
and economical. The boards on the ceiling are the 
same as on the wall outside, however the boards 
outside are impregnated.  The building process was 
also done as much as possible with the use of rene-
wable energy sources. For example, the wood was 
dried with sun radiation and wind. The wood came 

from the forest nearby the house. The result is a 
house that was simple to build and not too modern, 
because the respondent thinks that a modern house 
would not have fit in the landscape. 

Most appliances were easy to buy, except for the 
heating system because it consists of many diffe-
rent parts. The respondent proposed the seller to 
sell one complete system. However, the producers 
refused this plan because according to the respon-
dent no producer wants to take responsibility to 
integrate all the compartments. Thus it was neces-
sary to compare all the available products, to dis-
cuss them per item and to arrange the installation 
per compartment. This costs much effort. A friend 
of the family was of great help during the installa-
tion of the heating system.

House 2 was build for a building project, as 
a test house for VTT. The family was informed 
about low energy housing via an internal discussion 
and information forum on research being done at 
VTT, where the respondent was working then. The 
respondent read that VTT was looking for two 
families for living in a low energy house and deci-
ded to react on this advertisement. The structure, 
design and room position of the house were already 
developed; the respondent could not change that 
anymore. Only small changes were possible, for 
example an extra high performance window that 
was installed during building the house. The family 
agreed to the design and structure of the house. 
The respondent chose the materials inside and the 
kitchen design. The price paid for the house by the 
resident was the same as the price for a comparable 
standard house without any low energy solutions 
installed.VTT was accomplishing research about 
the hot water consumption and room temperature. 
The tests have been ended. 

The same designer as for House 4 designed 
the renovated house, because the families living 
in the houses are relatives. The respondent living 
in House 4 was the supervisor during the renova-
ting process. He made a daily schedule and toget-
her with him the residents of the renovated house 
renovated the building in a period of one year and 
two weeks time. The respondent living in House 4 
had the knowledge and experiences about how to 
insulate the house as well as possible. He calcula-
ted that the low energy investments would have a 
payback period of five years. The resident living in 
House 5 helped the resident living in House 4 by 
building his house. The ideas to create extra storage 
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places under the stairs and kitchen in House 5 also 
came from these relatives. The house is renovated 
by three people: the couple and the relative. The 
only tasks contracted out were installing the pipes 
outside, the electricity network and the fireplace 
because in Finland it is obligatory to have a license 
for accomplishing these tasks. 

The reasons to live in a low energy house

The respondents gave the reasons for deciding 
to live in a low energy house. Table 7 shows the 
reasons and how many times these were mentioned 
by the respondents. 

The respondent living in an ecological low 
energy house thinks that electricity is a more energy 
efficient heating source than wood, although the 
quality of the heating source is most important. 
This respondent wants to live as sustainably as pos-
sible, and thus using wood as heating source is an 
appropriate solution. From his perspective, using 
nuclear power for heating makes no sense. 

Another respondent says it is important to build 
a low energy house when someone decides to build 
a house, because the house exists for at least 50 
years and consumes energy all the time. According 
to this respondent it is wise to use energy as effi-
ciently as possible.

Besides that environmental reason, the respon-
dent was a researcher and calculated the financial 
aspects of living in a low energy house. Because 
being involved in low energy houses via work, this 
was a strong motivation to decide to build a low 
energy house if the family would ever build a house 
themselves. One of the respondents was strongly 
influenced by his relative to choose for a low energy 
house.

Two respondents decided to live in a low energy 
house because of the energy saving aspects of it and 
the resulting possibility to save money on heating 
costs. One of these families expected a decrease 
in income and they thought that living in a low 
energy house is a good solution for saving money. 
This family calculated the payback period for anot-
her family for the extra investments for low energy 
equipments. Because the payback period would be 
only five years, this family also chose to live in a 
low energy house.

Besides the money aspects the first family was 
also interested in living in a house that is less harm-
ful for the environment. They got interested in 
environmental issues via courses at the Helsinki 
School of Economics. In a course, Paul Ehrlich 
from the USA stated that in 50 years time all pro-
duction activities should run on 1/6 of the energy 
sources and materials compared to the present 
energy consumption. 

Another advantage according to this family is 
the possibility to live nearby the nature. In their 
previous house they did not have a garden, now 
they do and they cultivate herbs and vegetables. 
Around the house is a forest where the family can 
practise their hobbies. 

The other family, who thought that financial 
aspects were important in their decision and saw 
that the payback period is only five years, were also 
convinced by the idea of a good indoor air quality.

Expectations before living in the house

The respondent who is living in an ecological low 
energy house and thought that designing is an ite-
rative process, did not have special expectations 
beforehand. He already integrated his expectations 

Reasons to live in a low energy house How often the respondents 
mentioned this reason: 

Environmental reasons  3 times 
Saving money  2 times 
Motivated via work in low energy houses  1 time 
Motivated via relatives 1 time 
Good indoor air quality 1 time 
Short payback period for extra investments 1 time 
 

Table 7: Reasons to live in a low energy house 
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and changes in expectations in the design of the 
house. He looked forward to living in a sustainable 
way and to using clean energy sources. He thinks 
that living in a low energy house is not as extreme 
as most people think: “we do not wear long hair like 
a hippy, we are not so alternative”. He thinks that 
living ecological is very important, and already 
tried to live as ecological as possible when he was 
living in his previous house. He did not change this 
behavior since he is living in a low energy house. In 
fact “living in an ecological house was the next step, 
this house is consistent with my norms”.

Another respondent thinks that living in a low 
energy house does not have such an impact on the 
lifestyle because the lifestyle and the house look 
the same as standard houses. The respondent was 
asked for a television interview about living in a 
low energy house, and he agreed to cooperate in 
that in order to show there are no differences bet-
ween living in a low energy house and a standard 
house. So the respondent did not expect such big 
changes in living. This expectation came true. 

One respondent did not have special expecta-
tions beforehand because they relied on the abilities 
of the relative who was organising the renovation. 
This relative already had a lot of such experience. 
However all the plans and investments were discus-
sed and all decisions were made in agreement. 

Two respondents expected to save money on 
energy costs and that came true. One of these res-
pondents is living quite far away from the shops 
and is going shopping less frequent than when he 
was living in his previous house. Now he also saves 
money on shopping, which he did not expect. 

Another expectation of this family was to live 
closer to the nature. This came true: they have a 
garden now and the house is surrounded by forest. 

Negative experiences of the residents 
regarding expectations and building a low 
energy house

The respondents living in House 1, who build the 
house themselves, would do the corners different if 
they had to do it again. Making the corners airtight 
required much time.

The family who lives in a house bought in a 
building project, House 2, would like to have a 
bigger kitchen where the dining table could also be 
placed. Another thing they would like to change 
in the kitchen is that the kitchen is separated from 

the living room. The family would like to have a 
kitchen as the Finnish people used to have in pre-
vious times. 

Another thing they would like to change is more 
storing places in the house.

The residents of House 3 built the prefabricated 
house themselves. The family would like to have 
an architect for making drawings of the house and 
arranging everything. Now only the suppliers of the 
building materials made a design, and the family 
made all the final arrangements and drafts. The 
respondent thinks that the house is monotonous, 
because for instance all the windows are installed 
two by two. He thinks that this makes it clear that 
two people who graduated from the technical uni-
versity designed the house. 

Buying a heating system was difficult according 
to the respondent living in House 4, because no 
complete heating systems are sold, but only in 
components. According to the resident, no supp-
lier wants to take responsibility for selling a comp-
lete system.

Living in a house with only one open space like 
House 4, is probably inappropriate for a family with 
children according to the respondent, however it is 
suitable for an elderly couple like his family. There 
are partitions in the house, but in a family with 
children, the children need privacy for listening 
to music and doing homework. In the house with 
one space it is impossible without disturbing other 
family members. 

The family living in House 4 expected to live 
nearby the nature. This expectation came true; 
however they were disappointed about canoeing. 
It is impossible to go from one lake to another 
because the connecting river is too narrow. When 
they had a look on the map before they decided to 
build at this location, they expected it would be 
possible.

The family living in House 5 got two children 
since they are living here and now the house became 
somewhat small for four people, they would like to 
have more space. The family was thinking about 
selling the house, however they postponed the 
plan. Reasons for that are they are afraid the next 
residents do not understand the meaning of a low 
energy house and the family wants to live again in a 
low energy house. It is difficult to buy a low energy 
house on the market, so that means they have to 
renovate a house again or have to build one them-
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selves. This cost too much time, especially now 
they have two young children.

4.3 Living in a low energy house

In the next two sections of this chapter the lifestyle 
and consumption pattern of the respondents will 
be discussed. Instead of discussing about House 1, 
2, 3, 4 and 5, is chosen to talk about Family A, B, 
C, D and E, in order to secure the anonymity of 
the respondents. When needed extra information 
concerning the family is given.

Showering behavior

From the questionnaire it seems that the average 
shower time of the respondents is well over seven 
minutes. On average the respondents take a sho-
wer about six times per week, however two respon-
dents only go twice a week and one is going twice 
a day. The family living in House 5 spends most 
time under the running shower, almost 88 minutes 
per week per person. Second is the family living 
in House 1, well over 73 minutes per person per 
week. The other families are taking a shower 30 
minutes or less per person per week.

From the diary it seems that the average sho-
wer time of the respondents is varying between 
three and twelve minutes, with an average of seven 
minutes. The respondent who answered he takes 
twice a day a shower took twice a day a shower only 
four days. The two respondents who said to take 
a shower only twice a week took a shower three 
times during that week. One family answered in 
the questionnaire that every person is taking a sho-
wer five times a week. From the diary it seemed 
that some persons are taking a shower almost every 
day, and some only once in a few days. In total 
they took a shower more times as expected from 
the questionnaire, however not everyone is taking a 
shower as often as mentioned in the questionnaire. 
In one diary the respondent did not fill in the sho-
wer time for one day. This day is excluded from the 
calculations.

One family takes a shower half a minute lon-
ger during weekdays than during weekend days 
and one family takes a longer shower during week-
days than during weekend days with a difference 
of almost two minutes. Two families take a shower 
almost one minute longer during weekend days 
than during weekdays. The last family does not 

make a difference between weekdays and weekend 
days. 

It seems from the diary that people always take 
a shower when they go to the sauna.

Information about showering behavior from 
people living in a standard house is lacking.

Bathing behavior

Three respondents had a bath available. One family 
never used it, another family only twice a year when 
solar collectors heat the water. Only one family is 
taking a bath about once or twice a week. 

Sauna

Except for two families, all have a private sauna. 
The family living in an ecological low energy house 
has a sauna heated on wood. The sauna is used 
once in two weeks, and only in the weekends. The 
sauna is then running for one hour and the people 
are in for eight minutes. Five people are taking a 
sauna then.

The families living in House 2 and 3 have a sauna 
heated on electricity. One family is going twice a 
week to the sauna with four people. They sit in the 
sauna for ten minutes and the sauna is running for 
90 minutes. In the week of the diary the family 
only used the sauna once during the weekend. 
According to the questionnaire there is no diffe-
rence between weekdays and weekend days. 

The other family with an electrical sauna is also 
going twice a week to the sauna, once in weekdays 
ten minutes and once in weekend days ten minu-
tes. They only go with two people there. In the 
weekday the sauna was running 90 minutes, in the 
weekend day it was running 80 minutes according 
to the diary. 

The respondents are going together with other 
family members, so the sauna is only running one 
time and then everyone goes in.  The average time 
a resident of a low energy house is going to the 
sauna is almost two and a half minutes per day. 
This is less than people living in a standard house 
who are going to the sauna nine minutes per day 
on average.

Preparing food

Based on the answers in the questionnaire seems 
that in the ecological house a cooking system run-
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 Family A Family B Family C Family D Family E 

Type of 
cooking 
system electrical gas electrical electrical electrical 
How often 
cooking 
system is 
used per 
week 6 10 28 (7 x 4) 14 3-4 
How long 
cooking 
system is 
used per 
time (in 
minutes) 30 20 15 to 20 20 to 30 30 
How often 
oven is used 
per week 4 5 5 2 1-2 
How long 
oven is used 
per time (in 
minutes) 60 40 40 20 60 
How often 
microwave 
is used per 
week 18 10 - 7 35 to 40 
How long 
microwave 
is used per 
time (in 
minutes) 1.5 1.5 - 3 2.5 
 

Table �: How often and how long the cooking systems are 
used

ning on gas is installed. It is used ten times a week 
around 20 minutes per time. There is also an oven, 
which is used five times per week and 40 minutes 
per time on average. The microwave is running ten 
times a week and one and a half minute per time 
on average. 

In the other houses a cooking system running 
on electricity is installed. In one house it is used six 
times a week and half an hour per time on average. 
In another house it is used 28 times per week and 
15 to 20 minutes per time, and for another family 
this is twice a day and 20 to 30 minutes per time. 
In the last house it is used three to four times a 
week. The respondent told that in weekends large 
portions are prepared and those are warmed in the 

microwave on the weekdays because the family 
thinks this is more convenient. This family uses the 
microwave two times more than the other family, 
and one minute longer per time on average. Only 
one family uses the microwave longer than them, 
namely three minutes per time. They use the oven 
least from all respondents, namely two times a 
week and 10 to 20 minutes per time. The third 
family who is cooking 28 times per week does not 
have a microwave. The family, who is cooking large 
portions per time, also uses the oven two times less 
then the other families.

In Table 8 exact figures of using the different 
cooking facilities are explained.
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In the diary also some questions were included 
concerning the use of the different cooking faci-
lities. Studying the answers from the diary there 
were some noteworthy issues.

Family A used the microwave about every day 
two times. When the oven is used in the weekend, 
it is used shorter than on weekdays. The longest 
time on weekdays the oven was running was two 
hours and the shortest time on weekend days was 
half an hour. The oven was used four times during 
the week the respondents were asked to keep up a 
diary. The cooking facility and microwave is used 
for the same time on weekdays and weekend days, 
around 30 minutes for the cooking facility and 
three minutes for the microwave.

Family B used the microwave only one day in 
the weekend. The cooking facility was used longer 
during one weekend day compared to the week-
days. On average the cooking facility is used 27 
minutes per time. In the weekend the longest time 
was one hour, the shortest time on a weekday was 
ten minutes.

Family C, the elderly couple, used the oven 
almost every day. The cooking facility was running 
28 times per week; however the time is shortest 
from all respondents, only about thirteen minutes 
per time on average. This differs from the answers 
in the questionnaire which says it is 15 to 20 minu-
tes, as can be read in Table 8. Probably the cooking 
facility is used so often because those respondents 
have more time available for cooking. Also for resi-
dents living in a low energy house it is clear that 
the older people use the cooking facility more often 
and that probably costs more energy for heating it 
every time. This is the same situation as for people 
living in a standard house. 

In the house of Family D, the cooking facility 
was running 30 minutes during the weekend. This 
was also on two weekdays, and the other weekdays 
it was running for 20, 45 and 60 minutes. The 
average time the cooking facility was running was 
around 38 minutes. The oven was not used during 
the week the diary was filled in. The microwave 
was used every day for 15 minutes, except for one 
weekday it was used for 20 minutes. Based on the 
answer in the questionnaire that the microwave is 
used 2.5 minutes per time, the microwave was used 
44 times during that week, somewhat more than 
answered in the questionnaire. A reason for that 
is that the microwave is also running longer than 

2.5 minutes and then the frequency of running the 
microwave declines.

Family E used the microwave every day three 
times. The oven is only used on weekend days for 
one hour and then the cooking facility is also used 
for a longer time than on weekdays. The shortest 
time on weekdays that the cooking facility is used 
is five minutes and the longest time on a weekend 
day was 30 minutes. However, the cooking facility 
was running on only one weekend day. The ave-
rage time the cooking facility is used is about 14.5 
minutes per time. Also from the diary it seems that 
during the weekend, large portions are prepared for 
warming up during weekdays. 

Information about how people living in a stan-
dard house are preparing the food and how much 
time the different cooking facilities are running is 
lacking. 

Doing the dishes

In all the houses a dishwasher is installed. The res-
pondent living in the ecological low energy house 
uses the ecological program. During the week 
of the diary he used the dishwasher three times. 
Another family also uses an ecological program on 
50°C. The dishwasher was used four times during 
the week of the diary. Three other respondents use 
normal programs for the dishwasher. Two respon-
dents specified their answers; one uses the program 
on 65°C. This respondent used the dishwasher four 
times during that week. The other respondent uses 
also the program on 65°C with the option ‘without 
pre-heating the dishes for 20 minutes’ which is 
more energy efficient. During the week the diary 
was filled in, the dishwasher was used once per 
day for six days. The dishwasher was adjusted on 
the program mentioned in the questionnaire. The 
other respondent, who uses the normal program, 
used the dishwasher two times. 

Four respondents reported that they do the 
dishes by hand. Two use tepid water in the sink; 
one uses hot water in sink and one respondent uses 
tepid running water.

The family who does the dishes by hand with 
tepid running water did it every day two or three 
times. The family who do the dishes by hand with 
tepid water in the sink did it two and four times 
that week. The family who do the dishes by hand 
with hot water in the sink did not do this during 
the week of the diary. The respondent, who did not 
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fill in which method he uses for doing the dishes, 
did it two days according to the diary.

In the seven days the respondents did the dishes 
27 times by hand and 18 times with the dishwasher 
in total. For ten times the methods were combined 
that day. In eight cases the dishwasher was used 
without doing the dishes by hand. One time was 
in the ecological house, three times it was in the 
family who did the dishes by hand one time during 
that week and four times by the family who did the 
dishes by hand two times and used the dishwas-
her six days. Seventeen times the dishes were done 
by hand and the dishwasher was not used. Sixteen 
times it was done by the family who does the dishes 
two or three times per day and one time by a family 
who did not use the dishwasher without doing the 
dishes also by hand that day. Table 9 shows how 
often which method was used by the respondents. 

Doing the laundry

In House 2, 3, 4 and 5 a private washing machine 
is available as they also had in their previous house. 
Only the respondent living in House 1 has a shared 
washing machine, as he also had before. 

Overall, the laundry patterns of the respon-
dents were largely similar to those of other Finnish 
people studied by Aalto (2002). The respondent 
living in an ecological house washes uses an ecolo-
gical program, and another respondent does like-
wise. This first respondent said in the questionnaire 
the laundry is done twice a week, however in the 
diary is filled in that it was done three times during 
that week. That other respondent gave information 
about the temperature of the water: once a week at 
40°C, once a week at 60°C and once in two weeks 
time at 90°C. These two families are the families 

of two people. During the week of the diary the 
family who lives in house D did the laundry twice 
at 40°C. 

The other families that are larger do the laundry 
more often. One family does a laundry at 40°C 
four times a week and at 60°C twice a week. The 
other family does the laundry at 30°C once a week,  
at 40°C four times a week, and at 60°C three times 
a week. This is consistent with the diaries. The last 
family does the laundry five times a week on 40°C. 
In the diary the respondent answered that the 
laundry was done two times that week, one time at 
40°C and one time at 60°C.

In total, the respondents did the laundry 21 
times. The laundry was done eight times during 
weekend days. 

Cleaning the house

Except for the respondent living in the ecological 
house, all the respondents thought that cleaning a 
low energy house is easier than a standard house. 
The respondent who was living in an ecological low 
energy house does not think that cleaning became 
easier, or that the house is cleaner due to the better 
indoor air quality than in a standard house. Accor-
ding to him the location of the house and the posi-
tioning of the house, whether it is build on an open 
place in the wind, determines how necessary it is to 
clean the house, instead of the indoor quality.

Most families think that cleaning became easier 
due to eliminated standard radiator systems. One 
respondent says this is due to a bigger house and 
there is more space to remove the furniture for clea-
ning. However the house is not cleaner than the 
previous house, because that had a ceiling heating 
system and also no standard radiators. The indoor 

 Family A Family B Family C Family D Family E 

Dishes only 
done by 
hand 

1 0 16 0 0 

Only 
dishwasher 
used 

0 1 0 4 3 

Combination 
of methods 

3 2 2 2 1 

 

Table 9: Methods to do the dishes according to do the diary
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quality in that house was also very high due to a 
mechanical ventilation system and heat recovery 
system, so the low energy house is not cleaner than 
the previous house.

Two families think that cleaning became easier 
due to eliminated standard radiators and less dust 
in the house due to a better indoor air quality. One 
of the respondents said that in the heat recovery 
device three filters are installed in order to avoid 
dust and other exhausted emissions in the indoor 
air. However at this moment one of the compart-
ments of the heat recovery system is broken. The 
respondent wants to replace it himself when he has 
time for it. If he is not able to repair it because it is 
too difficult, a service man will be called up. 

The family living in House 4 thinks that cleaning 
became easier due to the better indoor air quality. 
The windows are hardly ever open, so this prevents 
that dust from outside comes in the house. The eli-
minated standard radiators make cleaning easier.

One respondent thought that a disadvantage of 
eliminated radiators is that in the wintertime the 
gloves and shoes can not put there for warming 
up. 

One respondent saw some more advantages 
in eliminated standard radiators than only easier 
cleaning. First, it is safer for the children because 
they can not hurt themselves when they touch 
the radiator. Another advantage is that no noise is 
transferred so the house is more quite. Also the risk 
of water leakages is reduced.

Satisfied residents

All the respondents were very contented about 
their house. One respondent explained that he 
was very happy with the quality of the materials 
and construction. Most are happy because their 
expectations came true and that they can help the 
environment by living in a sustainable house. One 
of the respondents hopes that everyone decided to 
live in a low energy house and choose an ecologi-
cal lifestyle, although it is difficult to consider the 
environmental impacts of every decision.

4.4 household consumption and leisure 
activities of the respondents

Shopping

Except for one family, all the respondents go to 
the same supermarket since they are living in a low 
energy house as when they were living in the pre-
vious house. The family that changed the supermar-
ket used to go to the K-market and is now going 
to the S-market. One of the respondents goes and 
went previously to the K-market, one to the K-
market and Lidl, and one to K-market, S-market 
and Prisma. Nowadays he is also going to the Lidl; 
however this supermarket was not on the Finnish 
market when he was living in his previous house. 

Two families do not and did not buy ecologi-
cal products. One family already bought ecological 
products when he was living in his previous house. 
He chose ecological dairy and vegetable products. 
Another respondent was also buying ecological 
food when he was living in his previous house, 
namely fruit and vegetables. Nowadays he is also 
buying ecological dairy products. The respondent 
living in an ecological low energy house buys the 
same ecological products compared to when he was 
living in his previous house. He chooses ecological 
dairy and meat products, fruit, detergents, vegetab-
les and toilet paper. 

It is not known how much and which products 
the resident living in a standard house buys when 
he chooses for ecological products. Information is 
also lacking concerning the supermarket they are 
going to. Therefore it is impossible to make compa-
risons between residents living in a standard house 
and in a low energy house concerning their shop-
ping behavior.

During the interview, changes in the consump-
tion of goods and services were discussed. The 
respondent living in the ecological house said he 
became more aware what kind of products he is 
purchasing and he is taking care that these are 
organic products. He decreased the number of 
purchased goods and takes care they are high qua-
lity and valuable products. This respondent said he 
did not change his consumption pattern because 
he always used to live as ecological as possible. The 
sustainable aspect was also important for him when 
deciding for a certain service. Because of building 
the new house he saved money and time spent on 
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services compared when he was living in his pre-
vious house.

Another family buys only normal food products 
because ecological products are expensive. They 
buy many functional products because of health 
reasons. They used to buy functional products when 
they were living in their previous house, however 
only a few were available during that time. Another 
reason is that the family faces some health prob-
lems now, so it is stronger recommended to buy 
these products. The family became wealthier the 
last years because the mortgage is redeemed. Also 
one child is living independently, which results in 
more purchasing power. The family always buys the 
best quality of product, which are more expensive 
than less quality of goods. Their purchased goods 
have a longer life cycle, according to the respon-
dent. When the family buys other products then 
foodstuffs they check the energy consumption of 
it, however other ecological items are not taken 
into account in the final decision for purchasing. 
The family prefers to buy Finnish or European pro-
ducts which are often more expensive than compa-
rable products form other parts of the world. The 
family thinks that European and Finnish products 
are higher quality products and the family likes to 
support the European and Finnish industry. They 
think it is a difficult task to find products from this 
region nowadays, especially electronic devices. The 
family only uses a few services. The only thing that 
changed in this is that the man is going less fre-
quently to the theatre, because he does not like it 
as much as he used to like it.

Another family is buying more ecological pro-
ducts since they are living in a low energy house 
because more information is available about this, 
however in the questionnaire they answered that 
they do not buy ecological products. According to 
the respondent, the choice for ecological products 
is not in relation with living in a low energy house. 
When the family is buying electronics they look 
at the energy label for energy consumption, howe-
ver other environmental aspects are not taken into 
account for the final purchase decision. No change 
in consumption of services occurred due to living 
in a low energy house for this family.  

The elderly couple is purchasing fewer good 
than when they were living in their previous house 
due to the age: they already have many goods 
and now they need fewer goods. The couple buys 
fewer clothes because they do not work and fashi-

onable clothes are unneeded now. They think that 
products became cheaper in time and the quality 
decreased. A change occurred in buying lunches. 
When they were working they bought this at the 
canteen instead of preparing themselves at home. 
They are going more often to a restaurant, espe-
cially after working a whole day in the forest they 
like to go for a dinner. They are thinking about 
using the computer as a radio, although their radio 
is working fine. However, they like to listen to the 
Finnish classical music channel and it is impossible 
to reach it from their house. Now they are liste-
ning to the Estonian classical music channel. Some 
changes in services occurred since they are living 
in a low energy house. It is easier to go to a doc-
tor because he is living closer by. A service man is 
maintaining the house and garden. Now the man is 
a member of the library because since he retired he 
has more time for reading. He watches television 
less often than in his previous house. The family 
is planning to stop the television license because 
most programs are uninteresting. They do not 
want to pay for more and better television chan-
nels because they think it is unworthy the money. 
Obviously, they like to spend more time on reading 
than on watching television since they are living in 
a low energy house, due to a lower quality of pro-
grams shown on television, however not because of 
a more sustainable lifestyle. 

The last family buys environmentally friendly 
detergents, however they did not do that when they 
were living in their previous house. They think this 
is because of social pressure because everywhere it 
is recommended to choose for this type of deter-
gents. They got two children since they were living 
in the renovated house and this had an influence 
on choosing for different foodstuffs. They buy now 
healthier food and prepare the meals themselves 
instead of eating prepared meals. They are going 
less often to a restaurant than when they were 
living in their previous house. 

Car use and use of other transport systems

All the respondents have a car: two families have 
one; two families have two and one family has 
three cars. Four respondents answered the question 
on how many kilometers the drive annually. 

Compared with data concerning the Finnish 
population (Nissinen et al. 2006), the respon-
dents drive a larger number of kilometers, mostly 
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because they live outside the city and some work 
far from their home. The respondent living in an 
ecological house drives 35,000 kilometers per year 
and owns one car, the families that own two cars 
drive 28,000 and 11,000 kilometers per year and 
the family with three cars 35,000 kilometers per 
year. Almost all the respondents drive more kilo-
meters per year by car since they are living in a low 
energy house, except the family living in the reno-
vated house drives less since they are living there. 
It was not asked how many kilometers they drove 
when they were living in their standard house.

In the questionnaire was asked for which des-
tinations the car is used. The results are in Figure 
17.

Some respondents told about their car use. One 
respondent uses the car for transporting building 
materials for his new house. In this figure it is 
integrated in the category shopping. He is one of 
the respondents who go to a summer cottage. He is 
going there eight times a year, and the return trip is 
500 kilometers. He used to drive more kilometers 
since he is living in this house because the working 
place is further away.

Another respondent goes in the winter by car 
to his work. He is living 7.5 kilometers from his 

work and needs three busses to come there. The car 
is also used for working trips. In the summer the 
respondent is going by bike to the working place. 
He thinks that it is dangerous to cycle during the 
winter; especially braking because of the snow that 
blocks the braking mechanism. Since the family 
bought the car, they usually go everywhere by car. 
Only a child is going to school by bus. The family 
also has a camper, which is used for making jour-
neys in Finland and abroad. This destination is 
mentioned in the category ‘driving as hobby’. 

In the other families with children, the children 
are brought to school and day care by car. The day 
care trip is calculated in the category “school”, as 
was answered in this category by the respondent. 
In one of the families they bring the children to 
school by bus this is because one of the parents 
works nearby. The trip is then combined. 

It happens more often that people combine the 
trip; especially going to the supermarket and work 
is often combined. However it is not known how 
many people are in the car then and how many 
extra kilometers are driven for going to the second 
destination. Then it is also impossible to calculate 
the difference by combining the trips and going 
straight from home, however it might be assumed 
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Figure 17: Number of respondents going to a certain destination by car
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that combining decreases the number of kilometers 
driven. 

From the family that is not known whether they 
drive more or less kilometers than when they were 
living in their previous house, it is known that their 
destinations for driving the car are changed. They 
used to drive by car to the working place, howe-
ver now they are retired and jobless. Now they are 
going by car for shopping and to the supermarket, 
however they did not do that when they were living 
in their previous house. Once a week they go to a 
city nearby for shopping and doing some leisure 
activities. Other respondents did not change the 
destinations to go by car since they are living in a 
low energy house. The family who owns three cars 
had two cars when they were living in their pre-
vious house. The other respondents had the same 
number of cars when they were living in their pre-
vious house.

In the diary, a question was included about how 
many kilometers were driven by car that day and 
to which destination. The average amount of kilo-
meters driven during weekdays and weekend days 
is quite diverse between the respondents, as could 
be seen from Table 10.

From the diaries it seems that three families use 
the car less in the weekends and two families drive 
more then. Family C went to visit friends during 
the weekend and used the car only on one wee-
kend day, however the trip took a long distance 
so the average kilometers driven during weekend 
days is high. This family used the car on only two 
days during the weekdays and that results in a low 
average of kilometers driven during weekdays. For 
family B the average number of kilometers driven 
by car during the weekend is also low. Only  on 
one weekend day was the car driven, because the 
other day the respondent was sick. It is not known 
whether the person drives car every day normally. 
Family A, D and E drove the car every day and 
among them only Family A and D drive less during 

the weekend. Family E drove one weekend day 
more kilometers than average on weekdays and one 
weekend day five kilometers less than average, so 
this makes the number of kilometers driven in the 
weekend higher compared to weekdays. Family D 
also went to work on a weekend day, however then 
they drove less then on weekdays. On weekdays 
they also go to day care, supermarket and sport or 
hobbies, however on that particular weekend day 
they only went to work and friends or family.

From the diary it seems that except for the reti-
red respondent, all the respondents went to work 
by car every weekday. 

Family A used the car on four days during week-
days for going to sports and hobbies and two times 
for both going to family and friends and going to 
the supermarket. During the weekend the car was 
used for visiting friends or family and going to 
sport and hobbies.

Family B went to the supermarket four on wor-
king days and one time shopping. On the day the 
car was only used for going to the workplace, the 
number of kilometers driven was at the same level 
as on days when he also drove to the supermarket. 
In the weekend he used the car one day for going to 
the supermarket, shopping and car washing. 

Family C used the car during weekdays two 
times for sport and hobbies and shopping. He used 
the car once for the supermarket and working. In 
the interview he told that he is going once a week 
to a city nearby for doing the most important shop-
ping, going to a course, etcetera. This trip is seventy 
kilometers, which increase the average number of 
driven kilometers on weekdays. The respondent is 
retired, however with ‘work’ he meant collecting 
data about energy consumption of low energy hou-
ses and informing other people via articles in news-
papers and by writing books about it as he told 
during the interview. However, this work was not 
calculated as ‘destination’ in Figure 5, because he 
did not answer having used the car for work in the 
questionnaire.

 Family A Family B Family C Family D Family E 

Weekdays 36 98 17 62 53 
Weekend days 19 15 95 23 59 
 

Table 10: Average number of kilometers driven during week-
days and weekend days in the week the diaries were filled in
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Family D used the car for bringing the children 
to day care three times on weekdays. They also 
went by car to the supermarket, once on a weekday 
and one time on a weekend day. They went to fri-
ends or family on a weekend day and to sports and 
hobbies on a weekday.

Family E used the car also twice for going to 
school on weekdays. For going to sports or hob-
bies the car was used three times during weekdays 
and one time during a weekend day, to friends or 
family two times during weekdays and one time 
on a weekend day, shopping one weekday and one 
weekend day and the supermarket two weekdays.

All the families use the same types of transport 
systems when they do not travel by car as when 
they were living in the standard house, according 
to the questionnaire. Only one respondent speci-
fied which public transport system they use, and 
that changed since they are living in a low energy 
house. First they used bus and train, now they use 
only bus. Four families go by foot and by bike. 
Family B and D also go by taxi. 

From the diary it can be concluded that public 
transport is chosen most frequently to travel when 
the respondents are not traveling by car. In total 
24 times an alternative for car driving was chosen. 
One respondent did not answer how many people 
choose the alternative transport system, so this ans-
wer is excluded in the analyses. Of the 24 times, 
17 times the respondents went by public transport 
and seven times by foot. One family used public 
transport every day, however on weekdays two per-
sons used it and on weekend days only one person 
used it.  Also in another family, public transport 
is chosen every weekday; however this is not used 
on weekend days. The respondent told during the 
interview that a child is going to school by bus on 
weekdays. One of the family members here travel-
led once by foot during a weekday, and once during 
a weekend day. Only once during the weekend this 
family used an alternative for car driving. 

Another family went three times by foot during 
weekdays and one time was together. On a wee-
kend day they also went together by foot. They did 
not use any other alternative for car driving during 
that week. 

One of the families used an alternative for car 
driving three times, namely public transport, wal-
king and taxi. However, they did not fill in the 
number of people using this alternative. Their ans-
wers are excluded from the calculations above.

Summer cottage and holiday abroad
One family living an ecological low energy house 
and one living in a renovated low energy house 
own a summer cottage. The first respondent owns 
one in Finland. He goes there eight times per year 
and stays three days. During that time he meets his 
family there. The two-way journey is 500 kilome-
ters. The cottage is 35 years old and back-to-basic, 
so no new (low energy) systems are installed.

The other family owns a summer cottage in 
Estonia. They go there by car and ferry and the 
two-way journey is 400 kilometers. They go three 
to four times per year and stay between one and 
seven days. The family is thinking about renova-
ting the summer cottage into a low energy cottage. 
However, so far there are no concrete plans about 
it.

One family owned a summer cottage together 
with another family member; however their part 
was sold to other family members. Their low energy 
house is their summer cottage now. Maintaining 
one house costs already effort and time; two buil-
dings would require too much effort and time for 
maintaining.

The respondent living in an ecological low energy 
house is not going abroad for holidays and was also 
not doing that during the last period when he was 
living at his previous house. He spent his time and 
money on building the house. Before building his 
new house, he used to travel abroad. All the other 
respondents go abroad for leisure time and their 
holiday behavior is the same since they are living 
in a low energy house. The respondent who owns 
a summer cottage in Estonia goes there. The other 
three families are going on holiday abroad. All of 
them travel between 1,000 and 5,000 kilometers 
by car and airplane. Two respondents also go by 
ferry. Family D goes once in three years on holiday 
abroad.

Leisure activities 

In the questionnaire, it was asked what leisure time 
hobbies the respondents practice. In the interview, 
it was asked whether changes occurred since living 
in a low energy house. 

Family A practices the following hobbies accor-
ding to the questionnaire: theater, downhill skiing, 
cross-country skiing, swimming indoors, jogging, 
cycling, gym, fitness, hiking, gardening and swim-
ming outdoors. The garden was an important rea-
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son to move to this house as told by the respon-
dent. Both the adults are spending more time on it 
now than when they were living in their previous 
house. The hobbies of the children changed due 
to growing up. This is the only change in hobbies 
occurred since living in a low energy house. One of 
the family members is going sometimes cycling as 
hobby; however not frequent due to go by bike to 
the work and use the bike then as transportation 
system alternative for the car. 

Family B has the hobbies going to a restaurant, 
cross-country skiing and jogging. During the inter-
view the respondent told that he is also doing fit-
ness, however he did not fill it in the questionnaire 
and diary.

Family C practices the following hobbies: going 
to coffee shops, cafeterias and pubs, cross-country 
skiing, swimming in indoor pools, reading, liste-
ning to the radio and doing handicrafts. Since the 
family is retired, they became a member of the lib-
rary. One of the persons reads many newspapers 
and magazines, also from abroad. The respondent 
told that cross-country skiing is done more fre-
quently than when they were living in their pre-
vious house because it is possible to do this around 
the house. Previously it was needed to go by car 
first somewhere before they could go cross-country 
skiing. 

The respondent told that since they are living in 
this house the residents have a new hobby, namely 
gardening. In the previous house a garden was 
absent. The vegetables and herbs the family eats 
are cultivated in their garden. The family wants to 
know what products they are eating and how these 
are cultivated. The herbs are also used for making 
shampoo. 

Since they are living in a low energy house, they 
were more interested in the nature. For them it is 
easier to go into the forest for reaping mushrooms 
and berries. Also spotting birds and gathering kno-
wledge about plant became a new hobby. 

The family is going less frequently to a con-
cert and theatre because these activities are further 
away. Also one of the residents has some health 
problems.

In family D the hobbies of the residents are 
jogging and doing gym. Before they were living in 
the low energy house, they spent all their free time 
in renovating the house. Since they have children, 
they have less free time. However, this change is 

unrelated to living in a low energy house, accor-
ding to the respondent.

For family E the hobbies of the household 
members are downhill skiing, basketball, aerobics 
and Nordic walking. They usually spend the eve-
nings at home and do not go to the city anymore. 
The family does not have common hobbies in the 
evening, so everyone does his or her own hobby. 
The wife has more time for herself because the 
children have grown up and it is unnecessary to 
spend as much as time as used to be for taking care 
of the children. This change has nothing to do with 
living in a low energy house, as mentioned by the 
respondent.

In Table 11 all the activities done by the house-
holds and the time spent on it according to the 
diaries are mentioned. It is also mentioned what 
the average time of it is and a comparison is made 
with people living in a standard house. One family 
did not fill in which leisure activities they perfor-
med and how much time they spent on it, so this 
family is excluded from the calculation. 

In the first four columns is calculated how 
much time per day one person from one household 
spends on a certain activity. In the fifth column 
‘average all household members in sample’ is the 
time per day spend on a certain activity on ave-
rage per household member in the sample. This is 
calculated by multiplying the time of the first four 
columns with the number of household members 
of each of the first four columns and then dividing 
by eleven because eleven persons were included in 
this sample. So: (Time on activity X by Family P 
* number of household members family P + Time 
on activity X by Family Q * number of house-
hold members family Q + …) /11 = Average time 
spend on activity X by all household members in 
sample.

In Chapter 6: Conclusions, general conclusions 
will be drawn concerning, among other things, 
the differences in time spent on different activities 
and the impact on energy use of it. In Appendix 
C more detailed conclusions and estimations are 
given, also regarding household activities and other 
leisure activities then discussed in Table 11.
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Activities Family A Family B Family C Family E Average 
all 

household 
members 
in sample 

Average 
Finnish 

population 
(1999–
2000) 

TV 99 34 9 10 37 136 
Computer 14 . 60 . 15 11 
Newspaper 
and magazine 36 . 9 . 11 19 
Book 23 21 . . 10 12 
Outdoor 
activities, 
walking 6 15 26 8 12 17 
Physical 
exercises 19 . 6 10 10 18* 
Social 
encounters 11 14 60 . 17 40** 
Party game . 13 . . 2 3 
Handicrafts  3 . 9 . 2 4 
Handicrafts 
course . . 11 . 2 2*** 
Playing 
musical 
instrument 7 . . . 2 4 
Building . 26 . . 5 7 
Shopping . . . 10 4 22 
Theatre . . . 26 9 2 
Cinema . . . 6 2 1 
Being sick . 103 . . 13 3 
 

* Time from the category “total physical exercises” 
** Time from the category “associating with family and friends”, “going to pay a visit”, “associating in coffee house 
and restaurant” and “other social dealings” 
*** Time from the category “studies in spare time”

Table 11: Activities done by the household members and time 
spend on it in minutes on average per day
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ChapTer 5: The New 
reSearCh Framework

The aim of this research was to develop a new 
research framework in order to study changes in 
daily life activities due to living in a low energy 
house. This new framework can be used in order 
to find an answer to the question ‘Does living in a 
low energy house result in lower total energy con-
sumption than living in a standard house?’ Total 
energy consumption can be defined as energy nee-
ded to maintain the house, for daily activities and 
consumption of all (non-)durable goods and servi-
ces. It is expected that since living in a low energy 
house the energy consumption decreased; however 
it can also remain the same or even increase due to 
a rebound effect.

All the topics needed to develop a new frame-
work that could be used to investigate the side-
effects of living in a low energy houses, are discus-
sed earlier in this report. Now the framework itself 
will be discussed. 

Every section will be gradated in importance 
class (rate * - ***). The gradation is according to the 
importance of the variables, which can be depen-
dent or independent, resulting from the section 
and needed for answering the question ‘Does living 
in a low energy house result in lower total energy 
consumption than living in a standard house?’. The 
estimated time needed for researching that section, 
including the time running for the diaries, will be 
given in Appendix F. 

“The actual behavior is measured best through 
empirical studies at the level of implementation” 
(Groot-Marcus et al., 2006). Then studying the 
advantages and disadvantages of a new situation, 
in this case living in a low energy house, is easier. It 
is recommended that for “studying the relationship 
between technology and behavior start with empiri-
cal investigation of real activities” (Groot-Marcus 
et al., 2006). In a questionnaire can be asked for 
the motives and aims of a certain behavior and this 
can be linked to the practical reasons for the actual 
accomplished behavior. It is possible to forecast 
some scenarios and include this in the question-
naire. Then there are increased chances for measu-
ring the actual behavior instead of the intended 
behavior because the respondent feels less obligated 
to give socially desired answers (Groot-Marcus et 
al., 2006). For the current research framework this 

means that the actual behavior can be best measu-
red by including residents actually living in these 
houses in the sample and studying their activities. 
This will give the most complete and trustworthy 
picture of the investigation to the behavior of resi-
dents living in a low energy house.

It is strongly advised to use a combination of 
several research tools, namely the questionnaire, 
diary and interview. This is in order to obtain as 
much data as possible. Some data are appropriate 
to collect via a questionnaire, however some more 
personal or difficult issues are better to discuss 
during an interview. Also additional information 
for interpreting the data obtained via the question-
naire and diary can be asked in an interview after 
filling in, in case some questions arise during ana-
lyzing the data of the earlier received data. Some 
parts of information in the gathered data can be 
compared or complemented with existing litera-
ture, especially literature about behavior of resi-
dents living in standard houses in order to make 
comparisons between residents living in a standard 
house and a low energy house, however sometimes 
information is lacking for this purpose and then 
it is needed to carry out a field study for residents 
living in a standard houses too. 

For the current report five families living in a 
low energy house were contacted, however to study 
this topic on larger scale to draw clear conclusions 
it is preferred to use a larger sample of at least 15 
families. Then it is recommended to include fami-
lies with a high standard of living, high educated 
and two children, because often this family type 
lives in a low energy house (o.i. Nieminen, 2006). 
Another advantage of studying these families are 
the so-called ‘stable families’, which means that 
changes in family life cycle, which have an impact 
on total energy consumption, are excluded. This 
results in a better study of changes due to living in 
a low energy house and excluding other aspects.

For suggestions of questions for the diary and 
questionnaire, and for topics to discuss during the 
interview, please have a look at the questionnaire, 
diary and discussion points during the interview 
used for the current research in Appendix D, 
Appendix E for suggestions for research tools for 
further research and Kajantie (2004).
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Technical solutions (***)
It is necessary to know which technical solutions 
are present in the house in order to calculate how 
much energy can be saved. This means that the U-
values of the different compartments of the house 
should be calculated. However it is also possible to 
decrease the energy consumption by using the app-
liances as optimally as possible. It should be stu-
died whether this actually occurs. Table 12 shows 
the issues that can be focused on:

The theoretical savings of the technical solu-
tions which are mentioned by suppliers of these 
systems can be compared with the actual savings. 
Therefore, the use of the appliances which are not 
originally installed in the house, like for example 
the dishwasher and washing machine, should also 
be studied. This last item will be discussed later. 

It is recommended to run the diary for several 
weeks in several seasons, in order to include seaso-
nal changes and exclude special occasions.

Items to study: Reason to study this item: Required research
methods:

The type and working
process of the technical
solutions in order to
decrease the energy
consumption available in the
house

(independent variable)

When the technical solutions are studied in
order to calculate the energy savings, it is
important to know with which technical
solutions the house is equipped and how
these work.

Ask the respondents which
technical solutions are available
in the house in a questionnaire.
Ask for blueprints and design
drawings of the house during the
interview. Study the manuals of
the available appliances or
contact producers of those
technical solutions for a
description of the optimal use.

The use of the heating
system

(dependent variable)

It is important to know how the heating
system is used because the use pattern
might differ from prescribed, which result
in deviating energy consumption figures.
The use can be defined as installation,
maintaining and using the use options of
the system.
Furthermore can be researched what the
reasons are for using the heating system
different as prescribed. These results can
be used as recommendations for
prospective designs.

Ask via multiple choice
questions in a questionnaire.
Divide different steps in different
questions.
Compare the results with the
prescription of the designer of
the system.
Calculate the difference in
energy consumption between
actual use and intended use.

The adjusted and actual
room temperature

(dependent variable)

As seems from the field study the actual
and adjusted temperature may differ. The
reason for this can be, for instance the
fireplace that radiates heat. However it is
interesting to see how large those
differences are, especially for the following
steps.

Ask via an open question in a
questionnaire about the adjusted
room temperature on several
times a day and in several
rooms in the house. Ask in a
diary to measure with a
calibrated thermometer the
actual room temperature during
several times a day and in
several rooms in the house, for
instance in the living room and
bedroom. Take care the
measurements are
standardized: all measurements
a certain distance, for instance
two meters, from the heating
source and on the inner or
outdoor wall.

Measures taken when the
room temperature is
uncomfortable

(dependent variable)

It is necessary to study this point, because
then it is possible to investigate what
happens when someone feels
uncomfortable with the room temperature.
When the temperature is too high, it might
happen that a window or door is opened.
Then, heating energy is going outside.
When the resident thinks it is too cold, he
might wear extra clothes or change
position, or put the thermostat higher
which requires more heating energy. It is
interesting to study the results of the
applied measures.

Ask via an open question in an
interview what the respondent
does when the temperature is
too high or too low.
Search in the literature for the
applied methods what the
results are of their measures.

Table 12: Issues to focus on when researching the technical solutions applied in a low energy house
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The building phase (**)
In Table 13 different aspects of the building phase 
that might have influence on the energy efficiency 
rate of the building are mentioned.

Use and characteristics of applications and 
appliances that are not originally installed 
(***)

Also devices that are not originally installed in the 
house, but installed later by the resident or for the 
resident, for instance a washing machine and dish-
washer, consume energy and have an impact on the 

Items to study: Reason to study this item: Required research
methods:

Reasons to buy a
low energy house

(dependent
variable)

It is important to see what the motives of the
resident are to buy or build a low energy house.
According to the interviewed experts, other
advantages of the house than saving energy might
be more important for the resident. The motives of
the resident could be classified in four groups:
- Comfort
- (Future) economical reasons, which mean the
durability of the house with the different
compartments and building materials, and saving
money energy
- Ecological living/environmentally minded way of
living
- Social pressure because of information
concerning positive experiences from relatives and
friends
By understanding the motives of the resident for
choosing to live in a low energy house, it is easier
to understand his behavior and the results of the
behavior.

- Ask during open interview, the
respondents in the current
interview were open and gave a
lot of useful information.
- Via questionnaire. Please see
(Kajantie, 2004) how to ask
questions. However, the results
of that research were
inappropriate to make cross-tabs
for demonstrating relationships
between motives (o.i. Korhonen,
2006). It might be useful to
make cross-tabs in order to see
that more motives were
important for the decision to
build a low energy house.

Expectations of the
resident
beforehand about
living in a low
energy house

(dependent
variable)

It is important to know the expectations of the
resident, because he will try to make his dreams
come true. This means that he will behave in order
to reach his goals and expectations beforehand. By
knowing the expectations and combining this with
the motives as mentioned above, it is easier to
understand the actual behavior of the resident.
Another point is that it might be easier to conclude
whether the resident is happy with his choice to live
in a low energy house, and the reasons for it
because the expectations can be compared with
the current situation, how the current situation
developed as it is and how the resident appreciate
it.
Some respondents did not have any special
expectations beforehand, or these expectations
were already integrated in the design of the house.
However it is also important to know their
expectations in order to study whether their lifestyle
changed since they are living in a low energy house
and in which extent the low energy house causes
these changes.

During interview. It is difficult to
explain the expectations for a
respondent, however by talking
about it makes it easier because
it is easier to describe situations
and feelings during a
conversation. It might be difficult
to write it down, because the
respondent does not know what
answer is useful for the
researcher. During the interview,
the researcher can direct the
respondent. Especially when
the respondent did not have any
special expectations
beforehand, he might not give
an (useful) answer in a
questionnaire.

Table 1�: Items to study and the reasons to study them

total energy consumption. Also the use pattern of 
these additional appliances and applications needs 
to be investigated. It is necessary to calculate how 
much energy these later installed appliances and 
applications consume. Furthermore it can be stu-
died why people use these appliances. The results 
of the study can be used to improve the facilities 
for installing these applications and appliances, in 
order to make the installation process more effi-
cient and the use more energy efficient. When 
the use characteristics are known, these could be 
implemented in the design of the applications and 
appliances in order to make these as optimal as 
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The building
process

(independent
variable)

It is important to investigate the building process,
because many decisions made when building the
house have an impact on the energy efficiency of
the building. Therefore, it is important to divide the
process into different steps:

1. Determine who gave the order to build,
the constructor for a block of flats, the
residents for the residential building or
another project developer? The energy
efficiency rate of a building may differ
between the extent of influence the
resident has on choosing the building
materials, the installed applications and
the heating system. When the house is
build by a project developer, it is
important to know the motives, because it
might have an influence on the decision
for the building materials, applications
and heating system. It is important to
know whether the building is a pilot or
test example.

When the resident is giving the building order, the
points below concerning the building phase are
important to study:

2. Choosing an architect: as mentioned
above, the choice for an architect might
have influence on the extent to which the
resident is involved in the building
process for a residential house. Then it is
interesting to study how much influence
the future resident and the architect have
on design of the house. It is also
interesting to study how much influence
the architect has, because he might be
inexperienced in designing low energy
houses and discourage the plan. From
the current research can be concluded
that the design phase often faced some
difficulties because some families
decided to design the house themselves
instead of cooperating any longer with
the architect.

3. Choosing the constructor: the
constructor has much influence in the
decision to build a low energy house,
depending on his experience in building
this type of houses. He might have
influence on the choice for building
materials and technical solutions
implemented in the house. Then it is
interesting to study how the decision
process for the different building
materials, appliances and application
occurs.

4. Choosing the building materials: the type
of building materials is determining the
extent to which the house is energy
efficient. Also other product
characteristics might have an important
share in deciding for a certain type of
building material. Here could be studied
which product characteristics are most
important for the resident: energy
efficiency or others like easy
maintenance and product guarantees.
Furthermore can be studied how
decisions concerning building materials
are being taken.

5. Choosing the applications which need to
be installed in the house. The resident is
dependent on the information he receives
from the companies and constructors, the
prices of the applications and building
materials and the building characteristics
(o.i. Nieminen, 2006). The type of

1. A multiple choice
question in
questionnaire.

2, 3, 4, 5, 6 and 7: During open
interview. Discuss how the
respondent experienced
the cooperation with the
different shareholders and
the results of the
cooperation.
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5. Choosing the applications which need to be
installed in the house. The resident is
dependent on the information he receives from
the companies and constructors, the prices of
the applications and building materials and the
building characteristics (o.i. Nieminen, 2006).
The type of application has an influence on the
extent to which the building is energy efficient.
Here can also be studied which characteristics
are most important in the decision by the
resident and how the decision is being taken.
6. Choosing the heating system: the type of
heating system is important in determining
how energy efficient the house is. The main
goal of low energy houses in Finland is to
decrease heating energy. Due to the technical
characteristics of such a system, the user
friendliness that is determined by the technical
characteristics and the (future) prices of
energy, it is a difficult task to choose a certain
system. It can be studied which characteristics
are the most important aspects for choosing a
certain heating system: good quality, the
energy efficiency, economical considerations
or user friendliness, easy maintenance of the
heating system or product guarantee. There
might be a relation between the
characteristics.

Satisfaction level of
the respondent
concerning the
building process

(dependent
variable)

Satisfaction is also a side effect of living in a low
energy house, although it has nothing to do with
energy efficiency. Satisfaction concerning the
building process or renovation process is a part of
the overall satisfaction level. It might be interesting
to investigate how the people face difficulties during
the building process and how they solve these and
whether living in a low energy house is worth to
solve all those problems and not choosing for an
easier method, namely building a standard house.
Besides that it would be interesting to study
whether people who build the low energy house
themselves are more satisfied with their house than
people who bought their house in a project.

Ask in a questionnaire which
difficulties the respondent
experienced during the building
process. Ask then in an open
interview how they solved the
problems, how they experienced
it and whether they are satisfied
with the outcome and their
house.

possible for the user and for the person that must 
install these.

This can be studied via a questionnaire and diary. 
Ask in a multiple point choice answer in the questi-
onnaire which applications and appliances are avai-
lable. In the diary, running several weeks in several 
seasons, the respondent fills in how much time the 
application or appliance is running and eventu-
ally how many persons are using it per time. It is 
needed to fill in the diary several weeks in several 
seasons in order to exclude extraordinary days and 
to study season related tendencies. It is interesting 
to study how many persons use a certain appliance, 
in order to calculate time use per activity and tool 
and comparing the outcome with the standard Fin-
nish population. The result of the comparison is 
that conclusions can be drawn whether residents 

living in a low energy house spend more or less 
time on less energy intensive activities.

Dependent variables:
Use of the not originally installed applica-
tions and appliances
Reasons to use the not originally installed 
applications and appliances

Independent variables:
Energy consumption of the not originally 
installed applications and appliances

Satisfaction level of the residents (*)

As mentioned in Table 13, satisfaction of the resi-
dents can also be seen as a side effect of low energy 
houses, however it has nothing to do with energy 
savings. It is important that the residents feel 

•

•

•
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themselves at home in their house, that the house 
is comfortable (Mikkola and Riihimäki, 2001; o.i. 
Nieminen, 2006). So it can be studied how people 
appreciate their new house and the applications 
in the house. This can lead to recommendations 
for further developments of the houses and app-
lications, for a better living experience without a 
decrease in energy efficiency. 

It would be nice to study to which extent the 
expectations came true and whether the goals of 
the residents are reached. This information can be 
used for the marketing of low energy houses: the 
people dealing with marketing issues know what is 
important in the opinion of the resident and can 
give clear and trustworthy information about it.

An appropriate method for studying satisfac-
tion among the residents of a low energy house is 
via a questionnaire (please see Kajantie (2004) for 
further information) because then it becomes clear 
how the residents appreciate different aspects. In 
an interview in-depth questions concerning satis-
faction of different aspects and to which extent 
expectations beforehand came true can be asked 
in order to get a good overview. A requirement is 
that the respondents are living in their houses at 
least one year. Then, they have already experienced 
all the seasons which might have an influence on 
living comfort. Furthermore when the respondent 
is living in his house for only a short period, he 
might overrate his new house because everything is 
new and he is content about that.

Dependent variables:
Expectations beforehand
Into which extent the expectations came 
true

Independent variables:
Time period the resident lives in the house
Change in seasons

Background information of the 
respondents (***)

Before studying the lifestyle of a family, it is neces-
sary to gather information concerning the family 
itself. The required information concerns the 
family composition, the age of the family mem-
bers and the net income per year. This is in order 
to make a good comparison of lifestyles between 
the families living in a low energy house and com-
parable families living in a standard house. This 
information can be asked via closed questions in 

•
•

•
•

a questionnaire. All these pieces of information are 
independent variables.

Activities accomplished by residents of low 
energy houses (***)

This research part is meant for studying which 
activities are accomplished by the residents of low 
energy houses, how are they accomplished, which 
tools are used and how long the tool is running 
and the activity carried out. The answers give 
can be used for measuring the direct and indirect 
energy consumption of those activities. The energy 
consumption of the encountered activities can be 
determined by studying the literature about energy 
consumption for different activities. The energy 
consumption of the activities can be compared with 
their previous lifestyle when they were living in a 
standard house, in order to determine whether a 
difference in the lifestyle and consumption pattern 
occurred. Information about their previous lifes-
tyle should be asked from the respondent living in 
a low energy house via an interview. Interviewing 
might be the most appropriate research technique 
for this because it might be difficult for the res-
pondent to answer questions concerning lifestyle 
on paper and the answers might by useless for the 
research. As experienced during the current rese-
arch the respondents are willing to give plenty of 
information concerning their previous and current 
lifestyle during the interview. Think about topics 
to discuss beforehand; however do not formulate 
the questions because there might be a risk that 
interesting information will not be discussed then 
due to too much outlining the conversation. The 
current activities can be asked with a diary. In order 
to get a complete overview of it, it is best to follow 
the respondents during several seasons of the year. 
Also should be asked how many minutes per per-
son are spent on an activity, whether some common 
activities are accomplished and how long a tool is 
running for a certain activity. This is in order to 
calculate how much time a specific appliance for an 
activity is used, per person and per family in order 
to compare the time use with residents living in a 
standard house. These comparisons result in con-
clusions concerning differences between residents 
living in low energy houses and standard house in 
energy intensity of the activities. 

A rebound effect might occur because money 
might be spent on accomplishing activities more 
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frequently or longer, which is an income rebound 
effect. It is interesting to investigate on which acti-
vities the saved money on energy is spent. The 
results of these comparisons with the previous 
situation can give an insight into the main changes 
and the direction of the changes. This is important 
in order to answer the question ‘Do low energy 
houses reach the goal, focusing on the total energy 
consumption?’. 

The activities to study can be classified in several 
groups. Table 14 shows how the energy consump-
tion of different activities can be studied. 

Use of products and services outside the 
house (***)

The use of products and services outside the house 
has also an influence on the total energy consump-
tion. The products and services in this category are 
part of the daily activities. Topics that should be 
researched are: what activities are done outside the 
house and what goods are necessary to accomplish 
those activities, in order to determine the indirect 
energy consumption of these activities. There might 
be a chance that a rebound effect due to income 
effects occurs: the resident saves money on energy 
and uses now more services and do more activities 

outside the house which consume much indirect 
energy. The energy consumption, both direct and 
indirect, can be found in the literature. These figu-
res are needed for making a comparison between 
the current and previous situation for determining 
how the total energy consumption of activities out-
side the house changed and due to which reasons. 
Therefore it is necessary to ask the residents of low 
energy houses which activities they used to do when 
they were living in their previous house. The easiest 
way to study this item is via a questionnaire with 
a multiple-choice answer, and giving free space for 
adding extra activities. When there is no informa-
tion available about the indirect energy consump-
tion of the extra activities it is best to choose an 
activity that is most close by. Also a diary could 
be filled in during several weeks in several seasons, 
in order to exclude extraordinary activities and to 
include season related activities. When the changes 
are studied it should be calculated how large the 
changes are and the main reasons for the changes. 

Dependent variables:
Activities performed outside the house since 
the family lives in a low energy house
Independent variables:
Goods needed to perform activities outside 
the house

•

•
•

Table 1�: Methods for measuring the energy consumption of 
different activities

Group Activity What do you want to know Which information is
needed

Household
activities

Cooking How much energy is used for
cooking, what are differences in
cooking between residents of
low energy houses and
standard houses, what are the
possibilities to prepare meals in
a more energy efficient way.

- Type of cooking system
(independent variable)
- How much time the cooking
system is running
(dependent variable)
- How often is the oven used
(dependent variable)
- How long is the oven running
per time
(dependent variable)
- How often is the microwave
used
(dependent variable)
- How long is the microwave
used
(dependent variable)
- Information about cooking by
residents living in standard
houses
(dependent variable)
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Laundry How much energy is used for
doing the laundry and did that
change since the residents are
living in a low energy house.

- Answer on the question
whether it is more energy
efficient to have private or
shared washing facilities
(independent variable)
- Whether residents in a low
energy house have private or
shared washing facilities
(independent variable)
- Brand and energy label of
different washing facilities
available in the house, in order
to find out information
concerning energy efficiency.
(independent variable)
- How often they use which
washing program
(dependent variable)
- Information about the use of
the washing facilities of
residents living in standard
houses
(dependent variable)

Doing the dishes Whether the method for doing
the dishes changed since
people are living in a low
energy house and what impact
it has on total energy
consumption.

- Which method is used for
doing the dishes
(dependent variable)
- How often are the dishes done
(dependent variable)
- When a dishwasher is used,
which program(s) is/are running
(dependent variable)
- How often is the dishwasher
used
(dependent variable)
- What is the brand and energy
label of the dishwasher, in order
to find out information
concerning energy efficiency.
(independent variable)
- Information about how
residents of standard houses
are doing the dishes
- What the label of the
dishwasher installed in standard
houses is
(dependent variable)
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Shopping Whether a resident of a low
energy house is more
environment-minded when he
buys goods and services than a
resident living in a standard
house and compared to when
the resident was living in a
standard house.
Changes in buying goods and
services since living in a low
energy house and reasons for
that.

- What kind of products the
resident bought when he was
living in his previous house and
what kind of products the
resident of a standard house
buys (durable and non-durable
goods, services, ecological
products?)
(dependent variable)
- Frequency of buying these
goods and services
(dependent variable)
- Ecological level of the
acquired goods and services
(independent variable)
- What kind of products does
the resident buy since he is
living in a low energy house
(durable and non-durable
goods, services, ecological
products?)
(dependent variable)
- Frequency of buying these
goods and services
(dependent variable)
- Ecological level of these
acquired goods and services
(independent variable)
- Change in supermarket chain
(dependent variable)
- Spending more or less money
on shopping of daily goods
since living in a low energy
house
(dependent variable)
- Change in consumption of
services: type of service and
frequency
(dependent variable)
- Reasons for changing this
consumption pattern
(dependent variable)

Personal hygiene Going to the
sauna

Whether the sauna behavior of
the resident changed since
living in a low energy house,
and what the impact is on the
energy consumption for heating
the sauna.

- The heating source of the
sauna
(independent variable)

- How long the sauna is running,
including preheating time
(dependent variable)
- How often the sauna is
working per week
(dependent variable)
- Whether the time that is spend
in the sauna differs in weekend
days compared to weekdays
(dependent variable)
- Information about going to the
sauna by residents living in
standard houses
(dependent variable)
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Showering Whether the showering-
behavior of the resident
changed since he is living in a
low energy house and what the
impact is on the energy
consumption for showering.

- How often do the residents
take a shower
(dependent variable)
- How long is the water running
(dependent variable)
- What is the temperature of the
water
(dependent variable)
- Information about showering-
behavior of residents living in
standard houses
(dependent variable)

Bathing Whether the bathing-behavior
of the resident changed since
he is living in a low energy
house and what the impact is
on the energy consumption for
showering. Probably there is
influence on the showering-
behavior, so bathing-behavior
could be a variable of the
showering-behavior.

- Is a bath available
(independent variable)
- How often do the household
members take a bath
(dependent variable)
- How often do residents living
in a standard house take a bath
(dependent variable)
- What influence does the
availability of a bath have on the
shower-behavior of a low
energy house and standard
house resident
(dependent variable)

Leisure activities Hobbies Whether the changes in
hobbies occurred and what
impact it has on the energy
consumption.

- Which hobbies are being
practiced by the household
members
(dependent variable)
- How much time is spend on
these hobbies
(dependent variable)
- Which hobbies were the
residents practicing when they
were living in their previous
house
(independent variable)
- Reasons to change their
hobbies
(dependent variable)

Summer cottage Whether changes occurred in
the use of the summer cottage,
what kind of changes happened
and what impact it has on the
energy consumption since the
resident is living in a low energy
house

- Total energy consumption for
heating and maintaining the
summer cottage
(independent variable)
- How often the cottage is used
(dependent variable)
- Which energy saving
measures are applied in the
summer cottage
(independent variable)
- Which changes occurred in
using the summer cottage since
living in a low energy house
(dependent variable)
- Reasons for the changes
(dependent variable)
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Holiday abroad Whether changes occurred in
going on holiday abroad since
the resident is living in a low
energy house and reasons for
the changes

- How many kilometers
the residents of low energy
houses travel abroad
(dependent variable)
- How they are traveling to the
destination
(dependent variable)
- Where the residents used to
go before they lived in a low
energy house
(independent variable)
- How they used to travel to the
destination
(independent variable)
- Reasons for changes in going
on holiday (environmentally
minded reasons, economical
reasons, others)
(dependent variable)

Other activities Car use How the car use has changed
since living in a low energy
house, what the reasons are for
the change in car use, and what
the impact is on the energy
consumption.

- How many cars do the
residents living in a low energy
house have
(independent variable)
- Did the number of kilometers
driven by the resident of a low
energy house change since he
lives there
(independent variable)
- Reasons to drive a car
(dependent variable)
- Change in reasons to drive a
car
(dependent variable)
- Which other ways of transports
are used by a resident living in a
low energy house
(independent variable)
- Information about the use of a
car and other ways of transport
by resident living in standard
houses
(dependent variable)

Direct and indirect energy consumption of 
executed activities outside the house
Outdoor activities done when the residents 
were living in their previous houses

Use of transportation (***)

Transport is an important determinant for the 
total energy consumption, both for families living 
in a standard house and for families living in a low 
energy house. It is important to study the follo-
wing items:

Which transport system(s) the family mem-
bers use (independent variable)

•

•

•

How often the transport system is used 
(dependent variable)
For which destinations the transport system 
is used (dependent variable)
Does the family have a car (independent 
variable)
How many kilometers are driven by car per 
year (independent variable)
For which destination is the car used (depen-
dent variable)
Are destinations combined in one trip and 
if so, what are the reasons for it (dependent 
variable)

•

•

•

•

•

•
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Does a combination of destinations results in 
saving energy on transportation, also regar-
ding other transport system possibilities if 
possible for that destination (for instance, is 
it better to combine work and supermarket 
trip, or go to work by car and to supermar-
ket by bike?) (dependent variable)
How was the situation regarding use of tran-
sport systems when the family was living in 
the standard house previously (dependent 
variable) (independent variable)

These aspects should give information about 
how the residents are traveling, for which desti-
nations and how it changed since they are living 
in a low energy house. This can be used in order 
to calculate the total energy consumption and 
the change in energy consumption for transport. 
Results of these comparisons can be used as recom-
mendations for city planners and the government, 
to take measures for decreasing car use.

An appropriate research method to study this 
item is a combination of a questionnaire and a 
diary. In the questionnaire can be asked via mul-
tiple choice questions which transportation sys-
tems will be used, for which destinations, what are 
the distances of those destinations from home and 
the availability of a car. Via an open question can 
be asked how the situation was when the family 
was living in and in which extent the new location 
of the house is responsible for the changes. For the 
answers of the diary it will be the best to fill in the 
diary several weeks in several seasons, in order to 
exclude extraordinary occasions and include seaso-
nal related behavior regarding the choice for cer-
tain transport systems. 

Decisions concerning acquisition of 
consumable and durable goods and services 
(***)

The decision process in which the resident is invol-
ved when he purchases goods and services can be 
studied. Many products and services are available. 
Interesting to research is which product and service 
characteristics are important for residents living 
in low energy houses. It can be studied what the 
attitude regarding durable, ecological or energy 
efficient products is, and to which extent this is 
included in the decision for a certain product or 
good. Also can be studied whether a change occur-
red in the consumption of certain products, ser-

•

•

vices, indirect energy use and raw materials for a 
resident living in a low energy house by comparing 
these data with information concerning the con-
sumption pattern of residents living in a standard 
house. 

The best research method is to fill in a diary by 
residents living in a low energy house and in a stan-
dard house. They fill in what kind of products and 
services they purchase and this will be compared 
between the two samples. Also then it is important 
to fill in the diary several weeks in several seasons 
in order to exclude extraordinary circumstances 
and to include seasonal changes. An interview with 
questions for both samples concerning environ-
mental friendly products and services gives insights 
into their opinions. 

Dependent variables:
Product characteristics interesting for resi-
dents living in a low energy house
The extent to which the attitude regarding 
durable, ecological or energy efficient pro-
ducts is taken into account of a purchase 
decision
Changes in consumption pattern
Independent variables:
Attitude regarding durable, ecological or 
energy efficient products

Counting the total amount of energy 
consumed (***)

When all the different aspects of maintaining the 
house, living, transport and daily activities that 
influences the total energy consumption by a family 
living in a low energy house are studied, the total 
energy consumption can be calculated. This can be 
compared with the theoretical savings, which can 
be found in the literature. Comparisons are needed 
in order to determine on which field differences 
occur, what the reasons for the differences are and 
how the behavior of the resident can be influenced 
for a more energy efficient behavior. It might be 
necessary to change the theoretical model in order 
to make better calculations of the total energy 
savings for people living in a low energy house. 
This is the answer to the question: ‘Does living in a 
low energy house result in lower total energy con-
sumption than living in a standard house?’

Dependent variables:
Lifestyle aspects: maintaining the house, 
living, transport and daily activities

•

•

•
•
•

•



�� �9

Independent variables:
Total energy consumption of all lifestyle 
aspects
Theoretical savings

Comparison with residents of standard 
houses (**)

The actual energy consumption of residents living 
in a low energy house can be compared with the 
energy consumption level of residents living in 
a standard house. This gives a good view on the 
extent to which the resident of a low energy house 
behaves actually energy efficient, and which aspects 
causes this situation. Of course it is necessary to 
compare it with comparable households: the house 
should be of equal size and the same family com-
position in the same life cycle stage. Other aspects 
may differ in order to see what impact it has on 
the total energy consumption of both households. 
This is possible by using the results of the earlier 
mentioned sections.

Dependent variables:
Actual energy consumption of residents 
living in a low energy house
Independent variables:
Energy consumption level of residents living 
in a standard house

This new framework is inappropriate for setting 
up experiments in order to see how residents of low 
energy houses react on certain situations and then 
drawing conclusions based on the outcomes. This 
framework is not designed for an experiment like 
moving families from a standard house to a low 
energy house and then measuring how they behave 
and react on their new situation, whether they 
become environmental friendly. It is designed in 
order to measure in which extent the people who 
were actively involved in their decision to live in a 
low energy house are environmental friendly and 
changed their lifestyle into a more sustainable one. 

In Table 15 a summary of the research methods 
for a certain section is shown. 

•
•

•

•

•
•
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Research method: Topics to study:

Literature Technical solutions:
- Blue prints and design draws for working process of available technical

solutions
- Manuals of technical solutions for studying the optimal use

Room temperature:
- Results of the measures the residents take when the room temperature

is uncomfortable
Not originally installed appliances:

- How much time not original installed appliances are used by the
Finnish population

Laundry:
- Energy efficiency level of private and shared washing facilities
- Use of washing facilities by residents living in standard houses

Doing the dishes:
- Applied method for doing the dishes by residents living in a standard

house
Shopping:

- Kind of products and services a resident living in a standard house
buys

- Ecological level of the purchased goods and services
Sauna:

- How long and frequency rate residents living in a standard house are
going to the sauna on weekdays and weekend days

- How long the sauna is running per time including preheating time for
residents living in a standard house

- Heating source of the sauna in standard houses
Showering and bathing behavior:

- Time water is running in shower for residents living in a standard house
- Frequency rate residents in standard houses take a shower and bath
- Temperature of the water for residents living in a standard house
- Influence of availability of bath on showering behavior

Hobbies:
- Amount of direct and indirect energy needed for accomplishing the

activities a resident of a low energy house does
Summer cottage:

- Total energy consumption for heating and maintaining the summer
cottage owned by residents living in a standard house

- How often residents of a standard house use the summer cottage
Transport:

- Number of cars available for residents living in a standard house
- Kilometers drove by car by residents living in a standard house
- Reasons to drive a car for residents living in a standard house
- Other transport systems used by residents living in a standard house

Table 1�: Research methods and issues to study recommen-
ded for further research
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Questionnaire Technical solutions:
- Which technical solutions are available in the house
- How the heating system is used
- Adjusted room temperature several times a day on several places in

the house
Building process:

- Reasons to buy or build a low energy house
- Who gave the building order, for determining whether residents with

different extent of influence on the building process have a different
satisfaction level concerning building the house and living there

- Which difficulties the respondent faced during the building process
Not originally installed appliances:

- Which not originally installed appliances and applications are available
in the house

Satisfaction level:
- Satisfaction of the house

Background information of the respondent:
- Background information concerning family composition, age of the

family members and net income per year
Cooking:

- Type of cooking system
- How much time the cooking system is running
- How often the oven is used
- How long the oven is running per time
- How often is the microwave used
- How long is the microwave used per time
- Information about cooking by residents living in standard houses

Laundry:
- Private or shared washing facility available
- Brand and energy label of different washing facilities available in the

house
- How often which washing program is used

Doing the dishes:
- Which method is applied for doing the dishes
- Dishwasher available in the house
- Which program(s) of the dishwasher is/are chosen
- Brand and energy label of dishwasher

Shopping:
- Change in supermarket chain and reasons for that

Sauna:
- Heating source of the sauna
- How often sauna is running per week
- How long people are going to take a sauna in weekdays and weekend

days
Showering and bathing behavior:

- How often do residents take a shower and bath
- Availability of a bath

Hobbies:
- Hobbies being practiced by the household members
- Hobbies practiced by the household members when they were living in

the previous house
Summer cottage:

- Total energy consumption for heating and maintaining the summer
cottage

- How often the summer cottage is used
- Energy saving solutions applied in summer cottage
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Holiday abroad:
- How many kilometers travel abroad
- Transportation system used for traveling
- How many kilometers traveled abroad when they were living in their

previous house
- Transportation system used for traveling previously

Transport:
- Number of cars available
- Kilometers drove by car changed into certain direction since living in a

low energy house
- Reasons for change
- Reasons to drive a car, destinations to drive to
- Change in reasons since living in a low energy house
- Distances to certain destinations
- Are trips combined in one trip and if so, what are the reasons for it
- Does a combination of destinations results in saving energy on

transportation, also regarding other transport system possibilities if
possible for that destination (for instance, is it better to combine work
and supermarket trip, or go to work by car and to supermarket by
bike?)

- Other transport systems used
- How was the situation regarding use of transport systems when the

family was living in the previous house

Diary Room temperature:
- Measure room temperature several times a day on several places in

the house
Not originally installed appliances:

- How long the not originally installed appliances is running, eventually
how many persons are using it

Cooking:
- How much time the cooking system is running
- How long the oven is running

Laundry:
- How often which washing program is used

Doing the dishes:
- How often the dishes are done

Shopping:
- Kind of products and services purchased by residents living in a low

energy house and standard house
Sauna:

- How long the sauna is running, including preheating time
- How often sauna is running per week

Showering and bathing behavior:
- How often do residents take a shower and bath
- How long is the water running per time
- Temperature of the water

Hobbies:
- Time spend on different hobbies per person

Transport:
- Number of kilometers drove by car to certain destinations
- Use of other transport systems
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Interview Room temperature:
- Behavior when the room temperature is uncomfortable

Building process:
- Reasons to buy or build a low energy house
- Expectations of the resident beforehand about living in a low energy

house
- How the resident experienced the cooperation between different

stakeholder in the different stages of the building process and whether
he is satisfied with the results

- How problems during the building phase were solved
Satisfaction level:

- Satisfaction of different aspects of the house
- To which extent expectations beforehand came true

Shopping:
- Kind of products and services the resident living currently in a low

energy house bought when he was living in his previous house
- Reasons for changing consumption pattern

Showering and bathing behavior:
- Influence of availability of bath on showering behavior

Hobbies:
- Reasons to change the hobbies

Summer cottage:
- Changes in use of summer cottage and reasons for that

Holiday abroad:
- Reasons for changes in distances and transportation system
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ChapTer 6: CoNCLuSIoN

This chapter will draw conclusions from different 
items discussed earlier in the report, in order to give 
a preliminary answer to the question ‘Does living 
in a low energy house result in lower total energy 
consumption than living in a standard house?’ 
For answering this question, the new research fra-
mework was designed, and the results of further 
research might be more appropriate to answer the 
question. However, in order to design the new fra-
mework, the current research was necessary. The 
results of this study provide a preliminary answer 
on the particular question.

The houses and the equipment

The families moved to a larger house than they 
were living in. Those houses are equipped with 
several technical solutions that aim to decrease the 
energy consumption; especially the amount of hea-
ting energy was focused on. 

It can be concluded that the family living in 
the ecological low energy house lives in the most 
ecological building compared to the other families. 
This appears from many aspects such as building 
structure, heating and choice for different materi-
als. For building the house the decisions for pur-
chasing the products were taken from an ecological 
perspective. Also other families paid attention to 
building structures, the choice of different materi-
als and the equipment of the house in order to use 
as little energy as possible. This means that often 
high quality materials and devices were chosen that 
were more expensive than conventional building 
materials and devices. 

The residents try to use the appliances in a 
healthy and environmental friendly manner. 
Examples are that it is tried to keep the indoor air 
at a high quality by using the ventilation system 
on different levels in different situations; when the 
room temperature is too low, often other solutions 
than increasing the temperature by using extra 
ventilation heating were applied, like wearing extra 
clothes, sitting at another place in the room and 
using the fireplace. Some families vary the room 
temperature during the day when the family is 
absent, however not all families do that. The firep-
lace provides extra heat, even the day after the 

fire burned. No common negative experiences of 
technical solutions were found.

Before and during the building phase 

Except for one family, all families designed the 
house themselves or in cooperation with a rela-
tive. Despite the different extent of influence on 
the building processes, all families were content 
with the house and the building process. Some 
families faced problems with the designer of the 
house because of different designs of the surface of 
the house (so not about the low energy measures 
applied in the building) and decided to design the 
house themselves. However it appeared from a res-
pondent, the expert interviews and the literature 
that buying a heating system is a difficult task. The 
experts and literature state that people are discou-
raged by constructors from their plans to build a 
low energy house. It is recommended to instruct 
constructors on the building techniques for buil-
ding a low energy house, and the suppliers of the 
heating system how the different parts interrelate.

Most of the respondents choose to live in a low 
energy house because of environmental reasons. 
The second most important reason was to save 
money. Some residents were attracted by positive 
experiences of others, so social influence occurred. 
The reason mentioned least was the good indoor 
air quality. 

Almost none of the respondents had special 
expectations about living in a low energy house 
prior to living there. Some of them integrated their 
expectations in the design and construction of the 
house themselves or some other residents integra-
ted their expectations via discussions about it with 
a designer. 

All the families were happy with their house. For 
all of them it was possible to maintain their lifes-
tyle, or improve it more into the direction of their 
ecological or well being desires because better faci-
lities for fulfilling these desires were nearby. Anot-
her very important item that satisfies the residents 
is the possibility to live in a sustainable house.

Changes in activities

Apparently for the family living in the ecological 
house, for leisure activities also other aspects than 
the extent to which an activity is environmentally 
friendly have influence on the choice to accomp-
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lish an activity, like time and money available. Less 
energy intensive activities were carried out because 
these were prioritized over the more energy inten-
sive activities.

The elderly couple changed their lifestyle due to 
more facilities around the house to engage in activi-
ties they like to do, which were difficult to perform 
when they were living in their previous house. It 
is not known to which extent the moving to the 
low energy house is responsible for that change, 
or a different daily schedule is responsible for this 
change because more time is available nowadays for 
leisure activities than in their previous house due 
to retirement. These respondents thought it was 
difficult to make a differentiation between routine 
tasks and leisure activities. For them, two factors 
are influencing the change in accomplished acti-
vities: the location of the house nearby their hob-
bies and structural changes in the household. Also 
other families currently engage in different activi-
ties, however structural household changes might 
have a stronger impact in this. For all households it 
is more important to enjoy the leisure activity than 
to save energy on it. 

For some residents no change in lifestyle and 
activities occurred because of living in a low energy 
house. They maintained their previous lifestyle 
after moving. The changes occurred in lifestyle 
and activities are because of structural changes in 
the family life cycle, which would also have been 
occurred when the family was living in their pre-
vious standard house. 

Changes in consumption of goods and 
services 

In decisions about the purchase of goods and servi-
ces, aspects like social pressure, environmental fri-
endliness and financial aspects are most important 
for a resident living in a low energy house. For all 
residents it is important that the acquired product 
is durable and valuable, and they accept that these 
products are more expensive than products that are 
less durable and valuable. Some residents have now 
more money available for buying more expensive 
goods and services due to structural changes in 
the family lifecycle and because their mortgage is 
redeemed. Only one family saw a structural change 
in expenditures, namely a declining tendency, due 
to living at a new location, however it is supposed 

that also other structural changes in the household 
influences the change in expenditure.

All the residents try to buy the not originally 
installed devices as environmentally friendly as 
possible at the time of purchase. Only one family 
was also taking other aspects than this into account 
for deciding which appliance to choose. Especially 
the economic aspect is interesting in the decision 
process for buying goods and services: sometimes 
the family wants to save money and chooses the 
cheapest option, which however is not always the 
best for the environment. Sometimes the family 
decides to spend more money on products because 
of economic or environmental friendliness reasons. 
Sometimes also other factors play an important role 
in acquisition of goods, like protecting the national 
and European market. 

The family living in the ecological house had a 
more ecological lifestyle than the other families. All 
the purchase decisions were taken from ecological 
perspective, so also for shopping. Two respondents 
did not buy ecological products. 

Some respondents pay attention to food because 
of health reasons; however not environmental 
reasons and following from that choosing for eco-
logically cultivated ingredients. 
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ChapTer 7: DISCuSSIoN

In this chapter some critics and comments will be 
given on the current report. The most important 
issue that will constantly recur in this discussion is 
that certain behavioral changes occur due to living 
in a new house, irrespective of the fact that it is a 
low energy house.

Moving house always means changes in different 
behavior aspects. The location changes, so distan-
ces to certain destinations to travel differ from the 
previous situation: it is another distance to drive to 
school, work, supermarket, etcetera. It can happen 
that the destinations change, for instance that the 
resident chooses another supermarket. However, 
this is unrelated to the fact that the resident is living 
in a low energy house and he would be more envi-
ronmental friendly than in the previous situation, 
and that he chooses for a supermarket that better 
serves his wishes and expectations, for instance 
more ecological products in the assortment.

It is also demonstrated that car use increased 
due to the location of the house that discourage the 
residents to choose for another transport system: 
the location is too far away in distance and effort 
to take. Also than it is not the low energy aspects 
of the house that influences the choice for a certain 
transport system, however the location has a larger 
impact on that.

Some respondents thought it was an advan-
tage to have the availability of a garden. One of 
them cultivated herbs and vegetables for food and 
shampoo there. In this aspect, they behave more 
ecological than in their previous situation. When 
they lived in their previous house, they did not 
have a garden. This means that they became more 
ecological; however they did not earlier have the 
possibility to behave as ecologically as in the cur-
rent situation. It might be that had they had the 
possibilities when they were living in their previous 
house, they would also have behaved as ecologi-
cally as nowadays.

Thus, many changes occurred for example in 
activities. A question mark can be placed o the 
extent to which this is a result of living in a low 
energy house, because also structural household 
changes might occur: some families got children, 
or the children grown up so the parents have more 
free time, or the children leave the parental house, 
or the family becomes elder. Different stages in 

the family life cycle also have an influence on the 
accomplished activities. In this case it would be 
better to compare the performed activities by fami-
lies living in a standard house and in a low energy 
house due to developments in the family lifecycle 
instead of comparing the lifestyle changes of just a 
family living in a low energy house. 

Also changes occurred due to changing circum-
stances outside the household organization. One 
of the respondents is going to a cheap supermar-
ket which did not exist when he was living in his 
previous house. It might be that he would also go 
there for doing the daily shopping if he still was 
living in his previous house. The availability of 
the cheap supermarket changed the consumption 
pattern and not the new house. This happens also 
for products that were not on the market when the 
residents were living in their previous house. Now 
they are available and the residents buy those. The 
availability is than the reason for a changing con-
sumption pattern and not the fact someone lives 
in a low energy house. It is important that these 
distinctions are made when considering the impact 
of low energy housing on consumption patterns.

Some critical remarks on the current research 
are that the respondents are involved in low energy 
houses via their work or families, everyone already 
had some experiences in it and were interested in 
the topic before they decided to live in this type 
of building themselves. For them it was an oppor-
tunity to realize their dreams and expectations 
they already had for some time. In this sample no 
families were included who were intrinsically moti-
vated, who wanted to live in a low energy house 
because of dreams started by themselves unrelated 
to their working field or knowledge. Some respon-
dents were attracted by the environmental aspect 
or thought living in a low energy house is the next 
logical step for a sustainable or ecological lifestyle, 
however they were all involved via their work or 
earlier expectations of relatives. It would be nice 
to study how the residents who decided to live in 
a low energy house, and were intrinsically motiva-
ted for this and did not have any knowledge about 
it beforehand, behave and whether they changed 
their lifestyle into a more sustainable or ecological 
one. This is interesting because their lifestyle might 
differ from the lifestyles described in the current 
report. It is interesting to see how people behave 
who are intrinsically motivated, because it will be 
easier to forecast the general behavior of residents 
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living in a low energy house, irrespective to their 
knowledge. It might be interesting for the Finnish 
government which promotes low energy housing 
to see how the changes of moving also changes 
lifestyle.

In the new research framework it is often men-
tioned that the diary should run for at least one 
year, in order to exclude special occasions and to 
include seasonal changes. The diaries for the cur-
rent research were filled in only in wintertime due 
to limited research time. This might influence the 
outcome in terms of activities conducted because 
these might be different in summertime. This is the 
case especially in Finland where the winter might 
be severe and keeps the people at home, whereas 
summers are warm and people leave their houses 
for doing outside activities. 

A problem that occurred quite often in this rese-
arch was a lack of usable information for comparing 
the behavior of residents living in a standard house 
and a low energy house. Often no information was 
available, or it was incomplete or useless for this 
research because the data was on individual level 
instead of household level or items were studied 
which are useless for using in this study. Thus it is 
impossible to draw conclusions about the changes 
in behavior and into which direction the changes 
are going to: do the residents of a low energy house 
have a more sustainable or ecological lifestyle than 
the residents living in a standard house? Especially 
because it was assumed that these respondents were 
families comparable with the Finnish population. 
This means that the studied families behaved the 
same when they were living in their previous house 
as a standard Finnish family. Information concer-
ning the lifestyle of a standard Finnish family is 
lacking, so it was impossible to compare lifestyle 
aspects between families living in a standard house 
and a low energy house, and between the current 
and previous situation of families living in a low 
energy house.

In the foreword is said “Let us all live in a low 
energy house one day”. For residents of low energy 
houses this is possible, because from this sample 
can be concluded that despite the differences bet-
ween families and their different wishes, expecta-
tions and lifestyles, they all are satisfied about their 
new house. It is possible to implement the wishes, 
expectations (although often they did not expect 
any changes from the lifestyle in their previous 
house) and lifestyles in these type of houses. 

Another important issue in this respect is the 
marketing. Before people decide to build a low 
energy house, many steps are gone through in 
the decision process. The steps are according to 
the “‘learn-feel-do’-sequence” (van Kesteren and 
Meertens, 2006). This principle states that before 
acquisition the customer gathers information and 
develops a positive attitude toward the acquisition 
(van Kesteren and Meertens, 2006). Apparently for 
people who have the plan to build a low energy 
house this principle seems to be opposite: the 
attitude turns into a negative one after gathering 
knowledge which results in rejection of the plan. 

The families involved in the current research 
faced problems in the design phase, choosing the 
right building materials and heating systems. Most 
of them relied on the experiences and knowledge of 
others for choosing for instance the heating system 
because for the residents themselves it was too dif-
ficult a task. Also the cooperation between the resi-
dents and designers often disintegrated after some 
time due to too different opinions. This also was 
mentioned by the interviewed experts and in the 
literature. Probably many interested people can-
cel their plan due to difficulties in the preparation 
phase. 

According to the FCB model of Vaughn (van 
Kesteren and Meertens, 2006) buyers of a house 
belong to the category ‘learn -->feel --> do’. First 
much information is gathered before the decision 
is being taken, due to the high involvement in the 
purchase and the cognitive character of it. When 
an acquisition belongs to this category, it is recom-
mended that the marketing focuses on specific 
product information, for instance the relationship 
between all the technical solutions that aim to dec-
rease energy, and rational arguments (van Kesteren 
and Meertens, 2006).

The cost aspect declined for building a low 
energy house, these houses are just a little bit more 
expensive than standard houses although this diffe-
rence was larger previously. It seems that the marke-
ting must be improved in order to persuade people 
to choose for this type of houses. Important is that 
the cooperation between the designer and resident 
improves and that the heating system will be deli-
vered in total, instead of many parts from many 
suppliers. Especially this is important because those 
parts interrelate, however instructions are lacking 
and also the suppliers are unable to advice their 
customers. Heating is the most important item for 
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decreasing energy consumption in low energy hou-
ses in Finland, so it is recommended to make the 
choice for the most appropriate ventilation system 
as easy as possible for the respondent in order to 
encourage him to choose for technical solutions 
that aim to decrease the energy consumption. Per-
haps then it might happen that everyone will be 
living in a low energy house in some future time. 
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Appendices 
 
A. Calculations of VTT concerning energy use of one-family houses  
 
Table 16: Energy consumption for different types of one-family houses in Finland calculated 
for 50 years 
 
Building volume:  building m³ 466 
Floor area:   floor m²  163 
Heated area:  m²  142 
Heating season: September-May 
 

  Lightweight aggregate block 
houses 

Other house solutions 

 
 
 
Structural U values, 
W/(m²K) 

Low
 energy block w

alls plus the 
“best” available cost-effective 
technical system

 

Low
 energy house 1 

Low
 energy house 2 

S
tandard concrete block house, 

based on insulating block that 
m

eets the standard of an old 
block type 

S
tandard concrete block house 

2000, based on insulting block 
that m

eets the current standards 

H
ouse m

ade of lightw
eight 

concrete blocks 
(‘S

iporex house’) 

Log house 

W
ooden house, pre-fabricated 

elem
ents 

W
ooden house, built on site 

- external walls (130 m²) 0.15 0.15 0.19 0.25 0.26 0.31 0.40 0.27 0.27 
      3) 0.53  

4) 
0.25  
5) 

0.25  
5) 

- ground floors sup-
ported on ground 1) 
(153 m²) 

0.15 0.15 0.15 0.38 0.38 0.38 0.28 0.38 0.38 

(including ground 
resistance)  

(0.12) (0.12) (0.12) (0.25) (0.25) (0.25) (0.20) (0.25) (0.25)

- roof slabs (153 m²) 0.08 0.08 0.08 0.16 0.16 0.12 0.10 0.16 0.16 
- windows (18,7 m²) 
N:36% E:5.4% S:45.4% 
W:13.2% 

0.70 1.00 1.00 1.40 1.33 1.31 1.25 1.40 1.40 

- entrance doors (7.9 
m²) 

0.40 0.70 0.70 1.40 1.40 1.40 1.40 1.40 1.40 

Solar energy 
transmittance of 
windows (g value) 

0.50 0.60 0.60 0.68 0.68 0.68 0.68 0.68 0.68 

Air tightness          
- n50, 1/h 0.50 1.00 1.00 1.00 1.00 1.00 10.00 3.00 5.00 
- leakage air change, 
1/h 

0.025 0.05 0.05 0.05 0.05 0.05 0.50 0.15 0.25 

Thermal mass 
(REL/RET/D5) 

         

- mass class, kg/m2  > 600 > 600 > 600 > 600 > 600 > 600 300-
600 

100-
300 

100-
300 

- effective thermal 
capacity, Wh/(m³K) 

40 40 40 40 40 40 30 20 20 

1 



- effective thermal 
capacity,  
kJ/(floor m² K) 

412 412 412 412 412 412 309 206 206 

- time constant, h 251 211 199 119 119 119 65 55 51 
Ventilation heat 
recovery 

         

- exhaust air flow, m3/s 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
- annual efficiency, % 70 65 65 30 30 30 30 30 30 
- specific fan power, 
kW/(m3/s) 

1.6 1.9 1.9 2.5 2.5 2.5 2.5 2.5 2.5 

Heating energy 
consumption 

         

- space heating, kWh/a 4170 5489 6110 14558 14557 14558 20356 16340 17555
- max. heating effect, W 3497 4152 4396 7353 7352 7372 10038 8031 8587 
- max.heating effect in 
room, W 

2651 3165 3409 5379 5378 5398 8064 6057 6613 

- max.heating effect in 
room, W/m² 

18,7 22.3 24.0 37.9 37.9 38.0 56.8 42.7 46.6 

- heating of water, 
kWh/a 

3661 3661 3661 3661 3661 3661 3661 3661 3661 

Electric energy 
consumption 

         

- total consumption, 
kWh/a 

6180 6310 6310 6570 6570 6570 6570 6570 6570 

- household 
consumption, kWh/a 

4530 4530 4530 4530 4530 4530 4530 4530 4530 

- building services, 
kWh/a 

1650 1780 1780 2040 2040 2040 2040 2040 2040 

 
1) Calculated at ground counter temperature, gravel ground 
3) Heat conductivities (W/mK) and U-values (W/m²K) for house made of lightweight concrete blocks 
from various sources: 

• 0.14 W/(mK) -> 0.35 W/(m²K) (Lindberg 1998) 
• 0.125 W/(mK) -> 0.31W/(m²K) (National building code of Finland, part C4 2003) 
• 0.11 W/(mK) -> 0.28 W/(m²K) (http://www.siporex.fi)  

4) The U-value of massive log wall (glued log 204 mm) is 0.53 W/(m²K) (0.12 W/(mK)), additional 
thermal insulation in some rooms -> 0.40 W/(m²K) 
5) Heat losses of additional studding included in the higher U-value 
 
Source: Laine and Saari, 2006 
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Heating energy consumption due to heat losses through various building parts
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Figure 17: Heating energy consumption due to heat losses through various building parts 
 
Source: Laine and Saari, 2006 
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B. Money savings by changing ventilation intensity and room temperature 
 
VTT calculated the money savings for changing the ventilation intensity and room temperature. 
Their conclusion is that by haggling from sufficient ventilation in standard small houses (140 m²) 
savings of hundreds of euros per year are reachable, however it is still much more expensive 
compared to heating a low energy house on constant temperature.  
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Figure 18: Money savings by changing the ventilation intensity in standard houses and low 
energy houses (Laine and Saari, 2006) 
 
For changing the room temperature, the same conclusion can be drawn. By decreasing the room 
temperature in standard small houses (140 m²) saving of hundreds of euro per year are possible, 
however it is more expensive than heating a low energy house on constant temperature. 
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Figure 19: Money savings by changing the room temperature in standard houses and low 
energy houses (Laine and Saari, 2006) 
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C: Conclusions concerning the performed activities of residents living in low 
energy houses 
 
From Chapter 4: Results of the field study many conclusions can be drawn. In the Chapter 6: 
Conclusions, some general conclusions are given. In this appendix some more detailed conclusions 
are given. Also assumptions are shown, when information needed to draw conclusions is lacking. 
 
For the family living in the ecological low energy house appeared that for leisure activities also other 
aspects then the extent to which an activity is environmental friendly, have influence on the choice 
to accomplish an activity, like time and money available. Less energy intensive activities were 
carried out because these were prioritized over the more energy intensive activities. 
 
The elderly couple changed the lifestyle due to more opportunities around the house to accomplish 
activities they like, which were difficult to do when they were living in their previous house. It is not 
known to which extent the moving to the low energy house is responsible for that change, or a 
different daily schedule because more time is available nowadays for leisure activities than in their 
previous house due to retirement. These respondents thought it was difficult to make a 
differentiation between routine tasks and leisure activities. For them, two factors are influencing the 
change in accomplished activities: the location of the house nearby their hobbies and structural 
changes in the household. Also other families accomplish nowadays different activities, however 
structural household changes might have a stronger impact in this. For all households it is more 
important to enjoy the leisure activity than to save energy on it.  
 
Comparing the time use study of the research sample in Table 11 with the time use study of the 
whole Finnish population shows large differences per item. Jalas (2002) calculated the energy 
consumption of certain activities per hour and the difference of direct and indirect energy demand 
per activity. Based on this study a comparison will be made of the leisure activities done by the 
sample and the Finnish people living in standard houses. At the end of this appendix, also other 
activities will be discussed regarding the energy consumption; however estimations will be drawn 
due to a lack of information about the energy consumption for these activities.  
 
Another important comment is that filling in the diaries for the current research was executed during 
the winter. The activities accomplished by the respondents might be different in summertime, which 
has an impact on the total energy consumption. Per discussed item a question mark can be placed 
whether the conclusions and estimations would be different when the diary was running a whole 
year, as also the time use study of the whole Finnish population did. 
 
The last critical comment is that the sample used for the current research was rather small. When a 
larger sample is used, other activities will be added to this list and more information will be gathered 
concerning the time and the method used for accomplishing these activities. 
 
Watching television 
The respondents watched less television than residents living in standard houses use to do. This 
activity requires 7.4 kWh/h, which is low compared to the other activities mentioned in the table 
(Jalas, 2002). The indirect energy demand of the purchase, which is defined as “the product of 
consumer expenditure and the energy intensity of the expenditure” (Jalas, 2002) is 174 kWh/y and 
the direct energy demand of the activity is 686 kWh/y. This is high compared to other household 
activities and leisure activities accomplished inside. The respondents use less energy for watching 
television than the residents living in standard houses do, at least when the time use of the diary 
that ran one week  and the time use study of the whole Finnish population that was running one 
year are compared with each other.  
 
Using the computer 
The time spent on the computer is longer for the respondents than for people living in a standard 
house. No data are available concerning the energy use of the computer; however the information 
for watching television is most close to the topic. Based on that, the respondents use more energy 
for using the computer than the residents living in standard houses do.  
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Reading 
Residents of low energy houses used to spend less time on reading newspapers and magazines 
than residents of standard houses do. In the interviews was not asked whether the respondent 
reads a magazine or newspaper, so it is possible more time is spend on reading this however it was 
not answered in the diary because in the opinion of the respondents it is not a leisure activity 
although it is a standard household activity.  
 
Also less time is spent on reading books than for residents living in standard houses. According to 
the table of Jalas (2002) the energy consumption required for reading is rather low, only 0.92 kWh. 
The indirect energy demand of the purchase is 692 kWh/y, which is high compared to the other 
categories. Based on these numbers appears that the respondents use less energy for reading than 
the residents living in standard houses do.  
 
Course for making handicrafts 
The time spent on a course for making handicrafts is the same for the respondents as for the 
residents living in a standard house. Information concerning the energy consumption of this activity 
is lacking, however the time spend on it is equal. Probably the energy consumption is also equal 
then.  
 
Information about the average of the activities under study is available. The indirect energy demand 
of the purchase is 12,531 kWh/y and the direct energy demand of the activity is 17,405 kWh/y. 
Probably this category includes also going to school and executing homework activities like 
studying and making exercises, so this number concludes more than only a free-time course.  
 
Shopping 
Apparently, the respondents spent less time on shopping than residents living in a standard house 
do. However, some important notes can be added to the question which group needs the most 
energy for shopping. Firstly, it was asked to mention the time spent on leisure activities and 
probably the residents do not see shopping as a leisure activity; however in their opinion it is a 
household activity. This means that probably more time is spent on shopping. Secondly, it was 
mentioned that the car was used for shopping and going to the supermarket, however it was not 
included in the answers for leisure activities. Car use is important for determining the energy use for 
shopping, however for the research sample this aspect can be taken into account. Thirdly, the 
category ‘shopping’ in the time use study of Statistics Finland does not make a difference between 
going to the supermarket and going to other shops.  
 
According to the table in Jalas (2002), use of cars in shopping and family business costs on 
average 429 kWh/y indirect energy demand of the purchase and 2,391 kWh/y direct energy 
demand of the activity. The energy/time is 32 kWh/h. The energy/time ratio is high compared to the 
other activities, as also the other two variables ‘indirect energy demand of the purchase’ and ‘direct 
energy demand of the activity’ are. However, it appears that the time spent on social encounters is 
lower for the respondents than for residents living in standard houses. Probably that the energy 
consumption for driving the car for going to friends is less than the energy consumption level for this 
destination of residents living in a standard house. However it is impossible to say whether this is 
also for shopping. The table in Jalas (2002) does not show a difference between going to the 
supermarket and going to another store. A category is included called ‘grocery store’. The indirect 
energy demand of the purchase is 8,086 kWh/y. However, it is impossible to make a comparison 
between residents living in a standard house and the respondents, because it is not known how 
often the residents living in a standard house are going to the supermarket, just how much time 
they spend there.  
 
It is difficult to draw conclusions about which supermarket is most popular among residents living in 
a low energy house. K-market has different price categories. S-market is the most expensive in the 
Hok-Elanto group. Lidl is a cheaper supermarket compared to the other ones. From the choice for a 
certain supermarket can not be concluded whether the consumption pattern of residents living in a 
low energy house changed since moving in, and what the consequences of this change are.  
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Theatre, cinema and sport activities 
Family E seems to spend much time for going to the theatre. During the interview the respondent 
said that normally they go only two or three times a year, however this week was exceptional due to 
a child was performing in a play for school. This family also spent more time on going to the cinema. 
The indirect energy demand of the purchase for culture and sports events is 69 kWh/y and the 
energy/time is 1.2 kWh/h. However on sport events less time is spent by the respondents than by 
residents living in a standard house, so probably less energy is consumed by the respondents on 
sport activities. For sport it is important to remember that filling in the diary for the current research 
took place during the winter, although the time use study for the whole population was running a 
whole year. It might be that in summertime more sport activities are accomplished by low energy 
house residents, which result in a different time use in general for physical activities for residents 
living in a low energy house. 
 
Other leisure activities 
Based on the diary it can be concluded that the respondents spend less time on outdoor activities 
and walking than the residents living in standard houses. However information concerning the 
energy use of these activities is lacking, so it is impossible to make conclusions about which group 
consumes less energy for this activity. For this item it is important to remember that the diary for the 
current research was filled in during wintertime and the time use study of the whole Finnish 
population during a whole year. The season probably influences the outcome for time spend on 
outdoor activities for the research sample and then for the results for this study. 
 
Information concerning physical activities, social dealings, playing party games, doing handicrafts, 
playing musical instrument and building is also lacking, which makes it impossible to compare these 
issues between families living in low energy houses and standard houses. It is only known that 
residents living in low energy houses spend less time on these activities than on average the whole 
Finnish population does.  
 
Being sick 
The time spent on being sick is more for the respondent than for residents living in a standard 
house. However, for this activity was calculated 24 hours, which result in a high average time for the 
total sample.  
 
Being sick probably influences the total energy consumption due to extra heating. However, 
because this the sample was rather small and the running time for the diaries was limited, it is 
impossible to conclude that the residents of low energy houses needs more extra heating energy 
due to being sick than the residents of standard houses do.  
 
Sauna 
The residents living in standard houses are going less frequently to the sauna and spend there less 
time than residents living in a standard house do. It is not known whether the respondents are 
aware of this and thus whether the energy consumption for sauna use is aimed to be low. 
 
Another important aspect is the energy efficiency of the sauna. Except for studying how often and 
how long people are going to the sauna, it is also important to know how long the sauna is running. 
The running time is the pre-heating time and time the people are actually in there. The more energy 
efficient a sauna is, the less pre-heating time and energy is required. Information concerning the 
running time of a sauna is lacking for both the respondents as for the residents living in a low 
energy house. 
 
Food preparation 
For preparing food the respondents varied in their behavior. The elderly couple was cooking 
frequently, however not that much time was spent on cooking per time. This means that the time the 
cooking facility was running per time is not that long. However, in the end a large amount of energy 
is consumed for cooking. Another family is cooking not that often: they prepare large portions and 
warm it up. When they are cooking, the cooking facility is running for a long time. However they do 
this because they think it is convenient. Probably for cooking is not that much attention paid on 
energy consumption, however the cooker is more focused on satisfaction in preparing food.  
 

 7 
 

 



Doing the dishes 
For doing the dishes with a dishwasher some respondents choose the ecological option and some 
choose for a normal program. One of the respondents chose a normal program without pre-heating 
for 20 minutes due to ecological reasons. It seems that for doing the dishes the people are aware of 
energy needed for heating the water.  
 
Also for doing the dishes by hand more often is chosen for tepid water. The dishes are not done 
everyday as also the dishwasher is not running everyday.  
 
Information concerning the frequency that the dishes are done and which methods residents living 
in a standard house use is lacking. The only information available is that these residents spend on 
average nine minutes per day on doing the dishes in 1999-2000. The amount of time spend on this 
is declining. However it is not known how much time the respondents spend on doing the dishes. 
Because this information is lacking it is impossible to say whether there is a difference in doing the 
dishes between residents living in a low energy house and a standard house, and if so who uses a 
more environmental friendly method. 
 
Doing the laundry 
Most respondents choose to do the laundry with private washing facilities, which are probably less 
energy efficient than shared facilities. However, most families living in standard houses are also 
doing their laundry with private washing facilities. Information concerning how often residents living 
in a standard house and having private washing facilities do the laundry and which program they 
choose is lacking. It is difficult to conclude whether the laundry is done more or less energy efficient 
by residents living in a low energy house than by residents living in a standard house. 
 
Cleaning 
Almost all respondents think that cleaning the house is easier than cleaning their previous house. 
Most important reason for that is the eliminated radiator and good indoor air quality, according to 
the respondents. 
 
Car use 
About car use a lot of information is lacking for residents living in a standard house, so it is 
impossible to compare this activity aspect and draw conclusions on it. Supermarket and shopping 
are popular destinations to drive by car, as also work is for the families were one of the adults 
works. The car is also used frequently for going to sport or hobbies and to family or friends, so for 
social reasons. Sometimes trips are combined, and some respondents added that the second 
destination was nearby the first destination. However it is not known what the distances between 
the destinations and the house are. 
 
When an alternative for car driving was chosen, often it was a more environmental friendly option. 
Only once a taxi was chosen, which might be as wasteful as using an own car or even more 
wasteful.   
 
In the time use study for the total Finnish population is calculated how much time is spend on 
traveling to certain destinations, however it is not known by which transport system. It is impossible 
to make comparisons between residents living in a low energy house and a standard house, 
because from the respondents is only known how often they travel by a specific transport system; 
however it is not known how much time they spend on traveling. Information concerning the number 
of kilometers driven or by which transport system these kilometers are driven for residents living in a 
standard house is lacking.  
 
Summer cottage and holiday abroad 
One respondent has a back-to-basic summer cottage and is not going abroad for holidays. This 
means that he uses the fuel for the trip; however he saves energy with his stay and on holidays 
abroad. Another family has a summer cottage abroad and combines the trip to the summer cottage 
with a holiday abroad. They are thinking about renovating it into a low energy cottage. Also they 
consume less energy compared to families who are going both to the summer cottage and on 
holiday abroad. Although exact figures about this combination are lacking, it is known from the 
statistics that this combination occurs. 
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The other families do not go to a summer cottage and save energy on that. This means that the use 
of summer cottages is less energy intensive than for families who go both to a summer cottage and 
on holiday abroad.  
 
Information concerning the transport system for going on holiday abroad of the residents living in a 
standard house is lacking, so it is difficult to draw a conclusion about energy consumption for 
traveling abroad for leisure activities. It can not be assumed that residents living in a low energy 
house are using less energy for making leisure trips abroad because they go maximum 5000 
kilometres away, instead of more than 5000 kilometres as the residents of standard houses do, and 
more journeys abroad less than 500 kilometres away are done than residents living in a standard 
house do. However, the differences are rather small. No trips were made with a distance of 500-
1000 kilometres; however 21% of the residents living in a standard house make such a trip. To draw 
hard conclusions information is needed concerning the transport system that is used and how much 
energy those trips costs. Information concerning only the distance is insufficient. Also is important 
that more information is gathered for making holiday trips abroad by residents living in a low energy 
house. In the current research was asked how much kilometres the residents normally travel abroad 
for holiday purposes. A risk occurred that exceptional cases were included, so it is preferred to 
gather data about travel distances for leisure trips abroad for several years from residents living in a 
low energy house. This would give a more realistic idea of travel distances of these residents, and 
the differences in travel distances compared to residents living in a standard house. 
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D. Questionnaire, diary and issues to discuss during interview current 
research 
 
Questionnaire 
 

Characteristics of the house 
 

     1. What is the size of your house? ………. square meter
 

2. How many rooms are there in the house? ………. rooms and a kitchen 
 
3. What was the size of your previous house? ………. square meter
 
4. How many rooms are there in the previous house? ………. rooms and a kitchen 
 
5. Which situation is applicable to you? 

 I/we build the house myself/ourselves 
 The house is part of a building project (I/we did not build it myself/ourselves, we bought it) 
 This is an existing building renovated into a low energy house 

 
6. Is your house a prefabricated house?   Yes  No

 
7. Which applications are available in your house (more answers are possible)? 

 Extra insulation in wall 
 Extra insulation in floor 
 Extra insulation in roof 
 Heat pump ventilation system 
 Ventilation heat recovery system 
 High performance windows  
 Solar energy appliances 
 Passive solar heat (build in the south 

direction) 
 Wind energy 
 Appliances to measure water consumption 

 

 Fire place 
 Fire place with heat storing application 
 Pellet heat boiler 
 District heating system 
 Electrical heating system 
 Oil heating system 
 Geothermal heat system 

 
 Radiators 
 Floor heating system 
 Other:……………………………… 

 
8. At which temperature is the thermostat adjusted during the day and night? 
During day:………. °C During night:……….°C
 

Sauna and showering

9. How is the sauna heated?   Wood   Electrical 
 
10. How often is the sauna running per week? ……. times 
 
11. How many persons are going into the sauna per time the sauna is running? ……. persons 
 
12. How long does one person stays in the sauna on average during weekdays and weekend days? 
During weekdays: ……. minutes During weekend days: ……. minutes



13. How often and how long do you take a shower (per person)?  
Person 1…….week, …….minutes per time 
Person 2…….week, …….minutes per time 
Person 3…….week, …….minutes per time 

Person 4…….week, …….minutes per time 
Person 5…….week, …….minutes per time 
Person 6…….week, …….minutes per time 

 
14. Do you have a bath?  

 
 Yes 

 
 No

 
15. How often do you take a bath? 
Person 1……. times per week 
Person 2……. times per week 
Person 3……. times per week 

 
 
Person 4……. times per week 
Person 5……. times per week 
Person 6……. times per week

 
Cooking 

 
16. What kind of cooking system you have? 

 Gas  Electrical  Induction
 
17. How often do you use this cooking system per week, and how long?  
………… times per week, ………… minutes per time 
 
18. How often do you use the oven per week, and how long? 
………… times per week, ………… minutes per time 
 
19. How often do you use the microwave per week, and how long? 
………… times per week, ………… minutes per time 
 

Laundry and dishes 
 
20. Do you have a private or a shared washing machine?  

 Private  Shared
 
21. Did you have a private or a shared washing machine in your previous house?  

 Private  Shared
 
22. What program do you choose and how many times per week (more answers possible)?

 30 °C ……. times per week 
 40 °C ……. times per week 
 60 °C   ……. times per week 

 90 °C   ……. times per week 
 Ecological program   ……. times per week

 
23. How are you doing the dishes (more answers possible)? 

 Dishwasher, program ……………….…. 
 By hand: cold water, water is running 
 By hand: tepid water, water is running 
 By hand: hot water, water is running 

 
 By hand: cold water, water in sink 
 By hand: tepid water, water in sink 
 By hand: hot water, water in sink
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Lights 
 

24. What kind of lights do you use (more answers possible)? 
 Energy saving lights 
 Normal lights 
 Candle light 

 I do not know (please fill in the name of the 
light):………………………………….

 
25. Which kind of light did you use in your previous house (more answers possible)?

 Energy saving lights 
 Normal lights 
 Candle light 

 I do not know (please fill in the name of the 
light):…………………………………. 

 
Car 

 
26. Do you have a car?   Yes  No (if not, please continue question 30)
 
27. How many cars do you have? ………. cars 
 
28. How many kilometers in total do you drive by car per year? ……….kilometer 
 
29. For which purpose do you use the car (more answers possible)? 

 Travel to work 
 Going to school 
 Going to friends/family 
 Going to sport/hobbies 
 Going to the supermarket 

 Going shopping 
 Driving is a hobby 
 Going to the summer cottage 
 Other reason:……………………………..

 
30. If you do not use the car, which transportation system do you use (more answers possible)? 

 Walking 
 Cycling 
 Taxi 

 Public transport 
 Other transport 

system:…………………………………..
 

31. Did you have a car when you were living in your previous house?  
 Yes  No (if not, please continue question 35)

 
32. How many cars did you have? ………. cars 
 
33. Are you driving more, just as much or less kilometers compared with living in your previous house? 

 More kilometers   Just as much kilometers  Less kilometers
 
34. For which purpose did you use the car (more answers possible)? 

 Travel to work 
 Going to school 
 Going to friends/family 
 Going to sport/hobbies 
 Going to the supermarket 

 Going shopping 
 Going to the summer cottage 
 Driving was a hobby 
 Other reason:……………………………..
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35. If you did not use the car, which transportation system did you use (more answers possible)? 
 Walking 
 Cycling 
 Taxi 

 Public transport 
 Other transport 

system:…………………………………..
 

Leisure time 
 
36. Which leisure activities do you or your family members have (more answers possible)?

 Going to restaurant 
 Going to coffee shops, cafeterias and pubs 
 Going to the theater 
 Going to the opera 
 Going to ice hockey matches 
 Going to horse races 
 Going to automobile races 
 Boating 
 Downhill skiing 
 Cross-country skiing 

 Ice hockey 
 Swimming in indoor pool 
 Swimming at spa 
 Automobile sports 
 Jogging 
 Golf 
 Other: 

……………………………….…………………
……………………………………….

 
37. Do you have a summer cottage?   Yes  No (if not, please continue question 42)
 
38. Is this house also a low energy house?   Yes  No 
 
39. How often are you going there? ……….times per year 
 
40. How far is it from your residential house? ……….kilometer 
 
41. How many days are you staying there on average? ………. days per time 
 
42. Do you go abroad for holidays?   Yes   No (if not, please continue question 45)
 
43. How far are you traveling normally? 

 < 500 kilometers 
 500 – 1000 kilometers 

 1000 – 5000 kilometers 
 > 5000 kilometer

 
44. How are you going there (more answers possible)? 

 By car 
 By bus 
 By train 
 By ferry 

 By plain 
 Other transport 

system:…………………………………..

 
45. Did you go abroad for holidays before you lived in a low energy house?  

 Yes  No (if not, please continue question 48)
 
46. How far did you travel normally? 

 < 500 kilometers  
 500 – 1000 kilometers  

 1000 – 5000 kilometers 
 > 5000 kilometers 
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47. How did you go there (more answers possible)? 
 By car 
 By bus 
 By train 

 By ferry 
 By plane

Supermarket 
 

48. To which supermarket do you go (for example Prisma, S-markt)? ……………………………………. 
 
49. To which supermarket did you go when you were living in your previous house?……………………. 
 
50. Do you buy ecological or biological products?  

 Yes  No (if not, please continue question 52)
 
51. What kind of ecological/biological products do you buy (more answers possible)? 

 Dairy products 
 Meat 
 Fruits 

 Vegetables 
 Sweets 
 Other:……………………………………...

 
52. Did you buy ecological or biological products when you were living in your previous house?  

 Yes  No (if not, please continue question 54)
 

53. What kind of ecological/biological products did you buy (more answers possible)? 
 Dairy products 
 Meat 
 Fruits 

 Vegetables 
 Sweet 
 Other:……………………………………

 
Additional questions 

 
54. What is your family composition? 
…. Persons > 65 years old 
…. Persons 25-64 years old  
…. Persons 19-25 years old 

…. Persons 12-18 years old 
…. Persons 4-11 years old 
…. Persons 0-3 years old

 
55. What is the net total income of your family per month? €……….
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Diary 
 
Today, Wednesday 10 January 2007: 
 
1. ……. people took a bath/shower, total washing time of everyone: ……. minutes 

2. ……. people took a sauna, total sauna time of everyone: ……. minutes 

3. ……. times the sauna was running  

4. ……. times the dishwasher started on this program:………………………………………………… 

5. ……. times the dishes was done by hand 

6.  The washing machine did this program (more answers possible): 

 30 °C ……. times  

 40 °C ……. times  

 60 °C   ……. times  

 90 °C   ……. times  

 Ecological program   ……. times 

7.  …….. minutes the cooking facility was running 

8. …….. minutes the oven was used 

9. …….. minutes the microwave was used 

10. …….. kilometers drove by car, for the purpose (more answers possible): 

 Travel to work 

 Going to school 

 Going to friends/family 

 Going to sport/hobbies 

 Going to the supermarket 

 Going shopping 

 Driving is a hobby 

 Other reason:……………………………..

11. People also traveled by: 

…….. people went walking 

…….. people went cycling 

…….. people went by taxi 

…….. people went by public transport 

…….. people went by other transport       

          system:…………………………………….. 
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12. Leisure activities being done by the household members and time spend on it:  

a. ................................................................................ ............minutes  

b. ................................................................................ ............minutes 

c. . .............................................................................. ............minutes 

d. ................................................................................ ............minutes 

e. ................................................................................ ............minutes 

f. ................................................................................. ............minutes 

g. ................................................................................ ............minutes 

h. ................................................................................ ............minutes 

i. . ............................................................................... ............minutes 

j. ................................................................................. ............minutes  

k. ............................................................................... ............minutes 

l. ................................................................................ ............minutes  

m. .............................................................................. ............minutes  

n. ............................................................................... ............minutes  

o. ................................................................................ ............minutes  

p. ................................................................................ ............minutes  

q. ................................................................................ ............minutes 

r.................................................................................. ............minutes 

s. ................................................................................ ............minutes 

t. ................................................................................. ............minutes 

u.. ............................................................................... ............minutes 

v. ................................................................................ ............minutes 

w. ............................................................................... ............minutes 

x. ................................................................................ ............minutes 
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Issues to discuss during the interview: 
 
- Remarkable issues from questionnaire/diary: key words per household! 
 
- Location of the heating and cooling facilities (next to each other or not) 
 
- Change in hobbies: new hobbies/other frequency 
 
- Reasons to live in a low energy house and expectations 
- Did the expectations came true 
- Happy with living in a low energy house and reasons why 
 How much influence and what kind of influence during building process 
 Problems with the system 
 Satisfaction with the room temperature 
 What would respondent like to change? 

 
- How do residents use ventilation and heating system 
- (Energy saving) appliances which are not originally in the house 
- Distribution energy saving lights/normal lights 
 
- Cleaning became easier/not easier, because:… 
 
- Change in consumption of: holidays, services (going more often to sauna, hairdresser for 
instance), electronic devices, decoration of the house, change in material use (not or as least 
as possible plastic products), change in car use, etcetera 
 
- How respondent travels to the summer cottage 
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E. Suggestions for research tools for further research  
 
Questionnaire 
Add extra questions concerning: 
- Room temperature: 
 Adjusted room temperature in different rooms: living room, bedrooms, kitchen, bathroom. 
 Divide the use of the heating system in different steps for studying how the residents 

actually use it, for instance in which occasions the ventilation intensity is increased. 
- Building process: 
 Ask which problems the respondent faced during the building process. 

- Not originally installed appliances: 
 List which other non-original appliances (for instance washing machine, drying tumble 

and dishwasher) are available in the house, and ask how often they are used, how long they 
are running and what the brand name and energy label is. 
- Bathing/showering-behaviour: 
 Temperature of water in shower for refreshing and after sauna. 
 Change in frequency for taking a bath. 

- Shopping: 
 Whether changes occurred in amount of money spend on daily goods. This is interesting 

for determining whether a rebound effect occurs. 
 Reasons to change supermarket chain. 

- Summer cottage: 
 Amount of energy required for heating and maintaining the summer cottage. 

- Hobbies: 
 List of activities accomplished when the respondent was living in his previous house. 

- Transport: 
 What is the distance to travel to certain (work, school, supermarket, shopping, 

friends/family, sport/hobbies and summer cottage) destinations since the family is living in a 
low energy house and previously when they were living in a standard house? 
 Is the location responsible for changes in distances to certain destinations? 

- Income: 
 What is the net total income per year? 

 
Diary 
Add extra questions concerning: 
- Room temperature: 
 Measurements with a calibrated thermometer of actual room temperature in several 

rooms in the house, for instance the bedroom and living room at the inner or outdoor wall, for 
instance two meters from the heating source, on several times. Give a clear description at 
which place to measure for standardizing the answers.  
- Not originally installed appliances: 
 Ask how long different not originally installed appliances were running that day.  
 How long the oven was running. 
 How long different other not originally installed appliances were running. 

- Bathing/showering-behaviour: 
 How long sauna is running, including preheating time. 

- Shopping: 
 Make a supermarket receipt with different categories of daily consumable products, for 

instance vegetables, detergents and bread. Ask the respondent to fill in how much money he 
spends on different purchases by a multiple choice answer for different categories of money.  
 Which services were purchased. 

- Hobbies: 
 How long activities were carried out and which tools for it were used. 

- Transport: 
 Whether destinations for trips were combined. 
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Interview and observation 
Additional issues to discuss are: 
- Room temperature: 
 Standardize measurements of the actual room temperature by distance to heating 

source. 
 What measures the respondent takes when the room temperature is uncomfortable.  

- Building process: 
 Ask for blueprints and design draws of the house in order to obtain more information for 

determining to which extent the house is energy efficient. Pay special attention to the heating 
system, the type of (high performance windows) and insulation materials. 
 Ask how the respondent experienced the cooperation between themselves and different 

stakeholders (for example: architect, constructors, suppliers of the systems) and whether 
they are contented with the results. 
 Ask whether problems occurred during the building process and how these were solved, 

how the resident experienced these problems and whether they are satisfied with the 
outcome. 
- Transport: 
 Possibilities to travel to destinations by other (more energy efficient) transportation 

systems and reasons why to chose for the system that is currently being used. 
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F. Estimated research time for different sections in the framework 
 
Before calculating the estimated research time for different sections in the new developed 
framework, some assumptions were made: 
- Estimated research time is deduced from time needed for current research 
- When a topic is not studied in the current research, the time is deduced from comparable 

work during the current research 
- The estimated time is given for a sample of five households 
- Optimal running time for collecting data via diaries is given 
- Contacts for respondents are already made 
 
Per section of the new developed research framework, the estimated research time will be 
given. 
 
Technical solutions 
Estimated research time: four months  
Running time collecting data: one year 
 
The building phase 
Estimated research time: two months 
 
Use and characteristics of applications and appliances that are not originally installed 
Estimated research time: four months  
Running time collecting data: one year 
 
Satisfaction level of the residents 
Estimated research time: two months 
 
Background information of the respondents 
Estimated research time: one month 
 
Activities accomplished by residents of low energy houses 
Estimated research time: six months  
Running time collecting data: one year 
 
Use of products and services outside the house 
Estimated research time: five months  
Running time collecting data: one year 
 
Use of transportation 
Estimated research time: three months  
Running time collecting data: one year 
 
Decisions concerning acquisition of consumable and durable goods and services  
Estimated research time: four months  
Running time collecting data: one year 
 
Counting the total amount of energy consumed 
Estimated research time: four months  
 
Comparison with residents of standard houses 
Estimated research time: four months 
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G. Time use of the Finnish people 
 
Table 17: Average time use per day by the Finnish people over ten years old in 1987–
1988 and 1999–2000  
Operation Time: hours.minutes/day  
 Whole population  
 1987-1988 1999-2000 
1 Gainful employment 3.05 2.34 
2 Time relating to gainful employment 0.01 0.01 
3 Business travel 0.15 0.13 
Total gainful working (1-3) 3.21 2.48 
4 Food preparation 0.33 0.31 
5 Baking, conserving 0.05 0.04 
6 Dishwashing 0.12 0.09 
7 Cleaning 0.23 0.28 
8 Laundry, ironing 0.08 0.10 
9 Preparing clothes 0.03 0.01 
10 Taking care of clothes 0.00 0.00 
11 Heating and water supply and sewerage 0.06 0.06 
12 Reparation and building work 0.07 0.07 
13 Taking care of yard and animals 0.12 0.14 
14 Repairing and taking care of vehicle 0.05 0.03 
15 Helping family members 0.01 0.01 
16 Helping another household 0.06 0.10 
17 Other household work 0.04 0.04 
18 Travels relating to homework 0.04 0.05 
Total homework and repair work (4-18) 2.10 2.13 
19 Helping and taking care of children 0.10 0.09 
20 Reading and playing with children 0.04 0.04 
21 Outdoor activities with children 0.01 0.02 
22 Other tasks for taking care of children 0.01 0.01 
23 Travels relating to childcare 0.02 0.02 
Total taking care of children (19-23) 0.18 0.17 
24 Shopping 0.17 0.22 
25 Services, bureaus, etc. 0.05 0.04 
26 Other business 0.02 0.01 
27 Travels relating to shopping and business  0.13 0.12 
Total shopping and business (24-27) 0.37 0.39 
Total household work (4-27) 3.04 3.10 
28 Sleeping 8.28 8.35 
29 Eating 1.16 1.20 
30 Personal cleaning and dressing-up 0.33 0.30 
31 Sauna 0.09 0.09 
32 Bed rest due to illness 0.03 0.03 
33 Other personal needs 0.01 0.03 
34 Travels relating to personal needs 0.02 0.02 
Total personal needs (28-34) 10.32 10.43 
35 Studies in school 0.25 0.26 
36 Homework and studies at home 0.07 0.07 
37 Traveling to school 0.04 0.04 
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38 Studies in spare time 0.03 0.02 
39 Travels relating to studies in spare time 0.00 0.00 
40 Other studies 0.00 0.00 
Total study (35-40) 0.39 0.39 
41 Organizational activities 0.04 0.05 
42 Religious activities 0.03 0.02 
43 Travel for participating in activities 0.02 0.02 
Total participation in activities (41-43) 0.10 0.09 
44 Outdoor activities, walking 0.13 0.17 
45 Other physical exercises 0.14 0.18 
46 Hunting, fishing, picking up mushrooms 0.06 0.05 
47 Activities relating to physical exercises 0.01 0.02 
48 Travels relating to physical exercises 0.04 0.04 
Total exercises (44-48) 0.38 0.45 
49 Sports event 0.02 0.01 
50 Cinema 0.01 0.01 
51 Theatre, concert, museum 0.01 0.02 
52 Library 0.01 0.01 
53 Other cultural and entertainment events 0.01 0.01 
54 Travels relating to cultural and entertainment 
events 

0.02 0.02 

Total culture and entertainment events (49-54) 0.08 0.08 
55 Newspaper 0.20 0.15 
56 Magazine 0.08 0.04 
57 Book 0.16 0.12 
58 Other reading  0.09 0.15 
Total reading (55-58) 0.53 0.46 
59 Listening to the radio 0.15 0.09 
60 Watching television 1.45 2.16 
Total radio and television (59-60) 1.59 2.25 
61 Associating with family and friends 0.11 0.07 
62 Going to pay a visit 0.26 0.20 
63 Associating with friends at home 0.15 0.09 
64 Talking at phone 0.06 0.07 
65 Associating in coffee house and restaurant 0.08 0.05 
66 Other social dealings 0.08 0.08 
67 Travels relating to social dealings  0.13 0.09 
Total social dealing (61-67) 1.27 1.05 
68 Handicraft 0.07 0.04 
69 Playing musical instrument, drawing 0.03 0.04 
70 Computer hobbies 0.01 0.11 
71 Party games and plays 0.04 0.03 
72 Individual games and plays 0.02 0.03 
73 Money games 0.01 0.00 
74 Records 0.04 0.04 
75 Exchange of letters 0.01 0.01 
76 Other hobbies 0.02 0.02 
77 Travels relating to hobbies 0.00 0.01 
Total hobbies (68-77) 0.26 0.32 
78 Lounge 0.21 0.24 
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79 Traveling 0.09 0.11 
80 Driving in spare time 0.04 0.02 
81 Other spare time 0.06 0.03 
Total other spare time (78-81) 0.40 0.40 
Total spare time (41-81) 6.21 6.29 
82 Other time consumption 0.02 0.11 
Total (1-82) 24.00 24.00 
Population 4,348,000 4,451,000 
Total research days for calculation 15,352 10,561 
Source: Niemi and Pääkkönen, 2001 
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