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"Every person has a right to an environment that is conducive  
to health and to natural surroundings whose productivity and  

diversity are preserved. Natural resources should be made use of on  
the basis of comprehensive long-term considerations whereby this  

right will be safeguarded for future generations as well. (...)" 
 

The Constitution of the Kingdom of Norway, Article 110 b. 
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Abstract 
 
 
Estimation model for total energy consumption and emissions to air from the 
dwelling stock 
An estimation model for the total energy consumption and emissions to air of 
environmentally harmful gases from the dwelling stock in Norway is presented, based on 
an approach, where the Norwegian dwelling stock (per 1990) is divided into twelve 
groups of dwellings according to thermal performance. For each group, a stereotype of 
house is carefully defined, assumed having thermal performance representative for the 
group of dwellings they are defined for.  
 
The energy consumption and emissions to air of environmentally harmful gases from 
each stereotype is calculated using a set of weighted monthly climate data estimated to be 
representative for the entire dwelling stock in Norway. By aggregating the energy 
consumption and emissions to air estimated for each stereotype, the total energy 
consumption and emissions to air from the dwelling stock in 1990 is estimated with a 
high degree of precision. 
 
Life cycle assessment method for energy saving measures in houses 
An assessment method is proposed for additional thermal insulation measures performed 
in houses. This method is based on a "cradle-to-grave" approach which includes the 
production stage, the operation stage and the final removal stage. The assessment is based 
on four accounts; a materials account, an energy account, an emissions account, and an 
economic account. The final assessment is based on an integrated economic assessment, 
where monetary values are assigned to the consumption of energy and resources, and to 
the emissions to air of environmentally harmful gases.  
 
Life cycle assessment of additional thermal wall insulation measures 
Additional thermal wall insulation of a typical Norwegian detached block of flats built in 
the middle of the 1960s is assessed as a case study. Three additional insulation 
alternatives (+60 mm, +100 mm and +150 mm thermal insulation) are compared to an 
unimproved alternative.  
 
The thickest insulation alternative (+150 mm) provides the largest energy savings and 
emission reductions over the life cycle of 30 years. For this alternative, the energy 
consumption required to produce the materials is paid back by the energy savings after 
less than one year of operation.  
 
Since electricity is produced from hydropower in Norway, no direct emission reductions 
will be obtained by saving electricity in houses. Saved electricity, however, may 
substitute the use of fossil fuels in other sectors or in other countries. Using this principle 
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of substitution, the payback periods for emissions to air are estimated for three emission 
alternatives; a reference alternative, a "Norwegian" alternative and a "European" 
alternative. The reference alternative is based on the direct emission reductions obtained 
by saving energy in the case study house. The "Norwegian" and "European" alternatives, 
are based on the assumption that the total energy consumption in Norway and Europe, 
respectively, are reduced by the same quantity as saved in the case study house. The 
corresponding estimated emission reductions are based on the emissions to air associated 
with the average use of energy in Norway and Europe.  
 
The estimated payback periods for emissions to air are short, especially when taking into 
account the effect of substituting fossil fuels. Based on this, it is concluded that additional 
thermal insulation measures are environmentally favourable with respect to air pollution 
effects.  
 
For a service life of 30 years, a discount rate of 7%, and the current energy price level of 
NOK 0.47 per kWh, none of the three additional thermal insulation alternatives are 
profitable compared to the unimproved alternative. It is shown how the profitability of 
energy saving measures, and the time perspectives taken into account in the economic 
assessment, are significantly influenced by the discount rate level and the discounting 
method applied. 
 
Some effects of discounting 
The study revealed that the use of high discount rates in cost-benefit analyses implies a 
near-sighted view on the life cycle of long-term projects. In the environmental 
assessment, all stages of the life cycle are equally important, and the entire life cycle 
must be taken into account to estimate the benefits of the project. In the economic 
assessment, in contrast, the largest share of the total discounted costs occur in the first 
part of the life cycle, while costs occurring in the late part are of less importance.  
 
Since economic aspects generally are decisive in project appraisals, less weight is given 
to future environmental effects. One result of this is that the present value of waste 
disposal charges at the end of the life cycle are heavily reduced. The economic incentives 
to reduce the waste disposal charges by designing buildings and building components 
adapted for reuse and recycling are therefore very small. Consequently, the discounting 
process acts as an efficient obstacle against a preventive approach for reducing the waste 
volumes in the building sector. 
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Chapter 1 

Introduction 
 
 
 
 
1.1 BACKGROUND 

The Norwegian building sector is experiencing a transition towards being more 
maintenance oriented and less development oriented. The general situation for the 
building sector is that the importance of the existing building stock is increasing, while 
less weight is placed on construction of new buildings. As a result, there is a notable 
increase in activities such as maintenance, refurbishment and upgrading of existing 
constructions. Consequently, there is a need for better management and maintenance 
systems to take more care of the existing building stock and minimising the use of 
resources in doing so. 
 
There is also an increasing interest in basing the management and maintenance systems 
on interdisciplinary approaches were the entire life cycle of buildings, building 
components and materials are taken into account. A reason for this is that policy 
decisions made for management and maintenance normally benefit from establishing a 
more comprehensive basis for the decision making. Another reason is the increased 
awareness of environmental constraints and the need for a more sustainable development 
of the society.  
 
The need for a sustainable development was focused in 1987 in the report of the 
Brundtland Commission, "Our Common Future" (WCED, 1987). There is no distinct and 
unanimous interpretation of the term sustainable development and a vast number of 
interpretations have been proposed1. The main message of the Brundtland report, 
however, was that our generation should take on the obligation of making sure that 
today's resource consumption and environmental load are not in conflict with the needs of 
future generations.  
 
The present development, however, is probably in conflict with the needs of future 
generations concerning several environmental issues. Examples of such issues are global 
warming, depletion of the ozone layer, and acidification of forests and inland seas. In the 
1980s, regional and global environmental effects attained increased focus. Today, the 
most complicated environmental problem of the world society is probably the threat of  

                                            
1 See Pearce et al. (1989) for a number of definitions of the term sustainable development. 
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global warming caused by large emissions of anthropogenic greenhouse gases, 
particularly carbon dioxide (CO2). The anthropogenic emissions of CO2 have to be 
reduced by more than 60% to stabilise the CO2 concentration in the atmosphere on 
today's level (SFT, 1994).  
 
However, most countries in the world are totally dependent on the use of fossil fuels, and 
in practice, it is not possible to avoid CO2 emissions when fossil fuels are combusted. 
Moreover, because energy is one of the key factors for the economy, constraints on 
energy consumption will slow down the pace of economic development. It therefore 
seems impossible in a short-time perspective to reduce the consumption of fossil fuels as 
much as required to stabilise the CO2 concentrations in the atmosphere. 
 
The domestic energy supply situation in Norway is much better as compared to most 
other countries. The oil and gas reserves in the North Sea are enormous, and the 
production of hydroelectric power covers close to 50% of the total inland energy 
consumption. As a result of the large share of hydroelectric power used, Norwegian 
emissions to air per unit energy used are smaller than for most other industrialised 
countries.  
 
Nevertheless, Norwegian emissions of CO2 and NOx are increasing as a result of 
increasing energy use and increasing oil and gas production. Both the national goal of 
stabilising CO2 emissions on a 1989 level within year 2000, and the national goal of 
reducing NOx emissions by 30% within 1998, using 1986 as year of reference, seem to be 
neglected by politicians in favour of economic development and increased oil and gas 
production.  
 
However, the potential for reducing the Norwegian emissions seems to be large, 
especially when considering the large share of hydroelectric power used. About 30% of 
the total electricity consumption in Norway is consumed in the residential sector. In 
1990, about 75% of the total energy consumption in dwellings was covered by electricity 
(Ljones et al. 1992), increasing to 80% in 1993 (Djupskås and Nesbakken, 1995). By 
introducing energy saving measures in the residential sector, large amounts of electricity 
can be saved that may substitute the use of fossil fuels in other sectors. In this 
perspective, it is evident that it is important to examine energy saving measures which 
may reduce the total energy consumption in the dwelling stock.  
 
The existing dwellings will be dominating in numbers well into the next century, since 
the construction of new dwellings is limited. The existing dwellings may be expected to 
be even more important regarding total energy consumption since they have poorer 
thermal insulation and larger ventilation heat loss as compared to the dwellings that will 
be built in the future. Thus, energy abatement measures have to be performed in the 
existing houses to significantly reduce the total energy consumption and the associated 
emissions to air of environmentally harmful gases from the residential sector. 
 
In principle, the Building Regulations are not made retrospective. Tightened  
requirements on thermal insulation level and ventilation heat loss will therefore not be 
enforced for existing houses. The economic profitability of performing energy saving 
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measures in existing houses therefore has to be improved to motivate house owners to 
perform such measures.  
 
Several economic policy instruments may be applied by the authorities to reduce the 
energy consumption and environmental load in the housing sector. The effect of these 
instruments has to be studied closely in order to attain energy savings in houses in a cost 
efficient way. What effects will for instance enhanced "green taxation", like increased 
CO2 taxes, have on the total energy consumption in the residential sector, and how will 
the profitability of performing additional thermal insulation measures be influenced by 
the increased CO2 taxes? What are the key factors for the profitability of energy saving 
measures?  
 
Further, when performing additional thermal insulation measures, what are the benefits of 
the energy savings and emission reductions during the operation stage compared to the 
energy consumption and emissions to air during the production stage? And what effect 
will increased waste disposal charges have on the design of building components and 
handling of building waste materials? The questions are many, and this work will aim at 
answering some of them. 
 
 
 
1.2 SCOPE OF THE WORK 

The background for this work is the increasing environmental concern one is 
experiencing in the society, and the wish for a more sustainable development where long-
term perspectives are given more weight. Motivated by the need to reduce the total 
energy consumption and environmental load from the society, the aim of the work is to 
study energy saving measures performed in existing houses. In the study, alternative 
additional thermal insulation measures that may be performed shall be assessed on the 
basis of an interdisciplinary life cycle approach.  
 
The scope of the work includes three tasks as explained in the following.  
 
The first task is to develop an interdisciplinary assessment method for building 
improvement measures. In this method, energy consumption, resource consumption, 
emissions to air of environmentally harmful gases, and economic costs during the entire 
life cycle of the building shall be taken into account. The final assessment is based on the 
economic profitability of the measures. In this economic judgement, no efforts will be 
made to estimate the real economic value of the environmental benefits, nor to assess the 
environmental effects of the different measures. 
 
One reason for basing the final assessment on the economic profitability, is that 
additional thermal insulation measures may be assumed to be environmentally beneficial, 
while the profitability of most of these measures is limited or lacking. Therefore, to 
notably reduce the energy consumption in the dwelling stock by introducing additional 
thermal insulation measures, the profitability of these measures has to be improved.  
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Another reason for focusing on the profitability is the extensive use of economic 
instruments based on the "Polluter-Pays-Principle" recommended as a part of a costs-
efficient environmental policy in Norway (NOU, 1992). 
 
The second task of the work is to develop an estimation model for the total energy 
consumption and emissions to air of environmentally harmful gases from the dwelling 
stock of Norway. This estimation model is to be based on a number of carefully defined 
stereotypes of houses which collectively may be taken to be representative for the entire 
dwelling stock. 
 
The obvious task after having developed both an interdisciplinary assessment method for 
energy saving measures performed in houses, and an estimation model for the total 
energy consumption in the dwelling stock, is to assess the total energy saving potential 
and the total environmental benefits of performing energy saving measures in houses on a 
national level. However, to estimate the energy saving potential in the dwelling stock by 
estimating the profitability of all the additional insulation combinations that may be 
performed in the stereotypes of houses, is very time consuming and well beyond the 
scope of this work. Furthermore, the estimated energy saving potential could be expected 
being of limited value because of uncertainties in the premises made in the profitability 
estimations.  
 
The third task is therefore narrowed in scope to only include life cycle analyses of 
additional thermal insulation measures performed on single houses. In these analyses, the 
environmental benefits obtained over the entire life cycle of the measures shall be 
estimated. Moreover, critical factors for the economic profitability shall be examined in 
order to identify how the profitability of additional thermal insulation measures can be 
improved.  
 
Hopefully, the work will contribute to increased understanding and knowledge of some 
environmental and economic aspects associated with the Norwegian dwelling stock. This 
again may help bridging the gap between analyses performed on single houses and 
analyses performed on the level of the entire dwelling stock. Hopefully, the work will 
also contribute to improve the systems and strategies applied for management and 
maintenance of the existing dwelling stock, and thus contribute to the reduction of the 
environmental load from the residential sector. 
 
 
 
1.3 PRESENTATION OF THE DIFFERENT CHAPTERS 

In Chapter 2 of this thesis, the total number of dwellings and the total floor area of the 
Norwegian dwelling stock is presented. The development in the total number of dwellings 
in Norway from year 1990 to year 2025 is prognosticated for three different scenarios. 
These scenarios are based on different presumptions on population growth, household 
size, and number of dwellings departing the dwelling stock each year. 
 
In Chapter 3, an estimation model for total energy consumption and associated emissions 
to air from the Norwegian dwelling stock is presented. This estimation model is based on 
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a building stereotype approach, where a number of carefully defined stereotypes of 
houses are assumed being representative for the entire dwelling stock of Norway. By 
aggregating the energy consumption and emissions to air estimated for each of these 
single stereotypes of houses, it is possible to estimate the total energy consumption and 
emission of environmentally harmful gases from the entire dwelling stock. 
 
In Chapter 4, the stereotypes of houses in the estimation model are used to estimate the 
total energy consumption and emissions to air of CO2, SO2, NOx and particulate matter 
from the dwelling stock. Further, the chapter studies the influence of altered input 
parameters in the estimation model on the estimated total energy consumption and 
emissions to air. 
 
In Chapter 5, a calculation method is proposed for the assessment of additional thermal 
insulation measures that may be performed in houses. The assessment is based on a 
"cradle-to-grave" approach which includes the production stage, the operation stage and 
the final removal stage. The assessment is further based on four accounts; a materials 
account, an energy account, an emissions account and an economic account. The final 
assessment is based on an integrated economic assessment, where monetary values can be 
assigned to the consumption of energy and resources, and to the emissions to air of 
environmentally harmful gases. By doing this, it is possible to estimate the profitability of 
additional thermal insulation measures for different levels of additional taxation ("green 
taxation") laid upon the prices of energy and emissions to air. 
 
In Chapter 6, a case study is presented, where the proposed assessment method is used to 
assess the costs and benefits of additionally insulating a selected detached block of flats. 
The outer walls of the building are assumed additionally insulated using high-density 
rock wool with steel reinforcement mesh and plaster. Three alternative insulation 
thicknesses are compared to an unimproved alternative.  
 
In Chapter 7, the time period (payback period) before the total emissions to air associated 
with the production stage are paid back by the total emission reductions obtained during 
the operation stage, are discussed. Since hydroelectric power is the dominating energy 
source in the residential sector in Norway, only small direct emission reductions are 
obtained as a result of energy savings in houses. However, hydroelectric power saved in 
the residential sector may substitute the use of fossil fuels in other sectors or in other 
countries. Based on this approach, the payback periods for the emissions to air are 
studied for two alternatives. The first alternative is based on an approach where the saved 
energy in the case study house substitutes the average use of energy in Norway, while the 
other alternative is based on an approach where the saved energy substitutes the average 
use of energy in Europe. 
 
Further, in Chapter 7 it is discussed how the profitability of additional thermal insulation 
measures is influenced by increased energy prices and emission taxes, and finally, the 
importance of the discount rate for the profitability of additional thermal insulation 
measures is discussed. In Chapter 8, the conclusions from the work are drawn. 
Five appendices are included in the end as background information and supplement to 
some of the chapters. In Appendix A, a brief description of some environmental aspects 
of the Norwegian dwelling stock is offered as a supplement to Chapter 2. In Appendix B, 



Introduction 

6 

a brief survey on some environmental policy instruments is given, including a review of 
some environmental life cycle analysis methods and environmental valuation techniques 
that may be applied in the residential sector. This appendix may serve as background 
information for Chapter 5, 6 and 7. 
 
A short introduction to discounting is presented in Appendix C, as a background for the 
discussion of the importance of the discount rate made in Chapter 7. Finally, Appendix D 
and Appendix E contain documentation for Chapter 3. 
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Chapter 2 

Description of the dwelling stock in Norway 
 
 
 
 
SUMMARY 

This chapter describes the total number of dwellings and the total floor area of the 
Norwegian dwelling stock, based on various official statistical data sources. The 
development in the total number of dwellings in Norway from year 1990 to year 2025 is 
prognosticated for three different scenarios. These scenarios are based on different 
presumptions on the growth in the population, the reduction in average household size, 
and the number of dwellings departing the stock each year. The medium scenario 
prognosticates that dwellings constructed by year 1990 will represent more than 60% of 
the total number of dwellings in year 2025. 
 
 
 
2.1 INTRODUCTION 

This chapter describes the Norwegian dwelling stock with respect to total number of 
dwellings, total floor area, construction of new dwellings, and renewal of the dwelling 
stock. Changes the last decades in average size of dwellings and average number of 
persons in the households are described, and the total number of dwellings in Norway in 
the future is prognosticated. Most information presented are based on statistics and 
surveys performed by Statistics Norway.  
 
 
 
2.2 TOTAL NUMBER OF DWELLINGS AND TOTAL FLOOR 
AREA 

All inhabitants of Norway are registered in the National Population Register. 
Unfortunately, there are no corresponding register for dwellings. The total number of 
Norwegian dwellings therefore has to be stipulated on the basis of household censuses 
and surveys, and on the basis of records of the total number of dwellings constructed each 
year. The term "household" is understood as private households in the surveys and 
censuses conducted by Statistics Norway. Private households include persons registered 
as residents in the same household (FoB90, 1992).  



Chapter 2 

8 

 
The term "dwelling" is defined by Statistics Norway as "rooms personally inhabited by 
the members of the household. The definition of dwelling is thus determined by the 
definition of households." (NOS B892, 1990). In most of the surveys conducted by 
Statistics Norway, a dwelling is only registered if a person have the place of residence 
registered on the same address. All dwellings where the inhabitants have their place of 
residence registered on another address, are therefore usually not registered in the 
statistics. Examples of such unregistered dwellings are flatlets and communes inhabited 
by students most of the year. 
 
The total number of registered dwellings in Norway was estimated to be just above 1.75 
million units in the Population and Housing Census conducted by Statistics Norway in 
1990 (FoB90, 1992). In addition, there is a group of unregistered dwellings which is 
assumed to represent about 100 000 units (NBI 610.010, 1990). 
 
The total floor area in the dwelling stock was not given in the Population and Housing 
Census 1990. By using the average dwelling area of 108.2 m2 found in the Survey of 
Housing Conditions 1988 (NOS B892, 1990), the total dwelling area2 of the Norwegian 
dwelling stock in 1990 can be estimated to be approximately 190 million m2. The same 
year, dwellings represented about two-thirds of the total floor area in buildings, while the 
remaining one-third was found in different types of commercial buildings (Bjørberg, 
1992). 
 
Figure 2.1 shows the total number of dwellings and the total dwelling area in Norway 
according to surveys performed by Statistics Norway in 1967, 1973, 1981 and 1988, 
referred to in Granum (1989a). The total number of dwellings was estimated to be 1.24 
million in 1967, increasing to 1.38 million in 1973, 1.52 million in 1981, and 1.65 million 
in 1988. The corresponding dwelling areas were estimated to be 110 million m2 in 1967, 
123 million m2 in 1973, 149 million m2 in 1981, and 177 million m2 in 1988. 
 
From 1967 to 1988, the population increased by 10%, from 3.80 million to 4.20 million. 
In the same period, the total number of dwellings increased by 33% and the total dwelling 
area increased by 61% (see Figure 2.1). The large growth in the dwelling stock can 
therefore not be explained solely by increased population, but is also a result of increased 
floor space in dwellings and reduced number of persons in each dwelling. 
 
The average dwelling area in the Norwegian dwelling stock increased steadily throughout 
the 1970s and 1980s. According to the housing condition surveys conducted in 1967, 
1973, 1981 and 1988, the average dwelling area was 89 m2 in 1967 and 1973, increasing 
to 98 m2 in 1981, and 108 m2 in 1988 (Granum, 1989a). At the same time, the average 
number of persons per dwelling decreased from 3.1 persons per dwelling in 1967, to 2.6 
persons per dwelling in 1988. Consequently, the average dwelling area per person 
increased from 29 m2 in 1967, to 42 m2 in 1988. 
 
                                            
2 Dwelling area is defined as the utility floor space of the main part of the dwelling, and do not include for 

instance booths and storage rooms (NS 3940, 1986).  
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Statistics Norway have been using "utility floor space" in their statistics from 1983 
onwards. Before 1983, they used "useful floor area" which gives a smaller calculated 
floor area. Floor areas given in statistics from before 1983, are therefore not directly 
comparable to floor areas in statistics from 1983 or later. However, useful floor space 
may be converted to utility floor space by multiplying by a conversion factor. This 
conversion factor is estimated to be 1.55 for the entire dwelling stock (Granum, 1989a). 
However, certain inaccuracies are inevitable when data from before 1983 are converted to 
be comparable to more recent data on the floor area of dwellings. 
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Figure 2.1. Total number of dwellings and total dwelling area in Norway for the period 
1967 to 1988. Based on the surveys of housing conditions of 1967, 1973, 1981 and 1988, 
referred to in Granum (1989a). 
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2.3 CONSTRUCTION OF NEW DWELLINGS 

Figure 2.2 shows the number of dwelling units completed each year by type of house for 
the period from 1951 to 1993. The number of dwelling units completed each year has 
decreased steadily since the early 1970s when more than 40 000 units were completed 
each year, to the beginning of the 1990s when the number was well below 20 000 units 
per year. 
 
 

 
 
The distribution of new dwellings by type of house has shifted, as shown in Figure 2.3. 
The share of "one-family houses" has decreased noticeably the recent years. From 
representing more than 60% of all new dwellings in 1985, 1986 and 1987, the share of 
"one-family" houses decreased to about 35% in the early 1990s. The share of "divided 
small houses" increased in the late 1980s, and in the early 1990s, the share was larger 
than the share of "one-family houses". The share of "large houses" has varied, from 34% 
of all dwellings completed in 1973, to 13% in 1952 and 1986. 
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Figure 2.2. Dwelling units completed in the period from 1951 to 1993 by type of house: 
one-family houses, divided small houses and large houses. Based on NOS C188 (1995). 
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Also the average size of new dwellings has changed over the years as shown in Figure 
2.4. The figure shows average useful floor space for dwellings completed before 1983, 
and the utility floor space of dwellings completed in 1983 and onwards. The useful floor 
space of dwellings increased steadily in the 1970s, from 83 m2 in 1972 and 1973, to 97 
m2 in 1981 and 1982. 
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Figure 2.3. Dwelling units completed in the period from 1951 to 1993 by type of house; 
one-family houses, divided small houses and large houses. (NOS C188, 1995). 
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Figure 2.4. Floor space of new dwellings by year. Useful floor space until 1983, and 
utility floor space from 1983 and onwards. (NOS C188, 1995). 



Chapter 2 

12 

The general economic climate strongly influence the number and type of dwellings 
constructed each year. Norway experienced prosperous times in the middle and late 
1980s, followed by a recession from 1989. The prosperous times before 1989, and the 
depression afterwards, are reflected in Figure 2.2 and Figure 2.4. The number of new 
dwellings decreased significantly after 1989 as shown in Figure 2.2. The average size of 
new dwellings increased in the middle of the 1980s, reaching a peak of 188 m2 in 1987 as 
shown in Figure 2.4. The average size of dwellings thereafter decreased rapidly to 131 m2 
in 1991 and 1992. The main reason for this decrease was reduced construction of large 
detached one-family houses, in favour of smaller (and cheaper) dwellings in divided 
small houses and large residential buildings. 
 
The construction of houses in Norway is however not only influenced by the economic 
climate. Population growth is one obvious factor influencing the construction of new 
dwellings. Also the housing policy of the government influence the number and types of 
dwellings constructed. The main housing political tool for the government has been the 
Norwegian Housing Bank, financing more than 50% of the dwellings constructed the last 
50 years. Through the lending terms of this bank, the government has limited the average 
size of new dwellings, as well as influenced the type of dwellings constructed. 
 
 
 
2.4 RENEWAL OF THE DWELLING STOCK 

The total number of dwellings in Norway has steadily increased throughout the last thirty 
years as shown in Figure 2.1. The yearly increase in total number of dwellings, however, 
is smaller than the number of dwellings completed since new dwellings also replace old 
dwellings departing the stock. In the following, the yearly increase in the dwelling stock 
is explained by two factors; the growth in the population and the shift towards smaller 
households. The total number of dwellings completed in year i (ni) can thus be quantified 
by three factors as shown in Equation 2.1. 
 
ni  =  gi  +  si  +  di  (Equation 2.1) 
 
where: 
 gi is the number of dwellings quantified by the growth in the population, 
 si is the number of dwellings quantified by the shift towards smaller households, 
 di is the number of dwellings departing the dwelling stock. 
 
gi is given by: 
 

gi  =  
pi - pi-1

hi
 (Equation 2.2) 
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and si is given by: 
 

si  =  pi-1·( 
1
hi

 - 
1

hi-1
 ) (Equation 2.3) 

 
where: 
 pi and pi-1 are the populations in year i and year i-1,  
 hi and hi-1 are the average household sizes in year i and year i-1.  
 
The total number of dwellings completed in year i can thus be quantified as:  
 

ni  =  
pi - pi-1

hi
  +  pi-1·( 

1
hi

 - 
1

hi-1
 )  +  di  (Equation 2.4) 

 
Figure 2.5 shows the increase in total number of dwellings from 1960 to 1990 explained 
by population growth, decreasing household size and replacement of departing dwellings. 
The figure is based on information on population and number of dwellings from the 
population and housing censuses of 1960, 1970, 1980 and 1990. Decreasing average 
household size explains 45% of the number of dwellings constructed from 1960 to 1990. 
Replacement of existing dwellings explains 31% of the new dwellings constructed, while 
population growth only explains 25% of the dwellings constructed during this period. 
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Figure 2.5. Total number of dwellings from 1960 to 1990. The increased number of 
dwellings is shown explained by population growth, decreasing size of households and 
replacement of departing dwellings. A = constructed before 1961, B = replacement of 
departing dwellings, C = decreasing household size, and D = population growth. For 
further explanation, see Equation 2.1. Based on information from NOS B588 (1986) and 
FoB90 (1992). 
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Each of the three parameters shown in Equation 2.4 and Figure 2.5 are examined in the 
following section to indicate any future development in the total number of dwellings, 
and to prognosticate the replacement of the existing dwellings. 
 
 
2.4.1 Departure of dwellings 

In the statistics, dwellings are only registered when persons are registered at the address. 
Therefore, dwellings do not have to be physically non-existing to be ignored in the 
statistics. 
 
Considerable uncertainties are involved in the estimations of the number of dwellings 
demolished each year. However, Norwegian dwellings are generally in good condition. 
There is also a growing attitude amongst people against demolishing old houses. The 
number of dwellings demolished each year may therefore be expected to be low. The 
number of dwellings destroyed each year by fire3 or accidents, is also low. Hence, the 
total number of dwellings demolished or destroyed each year may be assumed to be low. 
 
The population movement from sparsely populated areas to more densely populated 
areas4 often leave dwellings empty in the sparsely populated areas. The movement also 
increase the need of dwellings in the densely populated areas. The population in sparsely 
populated areas of Norway decreased from 1.54 million in 1960, to 1.31 million in 1970, 
1.20 million in 1980, and 1.17 million in 1990 (NOS C188, 1995). As a part of this, the 
number of dwellings on farms decreased from 217 000 units in 1960, to 166 800 units in 
1980 (NOS B588, 1986) 
 
Table 2.1 shows the total number of dwellings by year of construction, and the average 
yearly change in number of the different year groups. Data are taken from the population 
and housing censuses of 1960, 1970, 1980 and 1990. The year of construction was not 
reported for a number of dwellings in these surveys. These dwellings are distributed on 
the different year groups according to the relative size of the groups. 
 
The total number of dwellings was 1.08 million units in 1960. Of these, only 0.77 million 
units were left in 1990. The departure was largest for the oldest dwellings. Of the 
dwellings constructed before 1901, 42% had departed from 1960 to 1990. The total 
departure of dwellings was just below 9 000 units per year in average between 1960 and 
1970, increasing to almost 15 000 units per year between 1970 and 1980. The departure 
of dwellings decreased again between 1980 and 1990, to an average of less than 7 000 
units per year. 

                                            
3  In 1993, there were 450 to 500 fires in residential buildings in Norway which involved damages above 

500 000 NOK (DBE, 1995). A fire causing damages of 500 000 NOK, however, does not necessarily 
imply that the dwelling is destroyed. Thus, the yearly number of dwellings destroyed in fire each year 
can be estimated to be a couple of hundreds at most. 

4  Densely populated areas have more than 200 inhabitants, and the distance between the houses is 
normally less than 50 metres (FoB90, 1992) 
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During the period from 1960 to 1990, the average departure of dwellings was about 
10 000 units per year. Based on this, the departure of dwellings can be expected to be 
around 10 000 units per year at most in the next ten to twenty years. 
 
 
2.4.2 Shift towards smaller households 

Decreasing average household size results in an increasing need of new dwellings. Figure 
2.6 shows the average number of inhabitants per household in Norway, Finland, Denmark 
and Sweden from 1977 to 1992. In Norway, the average household size decreased from 
2.93 persons per household in 1977, to 2.41 in 1993. The other Nordic countries also 
experienced reductions in the average number of inhabitants per household, though not as 
significant as in Norway. This is a general trend in Europe, as all other European 
countries also experienced decreased average household sizes from 1977 to 1993 
(Euromonitor, 1995). 
 

Table 2.1. Total number of dwellings in 1960, 1970, 1980 and 1990 by year of 
construction. Yearly average decrease or increase in the different year classes shown as 
number of dwellings. Based on NOS B588 (1986) and FoB90 (1992). 

Year of 
construction 

1960 Yearly 
decrease or 

increase 

1970 Yearly 
decrease or 

increase 

1980 Yearly 
decrease or 

increase 

1990 

Before 1901 220 847 -1 134 209 512 -6 000 149 509 -2 214 127 367 
1901 to 1920 148 147 -857 139 578 -2 322 116 356 -1 552 100 839 
1921 to 1940 229 222 -1 461 214 611 -3 106 183 555 -1 629 167 268 
1941 to 1960 478 952 -5 303 425 923 -3 269 393 231 -1 403 379 198 
1961 to 1970 - 30 711 307 110 193 309 036 -55 308 485 
1971 to 1980 - - - 37 182 371 820 237 374 190 
1981 to 1990 - - - - - 29 402 294 016 
Total 1 077 169 21 957 1 296 734 22 677 1 523 508 22 786 1 751 363 

    Average number of inhabitants per household from 1977 to 1993 
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Figure 2.6. Average number of inhabitants per household in Norway, Finland, Denmark 
and Sweden from 1977 to 1993 (Euromonitor, 1995). 
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The average household size decreased by 0.03 persons per household per year from 1977 
to 1993. A continuing decrease of 0.03 persons per household per year from 1993 
onwards, would require more than 20 000 new dwellings each year. However, the 
average household size is not likely to decrease as rapidly in the years to come (SSB, 
1993). The need of new dwellings is reduced to approximately 7 000 units per year if the 
prognostication is based on a decrease in average household size of 0.01 persons per year, 
an average household size of 2.41, and a population of 4.3 million persons. 
 
 
2.4.3 Growth in population 

The population in Norway is growing slowly but steadily. Figure 2.7 shows the registered 
population in Norway between 1970 and 1990, and the prognosticated population from 
1991 onwards to 2050. Three different scenarios are shown. The first scenario (High) is 
based on a net immigration of 10 000 persons per year, and increased fertility from 1.89 
children per woman in 1989, to 2.05 in 2010. The second scenario (Medium), is based on 
a net immigration of 5 000 persons per year, and constant fertility on the 1989-level of 
1.89. The third scenario (Low), is based on no net immigration and decreased fertility 
from 1.89 children per woman in 1989, to 1.70 in 2010. For the high scenario, the 
population continues to grow throughout the entire period, while for the two other 
scenarios, the population decreases a couple decades into the next century. 
 
 
     Registered population in Norway between 1970 and 1990, 
  and prognosticated population from 1991 to 2050 for three different scenarios 
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Figure 2.7. Registered population between 1970 and 1990, and prognosticated 
population from 1991 to 2050. Three different scenarios. High includes 10 000 net 
immigration and fertility increasing from 1.89 in 1989, to 2.05 in 2010. Medium includes 
5 000 net immigration and fertility constant at 1989 level (1.89). Low includes zero net 
immigration and fertility decreasing from 1.89 in 1989 to 1.70 in 2010. (SU47, 1990). 
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The prognosticated average yearly growth in the population for the years between 1991 
and 2025, is 24 500 persons per year for the high scenario, 13 000 persons per year for 
the medium scenario, and only 3 100 persons per year for the low scenario. It should be 
noted that the population will decrease from year 2008 onwards in the low scenario. By 
assuming an average household size of 2.4 persons, the corresponding need of new 
dwellings each year are 10 200 dwellings for the high scenario, 5 400 for the medium 
scenario and only 1 300 dwellings for the low scenario. The need of new dwellings 
resulting from population growth is therefore limited compared to the two other causes; 
departure of old dwellings and reduced household size. 
 
 
2.4.4 Prognosticated dwelling stock onwards to year 2025 

Table 2.2 shows three scenarios on the development of the dwelling stock from 1990 to 
2025. The scenarios are based on assumptions on the average number of dwellings yearly 
departing the dwelling stock, the yearly decrease in household size, and the population 
growth according to the three different scenarios shown in Figure 2.7. From Table 2.2 it 
is seen that dwellings constructed before 1991 will represent 81% of all dwellings in year 
2025 for Scenario 1, 62% of all dwellings for Scenario 2, and 41% of all dwellings for 
Scenario 3. The number of dwellings constructed each year according to the three 
scenarios is 10 300 units for Scenario 1, 24 700 units for Scenario 2, and as many as  
49 400 units for Scenario 3. 
 
 

 
 

Table 2.2. Three scenarios on the development of the dwelling stock from 1990 to 2025. 
Based on assumptions on yearly departure of existing dwellings, decreased household 
size and population growth. 

Presumptions Prognosticated development of the dwelling stock from 
1990 to 2025 

 Scenario 1 Scenario 2 Scenario 3 

Yearly departure of existing dwellings 5 000 10 000 15 000 

Population growth Low  Medium High 

Population in year 2025 4.36 million 4.70 million 5.11 million 

Yearly decrease in number of persons per 
household 

-0.005 -0.01 -0.02 

Average number of persons per household in 
year 2025 

2.25 2.08 1.73 

Average number of new dwellings needed per 
year over the prognosticated period 

10 300 24 700 49 400 

Dwellings constructed before 1991 as % of 
total dwelling stock in 2025 

81% 62% 41% 
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It is most likely that the development in the dwelling stock will follow Scenario 2. The 
development of the dwelling stock according to this scenario is shown in Figure 2.8.  
 
 

 
 
The scenarios shown in Table 2.2 and Figure 2.8, indicate that the replacement of 
existing dwellings will be slow. Most probably, dwellings constructed before 1991 will 
represent the dominating part of the Norwegian dwelling stock for the next thirty to forty 
years. The existing houses are more energy consuming than the highly insulated houses 
that will be constructed in the future. This means that even thirty to forty years from now, 
the main part of the total energy consumption in Norwegian dwellings will be consumed 
in dwellings constructed before 1991, and not in dwellings constructed from 1991 
onwards.  
 
Appendix A briefly describes the total energy consumption and total emissions to air of 
some gases from the dwelling stock, and describes the relative importance of the dwelling 
stock for the total energy consumption and emissions to air in Norway. 
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Figure 2.8. Prognosticated development of the dwelling stock for the period from 1990 to 
2025. A = constructed before 1991, B = replacement of departing dwellings (10 000 per 
year), C = altered household size (-0.01 persons per household per year), and  
D = population growth (Medium). The population growth is based on SU47 (1990).  
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Chapter 3 

Estimation model for total energy consumption 
and emissions to air from the dwelling stock 
 
 
 
 
SUMMARY  

This chapter presents an estimation model for total energy consumption and associated 
emissions to air of environmentally harmful gases from the Norwegian dwelling stock per 
1990. The estimation model is based on monthly mean outdoor temperatures and monthly 
mean solar radiation data represented as average values for the entire dwelling stock.  
 
The estimation model is based on a division of the dwelling stock into twelve groups 
according to type of house; one-family houses, divided small houses and large houses, 
and according to year of construction; before 1956, between 1956 and 1970, between 
1971 and 1980, and between 1981 and 1990. Houses within each of these twelve groups 
are presumed having the same thermal performance. Based on parameters 
characterising the thermal performance, a stereotype of house has been defined for each 
of the twelve groups.  
 
A weight factor is assigned to each stereotype of house according to the number of 
houses the stereotype of house represents. By aggregating the energy consumption and 
emissions which have been calculated for single stereotypes of houses, it is thereby 
possible to estimate the energy consumption and the associated emissions to air from the 
entire dwelling stock. 
 
 
 
3.1 INTRODUCTION 

This chapter presents an estimation model for total energy consumption and associated 
emissions to air of environmentally harmful substances from the dwelling stock in 
Norway. The estimation model is based on a number of carefully defined stereotypes of 
houses, which collectively may be assumed to be representative for the entire dwelling 
stock per 1990. By aggregating the energy consumption and emissions to air estimated  
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for each stereotype of house, it is possible to estimate the total energy consumption and 
emissions to air from the entire dwelling stock in 1990. 
 
The stereotypes of houses also enable calculations of energy savings and emission 
reductions that can be achieved on a national level by performing alternative energy 
saving measures in houses. 
 
The definition of the stereotypes of houses is based on a two step approach: 
 
• First, the dwelling stock is divided into a number of main groups and sub groups of 

dwellings on the basis of several energy related parameters characterising the 
dwellings. This way, dwellings within each group are assumed to have similar thermal 
performance. The division of the dwelling stock is described in Chapter 3.3 and 
Chapter 3.4. 

 
• Second, a stereotype of house is defined in detail to represent each of the groups of 

dwellings defined in the previous step. The description of these stereotypes of houses 
is based on characteristic physical properties of the group of dwellings they represent. 
This second step is described in detail in Chapter 3.5. 

 
 
3.1.2 Statistical foundation 

The division of the dwelling stock into groups of similar types of dwellings is mainly 
based on information on dwellings in statistics and surveys performed by Statistics 
Norway. In the largest survey, the Population and Housing Census 1990 (FoB90, 1992), 
almost 30% of the population above 15 years age were interviewed. This survey, 
however, only comprised a limited number of questions regarding dwellings.  
 
Smaller samples have been used in surveys examining the dwelling stock in a more 
comprehensive way. Only 4650 households (or 0.3% of the total estimated number of 
households in Norway at that time) were interviewed in the Survey of Housing 
Conditions 1988 (NOS B892, 1990), and only 2107 households responded to the 
questionnaires of the Residential Energy Use Survey 1990 (Ljones et al., 1992). The 
small samples used in these two latter surveys unable thorough regional analysis of the 
dwelling stock. Consequently, most results presented in these surveys are based on 
average numbers for the entire dwelling stock. 
 
Since information on dwellings is mainly based on average numbers for the whole 
country, the division of the dwelling stock into groups of similar types of dwellings also 
have to be based on average numbers for the entire country. However, information found 
in statistics and surveys is not sufficient to enable the division of the dwelling stock into 
groups of similar types of dwellings. Thus, several assumptions and simplifications must 
be made to divide the dwelling stock into groups, and to describe the physical properties 
of the stereotype of house defined for each group. 
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3.1.2 Calculations of energy consumption and emissions to air 

The energy consumption of the defined stereotypes of houses is calculated on a monthly 
basis according to the specifications in NS 3031 "Thermal insulation. Calculation of the 
power demand and ventilation in buildings" (NS 3031, 1987). The calculation procedure 
is shown in Appendix E. To calculate the energy consumption according to these 
specifications, many presumptions have to be made on the stereotypes of houses, such as: 
 
• monthly mean outdoor and indoor temperatures, 
• monthly mean solar radiation, 
• wind conditions, 
• area of the outer constructions and the volume of the houses, 
• rate of air exchange in the houses caused by ventilation and infiltration, 
• thermal conductance (U-values) of the outer constructions, 
• area and orientation of the windows, 
• solar coefficients of the windows, 
• internal gains from persons, lighting and equipment in the houses, 
• energy consumption used for water heating. 
 
Further, to calculate the emissions of environmentally harmful gases associated with the 
combustion of fuels in the heating systems, presumptions have to be made regarding the: 
 
• type of energy used in the houses, 
• efficiency of the heating systems, 
• emission factors for the different fuels combusted in the heating systems. 
 
The stereotypes of houses are presumed to be representative for the entire Norwegian 
dwelling stock. One single set of climate data is used in the calculations of the energy 
consumption of the houses. Consequently, this single set of climate data has to be 
representative for the entire dwelling stock. The determination of this single set of climate 
data is described in the following section. 
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3.2 AVERAGE CLIMATE CONDITIONS FOR THE DWELLING 
STOCK 

The outdoor climate, and thus the energy required to heat houses, vary notably between 
the different regions of Norway. The degree-day number5 of an area expresses the 
heating requirement of houses in a simplified way. Table 3.1 shows the degree-day 
number of some meteorological stations in Norway. The table shows that the energy 
required to heat a house in Kautokeino in the inland of Northern Norway, is more than 
twice the energy required to heat a similar house located in Stavanger or Bergen in the 
coastal area in the south-west of Norway. 
 
 

 
 
Monthly outdoor temperatures and solar radiation values are used to calculate the energy 
consumption of the stereotypes of houses. To obtain one single set of climate data that 
may be taken to be representative for the entire dwelling stock, the climate data from the 
different regions of the country have to be weighted. However, in addition to the outdoor 
temperatures and the solar radiation data, several other parameters also influence the 
energy consumption of houses. Thus, the regional variation of the following energy 
related parameters has to be considered in the determination of average climate data for 
the entire dwelling stock: 
 
• wind conditions, 
• type of houses, 
• size of dwellings (heated space), 
• thermal insulation level of houses (including ventilation and infiltration rates), 
• efficiency of the heating systems, 

                                            
5 The degree-day number is a simplified way to express the length and coldness of the heating season in 

an area. The length is defined as the time period of the year between the autumn when daily mean 
temperature falls below 11oC, and the spring when the daily mean temperature rises above 9oC. The 
degree-day number is calculated as the integral of the difference between outdoor temperature and 
indoor temperature (set to be 17oC) over this time period. Additional heat gain from solar radiation, 
persons, lighting and electrical equipment is assumed to rise the indoor temperature from 17oC to 20oC 
(NBI A552.103, 1990). 

Table 3.1. The degree-day number, G, (oC ⋅days) and the duration (days) of the heating 
season of some meteorological stations in Norway (NBI A552.103, 1990). 

Location Degree-day 
number, G 

Duration  Location Degree-day 
number, G 

Duration 

 oC⋅days Days   oC⋅days Days 

Bergen 2 880 229  Gardermoen 4 300 247 
Stavanger 2 950 229  Lillehammer 4 650 254 
Kristiansand 3 230 228  Tromsø 4 800 301 
Oslo (Blindern) 3 770 233  Røros 5 650 298 
Trondheim 4 000 261  Kautokeino 6 610 298 
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• size of households (number of persons), 
• amount of equipment installed in the dwellings, 
• indoor temperature in the dwellings. 
 
Many of the parameters are also closely interrelated. For instance, a correlation may be 
found between the household size, the dwelling size and the type of house. This is 
exemplified by large families who need more space. Large dwellings are mainly found in 
detached one-family houses and divided small houses, and consequently, large families 
prefer these dwelling types. 
 
Based on available statistics, it is difficult to identify and quantify the individual effect of 
each parameter on the total energy consumption of dwellings. However, it is possible to 
describe the total effect of all parameters. This can be done by first taking into account 
how energy consuming the dwellings in the various regions are per Celsius degree 
difference between outdoor and indoor temperatures. The monthly mean temperatures of 
the different regions may then be weighted according to the number of dwellings in each 
region, and according to how energy consuming these dwellings are. The more dwellings 
located in a region, and the larger energy consumption these dwelling have per Celsius 
degree difference between indoor and outdoor temperatures, the more weight is given to 
the monthly mean temperatures from this region. This procedure for weighting monthly 
mean temperatures for the different regions of the country into one set of temperature 
data, is described in the following section. 
 
 
3.2.1 Weighted outdoor temperatures for the entire dwelling stock 

The country is divided into eight regions to take into account the varying climate 
conditions of Norway. These regions, which are the same regions as used by Statistics 
Norway in their surveys, are: 
 
1. Akershus County 
2. Oslo 
3. Østlandet, inland counties (Hedmark, Oppland) 
4. Østlandet, coastal counties (Østfold, Buskerud, Vestfold, Telemark) 
5. Agder and Rogaland (Vest-Agder, Aust-Agder, Rogaland) 
6. Vestlandet (Hordaland, Møre og Romsdal, Sogn og Fjordane) 
7. Trøndelag (Sør-Trøndelag, Nord-Trøndelag) 
8. Nord-Norge (Nordland, Troms, Finnmark) 
 
The calculation of average monthly mean outdoor temperatures for the entire dwelling 
stock is based on four steps: 
 
• First, average monthly mean outdoor temperatures are calculated for each of the eight 

regions by weighting monthly mean temperatures from each municipality in the 
different regions by the number of dwellings in these municipalities. 

• Second, average degree-day numbers are estimated for the different regions on the 
basis of the calculated average monthly mean outdoor temperatures. 
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• Third, a weight factor is calculated for each region, based on the calculated average 

degree-day number and the number of dwellings in the different regions, divided by 
the average energy consumption per dwelling in the regions. 

 
• Finally, weighted monthly mean outdoor temperatures for the entire dwelling stock are 

calculated by weighting the average monthly mean temperatures for the different 
regions by the weight factors calculated for the regions. 

 
Average monthly mean outdoor temperatures for the different regions of the country 
Average monthly mean outdoor temperatures for the eight regions of the country are 
calculated by weighting monthly mean temperatures from each municipality in the 
different regions by the number of dwellings in these municipalities. Table 3.2 shows the 
average monthly and yearly mean temperatures calculated for the different regions.  
 
The monthly mean temperatures for the different municipalities are taken from 
meteorological stations which are assumed to be representative for the municipalities. 
Appendix D shows the meteorological stations used in the calculations together with the 
corresponding degree-day number calculated for each meteorological station. The 
appendix also shows the number of households in each municipality in 1990. 
 
 

 
 
 

Table 3.2. Average monthly mean outdoor temperatures for the different regions of the 
country, based on average mean temperatures of each municipality in the regions, and 
weighted by the number of dwellings in each municipality. Based on NS 3031 (1987) and 
FoB90 (1992). 

Region Average monthly mean outdoor temperatures (oC) Avg.

 Jan. Feb. Mar Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.  

Oslo -4.7 -4.0 -0.5 4.8 10.7 14.7 17.3 15.9 11.3 5.9 1.1 -2.0 5.9
Akershus -5.6 -5.0 -1.3 4.1 10.1 14.2 16.7 15.4 10.7 5.4 0.5 -2.7 5.3
Østlandet, Inland -8.7 -7.6 -3.1 2.9 9.0 13.4 15.9 14.3 9.4 3.9 -1.3 -5.3 3.6
Østlandet, Coast -5.0 -4.4 -0.9 4.4 10.2 14.2 16.8 15.5 11.0 5.9 1.2 -2.0 5.6
Agder/Rogaland -0.1 -0.2 1.8 5.3 10.1 13.1 15.5 15.1 12.1 8.0 4.6 2.1 7.3
Vestlandet 0.8 0.6 2.5 5.3 9.6 12.2 14.7 14.4 11.5 7.7 4.9 2.6 7.3
Trøndelag -3.5 -3.1 -0.8 3.3 7.8 11.3 14.4 13.4 9.6 5.1 1.5 -1.1 4.9
Nord-Norge -3.9 -4.2 -2.4 1.2 5.4 9.7 13.4 12.2 8.3 3.7 0.2 -2.0 3.5
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Average degree-day numbers for the different regions 
A degree-day number is calculated for each region based on the estimated average 
monthly mean temperatures and an assumed indoor temperature of 17oC. The estimated 
degree-day numbers for the different regions are shown in Table 3.3. It should be noted 
that since the degree-day numbers are based on monthly mean temperatures, they differ 
slightly from degree-day numbers calculated using daily mean temperatures. As an 
example, the degree-day number is estimated to be 3733 oC×days for Blindern (Oslo) 
based on the monthly mean temperatures, while it is given as 3770 oC×days in NBI 
A552.103 (1990) based on daily mean temperatures (see Table 3.1). 
 
Weight factors for the different regions 
A weight factor is calculated for each region, based on the calculated average degree-day 
number for the region, multiplied with the number of dwellings in the region, and divided 
by the average yearly energy consumption per dwelling in the same region. The 
calculation procedure of these weight factors (wfj) is shown in Equation 3.1. 
 

wfj = 

Gj·nj
Qj

∑
j = 1

k
 
⎝
⎜
⎛

⎠
⎟
⎞Gj·nj

Qj

 (Equation 3.1) 

 
where: 
 wfj is the weight factor for region j, 
 Gj is the calculated average degree-day number for region j, 
 nj is the number of dwellings in region j, 
 Qj is the average yearly energy consumption per dwelling in region j, 
 k is the total number of regions. 
 
Data on the average yearly energy consumption per dwelling in the different regions are 
taken from the Residential Energy Use Survey 1990 (Ljones et al., 1992). These data are 
based on the heating season 1989/1990. The fact that the heating season 1989/1990 was 
unusually mild, is assumed not to influence the relative importance of the various regions 
in the calculations.  
 
Table 3.3 shows the number of dwellings, the yearly energy consumption per dwelling, 
and the calculated average degree-day number for the different regions. The relative 
importance of Oslo and Nord-Norge is reduced through the weighting procedure. For 
Oslo this is particularly important, as the weight is reduced from 14% (based on number 
of dwellings) to less than 10%. Similarly, the importance of the mild coastal regions of 
Agder/Rogaland and Vestlandet is increased. This indicates that dwellings in the mild 
regions are relatively more energy consuming when corrections are made for the milder 
climate conditions. 
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Weighted monthly mean temperatures for the dwelling stock 
The average monthly mean temperatures calculated for each region (Table 3.2), are 
finally weighted by the weight factors calculated for each region. The weighted monthly 
mean temperatures shown in Table 3.4 can then be used to calculate the energy 
consumption of the stereotypes of houses defined in the estimation model. 
 
 

 
 
 
Weighted degree-day numbers for the entire dwelling stock 
Based on the monthly temperatures shown in Table 3.4, a weighted degree-day number of 
3678 oC·days may be calculated for the entire dwelling stock. The corresponding length 
of this "average" heating season is 242 days. 
 
The degree-day number calculated to be average for the entire country, will be slightly 
exaggerated if it is not taken into account that dwellings in the mild regions of Norway 
have poorer thermal performance compared to dwellings in the colder regions. As an 

Table 3.3. Regional data on the number of dwellings, estimated average degree-day 
number, average yearly energy consumption per dwelling, and calculated weight factors 
for the regions. Based on FoB90 (1992) and Ljones et al. (1992). 

Region Number of 
dwellings 

3 Nov. 1990 

% of total 
number of 
dwellings 

Yearly energy 
consumption Qi

Degree-day 
number, Gi 

Weight factor 
wfi 

 Units  kWh/dwelling oC⋅days  

Oslo 244 434 14.0% 15 400 3 733 9.9% 
Akershus 166 544 9.5% 22 500 3 952 9.3% 
Østlandet, Inland 149 190 8.5% 26 700 4 529 8.6% 
Østlandet, Coast 340 610 19.4% 21 900 3 811 19.2% 
Agder/Rogaland 224 251 12.8% 22 000 3 064 15.8% 
Vestlandet 292 086 16.7% 20 500 3 032 19.4% 
Trøndelag 151 083 8.6% 23 100 4 005 8.5% 
Nord-Norge 183 163 10.5% 23 500 4 564 9.3% 
Whole country 1 751 361 100% 21 500  100% 

Table 3.4. Weighted monthly mean outdoor temperatures for the entire dwelling stock. 
The temperatures are based on average monthly mean temperatures for the different 
regions, weighted by the number of dwellings, the average degree-day number, and the 
average yearly energy consumption per dwelling in the regions. Based on FoB90 (1992), 
NS 3031 (1987) and Ljones et al. (1992). 

Weighted monthly mean outdoor temperatures for the entire dwelling stock (oC) Avg. 

Jan. Feb. Mar Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.  

-3.2 -2.9 -0.1 4.2 9.4 13.0 15.6 14.7 10.8 6.1 2.1 -0.7 5.8 
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example, if monthly temperatures for the different regions are weighted only by the 
number of dwellings in the regions, ignoring the thermal performance of the dwellings, 
the calculated degree-day number will be 3725 oC·days. This value is 1.2% higher than 
the weighted degree-day number of 3678 oC·days. 
 
 
3.2.2 Thermal performance of dwellings in different regions in Norway 

In Table 3.3, the weight factors estimated for the different regions of the country are 
shown. The weight of Oslo and Nord-Norge is reduced when the thermal performance of 
the dwellings are taken into account, while the weight of Agder/Rogaland and Vestlandet 
is increased. This section briefly describes some of the reasons why the thermal 
performance of dwellings vary between the different regions. 
 
Regional distribution by type of house  
The total number of dwellings in Norway per 3. of November 1990 was estimated to be  
1 751 364 units in the Population and Housing Census 1990. More than 50% of these 
dwellings were found in the south-east of Norway. A lower specific energy consumption 
(kWh/m2) is normally found in dwellings in large residential buildings, compared to 
dwellings in smaller houses (Ljones et al., 1992). Figure 3.1 shows the number of 
dwellings in the different regions by type of house. Oslo has a large share of dwellings in 
large residential buildings, and as shown in Table 3.3, less weight is given to Oslo in the 
weighting procedure.  
 
 

Number of dwellings by region and type of house 
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Figure 3.1. Number of dwellings in different regions of Norway by type of house. A = 
detached one-family houses, B = row houses, terraced houses etc., C = horizontally 
divided small houses, D = blocks of flats etc. Based on the Population and Housing 
Census 1990 (FoB90, 1992). 
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Energy consumption of dwellings in the different regions by energy source 
The efficiency of the heating systems influence the amount of energy supplied for 
heating. Efficiencies of 0.65 for wood-firing, 0.75 for fuel oil heating, and 1.00 for 
electric heating are used by Statistics Norway in their surveys (Ljones et al., 1992). A 
correlation is found between type of heating and type of house. Electric heating is most 
important in blocks of flats, while dwelling houses on farms use most firewood.  
 
Table 3.5 shows that Trøndelag and the inland counties of Østlandet use most liquid fuel 
and firewood. These regions could therefore be expected to have a relatively higher 
energy consumption because of the low efficiency of the heating systems. However, no 
such effect can be seen from Table 3.3 since the weight factors for these regions are equal 
to the percentage of the total dwelling stock found in the regions. Thus, the effect of 
different heating systems used in the regions does not seem to influence the weight 
factors. 
 
Size of dwellings and size of households in the different regions 
The energy consumption of dwellings increase with increasing number of persons living 
in the dwellings and with increasing dwelling area. There is also an interrelation between 
these two parameters since large households need more space.  
 
In Ljones et al. (1992), the increase in yearly energy consumption was estimated to be 
about 4000 kWh per additional person. In the same survey, the specific energy 
consumption (kWh/m2) was found to decrease slightly with increasing dwelling areas. 
Consequently, the energy consumption of a dwelling does not increase proportionally 
with the area.  
 
The average household size in Norway in 1990 by region is shown in Table 3.5. The 
smallest average households were found in Oslo (1.9 persons per household), while 
Vestlandet and Agder/Rogaland had the largest households (2.6 persons per household).  
Table 3.5 also shows the average dwelling area in the different regions in 1988. The 
smallest dwellings were found in Oslo (90.7 m2) and in the rather sparsely populated 
northern parts of Norway (93.6 m2 in Nord-Norge and 102.2 m2 in Trøndelag.) 
 
The reduced weight factor given to Oslo in Table 3.3 is therefore in accordance with the 
small households and the small average dwelling areas in this region. The reduced weight 
factors given to Nord-Norge and Trøndelag, are also in accordance with the relatively 
small average dwelling areas in these regions. 
 
The largest dwellings are found in Agder/Rogaland (121.6 m2) and Akershus (126.9 m2). 
The weight factors increase the importance of Agder/Rogaland, but not the importance of 
Akershus. The average energy consumption of dwellings in Akershus is thus lower than 
the size of the dwellings indicates. 
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Thermal insulation level of dwellings in the different regions by year of construction 
New houses are better thermally insulated in the outer constructions, compared to the 
thermal insulation level originally found in houses constructed some decades ago. Even 
though many old houses have been provided with additional thermal insulation, old 
houses generally have poorer thermal insulation compared to newer houses. A higher 
energy consumption may thus be expected for old houses as a consequence of the poorer 
insulation level. However, this effect is not apparent in the results of Ljones et al. (1992). 
The most important reason for this is probably that lower indoor temperatures are more 
common in poorly insulated houses. Other reasons might be that less electrical equipment 
are installed in old houses, and that the average size of the households are smaller in the 
old houses (FoB90, 1992). 
 
Figure 3.2 shows the distribution of dwellings by region and year of construction in 1990. 
It can be seen that the share of old houses is somewhat smaller in the northern parts of 
Norway, and that relatively few new dwellings are found in Oslo. However, one may 
argue that these differences are relatively small and that the age of the dwellings is not a 
decisive factor for the energy consumption. Thus, the distribution of the dwellings by 
year of construction in the different regions may be assumed to have insignificant 
influence on the weight factors calculated for the regions. 
 
 

Table 3.5. Average number of persons per household by region in 1990, average 
dwelling area by region in 1988, and energy consumption by energy source and region in 
1990. Based on NOS B892 (1990), FoB90 (1992) and Ljones et al. (1992). 

Region Persons per 
household 

Average 
dwelling area 

 Energy consumption by energy source, 
expressed as percent 

    Electricity Liquid fuel Firewood Total 

Akershus 2.5 126.9 m2  77% 13% 9% 100% 
Oslo 1.9 90.7 m2  82% 12% 5% 100% 
Østlandet, inland 2.4 115.9 m2  67% 12% 21% 100% 
Østlandet, coast 2.4 113.5 m2  76% 12% 13% 100% 
Agder/ Rogaland 2.6 121.6 m2  78% 6% 16% 100% 
Vestlandet 2.6 107.8 m2  81% 6% 13% 100% 
Trøndelag 2.5 102.2 m2  69% 6% 26% 100% 
Nord-Norge 2.5 93.6 m2  75% 11% 14% 100% 
Total 2.4 108.2 m2  76% 10% 14% 100% 
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Influence of climate conditions on the thermal insulation level of houses 
As shown in Table 3.1, the heating requirement of dwellings in the coldest parts of 
Norway can be as much as twice the heating requirement of dwellings in the mild coastal 
regions. Consequently, it has been more profitable to improved the thermal insulation 
level of the houses in the colder regions. In addition, until 1983, the Building Regulations 
divided the country into four climate zones, demanding improved thermal insulation 
levels in the colder zones. As a result, the housing stock in the cold parts of Norway may 
be assumed being better thermally insulated compared to houses in the milder regions.  
 
However, information on the thermal insulation level of dwellings is limited. In addition, 
the few surveys examining the thermal insulation levels of dwellings were of limited 
value as they only asked whether the outer constructions were insulated or not. Thus, it is 
not possible to quantify the thickness of the thermal insulation layer in dwellings on the 
basis of these surveys, neither in the regions, nor in the entire country. 
 
Other parameters influencing the energy consumption of dwellings are wind conditions, 
indoor temperatures and amount of electrical equipment installed in the dwellings. These 
parameters may also differ between the various regions and thus influence the average 
energy consumption of dwellings. The regional variation of these parameters, however, is 
not examined. 
 
 

Distribution of dwellings by region and year of construction 
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3.2.3 Average monthly solar radiation data 

Monthly solar radiation data are needed to calculate the energy consumption of houses 
according to NS 3031. Average solar radiation data for the entire dwelling stock are 
calculated on the basis of solar radiation data from all municipalities of the country, 
weighted by the number of dwellings in each municipality. The thermal performance of 
the dwellings in the various regions is not taken into account in the calculations of 
average solar radiation data. The solar gain is thus assumed independent of the heating 
need of houses. (However, solar radiation utilised for heating purpose, and thus affecting 
the heating requirement of houses, may vary between different types of houses.) Table 
3.6 shows the calculated average mean solar radiation data for the entire dwelling stock.  
 
 

 
 
The estimated weighted monthly mean outdoor temperatures and average monthly mean 
solar radiation are used to calculate the energy consumption of the stereotypes of houses 
defined for the Norwegian dwelling stock. The definition and description of these 
stereotypes are shown in the following sections. 
 
 
 
3.3 MAIN DIVISION: TYPE OF HOUSE 

The type of house the dwellings are located into is used as main division criteria for the 
Norwegian dwelling stock since it both indicates the size of the building and the main 
construction material used in the buildings. The size of the building influences the 
specific heating consumption (kWh/m2) of dwellings, while the main construction 
material used have importance for the various improvement measures that can be carried 
out. 
 
 
3.3.1 Distinctive factors for the dividing of the dwelling stock 

In the various surveys performed by Statistics Norway, the dwelling stock has been 
divided differently by type of house (see Table 3.7). Five groups were used in the 
presentation of the results from the Population and Housing Census 1990, four groups 

Table 3.6. Average monthly mean solar radiation (W/m2) on a vertical surface. The data 
are based on solar radiation data from all municipalities in the country, weighted by the 
number of dwellings in each municipality. Based on NS 3031 (1987) and FoB90 (1992). 

Orientation Average monthly solar radiation data for the entire dwelling stock (W/m2) 

 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.  

South 31 73 123 132 135 119 115 121 103 69 27 20 89 
East and west 6 23 57 89 119 120 110 93 58 28 7 3 60 
North 3 10 20 34 55 69 59 41 25 13 4 2 28 
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were used in the Residential Energy Use Survey 1990, while six groups were used in the 
Survey of Housing Conditions 1988. 
 
 

 
 
Specific energy consumption 
A lower specific energy consumption (kWh/m2) is normally found in large multifamily 
buildings compared to smaller houses. The consumption of electricity, fuel oil and 
firewood in Norwegian dwellings was studied in Ljones et al. (1990). Fuel oil (heating 
oils and paraffin) and firewood were assumed used for heating purpose only, while 
electricity was used both for heating and other purposes (lighting, equipment and hot 
water heating). The amount of electricity used for heating purposes was estimated using 
empirical data. Some of the results and estimations from this survey are presented in 
Table 3.8. 
 
The specific energy consumption (kWh/m2) used for heating of dwellings was estimated 
to be 85 kWh/m2 for blocks of flats, 105 kWh/m2 for houses in row etc., 142 kWh/m2 for 
detached one-family houses, and as much as 160 kWh/m2 for dwelling houses on farms. 
The energy consumption for other purposes than heating was estimated to be almost 
equal for the four types of houses. 
 
 

Table 3.7. Division of the dwelling stock by type of house. Three different surveys 
performed by Statistics Norway: Population and Housing Census 1990 (FoB90, 1992), 
Residential Energy Use Survey 1990 (Ljones et al., 1992), and Survey of Housing 
Conditions 1988 (NOS B892, 1990). 

Population and  
Housing Census 1990 

Residential Energy 
Use Survey 1990 

Survey of Housing 
Conditions 1988 

• Detached one-family houses 
or dwelling houses on farms 

• Dwelling houses on farms 

• Detached one-family houses 

• Dwelling houses on farms 

• Detached one-family houses 

• Row houses, terraced, semi-
detached houses 

• Houses with two dwelling 
units or other types of houses 
with less than three storeys 

• Houses in row etc. • Vertically divided small 
houses 

• Horizontally divided small 
houses 

• Blocks of flats, or other 
buildings with three or more 
storeys 

• Business premises, workshop 
etc., or buildings for common 
households 

• Blocks of flats etc. • Detached blocks of flats 

• Square buildings, combined 
buildings 
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The higher energy consumption for heating in dwelling houses on farms and detached 
one-family houses may to some extent be explained by low efficiency of the heating 
systems, since wood-firing and oil heating is more used in these dwellings than in the 
other dwelling types. However, the numbers in Table 3.8 clearly indicate that the size of 
the building is an important parameter for the heating requirement of dwellings. 
 
Main construction material 
Traditionally, wood has been the main construction material in Norwegian houses. 
However, because of the fire regulations, wooden constructions were only allowed in 
smaller houses. Partly because of this, most large buildings have been constructed using 
brick or concrete as main construction material. The size of the building therefore 
indicates the type of construction materials used in the building. This is important since 
different energy improvement measures may be carried out for wooden houses than for 
large concrete or brick buildings. 
 
These general assumptions on the construction materials used in residential buildings are 
supported by the findings in the Survey of Housing Conditions 1981 conducted by 
Statistics Norway (NOS B404, 1983). This survey showed that almost all dwellings in 
detached one-family houses and most of the dwellings in divided small houses were 
found in wooden houses. Dwellings in large houses on the other hand, were mainly found 
in concrete or brick buildings. Table 3.9 shows some results from the survey of 1981. The 
distribution of the dwelling stock in 1988 by type of house is also shown in the same 
table. 
 
The total estimated number of dwellings in Norway increased from 1 479 500 units in 
1981 to 1 646 100 units in 1988. During the same period, the number of dwelling houses 
on farms decreased from 214 300 to 178 700 units. A slight decrease was also found for 
horizontally divided small houses, while an increase was found for all the other groups. 
In total, only minor differences are found in the distribution of dwellings by type of house 
in the survey of 1981 compared to the survey of 1988. The distribution of dwellings by 

Table 3.8. Yearly energy consumption per square metre by type of house. The numbers 
are based on data from the heating season 1989/1990. The estimated energy consumption 
used for heating purposes and other purposes are based on empirical data (Ljones et al., 
1992). 

Type of house Total energy consumption  Estimated energy consumption 

   Heating Other purposes 

 kWh/m2  kWh/m2 kWh/m2 
Dwelling houses on farms 250  160 90 
Detached one-family houses 241  142 99 
Houses in row etc. 202  105 97 
Blocks of flats etc. 175  85 90 
All houses 219  123 96 
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main construction material as found in the survey of 1981, may therefore be assumed 
valid also for the dwelling stock in 1988. 
 
 

 
 
A reduced number of persons employed in farming was probably the main reason for the 
decreased number of occupied dwelling houses on farms6. Another reason may be the 
high average age of these houses; in 1988 as much as 41% of them were constructed 
before 1921. The age may also be the reason for the reduction of horizontally divided 
small houses. In the survey of 1988, 75% of this group were built before 1961. Some of 
these horizontally divided small houses may also have been converted into one-family 
houses. 
 
Average dwelling size and number of inhabited storeys 
In addition to the main construction material used in the various types of houses, also the 
average size of the dwellings and the number of inhabited storeys in the houses are 
examined to identify similarities between the different groups of dwellings. Table 3.10 
shows the average dwelling size and the number of inhabited storeys of the house into 
which the dwellings are located, by type of house. 
 
 

                                            
6  In 1981, 132 000 persons were farmers or employed in farm work, compared to only 105 000 in 1990 

(NOS B980, 1991). 

Table 3.9. The calculated number of dwelling units in 1981 by type of house and main 
construction material, and the calculated number of dwelling units in 1988 by type of 
house. Based on the surveys of housing conditions 1981 and 1988 (NOS B404, 1983 and 
NOS B892, 1990). 

Type of house Survey of 1981  S

 Main construction material Dwelling %  Dwelling 

 Wood Brick or 
concrete 

Combi-
nation 

units   units  

Dwelling house on farm 99% 1% 0% 214 300 14%  178 700 11%
Detached one-family house 93% 4% 3% 639 900 43%  804 200 49%
Vert. divided small house 86% 7% 7% 165 000 11%  221 300 13%
Horiz. divided small house 81% 14% 5% 144 200 10%  137 500 8%
Detached block of flats 1% 96% 3% 197 000 13%  210 400 13%
Sq. building, comb. 
building. 

11% 83% 6% 86 900 6%  90 800 6%

Unknown 47% 47% 6% 32 200 2%  3 100 0%
Total 74% 23% 3% 1 479 500 100%  1 646 100 100%
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3.3.2 Main type of house 

Based on the discussion above, the Norwegian dwelling stock is divided into three main 
groups according to type of house the dwellings are located into. These three main types 
of houses are: one-family houses, divided small houses and large houses. 
 
One-family houses 
Large similarities are found between dwelling houses on farms and detached one-family 
houses. It can be seen from Table 3.9 that 99% of the dwellings on farms, and 93% of the 
dwellings in detached one-family houses, were found in wooden houses in 1981. In 1988, 
83% of the dwellings on farms and 70% of the dwellings in detached one-family houses 
were located in houses having two inhabited storeys. The dwelling areas were 
approximately the same, with 122.5 m2 in farm houses and 123.2 m2 in detached one-
family houses. Further, the yearly specific energy consumption was found to be almost 
the same for these two groups of dwellings in the Residential Energy Use Survey 1990 
(see Table 3.8). 
 
As a result of their similar characteristics, dwelling houses on farms and detached one-
family houses are merged into one main group termed "one-family houses". 
Approximately 60% of all dwellings in Norway fall into this group. The one-family 
houses are assumed to be detached, two storey wooden houses. 
 
Divided small houses 
Similar characteristics are also found between dwellings in vertically divided and 
horizontally divided small houses. These houses normally contain from two to four 
households. More than 80% the dwellings in these two groups were found in wooden 
houses (Table 3.9), and close to 70% of them were located in houses having two 
inhabited storeys (Table 3.10). As a result of their similar characteristics, dwellings in 
vertically divided and horizontally divided small houses are merged into a second main 

Table 3.10. The average size of dwellings and the number of inhabited storeys of the 
house into which the dwelling is located, by type of house. Based on the Survey of 
Housing Conditions 1988 (NOS B892, 1990) 

Type of house Dwelling area Number of inhabited storeys 

  1 2 3 4 5+ Unknown Total 

Dwelling house on farm 122.5 m2 13% 83% 4% 0% 0% 0% 100%
Detached one-family house 123.2 m2 22% 70% 8% 0% 0% 0% 100%
Vert. divided small house 106.7 m2 13% 67% 18% 1% 0% 1% 100%
Horiz. divided small house 87.4 m2 2% 69% 19% 6% 7% 0% 100%
Detached block of flats 70.4 m2 3% 4% 26% 40% 27% 0% 100%
Sq. building, comb. building 78.7 m2 28% 45% 31% 6% 9% 6% 100%
Unknown 69.4 m2 3% 4% 26% 40% 27% 0% 100%
Total 108.2 m2 15% 59% 12% 8% 6% 0% 100%
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group, termed "divided small houses". This new group, which mainly consists of wooden 
two storey houses, represents slightly above 20% of all dwellings in Norway. 
 
Large houses 
The remaining 20% of the Norwegian dwellings are found in detached blocks of flats, in 
square buildings or in combined buildings. These buildings have in common that they can 
all be assumed being large brick and concrete buildings. The dwellings located in these 
buildings are small, with an average dwelling area of only 70.4 m2 in blocks of flats, and 
78.7 m2 in square buildings/combined buildings. The dwellings found in these buildings 
are merged into a third main group termed "large houses". 
 
Number of dwellings in the three main groups 

The total number of occupied private dwellings7 in each of the three main groups are 
shown in Table 3.11. 
 
 

 
 
A variety of different types of houses are found within each main group of dwellings. For 
instance, heated space may differ, and different thermal insulation levels may be found in 
the outer constructions of the houses. As a result, the thermal performance, and thus the 
energy consumption of the dwellings, may differ significantly within the groups.  
 
However, similar thermal performance are often found for houses built within the same 
time period. These similarities are caused by four main reasons: First, the design of 
houses has been influenced by restrictions on design of new houses given by the 
Norwegian National Housing Bank. Second, common building practice may have altered 
as result of the introduction of new construction materials and new construction 
techniques. Third, the design of houses has been influenced by time dependent economic 
premises, such as energy price levels and interest levels in the financing market. Fourth 
and finally, requirements in the Building Regulations have had some influence on the 
designing of new houses. 
 
                                            
7  Comprises all private dwellings in which persons were registrated as occupants. 

Table 3.11. Calculated number of occupied private dwellings by type of house in 1988 
and 1990. An unknown-group of 3200 dwellings is excluded in the numbers from 1988. 
Based on FoB90 (1992) and NOS B892 (1990). 

Main group Population and Housing Census 1990  Survey of Housing Conditions 198

 Calculated number of 
dwellings 

% of total  Calculated number of 
dwellings 

% of total 

One-family houses 1 018 145 58%  982 900 60% 
Divided small houses 379 969 22%  358 800 22% 
Large houses 353 250 20%  301 200 18% 
Total 1 751 363 100%  1 642 900 100% 



Estimation model for total energy consumption and emissions to air from the dwelling stock 

 37

The year of construction can therefore by used as a criteria to divide the three main 
groups into sub groups of dwellings having similar thermal performance. The following 
section describes the division of one-family houses, divided small houses and large 
houses into four year classes according to year of construction.  
 
 
3.4 SUB DIVISION: YEAR OF CONSTRUCTION 

This section describes the background for dividing the dwelling stock into sub groups of 
dwellings according to year of construction. The dwelling stock is divided into the 
following four year classes: 
 
• dwellings constructed before 1956, 
• dwellings constructed between 1956 and 1970, 
• dwellings constructed between 1971 and 1980, 
• dwellings constructed between 1981 and 1990. 
 
The number of dwellings found within each year class in 1990 is further presented in this 
section. Finally, additional thermal insulation of Norwegian houses is studied to estimate 
the share of the oldest dwellings that have been additionally insulated. 
 
Approximately 75% of Norwegian dwellings are found in wooden houses, while the 
remaining 25% are located in large brick or concrete buildings. The division of the 
dwelling stock into year classes is based on years when common thermal insulation level 
of new wooden houses may be expected to have been altered. Thus, it is not taken into 
account that common thermal insulation level of brick and concrete buildings may not 
have altered at the same time. 
 
 
3.4.1 First distinction, houses constructed before and after 1956 

The first class distinction is made for houses constructed before and after 1956. This 
distinction represents the introduction of mineral wool as common thermal insulation 
material in new houses. 
 
The transition to better insulated constructions occurred gradually over a time period of 
almost ten years. However, for practical reasons, it is assumed to have taken place at the 
turn of the year 1955/19568. Thus, houses constructed before 1956 are for modelling 
purposes presumed originally constructed without mineral wool in the outer 
constructions.  
There were three main reasons for the transition to the better insulated constructions in 
the middle of the 1950s: 
 

                                            
8  In various references, the transition from uninsulated to insulated constructions is also set to have 

happened around 1955 (Ljones et al.. 1992; Fredriksen et al., 1988 and Hagen, 1991). 



Chapter 3 

38 

• reduced production costs for constructions with mineral wool as thermal insulation 
material, 

• favouring of wood saving constructions by the authorities, 
• lending terms in the Norwegian National Housing Bank. 
 
These three factors are discussed more detailed in the following sections. 
 
Reduced production costs for constructions with mineral wool 
The production of mineral wool in Norway began in 1935 (glass wool) and 1945 (rock 
wool). The quality of these insulation materials gradually improved, especially after the 
introduction of new production processes in the beginning of the 1960s (Granum and 
Larsen, 1989). 
 
When introduced, mineral wool was rather expensive used as thermal insulation material. 
However, the price of mineral wool compared to alternative insulation materials became 
favourable in the 1950s. From the beginning of the 1950s, it was considered profitable to 
use mineral wool in both tier of beams and timber framed walls. Granum and Lundby 
(1952) established in 1952 that the most used thermal insulation materials in tier of 
beams at that time were rock wool felt and glass wool mats, and that old filling materials 
as clay and sawdust were totally outclassed as thermal insulation materials. 
 
In 1953, 24 000 tons of mineral wool were produced in Norway, and in 1959, the amount 
had increased to 32 000 tons (Granum and Lundby, 1961). Of the total utility floor space 
in all buildings completed in 1953 and 1959, dwellings represented 68% and 56%, 
respectively (NOS C188, 1995). Since large buildings at that time were commonly 
constructed without mineral wool in the outer constructions, it can be assumed that a 
large share of the total volume of mineral wool produced these years was used in the 
construction of dwellings. 
 
In the end of the 1950s, most houses were constructed with mineral wool in the outer 
constructions. If the entire production of mineral wool in 1959 is divided by the 26 600 
dwellings completed that year, an average of approximately 1.2 tons of mineral wool per 
dwelling is obtained. For 1953, the corresponding numbers are 35 000 completed 
dwellings and an average of 0.7 tons of mineral wool per dwelling. These numbers 
indicate that also a large share of the dwellings constructed in the beginning of the 1950s 
must have been constructed with mineral wool in the outer constructions. 
 
In the beginning of the 1950s, only 50 mm and 100 mm of mineral wool were commonly 
used as insulation layer in floors. The thickness of the insulation layer soon increased, 
and around 1960 it was recommended to fill the entire cavity with mineral wool; 
normally implying 200 mm of mineral wool. As shown in Table 3.12, the insulation 
levels recommended by the Norwegian Building Research Institute have shown a steady 
increase over the period from 1952 to 1980. 
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For walls, the transition to mineral wool did not happen as rapidly as for tier of beams. 
Traditional uninsulated hollow-space framed walls with two layers of cladding and two 
layers of cardboard on each side of the cavity were still in use in the end of the 1950s, 
despite the poor thermal insulation performance of these constructions (U-values between 
0.8 to 1.1 W/m2K).  
 
The U-value of 100 mm (4") light timber framed walls with 100 mm mineral wool is 
around 0.4 W/m2K and thus notably better than the U-values of the traditional 
uninsulated constructions. In addition, from the autumn of 1955, the production costs of 
light timber framed walls with 100 mm mineral wool were lower than the production 
costs of the traditional constructions (NBI anv. 7, 1958).  
 
The reduced production costs and higher thermal insulation level of the insulated 100 mm 
light timber framed walls made these constructions more profitable as compared to the 
traditional constructions. Therefore, from the end of the 1950s, 100 mm light timber 
framed constructions with mineral wool were totally dominating as wall construction in 
Norwegian houses. In addition to the better profitability of the light timber framed 
constructions, favouring of wood saving constructions by the authorities in the 1950s, and 
also the lending terms in the Norwegian National Housing Bank, influenced the spreading 
of these constructions. 
 
Favouring of wood saving constructions by the authorities 
There was a major lack of dwellings in Norway in the post-war years. During the war, 
22 000 dwellings had been destroyed, and the need for new dwellings was estimated to be 
between 80 000 and 90 000 units. This number soon increased. In 1948, the need for new 
dwellings was estimated to be 100 000 units, increasing to 125 000 units in 1950 
(Martens, 1993). 
In the years after the war, the construction of new houses was strictly regulated through 
building licences and building quotas regulations based on square metres of dwelling area 

Table 3.12. Thermal insulation thicknesses for wooden houses recommended by the 
Norwegian Building Research Institute and commonly practised thicknesses by year of 
reference. Based on Granum and Lundby (1952, 1958, 1961 and 1964); Aschehoug et al. 
(1970) and Edvardsen et al. (1980). 

Year Outer walls  Tier of beams 
towards cold attic 

 Tier of beams 
towards basement

 Recom-
mended 

Common 
practice 

 Recom-
mended 

Common 
practice 

 Recom-
mended 

Common 
practice 

 mm mm  mm mm  mm mm 
1952 100 -  - -  - - 
1958 100 -  150 -  50-100 - 
1961 100-150 -  200 50-100  150 - 
1964  100  200 -  150 50-100 
1970 100-150 -  - -  150 - 
1982 150-200 -  200-300 -  - - 
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in each municipality (Granum and Larsen, 1989). Not only the construction of new 
houses was restricted in this period. Because of shortage of resources, building materials 
were also rationed. However, this rationing was abolished by the end of 1955. 
 
About 50% of the timber produced was exported in the early post war years to help the 
payment balance. From around 1950, when the Korean-War resulted in prosperous times 
for the timber-trade, as much as two-thirds of the timber were exported. A result of this 
export was however shortage of timber for inland use. Timber was therefore rationed 
until 1953, and the timber prices controlled until 1958 (Granum and Larsen, 1989). The 
authorities also favoured wood saving constructions by giving new houses constructed 
with such constructions only 50% weight in the building quotas system.  
 
However, the favouring of wood saving light timber framed walls was removed in 1953. 
This resulted in a significant shift towards more traditional constructions. It also resulted 
in a reduced share of houses with high quality thermal insulation. To counteract this 
effect, actions were taken by the Norwegian National Housing Bank to increase the 
number of houses constructed with insulated light timber framed constructions. 
 
The Norwegian National Housing Bank 
The Norwegian National Housing Bank was established in 1946 to help the financing of 
new houses. The main goal for the bank was to regulate the total consumption of 
resources in the housing sector and to ensure the quality of new dwellings. This way the 
bank became the main housing political tool of the Norwegian Government. 
 
In addition to the Housing Bank, "Noregs Småbruk- og Bustadbank" financed between 
10% and 15% of all dwellings constructed between 1945 and 1965. This bank operated in 
the districts and the directing lines were similar to those of the Housing Bank. The two 
banks merged in 1966. (Granum and Larsen, 1989). 
 
During the 1950s, these two banks jointly financed almost 75% of all new dwellings in 
Norway. Between 70% and 80% of the total number of dwellings constructed during 
these years were located in detached one-family houses or small divided houses (NOS 
C188, 1995). The dominating part of these houses were wooden houses. The percentage 
of the wooden houses financed by the Housing Bank which were fully insulated, may 
therefore be assumed to be representative for the entire dwelling stock in the 1950s.  
 
In 1953, the favouring of light timber framed constructions in the building quotas was 
removed. This resulted in a significant and undesired shift towards more traditional 
constructions. To compensate for this, the Housing Bank offered larger loans from 
January 1957 for new houses provided with highly insulating materials. To obtain larger 
loans, the thermal conductance of walls and roofing had to be below or equal to 0.4 
W/m2K (Granum and Larsen, 1989). This rapidly increased the share of houses with 
insulated timber framed walls. Table 3.13 shows that only 27% of the dwellings in 
wooden houses financed by the Housing Bank in 1956 used mineral wool in the outer 
walls. This share increased to 96% in 1961. The Housing Bank also promoted wood 
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saving constructions by designing a number of standard houses which could be erected 
using light timber framed constructions.  
 
 

 
 
One of the goals for the Housing Bank was to support construction of houses for families 
with limited economic resources. Consequently, houses erected by the more wealthy part 
of the population were not financed by the Housing Bank. The standard of these private 
financed houses may therefore be expected to be higher, as compared to the general 
standard of the factual Housing Bank-houses. Some of these private financed houses may 
have been constructed as concrete or brick houses with limited thermal insulation in the 
outer walls. However, it is not likely that the insulation of these privately financed houses 
were of lower quality in average, as compared to the houses financed by the Housing 
Bank. 
 
 
3.4.2 Second distinction, houses constructed before and after 1970 

Gradually increasing volume of mineral wool was used in houses after the introduction in 
the 1950s. Because of the dimensions of the wooden studs and beams, this increase was 
step-wise; normally in steps of 50 mm. Table 3.12 shows that 100 mm timber framed 
walls were commonly used from the 1950s until the end of the 1970s. The thermal 
insulation level of the outer walls of houses did therefore not improve noticeably in this 
period. The insulation of ceiling and floors, however, gradually improved through the 
1950s and 1960s as seen from Table 3.12. 
 
The second division of the dwelling stock into year classes is therefore made for houses 
constructed before and after 1970. Houses built between 1956 and 1970 are assumed 
having 100 mm of mineral wool towards the cold attic, and 100 mm towards the 
basement. From 1971, the houses are assumed constructed with 200 mm mineral wool in 
the ceilings and 150 mm in the floors. However, as for the transition from uninsulated to 
insulated constructions in the 1950s, the transition to the better insulated constructions 
occurred gradually. 
3.4.3 Third distinction, houses constructed before and after 1980 

Table 3.13. Total number of dwellings constructed. Percentage of dwellings in wooden 
houses financed by the Norwegian National Housing Bank having mineral wool (100 mm 
or more) in the outer walls. Based on Aschehoug et al. (1970), Granum and Larsen 
(1989) and NOS C188 (1995). 

Year 1952 1954 1956 1959 1960 1961 1964 

Total number of dwellings completed 32 700 35 400 27 300 26 600 26 800 28 300 28 500
 

Wooden houses financed by the Housing 
Bank, constructed with mineral wool in 
the walls 

 
23%

 
13%

 
27%

 
84%

 
91% 

 
96%

 
99,6%
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The third division of the dwelling stock into year classes is made for houses constructed 
before and after 1980. Houses constructed after 1980 are presumed having 150 mm 
mineral wool in the outer walls, 300 mm in the ceiling and 200 mm in the floor towards 
the basement. There are two reasons for making a distinction around 1980: 
 
• First, the energy prices rose sharply between 1978 and 1980. This made it profitable to 

improve the thermal insulation level of the outer constructions. 
 
• Second, new and tightened thermal insulation requirements in the Building 

Regulations were announced in 1980, and effected from 1983. 
 
Increased energy prices 
For residential customers, the real energy prices of the most important energy carriers 
decreased between 1958 and the early 1970s (Bartlett, 1993). The prices of fossil fuels 
rose sharply in connection with the October-War in the Middle East in 1973. The prices 
thereafter decreased between 1974 and 1975, though not reaching the pre-1973 level. In 
1978, a sharp increase in the energy prices was again observed. The real prices of 
paraffin and fuel oil were almost doubled between 1978 and 1982. The electricity prices 
also increased in this period, although only by 12%. 
 
The overall energy consumption in the residential sector did not decrease noticeably in 
the period, despite the increased energy prices. The main reason for this was that the 
increased energy prices were compensated by increased real disposable income for 
private households. However, a significant substitution from fossil fuels to the cheaper 
electricity and wood fuel took place.  
 
The increased energy prices made it profitable to improve the thermal insulation level of 
new buildings. Growing awareness of energy related problems also encouraged house 
builders to improve the insulation level of their houses. Therefore, the increased energy 
prices, especially the rise around 1980, may be assumed to have influenced the thermal 
insulation level of new houses. 
 
Tightened requirements in the Building Regulations 
The second reason for making a distinction around 1980 is new and tightened 
requirements in the Building Regulations for the thermal insulation level of new houses. 
These requirements were announced in 1980, and effected from 1983. The division of the 
country into different climate zones was removed, and the same U-values were required 
for the entire country. The building trade soon adapted the new signs and 150 mm timber 
framed walls and 200 mm mineral wool in roofs became common. In addition, windows 
provided with low-emission layers rapidly obtained increased market shares in the 1980s 
(Granum, 1990). 
 
The Building Regulations were first introduced as a supplement to the Building Law in 
1928. The first regulations introduced mainly regarded constructions strength and fire 
safety of buildings, and did not involve any requirements on thermal insulation levels. 
Such requirements were not introduced until new building regulations were enacted in 
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1949. The regulations of 1949 divided the country into four climate zones, requiring 
tightened thermal insulation for buildings in the colder parts of the country. A distinction 
was also drawn between light constructions and brick- and concrete buildings. The reason 
for this was the assumption that a higher thermal conductance could be tolerated in heavy 
constructions because of the larger thermal heat capacity of these constructions. 
 
The main purpose of the modest thermal requirements in the Building Regulations of 
1949 was to ensure satisfying indoor climate in the houses. The requirements in the 
Building Regulations of 1949 were valid for twenty years, until new regulations took 
effect from 1969. However, the new requirements in the Building Regulations of 1949 
and 1969 barely involved an updating to the thermal insulation level already commonly 
practised in constructions (Granum, 1989b). The Building Regulations of 1949 and 1969 
may therefore be assumed to have had insignificant effect on the thermal insulation levels 
of new houses.  
 
 
3.4.4 Number of dwellings in the defined year classes 

The most comprehensive data set on the total number of dwellings in Norway is found in 
the Population and Housing Census 1990 (FoB90, 1992). However, only a simple 
questionnaire was used in this survey. In this questionnaire, the dwellings were to be 
placed in one of eight groups according to year of construction. Table 3.15 shows the 
number of dwellings in 1990 within each of these year groups, by type of house; one-
family houses, divided small houses and large houses. 
 
 

 
 
The dwelling stock is divided into four groups according to year of construction (before 
1956, between 1956 and 1970, between 1971 and 1980, and between 1981 and 1990). 
The number of dwellings constructed between 1971 and 1980, and between 1981 and 
1990, are given directly from Table 3.15. To estimate the number of dwellings 
constructed before 1956, and between 1956 and 1970, additional information is taken 

Table 3.14. Total number of dwellings in 1990 by year of construction and type of house. 
Based on FoB90 (1992) 

Year of 
construction 

One-family houses Divided small 
houses 

Large houses Total 

Before 1901 88 927 12 347 26 095 127 369 
1901 to 1920 63 438 16 153 21 254 100 845 
1921 to 1940 93 565 29 986 43 724 167 275 
1941 to 1945 13 973 3 277 3 747 20 997 
1946 to 1960 188 861 92 276 77 085 358 222 
1961 to 1970 170 292 61 191 77 011 308 494 
1971 to 1980 214 632 87 088 72 459 374 179 
1981 to 1990 184 454 77 702 31 868 294 024 
Total 1 018 142 380 020 353 243 1 751 405 
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from Faye (1993). This information is based on results from the Survey of Housing 
Conditions 1988. Table 3.15 shows the number of dwellings constructed between 1941 
and 1955, and between 1956 and 1960, as percent of the total number of dwellings 
constructed between 1941 and 1960. 
 
 

 
 
Using the shares shown in Table 3.15, the total number of dwellings per 1990 can be 
distributed in three main groups of dwellings and four year classes as shown in Table 
3.16 and Figure 3.3.  
 
 

 
 
 

Table 3.15. Number of dwellings constructed between 1941 and 1955, and between 1956 
and 1960, as percent of the total number of dwellings constructed between 1941 and 
1960. Based on NOS B892 (1990) and Faye (1993). 

Year of 
construction 

One-family houses Divided small 
houses 

Large houses Total 

1941 to 1955 68% 65% 63% 66% 
1956 to 1960 32% 35% 37% 34% 
Total 1941 to 1960 100% 100% 100% 100% 

Table 3.16. Estimated number of dwellings in Norway in 1990, by type of dwelling and 
year of construction. Based on the Population and Housing Census 1990 (FoB90, 1992 
and Faye, 1993). 

Year of 
construction 

 One-family houses  Divided small 
houses 

 Large houses  Total

Before 1956  383 857 38%  120 980 32%  141 868 40%  646 705 37%
1956 to 1970  235 199 23%  94 250 25%  107 048 30%  436 497 25%
1971 to 1980  214 632 21%  87 088 23%  72 459 21%  374 179 21%
1981 to 1990  184 454 18%  77 702 20%  31 868 9%  294 024 17%
Total  1 018 142 100%  380 020 100%  353 243 100%  1 751 405 100%
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3.4.5 Additional thermal insulation of old houses 

The division of the dwelling stock into groups by year of construction was based on 
alterations in common thermal insulation level of new houses. From Table 3.16 and 
Figure 3.3 b), it can be seen that 37% of the total number of dwellings were constructed 
before 1956, and 25% between 1956 and 1970. Dwellings constructed before 1956 are 
assumed originally constructed without mineral wool in the outer constructions, and thus 
they are assumed being originally uninsulated. Also the original thermal insulation level 
of dwellings constructed between 1956 and 1970 is insufficient according to today's 
standard. 
 
Additional thermal insulation alternatives 
Additional thermal insulation measures have been performed in many old houses. This is 
taken into account by defining several alternative stereotypes of houses for each of the 
oldest year classes. Except for the thermal insulation level of the outer constructions, 
these alternative stereotypes of houses are assumed having identical physical properties 
as the "original" stereotype of house. 
 
There are many alternative combinations of additional thermal insulation measures that 
may be performed in houses. The thermal insulation level of walls, floors and ceilings 
can be improved by adding thermal insulation materials, and the thermal performance of 
windows can be improved by for example window replacement. 
 
To reduce the number of alternatives in the estimation model, thermal insulation of floors 
and ceilings are assumed giving the same energy savings. Further, only houses having 
additional thermal insulation in walls are assumed having windows with better thermal 

 a) Distribution within each year group      
 b) As percent of total dwelling stock 
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Figure 3.3. a) Distribution of the dwellings within each year group by type of dwelling. b) 
Distribution of the dwellings by year group and type of dwelling, as percent of the total 
dwelling stock. Based on FoB90 (1992) and Faye (1993). 
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performance. Consequently, only six additional thermal insulation alternatives remain. 
These six alternatives, which are defined for houses constructed before 1956, are: 
 
1. No additional insulation (original unimproved constructions). 
2. Additional insulation of floors or ceilings. 
3. Additional insulation of floors and ceilings. 
4. Additional insulation of walls. 
5. Additional insulation of walls and floors, or walls and ceilings. 
6. Additional insulation of walls, floors and ceilings. 
 
The potential for reducing the energy consumption in houses constructed in 1956 or later 
is more limited, since these houses normally have been constructed with thermal 
insulation in the outer constructions. Still, compared to today's standard, the original 
thermal insulation level of many houses constructed in the late 1950s and in the 1960s 
was poor. Additional thermal insulation measures have therefore been performed on 
many of these houses. This is especially the case for blocks of flats in housing co-
operatives where the thermal insulation level of the outer constructions have been 
improved in connection with retrofit works. 
 
Since the potential for reducing the energy consumption is assumed more limited in 
houses constructed between 1956 and 1970, only three additional thermal insulation 
alternatives are defined. These three alternatives are: 
 
1. No additional insulation (original unimproved constructions). 
2. Additional insulation of floors or ceilings. 
3. Additional insulation of walls and floors, or walls and ceilings. 
 
No additional thermal insulation alternatives are defined for houses constructed after 
1970. 
 
The share of the dwellings within each year class which have been additionally insulated 
are based on information from the following sources: 
 
• the Residential Energy Use Survey 1990, conducted by Statistics Norway, 
• "Rockwool as" (manufacturer of thermal insulation materials), 
• "Trondheim og omegn bolig byggelag (TOBB)" (organisation for the housing co-

operatives in Trondheim). 
 
In addition, the following sources were surveyed to obtain information on additional 
thermal insulation of houses: 
 
• the Norwegian Housing Bank, 
• "Oslo Energi", 
• "Oslo og Omegn bolig- og sparelag (OBOS)" (organisation for the housing co-

operatives in Oslo), 
• "Glava as" (manufacturer of thermal insulation materials), 
• "Norsk Celluloseisolasjon as" (manufacturer of thermal insulation materials). 
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However, these sources did not contribute with any useful information that could be used 
to estimate the share of additionally insulated houses in Norway. 
 
Information on additional insulation from the Residential Energy Use Survey 1990 
The Residential Energy Use Survey 1990 contains information on the thermal insulation 
level of dwellings. Table 3.17 shows the insulation standard of the dwelling stock in 1990 
based on this survey. Less than 3% of the total number of dwellings were reported being 
uninsulated. This result clearly indicates that many old dwellings have been provided 
with additional thermal insulation. 
 
 

 
It should be noted that in the Residential Energy Use Survey 1990, which Table 3.17 
refers to, dwellings were defined as having insulated floors and ceilings if there were 
heated storeys above or below the dwelling. To determine the thermal insulation level of 
old houses from Table 3.17, the shares has to be corrected for the number of dwellings 
defined as having insulated floors and ceilings because there were heated storey above or 
below. 
Dwellings in the group of large houses are found in multi-storey buildings. Consequently, 
these dwellings have heated storeys above and/or below. As a result of this, no dwellings 

Table 3.17. Thermal insulation standard of the dwelling stock in 1990. Based on the 
Residential Energy Use Survey 1990 (Nesbakken, 1995). Heated room above ceiling or 
below floors are defined as insulated. 

Type of dwelling* W = walls, C = ceiling, F = floor 
1 = insulated, 0 = uninsulated 

 W-C-F 
1-1-1 

W-C-F
1-1-0 

W-C-F
1-0-1 

W-C-F
0-1-1 

W-C-F
1-0-0 

W-C-F
0-1-0 

W-C-F 
0-0-1 

W-C-F 
0-0-0 

Total 

One-family houses          
Before 1955 36% 12% 17% 10% 5% 2% 8% 11% 100% 
1955 to 1970 69% 4% 16% 2% 3% 1% 2% 3% 100% 
1971 to 1980 76% 2% 18% 2% 2% 0% 0% 0% 100% 
1981 to 1990 84% 1% 14% 0% 1% 0% 0% 0% 100% 

Divided small houses          

Before 1955 61% 1% 9% 15% 8% 1% 4% 3% 100% 
1955 to 1970 57% 6% 24% 4% 4% 4% 1% 0% 100% 
1971 to 1980 75% 2% 16% 0% 6% 0% 0% 0% 100% 
1981 to 1990 63% 8% 28% 0% 0% 0% 0% 0% 100% 

Large houses          

Before 1955 30% 2% 0% 50% 0% 3% 16% 0% 100% 
1955 to 1970 66% 17% 0% 9% 0% 0% 7% 0% 100% 
1971 to 1980 55% 20% 2% 19% 0% 0% 5% 0% 100% 
1981 to 1990 98% 0% 0% 2% 0% 0% 0% 0% 100% 
Total 62% 6% 14% 8% 3% 1% 4% 3% 100% 
 
* 1955 is used as year of division in Nesbakken (1995), while 1956 is used as year of division in the 

estimation model. 
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in large houses were reported having uninsulated floors and ceilings (combinations 1-0-0 
and 0-0-0 in Table 3.17). 
 
The Residential Energy Use Survey 1990 also included questions about additional 
thermal insulation of the dwellings. The results are shown in Table 3.18. For houses 
constructed before 1956, the outer constructions were reported additionally insulated for 
68% of the dwellings in one-family houses, 77% of the dwellings in small divided 
houses, and 100% of the dwellings in large houses. 
 
The data on additional insulation of dwellings in divided small houses shown in Table 
3.18, is also influenced by the effect of heated space in the storey above or below. 
However, the effect is not as significant since this group also consists of many dwellings 
located in vertically divided houses. In addition, the number of dwellings having heated 
storeys both above and below is more limited in small divided houses, since these houses 
do not have as many storeys as large houses. 
 
 

 
 
The reliability of the data obtained from the Residential Energy Use Survey 1990 
regarding thermal insulation and additional thermal insulation of dwellings, can be 
questioned for two reasons. The first reason is lack of building knowledge amongst the 
inhabitants answering the questionnaires. This made it difficult for them to describe the 
thermal insulation level of the dwellings correctly. Many relatively new dwellings were 
for example reported being without thermal insulation in walls, roofs or floors (see Table 
3.17). This is obviously not correct since the Building Regulations at least since 1969 
have required thermally insulated outer constructions. 
Another reason for questioning the results from the survey is the biases in the total 
number of households responding the questionnaires. Questionnaires were sent out to a 
total of 4004 households. After two reminders, only 2107 households had responded. In 

Table 3.18. Additional thermal insulation of walls, ceiling and floor of the dwelling stock 
in 1990. Based on the Residential Energy Use Survey 1990 (Nesbakken, 1995). 

Type of dwelling W = walls, C = ceiling, F = floor 
1 = additional insulation, 0 = no additional insulation 

 W-C-F 
1-1-1 

W-C-F
1-1-0 

W-C-F
1-0-1 

W-C-F
0-1-1 

W-C-F
1-0-0 

W-C-F
0-1-0 

W-C-F 
0-0-1 

W-C-F 
0-0-0 

Total 

One-family houses          
Before 1955 12% 10% 15% 2% 7% 14% 8% 32% 100% 
1955 to 1970 2% 4% 1% 1% 4% 9% 2% 77% 100% 

Divided small houses          

Before 1955 20% 28% 6% 0% 19% 4% 0% 23% 100% 
1955 to 1970 0% 0% 2% 0% 4% 0% 6% 88% 100% 

Large houses          

Before 1955 6% 94% 0% 0% 0% 0% 0% 0% 100% 
1955 to 1970 0% 0% 0% 0% 0% 0% 0% 100% 100% 
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addition, many of the households did not answer the questionnaires completely. For 
instance, the questions about thermal insulation level were answered by 1484 households, 
and only 1050 households answered the questions about additional thermal insulation. 
The biases caused by these defections are shown in Table 3.19. 
 
Amongst the households answering questions about thermal insulation level, the 
distribution of the dwellings by type of house corresponds well with the distribution 
found in the Population and Housing Census 1990. Still, just above one third of the 
originally drawn sample answered the questions about thermal insulation level. Larger 
biases are found amongst the 1050 dwellings answering the questions about additional 
thermal insulation. The defection is especially large for dwellings in large houses. Only 
20 households in large houses responded to the questions about additional thermal 
insulation, compared to more than 260 households in the same group answering questions 
about thermal insulation level.  
 
 

The results concerning additional thermal insulation of dwellings, obtained from the 
Residential Energy Survey 1990, therefore have to be used with caution. The following 
sections describe the information on the thermal insulation level of houses available from 
other sources than Statistics Norway. 

Table 3.19. Number and distribution of insulated and additionally insulated dwellings by 
type of house and year of construction according the Residential Energy Use Survey 
1990, and distribution of dwellings according to the Population and Housing Census 
1990. Heated room above ceiling or below floors are defined as insulated. Based on 
FoB90 (1992) and Nesbakken (1995).  

Type of house and 
year of construction 

Residential Energy Use Survey of 1990 Popul. and Housing Cen

 Thermal insulation Additional thermal insulation  

 Number Distribution Number Distribution Distribution 

One-family houses      
Before 1955 286 19% 289 28% 22% 
1955 to 1970 218 15% 196 19% 13% 
1971 to 1980 210 14% 166 16% 12% 
1981 to 1990 211 14% 156 15% 11% 

Small divided houses      

Before 1955 104 7% 43 4% 7% 
1955 to 1970 82 6% 40 4% 5% 
1971 to 1980 57 4% 84 8% 5% 
1981 to 1990 55 4% 58 5% 4% 

Large houses      

Before 1955 94 6% 12 1% 8% 
1955 to 1970 103 7% 1 0% 6% 
1971 to 1980 39 3% 6 1% 4% 
1981 to 1990 26 2% 1 0% 2% 
Total 1484 100% 1050 100% 100% 
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Information on additional insulation from "Rockwool as" 
The producer of rock wool, "Rockwool as", has a database containing information on 
assignments involving blowing of rock wool into cavities in the outer constructions of 
houses for thermal insulation. In this database, the data recorded for each assignment 
includes the volume of rock wool used, the type of constructions and the type of building 
involved. In total, the database contains information on 32 617 assignments performed 
after 1982. Of these, 25 247 were performed in detached one-family houses and 
undetached houses, while the rest were performed in outbuildings on farms, or other 
types of buildings. 
 
Table 3.20 shows the number of assignments performed in detached one-family houses 
and undetached houses, by type of insulation alternative. Ten times as many assignments 
have been recorded for one-family houses as for undetached houses. However, if the 
assignments are counted per dwelling, and not per house, the share of undetached houses 
increases since several dwellings are located in each of the undetached houses. 
 
The most common insulation measure for one-family houses was insulation of walls, 
while insulation of floor or attic was most common for undetached houses. Blowing of 
rock wool into walls represented 75% of the jobs executed in one-family houses, while 
only 38% of the jobs executed in undetached houses involved this treatment. Floors have 
been insulated more often than attics for both house types. 
 
 

 
 

Table 3.20. Blowing of rock wool thermal insulation in residential buildings, by type of 
insulation measure and type of house (Rockwool, 1995). 

Insulation measure One-family houses  Undetached houses 

 Number Percent  Number Percent 

Floor or attic 5 201 22%  876 54% 
Floor and attic 510 2%  115 8% 
Walls 10 967 47%  589 14% 
Walls and floors, or walls and attic 5 231 23%  365 14% 
Walls, floor and attic 1 262 5%  131 10% 
Total 23 171 100%  2 076 100% 
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Information on additional insulation from TOBB 
"Trondheim og omegn boligbyggelag (TOBB)" is a management organisation for 79 
housing co-operatives in Trondheim. These housing co-operatives comprise around  
12 000 dwellings, or one-fifth of all dwellings in Trondheim. Practically all large retrofit 
works performed in these housing co-operatives have been managed by TOBB. 
 
Table 3.21 shows the number of dwellings in TOBB with additionally insulated façades 
in 1990 and 1995. The dwellings are grouped by type of house and year of construction 
in the same way as the stereotypes of houses. It can be seen that many dwellings have 
been additionally insulated after 1990. By 1990, the façades had been additionally 
insulated in 1 644 dwellings. This number increased to 4 880, or 40% of all TOBB-
dwellings, by 1995. 
 
The majority of the dwellings with additionally insulated façades are constructed before 
1971. For houses constructed before 1956, the façades had been additionally insulated by 
1995 in 86% of the dwellings in blocks of flats, and 29% of the dwellings in undetached 
houses. The corresponding shares for houses constructed between 1956 and 1970, were 
67% of the dwellings in blocks of flats, and 69% of the dwellings in undetached houses. 
 
 
Table 3.21. Additional thermal insulation of the façades of dwellings in housing co-
operatives in Trondheim organised by TOBB. Status in 1990 and 1995. Based on TOBB 
(1995). 

Type of house and  Total number Additional thermal insulation of outer walls 

year of construction of dwellings Number of dwellings As % of total number of 
dwellings in 1995 

 1995 1990 1995 1990 1995 

Undetached houses etc.      
Before 1956 462 0 134 0% 29% 
1956 to 1970 1 139 0 785 0% 69% 
1971 to 1980 3 723 0 50 0% 1% 
After 1980 433 0 0 0% 0% 

Blocks of flats      

Before 1956 488 85 418 17% 86% 
1956 to 1970 5 003 1559 3 329 31% 67% 
1971 to 1980 638 0 164 0% 26% 
After 1980 210 0 0 0% 0% 
All dwellings 12 096 1644 4 880 14% 40% 

 
 
Housing co-operatives supported by management organisations like TOBB, may have a 
larger tendency of executing retrofit works than private house owners. As a result, 
information on dwellings obtained from housing co-operatives, may not be representative 
for dwellings in private owned houses. However, most dwellings in blocks of flats are 
found in housing co-operatives (Kommunaldepartementet, 1991). The data on additional 
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thermal insulation of blocks of flats obtained from TOBB may therefore be taken as 
representative for all blocks of flats in Norway. The data from TOBB is probably less 
representative for dwellings in undetached houses, since those houses commonly are 
private owned. However, the data indicate that also undetached houses to a large extent 
have been provided with additional thermal insulation. 
 
Information on additional insulation from other sources 
Several other sources were surveyed to obtain information on additional thermal 
insulation of Norwegian houses. However, for the following reasons, no important 
information from these sources are used to estimate the number of dwellings which have 
been additionally insulated. 
 
• The Norwegian National Housing Bank have no statistics on the number of houses 

they have supported with grants and loans for additional thermal insulation measures 
of houses (Housing Bank, 1995). Some information could probably have been obtained 
by studying each single project application. However, this was considered too time 
consuming. 

 
• "Oslo Energi" have funded the financing of energy reduction measures in buildings, 

and by doing that they have been involved in a large share of the retrofit works that 
have been performed in buildings in Oslo. A database exists on the number of retrofit 
projects supported by "Oslo Energi", including a specification on the type of building 
measures involved. Over the years, however, many house owners, especially the large 
housing co-operatives, have obtained funds for more than one retrofit project. For 
these house owners, each project has been recorded as one single, with no reference to 
earlier works in the building supported by "Oslo Energi". As a result, large biases exist 
in the data because the same properties have been recorded several times. The database 
is therefore of limited value with regard to information on the status of the thermal 
insulation level of dwellings (Oslo Energi, 1995). 

 
• "Oslo og omegn bolig- og sparelag (OBOS)" is a management organisation for about 

700 properties (housing co-operatives) in the Oslo-region. Most of the about 70 000 
dwellings on these properties are found in large blocks of flats and square buildings. A 
large share of the Norwegian dwellings in large residential buildings are thereby 
organised by OBOS. Unfortunately, OBOS do not have any data on the retrofit works 
that have been performed on these properties. The main reason for this is that each 
housing co-operative organised under OBOS may perform retrofit works without 
informing OBOS. To obtain data on the thermal insulation level of the dwellings 
organised by OBOS, all 700 properties have to be contacted for information (OBOS, 
1995). This was considered too time consuming.  

 
• The producer of glass wool, "Glava as", did not have any information on the number 

of dwellings insulated or additionally insulated with glass wool, nor on the most 
common additional insulation measures performed in dwellings (Glava, 1994). 

• The producer of cellulose insulation, "Norsk Celluloseisolasjon as", has information on 
the production volumes for the period 1987 to 1994, and an estimation of the share of 
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the yearly production used for additional thermal insulation of existing houses (Norsk 
Celluloseisolasjon, 1994). However, the data foundation is too limited to draw any 
conclusions on the thermal insulation level of the entire dwelling stock. 

 
Number of houses with the different additional thermal insulation alternatives 
Houses constructed before 1956 are presumed to have been constructed without mineral 
wool in the outer constructions. The ones being insulated today, are therefore assumed to 
have been additionally insulated. Table 3.22 shows the shares of dwellings in one-family 
houses and small divided houses which are presumed additionally insulated in the 
estimation model. For houses constructed before 1956, the shares are mainly based on 
information on the insulation level of one-family houses from the Residential Energy Use 
Survey 1990 (see Table 3.17). For houses constructed between 1956 and 1970, the shares 
are mainly based on information on additional insulation obtained from the same survey 
(see Table 3.18). 
 
 

 
 
The share of dwellings in large houses constructed before 1956 which are additionally 
insulated, is based on information from the Residential Energy Use Survey 1990. In the 
following, it is explained how the share of additionally insulated dwellings in large 
houses is estimated.  
 
It is assumed that large houses, in average, have four storeys (see Figure 3.4). This 
implies that 75% of the dwellings in large houses have heated storey above, and 75% 
have heated storey below. Table 3.17 shows that 85% of the dwellings in large houses 
constructed before 1955 were reported having insulated ceilings, and 96% were reported 
having insulated floors. Based on this information, it may be estimated that 85% - 75% = 
10% of the dwellings have insulated ceilings, and not heated storey above. In the same 

Table 3.22. Assumed distribution of the oldest stereotypes of houses by alternative 
additional thermal insulation measures. 

Stereotype of house Additional thermal insulation measure 

 Walls, 
floors and 
ceilings 

Walls and 
floors, or walls 
and ceilings 

Walls Floors and 
ceilings 

Floors or 
ceilings 

Original Total

One-family houses        
Before 1956 35% 30% 5% 10% 10% 10% 100%
1956 to 1970 - 10% - - 15% 75% 100%

Divided small houses       

Before 1956 35% 30% 5% 10% 10% 10% 100%
1956 to 1970 - 10% - - 15% 75% 100%

Large houses       

Before 1956 30% 0% 0% 10% 40% 20% 100%
1956 to 1970 30% - - - - 70% 100%
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way it can be estimated that 96% - 75% = 21% of the dwellings have insulated floors, 
and not heated storey below.  
 
Only dwellings on the top floor (Storey 4) are likely to have insulated ceilings or roofs. 
These dwellings represent every fourth dwelling in four storey houses. The share of top 
floor dwellings having insulated ceilings are thus: 4 ⋅ 10% = 40%. Consequently, 40% of 
the large houses constructed before 1956 can be estimated having insulated ceilings. 

 
Similarly, only dwellings on the ground floor 
(Storey 1) are assumed having insulated 
floors. These dwellings also represent every 
fourth dwelling in four storey houses. The 
share of dwellings on ground floor having 
thermal insulation in floors can be estimated 
to be: 4 ⋅ 21% =  84%. Based on this, it is 
assumed that 80% of the large houses 
constructed before 1956 have thermal 
insulation in floors. 
 
According to the Residential Energy Use 

Survey 1990, 32% of the dwellings in large houses constructed before 1955 had insulated 
walls in 1990 (see Table 3.17). By 1990, 17% of the TOBB-dwellings in large houses 
constructed before 1956 had additionally insulated façades (see Table 3.21). Based on the 
information from the Residential Energy Use Survey 1990, it is assumed that 30% of the 
large houses constructed before 1956 have additionally insulated walls. These houses are 
also assumed having additional thermal insulation in ceilings and floors, see Table 3.23. 
 
In Table 3.23, it is further assumed that 10% of the large houses constructed before 1956 
have additionally insulated ceilings and floors, and 40% have only insulated floors. In 
total, it is assumed that 80% of the large houses constructed before 1956 are additionally 
insulated, and that only 20% are without thermal insulation in the outer constructions. 
 
 

 
The percentage of large houses constructed between 1956 and 1970 having additional 
insulation, is based on the information on the TOBB-dwellings shown in Table 3.21. In 
1990, 31% of the TOBB-dwellings in large houses constructed between 1956 and 1970 

 Storey 4  Insulated floor 

 Storey 3  Insulated floor and ceiling 

 Storey 2  Insulated floor and ceiling 

 Storey 1  Insulated ceiling 

    

 
Figure 3.4. Large house with four 
storeys. 

Table 3.23. Assumed share of large houses constructed before 1956 with additional 
thermal insulation in walls, ceilings and floors. 

Construction Additional thermal insulation alternatives 

 Walls, ceilings 
and floors 

Ceilings and 
floors 

Floors Total share with additionally 
insulated constructions 

Walls 30% - - 30% 
Ceilings 30% 10% - 40% 
Floors 30% 10% 40% 80% 
Total 30% 10% 40% 80% 
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had additionally insulated façades, increasing to 67% in 1995. Since the estimation model 
is based on the dwelling stock in 1990, it is assumed that 30% of all large houses have 
additionally insulated walls. These houses are further assumed having additionally 
insulated floors and ceilings. Only two insulation alternatives are considered for large 
houses constructed between 1956 and 1970; the original house with unimproved thermal 
insulation, and the alternative with additionally insulated walls, ceilings and floors. 
 
 
 
3.5 DESCRIPTION OF THE STEREOTYPES OF HOUSES 

In the previous sections, the dwelling stock was divided into three main groups of 
dwellings according to type of house the dwellings were located into; one-family houses, 
divided small houses and large houses. Each of these three main groups of dwellings 
were further divided into four sub groups according to year of construction; before 1956, 
1956 to 1970, 1971 to 1980, and 1981 to 1990. The following sections offer a further 
description of the stereotypes of houses defined for each of these twelve sub groups of 
dwellings. The parameters described are: 
 
• type of house, 
• number of storeys, 
• building size, 
• U-values of walls, floors and ceilings, 
• size and type of windows and doors, 
• rate of air exchange from infiltration and ventilation, 
• type of heating system,  
• indoor temperature, 
• internal gain from lighting, persons and equipment, 
• energy used for water heating. 
 
 
3.5.1 Type of house 

Several different types of houses are found within each of the three main groups of 
dwellings. To define a stereotype of house to be representative for each of the twelve 
defined sub groups, the distribution of the dwelling stock by type of house has been 
surveyed. Figure 3.5 shows the dwelling stock in 1988 distributed by the three main 
house types. Shown in the same figure is the distribution by the six and fourteen house 
types used by Statistics Norway in the Survey of Housing Conditions 1988.  
 
In 1988, the group of one-family houses included 80% detached one-family houses 
inhabited by one household. Buildings in row was the largest group within the main 
group of divided small houses, representing 38%, while detached blocks of flats up to 
four storeys was the largest group within the main group of large houses, representing 
50% of this group. 
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Estimation model  Division used in the Survey of Housing Conditions 1988 
     

Three house types  Six house types  Fourteen house types 
   

·
 
97% Detached one-family house (single 

household) 
 · 82% Detached one-family 

house 
·   3% One-family house with 

supplementary dwelling 
·  60% One-family 

houses 
   

 · 18% Dwelling house on farm · 81% Main building on farm 
   · 19% Side building on farm 

 
    
   · 61% Building in row 
   · 32% Vertically divided two-family house
 · 62% Vertically divided small 

house 
·   7% Building in chain or atrium 

·  21% Divided small 
houses 

   

 · 38% Horizontally divided small 
house 

· 44% Horizontally divided two-family 
house 

   · 44% Building for three or four families, 
terraced house 

   · 12% Two-family house with one flat on 
lower ground floor 

 
    
   · 73% Detached block of flats, up to four 

storeys 
 · 69% Detached block of flats · 27% Detached block of flats, five or 

more storeys 
·  19% Large houses    
 · 31% Square building etc. · 72% Square building, connected large 

dwelling house etc. 
   · 28% Combined house, temporary 

dwelling 
 

 
Figure 3.5. Division of the dwelling stock by type of house in 1988. Three house types as used in 
the estimation model (one-family houses, divided small houses and large houses) and six and 
fourteen house types as presented in the Survey of Housing Conditions 1988 (NOS B892, 1990). 
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The division of the dwelling stock into the three main groups was based on the type of 
house into which the dwellings were located, while the sub-division was based on year of 
construction of the houses. Table 3.24 shows the dwelling stock in 1988 distributed by 
year of construction and by type of house (three and six groups) according to the Survey 
of Housing Conditions 1988. 
 
 

 
 
Type of one-family house 
The main group termed one-family houses consists of detached one-family houses and 
dwelling houses on farms. From Figure 3.5 and Table 3.24, it can be seen that 82% of the 
dwellings were located in detached one-family houses, and the remaining 18% were 
located in dwelling houses on farms. As much as 97% of the dwellings in detached one-
family houses were located in houses inhabited by only one household. The remaining 
3% were located in detached one-family houses with supplementary dwellings. Of the 
dwellings within the group of dwelling houses on farms, 81% were located in main 
buildings on farms, and the remaining 19% in side buildings on farms. 
 
As a conclusion, practically all dwellings in the group of one-family houses were located 
in detached houses inhabited by one single household. A detached one-family house is 
therefore chosen as stereotype of house for all four year groups of dwellings in one-
family houses. 
 
Type of divided small house 
The main group termed divided small houses consists of dwellings in both vertically 
divided small houses (62%) and horizontally divided small houses (38%). Table 3.24 
shows the distribution of dwellings in vertically divided and horizontally divided houses 
by year of construction. 
 

Table 3.24. Distribution of the dwelling stock in 1988 by year of construction. The 
dwellings are divided into the three main groups of house types used in the estimation 
model, and further into the six groups presented in the Survey of Housing Conditions 
1988 (NOS B892, 1990). 

Year of  One-family houses  Divided small houses  Large houses 

construction  Dwelling 
house on 

farm 

Detached 
one-family 

house 

 Vertically 
divided 
small 
house 

Horizontall
y divided 

small 
house 

 Detached 
block of 

flats 

Square 
building, 

combined 
building 

 

Before 1956 30% 70%  34% 66%  42% 58% 42%
1956 to 1970 9% 91%  77% 23%  90% 10% 24%
1971 to 1980 8% 92%  86% 14%  95% 5% 23%
1981 to 1988 10% 90%  68% 32%  76% 24% 10%
Total 18% 82%  62% 38%  69% 31% 99%
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Of the dwellings in divided small houses constructed before 1956, 66% were located in 
horizontally divided houses. Of these, 44% were found in horizontally divided two-
family houses, and 44% in buildings for three or four families (Figure 3.5). The share of 
dwellings in horizontally divided two-family houses, however, may be assumed to be 
larger for houses constructed before 1956. This assumption is made on the basis of the 
government policy which favoured the construction of horizontally divided two-family 
houses in the post war years (Selberg, 1981). 
 
A horizontally divided two-family house is therefore defined as stereotype of house for 
dwellings located in divided small houses constructed before 1956. Such a dwelling also 
have large similarities with dwellings in some of the other types of divided small houses, 
as for instance vertically divided two-family houses, and two-family houses with one flat 
on lower ground floor. 
 
For the other three year groups (1956 to 1970, 1971 to 1980, and 1981 to 1990), 
dwellings in vertically divided small houses represent the largest share. Amongst these, 
dwellings in buildings in row represent a clear majority (61%). A building in row is 
therefore chosen as stereotype of house for all the year groups of divided small houses 
constructed from 1956 onwards. 
 
Type of large house 
The third main group, termed large houses, consists of dwellings in detached block of 
flats and a mixed group of dwellings termed square buildings. This mixed group consists 
of dwellings in square buildings, dwellings in combined buildings, and temporary 
dwellings. Table 3.24 shows that totally 69% of the dwellings were found in detached 
blocks of flats, while the remaining 31% were found in the mixed group. Table 3.24 
further shows that 58% of the dwellings in large houses constructed before 1956 were 
located in the mixed group. Within this group, 72% of the dwellings were located in 
connected large dwelling houses and square buildings (see Figure 3.5). Based on this, a 
square building is defined as stereotype of house for dwellings in large houses 
constructed before 1956. 
 
Dwellings in detached blocks of flats were most common for the other three year groups 
of large houses. Table 3.24 shows that 73% of the dwellings in detached blocks of flats 
were located in blocks of flats up to four storeys (see Figure 3.5). A detached block of 
flats with up to four storeys is therefore defined as stereotype of house for the year 
groups of large houses constructed from 1956 onwards. 
 
 
3.5.2 Number of storeys 

The specific thermal heat loss ratio is normally lower for multi-storey buildings compared 
to low buildings. The number of storeys in a house is therefore important for the overall 
heating requirement. Table 3.25 shows the distribution of dwellings by number of 
inhabited storeys, number of inhabited levels in the dwelling, and occurrence  
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of storage rooms in basement or attic. The dwellings are divided into the previously 
defined three main groups. 
 
Basements are found in most Norwegian houses, and in 1988, 82% of all dwellings had 
storage rooms in the basement. This indicates that at least 82% of all dwellings were 
located in houses having basements. However, as many as 44% of the dwellings were 
reported having only one inhabited level. The basements in many houses are therefore not 
included as a part of the dwelling area and these basements are probably not heated. 
 
 

 
 
Number of storeys in one-family houses 
Table 3.25 shows that a clear majority (72%) of the dwellings in one-family houses were 
found in houses with two inhabited levels. All four stereotypes of houses defined for one-
family houses are therefore presumed having two inhabited levels. 
 
A two storey one-family house with unheated basement is chosen as stereotype of house 
for dwellings in one-family houses constructed before 1956, and between 1956 and 1970. 
A basement house with heated basement is chosen as stereotype of dwellings in one-
family houses constructed between 1971 and 1980. All these three stereotypes of houses 
are assumed having unheated attics. A 1 ½ storey house is defined as stereotype of house 
for dwellings in one-family houses constructed between 1981 and 1990. This house has 
dwelling area on the attic. The basement is presumed unheated also for this stereotype of 
house. 

Table 3.25. Distribution of dwellings in 1988 by number of inhabited storeys in the 
house, number of inhabited levels in the dwelling, and occurrence of storage rooms in 
basements and attics (NOS B892, 1990). 

 One-family 
houses 

Divided small 
houses 

Large houses All dwellings 

Number of storeys in the house     
One inhabited storey 20% 9% 3% 15% 
Two inhabited storeys 72% 68% 7% 59% 
Three inhabited storeys 7% 18% 23% 12% 
Four inhabited storeys 0% 3% 38% 8% 
More than four inhabited storeys 0% 3% 30% 6% 
Unknown 0% 1% 0% 0% 
Total 100% 100% 100% 100% 
Number of levels in the dwelling     
One level 29% 42% 96% 44% 
Two or more levels 71% 58% 4% 56% 
Total 100% 100% 100% 100% 
Storage room      
Basement 84% 75% 82% 82% 
Attic 31% 38% 43% 35% 
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Number of storeys in divided small houses 
Table 3.25 shows that 68% of the dwellings in divided small houses were found in houses 
with two inhabited storeys. All stereotypes of houses defined for dwellings in divided 
small houses are therefore presumed having two inhabited storeys.  
 
A horizontally divided two-family house with two storeys has been defined as stereotype 
for divided small houses constructed before 1956. Both dwellings in the house are 
presumed having one level, and the house is presumed having unheated basement and 
attic. A building in row has been defined as stereotype of house for the three other year 
groups of divided small houses. These houses are presumed consisting of four dwellings 
placed in a row. The dwellings are further presumed having two inhabited levels and the 
basements are presumed unheated. 
 
Number of storeys in large houses 
Table 3.25 shows that 23% of the dwellings in large houses in 1988 were found in three 
storey buildings, 38% were found in four storey buildings, while less than one third of the 
dwellings were found in buildings having more than four storeys. An important reason for 
the small share of tall residential buildings has been the requirement of elevators in 
houses having more than four storeys. Since four storey buildings represent the largest 
group, the stereotypes of houses defined for all four year groups are presumed having 
four storeys. 
 
A square building has been defined as stereotype of house for dwellings in large houses 
constructed before 1956. This building is presumed having four storeys. Two flats are 
presumed placed on each floor, giving a total of eight flats in the building. The floor area 
of the stair room is presumed to be 30 m2. The building is further presumed to have 
unheated attic and basement. The three stereotypes of houses defined for dwellings in 
large houses constructed after 1956, are all four storey detached blocks of flats. The 
buildings are presumed having three entrances and eight flats per entrance, giving a total 
of 24 flats per building. The floor area of each stair room is presumed to be 12 m2, and 
the basements of the buildings are presumed to be unheated. 
 
 
3.5.3 Building size 

Several parameters describing the stereotypes of houses are shown in Table 3.26. The 
dwelling area per dwelling in the various stereotypes of houses is based on average 
numbers from the Survey of Housing Conditions 1988. The other parameters are based on 
qualified guesses. The average centre distance between the floors is assumed to be 0.2 
meters more than the average headroom. 
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Approximately two-thirds of the heat loss of new houses are transmission loss through 
the outer constructions (Granum, 1990). The estimated U-values of walls, ceilings, floors 
and windows are therefore of great importance for the calculated overall energy 
consumption. The presumed outer constructions of the stereotypes of houses and the 
corresponding estimated U-values are presented in the following sections.  
 
 

Table 3.26. Parameters describing the twelve stereotypes of houses. Dwelling area per 
dwelling is based on the Survey of Housing Conditions 1988 (NOS B892, 1990). Number 
of dwellings per house, base dimensions, number of inhabited levels per dwelling and 
headroom in the dwellings are based on qualified guesses. 

Year of construction One-family houses Divided small 
houses 

Large houses 

Number of dwellings per house   
Before 1956 1 2 8 
1956 to 1970 1 4 24 
1971 to 1980 1 4 24 
1981 to 1990 1 4 24 
Dwelling area per dwelling   
Before 1956 121 m2 92 m2 75 m2 
1956 to 1970 118 m2 101 m2 68 m2 
1971 to 1980 133 m2 100 m2 79 m2 
1981 to 1990 133 m2 101 m2 78 m2 
Base dimensions (width x length)   
Before 1956 7.5 m x 8.1 m 7.5 m x 12.3 m 10.0 m x 18.0 m 
1956 to 1970 7.5 m x 7.9 m 7.1 m x 28.4 m 10.0 m x 44.4 m 
1971 to 1980 7.6 m x 11.7 m 7.1 m x 28.4 m 12.0 m x 42.5 m 
1981 to 1990 7.6 m x 12.1 m 7.1 m x 28.4 m 12.0 m x 42.0 m 
Head room in dwellings    
Before 1956 2.6 m 2.6 m 2.8 m 
1956 to 1970 2.5 m 2.4 m 2.7 m 
1971 to 1980 2.4 m 2.4 m 2.5 m 
1981 to 1990 2.4 m 2.4 m 2.5 m 
Inhabited levels per dwelling    
Before 1956 2 1 1 
1956 to 1970 2 2 1 
1971 to 1980 2 2 1 
1981 to 1990 1 ½ 2 1 
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3.5.4 U-values of outer walls 

Table 3.27 shows the type of constructions and U-values assumed for the different 
stereotypes of houses.  
 
 

 
 
One-family houses and divided small houses are all assumed being wooden houses and 
the same U-values are chosen for the outer walls of these types of houses. Large houses 
are assumed to be brick or concrete buildings. The U-values of the outer walls of large 
houses differ slightly from the values chosen for the smaller wooden houses as described 
in the following. 
 

Table 3.27. Assumed outer wall constructions and estimated U-values for the stereotypes 
of houses.  

Stereotype of 
house 

U-value Assumed outer wall construction 

 W/m2K  
One-family houses  
Before 1956 0.9 75 mm half timbered constructions and wooden cladding (1). 

Improved 0.4 + 50 mm mineral wool (2). 
1956 to 1970 0.4 48 mm x 98 mm timber frame. 100 mm mineral wool (2). 

Improved 0.3 + 50 mm mineral wool (2). 
1971 to 1980 0.38 48 mm x 98 mm timber frame. 100 mm mineral wool (3). 
1981 to 1990 0.26 36 mm x 148 mm timber frame. 150 mm mineral wool (3). 
Divided small houses  
Before 1956 0.9 75 mm half timbered constructions and wooden cladding (1). 

Improved 0.4 + 50 mm mineral wool (2). 
1956 to 1970 0.4 48 mm x 98 mm timber frame. 100 mm mineral wool (2). 

Improved 0.3 + 50 mm mineral wool (2). 
1971 to 1980 0.38 48 mm x 98 mm timber frame. 100 mm mineral wool (3). 
1981 to 1990 0.26 36 mm x 148 mm timber frame. 150 mm mineral wool (3). 
Large houses  
Before 1956 1.0 Uninsulated brick-wall, or concrete with 75 mm wood-wool cement (1). 

Improved 0.4 + 60 mm mineral wool (4). 
1956 to 1970 0.8 Concrete walls with 100 mm autoclaved aerated concrete (1). 

Improved 0.3 + 80 mineral wool (4). 
1971 to 1980 0.49 Panel wall (timber frame). 100 mm mineral wool. 30 mm thermal bridge 

breaker (5). 
1981 to 1990 0.35 Panel wall (timber frame). 150 mm mineral wool. 50 mm thermal bridge 

breaker (5). 
 
(1) NBI 720.012, 1989   (3) NBI G471.010, 1987  (5) NBI A523.253, 1988 
(2) NBI 723.511, 1992   (4) NBI 723.312, 1989 
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Brick and concrete walls 
Brick is mainly used in buildings erected before the Second World War. Brick buildings 
erected before 1890 may be assumed having solid walls. From around 1890, brick walls 
were commonly constructed as cavity walls, predominantly as "Bergen-cavity walls" or 
"Trondheim-cavity walls". These cavity brick walls have U-values around 1.0 W/m2K 
(NBI 720.012, 1989). 
 
Most large buildings erected in the 1950s and the 1960s have outer walls made of 
concrete, commonly in combination with autoclaved aerated concrete or wood-wool 
cement plates as thermal insulation layers. Typical U-values for these concrete walls are 
between 0.65 and 1.1 W/m2K (NBI 723.312, 1989). 
 
Large residential concrete buildings erected in the 1970s and later may be assumed 
having curtain walls of timber and mineral wool. The U-value of these walls is in the 
range from 0.3 to 0.5 W/m2K, depending on the thickness of the mineral wool layer and 
the influence of thermal bridges. The thermal bridges are normally located at the 
connection between the outer walls and the concrete floors and concrete inner walls, and 
they can significantly increase the average U-value of the walls in such buildings. 
 
Wooden walls 
Before the turn of the last century, wooden houses were usually constructed as log 
houses. By using thick logs, the thermal insulation of the walls could be quite good. U-
values of about 0.70 W/m2K could for instance be obtained by using 150 mm (6") logs. 
Even lower U-values could be obtained if the walls were constructed with cladding and 
cardboard on one or both sides. To reduce the consumption of wood, the thickness of the 
logs was reduced to 75 mm or 100 mm (3" or 4") by machine planing. However, the 
reduced log dimensions resulted in poorer thermal insulation of the walls. Without 
additional cladding, a 75 mm log wall only have an U-value of about 1.3 W/m2K.  
 
Half-timbered constructions were introduced around the turn of the century. These 
constructions were to some extent wood saving, and U-values between 0.8 and 1.1 
W/m2K were considered sufficient at that time. In addition, these constructions were not 
associated with the same shrinkage problems as log walls. However, half-timbered wall 
constructions did not dominate for long. In the beginning of the century, timber framed 
houses having 4" x 4" studs and wooden cladding were introduced. These timber framed 
constructions were commonly used from around 1920 (NBI 723.305, 1989).  
 
A wood saving version of the timber frame construction was introduced in the end of the 
1920s. These light constructions using 50 x 100 mm (2" x 4") studs, were influenced by 
the design of wooden houses in USA. However, it took more than twenty years before 
these wood saving constructions became common (Granum and Lundby, 1952). 
Important for the introduction was an experimental house erected in 1947 by Selvaag on 
Ekeberg in Oslo (Martens, 1993), and the favouring of wood saving constructions by the 
authorities through the building quotas system introduced some years later. 
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The cavity in the timber framed constructions made it possible to insulate the walls well. 
Two layers of cladding and two layers of cardboard on each side of the constructions 
gave an U-value of approximately 0.9 W/m2K. An improvement of this construction was 
to use cardboard with low-emission aluminium foil against the cavity to reduce the 
radiation loss. The heat loss could also be reduced by filling the cavity with thermal 
insulating materials as wood shavings, straw boards or wood wool cement slabs. 
 
A noticeable improvement of the U-values of timber framed walls was obtained by filling 
mineral wool in the cavity. By doing this, the U-value for 100 mm (4") light timber 
framed constructions was typically reduced to 0.4 W/m2K.  
 
 
3.5.5 U-values of floors 

Both smaller wooden houses and larger brick buildings have traditionally been 
constructed with timber floors. Timber tier of beams is still dominating as construction 
type in wooden houses. In larger buildings, however, it has become common to use floors 
of concrete or steel. 
 
The design of tier of beams constructions have changed over the last century. The 
modified constructions make use of more slender beams, and decreased centre distance 
between the beams. While the most common dimension of the beams was approximately 
100 mm × 150 mm (4" × 6") in the first part of this century, 48 mm × 198 mm and even 
more slender beams are common today. The use of pugging of clay, kiselguhr or sawdust 
ended when mineral wool was introduced as thermal insulation material. This transition 
to mineral wool in the floors also made it unnecessary to construct double floors. 
 
Calculations of effective U-values of the floors 
The thermal resistance of basement and ground is taken into account in the calculations 
of effective U-values of the floors of the stereotypes of houses. These effective U-values, 
which are denoted Ueff in the following, are calculated from indoor air in the dwelling to 
outdoor air. All stereotypes of houses are presumed having unheated basements, except 
for the stereotype of house defined for one-family houses constructed between 1971 and 
1980. This stereotype is presumed to be a basement house with dwelling area in the 
basement. The effective U-values of the floors are calculated differently for houses with 
unheated basements and the basement house. A thermal conductivity of 1.5 W/mK in the 
ground is used in the calculations.  
 
Houses with unheated basements 
The principal heat loss of unheated basements is illustrated in Figure 3.6. The 
temperature (Tc) in the unheated basement is calculated to estimate the effective U-value 
of the floor (Ueff), from indoor air (Ti) to outdoor air (Te). The basement temperature (Tc) 
is solved from the equation of the heat balance of the unheated basement.  
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The heat loss from the unheated basement to the heated dwelling in the storey above is 
denoted qf : 
 
qf = kf · (Tc - Ti )  = Af · Uf · (Tc - Ti ) (Equation 3.2) 
 
where Af is the floor area, and Uf is the U-value of the floor between dwelling and 
basement. The surface resistance is presumed to be 0.13 m2K/W on both sides of the 
floor. 
 
The heat loss from the unheated basement to outdoor air through the basement walls 
above ground level, is denoted qw: 
 
qw = kw · (Tc - Te ) = Aw · Uw · (Tc - Te ) (Equation 3.3) 
 
where Aw is the wall area, and Uw is the U-value of the walls abound ground level. 
 
The infiltration heat loss from the unheated basement to outdoor air is denoted qi: 
 
qi = ki · (Tc - Te )  = Vcellar · ni · (Tc - Te ) (Equation 3.4) 
 
where Vcellar is the volume of the unheated basement and ni is the rate of air exchange. 
 
The heat loss through the basement floor to the ground is denoted qg:  
 
qg = kg · (Tc - Te ) (Equation 3.5) 
 

 
 
Figure 3.6. Principal heat loss of unheated basements. 
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where the heat loss factor, kg, includes the thermal resistance of both the basement floor 
construction and the walls below ground level. The heat loss factor kg is calculated using 
"CELLAR", which is a PC-program developed by C. E. Hagentoft (Hagentoft, 1988). 
 
The heat balance of the unheated basement can be expressed as: 
 
qf + qw + qi + qg = 0 (Equation 3.6) 
 
kf · (Tc - Ti ) + (kw + ki + kg) · (Tc - Te ) = 0 (Equation 3.7) 
 

Tc = 
T k T k k k

k k k k
i f e w i g

f w i g

·  +  · ( + + )
( + + + )

 (Equation 3.8) 

 
By setting Ti = 1 and Te = 0, Tc can be determined from: 
 

Tc = 
k

k k k k
f

f w i g( + + + )
 (Equation 3.9) 

 
Tc can then be used to find the effective U-value of the floors of the heated dwelling. The 
heat loss through the floor can be expressed both as the heat loss from the heated 
dwelling to the outdoor air: 
 
qf = Ueff · Af · (Ti - Te ) (Equation 3.10) 
 
and as the heat loss from the heated dwelling to the unheated basement: 
 
qf = kf · (Ti - Tc ) = Af · Uf · (Ti - Tc ) (Equation 3.11) 
 
The effective U-value of the floors, from indoor air (Ti = 1) to outdoor air (Te = 0), is 
then calculated by combining Equation 3.10 and Equation 3.11: 
 

Ueff = 
U A T T

A T T
f f i c

f i e

· · ( - )
· ( - )

 = Uf · (Ti - Tc ) (Equation 3.12) 

 
The basement floors are presumed to be 1.75 meter below ground level, and the rate of 
air exchange from basement to outdoor air is presumed to be 0.2 h-1. Table 3.28 shows 
the effective U-values of the floors calculated for the stereotypes of houses having 
unheated basements. 
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Table 3.28. Calculated effective U-values of floors in houses with unheated basements. 

Stereotype of 
house 

Effective  
U-value 

Assumed floor and basement construction. (The U-values stated for the 
floors include surface resistances of 0.04 m2K/W and 0.13 m2K/W.) 

 W/m2K  
One-family houses  
Before 1956 0.69 Floor with pugging of clay, kiselguhr etc., U-value = 1.0 W/m2K (1). 

Unheated and uninsulated basement with concrete walls. 
Improved 0.34 100 mm mineral wool or cellulose fibre as additional insulation in floor, U-

value = 0.40 W/m2K (1). 
1956 to 1970 0.27 Floor of 200 mm tier of beams with 100 mm mineral wool, presumed U-

value = 0.35 W/m2K. Unheated and uninsulated basement with LECA 
walls. 

Improved 0.17 The whole cavity in floor filled with mineral wool or cellulose fibre, 
presumed U-value = 0.20 W/m2K (1). 

1981 to 1990 0.15 Floor with 200 mm mineral wool, U-value = 0.20 W/m2K (2). Unheated 
basement. LECA walls with 50 mm mineral wool. Basement floor with 100 
mm mineral wool. 

Divided small houses  
Before 1956 0.66 Floor with pugging of clay, kiselguhr etc., U-value = 1.0 W/m2K (1). 

Unheated and uninsulated basement with concrete walls. 
Improved 0.33 100 mm mineral wool or cellulose fibre as additional insulation in floor, U-

value = 0.40 W/m2K (1).  
1956 to 1970 0.26 Floor of 200 mm tier of beams with 100 mm mineral wool, presumed U-

value = 0.35 W/m2K. Unheated and uninsulated basement with LECA 
walls. 

Improved 0.17 The whole cavity in floor filled with mineral wool or cellulose fibre, 
presumed U-value = 0.20 W/m2K (1). 

1971 to 1980 0.20 Floor of 200 mm tier of beams with 150 mm mineral wool, U-value = 0.26 
W/m2K (2). Unheated and uninsulated basement with LECA walls. 

1981 to 1990 0.15 Floor with 200 mm mineral wool, U-value = 0.20 W/m2K (2). Unheated 
basement. LECA walls with 50 mm mineral wool. Basement floor with 100 
mm mineral wool. 

Large houses  
Before 1956 0.47 Floor with pugging of clay, kiselguhr etc., U-value = 1.0 W/m2K (1). 

Unheated and uninsulated basement with brick walls. 
Improved 0.28 100 mm mineral wool or cellulose fibre as additional insulation in floor, U-

value = 0.40 W/m2K (1).  
1956 to 1970 0.38 Concrete floor with sleepers and 50 mm mineral wool, U-value = 0.63 

W/m2K (2). Unheated basement. Concrete walls with 75 mm wood wool 
cement. 

1971 to 1980 0.24 Concrete floor with sleepers and 100 mm mineral wool U-value = 0.37 
W/m2K (2). Unheated basement. Concrete walls with 150 mm LECA. 
Basement floor with 50 mm mineral wool. 

1981 to 1990 0.17 Concrete floor with 120 mm floating insulation U-value = 0.28 W/m2K (2). 
Unheated basement. Concrete walls with 100 mm mineral wool. Basement 
floor with 100 mm mineral wool. 

 
(1) NBI 722.506, 1991 
(2) NBI G471.010, 1987 
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Basement house 
The basement in the stereotype of house defined for one-family houses constructed 
between 1971 and 1980 contains both heated and unheated space. The heated part, which 
is assumed to represent 50% of the basement area, is included as a part of the dwelling 
area. Figure 3.7 shows the principal heat loss of the unheated part of the basement of 
basement houses. 
 

 
 
The principal heat loss is the same as for houses with unheated basements. However, the 
heated part of basement houses also has a heat loss through the inside wall to the 
unheated part of the basement. In addition, the infiltration heat loss between the heated 
and unheated parts of the basement may be taken into account. The total heat loss from 
the unheated basement to the dwelling can be expressed as: 
 
qf_tot = qf + qw_indoor + qi_indoor (Equation 3.13) 
 
where 
 qf  is the heat loss through the floor to the heated dwelling in the storey above, 
 qw_indoor  is the heat loss through the inside wall to the heated part of the 
basement,  qi_indoor  is the infiltration heat loss to the heated part of the basement. 
 
Equation 3.13 can be rearranged to give: 
 
qf_tot = kf_tot · (Tc - Ti ) = (kf + kw_indoor + ki_indoor ) · (Tc - Ti ) (Equation 3.14) 
 
The heat balance of the unheated part of the basement can be calculated similarly as for 
the houses having unheated basements: 

 

 
 
Figure 3.7. Principal heat loss of the unheated part of a basement house. 
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qf_tot + qw + qi + qg = 0 (Equation 3.15) 
 
kf_tot · (Tc - Ti ) + (kw + ki + kg ) · (Tc - Te ) = 0 (Equation 3.16) 
 

Tc = 
T k T k k k

k k k k
i f tot e w i g

f tot w i g

·  +  · ( + + )
( + + + )

_

_
 (Equation 3.17) 

 
By setting Ti = 1 and Te = 0, Tc can be determined from: 
 

Tc = 
k

k k k k
f tot

f tot w i g

_

_( + + + )
 (Equation 3.18) 

 
The heat loss through the floor can be expressed both as the heat loss from the heated 
dwelling to the outdoor air: 
 
qf_tot = Ueff · Af · (Ti - Te ) (Equation 3.19) 
 
and as the heat loss from the heated dwelling to the unheated basement: 
 
qf_tot = kf_tot · (Ti - Tc ) (Equation 3.20) 
 
The effective U-value of the floor in the dwelling, from indoor air (Ti = 1) to outdoor air 
(Te = 0), may then be calculated from: 
 

Ueff = 
k T T

A T T
f tot i c

f i e

_ · ( - )
· ( - )

 = 
k T T

A
f tot i c

f

_ · ( - )
 (Equation 3.21) 

 
In addition, the heat loss through the floors of the heated parts of the basement must be 
taken into account in the calculations of the total energy consumption of basement 
houses. The U-value of the floors in the heated part of the basement is calculated from: 
 

Ueff_heated = 
k T T

A
g i e

f

· ( - )
 = 

k
A

g

f
 (Equation 3.22) 

 
When kg is calculated in the PC-program "CELLAR", the floor in the heated part of the 
basement is assumed to be 0.4 meter below ground level. The thermal heat loss taken into 
account in the calculation of the U-value of the floor in the heated part of the basement 
thus includes the heat loss through the lower 0.4 meters of the outer walls as shown in 
Figure 3.8. 
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The rate of air exchange is assumed to be 0.2 h-1 for both the air exchange between the 
unheated part of the basement and outdoor, and between the unheated part and the heated 
part of the basement. Table 3.29 shows the calculated effective U-values of the floors in 
the basement house. 
 
 

 
 
 

 
 
Figure 3.8. Basement house. Heat loss to the ground of the heated part of the 
basement. 

Table 3.29. Calculated effective U-values of floors in the basement house. 

One-family house constructed between 1971 and 1980 

Part of the 
basement 

Effective 
U-value 

Assumed floor and basement construction 

 W/m2K  

Unheated part 0.36 Floor of 200 mm tier of beams with 150 mm mineral wool, U-value = 0.26 
W/m2K (NBI G471.010, 1987). Unheated and uninsulated basement with 
LECA walls. Heat loss from heated part of the basement through the inner 
wall to the unheated part of the basement is included in the U-value. 

Heated part 0.36 Basement floor of 100 mm concrete, 50 mm thermal insulation and 250 
mm gravel. Basement floor is 0.4 m below ground level. The U-value 
includes the heat loss through the lower 0.4 meters of the outer walls. The 
outer walls are presumed constructed of 250 mm LECA-blocks with 50 mm 
mineral wool as thermal insulation. 

Average 0.36 Average value for the entire floor area of the dwelling. 
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3.5.6 U-values of ceilings 

Table 3.30 shows the estimated U-values of the presumed ceiling and roofing 
constructions of the stereotypes of houses. 
 
 

 
 
The design of roofs have changed more than the design of floors over the last century. 
Traditionally, houses were constructed with non-insulated purlin roofs with unheated 
attics. As a modification, rafters sometimes replaced the purlin roofs. The introduction of 
roof truss constructions enabled shorter erection time and lower roof angles. Today, it is  

Table 3.30. Estimated U-values for the assumed ceiling and roof constructions of the 
stereotypes of houses.  

Stereotype of 
house 

U-value Assumed ceiling and roofing construction 

 W/m2K  

One-family houses  

Before 1956 0.6 Unheated attic. Attic floor with loftsfloor and pugging of clay, sawdust, 
kiselguhr etc. (1). 

Improved 0.3 + 100 mm mineral wool (1). 
1956 to 1970 0.36 Unheated attic. Attic floor with 100 mm mineral wool (2). 

Improved 0.20 + 100 mm mineral wool (2). 
1971 to 1980 0.20 Unheated attic. Attic floor with 200 mm mineral wool (2). 
1981 to 1990 0.18 Heated attic. Ceiling with 225 mm mineral wool and 12 mm porous wood 

fibre (2). 
Divided small houses  
Before 1956 0.6 Unheated attic. Attic floor with loftsfloor and pugging of clay, sawdust, 

kiselguhr etc. (1). 
Improved 0.3 + 100 mm mineral wool (1). 

1956 to 1970 0.36 Unheated attic. Attic floor with 100 mm mineral wool (2). 
Improved 0.20 + 100 mm mineral wool (2). 

1971 to 1980 0.20 Unheated attic. Attic floor with 200 mm mineral wool (2). 
1981 to 1990 0.20 Unheated attic. Attic floor with 200 mm mineral wool (2). 
Large houses  
Before 1956 0.6 Unheated attic. Attic floor with loftsfloor and pugging of clay, sawdust, 

kiselguhr etc. (1). 
Improved 0.3 + 100 mm mineral wool (1). 

1956 to 1970 0.32 Concrete with 100 mm mineral wool and cold, levelled up wooden roof (2). 
Improved 0.18 + 100 mm mineral wool (2). 

1971 to 1980 0.20 Concrete with 180 mm mineral wool (2). 
1981 to 1990 0.20 Concrete with 180 mm mineral wool (2). 
 
(1) NBI 720.012, 1989 
(2) NBI G471.010, 1987 
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common to integrate the attic as a part of the dwelling area by thermally insulating the 
sloping roof constructions. 
 
Most small houses have pitched roofs, while newer larger buildings often have flat roofs. 
The U-value of the ceilings in houses having unheated attics can be assumed to be about 
0.6 W/m2K if the attic floor is constructed as a tier of beam construction with pugging of 
clay, sawdust or kiselguhr. This value includes a thermal resistance of 0.5 m2K/W for the 
unheated attic and the roof constructions. The U-value is notably reduced if mineral wool 
is used in the attic floors instead of the pugging of clay, sawdust or kiselguhr. 
 
 
3.5.7 Windows and doors 

Window orientation 
The window areas in Norwegian houses may be assumed to be largest towards south and 
west. All stereotypes of houses defined for one-family houses are presumed having 35% 
of the window area oriented towards south, 35% towards west, 20% towards east and 
10% towards north.  
 
The stereotype of house defined for divided small houses erected before 1956, are 
assumed having the same window orientation as one-family houses. The other three 
stereotypes of houses defined for divided small houses are assumed to be buildings in 
rows. These buildings in rows are presumed having 60% of the window area oriented 
towards south, and 40% towards north. The four stereotypes of houses defined for the 
group of large houses are all assumed to have the same window orientation as buildings 
in row; i.e. 60% towards south, and 40% towards north. 
 
Window area and shading coefficient 
The window areas in the stereotypes of houses are estimated as a percentage of the floor 
area of the dwellings. Houses erected before 1956 are presumed to have window areas 
corresponding to 20% of the floor area, while the window area is reduced to 15% of the 
floor area for houses erected in 1956 or later. 
 
In the calculations of the solar radiation gain, the area of the glass is assumed to be 75% 
of the window area. Further, a shading coefficient of 0.6 is used to take into account the 
effect of trees, curtains etc. shading for the windows.  
 
U-values and solar factors of windows 
Sealed glazing were commercially introduced in the 1960s. Houses constructed earlier 
may therefore be assumed originally having single glazed windows, double windows or 
coupled windows. However, new windows have been installed in most of these dwellings 
since then. In 1990, only 2% of the dwelling stock had single glazed windows as main 
window type (Ljones et al., 1992). The thermal performance of the different window 
types, and the distribution by type of window are shown in Table 3.31. 
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Table 3.31 shows that no thermal improvement is achieved if old double or coupled 
windows are replaced by sealed double glazed windows. On the contrary, the old 
windows have even slightly better U-values. The improvements are of more practical 
matters; the new windows are easier to clean, easier to open, and allows for pot plants 
etc. in the window post. 
 
New windows used today have U-values around 1.6 W/m2K. Even though the 
replacement of old windows by these new windows result in significantly improved U-
values, the obtained energy savings are normally not large enough to make the window 
replacement profitable. 
 
Stereotypes of houses constructed in the same time period are presumed having the same 
types of windows installed. The presumed window types for the different year classes, 
and the corresponding U-values of the windows, are shown in Table 3.32. Stereotypes of 
houses constructed in 1980 or earlier are all assumed to have sealed double glazing with 
U-values of 2.8 W/m2K, while houses constructed after 1980 are assumed having sealed 
triple glazing with U-values of 2.0 W/m2K. The alternative stereotypes of houses having 
additionally insulated outer walls, are all assumed having windows with U-values of 2.0 
W/m2K. 
 
 

 
The solar factor is assumed to be 0.78 for windows with U-value 2.8 W/m2K, and 0.68 
are for windows with U-value 2.0 W/m2K. 
 
Doors 

Table 3.31. U-values of different window types and distribution of the dwelling stock by 
main type of window in 1990 (NBI 733.162, 1989 and Ljones et al., 1992). 

Type of window Single glazing Double 
window 

Coupled 
window 

Sealed double  
glazing 

3 layer or 2 layer 
energy  

U-value 4.7 W/m2K 2.6 W/m2K 2.7 W/m2K 2.8 W/m2K Below 2.1 W/m2K
% of all dwellings 2% 7% 15% 55% 22% 

Table 3.32. Window types and U-values for the different year classes of stereotypes of 
houses.  

Year classes U-value Solar factor Assumed type of window 

 W/m2K   
Before 1956 2.8* 0.78 Doubled sealed glazing 
1956 to 1970 2.8* 0.78 Doubled sealed glazing 
1971 to 1980 2.8 0.78 Doubled sealed glazing 
1981 to 1990 2.0 0.68 Triple sealed glazing 
 
* The windows in houses with additionally insulated outer walls are presumed having U-values of 2.0 

W/m2K and solar factor 0.68. 
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The outer doors of houses constructed before 1981 are all assumed having U-values of 
2.5 W/m2K. From 1983, the Building Regulations required maximum U-values of 2.0 
W/m2K for outer doors. However, most doors produced after 1985 may be assumed 
having U-values of approximately 1.0 W/m2K (Hagen, 1991). As an average, houses 
constructed in the 1980s are assumed having doors with U-values of 1.5 W/m2K. 
 
 
3.5.8 Rate of air exchange 

Heat loss from infiltration and ventilation represents about one-third of the total heat loss 
from a typical detached one-family house in Norway (Granum, 1990). The estimated rate 
of air exchange of the stereotypes of houses is therefore important in the calculations of 
the energy consumption. However, data on infiltration and ventilation volumes in 
Norwegian dwellings is limited. No comprehensive surveys have been performed in 
Norway to measure the rate of air exchange of different types of houses. The estimated 
rate of air exchange of the different stereotypes of houses therefore has to be based on 
several assumptions. Some results from surveys performed in other countries have been 
evaluated and referred to when relevant. 
 
Infiltration 
The infiltration part of the air exchange of houses is caused by air leaks in the outer 
constructions. The infiltration rate generally depends on local wind conditions, type of 
building, type of construction and craftsmanship when the house was constructed. Using 
the Norwegian Standard NS 3031, infiltration rates between 0.1 h-1 and 0.5 h-1 may be 
used in calculations, depending on the geographical location and local screening (NS 
3031, 1987). 
 
Ventilation 
The ventilation part of the air exchange of houses is caused by the installed ventilation 
system. Three main types of ventilation systems are found in Norwegian dwellings: 
 
• Natural ventilation systems where the air exchange is caused by thermal buoyancy (the 

chimney-effect). The ventilation volume primarily depends on the outdoor and indoor 
temperatures, and therefore vary over the year. 

 
• Mechanical ventilation systems, where fans are used to drag air out of the building. 

These fans enable more constant ventilation volumes compared to natural ventilation 
systems. 

 
• Balanced ventilation systems are improved mechanical ventilation systems. The air 

volume is controlled by fans both in the inlet and the outlet channels. By installing 
heat recovers, balanced mechanical ventilation systems make it possible to utilise the 
energy content of the outlet air. 

 
Natural ventilation was common in small houses up to about 1980 when it became 
common to install mechanical ventilation systems in new houses. For dwellings in blocks 
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of flats, this transition to mechanical ventilation systems took place around 1960 (Hagen, 
1991). Only recently has the installation of balanced ventilation systems been common in 
Norway. 
 
Rate of air exchange in Swedish and Danish dwellings 
To estimate the rates of air exchange for the defined stereotypes of houses, relevant 
information can be taken from Swedish and Danish surveys. Results from two Swedish 
surveys are shown in Table 3.33. The rate of air exchange was measured in 
approximately 1000 dwellings in Survey 1, while Survey 2 referred to measurements in 
1143 dwellings. Both surveys gave an average rate of air exchange of about 0.35 h-1 for 
natural ventilated small houses, while the average rate of air exchange in multifamily 
houses was measured to be 0.44 h-1 in Survey 1, and 0.50 h-1 in Survey 2. 
 
 

 
 
The Danish Building Research Institute has measured the rate of air exchange in more 
than 100 Danish dwellings constructed between 1983 and 1986. The average rate of air 
exchange for detached one-family houses with natural and mechanical ventilation system 
was measured to be 0.33 h-1 and 0.55 h-1, respectively. The average rate of air exchange 
in mechanically ventilated multifamily houses was measured to be 0.59 h-1 (Bergsøe, 
1991). 
 
In Norway, the recommended ventilation volume for dwellings is 0.35 l/s×m2. This 
equals a rate of air exchange of approximately 0.5 h-1. The results from the Swedish and 
Danish surveys referred to above, indicate that the recommended ventilation rate is 
difficult to obtain by using natural ventilation systems. 
However, there are some differences between Norwegian houses and Swedish and Danish 
houses. For instance, unlike Swedish houses, most Norwegian houses have basements. 
The additional storey represented by the basement increase the thermal buoyancy, 

Table 3.33. Average rates of air exchange [h-1] from two Swedish surveys. 
Survey 1 refers to average rates of air exchange measured in about 1000 dwellings 
having natural ventilation systems (Lyberg et al. 1989). Survey 2 refers to average rates 
of air exchange measured in 1143 dwellings (Norlén and Andersson, 1993). 

Survey 1  Survey 2 

Year of 
construction 

Small 
houses 

Year of 
construction 

Multifamily 
houses 

 Year of 
construction 

Small 
houses 

Multifamily 
houses 

 h-1  h-1   h-1 h-1 
Natural ventilation Natural ventilation  Before 1941 0.36 0.55 
Before 1960 0.45 Before 1940 0.62  1941 to 1960 0.36 0.46 
1960 to 1971 0.38 1940 to 1960 0.55  1961 to 1975 0.29 0.53 
After 1971 0.26 After 1960 0.33  1976 to 1988 0.36 0.48 
Total 0.35 Total 0.44  Total 0.35  0.50 
Mechanical ventilation Mechanical ventilation     
Total 0.48 Total 0.63    
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resulting in increased ventilation and infiltration in Norwegian houses. The Swedes also 
have a longer tradition in constructing air tight houses. The air exchange rates valid for 
Swedish houses are therefore not directly applicable for Norwegian houses, and values in 
Norway would probably be somewhat higher. Similar reservations may also be made for 
rates of air exchange measured in Danish houses.  
 
Rates of air exchange for the stereotypes of houses 
Table 3.34 shows the defined rates of air exchange for the twelve stereotypes of houses. 
The values are mainly based on recommendations from J. T. Brunsell at the Norwegian 
Building Research Institute (Brunsell, 1993). The values are slightly higher compared to 
the values measured in the Swedish and Danish surveys. 
 
 

 
 
Normally, the infiltration rate of a building will be reduced as a result of additional 
thermal insulation measures performed. However, in the calculations of the energy 
consumption of the stereotypes of houses, it is not taken into account that the air 
exchange rate may be affected by the additional thermal insulation measures.  
 
 
3.5.9 Type of heating 

The type of heating used in dwellings is important for the total energy consumption, as 
well as for the total emissions to air of environmentally harmful gases. Three principal 
heating types are used in Norwegian dwellings: 
 
• electric heating, 
• wood-firing, 
• oil-heating (paraffin and heating oils). 
 
District heating accounted for less than 1% of the total energy consumption in the 
dwelling stock in 1990 (Rypdal, 1993), and is therefore neglected in this context. Other 
heating sources like gas and coal are also negligible. 
 
Efficiency and pollution 

Table 3.34. Air exchange rates (h-1) for the stereotypes of houses. Type of ventilation 
system is indicated in the parenthesis; (n) = natural ventilation system, (m) = mechanical 
ventilation system. Based on recommendations from Brunsell (1993). 

Stereotype of house Year of construction 

 Before 1956 1956 to 1970 1971 to 1980 1981 to 1990 

 h-1 h-1 h-1 h-1 
One-family houses 0.7  (n) 0.6  (n) 0.5  (n) 0.5  (m) 
Divided small houses 0.6  (n) 0.6  (n) 0.5  (n) 0.5  (m) 
Large houses 0.6  (n) 0.3  (n) 0.4  (m) 0.5  (m) 
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The efficiency of the three heating types differ significantly. An efficiency of 100% may 
be assumed for electric heating, 75% for oil-heating in large boilers, and 65% for wood-
firing (Ljones et al., 1992). The energy consumption of houses using firewood or fossil 
fuel as heating source will therefore be larger than if electric heating is used. Also, there 
are distinct differences between the quantity of pollution resulting from the use of the 
three principal heating sources. In the estimation model, only emissions of carbon dioxide 
(CO2), sulphur dioxide (SO2), nitrous oxides (NOx) and particulate matter (PM10) are 
accounted.  
 
Norwegian electricity is 100% hydroelectricity. Therefore, no pollution is assumed 
resulting from the use of electricity for heating purpose. 
 
The quantity of CO2 emitted in the combustion of firewood and fossil fuels is determined 
by the carbon content of the fuel. In the photosynthesis, CO2 is assimilated in bio-mass 
and bound as carbon. Thus, the emission of CO2 from the combustion of firewood, 
equals the quantity of CO2 bound in the wood during the growth of the tree. No emission 
of CO2 is therefore accounted resulting from the combustion of firewood since firewood 
is a renewable energy source, and the emissions of CO2 are included as a part of the 
natural carbon balance (SSB, 1993). 
 
However, wood-firing results in some emissions of SO2 and NOx, and large emissions of 
particulate matter (PM10) and carbon monoxide (CO). The large emissions of PM10 and 
CO from wood firing are mainly caused by insufficient combustion in small ovens. In 
addition to the above mentioned emissions, wood-firing also involves some emissions of 
non-methane volatile organic compounds (NMVOC) and polycyclic aromatic 
hydrocarbons (PAHs). 
 
The use of fossil fuels involves emissions of CO2, SO2 and NOx, as well as some 
particulate matter. Table 3.35 shows the amount of pollution associated with the three 
principal heating types used in Norwegian dwellings.  
 
 

 

Table 3.35. Efficiency of heating systems and emissions of CO2, SO2, NOx and PM10 
associated with the use of electricity, fuel oil and fire wood. The values are valid for 1990 
(SSB, 1993). 

Type of heating Efficiency Energy Density Emissions 

  content of fuel CO2 SO2 ** NOx PM10 

  GJ/ton tons/m3 kg/MWh g/MWh g/MWh g/MWh 
Electricity* 100% - - 0 0 0  
Fuel oil 75% 43.1 0.84 265 234 209 25 
Firewood 65% 16.8 0.5 0 86 150 2143 
 
* Norwegian electricity is produced from hydropower. 
** Data on SO2 from 1991. 



Chapter 3 

78 

 
Main heating source in Norwegian dwellings 
The main heating source used in dwellings was reported in the Survey of Housing 
Conditions 1988 and the Residential Energy Use Survey 1990. Results from these 
surveys are shown in Table 3.36. Both surveys showed that electricity is the dominating 
heating source in Norwegian dwellings. The share of dwellings having electricity as main 
heating source, was lower in the Survey of Housing Conditions than in the Residential 
Energy Use Survey. However, it has to be noted that the results are based on 
questionnaires and the inhabitants may not have been able to identify the relative 
importance of the different heating sources correctly. The importance of wood-firing is 
for instance often exaggerated since it is more demanding compared to electric heating. 
 
 

 
 
 

Table 3.36. Main heating source in Norwegian dwellings in 1988 and 1990. Based on the 
Survey of Housing Conditions 1988 (NOS B892, 1990) and the Residential Energy Use 
Survey 1990 (Ljones et al., 1992). 

Survey Main heating source 

 Electricity Liquid fuel Firewood Central heating Total 

Survey of Housing Conditions 1988     
One-family houses 41% 18% 35% 6% 100% 
Divided small houses 64% 16% 16% 5% 100% 
Large houses 59% 3% 5% 33% 100% 
Residential Energy Use Survey 1990     
One-family houses 49% 16% 29% 5% 100% 
Divided small houses 77% 10% 8% 4% 100% 
Large houses 70% 1% 2% 27% 100% 
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Type of heating in the stereotypes of houses 
Based on empirical data, the yearly energy consumption used for heating purposes in 
dwellings has been distributed by type of energy source in Ljones et al. (1992). These 
estimations are used to distribute the calculated heating requirement of the stereotypes of 
houses on the different energy sources. Table 3.37 shows the shares of the calculated 
heating requirement of the stereotypes of houses covered by electricity, fuel oil and 
firewood. It is seen that electricity is presumed to represent an increasing share of the 
energy consumption used for heating for the newer houses. The share of fuel oil and 
firewood shows a corresponding decrease for these houses. 
 
 

 
 
The values on type of heating shown in Table 3.37 are based on average values for the 
entire group of dwellings each stereotype of house represents. Such average values are 
not likely to be found in reality. For instance, in 1990, only 21% of the dwellings were 
reported having three alternative heating systems installed (Ljones et al., 1992). However, 
to estimate the aggregated energy consumption of the dwelling stock, average values have 
to be used to calculate the energy consumption of the stereotypes of houses. 
 
A large share of the electricity used for lighting, cooking and equipment also contributes 
to space heating. How large this contribution is, depends on the heating requirement of 
the dwellings. The larger heating requirement of a dwelling, the more of the "free energy" 
is utilised for useful heating purpose. This implies that if the heating requirement of a 
house is reduced through for instance additional thermal insulation measures, a reduced 
share of the "free energy" will be utilised for useful heating purpose. 
 

Table 3.37. Supplied heating consumption distributed on type of heating for the 
stereotypes of houses. Based on (Ljones et al., 1992). 

Stereotype of house Electricity Fuel oil Firewood Total 

One-family houses     
Before 1956 50% 17% 33% 100% 
1956 to 1970 47% 18% 35% 100% 
1971 to 1980 47% 18% 35% 100% 
1981 to 1990 61% 13% 26% 100% 
Divided small houses     
Before 1956 64% 16% 20% 100% 
1956 to 1970 59% 18% 23% 100% 
1971 to 1980 59% 18% 23% 100% 
1981 to 1990 71% 13% 16% 100% 
Large houses     
Before 1956 56% 35% 9% 100% 
1956 to 1970 69% 24% 7% 100% 
1971 to 1980 69% 24% 7% 100% 
1981 to 1990 78% 17% 5% 100% 
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The type of heating also influence the temperature control and temperature distribution in 
the dwellings. This may affect the average indoor temperature in dwellings and thereby 
influence the calculated heat loss. Small ovens may rise the temperature near the ovens 
and cause a non-uniform temperature distribution in the dwellings. Wood-firing may also 
be regarded being bothersome compared to electric heating and central heating systems. 
Central heating systems tend to give uniform temperature distribution in the dwellings. 
Therefore, neither central heating systems, nor wood-firing, are well suited for 
controlling room temperatures individually. 
 
On the other hand, electric heating, which is the main heating source in Norwegian 
dwellings, is well suited for controlling and regulating the indoor temperature. The 
temperature may easily be reduced in rooms which are not in regularly use. Most 
Norwegian houses are constructed as light timber framed houses with low thermal heat 
capacity. Therefore, the room temperatures may be raised rather quickly after being 
lowered for parts of the day or for the night, or for parts of the week. The average indoor 
temperature may therefore be expected being lower in electric heated houses compared to 
houses having central heating systems. 
 
 
3.5.10 Indoor temperature 

The indoor temperature is one of the most important parameters determining the energy 
consumption of houses. According to the Norwegian Standard 3031 (NS 3031, 1987), an 
indoor temperature of 22oC should be used when calculating the energy requirement of 
houses. However, the average indoor temperature in Norwegian dwellings in the heating 
season is probably lower than 22oC. 
 
Indoor temperatures in Norwegian dwellings 
Statistics on indoor temperatures in Norwegian dwellings are limited. However, some 
information is found in the Residential Energy Use Survey 1990. The questionnaires of 
this survey asked for the total dwelling area and the heated area of the dwellings. The 
(approximately) indoor temperatures in the heating season in the living rooms, bedrooms 
and bathrooms should also be stated. The reported data are shown in Table 3.38. It should 
be noted that the temperatures are based on approximately values reported by the 
inhabitants themselves. 
 
In these questionnaires, 15oC was set as a distinction between heated and unheated space. 
The percentage of the dwelling area which was heated above 15oC is lowest for one-
family houses, and highest for large houses. Concerning the reported temperatures in 
living rooms and bathrooms, no significant distinction can be drawn between the different 
types of dwellings. The average temperatures in the living rooms were in the range from 
20.9oC to 21.6oC, while the temperature in the bathrooms were in the range from 20.6oC 
to 22.9oC. The indoor temperatures in the living rooms of Norwegian dwellings 
(including the bathrooms) may therefore be assumed being in the range from 21oC to 
22oC. 
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The Norwegians prefer rather chilly bedrooms. Table 3.38 shows that the average 
temperature in bedrooms was reported to be only 14.1oC. Since the average temperature 
in the bedrooms is below 15oC, these rooms are defined as being unheated. The heat loss 
from the bedrooms may however be higher than the low temperatures indicate, since the 
bedroom windows often are open at night, reducing the thermal resistance of the outer 
constructions, and thus increasing the heat loss of the dwelling. 
 
 

 
 
In the ERÅD-model developed by Energidata to estimate the profitability of various 
improvement measures in buildings, the basic indoor temperature in dwellings is set to be 
21oC (Energidata, 1994). This basic indoor temperature is then adjusted according to the 
type of heating system, type of regulation system and heat capacity of the buildings. 
Further, the temperature in the bedrooms is assumed to be 5oC lower than the 
temperatures in the rest of the dwelling.  
 

Table 3.38. Results from the Residential Energy Use Survey 1990. Average dwelling 
area, average heated area, heated area as percent of dwelling area, average indoor 
temperatures in living rooms, bedrooms and bathrooms, by type of house and year of 
construction (Nesbakken, 1995).  

Type of dwelling Heated area  Indoor temperatures

 Dwelling 
area 

Heated 
area 

Heated area as % 
of dwelling area 

 Living 
room 

Bathroom Bedroom 

 m2 m2   oC oC oC 
One-family houses        
Before 1955 124.7 92.5 74%  21.4 21.4 13.9 
1955 to 1970 115.0 94.3 82%  21.6 21.7 13.2 
1971 to 1980 121.2 99.5 82%  21.4 22.2 13.6 
1981 to 1990 133.2 114.6 86%  21.3 22.9 14.5 
Total 123.6 99.6 81%  21.4 22.0 13.8 
Divided small houses        
Before 1955 92.6 78.6 85%  21.2 21.3 14.0 
1955 to 1970 91.0 79.2 87%  21.6 22.5 14.9 
1971 to 1980 89.3 77.3 87%  21.2 22.0 13.1 
1981 to 1990 105.9 93.6 88%  21.4 22.6 15.0 
Total 93.5 80.8 86%  21.3 22.0 14.2 
Large houses        
Before 1955 66.2 61.4 93%  20.8 20.5 15.0 
1955 to 1970 68.3 59.6 87%  21.1 20.6 15.1 
1971 to 1980 67.0 58.8 88%  20.9 20.6 14.3 
1981 to 1990 81.1 73.9 91%  21.2 21.8 15.0 
Total 68.8 61.7 90%  21.0 20.7 14.9 
Total  104.2 86.7 83%  21.3 21.7 14.1 
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Indoor temperatures in Swedish dwellings 
Several surveys investigating the indoor temperatures of Swedish dwellings have also 
found average indoor temperatures below 22oC. In the most comprehensive survey, the 
indoor temperature was measured in more than 1364 dwellings (Norlén and Andersson, 
1993). The average indoor temperature was found to be 20.9oC in one-family houses and 
22.2oC in multifamily houses. The same survey also found lower indoor temperatures in 
older than in newer houses. The results from this survey agree well with other Swedish 
surveys9 which have measured the indoor temperatures to be between 20oC and 21oC in 
one-family houses, and approximately 1oC higher in multifamily houses. 
 
However, for several reasons, results from Swedish surveys may not be directly adapted 
to Norwegian conditions. One reason is that the inhabitants in Norway normally pay the 
heating costs individually, while heating costs in Sweden to a larger extent are included 
in the rent. The inhabitants in Norwegian dwellings therefore have higher motivation for 
keeping the indoor temperature low, since this significantly influence the heating costs. 
As a result, the average indoor temperature may be assumed to be lower in Norwegian 
dwellings than in Swedish dwellings. 
 
Another reason to be cautious when using Swedish data, is that central heating systems 
are common in Swedish dwellings, while electric heating systems are dominating in 
Norwegian dwellings. As mentioned earlier, higher indoor temperatures may be expected 
in houses with central heating systems than in houses with electric heating systems. For 
this reason, lower indoor temperatures may be expected in Norwegian dwellings than in 
Swedish dwellings. 
 
In most of the Swedish surveys, the indoor temperatures have only been measured at one 
or two points, usually in the living room and in one additional room. The measured 
indoor temperatures may therefore not be representative for the entire dwelling. 
 
Indoor temperatures in the stereotypes of houses 
Several Swedish surveys have found significant difference in the average indoor 
temperature in small one-family houses and large multifamily houses. In contrast, the 
Residential Energy Use Survey 1990 estimated the average temperature in Norwegian 
living rooms to be 21.3oC in both small and large houses (see Table 3.38). However, it 
should be noted that the Swedish data probably is more reliable than the Norwegian data 
since calibrated temperature meters have been used in the Swedish surveys, while the 
Norwegian data have been based on approximately indoor temperatures stated by the 
inhabitants themselves. 
 
In the estimation model, the indoor temperature in the heated part of dwellings is 
presumed to be 21.0oC in detached one-family houses, 21.5oC in divided small houses, 
and 22.0oC in large houses. The temperature differences between the house types are in 

                                            
9 The indoor temperature in 320 dwellings was measured in Widegren-Dafgaard (1984), while the 

temperature was measured in more than 300 dwellings in Holgersson and Norlén (1983). 
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accordance with the findings in the Swedish surveys, but not with the indoor 
temperatures estimated in the Residential Energy Use Survey 1990. 
 
There are several reasons for assuming higher indoor temperatures in large houses. One 
reason is that a larger share of large houses have central heating systems (see Table 3.36). 
The indoor temperature in houses with central heating systems tend to be higher than in 
houses with other heating systems. In Energidata (1994), the basic indoor temperature is 
estimated to be approximately 2.0oC higher in houses having central heating systems than 
in houses having direct electric heating systems. A second reason for the higher indoor 
temperature in large houses is that the heating costs are often included in the rent for 
dwellings in large houses. The inhabitants thus do not have the same incentives for 
reducing the heating costs by reducing the indoor temperature. A third reason is that large 
houses normally have a higher heat capacity compared to small wooden houses. The 
effect of reducing the indoor temperature for parts of the day or for night is smaller in the 
large houses because of this high heat capacity. A higher average indoor temperature can 
therefore be expected in the large houses. Finally, the area of the external constructions 
relative to the floor area is smaller for large houses than for small houses. The relative 
heat loss is therefore lower for large houses compared to small houses. 
 
However, the thermal insulation level of the outer walls of old large brick- and concrete 
buildings is generally poorer than in old wooden houses. There is thus also a reason to 
expect the indoor temperature to be lower in large houses than in small houses. 
 
A large share of the dwellings in Norway (especially detached one-family houses), have 
one or several rooms which are not regularly used. These rooms are therefore often not 
fully heated. In Table 3.38 it is shown that the average heated space of dwellings in 
Norway was 81% of the dwelling area for one-family houses, 87% for dwellings in 
houses in row and 90% for dwellings in large houses.  
 
The effect of reduced temperatures in parts of the dwellings is taken into account in the 
estimation model by calculating a weighted average indoor temperature for the different 
stereotypes of houses. These weighted average indoor temperatures are calculated by 
presuming the temperature in the unheated parts of the houses (including the stair rooms) 
to be 15oC, and the temperature in the heated parts to be 21.0oC in detached one-family 
houses, 21.5oC in divided small houses, and 22.0oC in large houses. Table 3.39 shows 
the estimated heated area and the estimated average indoor temperatures of the different 
stereotypes of houses. The percentage of the dwellings which is heated above 15oC is 
based on information from the Residential Energy Use Survey 1990, referred to in 
Nesbakken (1995) 
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3.5.11 Internal gain 

The internal gain values are taken from NS 3031. These values are: 
 
• lighting: 3.0 W/m2 

• persons: 1.4 W/m2 
• equipment: 2.7 W/m2 
 
Since the energy consumption is calculated on a monthly basis, the values for lighting and 
persons are multiplied by the monthly factors shown in Table 3.40. 
 
 

 
 
The energy used for lighting and equipment is transformed into heat, and most of this 
heat is utilised for useful heating purpose. Increased internal gains thereby reduce the 

Table 3.39. Heated area of dwellings, assumed indoor temperature of heated area and 
average temperatures in the stereotypes of houses. Based on Nesbakken (1995). 

Stereotype of house Heated area as % 
of dwelling area 

Temperature of 
heated area 

Temperature of 
unheated area 

Average 
temperature 

  oC oC oC 
One-family houses     
Before 1956 74% 21.0 15 19.5 
1956 to 1970 82% 21.0 15 19.9 
1971 to 1980 82% 21.0 15 19.9 
1981 to 1990 86% 21.0 15 20.2 
Divided small houses     
Before 1956 85% 21.5 15 20.5 
1956 to 1970 87% 21.5 15 20.7 
1971 to 1980 87% 21.5 15 20.6 
1981 to 1990 98% 21.5 15 20.7 
Large houses*     
Before 1956 77% 22.0 15 20.4 
1956 to 1970 80% 22.0 15 20.6 
1971 to 1980 82% 22.0 15 20.7 
1981 to 1990 85% 22.0 15 20.9 

 
* The area of the stair rooms in large houses is included in the unheated area. 

Table 3.40. Monthly factors for seasonal variation of internal gains from lighting and 
persons (NS 3031, 1987). 

 January and 
February 

March and April May, June, July 
and August 

September and 
October 

November and 
December 

Lighting 1.40 1.00 0.60 1.00 1.40 
Persons 1.10 1.00 0.85 1.00 1.10 
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heating requirement. For large, well insulated blocks of flats, about 80% of the internal 
gains are utilised for useful heating purpose over the year, while the percentage is close to 
100 for uninsulated one-family houses with large heat losses.  
 
The internal gains from lighting, equipment and persons equal about one-fourth of the 
yearly energy consumption of an average detached one-family house (Granum, 1990). 
Since most of the internal gains are utilised for useful heating purposes, the total energy 
consumption of the house will be only slightly affected by altered internal gains. The 
presumptions on internal gains are therefore of minor importance for the calculated total 
energy consumption of houses.  
 
However, even though the total energy consumption of houses is affected to a small 
extent by altered internal gains, the heating requirement is affected. Only electricity is 
used for lighting and equipment, while also fuel oil and firewood are used in the heating 
systems. Thus, when increased internal gains reduce the heating requirement, the need for 
fuel oil and firewood is reduced. Consequently, also the emissions of environmentally 
harmful gases associated with the combustion of fuel oil and firewood in the heating 
systems will be reduced. The assumptions regarding the size of the internal gains used in 
the calculations of the energy consumption of the stereotypes of houses, thus affect the 
calculated amount of environmentally harmful gases discharged.  
 
 
3.5.12 Water heating 

In addition to the energy used in a house for heating of space, lighting and equipment, 
energy is also used for water heating. The energy used for water heating is assumed to 
have no influence on the energy required for space heating. Thus, in the calculations, the 
energy consumption used for water heating comes in addition to the energy consumption 
calculated for space heating, lighting and equipment. 
 
Table 3.41 shows the energy used for water heating in the stereotypes of houses. The 
values are based on information in the Residential Energy Use Survey 1990. 
 
 

3.5.13 Summary on the defining of stereotypes of houses 

Table 3.41. Energy used for water heating. Based on the Residential Energy Use Survey 
1990 (Ljones et al., 1992). 

Year of construction One-family houses Divided small houses Large houses 

 kWh/(m2 ⋅ year) kWh/(m2 ⋅ year) kWh/(m2 ⋅ year) 
Before 1956 30 33 38 
1956 to 1970 45 42 42 
1971 to 1980 45 42 42 
1981 to 1990 46 52 41 
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In this chapter, the dwelling stock was divided into a number of groups according to 
thermal performance of the houses. The three defined main types of houses were: 
 
• one-family houses, 
• divided small houses, 
• large houses. 
 
Each of these three groups of houses were further divided into four sub groups according 
to year of construction: 
 
• constructed before 1956, 
• constructed between 1956 and 1970, 
• constructed between 1971 and 1980, 
• constructed between 1981 and 1990. 
 
This division of the dwelling stock into year classes was based on information on years 
when common thermal insulation levels of wooden houses were altered. Table 3.42 
shows the twelve groups of houses and the number of dwellings within each group per 
1990. The table also shows the share of the total dwelling stock represented by the 
different groups. 
 
For example, 58% of the dwellings were located in the group termed one-family houses 
which includes detached one-family houses and dwelling houses on farms. Furthermore, 
22% of the dwellings were located in the group termed divided small houses which 
includes vertically and horizontally divided small houses, buildings in row, terraced 
houses etc. The remaining 20% of the dwellings were located in the group termed large 
houses, which includes detached blocks of flats, square buildings and combined 
buildings. 
 
 

 
 
The total energy consumption and emissions to air from the entire dwelling stock can 
then be estimated by multiplying the energy consumption and emissions estimated for 
each defined stereotypes of houses, with the number of houses they are representative for. 

Table 3.42. Division of the dwelling stock into three main groups and twelve sub groups 
according to type of house and year of construction. The numbers are given as number of 
dwellings in each group and as percent of the total dwelling stock. The total number of 
dwellings is based on the Population and Housing Census 1990 (FoB90, 1992). 

Year of 
construction 

One-family houses  Divided small 
houses 

 Large houses  T

Before 1956 383 857 22%  120 980 7% 141 868 8%  646 705 37%
1956 to 1970 235 199 13%  94 250 5% 107 048 6%  436 497 25%
1971 to 1980 214 632 12%  87 088 5% 72 459 4%  374 179 21%
1981 to 1990 184 454 11%  77 702 4% 31 868 2%  294 024 17%
Total 1 018 142 58%  380 020 22% 353 243 20%  1 751 405 100%
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Physical description of the stereotypes of houses 
Table 3.43 to Table 3.46 show the physical parameters for all the defined stereotypes of 
houses. In the calculations of energy consumption of the stereotypes of houses, the 
internal gains from lighting, persons and equipment are assumed to be 3.0 W/m2, 1.4 
W/m2 and 2.7 W/m2, respectively. These internal gain values are taken from NS 3031 
(1987). 
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Divided small houses    

Large houses    

 

Table 3.43. Description of the stereotypes of houses defined for dwellings in one-family 
houses, divided small houses and large houses. 

One-family houses    

Before 1956 

 

1956 to 1970 

 

1971 to 1980 

 

1981 to 1990 

 

383 857 dwellings 
Two storey detached 
one-family house with 
unheated basement and 
attic. 

235 199 dwellings 
Two storey detached 
one-family house with 
unheated basement and 
attic. 

214 632 dwellings 
Detached one-family 
house. Basement house 
with unheated attic. 
 

184 454 dwellings 
1½ storey detached one-
family house with 
unheated basement and 
heated attic. 
 

Before 1956 

 

1956 to 1970 

 

1971 to 1980 

 

1981 to 1990 

 
120 980 dwellings 
Two storey, horizontally 
divided two-family house. 
Unheated basement and 
attic. Two dwellings per 
house. 

 

94 250 dwellings 
Two storey building in 
row. Unheated basement 
and attic. Four dwellings 
per house. 

87 088 dwellings 
Two storey building in 
row. Unheated 
basement and attic. 
Four dwellings per 
house. 

77 702 dwellings 
Two storey building in 
row. Unheated basement 
and attic. Four dwellings 
per house. 

Before 1956 

 

1956 to 1970 

 

1971 to 1980 

 

1981 to 1990 

 

141 868 dwellings 
Four storey square 
building. Unheated 
basement and attic.  
Eight dwellings per 
house. 

107 048 dwellings 
Four storey detached 
block of flats. 
Unheated basement, 
levelled up roof.  
3 entrances and 24 
dwellings per house. 
 

72 459 dwellings 
Four storey detached 
block of flats. Unheated 
basement, flat roof.  
3 entrances and 24 
dwellings per house. 
 

31 868 dwellings 
Four storey detached 
block of flats. Unheated 
basement, flat roof.  
3 entrances and 24 
dwellings per house. 
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Table 3.44. Physical description of the stereotypes of houses defined for dwellings in one-
family houses. 

One-family houses Before 1956 1956 to 1970 1971 to 1980 1981 to 1990 

Number of dwellings per house 1 1 1 1 

Dwelling area per dwelling 121 m2 118 m2 133 m2 133 m2 

Base dimensions 7.5 m ´ 8.1 m 7.5 m ´ 7.9 m 7.6 m ´ 11.7 m 7.6 m ´ 12.1 m 

Number of storeys 2 2 2 1 ½ 

Headroom in dwellings 2.6 2.5 2.4 2.4 

% of dwellings with additional thermal insulation (W = walls, F = floors, C = ceiling) 
WFC 35% - - - 
WF or WC 30% 10% - - 
W 5% - - - 
FC 10% - - - 
F or C 10% 15% - - 
Original (i.e. unimproved) 10% 75% 100% 100% 

U-values of outer constructions (Original / additionally insulated) 

 W/m2K W/m2K W/m2K W/m2K 
Walls 0.9 / 0.4 0.4 / 0.3 0.38 / - 0.26 / - 
Floors 0.69 / 0.34 0.27 / 0.17 0.36 / - 0.15 / - 
Ceilings 0.6 / 0.3 0.36 / 0.20 0.20 / - 0.18 / - 
Windows 2.8 / 2.0 2.8 / 2.0 2.8 / - 2.0 / - 
Doors 2.5 2.5 2.5 1.5 

Rate of air exchange 0.7 h-1 0.6 h-1 0.5 h-1 0.5 h-1 

Heated part of dwelling 74% 82% 82% 82% 

Indoor temperatures     
Heated part 
Unheated part 
Average 

21.0oC 
15.0oC 
19.5oC 

21.0oC 
15.0oC 
19.9oC 

21.0oC 
15.0oC 
19.9oC 

21.0oC 
15.0oC 
20.2oC 

Window area* 20% 15% 15% 15% 

Window orientation %     

(south-west-east-north) 35-35-20-10 35-35-20-10 35-35-20-10 35-35-20-10 

Type of heating     
Electricity 50% 47% 47% 61% 
Fuel oil 17% 18% 18% 13% 
Firewood 33% 35% 35% 26% 

Yearly water heating 30 kWh/m2 45 kWh/m2 45 kWh/m2 46 kWh/m2 

 
* Window area as % of floor area 
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Table 3.45. Physical description of the stereotypes of houses defined for dwellings in 
divided small houses. 

Divided small houses Before 1956 1956 to 1970 1971 to 1980 1981 to 1990 

Number of dwellings per house 2 4 4 4 

Dwelling area per dwelling 92 m2 101 m2 100 m2 101 m2 

Base dimensions 7.5 m ´ 12.3 m 7.1 m ´ 28.4 m 7.1 m ´ 28.4 m 7.1 m ´ 28.4 m 

Number of storeys 2 2 2 2 

Headroom in dwellings 2.6 2.4 2.4 2.4 

% of dwellings with additional thermal insulation (W = walls, F = floors, C = ceiling) 
WFC 35% - - - 
WF or WC 30% 10% - - 
W 5% - - - 
FC 10% - - - 
F or C 10% 15% - - 
Original (i.e. unimproved) 10% 75% 100% 100% 

U-values of outer constructions (Original / additionally insulated) 

 W/m2K W/m2K W/m2K W/m2K 
Walls 0.9 / 0.4 0.4 / 0.3 0.38 / - 0.26 / - 
Floors 0.66 / 0.33 0.26 / 0.17 0.20 / - 0.15 / - 
Ceilings 0.6 / 0.3 0.36 / 0.20 0.20 / - 0.18 / - 
Windows 2.8 / 2.0 2.8 / 2.0 2.8 / - 2.0 / - 
Doors 2.5 2.5 2.5 1.5 

Rate of air exchange 0.6 h-1 0.6 h-1 0.5 h-1 0.5 h-1 

Heated part of dwelling 85% 87% 87% 88% 

Indoor temperatures     
Heated part 
Unheated part 
Average 

21.5oC 
15.0oC 
20.5oC 

21.5oC 
15.0oC 
20.7oC 

21.5oC 
15.0oC 
20.6oC 

21.5oC 
15.0oC 
20.7oC 

Window area* 20% 15% 15% 15% 

Window orientation %     

(south-west-east-north) 35-35-20-10 60-0-0-40 60-0-0-40 60-0-0-40 

Type of heating     
Electricity 64% 59% 59% 71% 
Fuel oil 16% 18% 18% 13% 
Firewood 20% 23% 23% 16% 

Yearly water heating 33 kWh/m2 42 kWh/m2 42 kWh/m2 52 kWh/m2 

 
* Window area as % of floor area 
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Table 3.46. Physical description of the stereotypes of houses defined for dwellings in 
large houses. 

Large houses Before 1956 1956 to 1970 1971 to 1980 1981 to 1990 

Number of dwellings per house 8 24 24 24 

Dwelling area per dwelling 75 m2 68 m2 79 m2 78 m2 

Base dimensions 10.0 m ´ 18.0 m 10.0 m ´ 44.4 m 12.0 m ´ 42.5 m 12.0 m ´ 42.0 m

Number of storeys 4 4 4 4 

Headroom in dwellings 2.8 2.7 2.5 2.5 

% of dwellings with additional thermal insulation (W = walls, F = floors, C = ceiling) 
WFC 30% 30% - - 
WF or WC 0% - - - 
W 0% - - - 
FC 10% - - - 
F or C 40% - - - 
Original (i.e. unimproved) 20% 70% 100% 100% 

U-values of outer constructions (Original / additionally insulated) 

 W/m2K W/m2K W/m2K W/m2K 
Walls 1.0 / 0.4 0.8 / 0.35 0.49 / - 0.35 / - 
Floors 0.47 / 0.28 0.38 / 0.25 0.24 / - 0.17 / - 
Ceilings 0.6 / 0.3 0.32 / 0.18 0.20 / - 0.20 / - 
Windows 2.8 / 2.0 2.8 / 2.0 2.8 / - 2.0 / - 
Doors 2.5 2.5 2.5 1.5 

Rate of air exchange 0.6 h-1 0.3 h-1 0.4 h-1 0.5 h-1 

Heated part of dwelling* 77% 80% 82% 85% 

Indoor temperatures     
Heated part 
Unheated part 
Average 

22.0oC 
15.0oC 
20.4oC 

22.0oC 
15.0oC 
20.6oC 

22.0oC 
15.0oC 
20.7oC 

22.0oC 
15.0oC 
20.9oC 

Window area** 20% 15% 15% 15% 

Window orientation %     

(south-west-east-north) 60-0-0-40 60-0-0-40 60-0-0-40 60-0-0-40 

Type of heating     
Electricity 56% 69% 69% 78% 
Fuel oil 35% 24% 24% 17% 
Firewood 9% 7% 7% 5% 

Yearly water heating 38 kWh/m2 42 kWh/m2 42 kWh/m2 41 kWh/m2 

 
* Stair rooms are presumed to be unheated (15.0oC). 
** Window area as % of floor area (including stair rooms). 
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Chapter 4 

Estimated total energy consumption and 
emissions to air from the dwelling stock 
 
 
 
 
SUMMARY 

This chapter presents the total energy consumption and emissions to air of CO2, SO2, 
NOx and particulate matter from the dwelling stock in Norway, estimated on basis of the 
stereotypes of houses in the estimation model described in Chapter 3. The total yearly 
energy consumption of the dwelling stock in 1990 is estimated to be 45.4 TWh using 
weighted monthly mean outdoor temperatures for a standard year. The corresponding 
estimated emissions to air are 1.38 million tons of CO2, 1 900 tons of SO2, 2 300 tons of 
NOx and 17 200 tons of particulate matter. 
 
The estimates based on the stereotypes of houses are higher than estimates on energy 
consumption and emissions to air from the dwelling stock in 1990 presented in official 
statistics and surveys conducted by Statistics Norway. The estimates of the model, 
however, correspond well with the data from Statistics Norway when it is taken into 
account that 1990 was an unusually mild year. 
 
The influence of altered input parameters in the estimation model is larger with respect 
to CO2 emissions than with respect to total energy consumption. The indoor temperature 
in the houses is the most important parameter and the estimated total energy 
consumption and CO2 emissions from the dwelling stock alter by about 1.3% and 1.9%, 
respectively, for each percent the indoor temperature is altered. The influence of altered 
U-values is also large, though having only half of the influence as altered indoor 
temperatures.  
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4.1 INTRODUCTION 

In the previous chapter, an estimation model for total energy consumption and emissions 
to air from the Norwegian dwelling stock was presented. The estimation model was based 
on a division of the dwelling stock into a number of groups of dwellings presumed having 
the same thermal performance. For each group, a stereotype of house was defined, 
presumed to be representative for all the dwellings within the group. Weight factors 
assigned to the stereotypes of houses, based on the number of dwellings they are 
representative for, make it possible to aggregate the estimated energy consumption and 
emissions from single stereotypes of houses, on to the level of the entire dwelling stock.  
 
This chapter presents the results from calculations made on these stereotypes of houses. 
The estimated energy consumption and emissions to air of environmentally harmful gases 
from the entire dwelling stock are presented in section 4.2. In section 4.3, these estimated 
numbers are compared with official numbers on energy consumption and emissions from 
the dwellings stock. Finally, in section 4.4, the importance of the different parameters 
defining the stereotypes of houses is examined.  
 
 
 
4.2 AGGREGATED DATA ON ENERGY CONSUMPTION AND 
EMISSIONS FROM THE DWELLING STOCK 

The estimated energy consumption in one-family houses, divided small houses and large 
houses is presented in the following. The estimated energy consumption from these main 
groups of houses, and the associated emissions to air of CO2, SO2, NOx and PM, are 
thereafter presented aggregated for the entire dwelling stock. 
 
The estimated energy consumption and emissions to air are based on weighted monthly 
mean outdoor temperatures and average mean solar radiation data for the entire country. 
The weighted monthly mean outdoor temperatures are based on monthly mean 
temperatures for the period from 1931 to 1960 from different regions of the country, 
weighted by the number of dwellings, the average degree day number and the average 
yearly energy consumption per dwelling in each region. 
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4.2.1 Estimated energy consumption in the dwelling stock 

Estimated total energy consumption in one-family houses 
Table 4.1 shows the estimated total energy consumption of dwellings in one-family 
houses by energy source. The energy consumption is shown both as kWh per dwelling 
and as GWh for each group of dwellings. 
 
The estimated energy consumption range from 47 010 kWh for an unimproved house 
constructed before 1956, to 23 764 kWh for the stereotype of house defined to represent 
one-family houses constructed between 1981 and 1990. 
 
 

 
 
The estimated average energy consumption is 35 167 kWh for dwellings in one-family 
houses constructed before 1956, and 30 103 kWh for dwellings constructed between 
1956 and 1970. The estimated energy consumption is 31 064 kWh for dwellings 
constructed between 1971 and 1980, and 23 764 kWh for dwellings constructed between 
1981 and 1990. 
 

Table 4.1. Estimated energy consumption for dwellings in one-family houses based on the 
stereotypes of houses. The estimated energy consumption is shown per dwelling (kWh) 
and per group of dwellings (GWh), by energy source (electricity, fuel oil and firewood). 
W, F and C indicate additionally insulated walls, floors and ceilings. 

One-family Number of Energy consumption per dwelling  Total energy cons
houses dwellings Electri-

city 
Fuel oil Fire-

wood 
Total  Electri-

city 
Fuel oil Fire-

wood 
Total 

 
Before 1956 

Units kWh kWh kWh kWh  GWh GWh GWh GWh 

WFC 134 350 19 642 3 400 6 601 29 644 2 639 457 887 3 983
WF or WC 115 157 21 041 3 876 7 524 32 440 2 423 446 866 3 736
W 19 193 22 252 4 288 8 324 34 864 427 82 160 669
FC 38 386 25 638 5 439 10 558 41 635 984 209 405 1 598
F or C 38 386 27 082 5 930 11 511 44 522 1 040 228 442 1 709
Unimproved 38 386 28 326 6 353 12 332 47 010 1 087 244 473 1 805
1956 to 1970    
WF or WC 23 520 18 078 2 654 5 160 25 892 425 62 121 609
F or C 35 280 19 767 3 300 6 417 29 484 697 116 226 1 040
Unimproved 176 399 20 380 3 535 6 874 30 788 3 595 624 1 213 5 431
1971 to 1980 214 632 21 277 3 324 6 463 31 064 4 567 713 1 387 6 667
1981 to 1990 184 454 19 444 1 440 2 880 23 764 3 586 266 531 4 383
Total 1 018 142  21 471 3 447 6 712 31 630
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Estimated energy consumption in divided small houses 
Table 4.2 shows the estimated energy consumption for dwellings in divided small houses 
by energy source. The estimated energy consumption range from 33 037 kWh for a 
dwelling in an unimproved horizontally divided two-family house constructed before 
1956, to 17 675 kWh for a dwelling in a building in row defined as stereotype of house 
for dwellings in divided small houses constructed between 1981 and 1990. 
 
 

 
 
The estimated average energy consumption is 24 905 kWh for dwellings in divided small 
houses constructed before 1956, and 22 337 kWh for dwellings in houses constructed 
between 1956 and 1970. For dwellings constructed between 1971 and 1980, and between 
1981 and 1990, the values are 19 994 kWh and 17 675 kWh, respectively. 
 

Table 4.2. Estimated energy consumption for dwellings in divided small houses based on 
the stereotypes of houses. The estimated energy consumption is shown per dwelling 
(kWh) and per group of dwellings (GWh), by energy source (electricity, fuel oil and 
firewood). W, F and C indicate additionally insulated walls, floors and ceilings. 

Divid. small Number of Energy consumption per dwelling  Total energy cons
houses dwellings Electri-

city 
Fuel oil Fire-

wood 
Total  Electri-

city 
Fuel oil Fire-

wood 
Total 

 
Before 1956 

Units kWh kWh kWh kWh  GWh GWh GWh GWh 

WFC 42 343 16 281 2 150 2 688 21 119  689 91 114 894
WF or WC 36 294 17 590 2 478 3 097 23 164  638 90 112 841
W 6 049 18 796 2 779 3 474 25 049  114 17 21 152
FC 12 098 21 314 3 409 4 261 28 983  258 41 52 351
F or C 12 098 22 668 3 747 4 684 31 100  274 45 57 376
Unimproved 12 098 23 908 4 057 5 071 33 037  289 49 61 400
1956 to 1970     
WF or WC 9 425 15 216 1 817 2 322 19 356  143 17 22 182
F or C 14 138 16 629 2 248 2 873 21 749  235 32 41 307
Unimproved 70 688 17 280 2 447 3 126 22 853  1 221 173 221 1 615
1971 to 1980 87 088 15 593 1 932 2 469 19 994  1 358 168 215 1 741
1981 to 1990 77 702 15 527 963 1 185 17 675  1 206 75 92 1 373
Total 380 020   6 427 798 1 007 8 233
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Estimated energy consumption in large houses 
Table 4.3 shows the estimated energy consumption for dwellings in large houses, by 
energy source. The highest energy consumption (21 823 kWh per dwelling) is estimated 
for a stereotype of house defined to represent dwellings in large houses constructed 
before 1956. This house is defined to be an uninsulated square building. The lowest 
energy consumption (10 143 kWh per dwelling) is estimated for a stereotype of house 
defined to represent dwellings in large houses constructed between 1956 and 1970. This 
house is assumed to be a four storey detached block of flats with additional insulation in 
walls, floors and ceilings. 
 
The low energy consumption estimated for dwellings in large houses constructed between 
1956 and 1970 is mainly caused by the small dwelling area defined for this group (68 
m2), and the low rate of air exchange assumed in the dwellings (0.3 h-1). 
 
 

 
 

Table 4.3. Estimated energy consumption for dwellings in large houses based on the 
stereotypes of houses. The estimated energy consumption is shown per dwelling (kWh) 
and per group of dwellings (GWh), by energy source (electricity, fuel oil and firewood). 
W, F and C indicate additionally insulated walls, floors and ceilings. 

Large  Number of Energy consumption per dwelling  Total energy cons
houses dwellings Electri-

city. 
Fuel oil Fire-

wood 
Total  Electri-

city 
Fuel oil Fire-

wood 
Total 

 
Before 1956 

Units kWh kWh kWh kWh  GWh GWh GWh GWh 

WFC 42 560 11 791 3 275 842 15 908 502 139 36 677
WF or WC 0 12 103 3 470 892 16 466 0 0 0 0
W 0 12 602 3 782 972 17 356 0 0 0 0
FC 14 187 14 264 4 820 1 240 20 324 202 68 18 288
F or C 56 747 14 588 5 023 1 292 20 903 828 285 73 1 186
Unimproved 28 374 15 103 5 345 1 374 21 823 429 152 39 619
1956 to 1970   
WF or WC 32 114 8 935 935 273 10 143 287 30 9 326
F or C 0 11 330 1 768 516 13 614 0 0 0 0
Unimproved 74 934 11 558 1 848 539 13 944 866 138 40 1 045
1971 to 1980 72 459 11 649 1 528 446 13 622 844 111 32 987
1981 to 1990 31 868 11 216 900 265 12 381 357 29 8 395
Total 353 243  4 315 952 256 5 523
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Estimated energy consumption in the entire dwelling stock 
Table 4.4 shows the estimated total energy consumption of the dwelling stock in 1990, 
estimated on the basis of the stereotypes of houses. One-family houses are estimated to 
consume 70% of the total energy consumption in the dwelling stock, even though this 
group only represents 58% of the total number of dwellings. The group of large houses 
represented 20% of all dwellings in 1990, while the energy consumption for this group is 
estimated to be only 12% of the total energy consumption in the dwelling stock. 
 
 

 
Based on the calculations made for the stereotypes of houses, the total energy 
consumption in the dwelling stock in 1990 is estimated to be 45.4 TWh. Of this, 71% is 
estimated covered by electricity, 11% by fuel oil and 18% by firewood. 
 
 
4.2.2 Estimated emissions to air from the dwelling stock 

The estimated emissions to air of CO2, SO2, NOx and particulate matter are based on the 
estimated consumption of fuel oil and firewood, using the emission factors shown in 
Table 3.36 in Chapter 3. The estimated emissions are shown in Table 4.5. Most of the 
emissions are caused by combustion in the heating systems in one-family houses. One-
family houses caused 84% of the total emissions of particulate matter (PM), while this 
group only represented 58% of the total number of dwellings in 1990. 
 

Table 4.4. Total estimated energy consumption (GWh) for the three main groups of 
dwellings (one-family houses, divided small houses and large houses), and for the entire 
dwelling stock, by energy source (electricity, fuel oil and firewood). 

Main group Number % Electricity Fuel oil Firewood Total % 

 Units  GWh GWh GWh GWh  
One-family houses 1 018 142 58% 21 471 3 447 6 712 31 630 70%
Divided small houses 380 020 22% 6 427 798 1 007 8 233 18%
Large houses 353 243 20% 4 315 952 256 5 523 12%
Total 1 751 405 100% 32 213 5 198 7 975 45 386 100%

Table 4.5. Total estimated emissions of CO2, SO2, NOx and particulate matter from each 
of the defined main groups of dwellings (one-family houses, divided small houses and 
large houses), and for the entire dwelling stock in 1990.  

Main group CO2  SO2  NOx  

 Million tons %  1 000 tons %  1 000 tons %  1 000 tons % 
One-family houses 0.91 66%  1.38 73%  1.73 76%  14.5 84%
Divided small houses 0.21 15%  0.27 14%  0.32 14%  2.2 13%
Large houses 0.25 18%  0.25 13%  0.24 10%  0.6 3%
Total 1.38 100%  1.90 100%  2.28 100%  17.2 100%



Estimated total energy consumption and emissions to air from the dwelling stock 

 99

4.3 COMPARISON OF AGGREGATED DATA WITH DATA FROM 
OFFICIAL STATISTICS 

In this section, the estimated total energy consumption and emissions to air from the 
Norwegian dwelling stock are compared to estimations from other sources. 
 
 
4.3.1 Total energy consumption in the dwelling stock  

Based on data from Rypdal (1993), the stationary energy consumption in private 
households in 1990 was estimated to be 40 TWh (see Table A.2 in Appendix A). In 
Ljones et al. (1992), the total energy consumption in the dwelling stock in the heating 
season 1989/1990 was estimated to be 38 TWh. This estimation was based on an average 
yearly energy consumption of 21 500 kWh per household and 1.77 million households.  
 
In the estimation model, the total energy consumption in the dwelling stock is estimated 
to be 45.4 TWh in 1990 for a total number of 1.75 million dwellings (see Table 4.4). This 
is significantly higher than the 40 TWh estimated on basis of Rypdal (1993), and the 38 
TWh estimated in Ljones et al. (1992). Thus, it seems at first sight as if the total energy 
consumption in the dwelling stock has been over-estimated in the estimation model. 
However, the estimation of 45.4 TWh is based on weighted monthly mean temperatures 
for a standard year for the period from 1931 to 1960, while the estimations of 40 TWh 
and 38 TWh referred to 1989 and 1990 which were years with extraordinary mild 
winters. 
 
Table 4.6 shows the weighted monthly mean temperatures used in the estimation model 
and the monthly mean temperatures for Blindern Meteorological Station in Oslo for a 
standard year (average for the period from 1931 to 1960), and for 1989 and 1990. The 
monthly mean temperatures at Blindern in Oslo are about the same as the weighted 
temperatures estimated to be average for the entire dwelling stock. A degree-day number 
of 3733 oC·days and a yearly mean temperature of 5.9oC are estimated for Blindern based 
on the monthly mean temperatures for a standard year. The corresponding values 
estimated on the basis of the weighted monthly mean temperatures are a degree-day 
number of 3678 oC·days and yearly mean temperature of 5.8oC. This indicates that the 
temperatures at Blindern can be taken to be representative also for the entire dwelling 
stock. 
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Table 4.7 shows the total energy consumption and associated emissions to air of CO2, 
SO2, NOx and PM from the dwelling stock according to the surveys and statistics 
conducted by Statistics Norway, and calculations made on the stereotypes of houses in 
the estimation model.  
 
 

Table 4.6. Weighted monthly mean outdoor temperatures for the entire country (used in 
the estimation model). Monthly mean temperatures for Blindern Meteorological Station 
in Oslo, for a standard year (average for the period 1931 to 1960), and for the years 
1989 and 1990. Sources: Statistical Yearbook 1990 and 1991 (NOS B921, 1990 and NOS 
B980, 1991). 

Year Monthly mean temperatures (oC) 

 Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.  

Weighted -3.2 -2.9 -0.1 4.2 9.4 13.0 15.6 14.7 10.8 6.1 2.1 -0.7 5.8

Blindern Meteorological Station (Oslo)   

Standard year -4.7 -4.0 -0.5 4.8 10.7 14.7 17.1 15.9 11.3 5.9 1.1 -2.0 5.9

1989 2.3 2.6 3.5 5.1 10.9 15.2 17.0 14.2 11.5 6.4 2.5 -2.7 7.4

1990 0.8 3.4 4.6 6.4 12.4 15.1 16.6 15.9 10.1 6.2 0.1 -1.1 7.5

Table 4.7. Total energy consumption and emissions to air of CO2, SO2, NOx and PM 
from the dwelling stock based on three surveys conducted by Statistics Norway. Rypdal 
(1993) referring to 1990, Ljones et al. (1992) referring to the heating season 1989/1990, 
and SSB (1993) referring to 1990. Estimated total energy consumption and emissions to 
air from the dwelling stock based on the estimation model and different sets of 
temperature data. 

Reference Total energy consumption  Total emissio

 Total Electri-
city 

Fuel oil Fire-
wood 

 CO2 SO2 NOx PM 

 

Statistics Norway surveys 

TWh TWh TWh TWh  Million 
tons 

1 000 
tons 

1 000 
tons 

1 000 
tons 

1990 (Rypdal, 1993)* 39.7 30.3 3.6 5.6  - - - - 
1990 (SSB, 1993) - - - -  1.4 1.6 2.0 12.3 
1989/90 (Ljones et al., 1992) 38.0 28.8 3.7 5.5  - - - - 
The estimation model          
Weighted temperatures 45.4 32.2 5.2 8.0  1.4 1.9 2.3 17.2 
Blindern, standard year 45.8 32.5 5.3 8.1  1.4 1.9 2.3 17.5 
Blindern, 1990 40.5 29.6 4.3 6.6  1.2 1.6 1.9 14.2 
Blindern, 1989/1990 40.0 29.4 4.2 6.5  1.1 1.5 1.9 14.0 
 
*  Some uncertainties are involved in the estimation of fuel oil consumption.  
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The total energy consumption in the dwelling stock is estimated to be 45.8 TWh when 
monthly mean temperatures in a standard year at Blindern are used in the estimation 
model. This estimation is 0.9% higher than the 45.4 TWh estimated when using the 
weighted monthly mean temperatures.  
 
Calculations based on monthly mean temperatures for Blindern from 1990 and from the 
heating season 1989/1990, shows that the estimated total energy consumption in these 
years would be reduced to 40.5 TWh and 40.0 TWh, respectively. The estimation of 40 
TWh for the entire dwelling stock is 5% higher than the estimation of 38 TWh in Ljones 
et al. (1992), and identical to the estimation of 40 TWh in Rypdal (1993). A high degree 
of accuracy therefore seems to be found when the total energy consumption in the 
dwelling stock is estimated on basis of the stereotypes of houses in the estimation model, 
and corrections are made for temperature variations.  
 
4.3.2 Total emissions to air from the dwelling stock 

In the residential sector, only combustion of fossil fuels generates emissions of CO2. 
Table 4.7 shows that the total CO2 emission from stationary combustion in private 
households in 1990 was estimated to be 1.4 million tons in SSB (1993). The total 
consumption of fossil fuels in the dwelling stock was estimated to be 3.6 TWh and 3.7 
TWh in the two other surveys referred to in Table 4.7. Using a CO2 emission factor of 
265 g/kWh (74 g/MJ)10, the associated emissions to air of CO2 from the combustion of 
fossil fuels are calculated to be 0.95 million tons and 1.0 million tons, respectively. 
 
Using monthly 1990-temperatures from Blindern in the estimation model, the total CO2 
emissions are estimated to be 1.2 million tons. This value lies between the estimation of 
1.4 million tons in SSB (1993), and the estimation of approximately 1.0 million ton based 
on Rypdal (1993) and Ljones et al. (1992). The emissions of SO2 estimated on the basis 
of the estimation model correspond well with the numbers from SSB (1993), while the 
emissions of NOx and PM differ slightly.  
 
It should be noted that large uncertainties are involved in the estimations of the total 
energy consumption in the dwelling stock and the associated emissions to air. It should 
also be noted that varying climate (i.e. outdoor temperatures) significantly influence the 
total energy consumption in the dwelling stock as shown in Table 4.7.  
 
 
4.3.3 Conclusions on estimated total energy consumption and emissions 
to air from the dwelling stock   

Based on the stereotypes of houses in the estimation model, the total energy consumption 
in the dwelling stock has been estimated to be 45.4 TWh. This is notably higher than the 
total energy consumption of 38 TWh and 40 TWh, respectively, estimated on basis of  

                                            
10 Based on 3.17 tons of CO2 emitted per ton of fuel combusted, and an energy content of 43 GJ per ton of 

fuel (SSB, 1993). 
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two surveys conducted by Statistics Norway. These two surveys, however, referred to 
1989 and 1990 which were unusually mild years, while average temperatures for the 
period 1931 to 1960 were used in the estimation model.  
 
Temperature data for Blindern Meteorological Station are to a large extent representative 
for the entire dwelling stock. Using data from Blindern for a standard year (average for 
the period from 1931 to 1960) in the estimation model, the energy consumption in the 
dwelling stock is estimated to be 45.8 TWh. This is only 0.9% higher than when using 
weighted monthly mean temperatures for the entire country for the period from 1931 to 
1961. If the mild climate in 1989 and 1990 is taken into account in the estimation model 
by using monthly mean temperatures from Blindern Meteorological Station from 1989 
and 1990, the total energy consumption is estimated to be 40.5 TWh in 1990 and 40.0 
TWh in the heating season 1989/1990.  
 
It may therefore be concluded that a high degree of accuracy is found when the energy 
consumption in the entire dwelling stock is estimated on basis of the stereotypes of 
houses in the proposed estimation model. Also the estimated total emissions of CO2, 
SO2, NOx and particulate matter from the estimation model correspond well with data 
from surveys and statistics performed by Statistics Norway. 
 
 
 
4.4 SIGNIFICANCE OF SOME PARAMETERS DESCRIBING THE 
STEREOTYPES OF HOUSES  

This section discusses the significance of some important parameters that have been used 
to estimate the energy consumption the stereotypes of houses and the associated 
emissions to air of environmentally harmful gases. The significance of the different 
parameters is studied by calculating the relative change in total energy consumption and 
CO2 emissions from the dwelling stock by a relative change in the parameters. The basic 
parameters defined for the stereotypes of houses in Chapter 3 are used as reference values 
in the calculations. These reference values (0% alteration) are shown in Table 3.44 to 
Table 3.46 in Chapter 3.  
 
In the following, the significance of the following parameters are discussed: 
 
• U-values of the outer constructions, 
• window area, 
• rate of air exchange, 
• indoor temperature, 
• internal gain, 
• energy consumption used for water heating. 
 
Weighted monthly mean temperatures for a standard year for the period from 1931 to 
1960 are used to calculate the significance of the different parameters on energy 
consumption and CO2 emissions. Only emissions of CO2 are studied since the influence 
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of varying parameters on the emissions of SO2, NOx and PM is practically proportional 
to the influence on the emissions of CO2. 
 
 
4.4.1 Significance of U-values 

Figure 4.1 shows the influence of altered U-values in the outer constructions of the 
stereotypes of houses on the estimated total energy consumption and CO2 emissions from 
the dwelling stock. The variation of the U-values and the relative change in total energy 
consumption and CO2 emissions are all expressed as percent. The U-values are shown for 
a variation of ± 20%.  
 
From Figure 4.1 it is seen that the estimated total energy consumption will be reduced by 
approximately 12% if all U-values defined for the stereotypes of houses are reduced by 
20% in the estimation model. Similarly, if all U-values are increased by 20%, the 
estimated total energy consumption will increase by 13%. In average, the estimated 
energy consumption in the dwelling stock change by approximately 0.6% for each 
percent the U-values are altered. 
 
 

 
 
The influence of altered U-values is larger for CO2 emissions than for energy 
consumption. The reason for this is that only hydroelectricity is used in Norway, and 
therefore, no emissions of CO2 are associated with the use of electricity for space 
heating, lighting and equipment. Since no emissions of CO2 are accounted wood-firing,  
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Figure 4.1. Relative change in the estimated total energy consumption and CO2 
emissions from the dwelling stock, by altered U-values defined for the stereotypes of 
houses in the estimation model. Expressed in percent.  
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all emissions of CO2 from dwellings are caused by the combustion of fossil fuels (heating 
oil and paraffin) in the heating systems. The emissions of CO2 (as well as the emissions 
of SO2, NOx and PM) change by approximately 1% for each percent the U-values are 
altered from the reference values.  
 
 
4.4.2 Significance of window area 

Figure 4.2 shows how the total energy consumption and CO2 emissions are affected by 
altered window areas. The significance of the window areas is shown for a variation of 
±50% from the reference values. These reference values are 20% window area relative to 
floor area for houses constructed before 1956, and 15% window area relative to floor area 
for houses constructed in 1956 or later. Figure 4.2 shows that the energy consumption 
and CO2 emissions change by approximately 0.10% and 0.14%, respectively, for each 
percent the window areas are altered.  
 
 

 
 
The influence of the windows area on the total energy consumption and emission is 
therefore small. Even for a variation of ± 50% of the window area, the total energy 
consumption and total CO2 emission change by only 4% and 7%, respectively. 
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Figure 4.2. Relative change in the estimated total energy consumption and CO2 
emissions from the dwelling stock, by altered window areas defined for the stereotypes of 
houses in the estimation model. Expressed in percent. 



Estimated total energy consumption and emissions to air from the dwelling stock 

 105

4.4.3 Significance of rate of air exchange 

The rate of air exchange found in houses may vary significantly. Figure 4.3 shows the 
estimated energy consumption and CO2 emissions for a variation in the rates of air 
exchange of ± 40% from the reference values. The estimated energy consumption will 
decrease by 11% if the rates of air exchange are reduced by 40%. Similarly, the energy 
consumption will increase by 13% if the rates of air exchange are increased by 40%. In 
average, the estimated energy consumption in the dwelling stock change by 0.3% for each 
percent the rates of air exchange are altered.  
 
 

 
 
The influence of altered rates of air exchange on the emissions of CO2 is greater than on 
the energy consumption. The emissions of CO2 change by approximately 0.45% for each 
percent the rates of air exchange in the stereotypes of houses are altered.  
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Figure 4.3. Relative change in the estimated total energy consumption and emissions of 
CO2 from the dwelling stock, by altered rates of air exchange defined for the stereotypes 
of houses in the estimation model. Expressed in percent. 
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4.4.4 Significance of indoor temperatures 

The indoor temperature is the most important parameter for the estimated total energy 
consumption and emissions to air from the dwelling stock. Figure 4.4 shows the relative 
influence of altered indoor temperatures on the total estimated energy consumption and 
CO2 emissions. The indoor temperatures are shown for a variation of ±10% (about ±2oC) 
from the reference values.  
 
It is seen that the estimated energy consumption will be reduced by approximately 11% if 
the indoor temperatures used in the calculations are reduced by 10%. Similarly, if the 
indoor temperatures are increased by 10%, the estimated total energy consumption will 
be 13% higher. In average, the estimated total energy consumption in the dwelling stock 
change by approximately 1.2% for each percent the indoor temperatures are altered. The 
determination of the indoor temperatures to be used in the estimation model is therefore 
crucial for the estimated energy consumption. 
 
 

 
 
The indoor temperature used in the calculations is also crucial for the emissions of CO2. 
Figure 4.4 shows that the emissions of CO2 change by approximately 2% for each 
percent the indoor temperatures are altered. 
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Figure 4.4. Relative change in the estimated total energy consumption and CO2 
emissions from the dwelling stock, by altered indoor temperatures defined for the 
stereotypes of houses in the estimation model. Expressed in percent. 
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4.4.5 Significance of internal gains 

The reference values on internal gains are 3.0 W/m2 for lighting, 1.4 W/m2 for persons, 
and 2.7 W/m2 for equipment. These values, which are taken from NS 3031 (1987), 
correspond with a total internal gain of approximately 60 kWh/m2 per year. 
 
Figure 4.5 shows the estimated energy consumption and CO2 emissions from the 
dwelling stock for a variation in internal gains of ±100% from the reference values. The 
energy consumption increase by 5% when the internal gains from lighting, persons and 
equipment are assumed to be -100% (i.e. no internal gains). When the internal gains are 
assumed to be +100% (i.e. doubled internal gain values), the estimated energy 
consumption is 1% higher than if using the reference values. 
 
From the assumption of no internal gains (-100%), the curve for the total energy 
consumption decline by increasing internal gains. The curve levels off when the internal 
gains are at the level of the reference values, and thereafter shows a small increase for 
increasing internal gains.  
 
 

 
 
There are two reasons why the total energy consumption decrease by increasing internal 
gains when the internal gains are small. The first reason is the heat gain from persons 
contributes to the heating of the house. This heat gain from persons is considered "free" 
and is thus not included in the estimated total energy consumption. Increasing heat gain 
from persons will therefore reduce the estimated heating requirement of the house.  
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Figure 4.5. The relative change in the total energy consumption and emissions of CO2 
from the dwelling stock, by altered internal gains from lighting, persons and equipment 
defined for the stereotypes of houses in the estimation model. Expressed in percent. 
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The other reason is that using the internal gains as heating source is often more efficient 
than using oil-heating and wood-firing. The efficiency of oil-heating and wood-firing is 
assumed to be 0.65 and 0.75, respectively, while close to 100% of the electricity used for 
lighting and equipment may be assumed utilised for useful heating purposes when the 
internal gains are low. Increasing internal gains, reduce the heating requirement of the 
house, and consequently reduce the need for low efficient oil-heating and wood-firing. 
When the internal gains are more than 50% higher than the reference values, less internal 
gain is utilised for useful heating purposes, and the total energy consumption therefore 
increases.  
 
The internal gain values are of minor importance for the estimated total energy 
consumption in the dwelling stock, but of large importance for the estimated emissions of 
air pollutants. The dotted curve in Figure 4.5 shows how varying internal gains influence 
the estimated emissions of CO2. It is seen from Figure 4.5 that the emissions of CO2 
rapidly decrease by increasing internal gain. The reason for this is that increased heat 
gain from lighting and equipment reduce the need for combustion of fuel oil in the 
heating systems.  
 
Thus, it can be concluded that the assumptions on internal gain values are of little 
importance for the estimated total energy consumption, but of great importance for the 
estimated emissions to air of CO2, SO2, NOx and PM. 
 
 
4.4.6 Significance of water heating 

The energy used for water heating is calculated in addition to the energy consumption 
calculated for space heating, lighting and equipment. The energy used for water heating is 
assumed not to influence the heating requirement of the houses. Thus, as shown in Figure 
4.6, the total energy consumption increases linearly by increasing water heating. Further, 
as a simplification in the estimation model, only electricity is assumed used for water 
heating. The emissions of CO2, SO2, NOx and PM are therefore not affected by altered 
energy consumption used for water heating. 
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The change in total estimated energy consumption is limited for altered values on water 
heating in the stereotypes of houses. The energy consumption increase by 8% when the 
values on water heating are increased by 50%. In average, the estimated energy 
consumption in the dwelling stock change by approximately 0.16% for each percent the 
energy consumption used for water heating is altered. 
 
 
4.4.7 Conclusions on the significance of different parameters describing 
the stereotypes of houses 

In this section, the significance for the total estimated energy consumption and CO2 
emissions from the dwelling stock of varying input parameters in the estimation model 
has been studied. The parameters studied were U-values of the outer constructions, 
window area, rate of air exchange, indoor temperature, internal gains and energy 
consumption used for water heating. 
 
Table 4.8 shows the influence of altered parameters on the total estimated energy 
consumption and CO2 emissions from the dwelling stock. The influence is larger for the 
total CO2 emissions than for the total energy consumption. The reason for this is that 
only hydroelectricity is used in Norway, and therefore, no CO2 is emitted when 
electricity is used for space heating, lighting and equipment. Since no CO2 emissions are 
accounted wood-firing, all CO2 emissions from dwellings are caused by the combustion 
of fossil fuels (heating oil and paraffin) in the heating systems. 
 
Thus, when the heating requirement of a house is reduced by a certain percent, the 
emissions of CO2 are reduced by the same percent. The overall energy consumption, 
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Figure 4.6. Relative change in the estimated total energy consumption in the dwelling 
stock, by altered energy consumption used for water heating of the stereotypes of houses 
in the estimation model. Expressed in percent. 
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however, is not reduced by the same percent since electricity is also used for lighting, 
equipment and water heating. 
 
 

 
 
Table 4.8 further shows that the indoor temperature is the single most important 
parameter for the estimated total energy consumption and CO2 emissions from the 
dwelling stock. In average, the estimated energy consumption and CO2 emissions change 
by about 1.2% and 1.9%, respectively, for each percent the indoor temperatures are 
altered from the reference temperatures. 
 
The influence of one percent alteration in the U-values is about half of the influence of 
one percent alteration in the indoor temperatures. For the other parameters, the influence 
is less on the estimated total energy consumption and CO2 emissions. However, it should 
be noted that the uncertainties in determining these other parameters are larger than for 
the U-values of the outer constructions and the indoor temperatures. Consequently, even 
though the influence of one percent increase or decrease in these other parameters is 
small, the overall influence of the parameters can be large because of their large variation 
range. 
 
 

Table 4.8. Influence on total estimated energy consumption and CO2 emissions from the 
dwelling stock by altered input parameters in the estimation model. 

Parameter Total estimated energy consumption 
by altered parameters 

 Total estimated emissions of CO2 
by altered parameters 

 -10% 0% +10%  -10% 0% +

 TWh Diff. TWh TWh Diff.  Million 
tons 

Diff  Million 
tons 

Million 
tons 

Diff.  

U-values 42.6 -6% 45.4 48.2 +6%  1.24 -10% 1.38 1.51 +10% 
Window area 45.0 -1% 45.4 45.8 +1%  1.34 -1% 1.38 1.40 +1% 
Rate of air exchange 44.1 -3% 45.4 46.7 +3%  1.31 -5% 1.38 1.44 +5% 
Indoor temperatures 40.2 -11% 45.4 51.1 +13%  1.13 -18% 1.38 1.65 +20% 
Internal gain 45.5 +0% 45.4 45.3 -0%  1.43 +4% 1.38 1.33 -4% 
Water heating 44.6 -2% 45.4 46.1 +2%  1.38 - 1.38 1.38 - 
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Chapter 5 

Proposed method for life cycle assessment of 
alternative energy saving measures 
 
 
 
 
SUMMARY 

In this chapter, a calculation method is proposed for assessment of energy saving 
measures performed in houses. The assessment is based on a "cradle-to-grave" approach 
which includes the production stage, the operation stage and the final removal stage. The 
assessment is further based on four accounts; materials account, energy account, 
emissions account and economic account. 
 
The final assessment is based on an integrated economic assessment, where monetary 
values can be assigned to the consumption of energy and resources, and to the emissions 
to air of environmentally harmful gases. This way it is possible to estimate the 
profitability of alternative measures for different levels of additional taxation ("green 
taxation") laid upon the prices of energy, materials and emissions to air. 
 
 
 
5.1 INTRODUCTION  

In this chapter, a method is presented for assessments of additional thermal insulation 
measures that may be performed in Norwegian houses. The method is based on a life 
cycle approach, including the production stage, the operation stage and the final removal 
stage. Moreover, environmental issues such as energy consumption and emissions to air 
of environmentally harmful gases are taken into account in the assessment. 
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Additional thermal insulation of the outer constructions of houses can be characterised by 
several factors, such as: 
 
• few alternative improvement measures are available, 
 
• few building materials are involved and the resource consumption during the 

production stage is relatively small,  
 
• the initial costs (investments) are large and the obtained benefits (energy savings) are 

uniformly distributed over a long time period, 
 
• the energy consumption and emissions to air of environmentally harmful gases during 

the production stage are normally small compared to the savings obtained during the 
operation stage, 

 
• the profitability of the measures is limited since the value of future energy savings is 

severely reduced because of the discounting process. 
 
From an environmental point of view, additional thermal insulation of Norwegian houses 
may be assumed favourable since the total energy savings and emissions reductions 
obtained during the operation stage are much larger than the energy consumption required 
to produce the building materials (Myhre and Haavaldsen, 1994). Consequently, in an 
evaluation solely based on environmental aspects, the main question is not to establish 
whether the measures are environmentally favourable or not, but to identify the most 
environmentally favourable measure. 
 
But, despite the fact that additional thermal insulation measures may be assumed to be 
environmentally favourable, they are not likely to be performed as long as the economic 
profitability is low or lacking. It is therefore very important from an environmental point 
of view to increase the number of additionally insulated houses by improving the 
profitability of the insulation measures. 
 
The following sections describe the calculation method and the procedure for calculating 
the consumption of materials and energy, the emissions to air, and the economic costs 
associated with the life cycle of the improved constructions. 
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5.2 PROPOSED ASSESSMENT METHOD FOR ADDITIONAL 
THERMAL INSULATION MEASURES 

The proposed assessment method for additional thermal insulation measures is based on a 
life cycle approach which includes the production stage, the operation stage and the final 
removal stage. Further, the method is based on four accounts as shown in Figure 5.1. The 
issues considered in these four accounts are the:  
 
• consumption of materials,  
• consumption of energy,  
• emissions to air of environmentally harmful gases,  
• economic costs. 
 
The final assessment is based on the economic account, where the profitability of the 
different additional insulation alternatives is estimated on the basis of the net present 
value (NPV) of the total costs arising at each stage of the life cycle. In these estimations, 
it is also possible to include the effect on the profitability of additional taxes ("green 
taxation") laid upon the prices of energy, materials and emissions to air of 
environmentally harmful gases. 
 
 
 

 
 

 
Materials 
account 

Energy 
account 

Emissions 
account 

 Economic 
account 

 

Production stage  Σ Mprod Σ Qprod Σ Eprod  Σ NPVprod 

 
Operation stage Σ Moper Σ Qoper Σ Eoper  Σ NPVoper 

Removal stage Σ Mrem Σ Qrem Σ Erem  Σ NPVrem 

      

Total Σ Mtot Σ Qtot Σ Etot  Σ NPVtot 

 
 
Figure 5.1. The four accounts of the assessment method. 
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5.2.1 Materials account 

The total consumption of material i is calculated as: 
 
SMi,tot = SMi,prod + SMi,oper + SMi,rem  (Equation 5.1) 
 
where: 
 SMi,prod  is the total consumption of material i during the production stage, 
 SMi,oper  is the total consumption material i during the operation stage, 
 SMi,rem  is the total consumption material i during the removal stage. 
 
The types of materials taken into account in the calculations are determined by the 
building improvement measure considered. Only the main materials are taken into 
account.  
 
 
5.2.2 Energy account 

The total consumption of energy source i during the life cycle is calculated as: 
 
SQi,tot = SQi,prod + SQi,oper + SQi,rem  (Equation 5.2) 
 
where: 
 SQi,prod  is the total consumption of energy source i during the production stage , 
 SQi,oper  is the total consumption of energy source i during the operation stage, 
 SQi,rem  is the total consumption of energy source i during the removal stage. 
 
Three energy sources are considered in the calculations; electricity, fossil fuels and 
firewood. Only hydroelectricity is used in Norway, and the Norwegian forestry is 
sustainable (the harvesting does not exceed the growth of wood). Thus, both electricity 
and firewood are renewable energy sources in Norway (SSB, 1993). 
 
 
5.2.3 Emissions account 

The total emissions to air of substance i during the life cycle are calculated as: 
 
SEi,tot = SEi,prod + SEi,oper + SEi,rem (Equation 5.3) 
 
where: 
 SEi,prod  is the total emissions to air of substance i during the production stage, 
 SEi,oper  is the total emissions to air of substance i during the operation stage,  
 SEi,rem  is the total emissions to air of substance i during the removal stage. 
 
Four types of emissions to air are taken into account in the calculation method. These are 
carbon dioxide (CO2), sulphur dioxide (SO2), nitrous oxides (NOx) and particulate matter 
(PM). As referred to in Appendix A, Norway has reduction targets for the emissions of 
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CO2, SO2 and NOx, while there are no reduction targets for the emissions of PM. For 
CO2, there is a national goal of stabilising the total emissions on a 1989-level within year 
2000. For SO2, there is an international obligation of reducing the emissions by 76% 
within year 2000, using 1980 as year of reference, and for NOx there is a national goal of 
reducing the emissions by 30% within year 1998, using 1986 as year of reference (SSB, 
1993).  
 
 
5.2.4 Economic account 

The net present value method is used to calculate the total costs of the different building 
improvement measures. When using the net present value method, the value of future 
benefits and costs are adjusted to today's value. This adjustment is known as discounting. 
The rationale of discounting is briefly described in Appendix C. The profitability criteria 
commonly applied to investment alternatives is that the net present value (NPV) of 
investments and future savings and costs must be positive.  
 
The net present value of costs and benefits occurring during the entire life cycle is 
calculated as: 
 
SNPVtot = SNPVprod + SNPVoper + SNPVrem  (Equation 5.4) 
 
where: 
 SNPVprod  is the net present value of the total production costs, 
 SNPVoper  is the net present value of the total operation costs, 

SNPVrem  is the net present value of the total costs associated with the removal of the 
building at the end of the service life. 

 
The net present value of costs and benefits occurring at a specified point of time into the 
future is given as: 
 
NPV = Cn · (1 + r)-n  (Equation 5.5) 
 
where: 
 NPV is the net present value, 
 Cn is the estimated cost in year n, 
 r is the discount rate(real rate of return) used in the calculations, 
 n is the number of years into the future when the costs and benefits occur. 
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The net present value of uniformly recurring costs and benefits over the service life can 
be calculated as: 
 

NPV = C · 
1 - (1 + r)-n

r  (Equation 5.6) 

 
where: 
 NPV is the net present value, 
 C is the annually recurring cost or benefit, 
 r is the discount rate, 
 n is the service life in years. 
 
 
5.2.5 Short description of the life cycle stages  

The life cycle of building materials and building components includes three stages;  
 
• the operation stage,  
• the production stage, 
• the removal stage at the end of the service life. 
 
Production stage 
The production stage includes several processes, such as extraction of raw materials, 
transportation of raw materials to the factory, production of building materials, 
transportation of building materials from factory to building site, and construction works 
at the building site. 
 
The investment costs, which are the costs associated with these processes, include energy 
and material costs, labour costs and overhead costs (including value-added tax).  
 
In this study, most information on energy consumption and emissions to air of 
environmentally harmful gases associated with the production of building materials are 
taken from a project conducted by the Norwegian Building Research Institute (Fossdal, 
1995). Fourteen Norwegian manufacturers of building materials participated in this 
project, covering the following materials: cement/concrete/mortar, light expanded clay 
aggregate concrete blocks, timber, aluminium, steel, chipboard/fibreboard, gypsum board, 
fibrous thermal insulation materials (rock wool, glass wool and cellulose insulation), 
polyurethane, windows, roofing materials and PVC. The data from this project include 
the energy consumption and emissions to air of CO2, SO2, NOx and PM associated with 
the extraction of raw materials, transportation of raw materials, production of building 
materials, transportation of building materials to the building site, and construction of the 
buildings. 
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Operation stage (service life) 
The operation stage, including maintenance and refurbishment works, is defined to be 
equal to the service life of the studied building or building component. Input factors from 
the production stage, such as energy consumption and emissions to air associated with the 
production of the materials, are paid off by the savings obtained during the service life.  
 
Hence, the longer service life used in the calculations, the more favourable the 
improvement measures turn out to be. For the energy and emissions accounts, total 
energy savings and emission reductions during the service life may be assumed 
proportional with length of this period. For the economic account, on the other hand, the 
discounting process significantly reduce the net present value of costs and benefits 
occurring in the far future. As a result of this, longer service lives will have little 
influence on the economic profitability of the improvement measures. 
 
Removal stage 
The removal stage includes the demolition works, the transportation of the building waste 
materials from the demolition site to the waste treatment site, and the final treatment of 
the building waste materials. This treatment may be either reuse or recycling, incineration 
or deposition on a waste disposal site. During the waste treatment, the benefits of utilising 
the waste materials for useful purposes can be accounted. Examples of such benefits are 
recycling which reduces the need for the extraction of raw materials, and energy 
recovering which utilises the inherent energy content in the materials. 
 
 
 
5.3 DISCUSSION OF THE ISSUES INCLUDED AND THE 
WEIGHTING PROCEDURE APPLIED 

The proposed method for assessments of additional thermal insulation measures is based 
on a simplified interdisciplinary assessment approach, where only four aspects are 
considered; the materials consumption, the energy consumption, the emissions to air and 
the total economic costs. The final assessment is based on the economic profitability of 
the measures. 
 
Even though it may seem preferable to include a large number of interdisciplinary issues 
in the assessment, such comprehensive assessments are seldom performed. One reason 
for this may be that it is not relevant or important for the overall assessment to include 
many issues. Another reason may be that there is a lack of available information on some 
of the issues. Further, an increased number of interdisciplinary issues included in the 
assessment consequently also increases the problems of weighting the relative importance 
of the different issues, as well as it makes the assessment more time consuming and thus 
costly to perform. 
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5.3.1 Relevance of the issues included in the proposed assessment 
method 

For the assessment of alternative additional thermal insulation measures that may be 
performed in Norwegian houses, the most important environmental issues may be 
assumed being the energy consumption and the emissions to air from fuel combustion. 
The energy consumption and the emissions to air of CO2, SO2, NOx and PM are 
therefore included in the assessment. In addition, also the materials consumption and the 
total economic costs associated with the additional thermal insulation measures are 
included as explained in the following.  
 
Materials account 
The materials account is probably the account of least importance for the overall 
assessment of additional thermal insulation measures. The reason for this is that scarcity 
of resources may not be used as an argument against the use of the most common 
building materials required; namely mineral wool, wood and plaster. 
 
Energy account 
In the energy account, the consumption of electricity, fuel oil and firewood are taken into 
account. Since it is easier to discuss the energy consumption referring to one single 
energy parameter, the total energy consumption only is often stated. Also, since the use of 
one energy source in many cases may be substituted by the use of another energy source, 
it is not of large importance for the overall assessment which energy source is used. For 
the emissions to air, however, the type of energy used is of large importance. 
 
Emissions account 
The emissions to air taken into account in the assessment are emissions of CO2, SO2, 
NOx and PM. These emissions are all considered being harmful to the environment. 
There are abatement goals in Norway for the emissions of CO2, SO2 and NOx (see 
Appendix A), while there are no targets for the emissions of PM. CO2 is the most 
important anthropogenic greenhouse gas and the emissions of CO2 thus have global 
consequences. The emissions of SO2 and NOx, which are important sources for acid rain, 
have regional consequences. In addition, NOx emissions contribute to the formation of 
photo chemical oxidants which is also a regional problem.  
 
The emissions of particulate matter (PM) have local consequences. PM10, which are 
defined as particles smaller than 10 mm, are inhaled far down into the respiratory 
passages. Small particles contain a large share of toxic substances, such as polycyclic 
aromatic hydrocarbons (PAHs) having carcinogenic effects. Particles also represent an 
aesthetic problem (Miljøverndepartementet, 1994). However, uncertainties are involved 
in the information on PM10 gathered from various sources. For instance, statistics 
performed by Statistics Norway refer to PM resulting from combustion processes only, 
and do not consider asphalt dust from road traffic or PM originating from industrial 
processes. In addition, it is also often uncertain whether data on emissions of PM refer to 
PM10 only, or include larger particles. Large uncertainties may therefore be involved 
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when using data on emissions of particulate matter from different sources. In the 
assessment, emissions of PM are taken into account since wood-firing in households is 
the main contributor to the total emissions of PM in Norway. 
 
Economic account 
Economic aspects are very important for additional thermal insulation measures since the 
profitability often is the main reason for these measures to be performed. Another reason 
for the importance of economic aspects is the fact that economic instruments based on the 
"Polluter-Pays-Principle" are the main instruments of the environmental policy in 
Norway. Consequently, economic aspects enter into as a natural part of environmental 
assessments of energy saving measures in houses. 
 
 
5.3.2 Discussion of the weighting procedure used in the proposed 
assessment method 

In the proposed assessment method, the final evaluation of the additional thermal 
insulation measures is based on the economic profitability of the measures. Consequently, 
the weighting of the different issues is based on the monetary value of the issues. In this 
weighting part, no efforts are made to quantify the real economic value of the 
environmental effects associated with the additional thermal insulation measures. Instead, 
it is possible to include the effect on the profitability of for instance increased energy 
prices and enhanced emission charges on environmentally harmful gases. Thus, the 
proposed assessment method is more an economic assessment method where the effect of 
environmental taxation ("green taxation") can be included, rather than an environmental 
assessment method. 
 
One reason for basing the final evaluation on the economic profitability, and thus the 
weighting on monetary valuation, is that the Norwegian Government is basing the 
environmental policy on economic instruments and the "Polluter-Pays-Principle". It is 
therefore important to study how the application of various economic instruments will 
influence on the profitability of additional insulation measures. 
 
Another, more pragmatic reason for basing the final evaluation on the economic 
profitability, is the simple fact that there at present (1995) exists no generally accepted 
method for weighting the importance of interdisciplinary issues. The reason for this is 
that the importance of different issues often is perceived differently, both by individuals 
and by societies. This element of subjectivity involved in the weighting step in the 
assessment methods, is therefore a constantly recurring problem for the development of 
generally accepted interdisciplinary assessment methods.  
 
A brief survey on environmental policy instruments, life cycle analysis methods and 
monetary valuation techniques, is presented in Appendix B. 
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5.3.3 Description of some relevant issues not included in the proposed 
assessment method 

The proposed assessment method focuses on energy consumption, emissions to air and 
economic costs. A large number of other issues, however, could have been included in 
the assessment method. Examples of such issues are social, technical, aesthetic and 
political effects, as well as a vast number of other environmental effects. For several 
reasons, these issues are not included. In the following, some issues and effects that could 
have been included in the assessment are listed with the reason for not including them. 
 
A large number of other environmental issues than global warming (CO2), acidification 
(SO2 and NOx), formation of photo chemical oxidants (NOx) and local air pollution (PM) 
could have been included in the method. For additional thermal insulation measures, 
however, most of the other issues may be regarded being of limited importance and thus 
not included. Lack of data is another reason for not including some of the issues. 
Examples of environmental issues neglected because of lack of data, are emissions to 
ground and water resulting from the depositing of building waste materials on disposal 
sites. 
 
Indoor climate effects are not included in the assessment, even though additional thermal 
insulation measures may be expected to have some influence on the indoor climate. The 
air leaks may be reduced since the air-tightness of the building envelope is often 
improved as a result of the insulation measures. The thermal comfort of the inhabitants 
may also increase as a result of increased indoor surface temperatures of the improved 
outer constructions, and a more uniform temperature distribution may be attained within 
the improved house. Also the sound insulation of the outer constructions may be 
improved. However, it is difficult to quantify the overall effect on the indoor climate of 
additional insulation measures, and therefore indoor climate effects are neglected in the 
assessment. 
 
Technical issues, such as durability factors influencing the service life of the improved 
constructions, could have been included. But, they are regarded of minor importance for 
the overall assessment, as well as limited data exist which could have been used. 
Technical issues are therefore not considered. 
 
Aesthetic issues can be important for refurbished façades since the appearance of the 
building may be notably affected by the additional thermal insulation measures. 
However, these issues are very difficult to quantify and therefore not included in the 
assessment. 
 
Political issues could have been included since the energy consumption and the 
environmental load from the residential sector, as well as the energy prices households 
have to pay, are important political questions. However, political issues are almost 
impossible to include in quantitative assessments, and therefore not included in the 
assessment.  
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Chapter 6 

Assessment of additional thermal insulation of 
the walls of a detached block of flats 
 
 
 
 
 
SUMMARY 

In this chapter, the proposed assessment method is used to assess some additional 
insulation alternatives of a detached block of flats. The outer walls are assumed 
additionally insulated using high-density rock wool with steel reinforcement mesh and 
plaster. Three additional insulation alternatives (+60 mm, +100 mm and +150 mm 
thermal insulation) are compared to an unimproved alternative. The assessment is 
further based on a calculation period of 30 years, an energy price of NOK 0.47 per kWh 
and a net discount rate of 7%. 
 
The +150 mm alternative seems to be the most environmentally favourable alternative 
since this alternative provides the largest energy savings and emission reductions during 
the life cycle of 30 years, with an exception for the NOx emissions where the +100 mm 
alternative shows the largest reductions.  
 
The net present value of the total life cycle costs is lowest for the unimproved alternative. 
Consequently, this alternative is the most profitable, and thus the preferable alternative 
for the given presumptions. To be profitable compared to the unimproved alternative, the 
+100 mm alternative require a minimum energy price of NOK 0.52 per kWh, while the 
+60 mm and +150 mm both require a minimum price of NOK 0.54 per kWh. 
 
 
 
6.1 INTRODUCTION 

In Chapter 5, a method for assessing additional thermal insulation measures based on a 
life cycle perspective was presented. This method was based on four accounts; a 
materials account, an energy account, an emissions account, and an economic account. 
The final assessment was based on the economic account where economic values could 
be assigned to the emissions to air of environmentally harmful gases, to the consumption 
of resources and non-renewable energy sources, and to the deposition of waste materials.  
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In this chapter, the assessment method is used to assess additional thermal insulation of 
the external walls of a selected detached block of flats.  
 
 
 
6.2 PRESENTATION OF THE CASE STUDY 

Additional thermal insulation reduce the heating requirement and total energy 
consumption of houses since the transmission heat loss through the outer constructions is 
reduced. The energy savings obtained by performing additional thermal insulation 
measures in houses may be assumed uniformly distributed over the entire service life of 
the improved construction, and thus proportional with the length of this period.  
 
 
6.2.1 Description of the case study house 

In Chapter 3, a four storey detached block of flats with 24 dwellings was defined as the 
stereotype of house for large houses constructed between 1956 and 1970 (see Figure 6.1). 
In the following, additional thermal insulation of the external walls of this stereotypes of 
house is used as basis for the case study. 
 
The walls are assumed made of concrete with 100 mm autoclaved aerated concrete as 
thermal insulation. The house is defined to have base dimensions of 10.0 m × 44.4 m, a 
total dwelling area of 1632 m2 (24 dwellings of 68 m2 each), and a total common area 
(stair rooms) of 144 m2. The average indoor temperature is assumed to be 20.6oC and the 
rate of air exchange is set to be 0.3 h-1. Further, 69% of the heating requirement is 
assumed covered by electric heating, 24% by oil-heating and 7% by wood-firing. These 
values are average values for the entire group of dwellings the stereotype of house 
represents (see Chapter 3). The outer constructions of the house are described in Table 
6.1. 
 

 

Large house 1956 - 1970 
 

 
 
Figure 6.1. Detached block of flats constructed between 1956 and 1970 used as basis for 
the case study. 
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6.2.2 Additional thermal wall insulation alternatives 

The thermal insulation of the external walls of the block of flats is assumed improved by 
using a commercially available system named the "Serporock-system". Four additional 
thermal insulation alternatives are studied. These four alternatives are:  
 
• a "maintenance" alternative with unimproved thermal insulation, U-value 0.8 W/m2K, 
• +60 mm thermal insulation, U-value 0.38 W/m2K, 
• +100 mm thermal insulation, U-value 0.30 W/m2K, 
• +150 mm thermal insulation, U-value 0.25 W/m2K. 
 
Using the "Serporock-system", a layer of high-density mineral wool is attached to the 
outside of the walls using steel reinforcement mesh and special fixing bolts. The walls are 
then plastered, giving a weather-proof and durable coating, see Figure 6.2.  
 

 

Table 6.1. Description of the outer constructions of the stereotype of house defined for 
dwellings in large houses constructed between 1956 and 1970. The building is defined to 
be a four storied detached block of flats with 24 dwellings. 

Construction Area U-value Type of construction 

 m2 W/m2K  
Walls 989 0.8 Concrete walls with 100 mm aerated concrete. 
Floors 444 0.38 Concrete floor with sleepers and 50 mm mineral wool, 

U-value 0.63 W/m2. Unheated basement with 
basement walls with 75 mm wood wool cement. 

Ceilings 444 0.32 Concrete with 100 mm mineral wool and cold, levelled 
up wooden roof. 

Windows 266 2.8 Window area equal to 15% of total floor area. Double 
glazing. 

 
 
Figure 6.2. The Serporock-system for additional thermal insulation of walls. 
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The consumption of mineral wool (rock wool, density 110 kg per m3) is assumed 
proportional to the thickness of the thermal insulation layer, while the consumption of 
plaster and reinforcement mesh is assumed to be the same for the three additional 
insulation alternatives. Mortar with a density of 2000 kg per m3 is assumed used in the 20 
mm layer of plaster. Further, the reinforcement mesh is made of 1.1 mm galvanised steel 
threads with 19 mm meshes. The fixing bolts are neglected in the following assessment. 
 
 
 
6.3 IMPORTANT PRESUMPTIONS FOR THE ASSESSMENT 

A number of important presumptions have to be made in the assessment of the additional 
thermal insulation measures. The following issues are discussed in this section: 
 
• some presumptions for the estimated energy savings and emission reductions, 
• service life of the improved constructions, 
• some economic premises. 
 
 
6.3.1 Some presumptions for the estimated energy savings and emission 
reductions 

A number of parameters may influence the actual energy savings and emission reductions 
obtained by performing a certain additional thermal insulation measure. Examples of such 
parameters are U-values of the existing constructions, climate conditions, indoor 
temperature, internal gains, rate of air exchange and type of heating in the house. These 
parameters commonly differ from one house to another. A certain thermal insulation 
measure performed in one house may therefore result in different energy saving as 
compared to another house.  
 
In addition, many parameters may differ from before and after the additional thermal 
insulation measures have been performed. If this is not taken into account, the measured 
savings may diverge from the predicted savings. In the following, the influence of some 
important parameters on the predicted and measured energy savings and emission 
reductions is described. The parameters described are the indoor temperature, the relative 
importance of the heating sources, and the rate of air exchange in the house. 
 
Indoor temperature 
In this study, the indoor temperature is assumed not affected by the additional thermal 
insulation measures. The indoor temperature is therefore assumed to be 20.6oC both for 
the unimproved and the improved house. 
 
However, the indoor surface temperature increase when the thermal insulation of the 
outer constructions of a house is improved. The radiation heat loss of persons towards  
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these surfaces is therefore reduced. As a result of this, the indoor temperature may be 
reduced in additionally insulated houses without reducing the thermal comfort of the 
inhabitants. 
 
On the other hand, the indoor temperature is often low in poorly insulated houses since it 
is costly or even difficult for the inhabitants to keep the indoor temperature at a 
comfortable level. After additionally insulating the house, it is cheaper and easier to attain 
a comfortable indoor temperature. The inhabitants therefore more often increase the 
indoor temperature to increase the thermal comfort instead of reducing the temperature. 
Therefore, too large energy savings may be estimated if this effect of thermal comfort 
increase is not considered11.  
 
However, today, relatively few houses may be assumed being poorly insulated. Most 
houses therefore have an indoor temperature close to or equal to the desired temperature, 
and a possible increase in the indoor temperature after performing thermal insulation 
measures is likely to be small. It is also very difficult to quantify this effect of increased 
thermal comfort. For the current energy price level, the inhabitants may choose to 
increase the indoor temperature by a certain degree, but will they do it for significantly 
increased energy prices? 
 
Relative importance of the heating sources in the house 
As a simplification in this study, the relative importance of the heating sources is 
assumed not affected by the additional insulation measures. In practice, however, the 
relative importance of the different heating sources may be affected. Wood-firing, for 
instance, is often used as additional heating source in cold periods when the heating 
requirement is large. The relative importance of wood-firing may therefore be assumed to 
decrease when additional insulation reduce the heating requirement of the house. Altered 
relative importance of the different heating sources will have rather small effect on the 
total energy consumption of the house, but it may significantly affect the emissions of 
environmentally harmful gases that are resulting from the combustion of fossil fuels and 
firewood.  
 
Rate of air exchange in the house 
In this study, the rate of air exchange is assumed not to be affected by the thermal 
insulation measures. In practice, however, the rate of air exchange in houses can be 
influenced by additional thermal insulation measures. This is especially significant if the 
air-tightening around windows and doors is improved in the process12.  
 

                                            
11 This effect of comfort increase after performing additional thermal insulation measures was accounted 

in Fredriksen et al. (1988) by multiplying the estimated potential for energy savings in dwellings by a 
factor 0.6. 

12 Elmroth et al. (1989) predicted an air-exchange reduction of 0.05 h-1, both for additional insulation of 
floors and for additional insulation of walls in naturally ventilated houses.  
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6.3.2 Service life of the improved construction 

Large uncertainties, long time perspectives and a large number of influencing factors are 
involved in the determining of service lives for buildings and building components. 
Examples of influencing factors are technical, functional, aesthetic and economical 
aspects. In addition, the service life of houses can be estimated for three different levels; 
for the whole building, for single building components and for single building materials. 
Consequently, because of these large uncertainties in predicting the service life, large 
uncertainties are involved in the determining of the calculation period to be used in the 
assessment. 
 
Estimated service life of Norwegian dwellings based on historically data 
In the following, the average service life of Norwegian houses is estimated by examining 
the departure of dwellings from the dwelling stock. The renewal of the Norwegian 
dwelling stock was discussed in Chapter 2, based on the number and age of houses 
according to housing censuses conducted in 1960, 1970, 1980 and 1990. Table 2.1 shows 
the total number of dwellings according to these censuses by year of construction. It is 
seen that 8% of the dwellings existing in 1960 were departed by 1970. Further, 11% and 
4% of the dwellings existing in 1970 and 1980, respectively, were departed 10 years 
later. Totally, 28% of the dwellings existing in 1960 were departed by 1990. This 
corresponds with an average departure of about 1% of the dwelling stock per year, which 
again corresponds with an average service life of dwellings of approximately 100 years. 
 
 

 
 

Table 6.2. Total number of dwellings in 1960, 1970, 1980 and 1990 by year of 
construction. Average decrease or increase in the different year classes during the 10 
years periods expressed in percent. Based on NOS B588 (1986) and FoB90 (1992). 

Year of 
construction 

1960 Change 1970 Change 1980 Change 1990 

Before 1901 220 847 -5.1% 209 512 -28.6% 149 509 -14.8% 127 367 
1901 to 1920 148 147 -5.8% 139 578 -16.6% 116 356 -13.3% 100 839 
1921 to 1940 229 222 -6.4% 214 611 -14.5% 183 555 -8.9% 167 268 
1941 to 1960 478 952 -11.1% 425 923 -7.7% 393 231 -3.6% 379 198 
Before 1961 1 077 169 -8.1% 989 624 -14.9% 842 652 -8.1% 774 672 
1961 to 1970 - - 307 110 0.6% 309 036 -0.2% 308 485 
Before 1971   1 296 734 -11.2% 1 151 688 -6.0% 1 083 157 
1971 to 1980 - - - - 371 820 0.6% 374 190 
Before 1981     1 523 508 -4.3% 1 457 347 
1981 to 1990 - - - - - - 294 016 
Total 1 077 169 +20.4% 1 296 734 +17.5% 1 523 508 +15.0% 1 751 363 
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Predicted service life of existing dwellings 
The average replacement of the dwelling stock from 1960 to 1990, however, is not a 
sufficient foundation for predicting service lives of the existing and future dwellings. The 
1960s and 1970s were characterised by development and large increase in private 
consumption. The population grew by 18% from 1960 to 199013, while the number of 
dwellings increased by as much as 63% during the same period. This growth in 
population, number of dwellings and private consumption is not likely to continue in the 
years to come. The number of houses demolished each year to construct new houses may 
for this reason be expected to decrease.  
 
The attitude to preservation of houses has also changed. In the 1960s and 1970s, it was 
more accepted to construct new houses instead of preserving the existing ones. Today, 
people are more concerned about conserving and maintaining the existing housing stock. 
Houses today are also generally in a better state than some decades ago. The number of 
houses that have to be demolished because their technical service life is ended may 
therefore be expected to be lower in the future. 
 
Based on the information in Table 2.1 and the brief discussion above, it may be assumed 
that houses have a service life of at least 100 years.  
 
Service life of additionally insulated constructions 
During the long service life of the house, many components and materials are maintained 
and replaced one or several times. In Elmroth et al. (1989), the service life of additionally 
insulated constructions is predicted to be 30 years. In HolteProsjekt (1995a), the intervals 
for replastering of façades are estimated to be between 20 and 30 years. These 
replastering intervals, however, only regard the plaster layer without considering the 
service life of the additional thermal insulation layer and the reinforcement mesh. In the 
following, a calculation period of 30 years is used in the assessment of the additional 
thermal insulation measures. 
 
 
6.3.3 Some important economic premises 

A number of premises and limitations is made in the economic assessment. Limitations 
have to be made on what to include as investment costs. Presumptions have to be made 
on for instance future energy prices and deposition costs. Further, a discount rate has to 
be determined to estimate the net present value of the total costs associated with the 
additional thermal insulation alternatives.  
 
Investment costs 
When the external walls of houses are additionally insulated, large initial costs occur 
which are not directly related to the thickness of the insulation layer. Examples are costs 
associated with building scaffolds, fixing bolts, reinforcement mesh and wall plastering. 

                                            
13 The population was 3.59 millions in 1960, increasing to 4.25 millions in 1990 (NOS B980, 1991). 
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The additional costs of increasing the actual thermal insulation thickness is therefore 
relatively small. 
 
It is likely that the durability of the façades is improved when additional thermal 
insulation measures like the "Serporock-system" are performed. Plastered façades 
normally have to be repainted every 8 to 15 years and replastered every 20 to 30 years 
(HolteProsjekt, 1995a). Hence, the need for repainting and replastering may be assumed 
reduced for several years after performing the additional insulation measures. 
 
In this study, the economic effects of reduced future maintenance and refurbishment costs 
are included by comparing the additional insulation alternatives with an unimproved 
alternative requiring maintenance. This maintenance alternative involves repainting and 
partly replastering of the façades, without any improvement of the thermal insulation. The 
costs associated with the building scaffolds are assumed to be the same for both the 
additional insulation alternatives and the unimproved maintenance alternative, and hence 
do not influence the profitability comparisons. 
 
Any costs associated with the adjustment or replacement of gutters and down pipes are 
not accounted in the profitability assessment. 
 
Current prices 
All prices used in the profitability estimations, such as energy prices, emissions taxes and 
deposition charges, are based on current prices (1995). However, an exception is made 
for energy prices since these refer to 1992. Consequently, when using current prices in 
the profitability assessment, it is assumed that real prices on for instance energy and 
deposition charges will not increase in the future. 
 
Discount rate 
A discount rate (real rate of interest) of 7% is used in the profitability estimations. This 
rate is equal to the net discount rate most commonly used in profitability calculations of 
public projects in Norway (see Appendix C).  
 
 
 
6.4 MATERIALS ACCOUNT 

The total material consumption is calculated as (see Chapter 5): 
 
SMi,tot = SMi,prod + SMi,oper + SMi,rem  (Equation 6.1) 
 
As an approximation, materials are only considered consumed during the production 
stage (SMi,prod). Any consumption of materials for maintenance and refurbishment 
during the operation stage is neglected (SMi,oper = 0). Towards the end of the service 
life, the waste materials are assumed transported to a disposal site where they are  
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deposited. Thus, the material consumption during the removal stage is neglected and any 
benefits of reusing or recycling the waste materials is also neglected (SMi,rem = 0).  
 
The material consumption during the production stage for the unimproved alternative and 
the three additional insulation alternatives is shown in Table 6.3. The consumption of 
mortar is assumed to be 1.0 m3 (2.0 tons) for the unimproved alternative, and 19.8 m3 
(39.6 tons) for the three insulation alternatives. These three alternatives are also assumed 
involving a consumption of steel of 0.1 m3 (0.8 tons) each. The consumption of rock 
wool is proportional to the thickness of the insulation layer; 79 m3 (47 tons) for the +60 
mm alternative, 119 m3 (51 tons) for the +100 mm alternative, and 168 m3 (57 tons) for 
the +150 mm alternative.  
 
 

 
 
 

Table 6.3. Material consumption for the four additional thermal insulation alternatives. 
Steel reinforcement mesh assumed produced from scrap iron. 

Thermal insulation alternative Density Spec. material 
consumption 

Total material 
consumption 

Total weight of 
materials 

 kg per m3 m3 per m2 m3 Tons 

Unimproved alternative     
Mortar (5% of the façades are plastered) 2000 0.001 1.0 2.0 

+60 mm thermal insulation     
Rock wool 110 0.06 59.3 6.5 
Mortar  2000 0.02 19.8 39.6 
Steel reinforcement mesh 7800 0.0001 0.1 0.8 
Total   79.2 46.9 

+100 mm thermal insulation     
Rock wool 110 0.10 98.9 10.9 
Mortar 2000 0.02 19.8 39.6 
Steel reinforcement mesh 7800 0.0001 0.1 0.8 
Total   118.8 51.3 

+150 mm thermal insulation     
Rock wool 110 0.15 148.4 16.3 
Mortar  2000 0.02 19.8 39.6 
Steel reinforcement mesh 7800 0.0001 0.1 0.8 
Total   168.3 56.7 
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6.5 ENERGY AND EMISSIONS ACCOUNTS 

The accounts for energy consumption and emissions to air are presented together since 
the emissions are a result of energy combustion during the production, operation and 
removal stages. Three energy sources are considered in the calculations: 
 
• electricity,  
• fuel oil, 
• firewood. 
 
Both electricity and firewood are renewable energy sources in Norway. Electricity is 
produced from water power, and the Norwegian forestry is considered to be sustainable 
since the harvesting does not exceed the growth of wood. Hydroelectricity involves no 
emissions to air, while the combustion of fuel oil and firewood results in emissions to air 
of gases which are considered harmful to the environment.  
 
The emissions to air that are accounted for in the assessment are: 
 
• carbon dioxide (CO2), 
• sulphur dioxide (SO2), 
• nitrous oxides (NOx),  
• particulate matter (PM).  
 
Referring to Chapter 5, the total consumption of energy source i is calculated as: 
 
SQi,tot = SQi,prod + SQi,oper + SQi,rem  (Equation 6.2) 
 
and the total emissions to air of substance i as: 
 
SEi,tot = SEi,prod + SEi,oper + SEi,rem (Equation 6.3) 
 
The energy consumption and emissions to air during the production, operation and 
removal stages are presented in the following. 
 
 
6.5.1 Production stage 

The data on energy consumption and emissions to air during the production stage  
(SQi,prod and SEi,prod ) is derived from a project conducted by the Norwegian Building 
Research Institute (Fossdal, 1995).  
 
Table 6.4 shows the specific energy consumption and emissions to air associated with the 
production of the building materials required for the additional thermal insulation 
measures. The data include energy consumption and associated emissions to air during 
extraction of raw materials, transportation of raw materials, production of building 
materials and transportation of the materials to the building site. The transportation 
distance from factory to building site is assumed to be 300 km for rock wool and 55 km 
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for mortar. For steel from scrap iron, the total transportation distance is assumed to be 
2020 km, including transportation of scrap iron to the steelworks in Mo. 
 
 

 
 
High-density mineral wool (110 to 135 kg/m3) is generally used as thermal insulation 
layer in plaster-based insulation systems like the Serporock-system, while low-density 
mineral wool (15 to 30 kg/m3) is used as thermal insulation material in ordinary steel- 
and timber frame constructions. During the production process, the energy consumption 
and emissions to air per volume unit of mineral wool may be assumed proportional with 
the density. The thermal conductivity is normally the same for high- and low-density 
mineral wool. Consequently, the energy consumption and emissions associated with the 
production of high-density mineral wool is five to eight times higher than for the 
production of low-density mineral wool yielding the same thermal insulation level. 
 
Table 6.5 shows the total energy consumption and emissions to air from the production of 
the building materials required for the different additional thermal insulation measures. 
The production of rock wool represents the largest share of the total energy consumption 
during the production stage. For the +60 mm alternative, the production of rock wool 
represents 64% of the total energy consumption during the production stage. This share 
increases to 74% for the +100 mm alternative, and to 81% for the +150 mm alternative. 
 
The production of rock wool is the main source for the total emissions of SO2 and PM 
during the production stage. For the emissions of CO2 and NOx, mortar is an about 
equally important contributor as rock wool. 
 
 

Table 6.4. Energy consumption and emissions to air of CO2, SO2, NOx and PM from the 
production of rock wool, mortar and steel. Based on Fossdal (1995). 

Building material Energy consumption  Emissions to air 

(density) Electricity Fossil 
fuels 

Total  CO2 SO2 NOx PM 

 kWh/m3 kWh/m3 kWh/m3  kg/m3 g/m3 g/m3 g/m3 
Rock wool (110 kg/m3) 33 312 345  85 271 202 143 
Steel (7800 kg/m3) * 6 738 6 630 13 386  2 254 7 644 12 168 1 092 
Mortar (2000 kg/m3) 72 472 544  370 140 1 160 100 
 
* Steel from scrap iron. 
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6.5.2 Operation stage 

The energy consumption during the operation stage (SQi,oper) is estimated as energy 
consumption for space heating, lighting, electric equipment and water heating. The 
energy consumption associated with maintenance and refurbishment works is neglected. 
Electricity, fuel oil (fossil fuel) and firewood are assumed used for space heating, while 
electricity is assumed being the only energy source used for lighting, equipment and 
water heating. The space heating requirement is calculated according to the specifications 
in NS 3031 (1987). The calculation method is described in Appendix E. 
 
The emissions to air during the operation stage (SEi,oper ) are determined by the type of 
energy used in the heating systems. The emissions are calculated by multiplying emission 
factors with the estimated quantities of the different fuel types used. Table 3.35 shows the 
efficiency and emission factors used in the calculations.  
 
 

Table 6.5. Energy consumption and emissions of CO2, SO2, NOx and PM associated with 
the production of the building materials required for the additional thermal insulation 
measures. Based on Table 6.3 and Table 6.4. 

Insulation alternative Energy consumption  Emissions to air 

 Electricity Fossil 
fuel 

Total  CO2 SO2 NOx PM 

 MWh MWh MWh  tons kg kg kg 

Unimproved alternative        
20 mm plaster (5%) 0 1 1  0 0 1 0 

+60 mm insulation         
60 mm rock wool 2 19 21  5 16 12 8 
Reinforcement mesh 1 1 1  0 1 1 0 
20 mm plaster 1 9 11  7 3 23 2 
Total 4 29 33  13 20 36 11 

+100 mm insulation         
100 mm rock wool 3 31 34  8 27 20 14 
Reinforcement mesh 1 1 1  0 1 1 0 
20 mm plaster 1 9 11  7 3 23 2 
Total 5 41 46  16 30 44 16 

+150 mm insulation         
150 mm rock wool 5 46 51  13 40 30 21 
Reinforcement mesh 1 1 1  0 1 1 0 
20 mm plaster 1 9 11  7 3 23 2 
Total 7 56 63  20 44 54 23 
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The use of hydroelectricity involves no emissions to air, while the combustion of fuel oil 
and firewood in heating systems results in emissions to air of environmentally harmful 
gases. Electricity represents about 80% of the total energy consumption in the Norwegian 
dwelling stock (Djupskås and Nesbakken, 1995). The total emissions to air resulting from 
the operation of the Norwegian dwelling stock is therefore relatively small compared to 
other countries where the use of hydroelectricity and other renewable energy sources is 
insignificant. 
 
Most blocks of flats constructed between 1956 and 1970 will either have electric heating 
or oil-heating as dominant heating source, while wood-firing may be used as additional 
heating source in some flats. The use of these heating sources result in different emissions 
to air of environmentally harmful gases. Consequently, the emission reductions obtained 
by additionally insulating houses will differ notably between houses having electric 
heating and houses having oil-heating. 
 
Yearly energy consumption and emissions to air 
The total heating requirement of the detached block of flats used as a case study is 
assumed covered by 69% electricity, 24% oil heating and 7% wood-firing. These shares 
are average values for the entire group of dwellings the case study house represents (see 
Table 3.37). Table 6.7 shows the estimated yearly consumption of electricity, fuel oil and 
firewood, and the associated emissions to air of CO2, SO2, NOx and PM for the four 
insulation alternatives assessed. 
 
 

Table 6.6. Efficiency of heating systems and emissions of CO2, SO2, NOx and PM10 
resulting from the use of electricity, fuel oil and firewood. The values are valid for 1990 
(SSB, 1993). 

Type of heating Efficiency Energy Density Emission factors 

  content  CO2 SO2 *** NOx PM10 

  MWh/ton tons/m3 kg/MWh g/MWh g/MWh g/MWh 
Electricity* 100% - - 0 0 0 0 
Fuel oil 75% 11.97 0.84 265 234 209 25 
Firewood** 65% 4.67 0.5 0 86 150 2143 
 
* Only hydroelectricity is produced in Norway. 
** The emissions of CO2 are included in the natural carbon cycle. 
*** Data on SO2 from 1991. 
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Yearly energy savings and emission reductions 
Table 6.8 shows the corresponding yearly energy savings and emission reductions 
obtained for the three additional thermal insulation alternatives compared to the 
alternative with unimproved thermal insulation in the external walls. 
 
 

 
 
6.5.3 Removal stage 

The waste materials are assumed deposited on a waste disposal site at the end of the 
service life. Potential energy benefits associated with the reuse, recycling or incineration 
of the waste materials are therefore neglected in the case study. Also the energy 
consumption during the demolition works is neglected, and the only energy consumption 
accounted during the removal stage is the energy required for the transportation of the 
building waste materials to the waste disposal site.   
 
Table 6.9 shows the estimated energy consumption and emissions to air for the 
transportation of the waste materials from the demolition site to the disposal site. The 
transportation distance is assumed to be 20 km. Data on energy consumption and 
emissions to air during transportation is taken from Fossdal (1995). The specific energy  

Table 6.7. Yearly energy consumption and emissions to air of CO2, SO2, NOx and PM for 
the unimproved alternative and for the three additional thermal insulation alternatives. 

Insulation alternative Yearly energy consumption  Yearly emissions

 Electricit
y 

Fuel oil Firewood Total  CO2 SO2 NOx PM 

 MWh MWh MWh MWh  tons kg kg kg 
Unimproved  277 44 13 335  12 11 11 29 
+60 mm insulation 242 32 9 283  8 8 8 21 
+100 mm insulation 235 30 9 273  8 8 7 19 
+150 mm insulation 231 28 8 267  7 7 7 18 

Table 6.8. Yearly energy savings and emission reductions of CO2, SO2, NOx and PM for 
the three additional thermal insulation alternatives compared to the unimproved 
alternative. 

Insulation alternative Yearly energy savings  Yearly emission re

 Electricit
y 

Fuel oil Firewood Total  CO2 SO2 NOx PM 

 MWh MWh MWh MWh  tons kg kg kg 
+60 mm insulation 36 12 4 52  3 3 3 8 
+100 mm insulation 42 15 4 61  4 4 4 10 
+150 mm insulation 46 16 5 67  4 4 4 10 
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consumption and emissions to air per ton and km during road transportation are given as 
0.45 kWh (as diesel), 120 g CO2, 0.10 g SO2, 1.9 g NOx and 0.15 g PM10. 
 
The energy (diesel) consumption during transportation is estimated to be 0.4 MWh for 
the +60 mm alternative, and 0.5 MWh for the +100 mm and +150 mm alternatives. The 
energy consumption during the transportation of the waste materials can be argued to be 
negligible compared to the energy consumption during the production and operation 
stages (see Table 6.5 and Table 6.7). Also the emissions to air during the removal stage 
may be assumed negligible compared to the emissions during the production and 
operation stages.  
 
 

 
 
Longer transportation distances will result in increased energy consumption and 
emissions to air since energy consumption and emissions to air can be assumed 
proportional with the transportation distance. However, the transportation distances must 
be very long before the transportation of waste materials from the demolition site to the 
disposal site is of any importance in the overall assessment. 
 
 
6.5.4 Total energy savings and emission reductions during the life cycle 

Table 6.10 shows the total energy savings and emission reductions estimated obtained 
during the life cycle for the three additional thermal insulation alternatives compared to 
the unimproved alternative. In the table, the entire life cycle is accounted, including the 
production stage, the operation stage (30 years) and the removal stage. The +150 mm 
alternative provides the largest total energy saving, and the largest CO2, NOx and PM 
reductions. The +100 mm alternative provides the largest SO2 reductions, and equal NOx 
reductions to the +150 mm alternative. In total, the +150 mm alternative seems to be the 
most environmentally favourable alternative when considering total energy savings and 
emission reductions obtained during the life cycle. 
 

Table 6.9. Energy consumption and emissions to air associated with the transportation of 
waste materials from the demolition site to the waste disposal site. The transportation 
distance is assumed to be 20 km.. 

Insulation alternative Weight Fossil fuel  Emissions to air 

  (diesel) CO2 SO2 NOx PM 

 Tons MWh tons kg kg kg 
Unimproved alternative 2.0 0.0 0.0 0.0 0.1 0.0 
+60 mm insulation 46.9 0.4 0.1 0.1 1.8 0.1 
+100 mm insulation 51.2 0.5 0.1 0.1 1.9 0.2 
+150 mm insulation 56.7 0.5 0.1 0.1 2.2 0.2 
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Payback periods for energy consumption and emissions to air 
Table 6.11 shows the payback periods for energy consumption and emissions to air for 
the three additional thermal insulation alternatives. The payback periods are estimated as 
the time period (in years) before the energy consumption and emissions to air during the 
production stage are paid back by the accumulated energy savings and emission 
reductions obtained during the operation stage.  
 
The payback periods are longer for the thicker thermal insulation layers. When 
considering the efficiency of the energy and emissions "investments", the +60 mm 
alternative therefore seems to be the most favourable alternative. The payback periods are 
shorter for energy consumption than for emissions to air. The payback period for energy 
consumption is 0.6 years for the +60 mm alternative, increasing to 0.8 and 0.9 years, 
respectively, for the +100 mm and +150 mm alternatives. The payback periods for 
emissions to air are shortest for PM, and longest for NOx. For the +150 mm alternative, 
the payback periods are 2.2 years for PM, 4.7 years for CO2, 10.5 years for SO2, and 
13.2 years for the emissions of NOx.  
 
 

 

Table 6.10. Total energy savings and emission reductions during the life cycle for the 
three additional thermal insulation alternatives compared to the unimproved alternative. 
Energy consumption and emissions to air during the production stage, operation stage 
(30 years) and removal stage are included. 

Insulation alternative Total energy savings  Total emission red

 Electricit
y 

Fuel oil Firewood Total  CO2 SO2 NOx PM 

 MWh MWh MWh MWh  tons kg kg kg 
+60 mm insulation 1070 345 109 1524  87 77 58 232 
+100 mm insulation 1266 401 129 1796  101 84 67 271 
+150 mm insulation 1386 428 141 1955  108 82 67 292 

Table 6.11. Time periods (payback) before the energy consumption and emissions to air 
during the production stage are paid back by the accumulated energy savings and 
emission reductions obtained during the operation stage. Three additional thermal 
insulation alternatives. The case study house is assumed having 69% electric heating, 
24% oil-heating and 7% wood-firing. Energy consumption and emissions to air during 
the removal stage are neglected.  

Additional insulation alternative Payback periods (years) 

 Energy CO2 SO2 NOx PM 

+60 mm thermal insulation 0.6 3.8 6.1 11.5 1.3 
+100 mm thermal insulation 0.8 4.1 8.0 11.8 1.7 
+150 mm thermal insulation 0.9 4.7 10.5 13.2 2.2 
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If the importance of reducing SO2 and NOx emissions is emphasised, the longer payback 
periods estimated for these gases may lead to the conclusion that the additional thermal 
insulation measures are not favourable. However, the estimated emission reductions 
during the operation stage are significantly influenced by the assumed type of heating in 
the house. For the case study house shown in Table 6.11, as much as 69% of the heating 
requirement is assumed covered by electric heating, while 24% is covered by oil-heating 
and 7% by wood-firing. These shares are average shares for the entire group of dwellings 
the stereotype of house used in the case study represents. If the house is assumed being 
100% oil-heated, large direct emission reductions will be obtained by reducing the 
heating requirement. Large indirect emissions reduction may also be obtained if the saved 
hydroelectricity substitutes the use of fossil fuels in other sectors. Alternative saving 
considerations are discussed in Chapter 7. 
 
 
 
6.6 ECONOMIC ACCOUNT 

The final assessment of the building improvement measures is based on an economic 
account where economic values can be assigned to the emissions of environmentally 
harmful gases, to the consumption of resources and non-renewable energy sources, and to 
the deposition of waste materials. 
 
Referring to Chapter 5, the net present value (NPV) of costs and benefits occurring 
during the entire life cycle can be calculated as: 
 
SNPVtot = SNPVprod + SNPVoper + SNPVrem  (Equation 6.4) 
 
where SNPVprod is the net present value of the production costs, SNPVoper is the net 
present value of the operation costs, and SNPVrem is the net present value of the costs 
associated with the removal of the building at the end of the service life.  
 
 
6.6.1 Production costs 

The production costs for the four alternatives are shown in Table 6.12. The total 
investment costs are about NOK 125 000 for the unimproved alternative, NOK 469 000 
for the +60 mm insulation alternative, NOK 515 000 for the +100 mm alternative and 
NOK 574 000 for the +150 mm alternative. Compared to the investment costs for the 
unimproved alternative, the additional investment costs for the +60 mm, +100 mm and 
+150 mm alternatives are NOK 343 000, NOK 390 000 and NOK 449 000, respectively.  
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6.6.2 Operation costs 

For further estimations, it is assumed that additional thermal insulation measures 
performed in houses result in uniformly distributed energy savings over the entire service 
life of the improved constructions. The net present value (NPV) of annually recurring 
energy costs can be calculated as: 
 

NPV = Q · p · 
1 - (1 + r)-n

r  (Equation 6.5) 

 
where Q is the annual energy consumption, p is the energy price, r is the discount rate 
and n is the service life in years. 
 
Table 6.13 shows the estimated total energy costs for the four insulation alternatives 
during a predicted service life of 30 years. The estimations are based on 7% net discount 

Table 6.12. Investment costs for the four additional thermal insulation alternatives. Total 
costs include 10% overhead costs and 22% value added tax. The labour costs are NOK 
125 per hour for the unimproved alternative and NOK 165 per hour for the additional 
insulation alternatives. Based on HolteProsjekt (1995a, 1995b) and Dillner (1995). 

Thermal insulation alternative Material costs Labour costs Total costs Total 
investment 

 NOK per m2 NOK per m2 NOK per m2 NOK 

Unimproved alternative     
Plastering of 5% of the facades 19 21 54  
Repainting 19 35 72  
Total   126 125 000 

+60 mm thermal insulation     
Rock wool 56 10 84  
Reinforcement mesh 6 7 16  
Plastering 117 177 374  
Total   474 469 000 

+100 mm thermal insulation     
Rock wool 93 10 131  
Reinforcement mesh 6 7 16  
Plastering 117 177 374  
Total   521 515 000 

+150 mm thermal insulation     
Rock wool 140 10 191  
Reinforcement mesh 6 7 16  
Plastering 117 177 374  
Total   581 574 000 
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rate and an energy price of NOK 0.47 per kWh which was the average price of electricity 
for Norwegian households in 1992 (NOS C183, 1994). The price of electricity is chosen 
as reference since electricity is the dominating energy source used in Norwegian 
dwellings.  
 
 

 
 
As seen from Table 6.13, the net present value of future energy costs are reduced from 
NOK 1.95 million for the unimproved alternative, to NOK 1.56 million for the alternative 
with +150 mm thermal insulation.  
 
 
 
6.6.3 Removal costs 

The removal costs at the end of the service life include the costs associated with the 
demolition of the building, and the transportation and treatment of the building waste 
materials. The removal costs, however, are of less importance in the overall profitability 
assessment since the net present value of future benefits and costs is notably reduced in 
the discounting process. The discount factor for costs and benefits occurring 30 years into 
the future is for instance as low as 0.13 when using the net discount rate of 7% 
 
Demolition costs 
The demolition costs are neglected in the assessment since future demolishing of the 
additional thermal insulation layer is assumed done in connection with large retrofit 
works, or in connection with demolishing of the entire building. In this context, the 
additional costs for demolishing the layer of rock wool, reinforcement mesh and plaster, 
may be assumed negligible. 
 

Table 6.13. Net present value (NPV) of total energy costs during 30 years operation 
period for a detached block of flats constructed between 1956 and 1970. Four insulation 
alternatives. Based on 30 years service life, 7% discount rate and an energy price of 
NOK 0.47 per kWh. 

Thermal insulation alternative Yearly energy consumption NPV of energy costs during 30 
years service life 

 MWh per year NOK 
Unimproved alternative 335 1 952 000 
+60 mm thermal insulation 283 1 649 000 
+100 mm thermal insulation 273 1 594 000 
+150 mm thermal insulation 267 1 559 000 
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Transportation costs 
Table 6.14 shows the net present value of the total costs associated with the 
transportation of the waste materials from the demolition site to the disposal site. Based 
on Lima et al. (1993), the costs for transporting building waste materials on roads are 
estimated to be NOK 2.5 per m3 and km. The calculations are further based on 20 km 
transportation distance, 7% discount rate and the material volumes shown in Table 6.3.  
 
 

 
 
 
Treatment costs 
In the case study, the building waste materials are assumed delivered as unsorted 
demolition materials to a municipal waste disposal site after 30 years. The current 
charges (1995) for delivering building waste materials at Grønmo municipal waste 
disposal site in Oslo are NOK 497 per ton for unsorted demolition materials, NOK 56 per 
ton for sorted out fractions of concrete, NOK 73 per ton for sorted out fractions of brick 
and NOK 122 per ton for sorted out fractions of timber (Grønmo, 1995). 
 
Table 6.15 shows the net present value of the total deposition costs for the four additional 
thermal insulation alternatives. The deposition charges are of insignificant importance in 
the overall assessment compared to the total investment costs of the different alternatives 
(see Table 6.12), and the net present value of the energy costs during operation (see Table 
6.13). To exemplify this; the net present value of the deposition costs for the +150 mm 
insulation alternative, which is calculated to be NOK 3 700, represents only 0.6% of the 
total investment costs of NOK 574 000. 
 
 

Table 6.14. Net present value (NPV) of transportation costs for the building waste 
materials at the end of the assumed service life of 30 years. Based on 20 km 
transportation distance, 30 years service life and 7% discount rate. Inclusive 22% VAT. 
Based on Lima et al. (1993). 

Thermal insulation alternative Volume Transportation 
costs 

Total 
transportation 

costs 

Discount 
factor  

NPV of total 
transportation 

costs 

 m3 NOK/(m3·km) NOK  NOK 
Unimproved alternative 1.0 2.5 50 0.13 7 
+60 mm thermal insulation 79.2 2.5 3960 0.13 520 
+100 mm thermal insulation 118.8 2.5 5940 0.13 780 
+150 mm thermal insulation 168.3 2.5 8415 0.13 1105 
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Total removal costs 
Table 6.16 shows the net present value of the total removal costs associated with the 
thermal insulation alternatives. From the table it can be seen that the deposition costs 
represent the main part of the total removal costs. 
 
 

 
 
 
6.6.4 Profitability of the additional thermal insulation alternatives 

The profitability criteria assigned to additional thermal insulation measures is that the 
investment costs must be equal to or lower than the net present value of future energy 
savings and removal costs. 
 
Net present value of total life cycle costs 
Table 6.17 shows the net present value of the total life cycle costs for the four thermal 
wall insulation alternatives. The unimproved alternative gives the lowest total costs, and 
consequently, this alternative is the most profitable for the given presumptions (service 
life of 30 years, discount rate of 7% and energy price of NOK 0.47 per kWh). The +100 
mm alternative requires a minimum energy price of NOK 0.52 per kWh to be profitable  

Table 6.15. Net present value (NPV) of depositing charges for the building waste 
materials for the four additional thermal wall insulation alternatives. Service life of 30 
years and 7% discount rate. Inclusive 22% VAT. Based on Grønmo (1995). 

Thermal insulation alternative Weight Charges 
(incl. 22% 

VAT) 

Total 
deposition 

costs 

Discount 
factor  

NPV of total 
deposition 

costs 

 Tons NOK per ton NOK  NOK 
Unimproved alternative 2 497 994 0.13 131 
+60 mm thermal insulation 47 497 23 309 0.13 3 062 
+100 mm thermal insulation 51 497 25 496 0.13 3 349 
+150 mm thermal insulation 57 497 28 180 0.13 3 702 

Table 6.16. Net present value (NPV) of demolition costs, transportation costs and waste 
treatment costs associated with the removal stage. Based on Table 6.14 and Table 6.15.  

Thermal insulation alternative Demolition costs Transportation 
costs 

Deposition costs Total removal 
costs 

 NOK NOK NOK NOK 
Unimproved alternative 0 7 131 137 
+60 mm thermal insulation 0 520 3 062 3 582 
+100 mm thermal insulation 0 780 3 349 4 130 
+150 mm thermal insulation 0 1 105 3 702 4 807 
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compared to the unimproved alternative, while the +60 mm and +100 mm alternatives 
both require NOK 0.54 per kWh to be profitable compared to the unimproved alternative. 
It may therefore be concluded that for 7% discount rate and the current energy price level 
(NOK 0.47 per kWh), none of the three additional thermal insulation alternatives are 
profitable compared to the unimproved alternative. 
 
 

 
 
 
Minimum energy price required for profitability 
The removal costs are of little importance for the total profitability of the additional 
thermal insulation alternatives (see Table 6.17). The removal costs may therefore be 
neglected, and the minimum energy price required for profitability of the different 
alternatives compared to the unimproved alternative can simplified be stated as: 
 

p   ≥   
DI
DQ · 

r
1 - (1 + r)-n   =   

DI
DQ · 

1
dfA    

 (Equation 6.6) 

 
where: 
 p is the minimum energy price required for profitability, 
 DI is the extra investment costs, 
 DQ is the yearly energy saving, 
 r is the discount rate (real rate of return), 
 n is the calculation period in years (service life of the constructions), 
 dfA is the inverse annuity discount factor. 
 
It is seen from Equation 6.6 that the additional insulation alternative providing the lowest 
ratio DI/DQ will be profitable for the lowest energy price for all inverse annuity discount 
factors (dfA). Consequently, this alternative will be profitable for the lowest energy price 
for all combinations of discount rate (r) and calculation period (n). Table 6.18 shows the 
extra investment costs, the yearly energy saving and the ratio DI/DQ estimated for the  

Table 6.17. Net present value (NPV) of total life cycle costs of four thermal wall 
insulation alternatives for the detached block of flats used in the case study. Based on 30 
years service life, 7% discount rate and an energy price of NOK 0.47 per kWh. (See 
Table 6.12, Table 6.13 and Table 6.16 for explanations). 

Thermal insulation alternative Production 
stage 

Operation 
stage 

Removal 
stage 

NPV of total 
life cycle 

costs 

Min. energy 
price for 

profitability 

 NOK NOK NOK NOK NOK/kWh 
Unimproved alternative 125 105 1 951 838 137 2 077 080  
+60 mm thermal insulation  468 526 1 649 273 3582 2 121 381 0.54 
+100 mm thermal insulation 515 435 1 593 697 4130 2 113 262 0.52 
+150 mm thermal insulation 574 450 1 559 373 4807 2 138 631 0.54 



Assessment of additional thermal insulation of the walls of a detached block of flats 

 143

three additional thermal insulation alternatives. The lowest ratio is calculated for the 
+100 mm alternative, while the ratios are about equal for the +60 mm and +150 mm 
alternatives. It may be concluded that, amongst the three additional insulation alternatives 
studied, the +100 mm alternative will be profitable for the lowest energy price for all 
combinations of discount rates and calculation periods. 
 
 

 
 
 
Profitability for different combinations of discount rates and energy prices 
The +100 mm alternative is not necessarily the additional insulation alternative being 
most profitable for all energy price levels, even if this alternative is estimated to be 
profitable for the lowest energy prices for any combination of discount rates and 
calculation periods. Figure 6.3 shows the insulation alternative providing the lowest total 
discounted costs over a predicted service life of 30 years as a function of discount rate 
and energy price. It is seen that the break-even lines are increasing for increasing discount 
rates. 
 
The unimproved alternative has the lowest total discounted costs when the energy prices 
are low. The +100 mm alternative is most profitable for a "mid-section", while the +150 
mm alternative provides the lowest total discounted costs for the higher energy prices. 
The +60 mm alternative does not provide the lowest total discounted costs for any 
combination of discount rate and energy price. 
 
 

Table 6.18. Extra investment costs (DI) and yearly energy saving (DQ) for the +60 mm, 
+100 mm and +150 additional thermal insulation alternatives, compared to the 
unimproved alternative. (See Table 6.8, Table 6.12 and Equation 6.6 for explanations). 

Additional insulation alternative Extra investment 
costs (DI) 

Yearly energy 
saving (DQ) 

Ratio (DI/DQ) 

 NOK kWh  

+60 mm thermal insulation  344 000 51 900 6.63 
+100 mm thermal insulation 390 000 61 400 6.35 
+150 mm thermal insulation 449 000 67 300 6.67 
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The profitability of additionally insulating the walls of a detached block of flats has been 
estimated in this chapter, based on an energy price of NOK 0.47 per kWh, a discount rate 
of 7%, and a calculation period of 30 years. For these presumptions, none of the 
alternatives involving improved thermal insulation were profitable as compared to the 
unimproved alternative. However, as seen from Figure 6.3, the profitability is 
significantly affected by the energy price and discount rate used in the calculations. In the 
next chapter, the profitability of additional thermal insulation measures is discussed for 
different presumptions on energy prices and discount rates. 
 
 

 The most profitable insulation alternative as a function of discount rate and energy price 
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Figure 6.3. Insulation alternative providing the lowest total discounted costs over a 
predicted service life of 30 years as a function of discount rate and energy price. 
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Chapter 7 

Discussion of some important factors for the life 
cycle assessment of energy saving measures 
 
 
 
 
SUMMARY 

Since hydroelectric power is the dominating energy source in the residential sector in 
Norway, only small direct emission reductions are obtained by additionally insulating 
houses. The estimated payback periods for emissions to air are therefore long. However, 
hydroelectric power saved in the residential sector may be used to obtain reductions in 
fossil fuel use in other sectors. If such a principle of substitution is used, the estimated 
payback periods are significantly reduced when the estimations are based on the 
emissions to air associated with the average use of energy in Norway or Europe. 
 
The profitability of additional thermal insulation measures is influenced by increased 
energy prices and emission taxes. The minimum energy price required to achieve 
profitability of a selected additional thermal wall insulation measure is estimated to be 
NOK 0.54 per kWh for a service life of 30 years and a discount rate of 7%. This price 
corresponds with a 15% increase in the present electricity price, or an increase of more 
than 200% in the present CO2 tax on heating oil.  
 
The estimated energy price required for profitability is reduced if alternative discounting 
methods are applied, while the importance of future costs and benefits is significantly 
reduced when using high discount rates. As a result, high discount rates may lead to 
reduced focus on the environmental consequences of the handling of building waste 
materials. 
 
 
 
7.1 INTRODUCTION 

In Chapter 5, an assessment method for additional thermal insulation measures based on a 
life cycle perspective is presented. The assessment method is applied to carry out a final 
economic assessment of material consumption, energy consumption and emissions to air 
during production, operation and final removal of the building components. In Chapter 6,  
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the proposed assessment method is used to address the costs and benefits associated with 
additional thermal wall insulation of a detached block of flats. These costs and benefits 
are based on present (1995) economic premises. 
 
In this chapter, the payback periods for emissions to air for different ways of accounting 
the energy savings obtained by additionally insulating Norwegian houses are discussed. 
Thereafter, the influence of increased energy prices and emission taxes on the 
profitability of additional thermal insulation measures is discussed. The levels of energy 
prices and emission taxes are important in the environmental policy. A general 
description of the most important economic instruments available to the authorities to 
influence a shift towards a more environmentally favourable development in the 
residential sector are given in Appendix B. Finally, this chapter discusses the importance 
of the discount rate for the profitability of additional thermal insulation measures. The 
rationale of discounting is briefly described in Appendix C. 
 
The discussion in this chapter is based on the same case study as used in Chapter 6; 
additional thermal wall insulation of a detached block of flats assumed constructed 
between 1956 and 1970. The main focus of the discussion is on the +150 mm thermal 
insulation alternative since this alternative provides the largest total energy and emission 
savings over the predicted service life of 30 years. The conclusions from the discussion 
regarding the profitability of this particular additional insulation alternative, can be 
assumed valid also for other long-term investments yielding future benefits. 
 
 
 
7.2 ALTERNATIVE WAYS OF ACCOUNTING EMISSION 
REDUCTIONS RESULTING FROM ENERGY SAVINGS 

The emissions to air of environmentally harmful gases resulting from the use of energy 
are significantly affected by the type of energy used. No emissions to air are assumed 
involved when using hydroelectricity, while the combustion of fossil fuels has large 
regional and global effects on the environment. Examples of such effects are global 
warming, acidification and depletion of the ozone layer.  
 
 
7.2.1 Energy use in Norway, Europe and the world 

Norway is less dependent on the use of fossil fuels as compared to most other countries. 
In 1993, fossil fuels represented 43% of the total energy consumption in Norway14, while 
hydroelectric power represented 51%, and biomass about 5% (NOS C183, 1994). In 
contrast, fossil fuels represented almost 90% of the total energy consumption in Europe 
in 1993 (Euromonitor, 1995), and about 75% of the total energy consumption in the 
world in 1989 (Brown et al., 1991). Because of the large share of hydroelectric power 

                                            
14 Ocean transport is not included. 
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 used, the use of one energy unit in Norway result in less emissions to air, as compared to 
the use of one energy unit in Europe and the world.  
 
Electricity represented about 80% of the total energy consumption in the Norwegian 
residential sector in 1993 (Djupskås and Nesbakken, 1995). Consequently, the direct 
emission reductions resulting from energy saving measures performed in the residential 
sector will be small. It may therefore be argued that the environmental benefit of 
performing additional thermal insulation measures in the Norwegian dwelling stock is 
limited. 
 
However, electric power can be transmitted over long distances and does not have to be 
consumed in the district or in the country where it is produced. Electricity can therefore 
be regarded as a universal commodity. Moreover, electricity is a highly flexible energy 
source which can be used for a range of purposes. Hence, there are no reason to restrict 
saved electric power from Norwegian houses to be used in the Norwegian residential 
sector only. Instead, large environmental benefits may be obtained if saved energy in 
houses substitutes the use of energy in other sectors or in other countries. 
 
 
7.2.3 Payback periods for energy consumption and emissions to air for 
different ways of accounting energy savings 

In Chapter 6 it is shown that the time periods (payback) are short before the total energy 
consumption during the production stage is paid back by the savings during the operation 
stage. For most emissions to air, in contrast, the payback periods are long as a result of 
the large share of hydroelectricity assumed used in the case study house (see Table 6.11). 
However, the estimated payback periods for emissions to air are notably reduced if it is 
assumed that saved energy in the house result in reduced use of fossil fuels in other 
sectors.  
 
In the following, a principle of substitution is used, where the total energy consumption 
in Norway and Europe are assumed to be reduced by the same quantity of energy as 
saved in the case study house. The corresponding estimated emission reductions are 
based on the emissions to air associated with the average use of energy in Norway and 
Europe. The house taken as basis for the case study in Chapter 6 is used as reference. The 
emission reductions resulting from energy savings in this house is estimated on the basis 
of 69% electric heating, 24% oil-heating and 7% wood-firing. These shares are average 
heating shares for detached blocks of flats constructed between 1956 and 1970.  
 
Table 7.1 shows key numbers on the average emissions to air per MWh used for the 
reference alternative and for the Norwegian and European alternatives. For the reference 
alternative, the average CO2 emissions per MWh used are 64 kg, as compared to 142 kg 
and 227 kg, respectively, for the Norwegian and European alternatives. The emissions of 
SO2 and NOx per MWh used are also much lower for the reference alternative than for 
the Norwegian and European alternatives. The emissions of PM, however, are higher for 
the reference alternative than for the Norwegian alternative, and only slightly lower than 
for the European alternative. The relatively large emissions of PM found for the reference 
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alternative are caused by wood-firing which represent 7% of the heating requirement of 
the house. In total, the average use of energy in Norway generates less emissions to air as 
compared to the average use of energy in Europe. 
 
 

 
 
 
In Chapter 6, the total energy consumption during production of the 150 mm additional 
thermal insulation alternative was estimated to be 63 MWh. The associated emissions to 
air were estimated to be 20 tons of CO2, 44 kg of SO2, 54 kg of NOx and 23 kg of PM 
(see Table 6.5). The energy saving was estimated to be 67 MWh per year (see Table 6.8).  
 
Table 7.2 shows that the estimated payback periods for emissions to air of CO2, SO2 and 
NOx are significantly shorter for the Norwegian and European alternatives, as compared 
to the reference alternative. The payback period for emissions to air of PM is slightly 
longer for the Norwegian alternative and slightly shorter for the European alternative. 
The estimated payback periods based on the Norwegian emission alternative range from 
0.7 year (NOx) to 3.6 years (SO2), while the payback periods calculated on basis of the 
European emission alternative range from 0.6 years (SO2) to 1.5 years (PM).  
 
 

Table 7.1. Estimated emissions to air of CO2, SO2, NOx and PM per MWh used for three 
different alternatives. The reference alternative is based on the emissions to air resulting 
from the energy consumption for space heating of the case study house, while the 
Norwegian and European emission alternatives are based on the average emissions to 
air resulting from one energy unit used in Norway and Europe, respectively. 

Alternative Energy Total emissions to air  Emissions to air per 

consumption CO2 SO2 NOx PM  CO2 SO2 NOx PM 

 TWh Million 
tons 

1000 
tons 

1000 
tons 

1000 
tons 

 kg/MWh g/MWh g/MWh g/MWh

Reference*   64 62 61 156
Norwegian** 240 34 37 220 21 142 154 918 88
European***  33 943 7 695 37 242 20 991 7 859 227 1 097 618 232
 
* Detached block of flats assumed having 69% electric heating, 24% oil-heating and 7% wood-firing. 
** Data, referring to 1992, are based on NOS C161 (1994). Ocean transport is not included. 
*** Data on energy consumption refer to 1993, data on emissions to air refer to 1990 and 1991. Europe 

includes Belgium, Denmark, France, Germany (East and West), Greece, Ireland, Italy, Netherlands, 
Portugal, Spain, United Kingdom, Austria, Finland, Iceland, Norway, Sweden, Switzerland, Albania, 
Bulgaria, Czech/Slovak Republics, Hungary, Poland, Romania, USSR (former) and Yugoslavia 
(former). Based on Euromonitor (1995). 
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7.2.3 Payback periods for an alternative construction 

The payback periods shown in Table 7.2 are estimated for an additional thermal 
insulation measure consisting of 150 mm high-density mineral wool (110 to 135 kg/m3) 
and 20 mm plaster as weather coating. For this construction, the layer of high-density 
mineral wool is the main contributor to the total energy consumption and emissions to air 
during the production stage (See Table 6.5). Since energy consumption and emissions to 
air during the production of mineral wool are proportional to the density, notable 
reductions in energy consumption and emissions to air may be obtained by using low-
density mineral wool as thermal insulation layer instead of high-density mineral wool. 
 
To exemplify this, payback periods are estimated for the energy consumption and 
emissions to air for an alternative construction consisting of 150 mm low-density rock 
wool (30 kg/m3) and wooden cladding. As a simplification, it is assumed that this 
insulation alternative gives the same U-value improvement of the walls as the alternative 
with high-density mineral wool and plastering. The consumption of low-density mineral 
wool and timber is estimated to be 148.4 m3 and 29.7 m3, respectively, while other 
materials like steel (nails) and cardboard (wind proofing) are neglected. Data on energy 
consumption and emissions to air of CO2, SO2, NOx and PM during production of low-
density mineral wool and timber are taken from Fossdal (1995). All other assumptions are 
the same as for the case study house (see Chapter 6).  
 
Table 7.3 shows the estimated energy consumption and emissions to air during the 
production of the low-density mineral wool alternative, and the yearly energy saving and 
emission reductions during the operation stage. The emission reductions are estimated as 
for the case study house (69% electric heating, 24% oil-heating and 7% wood-firing; see 
Table 6.8). From Table 7.3 it can be seen that the estimated payback periods for the low-
density alternative are much shorter compared to the high-density mineral wool 
construction (Table 7.2). The energy consumption during the production stage is paid 

Table 7.2. Number of years (payback periods) before the total energy consumption and 
emissions to air during the production stage is paid back by the energy savings and 
emission reductions during the operation stage. Three alternative ways of estimating the 
emission reductions resulting from saved energy are given; a reference alternative based 
on 69% electric heating, 24% oil-heating and 7% wood-firing in the case study house, 
and two alternatives based on the average emissions to air per energy unit used in 
Norway and Europe. Energy consumption and emissions during the removal stage are 
neglected.  

Alternative Payback periods (years) 

 Energy CO2 SO2 NOx PM 

Reference alternative 0.9 4.7 10.5 13.2 2.2 
Norwegian average emissions to air 0.9 1.7 3.6 0.7 3.2 
European average emissions to air 0.9 1.3 0.6 1.3 1.5 
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back after 0.4 years, and the SO2 emissions after 3.3 years. The corresponding payback 
periods for the high-density construction are 0.9 years and 10.5 years, respectively. 
 
 

 
 
The short payback periods calculated for the high-density insulation alternative (Table 
7.2), especially when considering the effect of substituting fossil fuel use, and the even 
shorter payback periods calculated for the low-density insulation alternative (Table 7.3), 
indicate that additional thermal insulation measures generally are very favourable in a life 
cycle perspective with respect to total energy consumption and emissions to air. 
 
 
 
 
7.3 IMPORTANCE OF ENERGY PRICES AND EMISSION TAXES 
FOR THE PROFITABILITY 

This section describes the importance of energy prices and emission taxes for the 
profitability of additional thermal insulation measures. Since the profitability of such 
measures increase with increasing energy prices, the number of houses being additionally 
insulated may be expected to increase as a direct result of higher energy prices. 
 
However, increased price of one particular energy commodity such as electricity, does 
not necessarily result in lower energy consumption in houses. Higher price of a particular 
energy source may in some cases result in a shift towards the use of cheaper energy 
sources, and may not result in an overall energy reduction. Such a shift was observed in 
Norway in the 1970s and 1980s. The average consumption of fuel oil in dwellings 
decreased in the late 1970s and early 1980s as a result of a dramatically increase in the 
real price of fuel oil. The price of electricity, in contrast, only increased slightly during 
the same period. The reduced consumption of fuel oil was therefore counteracted by an 
increased electricity consumption.  
 
Moreover, an increase in the real disposable income per household during the same 
period resulted in both larger average dwelling areas and increased intensity in the use of 

Table 7.3. Energy consumption and emissions to air during production of a low-density 
mineral wool alternative. Yearly energy saving and emission reductions as for the case 
study house (69% electric heating, 24% oil-heating and 7% wood-firing; see Table 6.8). 
Number of years before the total energy consumption and emissions to air during the 
production stage are paid back by the energy savings and emission reductions during the 
operation stage. Energy consumption and emissions during the removal stage are 
neglected.  

 Energy CO2 SO2 NOx PM 

Production stage 27 MWh 4 tons 13 kg 20 kg 7 kg 
Yearly energy saving and emission reductions 67 MWh 4 tons 4 kg 4 kg 10 kg 
Payback period 0.4 years 1.0 years 3.3 years 5.0 years 0.7 years
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energy (Bartlett, 1993). In total, the average energy consumption per dwelling and per 
capita increased significantly during the 1970s and 1980s. 
 
 
7.3.1 Historic development of energy prices and energy related taxes 

Three principal energy sources are currently used in Norwegian houses; electricity, 
firewood and fuel oil. The consumption of coal, coke and district heating are insignificant 
in this context. Both electricity and fuel oil are commercial goods, while firewood can be 
regarded as a non-commercial energy source. Prices of firewood are therefore not 
presented in the following. 
 
Real energy prices for residential customers 
Figure 7.1 shows the real energy prices of electricity and fuel oil for residential customers 
from 1970 to 1993. The prices include energy taxes, emission taxes and value added 
taxes. The value added tax was 20% until 1993 when it was increased to 22% (and 
further to 23% in 1994). The real price of electricity was only slightly higher in 1980 than 
in 1970. From 1980 to 1993, the real price of electricity increased by about 1.4% per year 
in average, compared to 1.1% per year in average for the whole period from 1970 to 
1993. 
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Figure 7.1. Real energy prices for residential customers as NOK (1993) per kWh for 
electricity and fuel oil for the period from 1970 to 1993. Energy taxes, emission taxes 
and value added taxes (VAT) are included. Based on NOS C183 (1994) and Bartlett 
(1993). 
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The price of fuel oil, on the other hand, is significantly affected by the international 
economic and political climate. Large fluctuations were observed as a result of conflicts 
in the Middle East in 1973-1974 and 1978-1980. As a result of these conflicts, the real 
price of fuel oil increased from NOK (1993) 0.13 per kWh in 1970, to NOK (1993) 0.45 
per kWh in 1981. The prices declined notably in the middle of the 1980s. In total, the 
average increase in the real price of fuel oil was as high as 4.5% per year for the whole 
period from 1970 to 1991. The development of the different energy related taxes from 
1975 to 1993 is described in the following sections.  
 
Energy and emission taxes on fuel oil from 1975 to 1993 
Three types of taxes have been levied on fuel oil in the period from 1975 to 1993; a basic 
mineral oil tax, a CO2 tax and a SO2 tax. The basic mineral oil tax showed a steadily 
increase in the 1970s and 1980s, from NOK 0.01 per litre in 1975 to NOK 0.32 per litre 
in 1991. In 1991, a CO2 tax of NOK 0.30 per litre was introduced as a supplement to the 
basic tax. The following year, in 1992, the CO2 tax was increased to NOK 0.40 per litre 
while the basic tax was reduced to NOK 0.17 per litre. In 1993, the basic tax was 
removed while the CO2 tax was increased to NOK 0.41 per litre (NOS C183, 1994).  
 
This shift from a basic tax on energy to a CO2 tax is in agreement with the "Polluter-
Pays-Principle" described in Appendix B. Also the SO2 tax on fuel oil, being based on 
the sulphur content of the fuel, is in agreement with this principle. From 1975 to 1987, 
the tax was levied for every 0.5 weight-% of sulphur in the oil. (No tax was levied for the 
first 0.5 weight-%.). From 1988, the tax was levied for every 0.25 weight-% (and parts 
thereof) of sulphur in the oil. 
 
Figure 7.2 shows the development in the real taxes on fuel oil as NOK (1993) per kWh 
for the period from 1975 to 1993. The real value of the total tax on fuel oil increased 
significantly during the period, and from 1975 to 1993, the real value of the fuel oil taxes 
increased by an average of 14.6% per year.  
 
Tax on electric power from 1975 to 1993 
In Figure 7.2, the development in the tax on electric power for residential customers is 
shown. An electricity tax of NOK 0.020 per kWh was introduced for residential 
customers in 1978. The tax increased in the 1980s and 1990s, reaching NOK 0.046 per 
kWh in 1993. In 1993, an excise tax of NOK 0.012 per kWh was introduced, increasing 
to NOK 0.015 per kWh in 1994. After correcting for inflation, the real value of the 
electricity tax was about the same in 1978 as in 1993.  
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Current price of electric power and heating oil for residential customers 
Electricity is the dominating energy source in Norwegian dwellings, representing about 
80% of the total energy consumption in the residential sector in 1993 (Djupskås and 
Nesbakken, 1995). The average electricity price for residential customers in Norway was 
NOK 0.47 per kWh in 1992. The electricity price, however, vary significantly from one 
part of the country to another. The three northern counties of Norway (Nordland, Troms 
and Finnmark), are all exempted from the value added tax on electricity. Finnmark 
County and the northern parts of Troms County are also exempted from the electricity 
tax, representing NOK 0.0415 per kWh in 1992. As a result of these tax exemptions, the 
lowest electricity price was charged in Finnmark, being NOK 0.35 per kWh. The highest 
electricity price was charged in Nord-Trøndelag; being NOK 0.52 per kWh, all taxes 
included (NOS C183, 1994). 
 
In 1993, the average net price of heating oil no. 1 for residential customers was NOK 
1.84 per litre excluding taxes. Including all taxes, the price was NOK 2.81 per litre (NOS 
C183, 1994). Based on an energy content of 11.8 kWh per kg, and a density of 0.85 kg 
per litre (ENØK, 1992), the prices per kWh were NOK 0.18 excluding taxes, and NOK 
0.28 including taxes. It should be noted that less than 20% of the price charged on heating 
oil is caused by the CO2 tax of NOK 0.41 per litre. 
 
When comparing the price of fuel oil with the price of electric power, the price of fuel oil 
has to be corrected for the lower efficiency of oil-heating systems. Based on an efficiency 
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Figure 7.2. Real taxes on fuel oil (basic tax, CO2 tax and SO2 tax) and real tax on 
electricity for the period from 1975 to 1993 as NOK (1993) per kWh. Value added tax is 
not included. Fuel oil taxes are based on a density of 0.85 tons per m3 and an energy 
content of 11.8 MWh per ton oil (ENØK, 1992). Finnmark County and the northern parts 
of Troms County are exempted from the electricity tax. Based on NOS C183 (1994). 
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of oil-heating in houses of 0.75 (Ljones et al., 1992), the price of oil used for heating, is 
estimated to be NOK 0.37 per kWh utilised, including all taxes. 
 
 
7.3.2 Influence of increased energy prices and emission taxes on the 
profitability of additional thermal insulation measures 

 
Minimum energy price for profitability 
Figure 7.3 shows profitability curves for the 150 mm additional thermal insulation 
alternative presented in Chapter 6. The curves are shown as a function of energy price 
and discount rate for calculation periods of 15, 30 and 45 years. In order to make the 
measure profitable for a discount rate of 7% and calculation periods of 15, 30 and 45 
years, the energy price has to be NOK 0.75, 0.54 and 0.49 per kWh, respectively. Thus, 
the measure is not profitable for the current electricity price of about NOK 0.47 per kWh 
(NOS C183, 1994), even if the relatively long calculation period of 45 years is 
considered.  
 
 
 

 

Profitability curves for the 150 mm additional insulation alternative 
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Figure 7.3. Profitability curves for 150 mm additional thermal insulation of the walls of a 
detached block of flats. The profitability curves are shown as a function of energy price 
(NOK per kWh) and discount rate (real rate of interest) for calculation periods of 15, 30 
and 45 years. 
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Minimum CO2 tax for profitability 
Figure 7.4 shows the price of heating oil no. 1 as a function of CO2 tax. The price is 
corrected for an assumed efficiency of oil-heating systems of 0.75. The CO2 tax is 
expressed as NOK per ton of CO2. The CO2 tax of NOK 0.41 per litre heating-oil in 
1994 corresponds with a tax of NOK 154 per ton of CO2 emitted, if the emission of CO2 
is assumed to be 0.265 kg of CO2 per kWh of heating oil combusted (SSB, 1993). Since 
the price of heating oil including the current CO2 tax is below the average price of 
electricity in Norway (NOK 0.37 and NOK 0.47 per kWh, respectively), there are no 
economic incentives for converting from oil-heating to electric heating. In Figure 7.4, it is 
also shown that the current CO2 tax of about NOK 154 per ton CO2 has to be increased 
to NOK 364 per ton CO2 before oil-heating becomes more expensive than electric 
heating15. 
 
 

 
 
As shown in Figure 7.3, the energy price required to achieve profitability of the 150 mm 
additional thermal insulation measure studied is NOK 0.54 per kWh for a calculation 
period of 30 years. Figure 7.4 shows that the CO2 tax has to be more than NOK 500 per 
ton CO2 before the price of heating oil reaches a level of NOK 0.54 per kWh utilised. A 
tax of NOK 500 per ton CO2 is more than three times the current tax level and would 
represent a significant increase.  
 

                                            
15 Installation costs of the heating systems are not considered. 
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Figure 7.4. Price of heating oil for residential customers (NOK per kWh utilised) as a 
function of CO2 tax (NOK per ton CO2). The prices include value added tax of 22%. The 
efficiency of the oil-heating systems is assumed to be 0.75. Based on NOS C183 (1994). 
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A significantly increased CO2 tax may be expected to have little direct effect on the total 
energy expenses of households since most houses in Norway are electrically heated or 
have the possibility to use electric heating. Consequently, increased CO2 taxes may be 
expected to have limited direct effect on the number of houses being additionally 
insulated.  
 
However, an increased CO2 tax may be expected to result in an indirect increase in the 
price of electricity, since it may encourage large consumers of fossil fuels (industry, 
public sector, commercial buildings) to shift to electric power and thus increase the 
electricity demand. The price increase for households, though, may be expected to be 
limited since households already pay a significantly higher price for electric energy 
compared to other sectors16.  
 
In Figure 7.4, it is shown that the effect of increased CO2 taxes on the price of heating oil 
is small. The price increase is about NOK 0.04 per kWh utilised per NOK 100 increase in 
the CO2 tax. The CO2 tax therefore has to be significantly higher than today to influence 
the profitability of additionally insulating houses. 
 
In Figure 7.3, it was shown that a particular additional thermal insulation measure require 
a minimum energy price of NOK 0.54 per kWh to be profitable in a 30 years perspective 
for 7% discount rate. An energy price of NOK 0.54 per kWh is 15% higher than the 
current electricity price of NOK 0.47 per kWh. Further, the CO2 tax has to be more than 
tripled to make oil-heating as expensive as NOK 0.54 per kWh utilised (see Figure 7.4).  
 
The studied additional thermal insulation measures is not profitable for the current energy 
prices and emission taxes, and only a much higher CO2 tax will increase the energy price 
of heating oil enough to make the measure profitable. However, the profitability 
estimations have been based on a discount rate of 7% which is the rate currently being 
used for public projects in Norway. From Figure 7.3, it can be seen that the minimum 
energy price required for profitability is significantly reduced for lower discount rates. 
The following section explains the importance of the discount rate for the profitability, 
and discusses alternative ways of estimating the discount factors to be used in 
profitability assessments of long-term building investments. 
 
 
 

                                            
16 In 1992, the price per kWh of electric power, excluding value added tax, was NOK 0.40 for households 

and agriculture, NOK 0.10 for energy-intensive industry, NOK 0.33 for other consumers and NOK 
0.14 for occasional power (NOS C183, 1994).  
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7.4 IMPORTANCE OF DISCOUNT RATE FOR THE 
PROFITABILITY 

This section discusses the importance of the discount rate for the profitability of 
additional thermal insulation measures. The discussion is also valid for other long-term 
building investments.  
 
In general, it can be distinguished between social and private discount rates (see 
Appendix C). The discount rate used by the authorities is referred to as the social 
discount rate. This rate reflects the real rate of return required for projects in the public 
sector. The private discount rate on the other hand, reflects the highest possible real rate 
of return on investment in the private sector. The private discount rate is therefore 
dependent on factors such as rules for tax deductions, and the level of borrowing and 
lending rates. 
 
The social discount rate of 7% used for public sector projects in Norway, is used as 
reference in the following discussion on the importance of the discount rate for the 
profitability of additional thermal insulation measures. The social discount rate is used as 
reference since this study focuses on the entire dwelling stock in Norway and on 
environmental effects which have long-term regional and global consequences. Since the 
society can be regarded to be eternal, in contrast to individuals who are mortal, it is more 
in the interest of the society to take responsibility for the future. Another reason for using 
the social discount rate as reference, is that it is fixed at 7% in Norway, while the level of 
the private discount rate is heavily dependent on the financial situation of the individual 
making the investment. 
 
 
7.4.1 Ordinary discounting method 

Figure 7.5 shows the profitability curves calculated for 150 mm additional thermal wall 
insulation of the detached block of flats used as basis for the case study. The minimum 
energy price required for profitability is shown as a function of discount rate for 
predicted service lives of 15, 30 and 45 years. The minimum energy price for 30 years 
service life and 7% discount rate is NOK 0.54 per kWh. As already pointed out, the 
insulation measure is not profitable since the current energy price level in Norway is 
about NOK 0.47 per kWh (NOS C183, 1994). 
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From Figure 7.5 it can be seen that the estimated minimum energy price for profitability 
is significantly affected by the required real rate of return (discount rate) on the 
investment. If the required discount rate is reduced to about 5.5%, the 150 mm additional 
insulation measure becomes profitable for an energy price of NOK 0.47 per kWh and a 
service life of 30 years. The predicted service life of the building components is also 
important for the estimated profitability. However, the importance of predicting the 
correct service life is reduced for building components with very long service lives. 
 
As shown in Figure 7.5, the energy price required for profitability is significantly reduced 
if lower discount rates are used in the profitability estimations. As briefly described in 
Appendix C, there are important environmental and ethical reasons for using lower 
discount rates when discounting the value of future costs and benefits. However, there are 
also strong reasons for using the same discount rate in all sectors, and not using reduced 
discount rates for projects having large environmental consequences. Based on the 
ordinary discount rate used, alternative methods for calculating the discount factors for 
long-term investments have been proposed. In the following, two methods are presented 
for taking future concerns into account when determining the discount factors to be used 
in the profitability estimations. 
 
 

Profitability curves for service lives of 15, 30 and 45 years as a function of discount rate. 
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Figure 7.5. Profitability curves for 150 mm additional thermal wall insulation of a 
detached block of flats. Minimum energy price required for profitability is shown as a 
function of discount rate for three predicted service lives (15, 30 and 45 years).  
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7.4.2 Correcting for increasing energy prices (Krutilla-Fisher 
approach) 

The Krutilla-Fisher approach is an indirect approach to lowering of the discount rates. An 
ordinary discount rate is used as input in the calculations. This discount rate is corrected 
for the value of environmental benefits which are assumed increasing by time. If the 
increase is expected to be g percent each year, the corrected discount rate (r') to be used 
in the calculations is r' = (r - g)%. Opposite, if the value of the benefits of development is 
presumed to decrease in the future, by k percent each year, the corrected discount rate is 
increased to r' = (r + k)%. 
 
This approach was used in Elmroth et al. (1989) to estimate the profitability of energy 
conservation retrofits in Swedish dwellings. In this study, future real energy prices were 
assumed increasing by 2% per year. The basic discount rate of 6% used in the study was 
therefore reduced to 4% to adjust for this increase, and the 4% discount rate was used to 
estimate the benefits of future energy savings.  
 
In Norway, the average increase per year in real energy prices during the entire period 
from 1970 to 1993 was 1.1% for electricity and 4.5% for fuel oil (see Section 7.3.1). The 
assumption of 2% yearly increase in real energy prices made in Elmroth et al. (1989), 
thus corresponds well with the conditions in Norway from 1970 to 1993. A yearly 
increase of 2% corresponds with an increase in the real energy price of 22% in 10 years, 
49% in 20 years and 81% in 30 years.  
 
If it is assumed that the future energy prices will increase by 2% per year, the 
corresponding minimum energy price required for profitability of the 150 mm additional 
thermal insulation measure will be reduced from NOK 0.54 to NOK 0.44 per kWh for a 
predicted service life of 30 years (see Figure 7.3). Hence, the measure will be profitable 
for the current energy price level of about NOK 0.47 per kWh. However, because of the 
large oil and gas reserves and abundant supply of hydroelectric power in Norway, there 
may not be political agreement about a 2% yearly increase in future energy prices.  
 
The ordinary discounting method has serious limitations when used to evaluate long-term 
projects, even if it is corrected for future environmental consequences. The ordinary 
discount factor decreases with time and finally approaches zero (see Appendix C), and 
ordinary discounting therefore involves a systematic and morally indefensible 
discrimination against future generations. A modified discounting method has therefore 
been proposed for long-term projects to take these intergenerational problems into 
account (Kula, 1992). The application of this modified discounting method for evaluating 
the profitability of the additional thermal insulation measure is discussed in the following 
section. 
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7.4.3 Modified discounting method 

A modified discounting method has been proposed to take intergenerational problems 
into account for public sector projects (Kula, 1992). The method is described in 
Appendix C. The method is based on a conventional discount rate where public sector 
projects are presumed giving a fixed and unalterable stream of benefits to the society. The 
population is divided into a number of groups consisting of the same number of 
individuals. The number of groups is equal to the life expectancy of individuals in years. 
This way, each group is assumed to represent one single age group of individuals. The 
annual costs and benefits obtained by each of these single age groups are only discounted 
for the time period the individuals in the group are waiting for the costs and benefits to 
occur. Thus, when individuals are born, they inherit "undiscounted" costs and benefits.  
 
The modified discount factor for costs and benefits occurring in the future is shown in 
Equation 7.1. In the equation, the life expectancy of individuals is presumed to be shorter 
than the number of years into the future the costs and benefits occur. 
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where: 

mdf is the modified discount factor, 
t is the life expectancy of individuals in years, 
r is the conventional discount rate, 
n is the number of years into the future the costs and benefits occur.  

 
Additional thermal insulation measures yield uniformly distributed benefits (energy 
savings) over the entire service life. Table 7.4 shows the inverse annuity discount 
factors17 for different service lives, calculated using the modified discounting method 
with a discount rate of 7% and a life expectancy of individuals of 75 years. For 
comparison, the inverse annuity discount factors calculated using 7% discount rate in the 
ordinary discounting method are also shown in Table 7.4. The difference between the 
modified and ordinary inverse annuity discounting factors increase for the longer service 
lives used in the calculations. For a predicted service life of 15 years, the modified 
inverse annuity discount factor (mdfA) is 3% higher than the ordinary inverse annuity 
discount factor (dfA), increasing to 13% for 30 years service life, 27% for 45 years 
service life and 43% for 60 years service life.  
 
 

                                            
17 The inverse annuity discount factor is the sum of the yearly discount factors over the calculation period 

(see Appendix C). 
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mdfA relative to dfA 101% 103% 106% 109% 113% 127% 143% 

 
 
In Table 7.4, discount rates giving the same inverse annuity discount factors when using 
ordinary discounting instead of modified discounting are shown. For a predicted service 
life of 30 years, the mdfA calculated using 7% discount rate and 75 years of life 
expectancy, corresponds with a dfA calculated using 5.85% discount rate. The 
corresponding ordinary discount rates for service lives of 15 and 45 years are 6.49% and 
5.22%, respectively. 
 
The minimum energy price required for profitability of the 150 mm additional thermal 
insulation measure is NOK 0.48 per kWh if the modified discounting method is used, 
where the discount rate is assumed to be 7%, the life expectancy of individuals 75 years, 
and the service life (calculation period) 30 years. The corresponding energy prices for 
predicted service lives of 15 and 45 years are NOK 0.73 and NOK 0.39 per kWh, 
respectively. 
 
The minimum energy price of NOK 0.48 per kWh estimated for a calculation period of 
30 years, is almost the same as the current energy price level of NOK 0.47 per kWh. 
Hence, the 150 mm additional thermal insulation measure becomes profitable if the value 
of future energy savings is discounted using the modified discounting method. Moreover, 
if the effect of an assumed future energy price increase of 2% per year is included by 
using a corrected discount rate of 5% in the modified discounting method, the required 
energy price for profitability is estimated to be as low as NOK 0.41 per kWh for a 
calculation period of 30 years (see Table 7.5).  
 
 

Table 7.4. Modified and ordinary inverse annuity discount factors calculated for 
uniformly recurring costs and benefits for different service lives. The discount rate is 
assumed to be 7%. The modified discount factor is based on a life expectancy of 
individuals of 75 years. Discount rates which make the ordinary inverse annuity discount 
factor (dfA) equal to the modified inverse annuity discount factor (mdfA) based on 7% 
discount rate. 

Inverse annuity discount factor Predicted service life in years 

 10  15 20 25 30 45 60 
Modified inverse annuity discount 
factor (mdfA) 

7.13 9.41 11.21 12.70 13.98 17.22 20.13 

Ordinary inverse annuity discount 
factor (dfA) 

7.02 9.11 10.59 11.65 12.41 13.61 14.04 

Discount rates which make dfA 
equal to mdfA based on 7% discount 
rate 

6.67% 6.49% 6.23% 6.07% 5.85% 5.22% 4.64% 
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7.4.4 Discussion of some effects of using high discount rates for the 
profitability of long-term investments 

Table 7.5 shows the minimum energy prices required for the 150 mm additional thermal 
insulation measure to be profitable over a predicted service life of 30 years. The prices 
are shown for different discount rates and for three different discounting methods; 
ordinary discounting method, ordinary discounting method corrected for future energy 
price increase, and modified discounting method. When the ordinary discounting method 
is used, the minimum energy price for profitability is estimated to be NOK 0.54 per kWh 
for a discount rate of 7%. This energy price is used as reference in the table. 
 
 

 
 
The minimum energy price required for profitability is reduced when correcting for future 
energy price increases, or when using the modified discounting method. However, to 
significantly improve the profitability of additional thermal insulation measures, the real 
rate of return (discount rate) required on the investment has to be reduced. Besides being 
unfavourable for the profitability of additional insulation measures, the use of high 
discount rates is negative for the environmental concern taken in project appraisals as 
described in the following. 
 
Discounting costs and benefits of long-term projects 
The Norwegian Government use 7% discount rate when estimating the profitability of 
projects in the public sector. The use of a discount rate as high as 7% in cost-benefit 
analyses notably reduce the importance of future costs and benefits as illustrated in 
Figure 7.6. The figure shows the distribution of accumulated energy consumption and 
accumulated discounted energy costs over a predicted service life of 60 years using 7% 
discount rate. The energy consumption is presumed uniformly distributed over the entire 
service life. Figure 7.6 shows that the use of a discount rate of 7% in cost-benefit 
analyses of long-term projects implies a near-sighted view on the service life. 
 
The consequences of using a discount rate of 7% is that the discounted value of the 
accumulated costs arising the first 20 years of the service life, equals as much as 75% of 

Table 7.5. Minimum energy price required for profitability of 150 mm additional thermal 
wall insulation for discount rates of 7%, 5% and 3% and three different discounting 
methods. Predicted service life of 30 years. The relative difference between the minimum 
energy prices, and the energy price required for 7% ordinary discounting. 

Discount 
rate 

Ordinary discounting method  Ordinary discounting, 
corrected for 2% yearly 

increase in energy prices 

 Modified discounting me

 NOK per kWh %  NOK per kWh %  NOK per kWh % 
7% 0.54 100%  0.44 81%  0.48 89% 
5% 0.44 81%  0.35 65%  0.41 76% 
3% 0.35 65%  0.27 50%  0.33 61% 
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the total accumulated discounted costs over the service life of 60 years. Similarly, the 
first 40 years represent as much as 95% of the total accumulated discounted costs. Thus, 
when using high discount rates in economic assessments, the largest share of the total 
accumulated discounted costs occur in the first part of the service life, while costs 
occurring in the late part are of less importance. 
 
In contrast, all stages of the service life are equally important in the environmental 
assessment. When studying the first 20 years of the service life, 33% of the total 
accumulated energy consumption are taken into account, increasing to 66% after 40 
years. The entire service life must therefore be taken into account in the environmental 
assessment to estimate the benefits of the project. 
 
 

 
 
The discounting process reduce the importance of removal costs 
The waste policy of the Norwegian Government is based on a preventive approach where 
the principal goal is to prevent waste from originating and to minimise the content of 
harmful substances in the waste (NOU, 1995). Further, the main principle of the 
environmental policy is based on the "Polluter-Pays-Principle", and increased waste 
depositing charges are intended to reduce the waste volumes by influencing consumers to 
increase reuse and recycling of materials and components. 
 

Accumulated energy consumption and discounted costs over a service life of 60 years. 

Years
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Figure 7.6. Distribution of accumulated energy consumption and accumulated 
discounted energy costs over a predicted service life of 60 years. Uniformly distributed 
energy consumption and energy costs. 7% discount rate. 
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In a life cycle perspective, however, the economic incentive of minimising the waste 
volumes is reduced as a result of the discounting process. When a discount rate of 7% is 
used, the removal costs at the end of service lives of 30 and 60 years are discounted by 
factors of 0.13 and 0.02, respectively. The present value of increased waste depositing 
charges at the end of the service life of building products is therefore very small. 
Consequently, as long as the present value of future savings are heavily reduced in the 
discounting process, the economic motivation in designing building products that are 
suited for reuse and recycling is practically not existing. The discounting process, 
especially when using high discount rates, therefore acts as an obstacle against a 
preventive approach for reducing the waste volumes in the building sector. 
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Chapter 8 

Conclusions 
 
 
 
 
The background for this work is the increasing environmental concern one is 
experiencing in the society, and the wish for a more sustainable development where long-
term perspectives are given more weight. Motivated by the need to reduce the total 
energy consumption and environmental load from the society, the aim of the work is to 
study energy saving measures performed in existing houses. In the study, alternative 
additional thermal insulation measures that may be performed shall be assessed on the 
basis of an interdisciplinary life cycle approach. 
 
The scope of the work includes three tasks: 
 
• to develop an estimation model for the total energy consumption and emissions to air 

of environmentally harmful gases from the entire dwelling stock of Norway, 
 
• to develop an interdisciplinary assessment method for additional thermal insulation 

measures that may be performed in houses, 
 
• to study additional thermal insulation measures performed in single houses in order to 

contribute to increased understanding and knowledge of some environmental and 
economic aspects associated with energy improvement measures that may be 
performed in existing houses.  

 
 
 
8.1 ESTIMATION MODEL FOR TOTAL ENERGY 
CONSUMPTION AND EMISSIONS TO AIR FROM THE 
DWELLING STOCK 

An estimation model for the total energy consumption and emissions to air of 
environmentally harmful gases from the dwelling stock in Norway is presented in Chapter 
3. The estimation model is based on an approach, where the Norwegian dwelling stock 
(per 1990) is divided into twelve groups of dwellings according to thermal performance. 
For each group, a stereotype of house is carefully defined, which is 
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assumed having thermal performance representative for the group of dwellings it is 
defined for.  
 
The energy consumption and emissions to air from each stereotype is then calculated 
using a set of weighted monthly climate data (outdoor temperatures and solar radiation) 
weighted to be representative for the entire dwelling stock. By aggregating the energy 
consumption and emissions to air estimated for each stereotype, it is possible to estimate 
the total energy consumption and emissions to air from the dwelling stock in 1990. 
 
 
8.1.1 Estimated total energy consumption and emissions to air from the 
dwelling stock 

The aggregated total energy consumption and emissions to air from the entire dwelling 
stock are estimated in Chapter 4. The total energy consumption in the dwelling stock in 
1990 is estimated to have been 45.4 TWh. This estimation is based on weighted monthly 
mean outdoor temperatures for a standard year for the period 1931 to 1960. The 
corresponding estimated emissions are 1.38 million tons of CO2, 1 900 tons of SO2,  
2 300 tons of NOx and 17 200 tons of particulate matter (PM). These estimates 
correspond well with data from Statistics Norway for the year 1990 if it is taken into 
account that 1990 was an unusually mild year.  
 
 
8.1.2 Influence of input parameters in the estimation model 

Many parameters are important for the thermal performance of each of the stereotypes of 
houses defined in the estimation model. The relative importance of the different input 
parameters is determined by examining the influence of altered parameters on the 
estimated energy consumption and CO2 emissions. The following input parameters are 
examined: 
 
• U-values of the building envelope, 
• window area, 
• rate of air exchange, 
• indoor temperature, 
• internal gain, 
• energy consumption used for water heating. 
 
The influence of altered input parameters is shown to be larger with respect to CO2 
emissions than to total energy consumption. The reason for this is that all CO2 emissions 
are assumed caused by the combustion of fossil fuels in the heating systems, while 
electricity used for space heating, lighting and equipment is produced from "CO2 free" 
hydropower. Thus, if the heating requirement of a house is reduced by a certain percent, 
the emission of CO2 is reduced by the same percent. The overall energy consumption, 
however, is reduced by a smaller percentage since electricity is also used for lighting, 
equipment and water heating.  
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The indoor temperature is the most important parameter. The total energy consumption 
and CO2 emissions from the dwelling stock change by about 1.3% and 1.9%, 
respectively, for each percent the indoor temperature in the houses is altered. The 
influence of altered U-values is also considerable, while the other parameters are of less 
importance for the estimated energy consumption and emissions to air from the dwelling 
stock. 
 
 
8.1.3 Potential and limitations of the proposed estimation model 

It is shown that it is possible, on basis of available statistics, to define a number of 
stereotypes of houses which may be taken as representative for the dwelling stock within 
a given geographical area. On the basis of the defined stereotypes of houses, the total 
energy consumption and emissions to air from the entire dwelling stock can be estimated 
with a rather high degree of precision. Also, the energy saving potential in the dwelling 
stock may be estimated on basis of the developed estimation model. 
 
However, a serious limitation of the estimation model is limited statistical data on 
average thermal performance of dwellings. A large number of parameters have to be 
established to define the stereotypes of houses. Because of the limited data foundation, 
many of these parameters must be based on simplifications and qualified guesses. An 
element of subjectivity is therefore involved in the defining of the estimation model. 
Because of the many presumptions and qualified guesses made, large uncertainties are 
involved in the output from the estimation model. At present, no efforts have been made 
to estimate these uncertainties. This, however, could be an important element of a further 
development of the estimation model. 
 
A further development of the estimation model could also be to define the building 
materials used in the houses in more detail, in order to estimate the volumes of building 
waste materials generated every year. This approach could also be used to estimate the 
total quantity of environmentally harmful materials found in the dwelling stock. 
Examples of such materials are asbestos, and PCB in light fittings and electrical 
appliances.  
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8.2 METHOD FOR LIFE CYCLE ASSESSMENT OF ENERGY 
SAVING MEASURES IN HOUSES 

A calculation method is proposed in Chapter 5 for the assessment of additional thermal 
insulation measures performed in houses. The method is based on a "cradle-to-grave" 
approach which includes the production stage, the operation stage and the final removal 
stage. The assessment is based on four accounts; 
 
• materials account,  
• energy account,  
• emissions account,  
• economic account. 
 
The final assessment is based on an integrated economic assessment, where monetary 
values are assigned to the consumption of energy and resources, and to the emissions to 
air of environmentally harmful gases.  
 
 
8.2.1 Potential and limitations of the proposed assessment method 

A major advantage of the proposed assessment method is that it is based on an 
interdisciplinary life cycle assessment approach. The entire life cycle is taken into 
account, including the production stage, the operation stage and the removal stage, and 
both economic and environmental aspects are considered. In this work, the method is 
used to assess additional thermal insulation of houses. The framework of the method, 
however, may be used for life cycle assessments of single building materials, as well as 
for building components and entire buildings. 
 
In the presented method, the environmental aspects considered are energy consumption, 
materials consumption and emissions to air of CO2, SO2, NOx and PM. The reason for 
not including more environmental aspects, is that available information on environmental 
aspects related to the production, operation and removal of buildings are rather limited. 
Examples of aspects that can be included when data becomes available are emissions to 
air of PAHs and CO, emissions to water, and content of hazardous substances in the 
materials. In addition, other aspects, such as social, technical, aesthetic and political 
aspects, as well as aspects taking into account the market behaviour of individuals, could 
have been included. Many of these aspects, however, are qualitative aspects and are 
therefore difficult to include in the assessment which is based on quantifiable aspects. 
 
The final economic assessment is proposed based on current economic premises (current 
investment costs, energy prices and emission taxes). Since large controversy is involved 
in monetary valuation of the environment at present, no efforts have been made to 
estimate the real monetary value of the environmental benefits associated with additional 
thermal insulation measures. However, the monetary values of energy consumption, 
exhaustion of non-renewable resources, and emissions to air, earth and water, can be 
included in the assessment when (or if) such values become available. 
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8.3 SOME ENVIRONMENTAL AND ECONOMIC ASPECTS OF 
ENERGY SAVING MEASURES 

To exemplify the application of the proposed assessment method, additional thermal 
insulation of a case study house is assessed in Chapter 6. The outer walls of a detached 
block of flats are assumed additionally insulated using a plaster-based insulation system 
with high-density mineral wool. The final economic assessment is based on the social 
discount rate of 7% used in Norway, and on the current electricity price of about NOK 
0.47 per kWh. In Chapter 7, the influence of different parameters determining the 
profitability is studied. 
 
 
8.3.1 Case study assessment of additional thermal insulation measures 

Three additional insulation alternatives (+60 mm, +100 mm and +150 mm thermal 
insulation) are compared with an unimproved alternative. The calculations show that the 
+150 mm alternative is the environmentally favourable alternative since it provides the 
largest energy savings and emission reductions during a life cycle of 30 years, with an 
exception for NOx emissions where the +100 mm alternative shows the largest 
reductions.  
 
The net present value of the total costs over the life cycle is lowest for the unimproved 
alternative for the given presumptions. To be profitable compared to the unimproved 
alternative, the additional insulation measures require higher energy prices than the 
present level of NOK 0.47 per kWh. The +100 mm alternative requires a minimum price 
of NOK 0.52 per kWh, while the +60 mm and +150 mm both require a minimum energy 
price of NOK 0.54 per kWh. 
 
 
8.3.2 Payback periods for energy consumption and emissions to air 

The total energy consumption during the production stage is estimated to be 63 MWh for 
the +150 mm thermal insulation alternative, while the estimated energy saving during the 
operation stage is 67 MWh per year. Consequently, the energy consumption required to 
produce the materials is paid back after less than one year of operation. 
 
The direct emission reductions obtained by improving the thermal insulation level of 
houses, are notably affected by type of heating in the house. Large direct emission 
reductions may be obtained if the thermal performance of oil-heated houses is improved. 
Electric heating, on the other hand, is without emissions to air. Consequently, no direct 
emission reductions will be obtained by improving the thermal performance of 
electrically heated houses.  
 
However, if it is taken into account that saved electricity in houses may substitute the use 
of fossil fuels in other sectors, it may be argued that the emission reductions are large  
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also for electrically heated houses. Based on this argument, the payback periods for 
emissions of CO2, SO2, NOx and PM, are estimated for three emission alternatives:  
 
• a reference alternative based on the direct emission reductions obtained per unit energy 

saved in the case study house. The house is assumed having 69% electric heating, 24% 
oil-heating and 7% wood-firing, which are the average heating shares for the group of 
dwellings the case study house represents, 

 
• an alternative based on the emissions to air resulting from the average use of energy in 

Norway, 
 
• an alternative based on the emissions to air resulting from the average use of energy in 

Europe. 
 
The estimated payback periods for most substances emitted to air are significantly lower 
for the "Norwegian" and "European" alternatives, as compared to the reference 
alternative. For the reference alternative, the estimated payback periods range from 2.2 
years for PM, to 13.2 years for NOx. For the "Norwegian" alternative, the estimated 
payback periods range from 0.7 year for NOx, to 3.6 years for SO2. For the "European" 
alternative, the payback periods range from 0.6 years for SO2, to 1.5 years for PM.  
 
The payback periods are also estimated for an alternative additional thermal insulation 
measure consisting of low-density mineral wool and wooden cladding instead of high-
density mineral wool and plastering. Because of the lower energy consumption during the 
production of low-density mineral wool, the payback periods are significantly shorter for 
this light insulation alternative. 
 
On basis of the short payback periods estimated, especially for the case where the effect 
of substituting fossil fuels is considered, it may be concluded that additional thermal 
insulation measures are environmentally favourable in a life cycle perspective with 
respect to air pollution effects. 
 
 
8.3.3 Importance of energy prices and emission taxes for the 
profitability of additional thermal insulation measures 

The profitability of the +150 mm thermal insulation alternative is estimated by 
calculating the net present value of the total costs and benefits over the service life. The 
estimation is based on a discount rate of 7%. The +150 mm alternative is not profitable 
for service lives of 15 years, 30 years or 45 years, assuming the energy price is equal to 
the current electricity price of NOK 0.47 per kWh. To be profitable, the energy price has 
to increase to NOK 0.54 per kWh. 
 
If the efficiency of oil-heating systems is assumed to be 0.75, the price of heating oil no. 
1 in 1993 can be estimated to be NOK 0.37 per kWh utilised; CO2 tax and value added 
tax included. The CO2 tax on heating oils was NOK 0.41 per litre in 1993, corresponding  
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to a tax per kWh utilised of about NOK 0.05. The CO2 tax has to be more than doubled 
before oil-heating becomes more expensive than electric heating. Furthermore, the CO2 
tax has to be more than tripled before the price of oil-heating becomes as high as NOK 
0.54 per kWh, which is required to make the +150 mm thermal insulation alternative 
profitable for 7% discount rate and 30 years service life.  
 
It may be concluded that longer service lives will have small effect on the overall 
profitability as a result of the discounting process. Further, since the current CO2 tax 
represents less than 20% of the price of fuel oil for residential customers, the tax has to 
be notably increased to have influence on the fuel oil price for these customers. However, 
notably increased CO2 taxes will probably not be politically feasible since it will have 
serious consequences for other sectors like industry and transportation.  
 
 
8.3.4 Importance of discounting for the profitability of additional 
thermal insulation measures 

The total accumulated energy savings and emission reductions obtained by additionally 
insulating houses may be assumed proportional to the service life of the constructions. 
Consequently, energy and emission accounts benefit from longer service lives used in the 
life cycle assessment. For the economic account, however, the length of the service life is 
of less importance because of the discounting process. 
 
The present value of costs and benefits occurring well into the future is significantly 
reduced in the discounting process. The higher discount rate used, the less important are 
future costs and benefits. In Norway, a social discount rate of 7% is used when estimating 
the profitability of public sector projects. 
 
Profitability estimated on basis of alternative discounting methods 
The profitability is not only influenced by the discount rate used, it is also influenced by 
the discounting method used. The minimum energy price required for achieving 
profitability of the +150 mm thermal insulation alternative using 30 years service life and 
7% discount rate, is estimated on the basis of three alternative discounting methods: 
 
• the ordinary discounting method, 
• the ordinary discounting method corrected for future energy price increase, 
• a modified discounting method where intergenerational aspects are included. 
 
The studied insulation measure proved to be unprofitable using the ordinary discounting 
method, while it proved to be profitable using the two other discounting methods. Thus, 
the discounting method used may significantly influence the profitability of long-term 
investments. 
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Discounting costs and benefits of long-term projects 
The use of high discount rates in cost-benefit analyses of long-term projects implies a 
near-sighted view on the service life. In the economic assessment, the largest share of the 
total discounted costs occur in the first part of the service life, while costs occurring in 
the late part are of less importance. For the environmental assessment, in contrast, all 
stages of the service life are equally important, and the entire service life must be taken 
into account to estimate the benefits of the project. 
 
However, since economic aspects are decisive in project appraisals, less weight is given 
to future environmental effects. A result of this is that the present value of costs 
associated with the disposal of building waste materials at the end of the service life are 
heavily reduced. The economic incentives to reduce the waste disposal charges by 
designing buildings and building components adapted for reuse and recycling are 
therefore small. Consequently, the discounting process acts as an efficient obstacle 
against a preventive approach for reducing the waste volumes in the building sector. 
 
 
 
8.4 FINAL REMARKS 

There is an increasing focus on sustainable development and environmental constraints in 
the society, and there is a need for reducing the total energy consumption and 
environmental load from human activities. Further, it is commonly stated as a goal to 
include environmental concerns and long-term perspectives into project planning and 
systems for management and maintenance of the building stock.  
 
Motivated by the increased environmental awareness, the scope of this work is to study 
some environmental and economic aspects of additional thermal insulation measures that 
may be performed in houses. The study is based on an interdisciplinary life cycle 
assessment approach where environmental and economic aspects are to be included.  
 
The purpose of this study is to estimate the environmental benefits of additional thermal 
insulation measures, and to study how such measures can be made more environmentally 
favourable. Furthermore, the profitability of the measures is studied to identify critical 
factors for the economic assessment. By examining the critical factors, the intention is to 
identify how additional thermal insulation measures can be made more profitable.  
 
The study shows that the discount rate (real rate of interest) is the single most important 
parameter for the profitability of additional thermal insulation measures. The present use 
of a relatively high discount rate (7% in the public sector), significantly reduces the 
profitability of energy saving measures, as well as the time perspectives taken into 
account in the assessment. A lower discount rate is favourable for the profitability of 
additional thermal insulation measures. Inspired by this, the rationale for discounting and 
the use of high discount rates is studied. This study of discounting reveals that there is a 
large contradiction between what the society aims to do, and what is actually done. This 
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contradiction is shown in Figure 8.1 by the link between the politically stated aim of the 
society (upper left), and what is actually done (lower left).  
 
 

Answer: 
Lower discount rates are not used because 
individuals, as well as the society, are impatient 
and do not want to take long-term perspectives 
into account, and because economic growth is 
more important for the society than long-term 
environmental concerns.  

  

 
 
Figure 8.1 shows that for additional thermal insulation measures in houses, the most 
effective way to accomplish the politically stated aim of taking environmental concerns 
and long-term perspectives into account, is by lowering the discount rate. The question 
then arise: Why are not lower discount rates used? Obviously, long-term planning 
conflicts with the impatient nature of individuals and society. Likewise, the use of low 
discount rates conflicts with the desire for economic growth and development in the 
society.  

Motivation: 
Motivation for this work is the politically stated aim 
of taking environmental concerns and long-term 
perspectives into account. 

  

    

 
 

 

Study: 
Study of the life cycle of energy saving measures 
to identify how environmental concerns and long-
term perspectives can be taken into account. 

 

   

 
Contradiction between 

what the society want to do,  
and what is actually done 

 Result: 
The discount rate is identified as the crucial 
parameter. An effective way to include environmental 
concerns and long-term perspectives in appraisals of 
energy saving measures, is by lowering the discount 
rate used when estimating the profitability. 

   

 Question: 
Why are not lower discount rates used when 
estimating the profitability of the environmentally 
favourable energy saving measures?  

 

    

 
Figure 8.1 An explanation why environmental long-term concerns are not taken fully into 
account in project appraisals. 
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The requirement for economic profitability is found in every sector of the society. 
Consequently, it seems that cost-efficiency requirements are normally superior to ethical 
concerns. An example is the threat of global warming. For purely economic reasons, 
Norway is abandoning the national goal of stabilising CO2 emission on a 1989 level 
within year 2000. As a defence for this action, or more correct, as a defence for not 
taking action, the Norwegian Government argues that the effect of taking action will not 
be measurable since the Norwegian CO2 emissions only represent 0.16% of the total CO2 
emissions in the world (NOS C161, 1994). The fact that the Norwegian population 
represent 0.08% of the world population, and thus emit twice the world average CO2 
emission per capita, is not an issue in the political CO2 debate. 
 
Due to the dominance of economic concerns, one may feel tempted to ask: What is the 
practical value of studying the environmental benefits of energy saving measures in the 
residential sector, when environmental aspects are inferior in governmental economic 
policies and decision making? Are the aspirations of the society, as well as of individuals, 
to take environmental concerns and long-term perspectives into account, an illusion?  
 
The political neglecting of the fact that climate changes caused by global warming, may 
have catastrophic consequences for future generations, indicates that environmental long-
term considerations are not given much weight, despite what is stated in the Norwegian 
Constitution:  
 
 
 

"Every person has a right to an environment that is conducive 
to health and to natural surroundings whose productivity and 
diversity are preserved. Natural resources should be made use of on 
the basis of comprehensive long-term considerations whereby this 
right will be safeguarded for future generations as well. (...)" 

 
The Constitution of the Kingdom of Norway, Article 110 b. 
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Appendix A 

A brief description of some environmental 
aspects of the Norwegian dwelling stock 
 
 
 
 
A.1 INTRODUCTION 

This appendix focuses on energy consumption in dwellings, and relates the total energy 
consumption in the dwelling stock to the total energy consumption in Norway. It further 
focuses on the emissions to air of some gases which are harmful to the environment, and 
the contribution from dwellings to global warming, depletion of the stratospheric ozone 
layer and air pollution problems in the troposphere. Finally, the appendix describes the 
total volume of building waste materials generated each year. 
 
The appendix does not consider effects on neither the terrestrial environment, the aquatic 
environment, nor the biotic environment, since these effects are assumed being of less 
importance in the overall assessment of the life cycle of houses. Neither are indoor 
climate aspects and environmental loads caused by persons living in the households taken 
into account. The treatment of wastewater and household waste, and the use of private 
cars, are therefore not considered. 
 
 
 
A.2 ENERGY CONSUMPTION IN DWELLINGS 

This section describes: 
 
• the relative importance of the various stages of the life cycle of houses with regard to 

the energy consumption, 
• the total energy consumption in the residential sector in Norway, 
• the relative importance of the residential sector for the total energy consumption in 

Norway. 
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A.2.1 Energy consumption during production, operation and demolition 
of dwellings 

The life cycle of houses includes the construction stage, the operation stage and the 
demolition stage. Large amounts of energy are consumed during these three stages. Until 
recently, the focus has mainly been on the operation stage, since this stage has 
represented the dominating part of the total energy requirement of houses. Only a few 
percent of the total energy consumption during the entire life cycle of houses have been 
consumed the during production stage. 
 
However, the increasing amount of thermal insulation materials used in Norwegian 
houses has gradually reduced the importance of the operation stage. Because of the 
improved insulation level, less energy is required to heat the houses. This consequently 
reduces the total energy consumption during the operation stage, and thus lessen the 
importance of this stage. In addition, the increased insulation thicknesses increase the 
amount of materials required to produce the houses. The energy requirement during the 
production stage therefore increases, and consequently the importance of this stage. 
However, even though the thermal insulation level of houses has steadily improved over 
the last century, the operation stage will still represent the greatest part of the total energy 
consumption for years to come. 
 
Table A.1 shows the total specific energy consumption required to produce, operate and 
finally demolish three different types of detached one-family houses. The data are based 
on Fossdal (1995). The total energy consumption for the three houses is shown as kWh 
per m2 over the service life which is presumed to be 50 years. Two of the houses are 
wooden houses with light timber framed constructions, while the third house is 
constructed using light aggregate concrete blocks as main construction material. The table 
shows that the energy consumption during the production stage accounts for 
approximately 7% of the total energy consumption during the life cycle of the two 
wooden houses. For the house constructed with light aggregate concrete blocks, the 
production stage represents 11% of the total energy consumption. 
 
Table A.1. Total energy consumption during production, operation and demolition of 
three different types of detached one-family houses. Numbers as kWh per m2 over a 
presumed service life of 50 years (Fossdal, 1995). 

  House 1  House 2  House 3 

Dwelling area  135 m2  235 m2  140 m2 

Type of construction  Light timber frame  Light timber frame  Light aggregate con
blocks 

Energy consumption  kWh/m2 %  kWh/m2 %  kWh/m2 % 
Production  555 7%  511 7%  939 11% 
Operation (50 years)  7 421 92%  6 442 92%  7 199 88% 
Demolition  45 1%  38 1%  68 1% 
Total  8 021 100%  6 991 100%  8 205 100% 
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The energy consumption during demolition is insignificant since less than 1% of the total 
energy use during the life cycle is consumed at this stage. However, the calculated energy 
consumption during demolition is only based on the energy requirement for the 
demolition of the house and for the transportation of the waste materials from the 
demolition site to the deposit site. It does not include the inherent energy content of the 
waste materials. 
 
The waste materials' value as fuel is significant, and should be considered when the life 
cycle of buildings is assessed. The inherent energy content of the two wooden houses 
referred to in Table A.1 (House 1 and House 2), was estimated to be 760 kWh/m2 and 
650 kWh/m2, respectively. For House 3, being a light aggregate concrete construction, 
the inherent energy content was estimated to be 590 kWh/m2. The inherent energy 
content of the building materials thus equals the energy requirement during 
approximately five years of operation. The potential in reducing the total energy 
requirement during the life cycle of buildings by utilising the waste materials as source of 
fuel, is therefore significant. 
 
From Table A.1 it can be concluded that the operation stage still represents the 
dominating part in a life cycle assessment of houses. However, the production stage and 
the demolition stage (including the waste materials' value as fuel) are of some importance 
in the overall assessment. The following section describes the total energy use for the 
operation of the Norwegian dwelling stock. 
 
 
A.2.2 Total energy use in the Norwegian dwelling stock 

The total energy consumption in Norway in 1990 is shown by type of fuel in Table A.2. 
The data is shown both as physical units and as total energy use expressed as TWh. The 
total energy consumption in private households was 59 TWh (212 PJ) in 1990, 
corresponding to 29% of the total inland energy consumption in Norway that year. The 
total energy consumption in private households is further divided between mobile 
consumption (cars) and stationary consumption (dwellings). Of the total energy 
consumption in private households in 1990, approximately two-thirds (40 TWh) was 
consumed in dwellings, and one-third (19 TWh) in cars. In total, about 20% of the total 
inland energy consumption in Norway in 1990 was consumed in dwellings. 
 
From Table A.2 it can be seen that electricity is the dominating energy source in 
Norwegian dwellings, accounting for 30 TWh (109 PJ), or 76% of the total energy use in 
dwellings in 1990. The remaining 24% was shared between wood-firing, accounting for 
5.6 TWh (20 PJ), and fossil fuels accounting for approximately 3.6 TWh (13 PJ). Other 
energy sources like district heating, gas, coal and coke, which are commonly used in 
dwellings in other countries, are of insignificant importance in Norwegian dwellings. 
 
 



Appendix A 

178 

 
 
Almost 50% of the total energy consumption in Norway was covered by electricity in 
1990. Of this, dwellings accounted for more than 30%. The production of electricity in 
Norway is based solely on hydropower. No emissions of environmentally harmful gases 
are therefore associated with the use of electricity, in contrast with most other countries 
where fossil fuels, or atomic power, are commonly used to produce electricity. 
 
Dwellings accounted for a large share of the total consumption of firewood, black liquor 
and garbage. However, these energy sources only represented a small share (5%) of the 
total energy consumption in Norway. Dwellings further accounted for 21% of the total 
inland consumption of kerosene and 6% of the total inland consumption of medium 
distillates (diesel and light heating oils). 
 
It should be noted that the heating consumption in dwellings in 1990 was lower than 
normal since 1990 was a mild year. The weighted degree day number18 for the entire 
country in 1990 was 3091 oC·days, compared to an average of 3657 oC·days for the thirty 
years period between 1961 and 1990 (NOS C183, 1994). As a consequence, the heating 
requirement of dwellings was 15% lower in 1990 than in a "normal" year. Almost 60% of 
the total energy consumption in dwellings is used for heating of space (Ljones et al., 
1992). Based on this, the total energy consumption in the dwelling stock in 1990 can be 
estimated to have been approximately 10% lower than in a normal year. 
A.3 EMISSIONS TO AIR FROM DWELLINGS 
                                            
18  The degree-day number is a simplified way to express the length and coldness of the heating season 

in an area. The length is defined as the time period of the year between the autumn when daily mean 
temperature falls below 11oC, and the spring when the daily mean temperature rises above 9oC. The 
degree-day number is calculated as the integral of the difference between outdoor temperature and 
indoor temperature (set to be 17oC) over this time period. Additional heat gain from solar radiation, 
persons, lighting and electrical equipment is assumed to rise the indoor temperature from 17oC to 20oC 
(NBI A552.103, 1990). 

Table A.2. Total inland energy use in Norway and total energy use in private households 
in 1990, by type of fuel. The energy consumption is shown as both physical units and as 
energy use in TWh. Based on Rypdal (1993). 

Energy use in 
Norway in 1990 

Coal 
and 
coke 

Fire-
wood, 

garbage, 
etc. 

Various  
gases 

Gaso-
line 

Paraf-
fin 

Medium 
distil-
lates* 

Heavy 
fuel oil 

Electri-
city 

District 
heating

Total

Physical units 1000 t 1000 toe 1000 toe 1000 t 1000 t 1000 t 1000 t GWh   
Total inland 1670 891 1224 1788 650 2819 459 96809 
Private households 9 482 3 1387 152 327 1 30299 
Energy use TWh TWh TWh TWh TWh TWh TWh TWh TWh TWh
Total inland 13.9 10.6 14.4 21.9 7.8 33.1 5.3 96.9 0.8 204
Private households 0 5.6 0 16.9 1.7 3.9 0 30.3 0.3 59
- mobile  - - - 16.9 - 1.9 - - - 19
- stationary 0 5.6 0 - 1.7 1.9 0 30.3 0.3 40
*  The consumption of medium distillates (diesel and light heating oils) in private households has been 

distributed equally between stationary combustion and mobile combustion. 
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Dwellings account for approximately one-fifth of the total inland consumption of energy 
in Norway. The combustion of energy in dwellings causes emissions to air of a number of 
gases which are considered being harmful to the environment. Examples of such gases 
are carbon dioxide (CO2), sulphur dioxide (SO2) and nitrous oxides (NOx). In addition, 
large amounts of waste water and solid waste are resulting from the production, operation 
and demolition of dwellings. 
 
The emissions to air of gases which are harmful to the environment can be divided into 
three principal categories according to the effect on the environment. The three effect 
categories are: 
 
• global warming, 
• depletion of the stratospheric ozone layer, 
• air pollution problems in the troposphere. 
 
Global warming and the depletion of the ozone layer have global consequences, while the 
effects of air pollution in the troposphere in the lower part of the atmosphere have more 
local or regional character.  
 
For ordinary commodity goods, the largest environmental loads during the life cycle are 
associated with the production stage and the final stage where waste products are treated. 
For dwellings, however, these two stages are of minor importance. Instead, most of the 
environmental loads during the life cycle of dwellings are associated with the large 
quantities of energy required for space heating, lighting and use of electrical equipment. 
This means that it is the operation stage that is of major importance in a life-cycle 
analysis of dwellings. 
 
Energy sources used in dwellings 
In Norway, hydroelectricity covers 75% of the energy consumption during the operation 
stage of dwellings (Ljones et al., 1992). The use of hydroelectricity involves no emissions 
to air, and it is therefore considered to be environmentally favourable. However, large 
environmental burdens are associated with the construction of dams and power lines. It 
may further be argued that large environmental benefits could be achieved if some of the 
clean hydroelectricity now used in dwellings could substitute the combustion of fossil 
fuels in other sectors. Thus, there are important environmental motivations for reducing 
the consumption of hydroelectricity in dwellings. 
 
The combustion of firewood and fossil fuels in heating systems involves large emissions 
to air of gases which are harmful to the environment. Emissions from the combustion of 
firewood mainly influence the local atmospheric environment, while emissions from the 
combustion of fossil fuels mainly influence the global (and regional) atmospheric 
environment. The emissions from the combustion of fossil fuels during transportation of 
building materials may also be of importance in the overall assessment. 
 
Table A.3 shows the total Norwegian emissions to air of some environmentally harmful 
substances in 1990 and 1993, and the contribution from various sources in 1990. The 
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contribution from stationary combustion in households only represents a minor part of the 
total emissions of most of the gases. Only the emissions of carbon monoxide (CO) and 
particulate matter (PM) from stationary combustion in households are of some 
importance in the total account. 
 
 
Table A.3. Total emissions to air in Norway in 1990 and 1993, and the contribution from 
stationary and mobile combustion in private households in 1990. Based on SSB (1993) 
and NOS C161 (1994). 

Source CO2 SO2 NOx CO NMVOC PM Pb CH4 N2O NH3 

 Million 
tons 

1 000 
tons 

1 000 
tons 

1 000 
tons 

1 000 
tons 

1 000 
tons 

Tons 1 000 
tons 

1 000 
tons 

1 000 
tons 

Total inland emissions 1990 35.2 53.5 230.3 951.0 269.9 21.4 230.3 281.8 15.9 38.2
Private households 5.9 2.6 46.5 685.6 93.2 13.3 168.9 12.5 0.6 0.2
  - stationary combustion 1.4 1.6 2.0 125.1 8.7 12.3 0.0 11.0 0.4 -
  - mobile combustion 4.5 1.0 44.6 560.5 74.4 1.0 168.9 1.5 0.2 0.2
Total inland emissions 1993 36 36 224 836 270 21 109 - - -

 
 
For most of the gases shown in Table A.3, emissions from mobile combustion in private 
households are significantly higher than emissions from stationary combustion in private 
households. The environmental load from the stock of private cars in Norway thus seems 
to be larger than the environmental load from the dwelling stock. 
 
From Table A.3 it is also seen that the total inland emissions of some gases have been 
reduced noticeably in the period from 1990 to 1993. The total inland emissions of sulphur 
dioxide, for instance, decreased from 54 000 tons in 1990 to 36 000 tons in 1993, and the 
total inland emissions of lead decreased from 230 tons in 1990 to 109 tons in 1993. These 
large reductions were not obtained by reducing the use of fossil fuels, but by reducing the 
sulphur content in fuels and decreasing the use of gasoline with lead additive. The 
emissions of CO2, which indicate the amount of fossil fuels combusted, increased slightly 
during the same period, from 35 million tons in 1990 to 36 million tons in 1993.  
 
Norwegian emission goals 
The Norwegian authorities have established goals for the reduction of the emissions of 
several environmentally harmful gases. These goals are both obligations in international 
protocols signed by the Norwegian Government, as well as national goals which are not 
confirmed in international conventions or protocols. The goals for some important gases 
are shown in Figure A.1. The following sections describe these emission goals, as well as 
the contribution from dwellings to the different environmental effects. 
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Total inland emissions to air of CO2, SO2, NOx and NMVOC. 
National emission goals and international obligations. 
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Figure A.1. Inland emissions of carbon dioxide (CO2), sulphur dioxide (SO2), nitrous 
oxides (NOx) and non-methane volatile organic compounds (NMVOC) between 1983 and 
1993 (NOS C161, 1994). National goals and international obligations for the abatement 
of these gases (SSB, 1993). 
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A.3.1 Global warming 

The most important anthropogenic greenhouse gases are carbon dioxide (CO2), methane 
(CH4), dinitrogen oxide (N2O) and gases containing fluorine compounds like the CFCs. 
The total inland emissions of CO2 in Norway in 1990 were 35.2 million tons, while the 
emissions of CH4 were 281 800 tons and the emissions of N2O were 15 900 tons.  
 
The effect of greenhouse gases can be expressed relative to the greenhouse effect of CO2. 
By using a CO2-equivalent factor of 23 for CH4, and a factor of 270 for N2O (SFT, 
1994), the total emissions of CO2, CH4 and N2O in Norway in 1990 can be estimated as 
45.9 million tons CO2-equivalents.  
 
The Norwegian Government has established a national goal of stabilising the CO2 
emissions on a 1989-level of 35 million tons within year 2000 (see Figure A.1). The 
present progress (1995) indicates that instead of stabilising on a 1989-level, the CO2 
emissions will increase by approximately 16% by year 2000 (TU, 1995). 
 
Table A.4 shows the total anthropogenic inland emissions of CO2, CH4 and N2O in 1990. 
The table also shows the emissions from stationary combustion in private households, 
and it can be seen that these emissions only represented 3% to 4% of the total inland 
emissions of CO2, CH4 and N2O. The main reason for the low shares of greenhouse 
gases emitted from dwellings is the extensive use of hydroelectricity in Norwegian 
households. 
 
 

 
 
The emissions of CO2 from dwellings were caused by combustion of fossil fuels in 
heating systems. The emissions of CH4 were mainly caused by wood-firing in small 
ovens, while the emissions of N2O were caused by combustion of both fossil fuels and 
firewood. 
 
The potential for directly reducing the Norwegian anthropogenic emissions of greenhouse 
gases by reducing the energy consumption in dwellings, is limited since the dwelling 
stock only contributes with a few percent to the total anthropogenic emissions of 
greenhouse gases in Norway. However, to reach the national goal of stabilising the CO2 
emissions on a 1989-level, a first step may be to reduce the consumption of  

Table A.4. Norwegian total anthropogenic emissions of CO2, CH4 and N2O in 1990 and 
contribution from stationary combustion in private households. Emissions from ocean 
transport in Norwegian seas are not included. (SSB, 1993). 

Emission source CO2  CH4  N2O 

 Million tons Percent  1 000 tons Percent  1 000 tons Percent

Total inland emissions 35.2 100%  281.8 100%  15.9 100% 
Stationary combustion in 
private households 

 
1.4 

 
4% 

  
11.0 

 
4% 

  
0.4 

 
3% 
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hydroelectricity in dwellings through energy reducing measures. The total inland 
emissions of CO2 can then be reduced by substituting fossil fuels used in other sectors 
with the saved hydroelectricity. 
 
 
A.3.2 Depletion of the stratospheric ozone layer 

The national goal for the reduction of the emissions of gases which cause ozone layer 
depletion, is a prohibition of CFCs and carbon-tetra-chloride by year 1995 with a few 
exceptions, and that the total use of CFCs not shall exceed 10% of the 1986-level after 
1995. The import of halons stopped in 1994, and the import of CFCs will be prohibited 
by 1995 (Miljøverndepartementet, 1994). CFCs are today mainly used for cleaning of 
clothes and in the replenishing of large refrigerating systems, while halons are used in fire 
extinguisher systems (especially for electrical components). These applications are not 
relevant for ordinary dwellings. However, CFCs were earlier commonly used in foamed 
thermal insulation materials, and such insulation materials have been used in dwellings. 
 
A.3.3 Air pollution problems in the troposphere 

The third atmospheric effect category is air pollution problems in the troposphere, which 
is in the lower 10 to 15 km of the atmosphere. Air pollution problems are of more local or 
regional character, in contrast to global warming and depletion of the ozone layer, which 
have global consequences. The main air pollution problems are: 
 
• acid rain 
• formation of photo chemical oxidants 
• local air pollution 
 
Acid rain 
Acid rain is rainfall polluted by emissions of sulphur dioxide (SO2), nitrous oxides (NOx) 
and ammonia (NH3). Norway is heavily affected by acid rain. The dominating part of the 
acid compounds precipitating in Norway are caused by emissions abroad. Inland 
emissions of sulphur and nitrous oxides only contributed with 5% and 14%, respectively, 
to the total downfall of sulphur and nitrogen in Norway in 1992 (SFT, 1994). 
 
However, it is necessary to distinguish between the effects of air pollution transported 
from abroad and air pollution from Norwegian sources. Acid rain caused by emissions 
abroad, is the main source for the acidification of Norwegian forests and inland lakes. 
The Norwegian emissions of SO2 and NOx, on the other hand, are the main sources for 
local air pollution which is harmful for human health and cause material damage (SSB, 
1993). 
 
The total inland emissions of SO2 were significantly reduced from 1983 to 1993. The 
main reasons for the reductions were reduced use of heavy oils and heating oils, lower 
sulphur content in fossil fuels, stringent regulations on SO2 emissions, increased use of 
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hydroelectricity and reduced production of ferro-alloys (SSB, 1993). The international 
obligation on reducing the SO2 emissions by 30% within 1993, using 1980 as year of 
reference, was attained. Also the national goal on reducing the SO2 emissions by 50% 
within 1993 was attained (see Figure A.1). In June 1994, Norway signed a new 
international agreement on reducing the SO2 emissions by 76% within year 2000; still 
using 1980 as year of reference (SFT, 1994). 
 
An international obligation signed in 1988 on stabilising the NOx emissions on a 1989-
level within year 1994 was attained in 1994. Together with ten other European countries, 
Norway also established a national goal in 1987 on reducing the NOx emissions by 30% 
percent within 1998, using 1986 as year of reference (see Figure A.1). However, the 
present emissions are well above this goal, and the total inland emissions of NOx are 
expected to decrease by only 11% until 2000, using 1986 as reference (SFT, 1994).  
 
Table A.5 shows the contribution from stationary combustion in private households to the 
total inland emissions of SO2, NOx and NH3 in 1990. Dwellings were most important for 
the emissions of SO2, representing 3% of the total inland emissions, while dwellings only 
accounted for 1% of the inland emissions of NOx, and no emissions of NH3. 
 
The share of acid rain gases from dwellings is insignificant compared to the share from 
other sources. The potential for reducing the total Norwegian emissions of these gases by 
reducing the emissions from dwellings is therefore limited. Further, it may be argued that 
Norwegian emissions only contribute with less than 10% of the total acid rain load in 
Norway, while the remaining is transported from abroad. Thus, reduced emissions of SO2 
and NOx from dwellings will have insignificant effect on the total load of acid rain in 
Norway. 
 
 

 
 
 
Formation of photo chemical oxidants 
Emissions of NOx also contribute to the formation of photo chemical oxidants. Photo 
chemical oxidants are secondary pollution formed in the lower levels of the troposphere 
when mixtures of NOx, CH4 or other volatile organic compounds (NMVOC), are 
exposed to intense solar radiation. Ground near ozone (O3), which is one of the most  

Table A.5. Total inland emission to air of SO2, NOx and NH3 in Norway in 1990, and 
contribution from stationary combustion in households. Emissions from ocean transport 
in Norwegian seas are not included (SSB, 1993). 

Source SO2  NOx  NH3 

 1 000 tons Percent  1 000 tons Percent  1 000 tons Percent

Total inland emissions 53.5 100%  230.3 100%  38.2 100% 
Stationary combustion in 
private households 

 
1.6 

 
3% 

  
2.0 

 
1% 

  
- 

 
0% 
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important photo chemical oxidants, is harmful for humans and cause damage on 
vegetation, crops and materials (Miljøverndepartementet, 1994). 
 
Non-combustion processes represented the largest source for the emissions of NMVOC 
in 1990, accounting for 58% of the total emissions, while mobile combustion accounted 
for 38% of the total emissions. Emissions from stationary combustion only represented 
4% of the total emissions of NMVOC. Of these 4%, the dominating share came from 
wood-firing in dwellings. 
 
Norway signed the Geneva-protocol of 1989 which involved an international obligation 
on reducing the total emissions of NMVOC from the mainland and the economic sector 
south of 62. degree latitude, by 30% within year 1999, using 1989 as year of reference. 
Despite this obligation, the total inland emissions of NMVOC have increased since 1989 
(see Figure A.1). The main reasons for the increase are increased transportation by cars 
and increased oil production in the North Sea.  
 
Local air pollution 
The dominating source for the emissions of CO in 1990 was mobile combustion, 
representing about 80% of the total emissions. Stationary combustion represented 14% 
and non-combustion processes the remaining 6% of the total emissions. The dominating 
part of the emissions from stationary combustion was caused by wood-firing in small 
ovens in private households, representing about 12% of the total inland emissions of CO. 
 
Wood-firing in small ovens is also the most important source for the total inland 
emissions of particulate matter (PM). In 1990, emissions from wood-firing accounted for 
as much as 57% of the total emissions of particulate matter in Norway19. Mobile 
combustion caused 34% of the total emissions, while the remaining emissions came from 
stationary combustion outside private households. 
 
Wood-firing in small ovens is also an important source for the emissions of polycyclic 
aromatic hydrocarbons (PAHs). Having carcinogenic effects, PAHs are amongst the most 
important environmental toxic substances. The Norwegian emissions of PAHs to air in 
1985 and 1992 were 180 tons and 135 tons, respectively. Wood-firing accounted for 31% 
(60 tons) of the emissions in 1985, and 44% (56 tons) of the emissions in 1992.  
 
Noise may also be defined as a local air pollution problem. Noise, especially traffic noise, 
is a major problem in densely populated areas. The social economic cost of persons 
exposed for noise from road traffic, has been estimated to be NOK 2.5 billion per year 
(Miljøverndepartementet, 1994). Approximately one million persons in Norway are 
exposed to road traffic noise above the guiding limit of 55 dB(A). In addition, 150 000 
persons and 60 000 persons, respectively, are exposed to noise above 55 dB(A) from 
railway and aircrafts (SFT, 1994).  

                                            
19  Particulate matter (PM) are defined as particles smaller than 10 mm in the statistics performed by 

Statistics Norway. Only emissions of PM from combustion are accounted, and not emissions of PM 
originating from industrial processes, or asphalt dust from road traffic. 
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Noise considerations as such, are not taken into account in this study. However, it should 
be remembered that performing additional thermal insulation measures in dwelling, may 
improve the sound insulation of the outer constructions, and thus reduce noise problems 
the inhabitants may experience from road traffic etc.  
 
 
 
A.4 BUILDING WASTE MATERIALS 

Enormous quantities of building materials are required each year for the construction of 
buildings. Similarly, enormous volumes of waste materials are resulting from 
construction, demolishing and removal of buildings. Table A.6 shows the total estimated 
waste volumes generated in Norway each year. Of the 5.3 million tons of waste 
generated, construction and demolition materials represent approximately 2 million tons 
(numbers from late 1980s). This equals about 0.5 tons of building waste per capita and 
year. 
 
Only a small amount of the waste materials from construction and demolition of buildings 
is utilised for useful purpose. Most of the building waste materials are delivered as 
industrial waste, while only a minor share is delivered as municipal waste (100 000 tons 
in 1992). A large proportion of the building waste is also incinerated in open fires or 
deposited without permission (SFT, 1992).  
 
 

 
 
Hazardous waste 
Most of the waste materials resulting from building and construction work are not 
harmful to the environment, and do not have to be treated with special care. However, 
demolition materials may contain heavy metals like cadmium, mercury and lead, as well 
as PCBs and CFCs. In addition, building components containing asbestos must be given 
special attention during demolition and handling of the building waste materials. 

Table A.6. Total waste volumes generated in Norway per year, by type of waste 
(Miljøverndepartementet, 1994). 

Type of waste Quantity Percent Comment 

 (1 000 tons)   
Industrial waste 3 000 56% Waste from mining and wood-processing 

industry not included. 
Municipal waste 2 000 37% Household waste 800 000 tons. 
Special waste 200 4% Internal treatment in the factories, approved 

deliveries and unknown treatment. 
Sewage sludge (solid matter) 100 2%  
Wrecked cars, as scrap iron 70 1% Half of the potential is white goods delivered on 

the car wreck site. 
Total 1992 5 370 100%  
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In a Swedish survey (Sigfrid, 1993), the yearly quantity of cadmium and mercury in 
demolition materials in Sweden was estimated to be 10 tons of cadmium and 400 kg of 
mercury. Most of the lead in waste (30 000 tons per year) was also estimated to come 
from demolition and reconstruction of buildings. For most of the building objects studied, 
the quantities of mercury, cadmium and lead in the waste materials were low. Materials 
and components containing hazardous compounds therefore have to be sorted out for 
special treatment. Even though Swedish conditions not are directly comparable to 
Norwegian conditions, the Swedish numbers indicate that mercury, lead and cadmium in 
demolition material is a problem also in Norway. 
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Appendix B 

Brief survey on some environmental policy 
instruments, environmental life cycle analyses, 
and environmental valuation techniques 
 
 
 
 
B.1 INTRODUCTION 

In Section B.2, different policy instruments that may be applied by the authorities to 
improve the environmental performance of products, processes or services are reviewed. 
 
In Section B.3, different environmental life cycle analyses methods are presented. These 
methods are developed to analyse and assess the environmental performance of products, 
processes or services on the basis of the entire life cycle, that is from "cradle to grave". 
 
In Section B.4, monetary valuation of the environment is presented. A brief review of 
some monetary valuation techniques and some methods which may be used for overall 
profitability measurements are also included. 
 
 
 
B.2 APPLICATION OF POLICY INSTRUMENTS FOR 
ENVIRONMENTAL IMPROVEMENTS 

Different policy instruments may be applied by the authorities to improve the 
environmental performance of products, processes and services. These environmental 
policy instruments can be divided into the following three categories:  
 
• economic instruments, 
• regulatory instruments, 
• general information campaigns to increase the environmental awareness and 

responsibility of the public.  
 
All environmental policy instruments influence the economic activities either directly or 
indirectly. Examples of environmental policy instruments which have direct influence in 
the residential sector are waste deposit charges which increase the costs of delivering  
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waste materials, and energy taxes which increase the costs of heating houses. An example 
of indirect economic influence is the tightening of thermal insulation requirements of 
houses given in the Building Regulations which result in an increase in the construction 
costs. 
 
Some basic requirements should be fulfilled when considering different instruments that 
can be applied in environmental policy (Heister, 1992 and OECD, 1989). These basic 
requirements are: 
 
• Ecological efficiency, which means that the instruments should have the capacity of 

reaching the environmental goals of the authorities. The application of the instruments 
should make it possible to describe the actions necessary to reach the goals when the 
goals are given in quantitative measures. 

 
• Economic efficiency, which means that the instruments accomplish the environmental 

goals at lowest possible cost. Economic efficiency may be further divided into static 
efficiency, dynamic efficiency and instrumental cost efficiency. Static efficiency 
means that the overall costs should be lowest possible at any given point of time. 
Dynamic efficiency means that the instruments should represent a permanent 
inducement for further environmental improvements, while instrumental cost 
efficiency means that the administration costs of the instruments should be as low as 
possible.  

 
• The environmental policy instruments may further be required to provide economic 

security, which means that their application will not result in disastrous economic 
effects for individuals or for the economy. 

 
• Finally the application of the environmental policy instruments must be political 

feasible. 
 
In the following, different policy instruments are described, and the use of these 
instruments is briefly discussed. The application of the policy instruments in the 
residential sector is mentioned when relevant, and examples of the different instruments 
are mainly taken from the residential sector. 
 
 
B.2.1 Economic instruments 

Most economic instruments are based on the "Polluter-Pays-Principle" which was broadly 
adapted in the early 1970s as the central principle of modern environmental policy 
(Ryding, 1992). In theory, the "Polluter-Pays-Principle" implies that the polluter should 
pay the full costs of any damage caused by his operation. These costs include the 
environmental costs associated with the consumption of resources and use of air, land and 
water for emissions, storage or discharges of wastes. Further, the principle involves 
proportionality between amount of discharge and payment (OECD, 1989). In practice, 
however, the implementation of the "Polluter-Pays-Principle" is associated with several 
deficiencies. 
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One problem is that all polluters do not pay for the pollution they are causing. This is a 
result of the fact that it is nearly impossible for the authorities to achieve full control and 
enforce the payments from all polluters. 
 
Another problem is the insufficient knowledge on the link between the discharge of one 
substance, and the environmental effect caused by this substance. It is therefore 
impossible to describe the environmental effects of all discharges correctly.  
 
A third problem with the "Polluter-Pays-Principle" is associated with the accurate 
measuring of the quantity and quality of discharges. This problem is especially significant 
for effluent charges, where accurate measuring would require meters at every source of 
discharge.  
 
A fourth problem is that the "Polluter-Pays-Principle" in theory implies a monetary 
valuation of the environmental damage caused by the pollution. At present, there is great 
controversy associated with monetary valuation of environmental effects, and 
monetization of the environment is being rejected for ethical, philosophical, political, 
methodological and technical reasons (Barde and Pearce, 1991). 
 
In practice, the application of economic instruments in environmental policy is based on 
the non-subsidy principle which is a more pragmatic approach to the "Polluter-Pays-
Principle". In the non-subsidy approach, only the authorities' costs of administration and 
pollution control are paid by the polluter. Thus, this approach does not aim to internalise 
the costs of environmental degradation and consumption of scarce resources associated 
with the product or process. 
 
The following sections describe some of the economic instruments available. 
 
Charge systems 
The different charge systems can be divided between those having financial purposes, 
and those having incentive purposes. Financial charge systems are applied to rise the 
revenues of the authorities. Examples of such charges are the value-added tax charged on 
most goods and services, and tax on real property which increase the costs of owning 
land and property. 
 
Incentive charges systems are applied to encourage people to choose more 
environmentally favourable products. These charges are not meant to increase the 
revenues of the authorities. Instead, increased revenues from environmentally 
unfavourable products are meant to be compensated by decreased charges on more 
favourable products. 
 
The most important charge systems are effluent charges, user charges, product charges 
and administrative charges. Each of these charge systems is described in the following. 
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Effluent charges are in accordance with the "Polluter-Pays-Principle". The charges are 
based on the quantity and quality of the discharges caused by the polluter. A problem 
with these charges is to measure the discharges accurately. 
 
This problem is avoided when the charges are based on the quantity of certain substances 
in the fuels. The emissions of CO2 from combustion of fossil fuels for instance, can be 
determined on the basis of the carbon content in the fuels. CO2 taxes can thereby be 
implemented by basing the taxation on the carbon content. However, emissions of many 
environmentally harmful gases cannot be estimated solely on the basis of the fuel type 
used, but need additional information on the combustion process used, and on whether 
any cleaning system has been installed. 
 
The main advantage of effluent charges is the ecological efficiency since they offer a 
permanent economic inducement for the polluter to reduce the effluents. Thus, effluent 
charges also represent a continuous stimulation for technical progress and development of 
new and improved products (Ryding, 1992).  
 
A disadvantage of effluent charges, especially air pollution charges, is the strong 
opposition from powerful lobbies defending petroleum, coal and transportation interests. 
The political feasibility of effluent charges is therefore more limited. Another 
disadvantage is that it is difficult to predict the charge levels which will give the desired 
abatement effect (Heister, 1992).  
 
In practice, it is not feasible to measure the emissions to air from fossil fuel combustion 
in the residential sector. Therefore, such charges have to be based on the content of 
specific substances in the fuels, as currently done on the carbon content in fossil fuels. 
Other wastes from the residential sector, such as wastewater and solid wastes, can easily 
be quantified on the basis of volume or weight of the discharges. However, measuring the 
quality of such wastes is a problem. It is therefore difficult to fully accomplish the 
"Polluter-Pays-Principle" for such discharges, since this principle also includes a quality 
aspect of the pollution. 
 
User charges on the other hand, are uniform tariffs that do not depend on the quantity of 
the pollution or waste generated. User charges are commonly applied in fields such as 
wastewater treatment and collection and treatment of municipal waste. The economic 
incentives of user charges are minimal since such charges usually involve a flat rate 
everyone has to pay (OECD, 1989).  
 
Product charges are additional charges laid upon the price of environmentally harmful 
products to reduce the consumption of these products. However, the charge levels used 
are generally too low to provide real incentives (OECD, 1989). In Norway, product 
charges are both incentive, as for tax on non-returnable containers and mineral oil, and 
revenue raising like the charges on fertilisers and pesticides (OECD, 1989). A special 
form of product charges is tax differentiation, which levies lowered taxes for 
environmentally favourable products, while higher taxes are levied for more harmful 
products. The economical disfavouring of environmentally harmful products caused by 
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the product charges thus enhance the use of the more environmentally favourable 
products.  
 
Administrative charges are applied mainly to finance direct regulatory measures, such as 
licensing and control activities conducted by the authorities. Often, administrative 
charges are considered to be a part of the direct regulations, and are thus not considered 
to be an economic instrument (OECD, 1989).  
 
Subsidies  
Subsidies can be considered as financial assistance for the promotion of environmentally 
favourable investments. Several types of subsidies exist, where the most important 
concerning the residential sector and energy abatement measures are grants, soft loans 
and tax allowances (Haugland et al., 1993).  
 
Grants can be considered as non-repayable loans which are given to help the financing of 
products or services for people with limited financing possibilities. Grants are also given 
to compensate for the large internal rate requirements of investors. In the early 1990s, the 
Norwegian Government supported energy efficiency measures in dwellings by covering 
40% of the investment costs of heat pumps, and 15% of the investment cost of other 
energy reducing measures (Bjorvatn et al., 1992). However, this support was stopped in 
1994.  
 
Soft loans are loans offered at lower rates to promote investments in environmentally 
favourable products. In the residential sector, soft loans have been offered to house 
owners as an inducement to accomplish energy reducing measures in the houses. In the 
early 1990s, the government offered soft loans to cover 85% of the investment costs of 
energy reducing measures in houses. (Bjorvatn et al, 1992). 
 
Tax allowances directly influence income or profits by allowing accelerated depreciation, 
or other forms of rebates or tax or charge exemptions, when performing certain anti-
pollution measures. 
 
A review of the application of environmental instruments in fourteen OECD-countries, 
showed that subsidies often appeared to serve mainly an economical function as they 
were offered as economic compensation to companies that were severely affected by 
imposed direct regulations. It was also found that the deregulation process ongoing in 
most countries was reflected in the environmental policy field by a decrease in the 
number of subsidies (OECD, 1989). The decreased number of subsidies indicates that 
subsidies as an economic instrument has some short-comings. 
 
One short-coming is that subsidies may to some extent act as putting a premium on 
inefficiency and low willingness to accomplish energy reducing measures. Subsidies also 
involve a hidden motivation of contracting costs, since the subsidies can be expected to 
increase by increasing costs of performing the environmentally favourable measures 
(Bjørndalen, 1994). 
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Another problem with subsidies is the bureaucracy and high administration costs involved 
since subsidies normally are assigned on the basis of project applications. Before 
assigning, these project applications have to be assessed by competent persons who 
decide whether the projects are worthy subsidies or not. This assessment process involves 
the problem of targeting. Environmental programmes where subsidies is one of the 
incentives, may include a proportion of projects which attain subsidies without involving 
the desired environmental achievement. Such projects are often referred to as "non-
paying passengers" (Bjørndalen, 1994). The effect can be a low attainment of the 
environmental goals of the programme which the subsidies are a part of. To exemplifying 
this: What is regarded as ordinary maintenance and retrofit works, and what is genuine 
energy reducing measures when subsidising additional thermal insulation measures in 
houses?  
 
Deposit-refund systems 
While charges act as penalty for "bad behaviour", deposit-refund systems act as award for 
"good behaviour". Deposit-refund systems involve a surcharge laid on the price of the 
product. This surcharge is refunded when the product or its residuals are returned to a 
collection system (OECD, 1989).  
 
Deposit-refund systems have two motives. The first motive is to return the product or 
waste to the collection system. The second motive is to increase the costs of the 
environmentally undesired product, and thus cause a shift towards the more desired 
products (NOU, 1992). 
 
Deposit-refund systems were originally introduced voluntarily for purely economic 
reasons. However, since then, production costs have declined while the transportation and 
storage costs have remained high or even increased (Ryding, 1992). Thus, the deposit 
refund systems are now administered mainly for environmental reasons, such as reduced 
resource consumption and reduced waste volumes, and not for economic reasons. 
 
Deposit-refund systems have been important for waste control policies for standardised 
packaging (bottles for beverages) and commodities with relatively short service life (car 
hulks). For buildings and building components, however, deposit-refund systems can be 
regarded less applicable for several reasons. 
 
One reason is that houses are composed of a range of different components. Thus, when a 
house is demolished, it will not be delivered to the collection system (disposal site) in one 
piece, but as many different components and fragments of materials. The size of 
residential buildings, ranging from small detached one-family houses to large blocks of 
flats, may also be a problem for the size of the charges. Should the charges be based on 
floor area, type of materials, volume or weight of the buildings? 
 
Another reason is the weight and volume of the waste materials. The costs of transporting 
the building waste materials from the construction site to the collection site, and 
hopefully through recycling back to a new construction site, will be significant, at least in 
the rather sparsely populated Norway. 
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In addition, the long service life of buildings and building components may represent a 
problem for the introduction of deposit refund systems for residential buildings. Strong 
opposition will probably raise from house builders who have to pay deposit today, not 
knowing whether the money will be refunded or not in the future. 
 
Market creation systems 
These systems involve emission trading programmes where different countries, different 
sectors, or different actors are given permits to emit a fixed quantity of a specific 
substance. Such permits can be tradeable, allowing the actors to trade permit shares of a 
substance for money or the permission to emit other substances. The main advantage of 
tradeable permits is the ecological efficiency (Heister, 1992). The political reduction 
objectives can be achieved by assigning the emission permits according to these 
objectives. In theory, tradeable permits have high economic efficiency. However, in 
practice, tradeable permits act as a kind of rationing which may result in increased prices 
(Grubb, 1991), and thus reduce the economic efficiency of the system. 
 
Tradeable permit systems are of current interest in connection with policies to meet the 
global warming challenge. By assigning different countries or sectors permits to emit 
fixed quantities of CO2, the political reduction objectives for CO2 can be achieved. Since 
such emission permits can be traded between different countries, it has been proposed 
that developed countries in West Europe can avoid CO2 abatement measures by investing 
in CO2 reducing measures in the former communistic countries in East Europe or in 
developing countries. The rationale is that since the climate change is a global problem, it 
is of no importance where the CO2 reductions take place as long as they do take place. 
Thus, since the costs of reducing the emissions of CO2 by a certain quantity commonly 
are lower in East Europe and in developing countries, the highest economic efficiency 
will be achieved by performing the reductions in these countries. Especially Norway has 
advocated this approach (Aftenposten, 1995), thus promoting a possibility of maintaining 
a high oil production without reducing the domestic emissions of CO2. 
 
Financial enforcement incentives 
Financial enforcement incentives can be divided between non-compliance fees and 
performance bonds. The non-compliance fees are imposed if polluters do not follow the 
given directions, while performance bonds are paid to the authorities in return of 
emission permits.  
 
Financial enforcement incentives are of minor importance in the residential sector. 
However, some application can be found in connection with policies for waste treatment 
control. A large proportion of the building and demolition waste materials currently 
generated in Norway are deposited without permission or incinerated in open fires (SFT, 
1992). If such treatment of the waste materials are punished, a larger proportion of the 
waste will probably be recycled, utilised for useful purposes, or treated in controlled 
disposal sites.  
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"Green taxation" 
Environmental taxation, or "green taxation", has been proposed as an alternative to the 
existing environmental policy instruments. The idea of green taxation is to put a tax 
burden on resource consumption and pollution, while simultaneously levying reduced 
taxes for more environmentally favourable production factors, such as labour and capital 
(Ryding, 1992). The overall tax burden, or governmental revenues, are intended to stay at 
the same level as today. 
 
Green taxation may be implemented on fossil fuel consumption, emissions of 
environmentally harmful gases, and waste disposal. However, green taxation require a 
degree of international harmonisation to be implemented effectively. Otherwise, 
environmentally harmful activities will probably be transferred abroad because of the 
increased domestic costs of the harmful production factors.  
 
Conclusions on economic instruments 
Traditionally, direct regulations coupled with monitoring and sanctioning of non-
compliance have been the main instruments to accomplish the environmental policy of 
governments. An increasing interest for economic instruments may be attributed to three 
political trends. The first trend is an increased focus on cost-effective approaches to fulfil 
the objectives of the authorities (NOU, 1992). The second trend is a tendency towards 
policy integration, where economic, environmental and social concerns are taken into 
account in a holistic approach. The third tendency is the transition from a curative 
environmental policy towards a more preventive policy (OECD, 1989).  
 
As a conclusion, economic instruments, especially charge systems, seem as a promising 
way to impose enhanced environmental concerns into society. However, even though 
environmental taxes are accepted by most people, the tax levels required to give the 
desired environmental effects are high. Even though environmental taxes are accepted by 
most people before the introduction as a favoured way of being environmentally 
responsible, opposition arise when the taxes are introduced and have effect (Bjørndalen, 
1994).  
 
 
B.2.2 Direct regulatory instruments 

Direct regulations have been the main instrument for implementing environmental policy 
in most countries. Coupled with monitoring and sanctioning of non-compliance, 
regulatory instruments can be referred to as the "command and control" approach 
(OECD, 1989). Direct regulatory instruments are either prohibitive rules or direct 
commands that regulate the individual case. Their main feature is that there is no other 
choice left to the polluter than to comply, or face economic or judicial penalties. In 
addition, authorities are familiar with direct regulation measures through other field of 
government policy (OECD, 1989). 
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Regulations and standards 
Buildings have a longer service life than most commodities. By taking environmental 
concerns into account in the decision process, environmental benefits may be obtained 
throughout the entire service life. However, the builders often lack information on the 
environmental consequences of their decisions over the entire life cycle of the buildings. 
Another important factor is that future effects are commonly not taken fully into account 
by individuals, in favour of present effects. This near-sighted view on the future also 
increase the rate of return required by the builder on environmentally favourable 
investments. 
 
In contrast, the government also have responsibility for future generations. The 
government therefore should take a longer time period into account when considering the 
effects of different investment alternatives. Assessments made by the government may 
therefore differ from assessments made by individuals. 
 
The government can make buildings more environmentally favourable in a long-term 
perspective by imposing regulations and standards on the construction of buildings. Such 
regulations and standards are found in the present Building Regulations. These 
regulations include for instance requirements on the thermal insulation level of houses, 
which significantly influence the total energy consumption during the service life.  
 
Regulations and standards also provide a minimum standard on products, which can be 
regarded as a security for individuals purchasing. Standards and regulations are also 
politically well feasible, since these regulations are well in line with the "command and 
control" approach.  
 
However, even though standards and regulations have some attractions, they have several 
disadvantages. One disadvantage is that the regulations do not act as an incentive for 
further environmental improvements and technological innovation (Bjørndalen, 1994). 
Instead, individuals are satisfied as long as the requirements in standards and regulations 
are fulfilled. 
 
The formulation of standards and regulations is also costly and time consuming since 
many effects, such as environmental effects, economic effects, social effects and security 
concerns, have to be taken into account. Since many effects are considered in the 
formulation of the regulations, it is also difficult to alter the requirements. Consequently, 
regulatory instruments are less dynamic compared to some of the economic instruments 
(Bjørndalen, 1994). 
 
For these reasons, the role of economic instruments will probably increase in the future, 
but direct regulations will remain as an important part in environmental policy. The 
economic instruments are especially favourable for general pollution problems because 
they serve as an incentive for continuous abatements and stimulation for technical 
innovation (OECD, 1989). However, the ecological efficiency (the steering effect) of 
economic instruments is more limited. Direct regulations often have better ecological 
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efficiency (NOU, 1992), and direct regulations are therefore well suited for pollution 
problems where it is important to achieve ecological efficiency. 
 
 
B.2.3 General information campaigns to increase the environmental 
awareness and responsibility 

Environmental achievements cannot be obtained solely by economic instruments and 
regulation measures imposed by the authorities. The environmental awareness and the 
responsibility of the individuals are also of great importance. Information campaigns are 
therefore conducted by the authorities to increase the awareness and the responsibility of 
the public. However, general information campaigns often have a limited and rather 
short-term effect (Haugland et al., 1993). Thus, information campaigns are most efficient 
if directed directly toward the target group. 
 
Environmental labelling programmes 
The importance of environmental labelling programmes to increase the environmental 
awareness and responsibility of individuals is growing. The "White Swan" assigned by 
the Norwegian Foundation for Environmental Labelling, is the most important 
environmental labelling programme in Norway. The "White Swan", which is a co-
operation between the authorities in Norway, Sweden, Finland and Iceland, comprises at 
present (1995) 31 different product groups, and more product groups are planned to be 
labelled. Labelled product groups which are relevant for buildings are building boards, 
glue, floor coverings, furniture and wooden fitting up. Labelling criteria are being 
developed for wallpaper, while labelling is under assessment for windows and 
cement/concrete. 
 
Most labelling programmes are based on a life cycle approach where the entire life cycle 
of the products is taken into account. This involves the production, operation and the final 
disposal of the products. Such life cycle analyses are discussed in the following section. 
 
 
 
B.3 ENVIRONMENTAL LIFE CYCLE ANALYSES 

Growing awareness of the negative environmental consequences of human activities has 
resulted in an increasing need for analysing and assessing the environmental 
consequences of products, processes or services in a cradle to grave perspective. 
 
Methods and techniques for life cycle analyses of products have been developed which 
can be used to calculate, assess, and improve the environmental performance of products 
throughout the entire life cycle. The methods range from simple screening procedures 
developed for swift identification of the most important environmental consequences, to 
time consuming and costly methods for comprehensive and thorough environmental 
assessments of products and production systems.  
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B.3.1 Environmental Life Cycle Assessment (LCA) 

Environmental Life Cycle Assessment (LCA) is one of the most recognised and 
internationally accepted methods which can be used to assess and improve the 
environmental performance of products, processes or activities (SETAC, 1993). LCAs 
have been developed to scientifically evaluate the environmental impact associated with 
products, processes or services, during all stages of the life cycle, from "cradle-to-grave". 
This includes extraction of resources, production, transportation, use and maintenance, 
and the final stage where products are reused, recycled or disposed (Rydberg, 1994). 
 
Only environmental impacts are taken into account in an LCA. The LCA is therefore not 
meant to be a complete decision tool, but is supposed to be used together with other 
decision tools describing for instance the economic, technical and social consequences of 
the alternatives in question. 
 
The technical framework of the LCA is normally divided into four principal steps; the 
goal definition and scope step, the inventory analysis step, the impact assessment step, 
and the improvement assessment step (Rydberg, 1994).  
 
• the goal definition and scope step includes the determination of the purpose of the 

study, and the determination of the product that is to be assessed. The depth of the 
study is also determined in this step, since the attainable level of detail normally is 
limited by lack of time and data. 

 
• the inventory analysis step includes the definition of the product system, and a 

description of the connection between the different processes included in the product 
system. Data on energy and material flows are collected for each process in the 
product system. These data are thereafter allocated to the output products of the 
processes according to specified allocation rules. Finally, data are listed in an 
inventory table, showing relevant resource use and pollutant parameters, summarised 
over all the processes included in the product system. 

 
• the impact assessment step includes the classification, characterisation and evaluation 

of the data taken from the inventory analysis. Classification means that data are 
classified into different environmental effect categories, such as global warming, 
nutrification and depletion of the ozone layer. Within each effect category, 
classification factors are applied to characterise the relative importance of the different 
substances. Finally, the different effect categories are evaluated, or weighted, against 
each other according to their environmental importance. 

 
• in the improvement assessment step, the potential for improvement measures is 

analysed and assessed. 
 
The LCA-methodology allows for comprehensive environmental assessments of products, 
but in practice, only a limited number of environmental effects are taken into account in 
the assessment. 
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B.3.2 Environmental evaluation methods  

The LCA-methodology aims at a quantification of the environmental effects, and a main 
goal is to maintain objectivity throughout all the steps of the analysis. To a certain extent, 
the classification and characterisation of data can be done on a scientific, and thus 
objective, basis. The weighting of the data, however, is more subjective since it is based 
on judgements of the relative importance of different environmental effects. As a result of 
this, it may be required to use qualitative statements to express the environmental 
consequences of the studied product, process or service. 
 
The LCA may therefore be based on a combination of quantitative and qualitative data. 
However, as shown by the arrows in Figure B.1, a quantitative step cannot be used if 
qualitative data have been used in a previous step. 
 

 
 
At present, only the first two components of the LCA-methodology are established 
internationally, while the impact assessment component and improvement assessment 
component still need further work. The main problem is how to scientifically weight the 
different environmental effect categories to enable evaluation of the environmental 
performance of the studied product, process or service (SETAC, 1993). 
 
Several evaluation methods have been proposed which enable weighting of the 
environmental effect categories according to specified rules. These evaluation methods 
may be divided into qualitative and quantitative methods as described in the following. 
 
Qualitative evaluation methods 
In qualitative evaluation methods, the product alternatives in question are compared in an 
informal way, and expert judgements are used to rate the alternatives. Qualitative aspects 
are easily included in the analysis, and it is almost always possible to arrive at a 
judgement. Therefore, environmental labelling programmes often use expert panel 
judgements as evaluation criteria. Since qualitative methods also treat non-quantifiable 
aspects, they are broader in scope compared to quantitative methods which only treat 
quantifiable data.  
 

 
Inventory step  Classification step  Evaluation step 

Quantitative data  Quantitative data  Quantitative data 

     

Qualitative data  Qualitative data  Qualitative data 

 
Figure B.1. The relation between quantitative and qualitative steps in a life cycle analysis 
(Tillman, 1993). 
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However, the judgement of qualitative evaluation methods may be disputed since they are 
based on inherent subjectivity. It is therefore important to aim at the highest possible 
level of transparency in the analysis, and specify and discuss the reasons for preferring 
one product alternative for another (Heijungs et al., 1992). It may also be argued that the 
lengthy qualitative descriptions are inefficient, and that the qualitative methods are 
inflexible since they lack procedures for systematically varying input data and 
presumptions used in the evaluation (Lawrence, 1991).  
 
Quantitative evaluation methods 
In quantitative evaluation methods, weight factors are assigned to the various 
environmental effect categories according to their environmentally damaging effect. By 
adding all the weighted data, one single environmental index is obtained expressing the 
environmental impact of the product.  
 
The quantitative methods provide greater transparency in the data compared to qualitative 
methods, but they have some serious limitations (Heijungs et al., 1992). One limitation is 
that it is difficult, if not impossible, to determine the weight factors on a scientific 
accurate basis. The weight factors used in the assessment are therefore arguable. Another 
limitation is that the creation of a single environmental index may imply scientific 
accuracy of the evaluation, even though the evaluation is based on weight factors which 
are far from scientific accurate. A third limitation is that it is difficult to treat qualitative 
aspects in the quantitative assessment, since qualitative aspects must be incorporated as 
numbers or notes. Finally, it can be added that the collection of data is more time-
consuming compared to the collection of data required for qualitative methods (Rydberg, 
1994). 
 
However, it is possible to use quantitative methods to compare different products without 
using weight factors for the different environmental effect categories. This can be done 
by creating an environmental profile for the products, where the scores on the different 
effect categories are listed separately. If one product have best score on all effect 
categories, this product is probably the most environmentally favourable one20. However, 
the different effect categories have to be weighted against each other if one product does 
not achieve the best score on all categories. Environmental labelling of products can be 
based on such environmental profiles of products. The label is then assigned only to 
products which fulfil the requirements for limit values stated within each effect category.  
 

                                            
20  It is not certain that this product is the environmentally favourable one. Not all environmental 

effects can be taken into account, and there might by errors and uncertainties in the data used in the 
comparison of the products. 
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When weight factors are used in the evaluation of the different environmental effect 
categories, the determination of the weight factors can be based on two approaches; 
relation to environmental standards or monetization (Rydberg, 1994).  
In the first approach, environmental standards are used to estimate weight factors for the 
different environmental categories. These standards are based on the assumption that the 
standards for the different effect categories are equally important for the environment. 
The environmental standards may be related to the flows or concentrations of pollutants 
resulting from human activities, or they may be based on ecologically critical emission 
limits. The weighting may also be based on targets expressing the importance of one 
substance compared to another. However, when political targets are used as weighting 
criteria, it should be remembered that these targets are not based solely on scientific 
evaluations of the environmental effect of substances, but also include economic, 
technical and social concerns. 
 
In the second approach, environmental effects are valued in monetary terms. This 
approach, which is called monetary valuation, is described in the following section. 
 
 
 
B.4 MONETARY VALUATION OF THE ENVIRONMENT 

Monetary valuation of the environment may be criticised (and rejected) for ethical, 
philosophical, political, methodological and technical reasons (Bojö, 1991 and Barde and 
Pearce, 1991). Great controversy and scientific uncertainty are therefore associated with 
monetary valuation of environmental effects, and the use of these values in cost-benefit 
analyses. 
 
However, supporters of environmental valuing argue that any decision affecting the 
environment directly of indirectly implies a monetary valuation of the environmental 
effects of the decision (Barde and Pearce, 1991). Following this argument, it should be 
possible to value the environment by identifying the monetary values of these 
environmental effects. Inspired by this argumentation, the development of methods for 
valuation of environmental goods has been one of the fastest growing areas within 
economic theory over the last few years (Angelsen, 1991). The Norwegian Government, 
for instance, aims at the "Polluter-Pays-Principle" which implies that the polluters, 
through taxes, must pay the total social costs of their actions (Navrud, 1991).   
 
The following sections describe some techniques for monetary valuation of the 
environment.  
 
 
B.4.1 Monetary valuation techniques  

Several techniques are available for monetary valuation of environmental effects. These 
techniques can be divided into direct and indirect valuation techniques (Pearce et al., 
1989). The direct valuation techniques seek to measure the monetary value of the 
environmental gains directly, while the indirect methods are based on for instance a dose-
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respond approach, where the relationship between pollution and environmental damage is 
analysed and valued. 
 
Direct valuation techniques 
The direct valuation techniques can be divided into the contingent valuation method, the 
hedonic price method and the travel cost method.  
 
The contingent valuation method (CVM) is based on an artificial market where people 
are asked how much they are willing to pay (WTP) for various environmental benefits. 
Such benefits may for instance be the preservation of threatened species, or improved air 
quality in cities. Alternatively, a willing to accept (WTA) approach can be used, where 
people are questioned how large compensation they demand to accept a specified 
environmental degradation. The contingent valuation approach can either be based on 
questionnaires in larger surveys, or on experimental approaches where the participants 
respond to various hypothetical changes in environmental conditions. The advantage of 
the contingent valuation method is that it is applicable in most environmental contexts. 
Besides, it is often the only technique that can be used (Pearce et al., 1989). 
 
The hedonic price approach has commonly been applied on prices on land and residential 
properties. Statistical data are used to identify the influence of specific environmental 
factors on the prices. This identification, however, can be very complicated since a vast 
number of factors influence property prices.  
 
In the travel cost method, the time and costs people are willing to spend to visit for 
instance a nature reserve, are estimated to determine a value of recreational benefits of 
this area. The value of time is central in this approach, and the estimated costs can 
therefore be discussed since the value of time can differ significantly between 
individuals. 
 
Indirect valuation techniques 
The indirect valuation techniques are primarily based on calculations of the dose-respond 
relationship between pollution and corresponding environmental effect. The costs of the 
pollution may then indirectly be expressed by assigning a monetary value to the 
environmental effect. This monetary value, however, have to be based on direct valuation 
approaches. 
 
A simplified dose-respond approach was used when the total costs of sulphur dioxide 
pollution in Norway was estimated to be NOK 300 millions in 1985 (Glomsrød and 
Rosland, 1989). In this study, only the costs of repairing corrosion damaged steel and the 
costs of maintaining painted steel, wood and brick were taken into account. Other costs, 
such as the value of health effects, human well being, working productivity and 
acidification damage on nature, were not taken into account. The real costs of sulphur 
dioxide downfall can therefore be expected to have been much higher. 
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Obstacles to cost-benefits analyses based on monetary valuation of the environment 
Monetary valuation of environmental effects can be rejected for fundamental ethical and 
philosophical reasons, or criticised for other reasons. The ethical and philosophical 
reasons for rejecting monetary valuation is that the nature has it own rights, and cannot be 
valued in monetary terms since valuation is based on human preferences. It is therefore 
not possible to include environmental effects in cost-benefit analyses. 
 
However, environmental effects are valued in monetary terms either directly or indirectly 
since any decision implies a monetary valuation of the environmental effects of the 
decision. Criticism therefore arise by the way the environmental effects are valued in a 
cost-benefit analysis. 
 
One reason for criticising the use of environmental values in cost-benefit analyses, is that 
such analyses involve discounting, or lowering of the value of future costs and benefits. 
The importance of future environmental effects are therefore not taken fully into account 
in the decision making process when ordinary discount rates are used (Angelsen, 1991). 
 
Criticism also arise as a result of the divergence between social (economic) and private 
(financial) viewpoints (Bojö, 1991), which significantly influence the environmental 
valuation. The most important reasons for this divergence are different concerns for risk 
and equity, different perceptions on the relevance of costs and benefits, and different 
choices made on the time horizon and level of rate of return (discount rate) which are 
used in the valuation.  
 
Further, the derived results of costs-benefit analyses may be interpreted as being the sole 
"truth" by people unfamiliar with the nature of the analysis, despite the serious limitations 
involved. Therefore, political obstacles may arise if cost-benefit analyses are used to 
question whether public money are being efficiently used by the politicians (Barde and 
Pearce, 1991). Experience from several Norwegian case studies on environmental valuing 
"..indicates that the politicians often give higher priority to avoiding controversy than to 
economic efficiency" (Navrud, 1991). 
 
Finally, there are several methodological and technical obstacles against environmental 
valuation. The methodology still needs refining and there is a need for practical 
guidelines, databases and training systems which can be used to support the evaluation 
process. At present, decision makers are not fully aware of the potential of environmental 
valuation techniques, and hence reluctant to use environmental valuing in cost-benefit 
analyses (Navrud, 1991).  
 
 
B.4.2 Methods for profitability measurement 

Investments in buildings involve longer time perspectives compared to investments in 
most other objects. The long time perspective implies that costs arising during the 
operation stage are of greater importance in the overall assessment of the building 
investments, compared to other investments. 
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The costs arising during the life cycle of a building may roughly be divided into 
investment costs and running costs. The investment costs are the capital costs today, 
while the running costs are the total costs over the entire service life of the building. This 
includes costs related to the operation, maintenance, refurbishment and demolition of the 
building. 
 
Several mathematical methods can be used to measure the economic value, and hence the 
profitability, of the investment over the entire life cycle of the building. Amongst these 
methods, the Net Present Value method has become the main measure for a project's 
economic value. Other methods like Internal Rate of Return, Benefit-to-Cost-Ratio and 
Simple Payback are also applied (Angelsen, 1991). 
 
The fundamental basis for all methods is that the value of costs and benefits received 
today is more worth than the value of the same costs and benefits received in the future. 
Costs and benefits occurring at different times are transformed into a common unit of 
measurement by adjusting them to time-equivalent values. This time-adjustment 
procedure, which is known as discounting, is described in Appendix C. 
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Appendix C 

Short introduction to discounting 
 
 
 
 
C.1 INTRODUCTION 

Discounting is a time-adjustment procedure used to compare the value of future costs and 
benefits occurring at different points in time. The basic premises of discounting is that the 
value of an amount received today is more worth than the value of the same amount 
received some time into the future. The longer into the future the costs and benefits 
occur, and the higher the discount rate, the lower the present value of the costs and 
benefits. The discount rate used in discounting is a real rate of interest corrected for any 
inflatory elements. 
 
Since 1978, the Norwegian Government has been using a net discount rate of 7% as 
profitability requirement for public project investments21. The use of a discount rate of 
7% results in a quite rapid decline of the net present value of future costs and benefits as 
shown in the following sections. 
 
 
 
C.2 DISCOUNTING 

It is distinguished between private discount rates and social discount rates. The 
appropriate private discount rate reflects the highest possible return on investments in the 
private sector. The society, on the other hand, cannot demand the same return on public 
investments as are demanded in the private sector. The reason for this is that the society 
has responsibility for future generations and for the environment, and must take equity 
concerns between people into account. Thus, the society cannot be as "near-sighted" as 
the use of high discount rates involves22. 
 
                                            
21 In November 1978, the net discount rate used for public projects was lowered from 10% to 7% 

(Kartevoll et al., 1980). 
22 Many economists, however, argue that the social rate of discount should be equal to the private rate of 

interest, since public funds are obtained from the private sector by taxation and borrowing (Ruegg and 
Marshall, 1990). 
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The existence of both social discount rates and private discount rates are explained by the 
same arguments. These arguments are discussed in the following section, focusing on 
social discount rates and the appropriate levels of these rates.  
 
 
C.2.1 Reasons for discounting 

The use of discount rates can be explained for two basic reasons (Pearce et al., 1990): 
 
• the impatience of individuals and society, 
• the marginal productivity of capital. 
 
Impatience of individuals and society 
The impatience of individuals and society, often referred to as pure time preference, can 
be explained for three reasons. First, individuals are impatient and prefer benefits today 
instead of waiting for them to come tomorrow. Therefore, they demand larger benefits 
tomorrow to compensate for the waiting time. Since the society is no more than the sum 
of individuals, the society also prefers the present to the future. 
 
Second, individuals are not sure to be alive in the future to receive the benefits. This risk 
of death argument is therefore a reason for preferring benefits today. However, to use risk 
of death as an argument for social discounting may be questioned since society can be 
expected to be immortal, and thus not affected by the risk of death of individuals (Pearce 
and Turner, 1990). 
 
Third, uncertainties about the future may be expected to increase by time from present. 
By reducing the value of future benefits, we compensate for this uncertainty. However, 
the uncertainties may not be assumed to increase exponentially by time, as the use of a 
higher discount factor implies (Pearce et al., 1990).  
 
Marginal productivity of capital 
The marginal productivity of capital reflects the fact that capital is productive. Thus, if an 
investment of NOK 1 is made, this investment will generate goods and services in the 
future which are worth more than NOK 1. A fixed sum of capital (real value, corrected 
for inflation) is therefore more worth if it is obtained today than if it is obtained in the 
future. 
 
The average yearly growth in private consumption per capita found in industrialised 
countries is a result of the productivity of capital. This growth results in a diminishing 
marginal utility of consumption. Thus, since people will have a larger private 
consumption in the future because they will be richer, they are only willing to sacrifice 
today if they obtain even more in the future. 
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C.2.2 Determination of the discount rate level 

The level of the social discount rate may be determined based on three major, however 
not distinctly separate approaches (Bojö, 1991). These three approaches are based on: 
 
• the social rate of time preference (STPR), 
• the social opportunity cost of capital (SOC), 
• the consumption rate of interest. 
 
The social rate of time preference (STPR) 
Based on the social time preference, the level of the discount rate (r) can be expressed in 
a simplified way as (Pearce and Turner, 1990): 
 
r = p + |e| · c (Equation C.1) 
 
where: 
 p is the pure rate of time preference, 
 e is the elasticity of the marginal utility of consumption function, 
 c is the expected rate of growth of real consumption per capita. 
 
The component p reflects pure impatience, while the component |e|·c reflects the fact that 
less gains should be given to future societies since they are likely to be richer23. 
 
Using the STPR-approach, Kartevoll et al. (1980) estimated the real rate of interest (net 
discount rate) to be 7.1% per year for the period from 1970 to 1979. This estimation 
corresponds well with the 7% discount rate as used by the Norwegian Government. 
Kartevoll et al. (1980) based the estimation on a modified version of Equation C.1, where 
the effect of altered population was taken into account. This population-effect is however 
of little importance in this context.  
 
In the estimations, Kartevoll et al. (1980) assumed the future growth in private 
consumption (c) to be 2.9%, which corresponded with the average yearly growth in 
private consumption in Norway between 1970 and 1979. The yearly growth ranged from 
7.8% from 1974 to 1975, to -4.1% from 1977 to 1978. Kartevoll et al. (1980) further 
assumed the pure time preference (p) to be 1%, and the elasticity of the marginal utility 
of consumption (e) to be -2. These assumptions are negotiable, and especially an altered 
level of e will have large influence on the estimated real rate of interest.  
 
Another problem of more fundamental character is that the determination of appropriate 
discount rates normally is based on the economic development the previous years. In 
Kartevoll et al. (1980), the growth in private consumption in the 1970s was used to 
determine the level of the discount rate. Applying this discount rate on long-term 
investments thus implies that the yearly growth in private consumption is expected to 

                                            
23 The values of c and p are not independent. The lower the rate of growth (c), the larger pure time 

preference (p). This especially concerns the situation in developing countries (Pearce et al., 1990). 
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continue at the same level of 2.9% throughout the entire investment period. This is in 
conflict with environmentalists arguing that the private consumption has to be reduced to 
achieve sustainable development. 
 
The social opportunity cost of capital (SOC) 
In this approach, the social discount rate is supposed to reflect the rate of alternative 
investment opportunities in the private sector. Hence, public sector investments should 
secure the same rate as investments in the private sector. However, despite the fact that 
private investors seek high rates of return, they often do not succeed. Over the period 
from 1970 to 1987, the pre-tax real rate of return for industry, transport and 
communications was less than 2% in average per year in Canada, Australia, Finland, 
France, Sweden and the UK. After tax, many of the rates were even negative. Only in 
Japan24, the real rate before tax exceeded 10% (Grubb, 1991). 
 
The situation in Norway can be expected to be similar with the situation in Canada, 
Australia, Finland, France, Sweden and the UK. Based on the SOC-approach, it thus 
seems as if the discount rate of 7% used by the Norwegian Government is too high. 
 
The consumption rate of interest 
In this approach it is argued that the appropriate social discount rate should reflect the 
rate of interest achievable on approximately risk-free investments such as government 
borrowing rates, or after-tax returns to the investor on long-term investments (Kula, 
1992). The rationale for this argument is that public projects can be considered as risk-
free because of the large portfolio situation of society. (Governments are normally self-
insured). 
 
Table C.1 shows the Norwegian real rates of interest for the period from 1871 to 1992. 
These real rates of interest are based on the prevailing nominal rate of interest for three 
months investments in the money market, corrected for inflation, but not corrected for 
tax. For the whole period, the real rate of interest was only 2.0%. This is well below the 
discount rate of 7% used by the Norwegian Government. 
 
 

 
 

                                            
24  Only manufacturing statistics available. 

Table C.1. Calculated real rates of interest (before tax) in Norway, corrected for 
inflation. Based on the prevailing nominal rate of interest for three months investments in 
the money market (Isachsen, 1993). 

Period Average real rate of 
interest 

Maximum value (year) Minimum value (year) 

1871 to 1915 2.8% 13% (1878) -22% (1915) 
1916 to 1945 1.6% 25% (1921) -38% (1916) 
1946 to 1992 1.4% Approx. 8% (1985) -15% (1951) 
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The prevailing real rates of interest are closely connected to the development of the 
general level of prices. Risen prices (inflation) result in lower real rates of interest, while 
increased real rates of interest are found in times of deflation. As a result, low real rates 
of interest were connected to the steep increase in prices caused by wars (1916-1917, 
1941-42 and 1952 (the Korean-war)), and high real rates of interest are found in the 
deflation periods towards the end of the last century and in the twenties (Isachsen, 1993). 
 
The level of real rates of interest was high in Norway during the 1980s. From 1983 to 
1986, the average real rate of interest (before tax) was approximately 7.5%, decreasing to 
6.5% for the period between 1988 and 1991. The real rate of interest has been higher than 
7% for only 23 years of the total period of 122 years from 1871 to 1991. The real rate of 
interest is even lower when adjusted for tax, and the after-tax rate was positive for only 
three years during the period from 1960 to 1982. Even in the 1980s, when the real rates 
of interest were high in Norway, the after-tax rates were only between 1% and 5%. Since 
also other countries experienced real rates of interest above the historically "normal" level 
in the 1980s, it is argued that the level of real rates of interest must fall (Isachsen, 1993). 
Based on this, the 7% discount rate as used by the Norwegian Government seems to be 
high. 
 
 
C.2.3 Discount factors 

The discount factors used to adjust the value of future costs and benefits are functions of 
the discount rate and the calculation period.  
 
Discount factors for costs and benefits occurring at a specified point of time into the 
future 
The discount factor for finding the present value of costs and benefits occurring at a 
specified point of time into the future is given by: 
 
df = (1 + r)-n (Equation C.2) 
 
where:  
 df is the discount factor, 
 r is the discount rate, 
 n is the point of time into the future when the costs and benefits occur. 
 
The discount factor is an exponentially declining function of time. The use of a discount 
rate of 7% results in a quite rapid decline of the net present value of future costs and 
benefits as seen from Figure C.1. The figure shows that the present value of future costs 
and benefits is notably reduced for increasing discount rates. For costs and benefits 
occurring 30 years into the future, the discount factor is 0.31 for 4% discount rate, 0.13 
for 7% discount rate, and 0.06 for 10% discount rate. The net present value of costs and 
benefits occurring 30 years into the future is therefore about five times higher by using 
4% discount rate than by using 10% discount rate. 
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Inverse annuity discount factors for uniformly recurring future costs and benefits 
The inverse annuity discount factor is important for the profitability of energy saving 
measures since it expresses the weight given to future energy savings. The inverse 
annuity discount factor for uniformly recurring costs and benefits over the entire service 
life is given as: 
 

dfA = 
1 - (1 + r)-n

r
 (Equation C.3) 

 
where: 
 dfA is the inverse annuity discount factor, 
 r is the discount rate, 
 n is the service life (calculation period) in years. 
 
The importance of the length of the calculation period used in the profitability estimations 
is determined by the level of the discount rate. Figure C.2 shows the inverse annuity 
discount factor as a function of discount rate for service lives of 15, 30 and 45 years. The 
inverse annuity discount factor for a discount rate of 0% is 300% higher by using a 
calculation period of 45 years than by using a calculation period of 15 years. 
 
This difference, however, between the discount factors for different calculation periods, 
diminishes for higher discount rates. As a result, the inverse annuity discount factor for a 
discount rate of 7% is only 50% higher by using a calculation period of 45 years than by 
using a calculation period of 15 years. The weight given to the last 30 years of the total 
calculation period of 45 years is therefore very limited. 

  Discount factor as a function of time 
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Figure C.1. Discount factor for finding the present value of future costs and benefits as a 
function of time. Discount rates of 4%, 7% and 10%. 
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The inverse annuity discount factors shown in Figure C.2 are also shown in Table C.2 for 
different calculation periods and discount rates. The table shows the different discount 
factors, relative to the discount factor for 7% discount rate. It is seen that the weight 
given to future costs and benefits increases by roughly 10% for each percent point the 
discount rate is reduced from 7%. 
 
 

 

Inverse annuity discount factor as a function of discount rate 
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Figure C.2. Inverse annuity discount factor as a function of discount rate for uniformly 
recurring future costs and benefits over service lives of 15, 30 and 45 years. 

Table C.2. Inverse annuity discount factor (dfA) for uniformly recurring future costs and 
benefits for calculation periods of 15, 30 and 45 years for different discount rates. The 
dfA for the different discount rates is shown relative to the dfA for 7% discount rate. 

Discount rate Inverse annuity discount factors (dfA) for different calculation period

 15 years  30 years  45 years 

 dfA Relative to 7% 
discount rate 

 dfA Relative to 7% 
discount rate 

 dfA Relative to 7% 
discount rate 

0% 15.0 165%  30.0 242%  45.0 331% 
1% 13.9 152%  25.8 208%  36.1 265% 
2% 12.8 141%  22.4 180%  29.5 217% 
3% 11.9 131%  19.6 158%  24.5 180% 
4% 11.1 122%  17.3 139%  20.7 152% 
5% 10.4 114%  15.4 124%  17.8 131% 
6% 9.7 107%  13.8 111%  15.5 114% 
7% 9.1 100%  12.4 100%  13.6 100% 
8% 8.6 94%  11.3 91%  12.1 89% 
9% 8.1 89%  10.3 83%  10.9 80% 

10% 7.6 84%  9.4 76%  9.9 72% 
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For buildings and building components having service lives of 50 to 100 years or more, 
the use of a discount rate of 7% significantly reduces the net present value of costs and 
benefits occurring during the operation and removal stages. Demolition costs and costs 
associated with the treatment of waste materials at the end of the service life, are 
therefore of insignificant importance in an overall cost-benefit analysis of the entire life 
cycle.  
 
The importance of environmental effects associated with future energy consumption and 
waste treatment, are also reduced because of the discounting process. Thus, emission 
charges like CO2 taxes and increased disposal costs imposed by the authorities to reduce 
the environmental load, will have reduced or even insignificant effect on the overall 
profitability of building projects. 
 
 
 
C.3 ENVIRONMENTAL CRITIQUE OF DISCOUNTING 

C.3.1 Negative environmental effects of discounting  

Discounting may be criticised for several environmental reasons, the most important of 
them being: 
 
• depletion of natural resources, 
• obstacle for environmental investments, 
• welfare of future generations, 
• environmental risk, 
• irreversibility. 
 
These environmental reasons for criticising discounting are described in the following. 
 
Depletion of natural resources 
In natural resources management, the basic question is how much to consume now, and 
how much to save for the future. In an economic assessment, the value of future 
consumption of exhaustible resources is compared to the value of present consumption, 
and since a lower value is given to future consumption, present consumption is favoured. 
It is therefore argued that exhaustible resources will be depleted faster the higher the 
discount rates (Pearce et al., 1990). 
 
This aspect is important in for instance forestry where the growth of trees involves time 
periods of 60 to 80 years. In an ordinary economic assessment, the planting of trees 
would not be profitable at all, since the discounted value of the trees in 60 to 80 years 
from now is almost equal to zero25. Hence, "normal" economic considerations are not 
sufficient for these applications (Pearce et al., 1990). 

                                            
25 Using 7% discount rate, the discount factor for costs and benefits occurring 80 years into the future is 

only 0,004. 



Short introduction to discounting 

 215

Obstacle for environmental investments 
Discounting reduce the profitability of investments yielding environmental benefits in the 
future. Examples of such investments are investments in energy reducing measures, and 
investments in constructions enabling reuse and recycling of materials and components in 
the future. 
 
Welfare of future generations 
Since the net present value of future costs and benefits are reduced, discounting involves 
discrimination against future generations for three reasons. The first reason is that 
projects with short-term benefits and long-term costs, are more likely to be undertaken. 
This way, future generations must pay the costs of our benefits. The second reason is the 
reverse; projects with present costs and future benefits are less likely to be favoured by 
the cost-benefit analysis. The third and final reason is that high discount rates have a 
depressing effect on the economy since the investment level is reduced. Therefore, a 
lower capital stock is inherited by future generations (Pearce et al., 1990). 
 
Environmental risk 
Discounting can also be criticised because the importance of risk of future accidents with 
catastrophic consequences for the environment is reduced in the decision process. An 
accident in a nuclear power plant is an example of such catastrophic accidents. 
 
Irreversibility 
In addition to the above mentioned arguments, irreversibility may be used as an argument 
against discounting. The extermination of species and habitat and the loss of irreplaceable 
environmental facilities are normally not valued in cost-benefit analyses, and if such 
irreversible losses are valued, the value is reduced in the discounting process. It may 
therefore be argued that irreversibility have implications for the discount rate to be used 
(Markandya and Pearce, 1988). 
 
 
C.3.2 Positive environmental effects of discounting 

It can be argued that high discount rates will have a depressing effect on investments in 
general, which slows down the pace of development. Since investments involve 
consumption of natural resources, the demand for natural resources are likely to be lower 
with high discount rates compared to low rates. Reduced environmental load can be the 
result of reduced demand for natural resources (Pearce et al., 1990). The relation between 
high discount rates and consumption of natural resources may be explained as shown by 
the "chain" in Figure C.3: 
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High discount rates may also have direct environmental benefits since a reduced number 
of large scale projects with large initial costs will be undertaken. Such large scale 
projects, as for instance road projects and water management projects, usually involve 
large extraction of resources and massive damage on nature and landscape. 
 
 
 
C.4 ALTERNATIVES TO THE ADJUSTMENT OF DISCOUNT 
RATES 

In the previous sections it has been shown that discounting, especially when using high 
discount rates, implies a near-sighted view on the future and does not take environmental 
effects during the whole life cycle fully into account. Based on this it may be argued that 
environmental concerns should be given more weight by lowering the discount rate for 
projects having large environmental impacts. 
 
However, selective lowering of the discount rate for environmental projects is inefficient 
and administratively difficult to manage. It is therefore advised to use the same discount 
rate for all public projects and sectors, and not to adjust the discount rates to reflect 
environmental concerns (Pearce et al., 1989 and NOU, 1983). Based on this, several 
methods have been proposed to take environmental effects of long-term projects into 
account without adjusting the discount rate. Some of these methods are described briefly 
in the following. 
 
 
C.4.1 Method for taking irreversibility into consideration 

The Krutilla-Fisher approach, referred to in Markandya and Pearce (1988), is an indirect 
approach to lowering of the discount rates. An ordinary discount rate (r) is used in the 
calculations. This discount rate is corrected for the value of environmental benefits which 
is assumed to be increasing by time. If this increase is presumed to be g percent per year, 
the corrected discount rate (r') to be used in the calculations is r' = (r - g)%. Opposite, if 

High discount rates 

 

⇓ 
Reduced investments 

⇓ 
Reduced development 

⇓ 
Reduced consumption of natural resources 

 
Figure C.3. Relation between high discount rates and consumption of natural resources. 
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the value of the benefits is assumed to decrease in the future by k percent per year, the 
corrected discount rate is r' = (r + k)%. 
 
The attractions of this Krutilla-Fisher approach is that "conventional" discount factors are 
used, and the procedure thus "cannot be criticised for distorting resource allocation in the 
economy by using variable discount rates" (Markandya and Pearce, 1988). However, it 
remains a problem to determine the percentages g and k which are used to calculate the 
corrected discount rates. 
 
 
C.4.2 Method for taking future generations into consideration 

Sustainability criteria and "shadow"-projects may be applied to ensure that future 
generations inherit the same benefits as the present generation. A sustainability criteria 
applied on renewable resources such as forests and fish stocks, can be that the harvesting 
shall not exceed the growth. For exhaustible resources like fossil fuels, a sustainability 
criteria can be that the resources shall be converted to real capital which is made 
available for the benefit of the future26. 
 
In the "shadow"-project approach, the requirement is that the environmental damage 
caused by one project should be compensated by environmental improvements performed 
elsewhere. In its most simple form, this approach implies that a new tree should be 
planted to replace the tree removed (Angelsen, 1991).  
 
 
C.4.3 Method for taking environmental risk into consideration 

Markandya and Pearce (1988) argue that environmental risk should not be taken into 
account by adjusting the discount rates. Instead, certainty equivalent procedures should 
be used to reflect the uncertainties involved in the estimations of the costs and benefits 
obtained in the future. 
 
 
C.4.4 Modified discounting method 

The modified discounting method (MDM) has been proposed for public sector projects to 
characterise the nature of these projects, and to reflect ethical concerns regarding 
intergenerational problems (Kula, 1992). Public sector projects are characterised by the 
fact that the costs and benefits are returned to the society which could be regarded as 
immortal, and thus there are no "risk of death" argument for discounting. The society also 

                                            
26 This latter use of the sustainability requirement involves an interpretation of the term sustainable 

development saying that the stock of wealth which is inherited by the next generation consists of both 
man-made and environmental assets (Pearce et al., 1989). Thus it is possible to maintain sustainability 
when reducing the environmental assets, as long as the reduced environmental assets are compensated 
by increased man-made assets. 
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have a responsibility for future generations, and cannot be as egoistic and near-sighted as 
individuals.  
 
The MDM is based on a conventional discount factor. The life expectancy of individuals 
is taken into account by dividing the population into a number of groups consisting of the 
same number of people. The number of groups is equal to the number of years individuals 
are expected to live. This way, each group is assumed to represent one single age group 
of individuals. The annual benefits obtained by each of these single age groups are only 
discounted for the time period the individuals in the group are waiting for the benefits to 
occur. Thus, when individuals are born, they inherit an "undiscounted" benefit. Equation 
7.1 and Equation C.5 show the calculation of the modified discount factor:  
 

mdf  =
+

+ − +
+

⎡

⎣
⎢

⎤

⎦
⎥

−

∑1 1
1

1 1
11

1

t r
t n

rn n

n

( )
( )

( )
   when n t≤  (Equation C.4) 

 

mdf  =
+∑1 1

11t r n

t

( )
    when n > t  (Equation C.5) 

 
where: 

mdf is the modified discount factor, 
t is the life expectancy of individuals, 
r is the social discount rate, 
n is the number of years into the future.  

 
The theory behind the modified discount method is comprehensively described in Kula 
(1992). Figure C.4 shows the ordinary and modified discount factors using 7% net 
discount rate for calculation periods up to 60 years. The life expectancy of individuals is 
assumed to be 75 years in the calculations of the modified discount factor curve.  
 
It can be seen that the difference between the two discount factor curves is significant for 
the longer time periods.  
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Ordinary and modified discount factors 
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Figure C.4. Ordinary and modified discount factor curves using 7% discount rate. Life 
expectancy of 75 years assumed in the calculation of modified discount factor. 
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Appendix D 

Number of households and degree-day number 
for municipalities in Norway 
 
 
 
 
Table D.1. Number of households, meteorological station used and estimated degree-day 
number for the municipalities in the different regions of Norway. The estimated degree-
day numbers are based on monthly mean outdoor temperatures for the different 
meteorological stations. Based on FoB90 (1992) and NS 3031 (1987). 

 
 

  

Municipality Number 
of house-

holds 

Meteorological 
station 

Degree- 
day 

number
OSLO 244434 Blindern 3733 
   
AKERSHUS 166544 Average: 3952 

Ski 8771 Ås 3867 
Oppegård 8024 Ås 3867 
Rælingen 5617 Ås 3867 
Nesodden 5094 Ås 3867 
Ås 4736 Ås 3867 
Vestby 4085 Ås 3867 
Frogn 4164 Ås 3867 
Enebakk 2908 Ås 3867 
Bærum 38019 Blindern 3733 
Asker 16323 Blindern 3733 
Lørenskog 10569 Blindern 3733 
Skedsmo 14532 Gardermoen 4264 
Ullensaker 7057 Gardermoen 4264 
Eidsvoll 6529 Gardermoen 4264 
Nittedal 6169 Gardermoen 4264 
Nes 6124 Gardermoen 4264 
Aurskog-Høland 4938 Gardermoen 4264 
Sørum 4229 Gardermoen 4264 
Fet 3243 Gardermoen 4264 
Nannestad 3092 Gardermoen 4264 
Gjerdrum 1332 Gardermoen 4264 
Hurdal 989 Gardermoen 4264 

   
ØSTLAND INLAND 149190 Average: 4529 
Hedmark   

Alvdal 898 Alvdal 5302 
Folldal 775 Alvdal 5302 
Engerdal 631 Engerdal 5168 
Åsnes 3535 Flisa 4475 
Grue 2390 Flisa 4475 
Nord-Odal 2032 Flisa 4475 

Våler 1806 Flisa 4475 
Ringsaker 12170 Hamar vannverk 4363 
Hamar 11179 Hamar vannverk 4363 
Stor-Elvdal 1431 Koppang 5041 
Elverum 7102 Rena 4882 
Åmot 1837 Rena 4882 
Kongsvinger 7451 Skotterud 4145 
Sør-Odal 3012 Skotterud 4145 
Eidskog 2687 Skotterud 4145 
Trysil 2922 Trysil-Innbygda 5001 
Tynset 2010 Tynset 5665 
Os 752 Tynset 5665 
Tolga 696 Tynset 5665 
Stange 7083 Vang 4476 
Løten 2760 Vang 4476 
Rendalen 1044 Ytre-Rendalen 4795 

Oppland    
Dovre 1177 Dombås 5204 
Nordre Land 2855 Fluberg 4682 
Søndre Land 2642 Fluberg 4682 
Sør-Aurdal 1391 Fluberg 4682 
Etnedal 658 Fluberg 4682 
Gran 5056 Hønefoss 3901 
Lunner 2983 Hønefoss 3901 
Jevnaker 2278 Hønefoss 3901 
Gjøvik 11106 Hamar vannverk 4363 
Østre Toten 5539 Hamar vannverk 4363 
Vestre Toten 5314 Hamar vannverk 4363 
Skjåk 973 Lesjaverk 5266 
Lesja 896 Lesjaverk 5266 
Lillehammer 9772 Lillehammer 4625 
Vågå 1450 Vågåmo 4864 
Lom 964 Vågåmo 4864 
Nord-Aurdal 2678 Vang i Valdres 4803 
Østre Slidre 1176 Vang i Valdres 4803 
Vestre Slidre 1013 Vang i Valdres 4803 
Vang 704 Vang i Valdres 4803 
Sel 2431 Vinstra 4843 
Gausdal 2457 Vinstra 4843 
Nord-Fron 2448 Vinstra 4843 
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Ringebu 1964 Vinstra 4843 
Øyer 1713 Vinstra 4843 
Sør-Fron 1349 Vinstra 4843 
   

ØSTLAND COAST 340610 3811 
Østfold   

Spydeberg 1571 Brekke 3833 
Hobøl 1442 Brekke 3833 
Askim 5423 Eidsberg 3864 
Eidsberg 3885 Eidsberg 3864 
Rakkestad 2844 Eidsberg 3864 
Trøgstad 1910 Eidsberg 3864 
Marker 1381 Eidsberg 3864 
Skiptvedt 1176 Eidsberg 3864 
Rømskog 245 Eidsberg 3864 
Halden 11267 Halden 3438 
Hvaler 1238 Halden 3438 
Aremark 557 Halden 3438 
Fredrikstad 27254 Kalnes 3618 
Sarpsborg 19610 Kalnes 3618 
Moss 10672 Rygge 3745 
Rygge 4965 Rygge 3745 
Råde 2155 Rygge 3745 
Våler 1477 Rygge 3745 

Buskerud    
Drammen 23122 Blindern 3733 
Lier 7532 Blindern 3733 
Nedre Eiker 7519 Blindern 3733 
Røyken 5360 Blindern 3733 
Hurum 3219 Blindern 3733 
Ål 1884 Geilo 5532 
Hol 1952 Geilo 5532 
Hemsedal 622 Geilo 5532 
Ringerike 11591 Hønefoss 3901 
Hole 1706 Hønefoss 3901 
Krødsherad 920 Hønefoss 3901 
Kongsberg 8653 Kongsberg 4104 
Øvre Eiker 6037 Modum 4093 
Modum 4973 Modum 4093 
Gol 1668 Nesbyen 4770 
Nes 1290 Nesbyen 4770 
Flå 502 Nesbyen 4770 
Sigdal 1463 Veggli 4637 
Nore og Uvdal 1148 Veggli 4637 
Flesberg 947 Veggli 4637 
Rollag 
 

582 Veggli 4637 

Vestfold    
Borre 9525 Horten 3487 
Holmestrand 3838 Horten 3487 
Sande 2714 Ramnes 3809 
Svelvik 2248 Ramnes 3809 
Andebu 1582 Ramnes 3809 
Våle 1396 Ramnes 3809 
Ramnes 1252 Ramnes 3809 
Hof 1042 Ramnes 3809 
Lardal 926 Ramnes 3809 
Larvik 15563 Stokke 3780 
Sandefjord 15130 Stokke 3780 
Tønsberg 14073 Stokke 3780 
Nøtterøy 7518 Stokke 3780 
Stokke 3474 Stokke 3780 
Tjøme 1584 Stokke 3780 

Telemark    
Vinje 1534 Dalen 3904 
Tokke 1081 Dalen 3904 

Notodden 5216 Notodden 3872 
Bø 1848 Notodden 3872 
Sauherad 1707 Notodden 3872 
Seljord 1235 Notodden 3872 
Skien 20244 Skien 3824 
Porsgrunn 13281 Skien 3824 
Bamble 5008 Skien 3824 
Kragerø 4413 Skien 3824 
Siljan 775 Skien 3824 
Kviteseid 1161 Tveitsund 3879 
Nissedal 570 Tveitsund 3879 
Fyresdal 558 Tveitsund 3879 
Nome 2911 Ulefoss 3871 
Drangedal 1651 Ulefoss 3871 
Tinn 3099 Veggli 4637 
Hjartdal 691 Veggli 4637 
   

AGDER/ROGALAND 224251 Average: 3064 
Aust-Agder   

Valle 521 Byglandsfjord 3693 
Bygland 545 Byglandsfjord 3693 
Bykle 298 Byglandsfjord 3693 
Arendal 15054 Grimstad 3120 
Grimstad 6019 Grimstad 3120 
Lillesand 3019 Grimstad 3120 
Evje og Hornnes 1274 Hægeland 3856 
Iveland 374 Hægeland 3856 
Risør 2815 Lyngør 3113 
Tvedestrand 2330 Lyngør 3113 
Froland 1458 Mykland 3670 
Birkenes 1427 Mykland 3670 
Gjerstad 936 Nelaug 3860 
Åmli 772 Nelaug 3860 
Vegårdshei 650 Nelaug 3860 

Vest-Agder    
Åseral 316 Byglandsfjord 3693 
Flekkefjord 3415 Flekkefjord 2873 
Vennesla 4159 Hægeland 3856 
Songdalen 1735 Hægeland 3856 
Marnardal 767 Hægeland 3856 
Hægebostad 538 Konsmo 3725 
Audnedal 555 Konsmo 3725 
Kristiansand 27338 Kristiansand 3188 
Søgne 2583 Kristiansand 3188 
Mandal 4886 Mandal 3041 
Farsund 3523 Mandal 3041 
Lyngdal 2468 Mandal 3041 
Lindesnes 1515 Mandal 3041 
Kvinesdal 2082 Tonstad 3422 
Sirdal 640 Tonstad 3422 

Rogaland    
Eigersund 4637 Eikeland 3309 
Sokndal 1281 Eikeland 3309 
Lund 1063 Eikeland 3309 
Bjerkreim 759 Eikeland 3309 
Gjesdal 2489 Fister 2882 
Hjelmeland 983 Fister 2882 
Forsand 364 Fister 2882 
Suldal 1443 Sand 3060 
Sauda 2071 Sauda 3467 
Stavanger 42680 Stavanger 2897 
Sandnes 17102 Stavanger 2897 
Karmøy 12289 Stavanger 2897 
Haugesund 12146 Stavanger 2897 
Sola 5623 Stavanger 2897 
Hå 4466 Stavanger 2897 
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Time 4204 Stavanger 2897 
Klepp 4092 Stavanger 2897 
Strand 3274 Stavanger 2897 
Tysvær 2679 Stavanger 2897 
Randaberg 2539 Stavanger 2897 
Vindafjord 1679 Stavanger 2897 
Finnøy 963 Stavanger 2897 
Rennesøy 863 Stavanger 2897 
Bokn 260 Stavanger 2897 
Kvitsøy 196 Stavanger 2897 
Utsira 94 Stavanger 2897 
   

VESTLANDET 292086 Average: 3032 
Hordaland   

Bergen 93949 Bergen 2831 
Askøy 6515 Bergen 2831 
Fjell 4925 Bergen 2831 
Stord 5168 Bergen 2831 
Kvinnherad 4802 Bergen 2831 
Os 4422 Bergen 2831 
Lindås 4177 Bergen 2831 
Bømlo 3307 Bergen 2831 
Kvam 3183 Bergen 2831 
Osterøy 2398 Bergen 2831 
Sund 1628 Bergen 2831 
Meland 1530 Bergen 2831 
Sveio 1552 Bergen 2831 
Radøy 1568 Bergen 2831 
Vaksdal 1738 Bergen 2831 
Austevoll 1389 Bergen 2831 
Etne 1417 Bergen 2831 
Fusa 1301 Bergen 2831 
Øygarden 1088 Bergen 2831 
Ølen 1160 Bergen 2831 
Fitjar 967 Bergen 2831 
Tysnes 1100 Bergen 2831 
Austrheim 938 Bergen 2831 
Samnanger 838 Bergen 2831 
Masfjorden 677 Bergen 2831 
Jondal 458 Bergen 2831 
Fedje 268 Bergen 2831 
Modalen 123 Bergen 2831 
Odda 3440 Ullensvang 3240 
Ullensvang 1452 Ullensvang 3240 
Ulvik 500 Ullensvang 3240 
Eidfjord 409 Ullensvang 3240 
Granvin 395 Ullensvang 3240 
Voss 5407 Voss 3876 

Sogn og Fjordane    
Sogndal 2093 Balestrand 3038 
Vik 920 Balestrand 3038 
Leikanger 1023 Balestrand 3038 
Balestrand 713 Balestrand 3038 
Flora 3746 Førde 3524 
Førde 3437 Førde 3524 
Askvoll 1249 Førde 3524 
Gaular 1005 Førde 3524 
Fjaler 1023 Førde 3524 
Naustdal 866 Førde 3524 
Årdal 2475 Fortun 4080 
Luster 1901 Fortun 4080 
Lærdal 856 Lærdal 3391 
Aurland 699 Lærdal 3391 
Vågsøy 2389 Nordfjordeid 3474 
Gloppen 2312 Nordfjordeid 3474 
Eid 1844 Nordfjordeid 3474 

Bremanger 1627 Nordfjordeid 3474 
Selje 1126 Nordfjordeid 3474 
Hornindal 382 Nordfjordeid 3474 
Jølster 1046 Oppstryn 3523 
Stryn 2336 Stryn 3361 
Høyanger 1880 Takle 3037 
Gulen 926 Takle 3037 
Hyllestad 613 Takle 3037 
Solund 422 Takle 3037 

Møre og Romsdal    
Ålesund 14347 Ålesund 2913 
Haram 3038 Ålesund 2913 
Herøy 2839 Ålesund 2913 
Sula 2251 Ålesund 2913 
Giske 2104 Ålesund 2913 
Ulstein 1936 Ålesund 2913 
Hareid 1649 Ålesund 2913 
Vanylven 1343 Ålesund 2913 
Skodje 1098 Ålesund 2913 
Sande 1114 Ålesund 2913 
Ørskog 695 Ålesund 2913 
Rauma 3076 Åndalsnes 3394 
Ørsta 3625 Ørsta 3345 
Volda 2908 Ørsta 3345 
Kristiansund 7442 Kristiansund 3119 
Averøy 2028 Kristiansund 3119 
Frei 1614 Kristiansund 3119 
Gjemnes 1031 Kristiansund 3119 
Aure 1022 Kristiansund 3119 
Smøla 993 Kristiansund 3119 
Halsa 791 Kristiansund 3119 
Tustna 427 Kristiansund 3119 
Molde 8791 Molde 3300 
Fræna 3097 Molde 3300 
Vestnes 2275 Molde 3300 
Nesset 1223 Molde 3300 
Eide 1091 Molde 3300 
Aukra 1015 Molde 3300 
Midsund 730 Molde 3300 
Sandøy 549 Molde 3300 
Sykkylven 2455 Stranda 3419 
Stranda 1675 Stranda 3419 
Norddal 726 Stranda 3419 
Stordal 362 Stranda 3419 
Sunndal 3013 Sunndalsøra 3420 
Surnadal 2439 Tingvoll 3653 
Tingvoll 1353 Tingvoll 3653 
Rindal 823 Tingvoll 3653 
   

TRØNDELAG 151083 Average: 4005 
Sør-Trøndelag   

Rissa 2439 Ørland 3563 
Bjugn 1837 Ørland 3563 
Ørland 1958 Ørland 3563 
Åfjord 1334 Ørland 3563 
Osen 485 Ørland 3563 
Roan 465 Ørland 3563 
Oppdal 2352 Berkåk 4802 
Midtre Gauldal 2279 Berkåk 4802 
Meldal 1748 Berkåk 4802 
Rennebu 1132 Berkåk 4802 
Røros 2150 Røros 5671 
Holtålen 966 Røros 5671 
Tydal 370 Røros 5671 
Hemne 1561 Sandstad 3379 
Hitra 1632 Sandstad 3379 
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Frøya 1696 Sandstad 3379 
Agdenes 726 Sandstad 3379 
Snillfjord 454 Sandstad 3379 
Selbu 1556 Selbu 4138 
Trondheim 60407 Trondheim 3998 
Melhus 4508 Trondheim 3998 
Malvik 3486 Trondheim 3998 
Orkdal 4131 Trondheim 3998 
Skaun 1988 Trondheim 3998 
Klæbu 1440 Trondheim 3998 

Nord-Trøndelag    
Snåsa 947 Grong 4339 
Namsskogan 444 Grong 4339 
Grong 984 Grong 4339 
Høylandet 468 Grong 4339 
Vikna 1386 Leka 3815 
Nærøy 2080 Leka 3815 
Leka 324 Leka 3815 
Meråker 1177 Meråker 4372 
Namsos 4705 Namsos 3882 
Namdalseid 777 Namsos 3882 
Overhalla 1324 Namsos 3882 
Fosnes 296 Namsos 3882 
Flatanger 520 Namsos 3882 
Lierne 619 Nordli 5401 
Røyrvik 259 Nordli 5401 
Steinkjer 8198 Steinkjer 3885 
Verdal 5030 Steinkjer 3885 
Mosvik 365 Steinkjer 3885 
Verran 1272 Steinkjer 3885 
Inderøy 2033 Steinkjer 3885 
Stjørdal 6318 Værnes 3829 
Frosta 907 Værnes 3829 
Leksvik 1254 Værnes 3829 
Levanger 6296 Værnes 3829 

   
NORD-NORGE 183163 Average: 4564 
Nordland   

Hadsel 3565 Bø i Vesterålen 4104 
Sortland 3419 Bø i Vesterålen 4104 
Andøy 2754 Bø i Vesterålen 4104 
Øksnes 1797 Bø i Vesterålen 4104 
Bø 1566 Bø i Vesterålen 4104 
Lødingen 1105 Bø i Vesterålen 4104 
Bodø 15079 Bodø 4119 
Gildeskål 1025 Bodø 4119 
Beiarn 554 Bodø 4119 
Skjerstad 501 Bodø 4119 
Vestvågøy 4047 Borge i Lofoten 4133 
Vågan 3826 Borge i Lofoten 4133 
Steigen 1247 Borge i Lofoten 4133 
Hamarøy 963 Borge i Lofoten 4133 
Flakstad 580 Borge i Lofoten 4133 
Mosknes 582 Borge i Lofoten 4133 
Værøy 351 Borge i Lofoten 4133 
Røst 257 Borge i Lofoten 4133 
Alstadhaug 2861 Brønnøysund 3613 
Brønnøy 2601 Brønnøysund 3613 
Sømna 795 Brønnøysund 3613 
Bindal 776 Brønnøysund 3613 
Herøy 810 Brønnøysund 3613 
Vega 601 Brønnøysund 3613 
Vevelstad 250 Brønnøysund 3613 
Fauske 4076 Fauske 4303 
Sørfold 1037 Fauske 4303 
Grane 663 Hattfjelldal 5211 

Hattfjelldal 632 Hattfjelldal 5211 
Rana 9944 Mo i  Rana 4593 
Hemnes 1801 Mo i  Rana 4593 
Vefsn 5358 Mosjøen 4329 
Leirfjord 894 Mosjøen 4329 
Nesna 710 Mosjøen 4329 
Narvik 7808 Narvik 4461 
Ballangen 1218 Narvik 4461 
Tysfjord 1013 Narvik 4461 
Evenes 715 Narvik 4461 
Tjeldsund 643 Narvik 4461 
Saltdal 1935 Rognan 4764 
Meløy 2627 Tonnes 3632 
Lurøy 860 Tonnes 3632 
Dønna 686 Tonnes 3632 
Rødøy 634 Tonnes 3632 
Træna 192 Tonnes 3632 

Troms    
Målselv 2927 Bardufoss 5419 
Bardu 1463 Bardufoss 5419 
Sørreisa 1276 Bardufoss 5419 
Salangen 989 Bardufoss 5419 
Lavangen 439 Bardufoss 5419 
Lenvik 4159 Gibostad 4671 
Tranøy 750 Gibostad 4671 
Dyrøy 619 Gibostad 4671 
Torsken 527 Gibostad 4671 
Berg 469 Gibostad 4671 
Harstad 9036 Narvik 4461 
Kvæfjord 1284 Narvik 4461 
Skånland 1222 Narvik 4461 
Ibestad 877 Narvik 4461 
Gratangen 580 Narvik 4461 
Bjarkøy 326 Narvik 4461 
Nordreisa 1773 Nordreisa 5181 
Kåfjord 1011 Nordreisa 5181 
Kvænangen 641 Nordreisa 5181 
Balsfjord 2410 Skibotn 4799 
Storfjord 685 Skibotn 4799 
Skjervøy 1088 Torsvåg 4458 
Karlsøy 1026 Torsvåg 4458 
Tromsø 21401 Tromsø 4824 
Lyngen 
 

1272 Tromsø 4824 

Finnmark    
Alta 5491 Alta 5307 
Nordkapp 1713 Gjesvær 4874 
Måsøy 709 Gjesvær 4874 
Hammerfest 3865 Hammerfest 5158 
Kvalsund 504 Hammerfest 5158 
Karasjok 946 Karasjok 6412 
Kautokeino 871 Kautokeino 6622 
Sør-Varanger 4138 Kirkenes 5520 
Porsanger 1781 Kistrand 5341 
Loppa 632 Loppa 4382 
Hasvik 575 Loppa 4382 
Båtsfjord 982 Mehamn 4519 
Gamvik 603 Mehamn 4519 
Berlevåg 586 Mehamn 4519 
Tana 1219 Tana 5679 
Lebesby 689 Tana 5679 
Vadsø 2461 Vadsø 5132 
Vardø 1369 Vadsø 5132 
Nesseby 421 Vadsø 5132 
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Appendix E 

Calculation of energy consumption of houses  
 
 
 
 
E.1 INTRODUCTION 

This appendix presents the calculation procedure used to calculate the yearly energy 
consumption of the stereotypes of houses. The calculations of net heating requirement of 
the houses is based on specifications in the Norwegian Standard NS 3031 "Thermal 
insulation. Calculation of the power demand and ventilation in buildings" (NS 3031, 
1987).  
 
The calculated total energy consumption is based on assumptions on the share of the net 
heating requirement of the houses which is covered by electric heating, oil-heating and 
wood-firing, and the corresponding efficiencies of these heating types  
 
 
 
E.2 NET HEATING REQUIREMENT OF HOUSES 

The net heating requirement of houses is calculated on a monthly basis according to the 
specifications in NS 3031 (1987). The heat loss of houses, QM, is composed of 
transmission heat loss, Qt, and heat loss because of air exchange (ventilation and 
infiltration), Qa; 
 
QM = Qt + Qa        (Equation E.1) 
 
where: 
 
Qt = SU · A · (Ti - Te ) · t       (Equation E.2) 
 
and: 
 
Qa = C · n · V · (Ti - Te ) · t       (Equation 
E.3) 
 
where: 
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 U is the U-value and A is the area of the outer constructions, 
 Ti and Te are indoor and outdoor temperatures, 
 t is the time period (one month), 
 C is the thermal heat capacity of air (0.35 Wh/m3K), 
 n is the rate of air exchange, 
 V is the net heated volume of the house. 
 
The heat gain of houses, QT, is composed of solar heat gain, Qs, and internal heat gain, 
Qi, from lighting, equipment and persons in the house: 
 
QT = Qs + Qi         (Equation E.4) 
 
where: 
 
Qs = SIa · S · Ag · a · t       (Equation E.5) 
 
and: 
 
Qi = (Fl + Fe + Fp ) · t · Af       (Equation E.6) 
 
where: 
 Ia is average solar radiation on the outside of the windows (W/m2), 
 S is the solar factor of the windows, 
 Ag is the glass area of the windows (assumed to be 75% of the window area), 
 a is the total shielding coefficient of the windows (assumed to be 0.6), 
 Fl is the internal gain from lighting, 
 Fe is the internal gain from equipment, 
 Fp is the internal gain from persons, 
 Af is the dwelling area. 
 
The net heating requirement of houses is then calculated as: 
 
QN = QM - r · QT        (Equation E.7) 
 
where: 
 

r = r
Q Q r

a

T M a1 +  ( / ) ⋅
        (Equation E.8) 

 
and: 
 
ra = 1 + 0.84 · (QT/QM ) + 1.97 · (QT/QM )2     (Equation E.9) 
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E.3 TOTAL ENERGY CONSUMPTION OF HOUSES 

The efficiencies of the different heating systems are taken into account to calculate the 
quantity of supplied energy required to heat the houses. Three heating sources are 
accounted; electricity, fuel oil and firewood. 
 
Electricity is used for space heating, lighting and equipment, and for water heating. The 
total electricity consumption is given as: 
 
Qe = QN · f'e/he  +  (Fl + Fe ) · Af · t  +  qhw · Af   (Equation E.10) 
 
where: 
 Qe is the total electricity consumption,  
 QN is the calculated net heating requirement,  
 f'e is the share of the supplied heating requirement which is covered by electricity, 
 he is the efficiency of electric heating, 
 Fl and Fe are internal gain from lighting and equipment, 
 Af is the dwelling area, 
 qhw is the specific yearly energy consumption used for heating of water (kWh/m2). 
 
The total consumption of fuel oils is given as: 
 
Qf = QN · f'f/hf         (Equation E.11) 
 
where: 
 f'f is the share of the supplied heating requirement covered by fuel oil, 
 hf is the efficiency of the heating systems using fuel oil. 
 
The total consumption of firewood is given as: 
 
Qw = QN · f'w/hw         (Equation E.12) 
 
where: 
 f'w is the share of the supplied heating requirement which is covered by firewood, 
 hw is the efficiency of the heating systems using firewood. 
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Since practically all references used in this work refer to kWh as denomination for 
energy, kWh is used in the following chapters. The factors shown below can be used to 
convert kWh, MWh, GWh and TWh to SI-units: 
 
1 kWh  = 3.6 MJ  1 MJ = 0.278 kWh 

1 MWh  = 3.6 GJ  1 GJ  = 0.278 MWh

1 GWh  = 3.6 TJ  1 TJ = 0.278 GWh 

1 TWh  =  3.6 PJ  1 PJ = 0.278 TWh 
 
 
 
 
Norwegian kroner (NOK) is used as reference when referring to costs. The rates of 
exchange per 3 November 1995 for some currencies are shown below : 
 
US$ 1 = NOK 6.3  NOK 1 = US$ 0.16 

DEM 1 = NOK 4.4  NOK 1 = DEM 0.23 

UK£ 1 = NOK 9.9  NOK 1 = UK£ 0.10 

ECU 1 = NOK 8.1  NOK 1 = ECU 0.12 
 
Source: Aftenposten, 4 November 1995. 

 
 
 


