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1 INTRODUCTION 

Total energy use in a life cycle perspective includes energy for material production, 
transportation, maintenance and operation. Numerous studies throughout the international 
community have shown that operational energy accounts for the main amount of total energy 
use in dwellings during an assumed service life of 50 years; about 85–95%. However, most of 
the studies are limited to only energy in terms of MJ. Aspects such as environmental impacts, 
effects of material choice and the recycling potential are not addressed.  

Energy needed for operation can be decreased considerably by making improvements to the 
insulation of the building envelope, technical solutions, etc. Studies have been carried out on 
low-energy buildings and show that embodied energy can account for as much as 40–60 % of 
total energy use [Nielsen 1995, Winter 1999, Thormark 2005]. 

The choice of material is likely to affect the building’s energy need for the material part. 
Scheuer concludes that high-embodied energy components are often subject to a wide range of 
replacements (Scheuer 2003). A comparison of beams at the new airport outside Oslo showed 
that the total energy consumption in the manufacturing of steel beams is two to three times 
higher, and the use of fossil fuels 6–12 times higher, than in the manufacturing of glulam beams 
(Petersen 2005). Buchanan suggests that increasing the emphasis on wood as a building material 
could have significant implications for global energy requirements and global carbon dioxide 
emissions (Buchanan 1999). Studies of Dutch residential construction revealed that an increase 
in wood use could reduce CO2 emissions by almost 50%, compared with traditional Dutch 
construction (Goverse 2001). These studies either focus on a specific material or component, or 
they assume radical technical and essential innovations. 

In a Japanese study by Gao, the potential energy saving in material production was studied in 
three building designs (Gao 2001). In each design, a maximum use of recycled materials and 
products were assumed. The result indicated that energy use for material production decreased 
by about 25%, compared to a case where recycled materials were not used. 
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Studies concerning embodied energy in a life cycle perspective raise several questions. What 
is the total energy use in a life cycle perspective in low energy buildings? What is the relation 
between the environmental impacts from material production and from heating in low energy 
houses? (In the new generation of low energy houses, the passive houses, the optimal goal is 
that no energy for heating is needed. This means that the bought energy will be constituted of 
electrical energy.) To what extent can embodied energy be reduced with simple material 
substitutions? How do such substitutions affect recycling potential?  

2 AIM OF THE STUDY 

The aim of the present study was to investigate three low energy-efficient dwellings in Sweden 
regarding energy need in a life cycle perspective, environmental impacts, the recycling potential 
and how the choice of material affects energy need for material production.  

3 STUDIED BUILDINGS 

The three studied residential buildings are described in table 1. The calculated energy need 
includes energy for heating, electricity and hot water. 

The buildings are interesting as the low-energy requirement for operations is achieved by 
very simple means and could thus be applied to any residential building. The operational energy 
needed was mainly achieved by using simple technique; thick insulation, air tightness and 
efficient air-heat exchanger. The row houses had solar collectors on the roof for hot water 
production. 
 
Table 1.  The studied buildings. The calculated energy need includes energy for heating, electricity 

and hot water. _____________________________________________________________________________________ 
 Stories Type Apartments Main material kWh/m2 _____________________________________________________________________________________ 
Lindås   2 row-house 20 in 4 rows wood 451)   
Karlstad 12 tower block 44 concrete, wood 50 
Värnamo   2 row-house  8 concrete, wood 67 
1) Measured energy need was 68 kWh/m2. (Karlsson 2004).  
 
In the presented study, the measured value for operation for the Lindås building was used. 

4 METHOD 

The processes included in the life cycle were; production of building materials, transport to the 
building site, spillage, maintenance, and operation. Energy for erection and demolition was not 
included. Materials such as heat exchangers, adhesives, seals, fittings such as nails and screws 
and a few minor components were not included.  

The lifetime was assumed to be 50 years. Maintenance intervals were based on the 
maintenance code of municipal housing companies. 

Several re-designs were studied in order to minimize or maximize the embodied energy. 
Heating energy was calculated for the original construction by using a dynamic calculation 
method. The U-values were not changed in the re-designs. The changes in heat storage, due to 
material changes made in the re-designs, were assumed to be of insignificant importance to the 
operation (Hagentoft 2000) 

Recycling was subdivided into reuse, material recycling, and combustion with energy 
recovery. The three forms were defined as follows: Reuse: The material is used for about the 
same purpose as initially. For example, a clay brick is reused as a clay brick. Reuse might imply 
upgrading or some renovation. Material recycling: Only closed-loop recycling was assumed. 
However, crushed concrete and clay brick were assumed as coarse aggregate in roads as a 
substitute for gravel. Combustion: Combustion with energy recovery. It should be pointed out 
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that the forms of recycling and the recycling rates do not represent the general practice of 
Swedish recycling of today, but all techniques have been practised with good result.  

The recycling potential, Rpot, express how much of all embodied energy and natural 
resources used in a building or a building element could, through recycling, be made usable 
after demolition. The Rpot for a building was calculated as 

              n 
Rpot  =   ∑  EE i * Remaining lifetimei – E rec.proc i                        (1)     

       i=1 
 
where where EE is the embodied energy of the material for which the recycled product will be a 
substitute; i is the material number; and n is the total number of materials. Remaining lifetime is 
the remaining lifetime of the recycled material, given as a percentage of the predicted lifetime of 
the material for which the recycled material will be a substitute. Erec:proc is the energy used for 
all recycling and upgrading processes, including additional energy use that will be needed for 
the disassembly in order to make future recycling or re-use possible; this also includes the 
transport of recycled materials. 

Used data on embodied energy and assumed energy savings for respective material is 
presented in (Thormark 2001). 

The recycling potential was calculated for two scenarios: (A) maximum material 
recycling/combustion with heat recovery, and (B) maximum re-use. Each component and its 
integral material part(s) were assessed for the possibility of reuse/recycling. In Scenario A, a 
maximum rate for material recycling or combustion was applied. All materials possible to sort 
after deconstruction were assumed to be recycled. In order to define the possible sorting rate for 
each material, several deconstruction, sorting and recycling companies in Sweden were 
interviewed. In Scenario B, a maximum rate of re-use was applied. Sorted materials not suitable 
for re-use were assumed to go for material recycling or combustion.  

In buildings without heating system, the aim is that the building is so energy efficient, so 
well insulated, that no heating system is needed (Sandberg 2003). The heat losses through the 
insulated shell and the ventilation are during a major part of the year, compensated by heat from 
activities and people in the building. This means that the major part of the energy need for 
operation is from electricity. Therefore, in the three studied buildings, all energy for operation 
was assumed to be electricity. Four different ways of electricity production was used; Nordic 
electricity mix, EU25members mix, electricity produced in a Swedish heat power plant and a 
Danish heat power plant. 

The environmental impact was studied for global warming, acidification, eutrophication, 
ground ozone and use of resources. 

 

5 RESULTS 

5.1 Energy and recycling potential 
The energy need for production and operation and the recycling potential are presented in Table 
2. One method to compare constructions and insulation standard in buildings is to express 
energy for operation as bought energy. This method is used by Adalberth and the material part 
in Swedish dwellings from the 1980th was about 15 % (Adalberth 1997). In the three buildings 
presented in this paper, the material part accounted for 37-38 % of the total energy need over 50 
years.  

In the scenario 1 (material recycling/combustion), the recycling potential varied between 27-
34 % of the energy for the material part. In the scenario 2 (reuse) the result was 30-38 %.  
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Table 2.  Energy for production and the recycling potential in scenario 1 and 2. (MJ primary 
energy/m2 floor area). ______________________________________________________________________________________________________ 

 Material Spillage Maintenance Feedstock Transports  Rpot Rpot 
 new build.     scen 1 scen 2  ______________________________________________________________________________________________________  
Lindås 2755 598 1096 2602 206 2474 2827   
Karlstad 3228 159   787   865 331 1490 2046 
Värnamo 4760 (material new build., spillage, maintenance) 2332 224 2015
 2252 ______________________________________________________________________________________________________ 

In Table 2, the high energy need for maintenance should be noticed. The figures correspond 
well with results found by Adalberth (Adalberth 1997).  

5.2 Environmental impacts 
The environmental impact was studied for global warming, acidification, eutrophication, 
troposperic ozone. For the operation, all energy need was assumed to be electricity and four 
different ways was used to produce it; Nordic electricity mix, EU25members mix, electricity 
produced in a Swedish heat power plant and a Danish heat power plant. Results are presented in 
Table 3.  
 
Table 3.  The span between the three buildings regarding impacts from the material part as % of total 

impact (material part + operation). Four ways of electricity production was used for the 
operation.  ______________________________________________________________________________________________________ 

 Nordic EU25 Swedish TP1)-plant Danish TP1)-plant
 electricity mix electricity mix electricity production electricity production
  ______________________________________________________________________________________________________  
GWP 100 73-83 61-74  9-16  7-12 
Acidification 74-84 65-77 21-33  8-14 
Eutrophication 77-85 68-78   4-6  6-10 
Troposperic ozone 74-83 71-79 26-38  3-5 ______________________________________________________________________________________________________ 
1) TP-plant is electricity generation in thermal power plant.  
 
Table 3 shows that when Nordic or EU electricity were used, the material part accounted for 
about 60-75 % of the impacts global warming, acidification, eutrophication and troposperic 
ozone. Only when electricity from Danish thermal power plant was used, the material part 
accounted for about 15 %. 
 
The use of resources for energy production was assessed with four assessment methods; EPS 
2000 V2.1, EcoIndicator99 (hierachist perspective), CML 2, baseline 2000 and EDIP.  
 
Table 4.  The span between the three buildings when four assessment methods were used to assess 

the use of resources for energy production for the material part as % of the total use of 
resources for energy production (material part + operation). Four ways of electricity 
production was used for the operation energy.  ______________________________________________________________________________________________________ 

 Nordic EU25 Swedish HP-plant Danish HP-plant
 electricity mix electricity mix electricity production electricity production
  ______________________________________________________________________________________________________ 
EPS 2000 50-61 29-32 12-17 8-12 
CML 2000 46-59 31-43 42-55 5-8 
EDIP 53-63 30-39 40-50 7-9 
EciIndicator99 66-75 24-32 37-47 10-14 ______________________________________________________________________________________________________ 
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5.3 Effects of material substitution 
For each building materials were substituted to achieve a maximum and a minimum version 
regarding energy use for the material part. Sometimes additional materials had to be added in 
order to fulfil technical requirements and to retain the insulation standard. The substitutions that 
were made was for example roof clay tiles to aluminium plate, steel studs to wooden studs, EPS 
insulation to cellulose fibres.    

In each building the maximum version was about 15-20 % higher than the minimum version. 

6 DISCUSSION 

Several conditions may influence the results. One is the data quality for the building materials. 
The results from the substitution of materials in the studied cases are judged to be of minor 
significance. The influence on the results 

Regarding the environmental impacts from electricity, the impacts from the nuclear power is 
difficult to handle. In the EU25 electricity mix there is as much as 31 % nuclear power (in the 
Nordic 26 %) but in the material part only about 4 %. The global warming, acidification etc 
have to be weighed against the risks of radiation. In the assessment of resources, uranium is 
included only in two of the used methods; the EPS and CML method.   

If the energy sources for material production will change drastically in the future, this is 
likely to affect the results. Figure 1 shows emissions of carbon dioxide from some processes. 
The carbon dioxide from residential and services are due to an extended use of district heating 
for heating. The carbon dioxide from industrial production in Sweden, however, has not 
decreased, rather increased, during the period. Even with new goals to reduce the emissions of 
carbon dioxide, it can be assumed that no drastic change will occur in the near future.  
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Figure 1. Emissions of carbon dioxide in Sweden 1993-2003.   
 

7 CONCLUSIONS 

Use of energy is one very important part of environmental impact from buildings. However, 
from the results in this study it can be concluded that it is essential not to limit the issue ‘use of 
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energy’ to only energy for operation and to MJ. Use of energy must include both the operation 
phase and the material part as well as the environmental impacts and the use of resources.  

It can also be concluded that in the design of new buildings it is of great importance not only 
to reduce the energy need for operation but also to pay attention to the choice of building 
materials as well as the aspects of reuse/recycling. In the material part, maintenance often 
account for a considerable share. Prolonging the lifetime of materials/components with a rather 
short maintenance interval and choose materials/components with less embodied energy can 
greatly reduce the impact from maintenance. 

In order to increase the environmental benefits from reuse/recycling, an important measure is 
to use recyclable materials and to design for disassembly. 
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