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Environmental impact from space efficient dwellings 

Can space efficient multi-family dwellings be beneficial to reduce the environmental 
impact from housing?  

Master’s thesis in the Master’s Programme  Industrial Ecology 
ASTRID BERGLUND 
DAVID CEDERBOM 
Department of Civil and Environmental Engineering 
Division of Building	Technology 
Sustainable Building 
Chalmers University of Technology 
 

ABSTRACT 
Today Sweden has a great housing shortage leading to a demand of 710 000 new 
dwellings until the year 2025. At the same time the Swedish climate targets is to 
reduce the greenhouse gas emissions with 40 percent until the year 2020 and with 85 
% until the year 2050 compared to the emissions the year 1990. The aim of this study 
is to examine if space efficient dwellings can be a beneficial option for housing when 
aiming to reach Sweden's climate goal. The purpose of the study is to define space 
efficient housing and to investigate the environmental impact from space efficient 
multi-family dwellings in relation to average size multi-family dwellings. To do this a 
study investigating the size of newly built dwellings has ben made and a life cycle 
assessment of two conceptual dwellings has ben performed.  
Space efficiency can be defined as a ratio of square meters per resident. With this 
definition, space efficiency can be calculated with the measure total floor area (BTA) 
per resident. From this study the recommendation is that space efficient dwellings 
have total floor area per resident lower than 41,5 square meters.  
According to this study the average size dwelling had 23-109 percent higher 
emissions per resident compared to the space efficient dwelling depending on impact 
category. This is partly due to the more residents per heated area, the lower the 
emissions from energy use per resident. It can also be explained with the fact that 
more residents per total floor area leads to lower emissions per resident from 
construction materials due to lower material use per resident. The greenhouse gas 
emissions per resident is 18,3 percent lower for space efficient multi-family dwellings 
in comparison to average size multi-family dwellings. Space efficient dwellings can 
hence be one part of the solution to lower the emissions from housing in the aim to 
reach Sweden’s climate target. 
Key words: Space efficiency, housing, climate target, LCA, new dwellings, global 
warming, environmental impact, multi-family dwelling 
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1 Introduction 
During the 20th century the population in the world has grown from 1,65 billion to 6 
billion (Worldometers, 2017). This trend will continue in the 21st century but at a 
slower growth rate, leading to challenges for land cover and land use changes that will 
be the result of supplying the population with their necessities.  Land-use change and 
land covers lead to transformations in the condition of the surface and thereby affect 
the water cycle and the heat balance (Deng, 2014).  The urban expansion further 
causes aggravation of the urban heat island effect. Land-use change is a problem that 
is critical for a series of problems including extreme climate, biodiversity protection 
and food safety. In Europe it also exists a land use change from agricultural land to 
artificial surfaces (Eurostat, 2012). With 38 percent of the land use, housing is the 
sector with the highest share of land use. The major environmental labels that exist 
today within the housing sector does however not take into account the size of the 
building and the amount of people the building can house (Warfvinge, 2014; 
Bergman, 2012; USGBC, 2017; BREEAM, 2014). This might result to misleading 
information regarding the environmental performance of the building. 
In the year 2050 it is assumed that 70 percent of the world population will live in 
cities (WWF, 2014). In Europe the fastest growing city is Stockholm with expected 
population growth of 11 percent between 2015 and 2020 (Stein, 2015). This increase 
will lead to an even greater housing shortage than the present situation in Sweden. In 
Sweden today, 94 percent of the population lives in municipalities where there is a 
housing shortage (Hyresgästföreningen, 2017). Last year the municipalities with 
housing shortage increased with tremendously 31 percent. The absence of housing is 
most extensive in metropolitan areas and cities with universities, due to the inflow of 
people and the great childbirth, but is also present in smaller municipalities. The 
shortage is greatest within small and cheap rental apartments but exist also within 
villas and condominiums. Hardest to find housing do young people and newcomers 
have but also elderly that wants to move from villas to smaller apartments. The 
housing situation is very problematic for the development of the municipalities and 
regions in Sweden. Job opportunities and people willing to move for work exists but 
not the housing to make it possible (Tottmar, 2014). It is also a threat against the 
welfare system when those working within health and social care cannot find housing 
within a reasonable distance from their workplace (Hyresgästföreningen, 2017). 

 

1.1 Background 
To meet the demand for housing it is estimated that 710 000 dwellings needs to be 
built until the year 2025 (Boverket, 2016a). The Government in Sweden aims to build 
at least 250 000 new dwellings by 2020 (Regeringen, 2016). The interim targets that 
the government has put up for the housings are as follow: 

• Long-term sustainable constructions. 

• Effective regulatory framework as well as other policy instruments that are 
derived from a life cycle perspective with the aim to create effective recourse- 
and energy usage and well functioned indoor environment within construction 
and management. 

• A well-functioning competition in the construction and property sector. 
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To be able to meet the demand for housing in the cities and still live up to the interim 
target as well as Sweden's climate goal, the construction of space efficient apartments 
can be one part of the solution (Fossilfritt2050, 2017). Today there are no agreement 
on what defines space efficiency or at what premises a building could be called space 
efficient. It is therefore necessary to investigate what space efficiency is as well as if 
space efficient multi-family dwellings can be one solution to reach Sweden's climate 
goal.  

NCC is one of the leading construction companies in Sweden. Their vision is to renew 
the construction industry and provide the best sustainable solutions (NCC, 2017a). 
One of NCCs strategic goal is to half their carbon emissions to 2020 compared to 
2015 (IVA, 2014). To be able to reach their climate goal, life cycle assessment (LCA) 
is a necessary tool in order to quantify the emissions. 
Folkboende and Quattro are two conceptual dwellings that NCC provides. To quantify 
their environmental impact a life cycle assessment is carried out in this study.  
 

1.2 Purpose 
The purpose of the study is to define space efficient housings and to investigate the 
environmental impact from space efficient multi-family dwellings in relation to 
average size multi-family dwellings. The aim is to examine if space efficient 
dwellings can be a beneficial option for housing when aiming to reach Sweden's 
climate goal.  
 

1.3 Delimitation 
The study is limited to Sweden and will only investigate multi-family dwellings and 
the environmental part of sustainability. No research will hence be done within social 
or economical sustainability. The emissions from the dwellings are further related to 
the Sweden’s climate target 2050 and do not consider possible future climate targets 
after 2050. The delimitation and assumptions that is relevant for the performance of 
the LCA will be presented in Section 7.1.1.4.  

 

1.4 Framing of question  
• What is space efficient housing? 

• What is the environmental impact of building space efficient multi-family 
dwellings compared to average size multi-family dwellings? 

• Can building space efficient dwellings be beneficial in the aim to reach 
Sweden's climate goals? 
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2 Method 
The project started with a literature study to investigate earlier findings in the field of 
this analysis. The main focus in the literature study were the definition of space 
efficiency. The theoretical framework was carried out by reviewing scientific articles 
and by collecting data of newly built multi-family dwellings in the field of this 
projects subject. The intention was to draw a more precise definition of space efficient 
dwellings. Experiences from similar research were brought into this project. Data was 
gathered of number of residents, living area and total floor area in multi-family 
dwellings. In those areas where the literature was inadequate, interviews with experts 
in the field of the subject were held. The interviews were performed using a semi 
structured interview method. When the literature study was finished the focus was 
directed against data collection. Data was gathered to that extent that it was sufficient 
for the whole life cycle of the studied buildings with exceptions for the delimitations 
of the life cycle assessment. The data consisted of material used in the buildings, the 
buildings expected lifetime as well as energy and water consumption used during 
production and operational stage of the buildings. Where data was not found or 
sufficient, assumptions were made and motivated. When the data collection was 
completed, the life cycle assessment was carried out by using the software One Click. 
The life cycle assessment was performed on a building that represents a space 
efficient dwelling according to this report’s definition and on a building that represent 
a newly built average size multi-family dwelling. Functional unit used for the life 
cycle assessment was “residents during building’s lifetime”. The results from the life 
cycle assessment of the buildings was then related to Sweden’s climate target for 
those new 710 000 dwellings that are needed in Sweden to 2025. In the final stage the 
results were analyzed and discussed.  
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3 Building terms 
In this section, terms related to building that will be used in this report are explained. 
 

3.1 BOA, BTA and utilization factor 
BOA is a measure of the living area in an apartment or building and mostly used 
when leasing or selling apartments (Stockholm stad, 2016). The term BTA however 
refers to the total floor area and is often used for building permits. It is a measure of 
all surfaces above ground with some exceptions for balconies, parking lots in the 
basements and space for technology (such as space for elevator machine and for the 
fan system). BOA divided by BTA is a measure commonly used in the business to 
understand how much of the total area in the building that is used for living and often 
referred to as the utilization factor (Utilization factor = BOA / BTA). Figure 1 and 2 
below shows examples of BOA and BTA.  

Figure 1.  Example of BOA.   Figure 2.  Example of BTA.  

 

3.2 Atemp 
Atemp is the internal area that is heated over ten degrees Celsius in the building and is 
measured in square meters. Atemp is the area used for calculation of the specific energy 
consumption for buildings (Boverket, 2014).  
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4 Limitation to space efficient housing 
Sweden has a lot of regulations that is controlling the construction business and what 
functions a housing must consist (BFS 2016:13). How these regulations affect the aim 
to build space efficient and how the market interpret these regulations is presented 
below.  
 

4.1 BBR 
How big a housing must be, and hence also how small it may be, is affected by the 
requirements for housing design and accessibility, which is described in BBR 
(Boverket, 2016b). BBR contain both mandatory provisions and general 
recommendations. What functions the housing must contain is described in BBR 3:22. 
In BBR 3:146 there are regulations regarding the accessibility for people with reduced 
mobility (Boverket, 2015). There are also specific design rules for the following types 
of housing (Boverket, 2017).  

• Housing larger than 55 m2 (section 3: 222). 

• Housing larger than 35 m2 and no more than 55 m2 (section 3: 223). 

• Housing of up to 35 m2 (section 3: 224). 

• Student housing of up to 35 m2 (section 3: 225). 

• Housing for a group of residents, for example, collective housing with 
common spaces (section 3: 226). 

• Homes intended for a single person (section 3: 227). 

• Special housing for the elderly (section 3: 228). 
Dwellings with an area bigger than 55 square meters must be designed with 
consideration to the numbers of persons for which they are intended and dwellings 
with an area smaller than 55 square meters should be designed with consideration to 
the size of the dwelling. 

In a new resident it must always be room for functions like sleep and rest, cooking, 
meals, daily living, personal hygiene and storage (Boverket, 2016b). It is possible to 
bring together certain functions in common areas but to what extent depends on the 
expected purpose of the accommodation (Boverket, 2017).  There are also regulations 
regarding light in the building, thermal climate, fire protection, dangerous substance, 
room height and noise protection to mention a few. The rules aim to find the lowest 
level of requirement that still result in a functioning home with a good standard. It is 
further important that the housing should be dimensioned and disposed to favor a 
long-term use (Boverket, 2017). 
The regulations of housings purpose are to ensure that all new residents have a design 
suitable for its purpose and that it allows a good living standard for the residents 
(Boverket, 2016b). This is something that permeates the whole regulatory system.  
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4.2 The construction industry’s understanding of the 
regulations  

The general view from the contractors is that the regulations in BBR complicate the 
construction of space efficient dwellings (Anheim, 2015; Karlman, 2016). However, 
if looking at the present regulations this is not the case according to Roxbergh1 and 
Torngren2 (Karlman, 2016). For about eight years ago the regulatory framework was 
stricter but this has gradually changed. According to Roxbergh and Torngren, it is 
today possible to construct apartments with one room and kitchen smaller than 35 
square meters and an apartment with two rooms and kitchen smaller than 40 square 
meters. This makes it possible to design apartments optimized to add maximal value 
for the resident within quality of living and economy but also increase the architect's 
obligation to design dwellings where every square meter add quality to the residents.  
 

4.3 Functions in multi-family dwellings over time 
It is not a coincident that the regulations in Sweden are conducted in the present way. 
The existing rules and regulations are elaborated during a long time and reflect the 
history within house construction. 

The standard in the Swedish homes was in the beginning of 20th century one of the 
worst in Europe, where overcrowding and the poor indoor environment was a big 
problem for the residents (Nylander, 2014). This led to a new movement, starting in 
the year 1930, stating that comfort should be present in all homes independent of what 
class the residents had (Nylander, 2013). One of the first steps from the government 
was to introduce a social housing project that helped those considered to have the 
worst housing situation, families with many kids (Nylander, 2014). During this period 
different rooms got different functions (Eriksson, 2015a). Previously it was common 
to have one room where the families did everything, now it started to get more 
common to have one room for sleep, one room for eating and one room to socialize. 
Also to have a bathroom inside the apartment got more usual during this period. The 
trend with higher standards was continuing and during the 40's the apartments 
standard was incrementally better. The social housing project was disappearing to 
instead include the whole population in Sweden (Nylander, 2014). As the Minister for 
Social Affairs put it “only the best is good enough”. The housing constructed during 
this period was of the best quality. In the end of 1950 the broad quality approach was 
abandoned in favor for quantity. The support for industrialized construction increased 
and the projects grow bigger. Subsidies and building codes was governing the design, 
everything was standardized and regulated (Eriksson, 2015a). The size of an 
apartment increased continuously during the 60's and in 1967 the requirements for 
space standard were raised with a requirement of a kitchen, a living room and a room 
for sleep in a dwelling constructed for two people (Nylander, 2013). When the big 
investments on industrial production ended in beginning of 1970, Sweden was one of 

																																																								
	
	
1 Kristoffer Roxbergh, (Arkitekt, White Arkitekter) interviewed by the authors 11th april 2017 

	
2 Mikael Torngren, (Business manager, Lindbäcks Bygg AB) interviewed by the authors 13th april 2017 
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the best in Europe when it came to well-equipped and well-planned homes and there 
was no longer a housing shortage (Nylander, 2014). 
One big change that took place during the 21st century was the instruction of 
accessibility requirement. The government in Sweden decided upon a strategy for the 
implementation of disability policies with the aim that the society should be designed 
so that everybody can participate indifferent to functional impairment. 
 

4.4 Conclusion  
The regulations have changed over the years with the aim to increase the standard of 
living in Sweden. The focus has been to build housings with a high living standard for 
all residents in Sweden. Historically a higher living standard have meant more 
spacious dwellings. Will this trend continue? Today Sweden has a lot of regulation 
within construction of housing. It is nevertheless still possible to construct small 
dwellings even though it increases architect’s obligation to include all the required 
functions in a smaller area.  
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5 Space efficiency  
This chapter will investigate how space efficiency can be measured within multi-
family dwellings and how this measure can be used to define space efficient 
dwellings.  
 

5.1 Multi-family dwellings in Sweden 
This part will bring up information and statistics about new multi-family dwellings 
focusing on how much area per resident the dwellings are constructed for.  
 

5.1.1 Average number of residents in apartments 
Sveby is developing a program for the Swedish branch organization for building and 
real estate business (Sveby, 2017). They have established standardized inputs for the 
branch organization. In their report they give recommendations for the number of 
residents per apartment of different sizes, in Table 1 the recommendations from 
Sveby is presented (Andréasson, 2012). This recommendation is used later in this 
report to calculate the number of residents in the different multi-family dwellings that 
is studied.  

Table 1.  Recommended number of residents per apartment of different sizes 
(Andréasson, 2012).  

Number of rooms Residents 

1 Room & kitchen 1,42 

2 Rooms & kitchen 1,63 

3 Rooms & kitchen 2,18 

4 Rooms & kitchen 2,79 

	

5.1.2 New multi-family dwelling 
In this section, statistics of completed multi-family dwelling in metropolitan areas in 
Sweden 2014 will be presented with the aim to investigate how the average dwelling 
is constructed today focusing on the amount of rooms and the size of the apartments.  
In the metropolitan areas in Sweden, 11 114 apartments were completed in 2014. The 
majority of the apartments had one to four number of rooms and how many of each 
apartment size is presented in Table 2.  
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Table 2. Apartments in multi-family dwellings completed in Sweden 2014 and 
their size of number of rooms (SCB, 2015a). 

 Total 
apartments  

1 room & 
kitchen 

2 rooms & 
kitchen 

3 rooms & 
kitchen  

4 rooms & 
kitchen 

Metropolitan 
area [pcs] 11114 1328 4179 3643 1964 

Percentage [%] 100 12 38 33 17 

The average living area (BOA) for the different apartment sizes is listed in Table 3, 
the average BOA for all completed apartments is 68 square meters for the new 
constructed multi- family dwellings completed in Sweden 2014. 

Table 3.  Average living area for apartments in multi-family dwellings with a 
size of 1-4 rooms and kitchen (SCB 2015a). 

 All apartments 1 room & 
kitchen 

2 rooms & 
kitchen 

3 rooms & 
kitchen 

4 rooms & 
kitchen 

Average 
BOA [m2] 68 37 56 78 97 

 

5.1.3 Average hypothetical building 
If a hypothetical multi-family dwelling would be build with 30 apartments and have 
the apartment sizes and average BOA as the completed multi-family dwellings from 
2014 it would have the properties as presented in Table 4. The total BOA for the 
building with these properties would be 2029 square meters. This building will be 
referred to as the “average hypothetical building”.  In chapter 5.2.3 the building will 
be compared with dwellings marketed as space efficient, in terms of size and residents 
per area.  

Table 4.  The hypothetical new average multi-family dwelling (with 30 
apartments) with the average BOA and apartment size as for completed 
new built multi-family dwellings. 

Number of rooms Average BOA [m2] Units [pcs] 

1 Room & Kitchen 37 4 

2 Rooms & Kitchen 56 11 

3 Rooms & Kitchen 78 10 

4 Rooms & Kitchen 97 5 

According to a study from Bygganalys and KTH the average utilization factor 
(BOA/BTA) is 0,703 in new built dwellings in Sweden 2005 (Li, 2005). If assumed 
that the average hypothetical building has that utilization factor, the total area (BTA) 
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for the hypothetical building would be 2886 square meters (BTA=BOA/Utilization 
factor =2029/0,703= 2886 square meters).  
The total amount of residents in the average hypothetical building and the number of 
residents per area is presented in Table 5. To calculate the total amount of residents in 
the buildings the recommended amount of residents per apartment of different sizes, 
explained in Section 5.1.1, is used (Andréasson, 2012).  

Table 5.  Areas, residents and ratio of area and residents for the average 
hypothetical building. 

 Total 
Residents 

Total 
BTA[m2] 

Total 
BOA[m2] 

BTA/Residents 
[m2/resident] 

BOA/Residents 
[m2/resident] 

Average 59 2886 2029 48,62 34,18 

As presented in Table 5, a resident use 34,18 square meters living area and 48,62 
square meters of total floor area in an average new dwelling. This data will be further 
analyzed in Section 5.2.3. 
 

5.2 Space efficient housing  
In this section the definition of space efficiency will be investigated. Since the amount 
of literature within this area is poor space efficiency will be studied by looking at new 
dwellings in Sweden that is marketed as space efficient and compare them in terms of 
area per resident. This will be done with a similar method used by Skanska to 
optimize office buildings. 
 

5.2.1 General information  
Sweden has one of the biggest living areas per person in Europe. The accommodation 
space year 2012, measured as living area, is 42 square meters per person (SCB, 2013). 
At the same time the average living area per person in European union is only 32,2 
square meters (Eurostat, 2017). There are also big differences within Sweden. In 
Emmaboda people live on an average of 54 square meters, which is highest in Sweden 
(SCB, 2016). The least floor area per person do people in Stockholm have with 33 
square meters per person.  
During the last ten years the average size of an apartment in Sweden has decreased by 
8.6 percent (Bennewitz, 2012). Statistics from SCB shows that the size of an average 
apartment has shrunk from 81 square meters in the year 2001 to 68 square meters in 
2014 in the metropolitan areas in Sweden (SCB, 2016). The shrinking depends partly 
on more space efficient apartments, to fit more in less area. In an interview held by 
Stockholms Byggnyheter with Runnäs3, project manager for HSB, he states that the 
customer’s requests more space efficient apartments (Ståhl, 2015). Runnäs also 
confirm that the customers demand more rooms on less area. The sustainability 
committee of National Institute of Building Sciences in United States gives the 
																																																								
	
	
3 Michael Runnäs, (Project Manager, HSB) interviewed by Stockholms Byggnyheter 2015 
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recommendation to reduce the overall building size by optimizing the functional 
relationships of the building and configuring individual spaces to accommodate 
several complementary functions when designing new buildings (WBDG Sustainable 
Committee, 2016). 
There is no strict definition for space efficiency in the building sector. Ebab, a 
technical consultant company in the construction sector, define space efficiency as the 
utilization factor (the relationship between BOA/BTA) for a building to be preferably 
0,85 but no less than 0,82 to be a space efficient building (Löfdahl, 2013). In an 
evaluation of optimized development of an office building, Skanska measured the 
space efficiency for the building as the ratio of total floor area (BTA) per office 
workplace with the goal to increase office workplaces per square meter BTA, 
according to Andersson4. 
 

5.2.2 According to actors in the construction business 
In this section multi-family dwellings marketed as space efficient will be presented. 
The dwellings will in tables be presented in number of rooms in the apartments, the 
residential living area and number of apartments.  
 

5.2.2.1 Size and area of new dwellings marketed as space efficient 

Wästbygg is a building developer and construction company (Wästbygg, 2017). 
Wästbygg builds new multi- family dwelling with 109 apartments in central 
Jakobsberg, outside of Stockholm, that will be completed during 2017 for HSB (HSB, 
2017). According to HSB, the new multi- family dwelling Mandarinen is space 
efficient. This is characterized by functional apartments with a smart layout where 
every square meter is exploited. The apartments have one to three rooms and the area 
varies from 32 to 69 square meters. The total floor area for the multi- family dwelling 
is 1578 square meters and the total living area is 1145 square meters. 

Table 6.  Amount of rooms, average BOA for the apartments and units for 
Mandarinen (HSB, 2016). 

Number of rooms BOA 
[m2] 

Units [pcs] 

1 room and kitchen 32 3 

2 rooms and kitchen 50,5 10 

3 rooms and kitchen 68 8 

PEAB is one of the largest construction companies and building developer in Sweden 
(PEAB, 2017). With the compact house Capella PEABs goal was to create small 
space efficient apartments for one and two persons (SABO, 2014). The aim was that 

																																																								
	
	
4 Martin Andersson, (Sustainable Business Development, Skanska) interviewed by the authors 2nd march 2017. 
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people living in the apartment would have room for much on a small space. The 
apartments have one to two rooms and an area that varies from 35 to 45 square 
meters. The total floor area for the multi-family dwelling is 1400 square meter and the 
total living area is 965 square meters. 

Table 7.  Amount of rooms, average BOA for the apartments and units for 
Capella (SABO, 2014). 

Number of rooms BOA [m2] Units [pcs] 

1 room and kitchen 35 7 

2 rooms and kitchen 45 16 

Nyhem delivers building systems with space efficient apartments for developers and 
organizations (Nyhem, 2017). Their lamellar building are built in five levels and have 
apartments with one to two rooms with an area that differ between 27 and 40 square 
meters. The total floor area for the multi- family dwelling is 3400 square meters and 
the total useful floor area is 2600 square meters.  

Table 8.  Amount of rooms, average BOA for the apartments and units for Nyhem 
(Nyhem, 2017). 

Number of rooms BOA [m2] Units [pcs] 

1 room and kitchen 27 35 

2 rooms and kitchen 40 20 

NCC is one of the largest construction companies in Sweden (NCC, 2017a). 
Folkboende is their concept building designed for optimal apartment solutions (NCC, 
2017b). The apartment is planned for space efficiency and high quality living. The 
concept has several different floor plans. The apartments have one to three rooms and 
an area that varies from 36 to 64 square meters (NCC, 2015). The total floor area for 
the multi- family dwelling model Folkboende 5536 is 2703 square meters and the 
total living area is 1980 square meters. The total floor area for the multi- family 
dwelling model Folkboende 6436 is 3490 square meters and the total living area is 
2631 square meters. 

Table 9.  Amount of rooms, average BOA for the apartments and units for 
Folkboende 5536 (NCC, 2015). 

Number of rooms BOA [m2] Units [pcs] 

1 room and kitchen 36 7 

2 rooms and kitchen 53,75 16 

3 rooms and kitchen 62 14 
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Table 10.  Amount of rooms, average BOA for the apartments and units for 6436 
(NCC, 2015). 

Number of rooms BOA [m2] Units [pcs] 

1 room and kitchen - 0 

2 rooms and kitchen 54 14 

3 rooms and kitchen 62,5 30 

Lindbäcks bygg AB is according to their website the leader in Sweden within 
industrial construction of multi- family dwelling (Lindbäcks bygg, 2017). Lindbäcks 
concept building Aurora is developed for space efficiency. The architect of the 
concept Henric Munde states that every square meter is used to its full potential 
(SABO, 2014). The apartments have one to two rooms and an area that varies from 35 
to 45 square meters. The total floor area for the multi- family dwelling is 1680 square 
meters and the total living area is 1140 square meters. 

Table 11.  Amount of rooms, average BOA for the apartments and units for 
Aurora (SABO, 2014). 

Number of rooms BOA [m2] Units [pcs] 

1 room and kitchen 35 12 

2 rooms and kitchen 45 16 

IKANO is a construction company that aims to construct the living of the future 
(IKANO, 2017a). About their new project Brf Dekorera in Gustavsberg IKANO 
states that the apartments are built space efficient so that the residents can get the 
most out of the area (IKANO, 2017b). The apartments have two to three rooms and 
kitchen and the area varies from 42 to 72 square meters. The total floor area for the 
multi-family dwelling is 1600 square meters and the total living area is 1098 square 
meters.  

Table 12.  Amount of rooms, average BOA for the apartments and units for Brf 
Dekorera (IKANO, 2017b). 

Number of rooms BOA [m2] Units [pcs] 

2 rooms and kitchen 42 9 

3 rooms and kitchen 72 10 

 

5.2.2.2 Residents and area statistics of dwellings marketed as space efficient 

The total amount of residents in the dwellings marketed as space efficient, and 
residents per area is presented in Table 13. For the calculations of the total amount of 
residents in the buildings the recommendations on the number of residents per 
apartment of different sizes is used (Andréasson, 2012). The dwellings areas are 
comparable with the average hypothetical building presented earlier, since they have 



CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	BOMX02-17-75	14 

the same functions regarding storage, washing possibilities etc. within the total floor 
area of the building. 

Table 13.  Total residents and area per resident of multi- family dwellings 
marketed as space efficient. 

Dwelling Total 
Residents 

BTA / Residents 
[m2/resident] 

BOA / Residents 
[m2/resident] 

Mandarinen 38 41,52 30,13 

Capella 36 38,87 26,79 

Nyhem 82 41,31 31,59 

Folkboende 5336 67 40,62 29,76 

Folkboende 6436 88 39,56 29,82 

Aurora 43 38,96 26,43 

Brf Dekora 36 43,87 30,11 

Average space 
efficient dwelling  

 
40,67 

 
29,23 

As can be seen in Table 13 BOA per residents varies with 5,16 square meters between 
the highest and lowest measure. Further do BTA per residents varies with 5,00 square 
meters. The average total floor area per resident is 40,67 square meters per resident 
and 29,23 square meters living area per resident for the space efficient buildings.  

 

5.2.3 In relation to new multi-family dwellings 
In Section 5.1.3 and 5.2.2 the residents per area of new multi-family dwellings was 
presented. In Table 14 there is a compilation of the average values for buildings 
marketed as space efficient and the average hypothetical building  

Table 14.  Comparison of area per resident between average new built multi-
family dwelling and average dwelling marketed as space efficient. 

Average  BTA / Resident 
[m2/resident] 

BOA / Resident 
[m2/resident] 

New multi-family dwelling  48,62 34,18 

Marketed as space efficient  40,67 29,23 

The table is conducted to make a comparison possible between the BTA per residents 
and BOA per residents. According to Table 14 the space efficient dwelling has 8 
square meters less total floor area per resident and have 5 square meters less living 
area per resident than the average new built multi-family dwelling. 
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5.3 Conclusion 
There is no clear definition of space efficiency neither in the literature nor within the 
construction business.  In the literature space efficiency is defined in a diffuse and 
imprecise way and by actors in the construction business space efficiency is described 
as “fitting more in less area” or “to get more out of less space”. The focus is to get 
more out of the area in the apartment, rather than the amount of residents the dwelling 
can house. To get a more precise definition of space efficiency and to make the term 
usable in the comparison between dwellings, conclusions can be drawn from the study 
of dwellings presented in earlier chapters. The suggested recommendation for space 
efficiency is inspired by Skanska’s solution for optimization of an office building. 

Space efficiency can be defined as a ratio of square meters per resident. With this 
definition, space efficiency can be calculated either with the measure BTA per 
residents or BOA per resident. The lower the ratio is the more space efficient the 
building is, which means that each resident use less floor area. Which ratio that best 
describes space efficiency depends on what functions that is situated in the dwellings 
and apartments. If using the ratio BOA per residents it is important that the apartment 
contains the same functions within the BOA to be comparable. The storage room can 
for instance either be placed inside the apartment or in the basement of the building 
and the space to do laundry can either be places inside the apartment or in separate 
washing rooms for sharing. This makes the usage of BOA per residents as a measure 
of space efficiency uncertain and unreliably. The usage of BTA per resident as a 
measure for space efficiency will meet equal uncertainties. The recycling or bicycling 
storage can for instance be placed either in a separate room inside the dwelling or in a 
separate house in connection to the dwelling. 
The author’s recommendation is therefore to use BTA per resident as a measure for 
space efficiency but to be observant that all required functions are present in that area. 
If a required function is placed in a construction outside the residential building this 
construction should also be included in the BTA that is used to measure space 
efficiency. It is further important to take into consideration present optional functions 
that might be included in a construction. If the building is housing bicycle storage this 
will for instant make the BTA per person higher in comparison with a building 
without such storage. This makes it impossible to measure space efficiency in 
absolute terms since other functions in the building might give additional social and 
environmental values. If having this understanding of the definition, the quota BTA 
per resident will give a good measure of how space efficient a building is. 

Within dwellings marketed as space efficient the average BTA per resident is 40,67 
square meters. Of the seven dwellings used in this study, one has a BTA that is higher 
than 43 square meters per resident. Except for this dwelling no other building has a 
BTA higher than 41,52 square meters per resident. The authors of this research will 
therefore recommend that space efficiency will be defined as to include dwellings 
with a BTA per resident lower than 41,5 square meters.  This can be compared with 
the average new built multi-family dwelling where BTA per residents is 48,62 square 
meters.  
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6 Framework of life cycle assessment 
In this chapter an introduction of the Life cycle assessment framework will take place. 
Further, other studies within the subject are presented. This is done to get an overview 
of the assessment method used in this study as well as previous work done within the 
area. 

 

6.1 LCA procedure 
Life cycle assessment (LCA) has been brought forward as a comprehensive method 
for analysis of the environmental impact of products and services (Baumann, 2004). 
The product or service is followed from where the raw materials are extracted from 
the natural resources through the production and use to the disposal and waste 
management of the product or service. The natural resource use and pollutant 
emissions are in quantitative terms described and presented. 

LCA is defined through the procedure of performing an LCA (Baumann, 2004). The 
LCA process according to ISO 14040 is illustrated in Figure 3 below as how such 
studies are carried out.  

 
Figure 3.  The LCA procedure (Pavement interactive, 2012). 
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First, in the LCA procedure is the goal and scope definition where the product of 
study and the purpose of the LCA are specified (Baumann, 2004). Construction model 
of the products life cycle are presented in the inventory analysis also the calculation of 
emissions produced and the resources used during the life cycle is done in this phase. 
In the impact assessment, the resources and emissions are classified to various 
environmental problems and later interpreted in appropriate way for the study.  
 

6.1.1 Functional unit 
To make the LCA study comparable with other analyses, all modeled flows must be 
corresponding to one reference flow (Baumann, 2004). This reference flow is referred 
to as the functional unit of the study. Even though a construction or construction 
material does not have just one function, one functional unit must be 
chosen.  Flooring for example could be compared with a functional unit that reflects 
the function of the load bearing capacity. The flooring does however have other 
properties that could be equally important, for example noise reduction and fire 
protection. Since all the inputs and outputs of the study will correspond to the 
functional unit, the result of the study is highly dependent on which function it 
represent.  It is therefore very important that the functional unit is relevant and reflects 
a fair comparison. 
 

6.2 Application of LCA 
LCA is one assessment tool useful to derive the environmental impact of products and 
services (Baumann, 2004). LCA studies the whole product system and the results are 
related to the function of a product, which allows comparisons between alternatives. 
A comparison could for example be made between an electrified car and a car driven 
on fossil fuel. Since economical and social aspects are not included in an LCA only 
the environment is of concern. Baumann mention the following applications for LCA:  

• Decision making, e.g. 
o Product/process design and development. 
o Purchasing. 

o Support for regulatory measures and policy instruments. 

• Learning and exploration, e.g. 
o Identification of improvement possibilities. 

o Selection of environmental performance indicators. 
o Characterization of production systems. 

• Communication, e.g. 
o LCA-based eco-labeling. 
o Environmental product declarations. 

o Benchmarking. 
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6.3 LCA in construction industry  
In construction industry the LCA study is often very complex (Buyle, 2013). This is 
due to several issues, for example: 

• Long lifespan for the building (50-100 years). 

• A shorter lifespan for some elements and components of the building. 

• The use of many different materials and processes. 

• The unique character of each building. 
The longer lifespan leads to more assumptions and thereby the uncertainty increases 
which can influence the credibility of the results (Buyle, 2013). A lot of the LCA 
studies made in the construction industry are simplified, only a few of the studies 
consider other impact categories than energy.  There are studies that cover the whole 
life cycle but most of them only cover some life cycle stages. Also not all studies 
cover the same life cycle stages. This makes the different studies less comparable. 
Aspects like transportation, water use, waste and maintenance are often excluded. The 
accuracy also tends to differ in the studies, some studies are not as detailed and only 
takes account the most obvious products and processes. Previous studies have focused 
on the use phase and come to the conclusion that 60-90 percent of the environmental 
burden can be derived from this phase, mainly with contribution to Global warming 
potential. New buildings are designed for being more energy-efficient. The next step 
for the research is thereby to consider the relevance for all phases in the life cycle of a 
building.  
The replacements of components are in the studies often predicted to be exchanged 
after the assumed technical lifespan by the same components (Buyle, 2013). In reality 
the components are more likely to be replaced by new technology with better 
performance and more radical renovations will often be carried out to meet the new 
comfort demands. These aspects will clearly influence the use phase and need to be 
taken into account to give a realistic result but since LCA is a static tool this is often 
not handled. One way to include new technology in the study would be to including 
different scenarios.  
Most of the studies carried out today are executed according the framework described 
in the ISO 14040 series (Buyle, 2013). Even though, buildings are not directly 
comparable. There are initiatives at various levels in the industry working to improve 
the comparability of the studies. ISO the international standard organization is 
working on developing their standard for LCA on buildings. European union has also 
developed a method for LCA to make the studies of building comparable. 
Environmental product declaration is another incentive that gives information of a 
product's environmental impact in a transparent way. These incentives are further 
described below.  
 

6.3.1 ISO 14040 and 14044 
ISO 14040:2006, Environmental management — Life cycle assessment — Principles 
and framework describes the principles and framework for conducting and reporting 
LCA studies (ISO, 2016a). The following stages are included.  

• Definition of goal and scope. 
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• Life cycle inventory. 

• Life cycle impact assessment. 

• Interpretation.  

• Reporting and critical review.  

• Limitations. 

• Relationship between stages.  

• Conditions for value choices and optional elements. 
ISO 14044, Environmental management — Life cycle assessment — Requirements 
and guidelines specifies the requirements and provides guidelines for the stages 
mentioned above (ISO, 2016b).  
 

6.3.2 EPD and PCR 
Environmental product declaration (EPD) is an independent verified and registered 
document that gives transparent and comparable information about a product's 
environmental impact in a life cycle perspective (EPD International, 2017a). EPD is 
created and verified in accordance to the standard ISO 14025 and EN 15804.  
Product category rules (PCR) are a set of rules, guidelines and requirements for 
developing EPD for one or more product categories, e.g. construction materials (EPD 
International, 2017b). They are important for EPDs as they give transparency and 
comparability between different EPDs based on the same PCR (EPD International, 
2017b).   
 

6.3.3 EN 15978 and EN 15804 
EN 15978 is the European Standard that specifies calculation methods based on LCA 
(European Standard, 2011). It is used to assess the environmental performance of a 
building and gives means for communicating and reporting the outcome of the 
assessment. The assessment covers all stages of the buildings life cycle and is based 
on data obtained from EPDs. It includes all building related construction products, 
processes and services over the life cycle for the building (Svensk standard, 2011). 
The standard gives: 

• Description of the object of assessment. 

• System boundaries applied at the building level. 

• Procedure to be used on inventory analysis. 

• The list of indicators and procedure to calculate the indicators. 

• Requirements for presentation and communication of the results. 

• Requirements for the data necessary for the calculation. 
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Figure 4.  Life cycle stages of a building according EN 15978 (Giesekam, 2015). 

EN 15804 is the European Standard that regulates how the set of rules in the Product 
category rules (PCR) should be set for any construction type or construction service 
(European Standard, 2013). The standard defines:  

• The parameters to be declared and how they are collected and reported. 

• The product's life cycle stages and processes considered to be included in the 
EPD. 

• The rules for scenarios. 

• The rules for calculating the life cycle inventory and life cycle impact 
assessment for the EPD. 

• The specification of the quality of the data to be applied. 

• Rules for reporting environmental and health information not covered by the 
LCA. 

• Conditions for the products to be compared based on the information provided 
by the EPD.  

 

6.4 Similar studies 
In this section other studies performed on the subject will be presented to get an 
overview on what has already been investigated within the area. 
 

6.4.1 Environmental impacts of the UK residential sector 
In the article Environmental impacts of the UK residential sector: Life cycle 
assessment of houses Cuéllar-Franca and Azapagic investigate the environmental 
impact from the housing sector in UK using life cycle assessment (Cuéllar-Franca, 
2012). To do this the three most common dwelling types (detached, semi- detached 
and terraced) in UK were analyzed and compared. Together these types of dwellings 
represent a major part (72 percent) of the total stock. The size and characteristics of 
each dwelling type used in the analysis are typical for each construction. 
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The dwelling were compared both with the functional unit  “per square meter over its 
lifetime” and “construction and occupation of a house over its lifetime” (Cuéllar-
Franca, 2012).  The lifetime of the buildings was estimated to 50 years and it was 
assumed that each house is occupied by the average UK household size, consisting of 
2,3 people. The energy use spanned from 160 to 194 kWh per square meter and year, 
as a comparison the regulated limit for new houses of the same types in Sweden span 
from 50 to 130 kWH per square meter and year depending on climate zones (BFS 
2016:13) (Cuellar-Franca, 2012 ). The modeling was carried out with GaBi V4.3 and 
the method CML 2001 was used to study the environmental impact. A full LCA with 
construction stage, user stage, demolition stage and transport was applied. The impact 
categories included in the study are Global warming potential, Acidification potential, 
Abiotic depletion potential, Eutrophication potential, Ozone layer depletion potential, 
Human toxicity potential, Terrestrial ecotoxicity potential, Freshwater aquatic 
ecotoxicity potential, Marine aquatic ecotoxicity potential and Photochemical ozone 
creation potential. 

The result indicated that the emissions connected to cooking, appliances and water 
heating are connected to the number of people living in the house while the emissions 
from lighting and heating mostly depends on the construction properties of the house 
such as material, size and type, etc (Cuéllar-Franca, 2012). If using the functional unit 
”the house over its lifetime” the most significant impact within all impact categories 
except ozone layer depletion potential originated from the user stage. Also the smaller 
the house is, the lower the impact is. This is demonstrated in the report showing the 
result from the Global warming potential but the effect is stated to be similar in the 
other impact categories as well. 
When studying the impacts per unit of floor area the house with the biggest floor area 
have the lowest impact (Cuéllar-Franca, 2012). This is due to most of the 
environmental impacts are greatly influenced by the use of energy. The use of energy 
depends both on the type of house, the size of the house and the household size. The 
lighting and the space heating is for example functions which depend on the size and 
the type of house, which varies in this study. The cooking, use of domestic appliances 
and water heating however are functions that relate to the household size, which are 
the same for all houses in this study. It is therefore not surprising that a larger floor 
area will have a lower impact than a smaller one. This was true for all factors except 
for the ozone layer depletion, which is not dependent on energy but the construction 
material that is more or less proportional to the size of the house. 

The LCA conducted on these houses were then used to investigate the life cycle 
impact from the whole house stock in UK (Cuéllar-Franca, 2012). The number of 
houses of each type is used together with the LCA result to get the total amount of 
emissions.  This gave an estimation of 72 percent of emissions from the existing 
stocks. This was done for all impact categories. 
 

6.4.2 Analysis of three building types in a residential area in Lisbon 
Bastos, Batterman and Freire present the life-cycle energy and greenhouse gas 
emission for three residential buildings in Lisbon in the article Life-cycle energy and 
greenhouse gas analysis of three building types in a residential area in Lisbon 
(Bastos, 2014). The buildings that were considered are situated in the same area and 
consist of low rent dwellings.  The construction method was standardized and the 
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same types of dwellings, buildings and techniques were used repeatedly. The three 
buildings have different areas (total gross area span from 122 to 472 square meter 
with building type 2 being the smallest and type 9 the biggest) but situate the same 
amount of apartments on each floor. Two different functional units were analyzed: 
“per floor area per year” and  “per inhabitant per year”.  The life span of the building 
was set to 75 year, due to the construction year 1940, and an average occupancy of 
1.5 persons per dwelling unit were assumed, average for urban areas. The study took 
into account the construction stage, use stage and retrofit phase (Replacement of 
wooden floors and windows in about 50 percent of the buildings, additional 
insulation, replacement of roof tiles, partial replacement of wall masonry). Inventory 
of carbon and energy (ice) version 2.0 was used to estimate the embodied energy and 
greenhouse gas emission in the construction face. The result was first presented 
separately for each stage of the process. 

In the construction phase the study indicate that on square meter basis larger buildings 
result in lower embodied energy and greenhouse gas (Bastos, 2014). This was primary 
due to smaller contribution of walls. If looking at the total emissions per house the 
larger house will contribute to larger emissions due to the larger amount of material 
needed in the construction. The same tendency can be seen in the retrofit phase. This 
can be explained with the higher ratio of building envelope per floor area that is the 
case in smaller apartments. 
When studying the user stage, the smallest buildings stand for the lowest energy 
requirements and greenhouse gas emissions per person (Bastos, 2014). If observing 
the impact per square meter however, the bigger the house was, the less energy and 
greenhouse gas emissions. This was due to the area per volume and area per 
occupancy ratios. The higher living area there was in a dwelling the more building 
envelope surface there were, leading to higher energy need. Also the larger the area 
was per inhabitant, the lower energy consumption per square meter. 

The result from the different stages of the life cycle was also summed up and 
presented as the total amount both for the energy and the greenhouse gases as well as 
for the two chosen functional units (Bastos, 2014). See Figure 5 and Figure 6 below. 

 

Figure 5.  Energy demand presented per square meter and per person (Bastos, 
2014)  
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Figure 6.  Greenhouse gas emissions presented per square meter and per person 
(Bastos, 2014). 

From this result the article highlights the importance of the functional unit when 
comparing housing. The authors also recommend to use both occupancy- and area 
based functional units to account for site-specific differences.  
 

6.4.3 Comparing high and low residential density in North America 
In the study Comparing high and low residential density: life-cycle analysis of energy 
use and greenhouse gas emissions, Journal of Urban Planning and Development 
Norman et al compare the environmental impact between high and low residential 
density in North America (Norman, 2006). This was done using two different cases 
and comparing them in an LCA study. To represent the high- density dwelling, a new 
construction with 15 floors located close to Toronto’s downtown core was used. This 
is reflecting a density of 150 dwellings per hectare of land use. The low-density case 
was represented by 161 units of single-detached dwellings that are located near the 
border of the City of Toronto, representing the density of 19-dwellings per hectare. 
All houses are constructed with a wooden structure and primarily brick façade. Both 
the studied cases are considered to be typical for the current and upcoming residential 
structure. 

In the LCA study the authors have chosen to include the following elements due to 
their relevance to urban energy use and greenhouse gas emissions: 

• All activities associated with resource extraction due to material production 
within infrastructure (buildings, utility road material etc). 

• The operational requirements (electricity, heating and cooling). 

• The personal transportation and public transportation operational 
requirements. 

The maintenance, construction processes and infrastructure as well as the end of life 
stage was not included in the study (Norman, 2006). Neither was infrastructure 
maintenance, traffic congestion or loss of forestland. The chosen elements are though 
expected to be the most relevant and perhaps the most significant factors for this 
study. 
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Two functional units were chosen: “Living area” and “peopled housed”. It was 
assumed that the high-density dwelling is housing 1.8 people per unit and that the 
low- density dwelling is housing 3.0 people per unit.  This is based on data from 
Statistics Canada census form 1996. 
The study was looking at energy and greenhouse gas emissions and U.S. EIO-LCA 
was used to estimate the environmental impact of material production (Norman, 
2006). In the operational stage public available data was used to estimate the energy 
use and greenhouse gases from the operation of the building. Also the personal 
transports using vehicle and public transport was analyzed and estimated. 

The result was presented both as emissions per person and emissions per square meter 
for the low-density dwelling as well as the high-density dwellings (Norman, 2006). In 
the construction phase (the materials) both the greenhouse gases and energy usage 
was highest for low- density dwellings when presented as per person but highest for 
high- density when presented as per square meter. 
When the emissions and energy consumption from transport, building operation and 
materials are presented together however, the low- density dwellings accounts for 
highest emissions for both functional units (Norman, 2006). As can be seen in Figure 
7 the major impact comes from transportation.  

 

Figure 7.  Greenhouse gas emissions presented per square meter and per person 
(Norman, 2006) 

However, if disregarding the result from the transportation the same trend as in 
previous papers can be seen showing that higher living area per person lead to lower 
emissions per square meter and higher emissions per resident, even though the 
different is not excessive in this study. 
 

6.4.4 Functional units 
Within housing there are no standardized functional unit. There have been numerous 
attempts to standardize the functional unit of the building with no success this far 
(Khasreen, 2009). When comparing houses, it is common to use the functional unit 
living floor area per year or the entire building (Buyle, 2013). This is a reasonable 
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functional unit when comparing different types of housings and construction methods 
within housing and can answer questions regarding which building method that have 
the greatest impact within a certain impact category (Bastos, 2014). The functional 
unit does not however relate to the primary function of the building, the possibility to 
live in the housing or the possibility to live many on a small area. An occupancy 
based functional units bring into the discussion value judgments about whether or not 
the individual’s “right to space” or “right to comfortable shelter” are at question 
(Norman, 2006). The individual living space as a privilege is implicit to this choice of 
functional unit. Also there is a need to regulate the basic performance of a housing. 
Regulations with the aim to provide a high basic standard on all housings are though 
something that is very well developed in Sweden (BFS 2016:13). 

Using occupancy based functional units might further overlook the buildings 
performance (Bastos, 2014). High occupancy in a housing could compensate for poor 
environmental performance of the construction. If comparing two dwellings or 
construction method, it could provide comprehensive and useful insight to use both 
area based and occupational based functional units. In Table 15 different analysis and 
their functional unit is presented.  

Table 15.  LCA studies and their functional unit. 

Author Year Analysis Case study Functional unit 

Norman, MacLean 
and Kennedy 2006 

Comparing High and Low Residential Density: 
Life-Cycle Analysis of Energy Use and 
Greenhouse Gas Emissions 

Apartment building 
and detached 
dwellings 

1 m2 x year, 1 person x 
year 

Bastos, Batterman 
and Freire 2014 

Life-cycle energy and greenhouse gas analysis 
of three building types in a residential area in 
Lisbon 

3 different dwelling 
types 

1 m2 x year, 1 person per 
year 

Cuéllar-Franca and 
Azapagic 2012 

Environmental impacts of the UK residential 
sector: Life cycle assessment of houses 

3 different dwelling 
types 

1 m2 x 50 years, 
construction and 
occupation 
of a house over its 
lifetime 

Citherlet and 
Defaux 2007 

Energy and environmental comparison of three 
variants of a family house during its whole life 
span 

3 variants of a 
Single- family 
house 1 m2 x year 

Gustavsson and 
Joelsson 2010 

Life cycle primary energy analysis of residential 
buildings 11 buildings 1 m2 x 50 years 

Ortiz-Rodriguez, 
Castells and 
Sonnemann 2010 

Life cycle assessment of two dwellings: One in 
Spain, a developed country, and one in 
Colombia, a country under development 

2 single- family 
houses 1 m2 

Blengini 2009 
Life cycle of buildings, demolition and 
recycling potential: A case study in Turin, Italy Apartment buildings 1 m2 x year 

 

6.5 Conclusion 
If summarizing the previous studies, they indicate that the bigger the building is the 
lower will the impact be per square meter in all impact categories. If presenting the 
result in impact per person the result was proven to be reversed. All the studies 
consider in different ways the number of residents in a household. Cuéllar-Franca and 
Azapagic for example use it in their study as a background for how much energy that 
is used during the use stage, but presented the result as the impact of the whole house. 
Norman et al as well as Bastos, Batterman and Freire use it to calculate the impact per 
person to make a comparison between different construction types.  
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The biggest impact in all studies came from the user stage, with exception for 
photochemical ozone creation potential. It must though be taken in consideration that 
the energy consumption for dwellings in UK, Portugal and North America is different 
from newly built houses in Sweden. If assuming that the amount of energy from 
cooking, appliances and water heating connected to the amount of people living in the 
housing are the same while the energy needed for space heating decrease, the 
environmental impact per square meter would differ even more in the study 
performed by Cuéllar-Franca and Azapagic when comparing dwellings with different 
sizes. 

If using a functional unit referring to the amount of people the building is housing, 
and designing the dwelling with the aim to lower the emissions per resident it is 
important to be aware of what standards and functions the dwelling has is satisfying. 
In Sweden however, the regulations are strict on what functions a dwelling are 
expected to have. The approach to use a functional unit referring to the number of 
residents should therefore not be problematic in the Swedish market. 
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7 Life cycle assessment of two multi-family 
dwellings 

In this chapter a life cycle assessment of two multi-family dwellings is performed to 
study the environmental impact. 
 

7.1 Goal and scope 
The goal of the study is to assess the environmental impact from a multi-family 
dwelling that is representing a space efficient dwelling and a dwelling that is 
representing an average size new built multi-family dwelling. In the study the 
dwellings are referred to Folkboende (space efficient) and Quattro (average size). The 
aim is to use the result to quantify the total environmental impact when constructing 
the 710 000 new dwellings that are needed until the year 2025 in Sweden. The results 
will then be compared and related to Sweden's climate target. The target is to reduce 
the greenhouse gas emission with 40 percent compared to 1990 until the year 2020 
and with 85 percent until the year 2050 (Fossilfritt2050, 2017). The result is meant to 
be used as a guideline when constructing dwellings and are focusing on the output of 
residents rather than the environmental output per house or square meter. The authors 
hope that this result will be used by construction companies and architects when 
designing dwellings and also by authorities when new standards and guidelines are 
set. The following question will be answered in the study: 

• Which dwelling will cause the highest environmental impact of Quattro and 
Folkboende per resident? 

 

7.1.1 Scope of the study 
The scope of the study is to perform an attributional life-cycle assessment from cradle 
to grave. The assessment will be performed according to the European Standard EN 
15978 and hence include the stages A1-3, A4-5, B1-7 and C1-4 over the building's 
lifetime. The study will be performed using the software One Click LCA and analyze 
the impact categories Global warming (ton CO2 eq), Acidification (kg SO2 eq), 
Eutrophication (kg PO4 eq), Ozone depletion potential (g CFC11eq), Formation of 
tropospheric ozone, (ton ethylene eq), and Primary energy (TJ). 
 

7.1.1.1 Functional unit 

The functional unit of the study is ”residents over the dwellings lifetime“ and the 
expected lifetime of the dwellings is by NCC set to 60 years.  
 

7.1.1.2 System boundary  
The stage D including benefits and loads beyond the system boundary will not be 
taken into consideration in this assessment. Further everything inside the building area 
is included in the study. This means for example that earth and groundwork, except 
for drainage system and the foundation, is excluded in this study due to lack of data 
and difficulties to make accurate assumptions due to large variations in this area. 
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7.1.1.3 Choice of data 

The study will be performed mainly using EPDs but also some average values are 
included. Since not all suppliers have certified their products using a certifying 
systems for EPDs, the declarations used in this study is not per se for the actual 
product, but rather a product as similar as possible to the actual case. The main EPD 
programs used in this study is as stated below. 

• IBU, ift rosenheim and OKOBAUDAT (Germany), 42,0 percent. 

• EPD Norge (Norway), 27,7 percent. 

• International EPD System (Sweden), 11,5 percent. 

• Bionova, 5,6 percent. 

• Other, 13,2 percent. 
Further is the lifetime of the actual materials in the dwellings in most cases assumed 
to be the same as the material that is chosen in One click. However, when encounter 
material with a known lifetime the actual materials lifetime was chosen in the 
software.  

 
7.1.1.4 Delimitations and assumptions  

Bionova Ltd, the creator of One Click LCA, supplies the average data that is used in 
the study. The amount of material is quantified by using the size of the multi-family 
dwellings measured in BTA. Average data is used for the ventilation system with steel 
pipes, drainage system, electricity cabling, heating system (steel pipes and heat 
distribution center) and pipe systems for hot and cold water supply. 
Since a comparison will be performed, great emphasis has been put into making the 
buildings comparable. If information regarding one building have not been available 
for the other construction, the information available have been transformed to where it 
is missing in a way that is reasonable regarding the size of the construction and 
function of the material. This is the case for input data such as the entrée doormat, 
downpipes and toilet accessories. 
It has further been necessary to do some simplification due to lack of relevant EPD. 
The ventilator with heat recovery that is used in Folkboende is change in favor of five 
smaller ventilators in order to reach the demanded airflow. 

In One Click LCA it is possible to use default values for transportation distances, 
stage A4, or a value set by the user for each material in the dwelling. In this study 
default values was set to Nordic transportation distances for all materials in the 
dwellings except for materials where transportation distance were known. These 
materials and their transportation distance is listed in Table 16. 
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Table 16.  Materials and their transportation distance (stage A4) according to 
Elstig5. 

Material Transportation distance [km] 

Ready-mix concrete 20 

Reinforcement steel 160 

Bricks 100 

 

7.2 Object of study 
One of the studied objects in the life cycle assessment is Folkboende, presented in 
Section 5.2.2.1 as Folkboende 5336. Folkboende is chosen to be assessed due to the 
dwelling represents a space efficient dwelling according to this studies’ definition The 
other object of study is Quattro, see Appendix B for building design. Quattro is 
representing a new built average size multi-family dwelling. 
Folkboende is an eight storey dwelling, the total floor area is 2703 square meters. 
Quattro is a four storey dwelling, the total floor area is 1162 square meters. Quattro is 
a building constructed by NCC that have a BTA of 48,92 square meters per resident 
and a BOA of 33,94 square meters per resident. Folkboende have a BOA of 29,76 
square meters per resident and a BTA of 40,62 square meters per residents, see Table 
17. This means that Quattro have a total floor area per resident that is 20,0 percent 
larger than Folkboende and total living area per resident that is 14,0 percent larger.  

Table 17.  Comparison of area per residents of average new built hypothetical 
building, Folkboende and Quattro. 

Dwelling BTA / Resident 
[m2/resident] 

BOA / Resident 
[m2/resident] 

Average new dwelling 48,62 34,18 

Folkboende  40,62 29,76 

Quattro  48,92 33,94 

7.2.1 Construction compartments 
There are some differences in the construction technique between Quattro and 
Folkboende. The major differences will be described here. 
 

																																																								
	
	
5 Sandra Elsitg, (Purchaser, NCC AB), interviewed held by the authors 3rd march 2017 
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7.2.1.1 Ground slab and floor 

The ground slab and floor compartments for Quattro and Folkboende are described 
below. 

• Quattro from upper part to bottom: 

• 14 mm parquet 

• Combi floor mat (Foundation foam and vapour control layer) 

• 100 mm reinforced concrete 

• 300 mm XPS foam 

Folkboende from upper part to bottom: 

• Vinyl floor carpet 

• 120 mm reinforced concrete 

• 100 mm EPS/XPS foam 
Quattro have 200 mm thicker XPS insulation than Folkboende, but 20 mm thinner 
concrete slab. In Quattro the floor is 14 mm parquet while Folkboende have a Vinyl 
carpet. 
 

7.2.1.2 Floor slab 
The floor slab compartments for Quattro and Folkboende are described below. 

• Quattro from upper part to lower: 

• 14 mm parquet 

• Combi floor mat (Floor foam and vapour control layer) 

• 200 mm reinforced concrete 

• 50 mm precast concrete slab 

Folkboende from upper part to lower: 

• Vinyl floor carpet 

• Screed 

• 220 mm reinforced concrete 
Quattro have a surface layer that consists of parquet while Folkboende have a vinyl 
floor carpet. Quattro have a 50 millimeters precast concrete slab and 200 millimeters 
reinforced concrete on the top of the precast slab while Folkboende have a 220 
millimeters reinforced concrete slab and screed on top of the concrete slab.  

 
7.2.1.3 Façade 

The facade compartments for Quattro and Folkboende are described below. 

Quattro from outside to inside: 
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• 10 mm plaster on reinforced mesh fabric glass 

• 120 mm XPS foam 

• 150 mm reinforced concrete 

• 120 mm XPS foam 

• 25 mm vertical steel profile 

• 13 mm gypsum plasterboard 

Folkboende from outside to inside: 

• 87 mm brick facade 

• 80 mm facade insulation with kraft paper lining 

• 45 x 145 mm vertical wood stud 

• 145 mm glass wool insulation 

• 0,2 mm plastic vapor control layer 

• 45 x 45 mm horizontal wood stud 

• 45 mm glass wool insulation 

• 13 mm gypsum plasterboard 

Quattro have a plaster facade on reinforced mesh fabric glass and load bearing 
structure of reinforced concrete while the facade in Folkboende consists of a curtain 
wall made of brick. The total thickness of insulation of the external wall for Quattro is 
240 millimeters and consists of XPS foam. The total thickness of insulation for 
Folkboende is 270 millimeters and consists of glass wool. The differences in wall 
construction also result in the fact that Quattro use more steel than Folkboende and 
that Folkboende use more wood material than Quattro beyond the differences of 
materials in the facade.  

 
7.2.1.4 Roof 

The roof compartments for Quattro and Folkboende are described below. 

Quattro from upper part to lower: 

• Bitumen membrane roofing layer 

• Sarking 

• 18 mm plywood 

• Timber roof truss 

• 500 mm blowing wool 

Folkboende from upper part to lower: 

• Bitumen membrane roofing layer 

• Sarking 
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• 23 mm tongue and groove 

• Timber roof truss 

• 450 mm blowing wool 
The differences in the roof construction are that Quattro uses 18 millimeters plywood 
above the roof truss while Folkboende instead consists of 23 millimeters tongue and 
groove. The other difference is that Quattro consists of 500 millimeters thick layer of 
blowing wool while Folkboende’s layer is 450 millimeters thick. 

 
7.2.1.5 Load bearing internal walls 

The load bearing internal walls for both Quattro and Folkboende consists of 200 
millimeters reinforced insitu concrete except for 9 walls in Quattro that consists of 
100 millimeters precast concrete elements plus 100 millimeters reinforced insitu 
concrete. 

 
7.2.1.6 Ventilation system  

The ventilation systems in the buildings are conducted differently. In Quattro an air 
exchanger with heat recovery is used in every apartment while in Folkboende one big 
ventilator with heat recovery is used for all apartments.  
 

7.2.1.7 Furnishings 

Example of furnishings that is included in the analysis is cabinet interior, floor and 
roof beading, clothing shelf etc. White goods and other home electronic devices is 
excluded in the study. The furnishing is similar in Quattro and Folkboende, which 
makes the life cycle assessment and comparison between more accurate.  
 

7.2.1.8 Energy consumption 
The energy consumption for the buildings is listed below. 

Energy consumption for Quattro (Olsson, 2017) 

• Heated area: 924 m2 

• District heating for heating = 35,1 kWh/m2, year 

• District heating for tap water = 25 kWh/m2, year 

• Building electricity use = 6,4 kWh/m2, year 

Energy consumption for Folkboende (Johannesson, 2014) 

• Heated area: 2478 m2 

• District heating for heating = 31,2 kWh/m2, year 

• District heating for tap water = 25 kWh/m2, year 

• Building electricity use = 7,3 kWh/m2, year 
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In the energy consumption the energy used for heating the house, the heating of tap 
water and the electricity needed for the building system to function is included. The 
household electricity (lighting, cooking, use of domestic appliance etc.) is however 
not included.   
 

7.3 Inventory analysis 
In this section the technical systems for the buildings is presented in a flowchart for 
the dwellings.  
 

7.3.1 Flowchart 
In Figure 8 the flowchart is presented. The flowchart is a model of the technical 
system for the dwellings from cradle to grave. The flowchart shows all activities for 
the analyzed system in this study. 

 
Figure 8.  Flowchart for the dwellings.  
 

7.3.2 Inventory results 
For the inventory results, see Appendix C and D. 
 

7.4 Impact assessment 
In this section the emissions are quantified and presented for the impact categories: 
Global warming, Acidification, Eutrophication, Ozone depletion potential, Formation 



CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	BOMX02-17-75	34 

of tropospheric ozone and Primary energy. In the end of the section there is a 
compilation for all impact categories. 
 

7.4.1 Global warming 
Figure 9 shows that Quattro’s Global warming potential emissions is 46,69 ton carbon 
dioxide equivalent per resident while the emissions from Folkboende is 37,99 ton 
carbon dioxide equivalent per resident. The Global warming potential emissions per 
resident from Quattro is 23 percent higher compared to Folkboende.  

 
Figure 9.  Emissions of carbon dioxide equivalents per resident from Folkboende 

and Quattro. 
As presented in Figure 10 below, the stages with biggest impact on Global warming is 
A1-A3, B1-B5 and B6 for both Quattro and Folkboende. The emissions derived from 
the different stages have a similar allocation for both the dwellings.  

 
Figure 10.  Share of total emissions of carbon dioxide equivalents for respective 

phase for Folkboende and Quattro.  
 

7.4.2 Acidification  
Figure 11 shows that Quattro’s Acidification potential emissions is 383 kg sulfur 
dioxide equivalent per resident and 212 kg sulfur dioxide equivalent per resident for 
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Folkboende. The Acidification potential emissions per resident from Quattro are 81 
percent higher than for Folkboende.  

 
Figure 11.  Emissions of sulfur dioxide equivalents per resident from Folkboende 

and Quattro. 
As presented in Figure 12 below the biggest impacts comes from stages A1-A3, B1-
B5 and B6. For Quattro stage A1-A3 stands for the highest Acidification potential 
emissions per resident with a share of 51 percent, the share for Folkboende in this 
stage is 23. For Folkboende, stage B6 has the highest Acidification potential 
emissions per resident with a share of 61 percent. The emissions from stage B6 stands 
for 37 percent of Quattro’s Acidification potential emissions. 

 
Figure 12.  Share of total emissions of sulfur dioxide equivalents for respective 

phase for Folkboende and Quattro.  
 

7.4.3 Eutrophication  
Figure 13 shows that Quattro’s Eutrophication potential emissions is 104 kg 
phosphate equivalent per resident and 73 kg phosphate equivalent per resident for 
Folkboende. The emissions per resident from Quattro are 43 percent higher compared 
to Folkboende.  
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Figure 13.  Emissions of phosphate equivalents per resident from Folkboende and 

Quattro. 

As presented in Figure 14 A1-A3, B1-B5 and B6 is the stages with highest 
Eutrophication potential emissions. For both dwellings, B6 is the stage where the 
Eutrophication potential emissions are highest. In this stage, 45 percent for Quattro 
and 58 percent for Folkboende of the total Eutrophication emissions is derived.  

 
Figure 14.  Share of total emissions of phosphate equivalents for respective phase 

for Folkboende and Quattro.  
 

7.4.4 Ozone depletion  
Figure 15 shows that Quattro’s depletion potential emissions are 12,2 g CFC11 
equivalent per resident and 10,8 g CFC11 equivalent per resident for Folkboende. The 
emissions per resident from Quattro are 13 percent higher than for Folkboende.  
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Figure 15.  Emissions of CFC11 equivalents per resident from Folkboende and 

Quattro. 
As presented in Figure 16 below, stage B6 is where the majority of the Ozone 
depletion potential emissions are derived. For Quattro, 83 percent of the Ozone 
depletion potential emissions come from this stage and 86 percent for Folkboende. 
From stage A1-A3, 10 percent of the Ozone depletion potential emissions for Quattro 
and 7 percent for Folkboende are derived. 

 

Figure 15.  Emissions of CFC11 equivalents per resident from Folkboende and 
Quattro. 

 

7.4.5 Formation of tropospheric ozone 
Figure 17 shows the total Formation of tropospheric ozone potential emissions in kg 
ethylene equivalents. As presented in Figure 17, Quattro’s emissions are 22 ton 
ethylene equivalents per resident and Folkboende’s emissions is 11 ton ethylene 
equivalent per resident. The emissions of ethylene are 2,09 times higher for Quattro 
than for Folkboende.  
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Figure 17.  Emissions of ethylene equivalents per resident from Folkboende and 

Quattro. 
As presented in Figure 18 below, the emissions of ethylene equivalents comes from 
the stages A1-A3 and B1-B5, which stands for 50 percent each of the total emissions 
of ethylene for both Quattro and Folkboende. The emissions from the other stages are 
so small that they are insignificant. 

 
Figure 18.  Share of total emissions of ethylene equivalents for respective phase for 

Folkboende and Quattro.  
 

7.4.6 Primary energy 
Figure 19 shows the total Primary energy in TJ for Quattro and Folkboende. As 
presented in Figure 19 Quattro use 1,28 TJ Primary energy per resident while 
Folkboende use 1,14 TJ. Quattro use 12 percent more Primary energy per resident 
than Folkboende do.  



	
	
	

CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	BOMX02-17-75		 39	

 
Figure 19.  Primary energy use, in TJ, for Folkboende and Quattro. 
As presented in Figure 20 below the stage where most Primary energy is used is stage 
B6. This stage stands for 72 percent of the total Primary energy use for Folkboende 
and 70 percent for Quattro. The second stage that uses most of the Primary energy is 
A1-A3, in this stage the total share of Primary energy use is 15 percent for 
Folkboende and 17 percent for Quattro.  

 
Figure 20.  Share of total primary energy use for respective phase for Folkboende 

and Quattro. 
 

7.4.7 Compilation of impact categories 
Table 18 is a compilation of the total emissions per resident from all impact categories 
for Quattro and Folkboende. The table also presents the difference in emissions 
between the dwellings. For all impact categories, Quattro’s emissions per resident are 
higher than Folkboende’s.  
As presented in Table 18 the biggest difference is for the impact category Formation 
of tropospheric ozone where the emissions of ethylene equivalents per resident is 
108,6 percent higher from Quattro compared to Folkboende. The second biggest 
difference is for the impact category Acidification where the emissions is 80,7 percent 
higher from Quattro compared to Folkboende.  

For the impact category Global warming, the carbon dioxide equivalents emissions 
per resident are 22,9 percent higher from Quattro than from Folkboende. The impact 
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category with least difference is Primary energy, Quattro use 12,4 percent more 
Primary energy per resident than Folkboende.  

Table 18.  Emissions per resident for Quattro and Folkboende for each impact 
category and difference in emissions between the dwellings, presented 
as percent higher emissions from Quattro compared to Folkboende. 

Impact category Quattro Folkboende Diff [%] 

Acidification [kg SO2 eq] 383 212 +80,7 % 

Eutrophication [kg PO4 eq] 104 73 +42,6 % 

Formation of tropospheric ozone [kg 
ethylene eq]  22386 10730 + 108,6 % 

Global warming [kg CO2 eq] 46687 37986 +22,9 % 

Ozone depletion potential, g CFC 11 eq 12,2 10,8 + 12,8 % 

Primary energy, TJ 1,28 1,14 + 12,4 % 



	
	
	

CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	BOMX02-17-75		 41	

8 Analysis of life cycle assessment 
In this chapter the analysis of the results from the life cycle assessment is carried out. 
The analysis examines the factors behind the results and outcome from the impact 
assessment for the dwellings. The first parts analyses differences between the 
dwellings in terms of energy use and construction compartments. The results for each 
impact categories are further analyzed. This chapter ends with a comparison to other 
studies.  
 

8.1 Impact from energy use 
In this section the emissions from energy use as well as the differences between 
Quattro and Folkboende is analyzed.  
 

8.1.1 Energy use per heated area and heated area per resident 
The energy use per resident depends on energy use per heated square meter and the 
amount of heated area per resident. A lower energy use per heated square meter 
and/or less heated area per resident will lead to a lower energy use per resident.  
As presented in Table 19 the energy use per heated square meter and year for Quattro 
is 66,4 kWh. For Folkboende the energy use per heated square meter and year is 63,5 
kWh. This implies that the energy use per heated square meter for Quattro is 4,56 
percent higher compared to Folkboende. The table below also show that the heated 
area per resident is 38,95 square meter for Quattro and 37,24 for Folkboende. This 
implies that the heated area per resident is 4,6 percent higher in Quattro compared to 
Folkboende.  

Table 19.  Energy use per heated area and heated area per resident for Quattro 
and Folkboende (Johannesson, 2014), (Olsson, 2017). 

Dwelling Energy use per heated area 
and year [kWh/m2,year]  

Heated area per resident 
[m2/resident] 

Quattro 66,4 38,95 

Folkboende 63,5 37,24 

 

8.1.2 Energy per resident  
As presented in Table 20 below the energy use per resident and year for Quattro is 
2585 kWh per resident while for Folkboende the energy use is 2363 kWh per resident 
and year. This show that Quattro’s energy use per resident and year is 9,39 percent 
higher compared to for Folkboende. The total energy use during the dwellings 
lifecycle is 155 100 kWh per resident for Quattro and 141 780 kWh per resident for 
Folkboende. The energy use per resident is higher for Quattro due to the higher 
energy use per heated area and the higher heated area per resident as presented in the 
Table 19 above. 
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Table 20.  Energy use per resident for Quattro and Folkboende. 

Dwelling Energy use per resident and 
year [kWh/resident,year]   

Total energy use per resident 
[kWh/resident] 

Quattro 2 585 155 100 

Folkboende 2 363 141 780 

 

8.1.3 Share and emissions of district heating and electricity 
Quattro have a higher share of district heating. As presented in Table 21, the share of 
district heating in stage B6 is 90,5 percent in Quattro compared to Folkboende’s share 
of 88,5 percent. Folkboende does further have a higher share of electricity since 11,5 
percent of the energy use in B6 derives from electricity compared to Quattro’s 9,5 
percent.  

Table 21.  Percentage district heating and electricity of the energy use for Quattro 
and Folkboende. 

Dwelling District heating [%] Electricity [%] 

Quattro 90,5  9,5 

Folkboende 88,5 11,5  

According to Table 22 below, the emissions from district heating is about three times 
higher compared to the emissions from electricity per kWh for all impact categories 
except for Ozone depletion potential. For Ozone depletion potential the emissions is 
16 percent higher for district heating compared to the electricity. The primary energy 
use is 66 percent higher for electricity compared to district heating. 

Table 22.  Emissions per kWh of district heating (Fortum, Stockholm) and 
electricity (electricity mix Sweden) (Bionova, 2017). 

Impact category  District heating 
[emissions/kWh] 

Electricity 
[emissions/kWh]  

Acidification [g SO2 eq] 0,981 0,334 

Eutrophication [g PO4 eq] 0,323 0,112 

Formation of tropospheric ozone 
[g ethylene eq] 

0,015 0,005 

Global warming [kg CO2 eq] 0,1392 0,418 

Ozone depletion [mg CFC 11 eq] 0,627 0,540 

Primary energy [J] 5,5 9 



	
	
	

CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	BOMX02-17-75		 43	

 

8.1.4 Emissions from energy use 
As presented in Table 23 the emissions emerging from the energy use (B6) per 
resident is approximately 10,9 percent higher for Quattro compared to Folkboende in 
all impact categories. The energy use per resident is however 9,39 percent higher for 
Quattro compared to Folkboende. The higher emissions in Quattro can therefore just 
partly be explained with the fact that Quattro have a higher energy usage per resident 
compared to Folkboende. It is also due to the fact that Quattro’s energy usage contain 
a higher share of district heating compared to Folkboende since district heating have 
up to 3 times higher emissions compared to electricity per kWh. 
Table 23.  Emissions per resident from energy use for Quattro and Folkboende 

(Bionova, 2017). 

Impact category  Quattro 
[emissions/resident] 

Folkboende 
[emissions/resident] 

Acidification [kg SO2 eq] 142,65 128,64 

Eutrophication [kg PO4 eq] 47 42,39 

Formation of tropospheric ozone [kg 
ethylene eq] 2,21 1,99 

Global warming [kg CO2 eq] 20 151 18 158 

Ozone depletion [g CFC 11 eq] 10 9,3 

 

8.1.5 Share of emissions derived from energy use 
In this section the share of emissions from the stage B6 will be compared between the 
multi-family dwellings. As presented in Table 24, the share of total emissions derived 
from stage B6 is quite similar for Quattro and Folkboende within the impact 
categories Global warming and Ozone depletion. The emissions from energy use for 
the impact category Formation of tropospheric ozone potential are further 
insignificant for the total emissions. For the impact categories Acidification and 
Eutrophication, the share of total emissions derived from B6 differs significantly 
between the dwellings. This will be further analyzed. 
The emissions from stage B6 stands for 60,79 percent of the total Acidification 
potential emissions for Folkboende and 37,24 percent for Quattro. This even though 
the Acidification potential emissions per resident from energy use are 10,9 percent 
higher from Quattro compared to Folkboende. This is due to that Quattro have 
significant higher Acidification potential emissions originated from construction 
materials (A1-A3) compared to Folkboende.  
Almost 58 percent of Folkboende’s Eutrophication potential emissions are derived 
from stage B6 while the share is 47 percent for Quattro. Also in this case this is due to 
the Eutrophication potential emissions from construction materials are significant 
higher from Quattro compared to Folkboende. 
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Table 24.  Share of total emissions derived from stage B6 within each impact 
category. 

Impact category  Quattro [%] Folkboende [%] 

Acidification [kg SO2 eq] 37,24 60,79 

Eutrophication [kg PO4 eq] 46,98 57,99 

Formation of tropospheric ozone 
[kg ethylene eq] 0,001 0,0022 

Global warming [kg CO2 eq] 43,16 47,80 

Ozone depletion [g CFC 11 eq] 89,14 84,98 

 

8.2 Construction materials for Quattro and Folkboende 
In this section, construction compartments that differ in type or quantity between 
Quattro and Folkboende will be described. Further will only compartments with 
significance for the total emissions in one or more of the impact categories be 
analyzed. 
 

8.2.1 Insulation material  
In this section the different insulation materials and the amount of insulation materials 
used in Quattro and Folkboende is described and the emissions derived from the 
materials are analyzed. 
 

8.2.1.1 Amount of insulation materials 

The facade in Quattro is insulated with XPS foam and stone wool while Folkboende is 
insulated with glass wool. Quattro have a thicker layer of insulation in the facade (240 
millimeters compared to 225 millimeters for Folkboende). The ground slab in Quattro 
is insulated with XPS foam while in Folkboende the ground slab is insulated with 
EPS with a complement of XPS foam. The insulation layer of the ground slab for 
Quattro is 300 millimeters thick compared to 100 millimeters thick in Folkboende. As 
presented in Table 25, the total use of insulation materials is 25,61 cubic meters per 
resident for Quattro and 6,73 cubic meters per resident for Folkboende. This implies 
that Quattro use 3,8 times more insulation material per resident compared to 
Folkboende. 
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Table 25.  Amount of insulation materials per resident used Quattro and 
Folkboende. 

Material Quattro [m3] Folkboende [m3] 

XPS insulation 18,19 0,21 

Glass wool insulation 6,33 5,46 

Stone wool insulation 1,09 - 

EPS insulation - 1,06 

Total insulation  25,61 6,73 

The higher amount of insulation material use per resident in Quattro depends partly 
on thicker insulation material layer in the ground slab and the external wall compared 
to Folkboende. It is also due to more area per resident in ground slab, facade and roof 
for Quattro compared to Folkboende. This increases the insulation material use per 
resident since these areas are insulated. As presented in Table 26 below the ground 
slab and roof area are 2,28 times bigger per resident and the facade area is 1,40 times 
bigger per resident for Quattro compared to Folkboende. This implies that more 
residents per built area resulting in lower use of insulation materials per resident.  

Table 26.  Ground slab-, facade- and roof area per resident for Quattro and 
Folkboende. 

Compartment Quattro [m2/resident] Folkboende [m2/resident] 

Ground slab area  12,34 5,41 

Facade area 38,11 27,17 

Roof area 12,34 5,41 

 

8.2.1.2 Emissions from different insulation material stage A1-A3 
As presented in Table 27, the emissions from 1 cubic meter of XPS insulation (used in 
Quattro) have almost three times as high Global warming potential emissions than the 
glass wool insulation (used in Folkboende). The XPS have almost twice as much 
Global warming potential emissions than the EPS (used in Folkboende) per cubic 
meter. While the stone wool (used in Quattro) have almost six times higher Global 
warming potential emissions than the EPS.  
Stone wool has highest Acidification and Eutrophication potential emissions of the 
insulation materials. XPS have higher Acidification and Eutrophication potential 
emissions than both glass wool- and EPS insulation.  
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Table 27.  The emissions per cubic meter of different insulation materials 
(Bionova, 2017). 

Impact 
category 

XPS 
[emission/m3] 

Glass wool 
[emission/m3] 

EPS 
[emission/m3]  

Stone wool 
[emission/m3] 

Acidification 
[kg SO2 eq] 

0,27 0,27 0,14 0,77 

Eutrophication 
[kg PO4 eq] 

0,05 0,03 0,01 0,08 

Formation of 
tropospheric 
ozone [kg 
ethylene eq] 

0,04 0,03 0,34 0,01 

Global warming 
[kg CO2 eq] 

90,3 31 50 174,36 

Ozone depletion 
[kg CFC 11 eq] 

0 0 0 0 

Primary energy 
[MJ] 

1479,75 674 834 1979 

 

8.2.1.3 Emissions from insulation materials in Quattro and Folkboende 

In Table 28 the emissions per resident from insulation materials for Quattro and 
Folkboende is presented. The emissions per resident from insulation materials is in 
the range of 2-8 times higher for Quattro compared to Folkboende depending on 
impact category. The Global warming potential emissions per resident from insulation 
materials is eight times higher for Quattro compared to Folkboende. 
For Quattro, the emissions from insulation materials stand for 4,13 percent of the total 
Global warming potential emissions, 1,88 percent of the total Acidification potential 
emissions and 1,05 percent of the total Eutrophication potential emissions. For the 
other impact categories, the emissions from insulation materials from Quattro are less 
than 1 percent of the total emissions. While for Folkboende the emissions from 
insulation material are lower than 1 percent for all impact categories.  
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Table 28.  The emissions per resident from insulation materials for Quattro and 
Folkboende (Bionova, 2017). 

Impact category Quattro 
[emissions/resident] 

Folkboende 
[emissions/resident]  

Acidification [kg SO2 eq] 0,102 0,0195 

Eutrophication [kg PO4 eq] 0,018 0,0026 

Formation of tropospheric ozone 
[kg ethylene eq] 

0,014 0,0083 

Global warming [kg CO2 eq] 32,11 4,0116 

Ozone depletion [kg CFC 11 eq] 0 0 

Primary energy [MJ] 536,98 101,85 

The higher emissions from insulation materials for Quattro compared to Folkboende 
is due to use of insulation material with higher emissions in the facade and ground 
slab and higher insulation material use per resident. 
 

8.2.2 Façade compartments 
In this section the different materials used in the facade for Folkboende and Quattro 
and the emissions derived from the materials is described. 
 

8.2.2.1 Façade in Quattro 
In Quattro a plaster facade is used consisting of plaster and reinforced mesh fabric 
from glass fiber. As presented in Table 29, the emissions from the plaster stand for 1,9 
percent of the Ozone depletion potential emissions. The emissions from plaster are 
lower than 1 percent of the total emissions for the other impact categories.  

Table 29.  Ozone depletion potential emissions from exterior plaster per resident 
for Quattro (Bionova, 2017). 

Impact category  Emissions from exterior 
plaster [emission/resident] 

Share of total emissions 
[%] 

Ozone depletion 
potential [g CFC 11 eq] 5,76 1,9 % 

As presented in Table 30, the emissions from reinforced mesh fabric from glass fabric 
stands for 31,9 percent of Quattro’s total Acidification potential emissions. For the 
other impact categories, the emissions from the reinforced mesh fabric are lower than 
1 per cent of the total emissions.  
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Table 30.  Acidification potential emissions from glass fabric wire mesh per 
resident for Quattro (Bionova, 2017). 

Impact category  Emissions from glass fabric 
wire mesh [emission/resident] 

Share of total emissions [%] 

Acidification  
[kg SO2 eq] 2,034 31,9 % 

 

8.2.2.2 Façade in Folkboende 

In Folkboende the facade is made of bricks. As presented in Table 31, the emissions 
from the bricks stands for 1,6 percent of the total Global warming potential emissions 
and less than 1 per cent of the total emissions in the other impact categories.  

Table 31.  Global warming potential emissions from bricks per resident for 
Folkboende (Bionova, 2017). 

Impact category  Emissions from bricks 
[emission/resident] 

Share of total emissions [%] 

Global warming 
[kg CO2 eq] 41 402 1,6 % 

 

8.2.3 Sheet and wooden material  
In this section the different amount of sheet and wooden material used in Quattro and 
Folkboende and the emissions derived from the materials is described. 
 

8.2.3.1 Amount of sheet and wooden material  

The dwellings external walls have different construction techniques, which are 
affecting the materials used in the construction. As presented in Table 32, Quattro use 
almost six times more sheet material per resident than Folkboende. The table also 
shows that Folkboende use two times more wooden material than Quattro.  

Table 32.  Weight of sheet and wooden material per resident for Folkboende and 
Quattro. 

Dwelling Weight sheet material  
[kg/resident] 

Weight wooden material  
[kg/resident] 

Quattro 192 174,2 

Folkboende 33,5 366,4 

The higher use of sheet material per resident in Quattro is partly due to different 
construction technique compared to Folkboende. It can also be explained with the fact 
that Quattro have a higher total floor area per resident, which increases the material 
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use per resident. This also means that the wooden material used per resident in 
Folkboende would be even higher compared to Quattro with Folkboende’s 
construction technique if the dwellings would have the same total floor area per 
resident. 
 

8.2.3.2 Comparison of emissions from sheet and wooden material  
As presented in Table 33, the Eutrophication potential emissions is almost 400 times 
higher per kg sheet material compared to wooden material. For the other impact 
categories, the emissions from sheet material is between 4-9 times higher than the 
emissions from wooden material except for ozone depletion where the emissions is 
zero for both sheet and wooden material. This implies that a higher share of wooden 
material instead of sheet material for wall construction (as in Folkboende) will lead to 
lower emissions especially within Eutrophication potential. 

Table 33.  Emissions from 100 kg of sheet- and wooden material (Bionova, 2017). 

Impact category Sheet material 
[emission/100kg] 

Wooden material 
[emission/100kg] 

Acidification [kg SO2 eq] 2,46 0,27 

Eutrophication [kg PO4 eq] 11,81 0,03 

Formation of tropospheric ozone 
[kg ethylene eq] 0,11 0,03 

Global warming [kg CO2 eq] 247,36 31 

Ozone depletion [kg CFC 11 eq] 0 0 

Primary energy [MJ] 6346 995 
 

8.2.3.3 Emissions from sheet and wooden material per resident  
As presented in Table 34, the Eutrophication potential emissions from sheet material 
per resident for Quattro is almost six times higher compared to Folkboende. The 
Eutrophication potential emissions per resident from sheet material stand for 22 
percent of the total Eutrophication potential emissions for Quattro and 5 percent for 
Folkboende. For all other impact categories, the emissions from sheet materials are 
less than 1 percent of the total emissions for Quattro and Folkboende. 

Table 34.  Eutrophication potential emissions from sheet material per resident for 
Quattro and Folkboende (Bionova, 2017). 

Impact category  Quattro 
[emission/resident] 

Folkboende 
[emission/resident] 

Eutrophication [kg PO4 eq] 0,3783 0,06583 

Furthermore, the emissions from wooden materials for Quattro and Folkboende are 
less than 1 percent of the total emissions for all impact categories.  
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The higher Eutrophication potential emissions from sheet material for Quattro are due 
to a higher use of sheet material compared to Folkboende. The higher use of sheet 
material in Quattro is as described in Section 8.2.3.1 partly due to different 
construction technique compared to Folkboende, which use a higher share of wooden 
material instead. It is also due to higher total floor area per resident compared to 
Folkboende, which increases material use per resident.  
 

8.2.4 Waterproofing material  
In this section the different amount of waterproofing material used in Quattro and 
Folkboende and the emissions derived from the materials is described. 
 

8.2.4.1 Amount of waterproofing material  
The roof for both dwellings has a waterproofing layer that consists of carpet made of 
SBS-modified bitumen. As presented in Table 35, the area covered with 
waterproofing carpet is 310 square meters for Quattro and 416 square meters for 
Folkboende. For Quattro, the waterproofing carpet area per resident is 13,05 square 
meters and in Folkboende the amount is 6,25 square meters. Quattro have 2,09 times 
as much waterproofing area carpet per resident. This is due to more roof area per 
resident in Quattro compared to Folkboende. 

Table 35.  The area of waterproofing carpet used in Quattro and Folkboende.  

Dwelling Waterproofing carpet 
area [m2] 

Waterproofing carpet area 
per resident [m2/resident] 

Quattro 310 13,05 

Folkboende 416 6,25 

	
8.2.4.2 Emissions from waterproofing material  
As presented in Table 36, the ethylene emissions from the SBS-modified bitumen 
carpet is 22,38 ton ethylene per resident for Quattro and 10,72 ton ethylene per 
resident for Folkboende. The emissions from the waterproofing carpet stand for 100 
percent of the total emissions of ethylene for both dwellings. The emissions of 
ethylene per resident from Quattro are 2,09 times higher than the emissions from 
Folkboende. Since the material used for waterproofing the roof is the same for 
Quattro and Folkboende. The higher emissions per resident from Quattro are hence 
only depending on higher use of the material per resident. This implies that the more 
residents per roof area the lower will the emissions of ethylene per resident be.  

For all the other impact categories the emissions from the waterproofing carpet is 
lower than 1 percent for both the dwellings.  
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Table 36.  Emissions of ethylene per resident from waterproofing carpet for 
Quattro and Folkboende (Bionova, 2017). 

Impact category  Quattro 
[emission/resident] 

Folkboende 
[emission/resident] 

Formation of tropospheric 
ozone [ton ethylene eq] 22,38 10,72 

	

8.2.5 Concrete 
In this section the different type of and amount of concrete used in Quattro and 
Folkboende is described and the emissions derived from the materials is analyzed. 
 

8.2.5.1 Amount of concrete 
In Folkboende all of the concrete consists of ready-mix concrete. In Quattro the major 
part of the concrete is ready-mix except for a 50 millimeters thick layer in the floor 
slab and nine of the load bearing walls that is made of precast concrete This leads to 
that 85 percent of the concrete used in Quattro is ready-mix concrete, 9 percent is 
precast concrete wall and the remaining 6 percent is precast concrete floor slab.  

As presented in Table 37, the total amount of concrete use per resident in Quattro is 
20,88 cubic meters per resident. In Folkboende the total amount concrete is 17,23 
cubic meters per resident. This means that Quattro have 21 percent higher use of 
concrete per resident compared to Folkboende.  

Table 37. Amount of concrete per resident for Quattro and Folkboende. 

Material Quattro [m3/resident] Folkboende [m3/resident] 

Ready-mix concrete  17,71 17,23 

Precast concrete wall 1,94 - 

Precast concrete floor slab 1,26 - 

Total concrete use  20,88 17,23 

The higher use of concrete per resident is partly due to that Quattro have 20 percent 
more total floor area per resident compared to Folkboende. Since the floor consists of 
concrete the concrete use per resident increase with more floor area per resident. More 
floor area per resident also leads to more wall area per resident. The load bearing 
walls is made of concrete and will thereby increase the concrete use per resident. The 
higher use of concrete per resident is also due to the fact that all of the external walls 
in Quattro consist of concrete while only half of the external walls in Folkboende 
consists of concrete.  
Higher use of concrete per resident leads to higher use of reinforced steel and buffer 
blocking (plastic) per resident. Quattro use 4 percent more reinforced steel per 
resident compared to Folkboende and 5 percent more buffer blocking (plastic).  
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8.2.5.2 A comparison of emissions from ready- mix precast concrete 

In Table 38 the emissions from concrete materials per cubic meters is presented. The 
emissions from precast concrete wall have the highest emissions per cubic meters for 
all impact categories except within Global warming and primary energy. Ready-mix 
concrete has lowest emissions for all impact categories.  

Table 38.  The emissions per cubic meters for different concrete materials 
(Bionova, 2017). 

Impact category Ready-mix 
concrete 
[emission/	m3] 

Precast floor 
slab 
[emission/m3] 

Precast 
concrete wall 
[emission/	m3] 

Acidification [kg SO2 eq] 0,4 1,24 1,57 

Eutrophication [kg PO4 eq] 0,1 0,15 0,18 

Formation of tropospheric ozone 
[kg ethylene eq] 0 0,08 0,09 

Global warming [kg CO2 eq] 189,9 470 453,6 

Ozone depletion [kg CFC 11 eq] 0 0 0 

Primary energy [MJ] 1674,1 4850 4500 
 

8.2.5.3 Emissions from concrete per resident 

As presented in Table 39, the Acidification potential emissions derived from concrete 
is in Quattro 70 percent higher per resident compared to Folkboende. Within Global 
warming potential the emissions are 48 percent higher per resident and within 
eutrophication potential the emissions are 34 percent higher per resident compared to 
Folkboende.  
In Quattro the emissions from concrete stands for 3,04 percent of the total 
Acidification potential emissions, 2,20 percent of the total Eutrophication potential 
emissions and 10,30 percent of the total Global warming potential emissions. In 
Folkboende however, the emissions from concrete stands for 2,98 percent of the total 
Acidification potential emissions, 2,18 percent of the Eutrophication potential 
emissions and 10,35 percent of the total Global warming potential emissions. For the 
other impact categories, the emissions from concrete is less than 1 percent for both 
dwellings. 
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Table 39.  Total emissions per resident from concrete for Quattro and Folkboende 
(Bionova, 2017). 

Impact category Quattro 
[emission/resident] 

Folkboende 
[emission/resident] 

Acidification [kg SO2 eq] 11,4 6,6 

Eutrophication [kg PO4 eq] 2,28 1,68 

Formation of tropospheric ozone 
[kg ethylene eq] 0,24 0 

Global warming [kg CO2 eq] 4835,4 3271,8 

Ozone depletion [kg CFC 11 eq] 0 0 

Primary energy [GJ] 44,49 28,84 

Quattro have 21 percent higher concrete use per resident and the emissions would be 
21 percent higher compared to Folkboende if the same concrete were used in both 
dwellings. In Quattro however 15 percent of the concrete is precast. Since the the 
emissions from precast concrete is higher compared to the ready mix the emissions 
from Quattro is up to 72 percent higher compared to Folkboende. 
 

8.3 Analysis per impact category  
In this section the results for each of the impact categories will be analyzed 
separately.  

 

8.3.1 Global warming 
For all stages, Quattro’s Global warming potential emissions per resident is higher 
compared to Folkboende’s. This leads to a total of 23 percent higher Global warming 
potential emissions per resident for Quattro compared to Folkboende.  
The Global warming potential emissions per resident from the product stage (A1-A3) 
is 36 percent higher from Quattro compared to Folkboende. This is as described in 
Section 8.2.1 and 8.2.5 mainly due to higher emissions from concrete and insulation 
materials. From energy usage (B6) the Global warming potential emissions is 10,9 
percent higher for Quattro compared to Folkboende. This is as described in Section 
8.1 due to the higher energy use per resident and higher share of district heating.  

For Quattro, the Global warming potential emissions per resident from the end of life 
stage (C1-C4) is two and a half time higher compared to for Folkboende. This is due 
to the fact that the Global warming potential emissions per cubic meter from 
deconstruction of the XPS insulation (used in Quattro) is 15 times higher compared to 
glass wool insulation (used in Folkboende). 
From stage B1-B5 the Global warming potential emissions is 19 percent higher from 
Quattro compared to Folkboende. The higher Global warming potential emissions 
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from Quattro is mostly derived from building installations systems such as pipe 
system for hot and cold water and the drainage system. The building installations 
systems used in this study is supplied by Bionova and calculated per square meter 
total floor area. Since Quattro has 20 percent higher total floor area per resident 
compared to Folkboende this will be reflected in the emissions.  
 

8.3.2 Acidification 
For all stage except for stage A5, Quattro’s Acidification potential emissions per 
resident are higher compared to Folkboende. In stage A5 however, the Acidification 
potential emissions from Folkboende is higher compared to Quattro due to higher use 
of diesel per resident during the construction processes. In total Quattro have 81 
percent higher Acidification potential emissions per resident compared than 
Folkboende.  
The Acidification potential emissions per resident from product stage (A1-A3) are 
four times higher from Quattro compared to Folkboende. This is mainly due to the 
reinforcement mesh fabric made of glass described in Section 8.2.2. It can also be 
explained with the fact that Quattro have 20 percent more total floor area per resident 
compared to Folkboende which leads to higher use of construction materials per 
resident in Quattro. 
The Acidification potential emissions from B6 are 10,9 percent higher for Quattro 
compared to Folkboende. This is due to the higher energy use per resident and higher 
share of district heating as described in Section 8.1. 

From stage B1-B5 the Acidification potential emissions is 46 percent higher from 
Quattro compared to Folkboende. The higher Acidification potential emissions from 
Quattro for this stage are mostly derived from building installations systems such as 
pipe system for hot and cold water, ventilation and heating systems and the buildings 
drainage system. The building installations systems used in this study is supplied by 
Bionova and calculated per square meter total floor area. Since Quattro has 20 percent 
higher total floor area per resident compared to Folkboende this will be reflected in 
the emissions. It can however also be explained with the fact that different air 
handling units are used in the dwellings. Since the system used in Quattro have higher 
acidification potential emissions per resident compared to the system used in 
Folkboende. 
 

8.3.3 Eutrophication  
For all stages, Quattro’s Eutrophication potential emissions per resident are higher 
compared to Folkboende, except for stage A5 in which the emissions are equally big. 
In total Quattro have 43 percent higher Eutrophication potential emissions per 
resident compared to Folkboende.  
The Eutrophication potential emissions per resident from the product stage (A1-A3) 
are 2,3 times higher from Quattro compared to Folkboende. This is as described in 
Section 8.2.3, partly due to the higher sheet material use per resident in Quattro 
compared to Folkboende, which lead to higher emissions from sheet materials. The 
higher emissions from Quattro is also due to the fact that Quattro have less residents 
per total floor area leading to higher material use per resident compared to 
Folkboende. This results in higher emissions per resident for Quattro.  
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The Eutrophication potential emissions from energy use (B6) are 10,9 percent higher 
for Quattro compared to Folkboende. This is as described in Section 8.1 and is due to 
the higher energy use per resident and higher share of district heating.  

In stage B1-B5 the Eutrophication potential emissions is 30 percent higher from 
Quattro compared to Folkboende. The higher Eutrophication potential emissions from 
Quattro are mostly derived from building installations systems such as pipe system for 
hot and cold water, ventilation and heating systems and the buildings drainage system. 
The building installations systems used in this study is supplied by Bionova and 
calculated per square meter total floor area. Since Quattro has 20 percent higher total 
floor area per resident compared to Folkboende this will be reflected in the emissions. 
The difference in emissions is also due to difference in type of the air handling unit 
between the dwellings, where Quattro’s air handling unit have higher Eutrophication 
potential emissions per resident for stage B1-B5. 
 

8.3.4 Ozone depletion  
Quattro have 12,8 percent higher Ozone depletion potential emissions per resident 
compared to Folkboende. Of the total emissions for Folkboende and Quattro, 93 
percent of the emissions is derived from stage A1-A3 and B6 in both dwellings. 

Most of the construction materials that have significant Ozone depletion potential 
emissions is made of plastic for example pipe system, buffer blockings and exterior 
plaster. The use of plastic materials is higher per resident in Quattro compared to 
Folkboende due to that Quattro have 20 percent higher total floor area per resident. 
This increases the use of these materials per resident.  
The Ozone depletion potential emissions from energy use (B7) are 10,9 percent 
higher for Quattro compared to Folkboende. This is as described in chapter 8.1 and is 
due to the higher energy use per resident and higher share of district heating. 
 

8.3.5 Formation of tropospheric ozone 
The emissions of ethylene equivalents are 2,09 times higher per resident for Quattro 
compared to Folkboende. The emissions of ethylene originate from only one material 
in both dwellings, the SBS-bitumen carpet on the roof, which is replaced after 30 
years. Quattro have 2,09 times as much SBS-bitumen area carpet per resident. This is 
due to more roof area per resident for Quattro compared to Folkboende. This implies 
that the more residents per roof area the lower will the emissions of ethylene per 
resident be. 
 

8.3.6 Primary energy  
For all stages except for stage A5 the Primary energy use per resident is higher in 
Quattro compared to Folkboende. The total Primary energy use per resident and year 
is 12 percent higher for Quattro compared to Folkboende. 
In stage A1-A3 the Primary energy use per resident is 34 percent higher for Quattro 
compared to Folkboende. The higher Primary energy use per resident and year from 
Quattro is partly due to Quattro’s use of XPS insulation material which have 2,1 times 
higher Primary energy use compared to Folkboende’s glass wool. This is also due to 
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the higher material use per resident Quattro have compared to Folkboende which 
increases the Primary energy use per resident.  
The Primary energy use per resident in stage B1-B5 is 23 percent higher for Quattro 
compared to Folkboende. The higher Primary energy use per resident from Quattro in 
this stage is mostly derived from building installations such as pipe system for hot and 
cold water, ventilation and heating systems and the buildings drainage system. This is 
due to the building installations and the emissions are calculated per square meter 
total floor area. Quattro has as mentioned in previous chapters 20 percent higher total 
floor area per resident compared to Folkboende and this is reflected in the emissions. 

In stage B6 the Primary energy use per resident and year is 8,2 percent higher for 
Quattro compared to Folkboende. The energy use per resident is though 9,6 percent 
higher for Quattro compared to Folkboende. This is due to higher share of electricity 
for Folkboende. Electricity has a higher primary energy use per kWh compared to 
district heating.  
 

8.4 In relation to other studies  
In this section the life cycle assessment of the dwellings is compared to other studies 
within the field. This is done to verify the reasonability of the result of this study as 
well as to se if the same conclusions can be drawn. 
 

8.4.1 Comparison with an other Swedish multi-family dwelling 
Blå Jungfrun is a building project in Stockholm constructed by Skanska and finished 
2010 (Liljenström, 2015). It consists of 97 apartments with two to five rooms and 
kitchen, distributed on four buildings (IVA, 2014). The total heated area (Atemp) is 11 
003 square meters. The building is a low energy-demanding house and fulfills the 
criteria for a passive house. The lifetime for Blå Jungfrun is expected to be 50 years. 
As presented in Table 40, the emissions of carbon dioxide equivalents from the 
building during its lifetime are 886 kg per square meters Atemp.  
To make Folkboende and Quattro comparable with Blå Jungfrun their lifetime is set 
to 50 years. In Blå Jungfrun the emissions from earth- and groundwork is included as 
150 kg carbon dioxide equivalents per square meter heated area (IVA, 2014). The 
emissions from earth- and groundwork are therefore assumed to be the same per 
heated square meter in Folkboende and Quattro in this comparison. The emissions for 
Folkboende and Quattro are recalculated with their new prerequisites and with the 
functional unit per square meter heated area. As presented in Table 40, the emissions 
of carbon dioxide equivalents from Folkboende is 991 kg per square meter Atemp and 
1141 kg per square meter Atemp for Quattro. The global warming potential emissions 
from Folkboende are 12 percent higher than the emissions from Blå Jungfrun and the 
emissions from Quattro is 29 percent higher than Blå Jungfruns emissions.  

The emissions from construction stage (A1-A5) from Blå Jungfrun are higher than 
Quattro emissions but similar to Folkboende emissions. The higher emissions per 
square meter heated area from Quattro in the constructions stage is mainly due to 
higher use of concrete per heated square meter and higher emissions from insulation 
materials due to use of XPS instead of EPS (used in Folkboende and Blå Jungfrun).  
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In Blå Jungfrun the emissions from use stage (B1-B7) is lower than the emissions 
from both Quattro and Folkboende. This is likely due to that Blå jungfrun have lower 
energy use per square meter Atemp that decrease the emissions from use stage 
compared to Folkboende and Quattro.  

Table 40.  Global warming potential emissions per m2 Atemp for Folkboende, 
Quattro and Blå jungfrun (Bionova, 2017; IVA,2014). 

GWP emissions 
[kg CO2 eq] 

Folkboende 
[emission/m2Atemp] 

Quattro 
[emission/m2Atemp] 

Blå Jungfrun 
[emission/m2Atemp] 

Construction stage 
A1-A5  503 603 501 

Use stage  
B1-B7  466 487 362 

Deconstruction 
stage C1-C4 22 51 23 

Total  
 991 1141 886 

 

8.4.2 Comparison with literature studies 
Bastos, Batterman and Freire’s study indicates that per heated square meter the 
Greenhouse gas emissions and Embodied energy are greater for smaller dwellings 
over the whole lifecycle. On a per resident basis however the emissions are lower for 
smaller dwellings. This is not the case in this study, where the emissions are higher 
both per square meter heated area and per resident in Quattro compared to 
Folkboende, see Table 41. According to Bastos, Batterman and Freire’s analysis, in 
construction stage this was due to larger contribution of wall per square meter for the 
smaller dwelling. In the user stage this was due to the fact that the larger the area was 
per resident, the lower the energy consumption was per square meter. Why the trend 
was not similar in this study can be explained by a higher energy demand per square 
meter in Quattro compared to Folkboende. Further, Quattro use insulation materials 
and concrete with higher global warming emissions than the type of materials 
Folkboende use. These buildings properties makes the emissions from Quattro higher 
compared to those from Folkboende also on a square meter basis. 
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Table 41.  The emissions per heated square meter and per resident from Quattro 
divided with the emissions from Folkboende for all impact categories 
(Bionova, 2017). 

Impact category Emissions per m2 Atemp  
[Quattro /Folkboende] 

Emissions per resident  
[Quattro /Folkboende] 

Acidification 1,73 1,81 

Eutrophication 1,37 1,43 

Formation of tropospheric ozone 1,83 2,09 

Global warming 1,18 1,23 

Ozone depletion 1,08 1,38 
Primary energy 0,99 1,12 

According to Cuéllar-Franca and Azapagic the same trend could be seen within all the 
different impact categories except for Ozone depletion. This was due to the fact that 
these impact categories main influence was the energy usage. Ozone depletion was 
however mainly influenced by the construction stage. In Cuéllar-Franca and Azapagic 
study the emissions from Ozone depletion potential was between 50 000 and 100 000 
kg CFC11 equivalents over the lifetime with about 85 percent of the emissions 
derived from the construction stage. The Ozone depletion potential emissions in this 
study is with more than 80 percent generated by the use stage (B6) and in the 
magnitude of 0,29-0,73 kg CFC11 equivalents over the lifetime of the dwellings. This 
is less than 1 permille of the emissions from the study by Cuéllar-Franca and 
Azapagic. Chlorofluorocarbons (CFCs) in construction industry originate primarily 
from insulation materials but in Sweden the use of CFCs are banned 
(Naturvårdsverket, 2009; Miljödepartementet, 2012). The insulation material used in 
this study does hence not contain CFCs. This makes the difference between the 
studies reasonable.  

The dwellings in this assessment have a lower energy usage compared to the 
buildings in Cuéllar-Franca and Azapagic study. The product stage (A1-A3) do 
therefore in general result in a higher share of the total emissions for Quattro and 
Folkboende. Quattro use some construction materials that generate greater emissions 
than those used in Folkboende. This might be the reason why the impact per square 
meter are not significantly lower in Quattro compared to Folkboende but in fact 
higher. 
 

8.5 Conclusion 
For all impact categories in the life cycle assessment the majority of the emissions 
comes from stage B6 (Operational energy use) and A1-A3 (Construction materials) 
except for the impact category Formation of tropospheric ozone where the emissions 
are derived from stage A1-A3 and stage B1-B5 (Maintenance and material 
replacement) instead.  

The emissions per resident are higher from Quattro compared to Folkboende for all 
impact categories in the life cycle assessment. One reason is that Quattro have higher 
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energy use per resident compared to Folkboende. This is due to the fact that Quattro 
have higher energy use per heated square meter and more heated square meters per 
resident. Another reason is that there live 20 percent more residents per total floor 
area in Folkboende. This implies that Quattro use more construction materials per 
resident. The higher emissions from Quattro is also due to the fact that the material 
type differs in some compartments between the dwellings and parts of these materials 
used in Quattro have higher emissions than the materials used in Folkboende.  

Conclusion from this study is that space efficient dwellings (more residents per total 
floor area) have lower emissions per resident than average size dwellings. This is due 
to the more residents per heated area, the lower will the emissions from energy use be 
per resident. And the fact that more residents per total floor area leads to lower 
emissions per resident from construction materials due to lower material use per 
resident.   

With the relation of this study to the study of the dwelling Blå Jungfrun, the result 
from this study seems credible. It is reasonable that the emissions per heated area 
from the dwellings from this study is higher than the emissions from Blå Jungfrun due 
to the low energy use in that building.  

In the study by Bastos, Batterman and Freire dwellings with more residents per square 
meter have higher emissions per heated square meter than dwellings with less 
residents per square meter. In this study however Quattro have higher emissions per 
heated square meter than Folkboende. This is due to that Quattro have higher energy 
use per heated square meter and have some construction materials with higher 
emissions than corresponding materials used in Folkboende. Quattro and Folkboende 
have higher share of the total emissions derived from stage A1-A3 compared to the 
dwellings in Cuéllar-Franca and Azapagic. This is due to lower energy use in Quattro 
and Folkboende compared to the dwellings in the study by Cuéllar-Franca and 
Azapagic.  
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9 Sweden’s climate target 
In this chapter Sweden’s climate target to the years 2020 and 2050 is calculated as a 
climate budget. The emissions from housing with the new dwellings needed until the 
year 2025 is calculated and the emissions are related to the climate target.  
 

9.1 Climate target 
Sweden's climate target is to decrease the emissions of greenhouse gases with 40 
percent until the year 2020, calculated from the emissions in 1990 (Regeringen, 
2015). The emissions the year 1990 were about 72 million tons of carbon dioxide 
equivalents. The goal is hence that the emission of greenhouse gases should be 42 
million tons of carbon dioxide equivalents or lower the year 2020. Sweden further has 
a goal to be fossil free and to have 85 percent lower emissions compared to 1990 by 
the year 2050. This means that the emissions shall be 10,8 millions of ton carbon 
dioxide equivalents or lower to the year 2050 (Fossilfritt2050, 2017) 

If the target to reduce the emissions between the years 2020 to 2050 in Sweden is 
assumed to be linear it is possible to calculate a greenhouse gas budget. The 
greenhouse gas budget represents all the carbon dioxide equivalents emissions that 
can be let out under a certain time period if Sweden shall still stay within the climate 
target. The greenhouse gas budget for the year 2016 to the year 2025 for Sweden's 
climate target is 460 million ton carbon dioxide equivalents. Between the year 2016 to 
the year 2050 it is 1110,7 million ton carbon dioxide equivalents. This can be 
compared with the total amount of carbon dioxide equivalent that the atmosphere can 
take care of if the global warming shall be limited to two degrees Celsius. According 
to the Intergovernmental Panel on Climate Change (IPCC) the carbon dioxide 
equivalent emissions must be limited to 10000 billion tons in total on earth if the two 
degrees goal should be reach with a likelihood of 66 percent (IPCC, 2013). If using a 
model where all inhabitants on earth can emit an equal amount of greenhouse gas 
emissions, Sweden will stand for about one per mille of the total global budget. This 
means that Sweden can emit at most 500 million ton carbon dioxide equivalent 
emissions between the years 2012 and 2100 (Greenpeace, 2016).  
 

9.2 Accommodations needed to 2025 
The 710 000 dwellings needed until the year 2025 is estimated by Boverket. The 
estimation is done by using the expected population changes, the number of demolish 
households, the number of free apartments and the need for reserve housing within 
each region of Sweden as well as taking into consideration the household quota for 
each age group (Eriksson, 2015b). The housing reserve needed is estimated by 
Boverket to be 1 percentage of the housing stock. It is important to have a certain 
proportion of vacant apartments if the housing market shall function properly. This is 
due to the need of extra dwellings if movements between different regions shall take 
place in a smooth matter.   
A household quota is defined as the number of households divided by the number of 
individuals and differs depending on the age group (Eriksson, 2015b). If disregarding 
the possibility that three or more adults share a household, the household quota will 
range from 0.5 to 1.0. A low value means a high rate of household sharing. A 
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household ratio of 0.5 hence means no single household. A high household ratio 
means a high rate of single household. A household ratio of 1.0 therefore means that 
all individuals in that age group live in private households. 

In Table 42, the amount of new household needed to year 2025 is recalculated as the 
number of new accommodations needed to 2025.  

Table 42.  The amount of new accommodations needed to 2025. 

Age group 

Proportion of 
households in 2025 
[%] 

Dwelling 
needs [pcs] 

Household 
quota [-] 

Number of 
accommodations 
needed to 2025 [pcs] 

15-19 0,49 3479 0,03 115967 
20-24 5,41 38411 0,43 89328 
25-34 15,22 108062 0,62 174294 
35-44 16,4 116440 0,63 184825 
45-54 16,25 115375 0,67 172201 
55-64 16,3 115730 0,66 175348 
65-69 6,64 47144 0,62 76039 
70-74 6,4 45440 0,65 69908 
75-79 6,77 48067 0,71 67700 
80+ 10,12 71852 0,77 93314 

Tot 100 710000  1218924 

The accommodations needed are calculated with equation (1). 

𝐴𝑐𝑐𝑜𝑚𝑚𝑜𝑑𝑎𝑡𝑖𝑜𝑛	𝑛𝑒𝑒𝑑𝑒𝑑 = 	 -./0123	24450
-./0123	6/.78

	                                                               (1) 

The proportion of household used in the calculations is an estimation that Boverket 
developed and forecast a case for the year 2025 while the household quota is for the 
year 2011. The calculation shows that 1 218 924 new accommodations are needed 
until the year 2025. One accommodation is equal to housing for one resident.  
 

9.3 Emissions from the new dwellings needed until the 
year 2025 

If using the construction Folkboende the need of new accommodations to 2025 is 
equivalent to 18 319 buildings or 677 180 apartments. I instead using the construction 
Quattro the need of new accommodations is equivalent to 51 323 buildings or 615 619 
apartments. This implies that the distribution of apartments of different types in this 
study is not the same as the one Boverket forecast is needed. It might further not be 
desired to meet the need of new accommodations with only multi- family dwellings 
but other kinds of housing might be required like townhouse or villas. In this study the 
emissions from the new dwellings is calculated based on the need of accommodations 
in Section 9.2. 
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If the amount of accommodations needed until the year 2025 is provided by the multi-
family dwellings Folkboende and Quattro the total emissions would be as presented in 
Figure 21. If all the accommodations would be provided by Folkboende the total 
Global warming potential emissions would be 46,3 millions ton and if using Quattro 
the emissions would instead be 56,9 millions ton. This means that if choosing to build 
Folkboende instead of Quattro to meet the need of housing to 2025, the emissions 
would be 18,6 percent lower. This means that 10,6 million tons of Carbon dioxide 
equivalent less will be emitted during the dwellings lifecycle. 

 
Figure 21.  The total greenhouse gas emissions during the lifetime for the new 

accommodations needed to year 2025 built as Folkboende and Quattro.  
 

9.4 Emissions from new dwellings in relation to Climate 
budget 

In this section the emissions from accommodation needed to be built to 2025 is 
related to Sweden’s climate budget to the years 2025 and 2050.  
 

9.4.1 Housings share of the GHG budget for the new dwellings 
To relate the emissions for all new accommodations built with the construction 
Folkboende or Quattro to the Sweden’s climate budget the total emissions from the 
dwellings are calculated. In this study the emissions that occurs until year 2025 and 
year 2050 is calculated for the stages A1-B7. Stage C1-C4 is excluded due to the fact 
that the emissions from the deconstruction will take place after the year 2050 for the 
dwellings. The average household electricity per resident in a household with two 
residents is 1440 kWh per year (Energirådgivaren, 2011). This generates 60 kg of 
carbon dioxide equivalents per person and year with the Swedish electricity mix (One 
Click). If this is added to the result from the LCA all the emissions that occur until the 
year 2025 and 2050 from housing in Folkboende and Quattro can be calculated.  
Further are the 1 218 924 new accommodations assumed to be built between 2016 and 
2025 with equally many dwellings built each year in the calculation.  
To the year 2025 the Global warming potential emissions would be 18,86 million tons 
carbon dioxide equivalents if using the construction Folkboende to fulfill the demand 
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of housing. If instead using the construction Quattro the emissions would be 24,59 
million tons carbon dioxide equivalents. To the year 2050 the Global warming 
potential emissions would be 33,73 million tons carbon dioxide equivalents if using 
Folkboende and if building Quattro instead the emissions would be 42,76 million tons 
carbon dioxide equivalents.  

The 1 218 924 new accommodations needed until the year 2025 will lead to an 
increase in the existing building stock in Sweden. As presented in Table 43, the 
emissions from this increase of the building stock built as Folkboende will to year 
2025 stand for 4,10 percent of Sweden’s budget of global warming emissions and 
5,35 percent if built with Quattro instead. To year 2050 the emissions from 
Folkboende would stand for 3,03 percent of budget and if using Quattro, the 
emissions would stand for 3,85 percent of the budget.  

Table 43.  Share of Sweden's greenhouse gas budget year 2016 to 2025 and 2016 
to 2050 derived from stage A1-B7 (to year 2050) and household 
electricity for the 1 218 924 new accommodations needed to 2025 built 
as Folkboende and Quattro. 

 Folkboende [%] Quattro [%] 

Share of GHG budget 2016-2025 4,10  5,35 

Share of GHG budget 2016-2050 3,03 3,85 
 

9.4.2 Housings share of the GHG budget for both new and existing 
dwellings 

The emissions from the existing building stock are not included in the calculation in 
Section 9.4.1. The year 2014, the emissions from housing in Sweden were 1,46 ton 
carbon dioxide equivalents per person and year (Naturvårdsverket, 2016). The 
population the year 2014 was 9 747 355 persons (SCB, 2015b). From these total 
emissions from housing of 14,23 million tons carbon dioxide equivalents can be 
derived. In this value home appliances and furniture’s are included and contributing 
with about 3,9 ton carbon dioxide equivalents per year (Hunhammar, 2008). This is 
excluded in this study. Further are the emissions from construction process that year 
included. The emissions from construction processes in Sweden year 2014 was 
estimated to be 1,8 million tons carbon dioxide equivalents (IVA, 2014). If excluding 
the emissions from construction processes the total emissions from housing the year 
2014 are 8,54 million tons carbon dioxide equivalents. 

If the emissions from housing from the existing building stock continues at the same 
level in the future and if adding the emissions from construction and housing (stage 
A1-B7 + household electricity) for the new accommodations it is possible to calculate 
the total emissions from housing. If the new accommodations are provided by 
Folkboende the emissions would be 104,25 million ton carbon dioxide equivalents 
from 2016 to 2025 and 332,8 million ton from the years 2016 to 2050. If the new 
accommodations instead would be provided by Quattro the emissions from housing 
from the years 2016 to 2025 would be 109,98 million tons and 341,61 million tons 
from the years 2016 to 2050.  
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The emissions from housing for the existing building stock and the new 
accommodations needed to the year 2025 are presented in Table 44. If the new 
accommodations are constructed with Folkboende, housing will stand for 22,66 
percent of Sweden’s budget of global warming emissions to 2025 and 29,94 percent 
of the budget to the year 2050. If the new accommodations were constructed with 
Quattro instead the emissions from housing would stand for 23,90 percent of budget 
to the year 2025 and for the year 2050 the emissions would stand for 30,76 percent of 
the budget.  

Table 44.  Share of Sweden's greenhouse gas budget derived from stage A1-B7 
and household electricity for the 710 000 new accommodations needed 
to 2025 built as Folkboende and Quattro and the emissions from 
housing for the existing building stock. 

 Folkboende plus 
existing stock [%] 

Quattro plus existing 
stock [%] 

Share of GHG budget 2016-2025 22,66 23,90 

Share of GHG budget 2016-2050 29,94 30,76 

If adding the emissions from the dwellings needed to be built between 2025 and 2050 
the emissions from housing would most likely be higher and so would also the share 
of the climate budget. 
 

9.4.3 Share of Climate target 2050 per capita 
The climate target for 2050 implies that each person in Sweden can emit 0,87 ton 
carbon dioxide equivalents per year. This is calculated from an expected population of 
12 394 893 people the year 2050 (SCB, 2017).  

The results from the LCA showed that the emissions from use stage (B1-B7) for 
Folkboende is 0,40 ton carbon dioxide equivalents per resident and year while 
Quattro’s emissions is 0,45 ton carbon dioxide equivalents per resident and year. If 
adding the emissions from household electricity mentioned in Section 9.4.1, the 
emissions from housing per person can be calculated (Energirådgivaren, 2011). The 
emission from housing per person living in Folkboende results in 0,46 ton carbon 
dioxide equivalents per year and 0,51 ton in Quattro.   

As presented in Table 45 below, the emissions from housing would for the residents 
in Folkboende stand for 52,87 percent of the carbon dioxide equivalents budget per 
capita the year 2050. The emissions from housing for the residents in Quattro would 
stand for 58,62 percent of the carbon dioxide equivalents budget. However, if the 
emissions per capita from housing would continue at the same level in the future as 
the year 2014, the emissions would stand for 100,69 percent of each person's carbon 
budget year 2050. This implies that the emissions from housing per capita must 
decrease to be able to reach Sweden’s climate target 2050, since it would stand for 
more than the whole carbon budget if it continues at the same level as in the year 
2014.  

As mentioned in Section 9.4.2 the total emissions from housing in Sweden the year 
2014 was 8,54 million ton carbon dioxide equivalents. The total greenhouse gas 
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emissions from Sweden the year 2014, were 53,83 million ton carbon dioxide 
equivalents (Naturvårdsverket, 2017). This implies that the emissions from housing 
stood for 15,9 percent of Sweden’s total greenhouse gas emissions year 2014. This 
can be compared with the share of emissions in the future scenarios. 
Since the emissions from housing with Folkboende is lower compared to those from 
Quattro this implies that space efficient dwellings can be one part of the solution to 
lower the greenhouse gas emissions from housing. The emissions from space efficient 
housing will however also be a large share of almost 53 percent of the greenhouse gas 
budget year 2050. This is much higher than the share from housing the year 2014. 
This implies that more actions than only space efficient dwellings are needed to lower 
the emissions from housing in the future.  

Table 45.  Housing’s share of the green house gas budget per capita year 2050 for 
residents in Folkboende, Quattro and housing level 2014 
(Naturvårdsverket, 2016). 

 Folkboende [%] Quattro [%] Housing 2014 [%] 

Share of GHG budget 
per capita Year 2050 52,87 58,62 100,69 
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10 Discussion  
The discussion is divided in three sections, space efficiency, LCA and climate target. 
In each section the results and findings from this study is discussed.  
 

10.1 Space efficiency  
In this study, space efficiency is measured with the total floor area (BTA) per 
resident. For multi-family dwellings a floor area lower than 41,5 square meters per 
resident is defined to be space efficient, even though it is possible to design dwellings 
that are significantly smaller than this with the same functions. Regardless of what 
seems to be believed by construction industry, there are no rules that hinder dwellings 
to be constructed space efficient. If studying the history, comfort and higher living 
standard led to bigger living areas during 20th century. At present however a big 
living area does not per se mean a high living standard. A person with small living 
area might be able to share some functions with other people in the dwelling or in the 
city. This could for example be a common space in the dwelling for washing instead 
of washing machines in every apartment. In the future it might also be more common 
to use different technical and design solutions that make it possible to create 
apartments with the same standard but with less living area. 

The way people live and the way dwellings are constructed has changed over time. So 
has also the view of the optimal design and where geographically people want to live. 
Today Sweden has a huge housing shortage and the trend is that many want to live in 
larger cities or cities with universities. To make this possible, these cities in Sweden 
must be densified. According to construction- and real estate companies, the market 
demands for space efficient apartments is increasing. The customers ask to fit more in 
less area. This trend in Sweden has led to that the average size of an apartment has 
decreased the last ten years. Despite this Sweden still has one of the biggest living 
areas per person in Europe.  
The definition of space efficient dwellings, total floor areas lower than 41,5 square 
meters per resident, covers almost all of the multi-family dwellings marketed as space 
efficient in this study. This implies that the definition is adapted to what today is seen 
as space efficient and is set without considering the future trends. If the trend with 
smaller living area continues, the definition of space efficiency needs to be adjusted to 
the present conditions. The result from this analysis showed that designing more 
space efficient apartment could decrease the climate impact from new multi-family 
dwellings with 18,3 percent. This indicates that if the average living area per person 
continues to decrease this will decrease the environmental impact from the whole 
dwellings stock if calculated per person.  
It is important to understand the concept of “BTA per resident”. When investigating 
the amount of residents a building can house, this is the most accurate term to use. It 
does however relate to the functions of the building rather than the functions of an 
apartment. It might therefore not be a good measure for brokers or real estate 
companies, which are more interested in rentable area. It is rather a measure for those 
designing or constructing multi-family dwellings that are interested in designing a 
more resident densified dwelling. For residents, “functions per square meter” could be 
a more interesting measure since it reflects how well the apartment can serve a certain 
purpose.  
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10.2 LCA 
In this section the discussion of the LCA is divided in five subsections: materials, 
technical development, energy, system in the buildings and distribution of apartments.  
 

10.2.1 Materials 
One click’s database only consists of materials where an environmental product 
declaration has been performed. This means that materials that do not have an 
environmental product declaration cannot be chosen in the software. When a product 
or a material used in Quattro or Folkboende did not existed in One clicks database, 
another similar product was chosen. This might have affected the result of the study 
mainly do to the fact that materials manufactured in Sweden might not have the same 
emissions as materials manufactured in other countries in Europe. This is true since 
products manufactured in Sweden in general have lower emissions due to higher share 
of renewable energy compared to the rest of the Europe (Haglund, 2014). Also the 
technology used in the production might be different both between countries and 
within Sweden. The emissions from the dwellings might therefore be higher in this 
study compared to the actual case. The comparison between the dwellings should 
however not be particularly affected since the same materials in dwellings often were 
exchanged and the same exchanged product were chosen.  
During the lifetime of Quattro and Folkboende there are several materials that are 
expected to be replaced. Within the environmental product declaration the product's 
lifetime is listed and this lifetime is used in One click. If a material with a shorter 
lifetime than the building is used, the material is replaced with the same material. 
Since a similar material sometimes have to be chosen, it is possible that the chosen 
material do not have the same expected lifetime as the actual material has. The 
emissions in reality might therefore differ to the actual emissions. Nevertheless, since 
the majority of the materials is the same in both buildings, this will most likely affect 
both dwellings equally. Further do the replacement stage only stand for 10 percent or 
less of the total emissions in all impact categories. This should therefore only have a 
limited effect on the result and the comparison between the dwellings. 

 

10.2.2 Technical development  
As mentioned above a material with shorter lifetime than the building is replaced with 
the same material and is set to have the same emissions when it is replaced (stage B1-
B5) as when its was first produced (stage A1-A3). This implies that the software does 
not take into account technical development. The product in the future might be 
produced with a cleaner energy and with a better technology that lower the emission 
from the manufacturing of the product. The emissions according to One click could 
hence be higher than the actual case since the production of materials in future might 
emit less. Further do the materials get replaced with the same product. This might not 
be the case. The windows in the software are for example set to be replaced after 40 
years with the same type of window. This could represent the actual outcome but it is 
also possible that the window would be replaces with a totally different type of 
window. The windows might for instance be replaced with photovoltaic windows that 
produce electricity.  The differences in the production of the window as well as the 
fact that is could provide electricity would most likely change the emissions from the 
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present case and thereby affect the total emissions from the dwellings. It is impossible 
to predict what the future will bring but all possible changes would most likely affect 
both buildings relatively similar. 

In One click the expected annual use of district heating and electricity is stated to 
show the total emissions during the building's lifetime from energy use. However, for 
the district heating used in the dwellings data is taken from Fortums district heating 
plant the year 2016. For the electricity, data from Sweden’s electricity mix 2016 is 
used for calculation of the emissions. This means that One click calculates the 
emissions from energy use in the future with data from 2016. One click is by this not 
considering the fact that the emissions from district heating and the electricity might 
change over time. Considering today's political goals, it seems likely that the amount 
of renewable energy and greener technologies should rather increase than decrease. 
This implies that the emissions from energy use (B6) in this study might be higher 
than what could be the case. This can significantly affect the result since the 
emissions from energy use stand for the highest emissions within all impact categories 
except for Formation of tropospheric ozone. This would most likely affect the 
dwellings equally as well.  
 

10.2.3 Energy  
From the study made by Cuéllar-Franca and Azapagic, the use of energy depends both 
on the type of house, the size of the house and the household size (Cuéllar-Franca, 
2012). The lighting and space heating was said to differ with size since a greater space 
entails more lighting and space to heat which is leading to a higher energy use per 
resident with fewer residents per area. Cooking, use of domestic appliances and 
heating of water differs with the amount of residents since more residents per square 
meter leads to a higher energy use per square meter from those activities. In this study 
the lighting and the household energy is excluded in Chapter 7 and 8. Also the energy 
use from tap water is estimated per square meter floor area. In Folkboende there live 
more residents per square meter than in an average multifamily dwelling. This would 
probably lead to a higher energy use from the tap water per square meter than what is 
used for Folkboende at present and thereby increase the energy use per square meter. 
Since the heating of water, the cooking and the use of domestic appliances stand for 
more significant energy usage than lighting the difference in energy use per square 
meter between Folkboende and Quattro should probably be smaller than in the result 
(Energirådgivaren, 2011). 
 

10.2.4 Systems in the building 
In One click the emissions from the drainage system, pipe system (hot and cold water 
supply), electricity cabling, heating system (steel pipes and heat distribution center) 
and ventilation system is calculated from the total floor area in building. The 
emissions derived from buildings installation systems is based on One click’s own 
study of how much each system generally emits per square meter floor area and are 
probably based on an average buildings built today. This might give more reasonable 
results for Quattro, which is more of an average building regarding residents per 
square meter than what Folkboende is. For a more precise and accurate simulation of 
emissions this would need to be further investigated to ensure that the data of 
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emissions per square meter for building installation systems is valid for buildings with 
more residents per area than general.  
 

10.3 Climate target 
As presented in Section 9.4.1 the emissions from Folkboende and Quattro is only 
representing a small part of the greenhouse gas budget. If looking at the emissions 
from the total building stock however a significant part of the emissions in the budget 
originates from housing. Even though the amount of new dwellings needed until the 
year 2025 only stand for about 13 percent of the building stock 2025 it is important 
that they are constructed with as little impact as possible. If choosing to build space 
efficient multi-family dwellings, the greenhouse gas emissions can be reduced by 18,3 
percent. In the long run this could highly influence the emissions from housing since 
what is build today will be tomorrow's building stock. 

In Section 9.4.3, the comparison shows that almost 53 percent respectively 59 percent 
of the climate budget per person will be derived from housing if living in Folkboende 
or Quattro, if each person were responsible for their own emissions. If only looking at 
the emissions from those living in the existing building stock (year 2014) more than 
100 percent of their budget year 2050 will come from housing if each person were 
responsible for their own emissions. This means that the emissions from housing per 
resident the year 2014, is higher than the climate budget per person year 2050. This 
can be compared to the share of emissions from housing year 2014. The year 2014 
only 15,9 percent of Sweden’s total greenhouse gas emissions originated from 
housing. If housing would have the same share of total emissions in the climate 
budget 2050 as today, the emissions from housing year 2050 would be 1,71 million 
ton carbon dioxide equivalent emissions. With an expected population of 12 394 893 
persons year 2050, the emissions would be 0,138 ton carbon dioxide per person (SCB, 
2017). This can be compared with the emissions from housing 2014, which is 0,87 ton 
carbon dioxide per person. This means that the reduction of the emissions from 
housing needs to be 85 percent lower between the years 2014 to 2050 if having the 
same share of total emissions the year 2050 as Sweden did the year 2014.  
However, if looking at use stage (B1-B7) of the building stock it is clear that 
buildings constructed before 1990 have significantly higher energy consumption per 
heated area (Mangold, 2015). In Gothenburg in Sweden more than 85 percent of the 
heated floor area in multi-family building are constructed before the year 1990. If the 
same is assumed to be true for the rest of Sweden it will take time to reduce the 
impact from the use stage with just the construction of new dwellings. The emissions 
per capita from housing have been decreasing the last years. In the year 2003 the 
emissions from housing where 2,5 ton per capita and in year 2014 the emissions from 
housing is 1,46 ton per capita (Naturvårdsverket, 2016). The decrease of the 
emissions is partly due to a significant increase of district heating and a decrease of 
heating oil but also due to the refurbishment of existing housing stock with focus on 
lowering the energy use. This trend must continue if the emissions target shall be met. 
It is furthermore important to point out that the Swedish target could be seen as 
unambitious and not related to the amount of carbon dioxide equivalents that the earth 
can take care of. It is often argued that the change in temperature on earth must be 
kept within two degrees. If this condition is met and if all inhabitants on earth where 
allowed to emit the same amount of greenhouse gas, the carbon dioxide budget for 
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Sweden would have to be significantly lower than present. It would then be even 
harder for Sweden to reach the target with the emissions from housing stock of today. 
It is therefore very urgent to manage the question of reducing the emissions from 
housing. 
Nevertheless, building space efficient buildings can help in the aim to reduce the 
environmental impact from housing but if the share of the carbon dioxide budget 
originated from housing shall be kept at present level more must be done. One 
important part is to lower the energy use from the existing building stock and to 
reduce the emissions from energy use, for example with renewable energy solutions. 
For the future housing stock it is important that all new dwellings during their lifetime 
emit as little green house gas emissions as possible. Here space efficient dwellings 
have an important role to play in lowering the emissions.  



	
	
	

CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	BOMX02-17-75		 71	

11 Conclusion  
Space efficiency for dwellings can be measured in total floor area per resident. The 
recommendation is that space efficient dwellings have a total floor area lower than 
41,5 square meters per resident. 
The average size dwelling had 23-109 percent higher emissions compared to a space 
efficient dwelling depending on impact category. The greenhouse gas emissions per 
resident is 18,3 percent lower for a space efficient dwelling compared to a average 
size dwelling. This implies that space efficient dwellings can be one part of the 
solution to lower the greenhouse gas emissions in the aim to reach Sweden's climate 
goal. 
For further research we recommend a detailed study of the social- and economical 
consequences for space efficient multi-family dwellings. 
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Appendix A – Façade and floor plan for Folkboende 
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Appendix B – Façade and floor plan for Quattro 
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Appendix C – Inventory analysis Folkboende
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Appendix D – Inventory analysis for Quattro 
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