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ABSTRACT 
After the Paris agreement 2015 the Energy Commission in Sweden proposed a goal for 
Sweden of net zero greenhouse gas emissions by 2045. The focus in this report has been 
on how buildings in Sweden could reduce their greenhouse gas emissions. Year 2017 the 
government gave a task for Boverket in Sweden (National Board of Housing, Building and 
Planning) to investigate the possibility to introduce a climate declaration on buildings. 
The idea is a life cycle analysis (LCA) should be performed on the building in order to get 
a building permit. An LCA include all CO2 emissions emitted from resources used for raw 
material extraction, production of materials, construction site operations, user phase and 
also the demolition and disposal in the end of life of the building. The first draft from 
Boverket was published in February 2018 where they recommended a simple 
declaration. They recommended in the beginning to only include a few components in 
the declaration, and to only include the production phase. The major interest in this 
report have been to gain more understanding on how to perform LCAs and also how the 
LCA result could be used to decrease CO2 emissions. A case study was made on a 
residential building project called Mården, in Umeå Sweden.  

The first part in this thesis was to determine the phase in the buildings life 
cycle with the largest potential for decreasing CO2 emissions. When the LCA was 
performed on case study building Mården it was difficult to use exact data, since only 20 
% of the construction products where declared in an environmental product declaration 
(EPD). Therefore the other 80 % where approximated with similar products declared in 
an EPD, or with generic data (general data for a type of product). An EPD is an LCA on a 
single product and could therefore give exact information on CO2 emissions for a specific 
product. However, several improvements where implemented in the buildings life cycle 
and where compared with this reference case. The result from the LCA showed the 
energy use in the user phase emitted the largest amount of CO2 emissions, and therefore 
also where the phase with the largest potential for reducing CO2 emissions. When the 
Swedish district heating mix where replaced with an energy source with 50 % less CO2 
emissions, the emissions for the whole life cycle could be decreased with 20 %. Smaller 
improvements such as more environmental friendlier concrete, shorter transport 
distance between manufacturer and construction site or less water usage resulted in a 
decrease by 1.6-7 %. It was though shown these smaller improvement could result in a 
large decrease of CO2 emissions if more buildings also would improve the same thing. 2.4 
million tons of CO2 emissions could for example be reduced in Sweden if 50 % of 
Sweden’s all new building projects would improve their choice of concrete. To make sure 
buildings could reduce their CO2 emissions there is important LCAs are performed before 
the building is constructed, to make sure all phases in the life cycle can be improved. If 
an LCA will be performed when the building is constructed, it is only possible to improve 
a few parts in the user phase, since the other phases already have passed.  

The second part in this thesis was to compare the different LCA softwares; 
(i) One Click LCA (needs license, from Finland), (ii) e-tool (free, from Australia) and (iii) 
BM (free, from Sweden). When more exact data were tried to be used in e-tool and One 
Click LCA the results were similar for the CO2 emissions from the production phase. E-
tool only resulted in 6 % higher CO2 emissions in the production phase than One Click 
LCA. The LCA in the eventual future climate declaration will probably be performed with 
generic data, since in an early stage the contractors will not have detailed information on 
their construction products. An LCA was thus performed in each software with generic 
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data, and the result differed a lot. The CO2 emissions from the production phase resulted 
in 36 % and 23 % less CO2 emissions in BM and e-tool than in One Click LCA. If several 
softwares will be allowed in this eventual climate declaration, the judgment could be 
difficult since different generic data is used in each sofware. The generic data were also 
different for one type of product in a single software, where the CO2 emission could 
differ with as much as 50 % between two types of generic data for one type of products. 
This leads to a difficulty when choosing generic data since there will be lack of 
information on the construction products at the time when this eventual climate 
declaration should be performed. A main focus for the future development should be on 
evaluating a standard database that could be used in EU.  

If a future law will be implemented it could be valuable to declare detailed 
rules on how to perform the LCA. Since depending on who will perform the LCA different 
results could occur due to different data used or assumptions on things like products, 
boundaries or used resource. However, this master thesis has shown there is possible to 
use the LCA methodology to find solutions for decreasing the CO2 emissions for buildings.  
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GLOSSARY 
 
LCA – Life Cycle Assessment or Life Cycle Analysis 
 
EPD – Environmental Product Declaration. A declaration of the environmental impacts 
from a product or service. See appendix (i) for an example.  
 
PCR – Product category rules. These rules are used when performing an environmental 
product declaration.  
 
GWP – Global Warming Potential. All greenhouse gas emissions are converted into the 
equivalent amount of global warming potential as CO2 emissions. In other means could 
the global warming potential be interpreted as a sum of all greenhouse gas emissions.  
 
Primary energy use – The amount of energy contained in raw fuels in order to provide an 
energy service. Hence the primary energy use for a service includes all inputs and 
conversion losses along the energy chain.  
 
BREEM – Building Research Establishment Environmental Assessment Method. A green 
building certification system from United Kingdom 
 
LEED – Leadership in Energy and Environmental Design. One of the most widely used 
green building certification system in the world.  
 
BM – Building sectors calculation software. An LCA software developed in Sweden 
 
CO2 – Carbon Dioxide 
 
UN – United Nations  
 
Generic product data –A generalization of environmental conventional data for a 
product. Generic data are based on historical data for similar products.  The data is 
therefore not exact for a specific product.  
 
Product specific data – Specific data on the environmental impacts from a product, 
usually declared in an EPD.  
 
BBR – Boverkets building regulations. 
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1. INTRODUCTION 
1.1 Energy use and climate change  

One of the world’s major challenges concerns how to handle climate 
change. There is a general consensus that the climate is changing as a result of the 
greenhouse gas emissions caused by energy use. Over the years many countries have 
tried to agree on commitments to reduce their emissions of greenhouse gases. Between 
2008 and 2012 the Kyoto Protocol pertained. At the UN meeting in Paris December 2015 
the UN members succeeded in replacing the Kyoto Protocol with a new climate 
agreement that binds all UN countries to keep the global temperature rise at maximum 2 
degrees (measured between 1900-2100). The idea is the agreement will be established 
by 2020, and that individual countries now shall take actions to deliver their promised 
emission reductions.  

In Sweden, the Energy Commission proposed a goal for Sweden to be net 
zero greenhouse gas emissions by 2045 (Regeringen, 2018). This is now incorporated in 
the new Swedish climate law and all Swedish sectors are to figure out how to contribute 
to reducing emissions. In EU the building sector accounts for 40 % of the total primary 
energy demand, and 36 % of total greenhouse gas emissions (European Comission, 
2018).  Figure 1 shows the greenhouse gas emissions by industry 2016 in Sweden. The 
focus in this master thesis has been on how buildings could reduce their CO2 emissions 
and primary energy use.   
 

 
Figure 1 Greenhouse gas emissions by industry 2016. The x-axis describes thousand tonnes carbon dioxide equivalents.  
(Statistiska centralbyrån, 2016). 

1.2 New buildings 
In Sweden year 2017 was 64 000 new building projects started, which is 8 % 

more than 2016. Figure 2 shows the amount of construction projects that were started 
each year since 2007. From 2009 onwards the construction projects increased steadily 
from a number of 10 000 to 64 000 (Statistiska Centralbyrån, 2018) .   
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Figure 2 A diagram with the number of building projects started in Sweden between the years 2007 and 2017. 
(Statistiska Centralbyrån, 2018).  

Even though the building stock is renewed slowly, buildings are designed for a lifetime of 
several decades. It is important to create good solutions when it is built, since they will 
last for such a long time and will be costly to change. These buildings should be 
constructed with as low primary energy use and CO2 emissions as possible, seen over 
their life cycle. The life cycle of a building consist of several phases, including the 
extraction of raw material, production of building materials, construction of the building, 
operation and maintenance, disassembly and the afterlife of recycling and waste 
management. All these phases have to be considered in order to minimize the life cycle 
CO2 emissions and primary energy use.  

The building sector accounts for around 24 % of Sweden’s CO2 emissions, 
see Figure 1. However, if analyzing the primary energy use or CO2 emissions with a life 
cycle perspective almost all the sectors could be included. For example the transport 
sector (transport of construction products and material waste), industry sector 
(production of construction products) and construction sector (construct the building). 
Another interesting example is the construction industry which is the industry producing 
the largest amount of waste worldwide (A.Bellob, 2018). When analyzing a building with 
a life cycle perspective it has been measured that 26 % of Sweden’s total fuel use, 19 % 
of total CO2 emissions could be linked to the building sector (Boverket, 2016). The 
building sector therefore have an important mission to help reduce the CO2 emissions 
and primary energy use in Sweden.  

It has for long been assumed the production phase of a building only 
accounts for about 15 % of the buildings total CO2 emissions (Adalberth.K, 2000). 
Therefore the focus mostly has been on reducing the buildings energy use in the user 
phase. This has led to the development of techniques and methods to construct buildings 
with considerably low energy demand. These houses are constructed with the aim of 
reducing the purchased space heating and this is mainly achieved by improved insulation, 
airtightness and heat recovery in the ventilation system. For houses like this, some 
studies have shown as much as 40-50 % of the life cycle energy could be attributed to the 
production and construction phase (Svenska miljöinstitutet, 2015; Joelsson.A, 2008). 
Even though low energy houses with minimized user phase energy demand is not the 
standard house of today, the operational energy decreases, since we build better 
insulated houses today. Therefore it becomes more important to consider other life cycle 

Apartment buildings 
Single family houses 
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phases in order to further reduce the energy use of buildings. The buildings life cycle 
phases are illustrated in Figure 3, as they are defined in the European standard EN 15978 
for buildings, see section 3.4. 

 

 
Figure 3 The phases in a buildings lifecycle included in the standard EN 15978. 

 

1.3 Material choice 
Most of the LCAs performed in Sweden have compared different types of 

building materials such as concrete versus wood (Von Ahn.M, 2016; Sveriges kommuner 
och landsting, 2016; Penaloza.D; Norén.J; Eriksson.P-E, 2013; Dodoo.A, 2011). Several 
LCAs have shown wood is a better construction material if concerning CO2 emissions and 
primary energy use over the buildings life cycle (Gustavsson.L, Sathre.R, & Pingoud.K, 
2006). Svenska miljöinstitutet, 2015, showed that concrete could account for 80-90 % of 
the buildings weight (building with concrete frame) and contributes to 50-60 % of all CO2 
emissions from the construction products. The international energy agency (IEA) has 
shown that cement calcination emissions contributes to 5 % of all the anthropogenic 
global CO2 emissions (International Energy Agency (IEA), World Business Council for 
Sustainable Development, 2009). It has though been shown that some wood products 
could use more primary energy than concrete in the production phase (Von Ahn.M, 
2016). This finding shows the importance of analyzing individual cases since different 
scenarios could occur. It also shows the importance to include all phases in the buildings 
life cycle, since products could emit more CO2 emissions in the construction phase but 
have a longer lifetime than other products. However, in most reports concrete have been 
shown to be the worst construction material, in terms of CO2 emissions and primary 
energy use. Even though wood could need more maintenance during the user phase, and 
could have a lower insulation capacity than concrete, it will not exceed the CO2 emissions 
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and primary energy use from the production process of concrete (Canada Wood Produits 
de bois canadien, 2003). The production of cement is the process with the largest 
amount of CO2 emissions and demands most energy in the production of concrete. A lot 
of improvements have thus been made today on the production process and also on 
reducing the amount of cement in concrete (Augustsson.A, 2014). Thormark have shown 
the right choice of construction materials could reduce the primary energy use in the 
production phase with up to 15 % (Thormark, 2006).  

 

1.4 Policy instruments  
To promote CO2 emission reductions in Sweden there exist several 

management control measures such as carbon tax and building regulations. The carbon 
tax applies to fossil fuel and electricity use (Skatteverket, 2018). Sweden’s building 
regulations (BBR) consists of energy requirements for different types of buildings. 
Therefore the expected energy use must be measured before the building is constructed, 
to make sure the energy use does not exceed the requirements (Boverket, 2011) 

For buildings in Sweden there also exist several optional environmental 
certifications / ecolabelings. Three of these include calculation methods with some form 
of life cycle perspective. In the latest version of LEED (Sweden green building council, 
2018)  there are certification levels which require to perform an LCA.  

BREEAM (Sweden green building council, 2018) have for long been using a 
life cycle perspective for material choices, where a national accepted LCA software 
should be used. Miljöbyggnad (Sweden green building council, 2018) is the most used 
environmental certification in Sweden and since 2017 the environmental impact for 
some components should include the production phase A1-A3, see Figure 3. If a higher 
certification level wants to be reached, it is required to use environmental product 
declarations (EPD). The EPD declares the environmental impacts from a product, through 
its life cycle. To verify the result it is required to declare the purchased materials and also 
the used EPDs. However, to reach Sweden’s proposal of zero net greenhouse gas 
emissions, more policy instruments must be introduced.  

The government has recently given a task for Boverket to investigate the 
possibility of introducing a Swedish climate declaration on buildings with an LCA 
perspective (Boverket, 2018). This type of declaration therefore could mean buildings 
that want a building permit must carry out a life cycle analysis (LCA) for CO2 emissions. In 
February 2018 Boverket released a first draft of a climate declaration (Boverket, 2017). 
They recommend only the production phase (A1-A3) to be mandatory for only a few 
products such as house envelope foundation, garage and basement. Then in the future 
the plan is to expand the climate declaration to include more phases and products, and 
on a longer term maybe also introduce a limit for CO2 emissions in the building’s life 
cycle.  The standardization work is currently finished, but there are only a few complete 
LCAs on buildings in Sweden or worldwide (Khasreen.M.M; Banfil.P.F.G.l; Menzies.G.F, 
2009). In order to avoid inappropriate requirements in the eventual future law, a wider 
knowledge on LCAs must be achieved. An important requisite to increase the usage of 
LCAs is also to spread more information on the existing LCA software’s and databases 
(Boverket, 2018).   
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1.5 Using LCA as a tool for climate declaration 
Boverket recommends the climate declaration to be performed before the 

building is constructed since it could improve the design decision. An issue is though 
there will not exist detailed information on the construction products since contractors 
not have all information on the products until the construction process begin. Therefore 
generic data for environmental impacts must be used, which is generalized conventional 
data for a product. Generic data is usually based on historical mean data for similar 
products, and therefore is not the exact environmental impact for a specific product. A 
building is constructed with around 200 different construction products and since several 
construction products are available in different qualities and types the choice of generic 
data when performing an LCA could be difficult. For example when choosing the quality 
of concrete several things must be considered, such as strength, consistence, exposure 
class, dehydration and reinforced or not (Svensk betong, 2018). These qualities are 
usually not known in an early stage of the construction planning. Season and other 
factors plays a major role in the decision of quality. Since several LCA software programs 
exist today, there is also relevant many of them will be used in this eventual future law. 
Another issue therefore is the LCA result of the same building could be different since 
different LCA software could use different databases. 

If a limit on CO2 emissions will be introduced in an eventual future law on 
climate declaration for buildings, the limit will probably be evaluated from an LCA 
performed in an early stage with generic data. To make sure the limit is not exceeded 
when the building is constructed, a follow-up LCA will probably be performed with more 
exact data. When performing an LCA with exact data there is helpful to use 
Environmental product declarations (EPDs), for each construction product. The EPD 
declares the environmental impacts from a product, through its life cycle. The amount of 
construction products in a typical building declared in an EPD could therefore declare 
how accurate an LCA could be performed on a building.  Another issue is the eventual 
limit on CO2 emissions, since the implementation of the limit probably will be based on 
LCAs performed with exact data, but the judgment will be based on a climate declaration 
performed with generic data. Therefore it is also relevant to measure any eventual 
difference in the LCA result performed with either generic or specific data.   
 The purpose with this eventual future law firstly is to increase the interest 
in LCAs and promote the benefits with LCAs on buildings. To decrease the environmental 
impact from a building it would be interesting to know the phase in the buildings life 
cycle with the largest potential for decreasing CO2 emissions and primary energy use. The 
improvements could for example be less water usage or energy usage in the user phase, 
or better choice of materials such as better facade material. Since the goal with this 
eventual future law is to decrease the CO2 emissions from buildings, these results could 
be valuable. 
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1.6 Aim and goal 
The objective of this master thesis is to build a wider knowledge of how to 

perform an LCA for a building and how to use it to minimize life cycle CO2 emissions. An 
LCA will be performed on a building and the following questions was addressed. 
 
 How large part of the construction materials for a typical building is declared in an 

environmental product declaration (EPD)? 

 What phases in a modern buildings life cycle have the largest potential for reduction of 

energy use and CO2 emission? 

 Will the choice of building’s facade material affect the LCA result? 

 Could the LCA result differ based on the type of LCA software used? 

 

2. LITERATURE REVIEW 
2.1 LCA studies performed in Swedish buildings  

In Sweden several LCAs on buildings have been performed, but only a few 
of them have included all phases in the life cycle, and most of them have used slightly 
different methods, which makes the comparison difficult (Adalberth.K, 2000; Svenska 
miljöinstitutet, 2015; Penaloza.D; Norén.J; Eriksson.P-E, 2013; Dodoo.A, 2011). Table 1 
presents three different LCAs performed in Sweden, where all have included different 
phases. Since these LCAs have followed the LCA standard EN 15978, see section 3.4, a 
comparison was though feasible. The LCA result for the included phases can be seen 
Table 1, where the result is presented in global warming potential (CO2 emissions). The 
analyzed buildings have concrete frames and for all studies the CO2 emissions for phase 
A1-A3 resulted in 200-296 kg CO2e m2⁄ . The phases not included in these analysis are 
marked with an X.   

 
Table 1 A comparison between a few performed LCAs studies carried out in Swedish buildings.  

 
Blå Jungfrun 
100 years 
Svenska miljöinstitutet, 
2015 

 Adalberth m.fl  
50 years 
Adalberth.K, 2000 

Wälludden 
100 years 
Penaloza.D; Norén.J; 
Eriksson.P-E, 2013 

Phase  𝑘𝑔 𝐶𝑂2𝑒 𝑚2⁄              𝑘𝑔 𝐶𝑂2𝑒 𝑚2⁄              𝑘𝑔 𝐶𝑂2𝑒 𝑚2⁄               
A1-A3  296  200-280  250  

 
A4  12  X  50 

 (A4+A5) 
A5  43  X  X 

B1-B5  160 
(B2-B5) 

 X  20  
 (B1) 

B6  602  980-1370  650  

B7  X  X X 

C1-C4  23  X  80 

TOT 1113 1180 - 1650 1050 
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2.2 Policy instruments including LCA methodology - Other countries  
Since the Paris agreement includes all UN countries, it is important with 

collaboration and to share solutions and knowledge. Several countries have the same 
mission as Sweden to reduce the CO2 emissions with a life cycle perspective. Finland and 
France are for example evaluating a similar law as Sweden. France has introduced a 
certification where different type of buildings could achieve different certifications 
depending on the amount of emitted CO2, see Table 2. Coal 1 and Coal 2 are the name of 
the levels possible to achieve.  It is possible to reach Coal 1 or Coal 2 in either production 
stage (material) or for the entire life cycle of the building.  
 
Table 2 Different certification levels for buildings in France.  

 Certification 
level 

Villas Multi-storey  
and townhouse  

Offices Other buildings 

Entire LCA 
(Kg CO2 per  
m2/50 years) 

Coal 1 1 350 1 550 1 500 1 625 

Entire LCA 
(Kg CO2 per  
m2/50 years) 

Coal 2 800  1 000 980 850 

Material 
(Kg CO2 per  
m2/50 years) 

Coal 1 700  800 1 050 1 050 

Material 
(Kg CO2 per  
m2/50 years) 

Coal 2 650 750 900 750 

 
In 2018 Netherlands introduced a law where all building permits should be 

based on results from LCAs. They use a special calculation method where the depletion 
of materials and its environmental effect is converted into the economic costs for the 
society. The maximum value to be considered for the environmental effect is 1 euro/m2, 
where m2 is the floor surface including both internal and external walls. The LCA also 
measures the CO2 emissions, but those values are not included in the permit (MRPI, 
2018).  

 

3. OVERALL METHODOLOGY  
3.1 Life cycle analysis (LCA)  

LCA is a method to analyze the environmental impact from products and 
services through their whole lifecycle. In the analysis different parameters can be 
analyzed, such as acidification, global warming impact, particle emissions and 
fertilization.  The environmental impact is measured from all phases in the 
products/services lifecycle. (H.Birgisdottir;F.Nygaard.Rasmussen;, 2016).  

The LCA methodology was initially developed to evaluate individual 
products/services, but can also be applied on buildings, where a building can be 
simplified as a composite product. There exist two types of LCAs: retrospective LCA and 
prospective LCA.  Retrospective LCA is used when analyzing the environmental impact 
that arises from the production of a specific product or service. Prospective LCA is used 
when the environmental impacts are modelled for a change in the studied system. For 
example if the current water distributer in the user stage is changed to a distributer with 
less CO2 emissions. In this master thesis both prospective and retrospective LCA have 
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been used. Since the LCA softwares uses a retrospective perspective, the reference 
building was modelled in this way and the evaluation of energy use and emissions from 
different phases was made on these numbers. A prospective approach was used to 
estimate the change in environmental impact from various improvements during the life 
cycle.  

When performing an LCA it is important to describe how the analysis will be 
performed, what functional unit will be used, analyzed parameters, system boundaries 
and also requirements on data quality. It is also important to declare why the LCA is 
performed and who will be interested in the results. With a detailed goal and 
methodology it will be easier to analyze the results and to compare it with other 
performed LCAs (Rydh.C-J, Lindahl.M, & Tingström.J, 2002). The methodology used for 
the LCAs in this master thesis is described below.  
 

3.2 System boundaries  
The LCAs performed in this master thesis were based on the European LCA 

standards EN 15978 (buildings) and EN 15804 (products), where the life cycle phases A-C 
were included, see section 3.4 The purpose with this project has not been to achieve the 
more accurate results for the case study building Mården, but be able to analyze the 
results to achieve a wider knowledge on the LCA methodology. Therefore several 
assumptions and limitations were made during this project, where most of them have 
been applied during the data collection, see section 3.6.4 Data Calculation period for 
each LCA was 100 years, since several other performed LCAs have used the same time 
frame.   

National board of housing, building and planning (Boverket) recommends 
to divide the environmental impact into the heated area of the building, Atemp, (Boverket, 
2017). Atemp is the area of all internal floors heated more than 10 degrees Celsius. This is 
recommended since the energy use measured for a building should be divided into same 
area according to Boverkets construction regulations (Boverket, 2011). Therefore the 
analyzed parameters, see section 3.3, where divided into Mårdens Atemp.  

 

3.3 Parameters analyzed 
According to the European standard for LCAs on buildings (EN 15978) 22 

environmental impact parameters should be included in the analysis. Since Sweden’s 
goal is zero net greenhouse gas emissions by 2045 the main focus in this study therefore 
has been on analyzing the Global warming potential (GWP) parameter. Apart from GWP, 
primary energy has also been analyzed since the majority of the worlds CO2 emissions 
are emitted from processes using energy (Figure 4). These two parameters are described 
below.  
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Figure 4 The global CO2 emissions year 2011, divided into the different economic sectors (Intergovernmental panel on 
climate change - IPCC, 2014). 

3.3.1 Global warming potential (GPW)  
Global warming potential, GWP, is measured in 𝐾𝑔 𝐶𝑂2e where all global 

warming emissions are converted into the equivalent amount CO2 emission. The GWP for 
all the emissions changes depending on the time horizon for the analysis. Table 3 shows 
the GWP for some of the most common greenhouse gases with a time horizon of 100 
years. For example 1 kg Methane is equivalent to 25 kg of Carbon dioxide for a time 
horizon of 100 years.    
 
Table 3 Global warming potential for some of the most common greenhouse gases with a time horizon of 100 years 
(Center for climate and energy solutions, 2018). 

Greenhouse gas 
Time horizon 100 years 

Global warming potential  
(GWP) 

Atmospheric lifetime 
[years] 

Carbon Dioxide CO2 1 100 

Methane CH4 25 12 

Nitrous Oxide N2O 298 114 

Chlorofluorcarbon-12 (CFC-12) CCl2F2 10,900 100 

Hydrofluorcarbon-23 (HFC-23) CHF3 14,800 270 

Sulfur Hexafluoride SF6 22,800 3,200 

Nitrogen Trifluoride NF3 17,200 740 
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3.3.2 Primary energy  

Primary energy is a parameter describing the amount of energy used when 
converting a natural source, like oil or sunlight, into a secondary energy such as 
electricity. It is common to use the primary energy factor when describing the amount of 
energy used when generating a unit of electricity or other useable energy, see Equation 
1.  

𝑃𝐸 𝑈𝐸 = 𝑃𝐸𝐹.⁄    (1) 
 

PE is the primary energy use, UE is the useable energy and PEF is the primary energy 
factor. In other means primary energy can indicate how efficiently the natural sources 
are used. By improving the energy efficiency less primary energy is therefore needed for 
the same amount of useable energy.  

 

3.4 European LCA standard EN 15978 
Since LCAs are complex and can be performed with several methodologies, 

there exist standards which can be used as a guidance. In this study the European 
standards EN 15978 has been used. The standard EN 15978 is used when the 
environmental performance of a building is analyzed with an LCA methodology. It 
includes guidelines and recommended boundaries for the LCA. In EN 15978 there is also 
a guidance on recommended input data for each phase. EN 15978 recommends the 
production phase A1-A3 to be based on Environmental product declarations (EPDs), see 
section 2.3, for each construction product (Swedish standards institute, 2011). The 
building components included in an LCA according to EN 15978 can be seen in Table 4.  
 
Table 4 Building components to be included in an LCA according to EN 15978 (Bionova, 2018). 

 
 
 
 
 
 
 
 
 
 
 
 
According to EN 15978 the system boundary should include four main phases; Product  
Phase, Construction Phase, Use Phase and End of Life Phase. An optional phase also exist 
(Benefits and Loads beyond the Building Life Cycle) but was not included in this study. 
These main phases are divided into several sub phases, see Figure 3. A brief description 
of the content in each phase can be seen below. For more detailed information see 
reference (Swedish standards institute, 2011).  
 
  

Building components 
Foundations, sub-surface, basement and retaining wall 
External walls and facade 
Columns and load-bearing vertical structures 
Internal walls and non-bearing structures 
Floor slabs, ceilings, roofing decks, beams and roof  
Stairs, ramps, balconies and elevator shafts  
Windows and doors 
Finishing and coverings (wallpaper, paint) 
External areas and site elements 
Building systems and installations 
Interior design 
Ground work 
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3.4.1. Product phase A1-A3 
The first phase in a buildings life cycle is the product phase where all the 

phases from raw material until manufacturing are included. All phases include the 
provision of products, energy and material, and also waste materials. Rules for 
determining the impacts are defined in the standard EN 15804 for products.  
 

3.4.2 Construction phase A4-A5 
The second phase of the material is the path between the manufactory 

until the building is constructed with all its content. This includes all aspects and impacts 
related to all energy and material use during transport, construction, waste processing 
etc.  
 

3.4.3 User phase B1-B7 
When the building is constructed the user phase begins, that include all 

events in the buildings lifetime. This involves for example renovation and reparation. The 
impacts and aspects related to the buildings energy and water use are also included in 
this phase.  

 

3.4.4 End of life C1-C4 
The end of life phase of the building begins when the “life time” of the 

building is completed, and when it is time to demolish the building, the End of life phase 
begins. End of life phase includes all events from the demolition until all the materials are 
disposed in some way.  
 

3.5 Environmental product declaration (EPD) 
When performing an LCA of a building large amount of input data must be 

gathered. Since a building is constructed with several construction products the 
environmental impact from each product is often collected from different environment 
product declarations (EPD), see Appendix (i). An EPD is a life cycle analysis of a single 
product, and the only mandatory phase which needs to be declared is the production 
phase A1-A3, while the other phases are optional. According to EN 15978 an EPD should 
follow the standard ISO 14040 or EN 15804. ISO 14040 is an international standard and 
describes principals and structures for LCAs. EN 15804 consists of product category rules 
(PCR) for construction materials and construction services. PCRs gives a uniform 
structure for environment declarations on construction products. They also define the 
rules and requirements for different construction product categories. It defines the 
method for calculation, collection of data and how the information should be presented 
(Swedish standards institute, 2011).  

 

3.6 LCA software  
Due to the complexity to conduct an LCA together with the increased 

interest in evaluating climate impacts with LCAs, several LCA softwares were developed 
during recent years. In this thesis three different LCA software’s were used; (i) One Click 
LCA, (ii) BM and (iii) e-tool. These softwares were chosen since they use different 
approaches and data. One Click LCA is a well-developed software and is customized for 
LCAs on buildings. A license is required to get access to all functions, such as 
manufacturers EPDs and other data sources. E-tool is a free software and does not have 
a large database with EPDs, it mainly has generic data. BM is a simple software where 
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only a few construction products can be used. These softwares are compatible with the 
European standard EN 15978. A summary for each software can be seen in Table 5 and 
further information about each software are provided below. 
 
Table 5 Summary on different software used in this study. 

 One Click LCA e-tool BM 

Included phases A1 - C4 A1-A5, B1, B6-B7, C2, C4  A1 - A5 
Type of data for 
products 

Specific data (EPDs)  
Generic data 

Generic data 
Few EPDs 

Generic data 

Data provided by EPDs, Ecoinvent, Gabi AusLCI, Australasian 
database, Ecoinvent 

IVL 

Access License Free Free  

 

3.6.1 One Click LCA  
One Click LCA is a licensed web based software from Finland and is 

customized for buildings. It is compatible with different green building certification 
systems, such as BREEAM and LEED. The user manually types the amount of construction 
material for the analyzed building. Data for the specific manufacturer for each 
construction material can be found in One Click LCA’s different databases. In these 
databases the specific EPD or generic data can be found for each product, see Figure 5.  
 
 

 
Figure 5 A screenshot from One Click LCA where several EPDs are shown for the construction product EPS. Notice the 
other different inputs such as calculation period and Energy consumption shown in the top of the screenshot (Bionova, 
2018).  

Other valuable input data can also be registered by the user, such as expected lifetime of 
the building, expected drift energy and water use. The methodology One Click LCA uses 
to calculate the environmental impacts from the different phases is described below. 
 
Product phase A1-A3 
The software uses data from the chosen EPDs for each construction product. These EPDs 
can be based on product specific information or on generic data for products.  
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Construction phase A4-A5                                                          
Phase A4 is either calculated from the input values by the users for transport distance 
and vehicle or from One Click LCA’s generic data based on project region and product 
types.  The environmental impact from the construction and installation phase, A5, are 
measured based on the users input, where different types of construction site scenarios 
can be registered such as electricity, fuel and water consumption. Generic data for the 
environmental impacts from construction sites could also be used where One Click LCA 
base the environmental impacts on project region and construction site area. 
 
User phase B1-B7                   
The calculation of the phases B1-B5 are based on the products service life time. If no 
information exist in the EPDs, One Click LCA’s generic life time is used for the product 
type. Specific life time for products can also be registered by the user. The energy use, 
B6, is calculated from the users input on annual energy consumption. Different energy 
production mixes for different countries can be used and are provided by International 
Energy Agency (IEA). The water suppliers and the amount of water usage are also 
manually inserted.  
 
End of life phase C1-C4                      
If the used EPDs for each construction material have declared the environmental impacts 
for phase C1-C4, the software uses those values. The environmental impact from C1-C4 
are otherwise based on generic data from DGNB international (German Sustainable 
Building Council). 
 

3.6.2 e-tool 
e-tool is a free web based software from Australia and is customized for 

constructions. Instead of choosing a product as in One Click LCA, the user chooses 
between several material types with standard details on density, lifetime etc. If exact 
values wants to be used, there is a possibility to change density, lifetime and transport 
distance for the materials. Generic data is used for all materials and no EPDs exists in e-
tool, but there is a possibility for the user to import EPDs into the software. The 
environmental effect from the construction site (A5) are based on e-tools default values 
and cannot manually be changed, except for the construction waste factor. The energy 
use (B6) and the water use (B7) are manually inserted, where different energy sources 
and water suppliers can be chosen, were the data are based on Ecoinvent.  

The output data for phase A1-A5, B1-B5 and C2, C4 are provided by the 
sources that e-tool use, AusLCI, Australasian database and EcoInvent. e-tool is not 
calculating (B2-B5), waste processing (C3), or deconstruction/demolition (C1) (etool, 
2018). Two screenshots of e-tool can be seen in Figure 6 and Figure 7. Figure 7 shows the 
various modifications possible for each material and Figure 8 shows an overview of all 
the possible input data in e-tool.  
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Figure 7 A screenshot on the summary of all the possible  
insertion of materials, operational energy and water use. 

 

3.6.3 BM – The building sectors environment calculator  
The building sectors environment calculator (BM) is a free LCA software 

from Sweden. The software is developed for LCAs on construction products used on the 
Swedish market. Only a few types of construction products is available in the software 
and those are selected to comply with the Swedish certification “Miljöbyggnad” 
(environmental building). Most of the existing products in the software are for the 
foundation, since those are evaluated in Miljöbyggnad. BM can only calculate the 
production phase and construction phase A1-A5 where the user manually insert the 
amount of each analyzed construction product and the resources used at the 
construction site.  There are no EPDs available in BM. However, it is possible for the user 
to import EPDs into the software. Figure 8 shows a screenshot on the software, where 
the insulation product EPS was inserted.   
 

 
Figure 8 A screenshot from the Swedish software BM, where an EPS product was inserted. 

Figure 6 A screenshot on the tab where the material 
type are inserted.  
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3.6.4 Data quality in softwares 
The quality of the LCA result depends on the data used. It is often difficult 

to find all the data for products when performing a comprehensive LCA. Several LCA 
databases have been developed for products, such as raw material extraction (phase A1), 
transport (phase A2) and manufacturing (phase A3). There exist several types of datasets 
in these databases, see Table 6. Generic data will probably be used in the eventual future 
climate declaration, since the specific manufacturer for each construction product are 
not known in an early stage. An LCA performed after the building is constructed (follow-
up LCA) is easier to perform with more exact data. Focus in this report therefore has 
been on both generic data (row 4) and most exact data (row 1). 

 
Table 6 Different types of data for products, which could be used when performing an LCA. 

Different types of data 

1. Product specific data from the manufacturer (EPD – environmental product declaration) 

2. Product collective data for one type of category with similar products  
(EPD – environmental product declaration) 

3. Mean value of data for a specific product produced in several manufacturers  

4. Generic data – typical data for the materials included in the product.  

 
 

3.7 Case study building: Apartment building Mården  
The basis for the analysis is a residential building project called Mården. 

Mården is a new housing estate and is located in the east center of Umeå, see Figure 9.  
 

 
Figure 9 Planned view of the new housing estate Mården (Umeå kommun, 2014). 

The apartment building is owned by Bostaden, and the construction started in February 
2017 and is expected to be completed in August 2019. Bostaden is a housing estate 
company in Umeå and is the largest actor on the housing market (Bostaden, 2018). 
Mården will contain 159 apartments and 10 service residences, with a total area of 
13 000 𝑚2. It is a concrete building with a material mix on the facade, such as bricks, 
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fiber cement boards and ceramic tiles. Mården consist of 7 connected parts, where 6 of 
them will contain apartments and 1 of them a garage. The energy use in the drift phase 
are estimated to 1 046 361 kWh (electricity + district heating), where Bostadens goal 
were to build a standard low energy building.  
 

3.7.1 Data for Mården 
Around 200 construction products were included in the LCA on Mården. 

The products were provided by Selberg (the main contractor) and they had ordered all 
their construction products from Beijers Bygg. The details on each product could be 
found on Beijers website, such as the manufacturing company and country. Since 
Mården is currently under construction, information on some building components is not 
available. Approximations/assumptions were made for those components. For example 
assumptions was made on the quantity and specific manufacturer for some products. 
Similarly, the amount of steel for the staircase was approximated with a CAD-drawing 
provided by Bostaden.  

To simplify the inventory several products ordered from the same 
manufacturer and contained similar materials were approximated to one type of 
product. For example ten similar wood panels were approximated to one type of wood 
panel. The list of around 200 construction products could therefore be reduced to 65 
products.  Materials used in technical, energy and water systems were excluded. 
Constructions outside the buildings climate shell have also been excluded, for example 
lightning, external parking and drainage system. Building components included in this 
LCA and those recommended to be included according to the standard EN 15978 is 
provided in Table 7.  

 
Table 7 The building components included in a building’s life cycle according to EN 15978 and those included in the 
LCA on Mården (Bionova, 2018). 

Components included in EN 15978 Included in the LCA on Mården 

Foundations, sub-surface, basement and retaining wall YES 

External walls and facade YES 

Columns and load-bearing vertical structures YES 

Internal walls and non-bearing structures YES 

Floor slabs, ceilings, roofing decks, beams and roof  YES 

Stairs, ramps, balconies and elevator shafts  YES (not elevators) 

Windows and doors YES 

Finishing and coverings (wallpaper, paint) NO 

External areas and site elements NO 

Building systems and installations NO 

Interior design NO 

Ground work NO 

 
Essential data for estimating electricity, water and fuel use for the construction and 
installation phase (A5), were also provided by Selbergs. Service life time and construction 
waste for the construction materials were assumed to be the same as the default values 
in the softwares. Expected energy use (electricity + district heating) in the operation 
phase (B6) have been calculated by Sweco with the program VIP Energy 3.1.1. The energy 
calculation was based on Boverket’s recommended input data for user energy, BEN2, 
combined with the energy demand due to the specific house envelope (Boverket, 2017). 
The expected water use (B7) was approximated with an average value of water usage per 
person, combined with an assumption on how many people that expects to live in 
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Mården. The phases in the buildings life cycle where an inventory was made are shown 
with arrows in Figure 10.  Default data in the softwares where used for the phases were 
no inventory was made.   

 
Figure 10 The arrows points to the phases where a detailed inventory was made. In the other phases no inventory was 
made.  
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4. ANALYSIS 
 The analysis in this master thesis were divided into two parts (i) analyzing 
improvements to reduce CO2 emissions and primary energy use in the buildings life cycle 
and (ii) Comparing LCA softwares. A summary of the data used in these LCAs on Mården 
can be seen in Table 8.  
 
Table 8 A summary on the relevant data used in these performed LCAs.   

PARAMETERS VALUES COMMENTS 

Calculation period   
 

Lifetime building 100 years   

Construction site      

Climate zone Sweden   

Area construction site 13 000 m2 
 

Electricity consumption  600 000 kWh 1 000 000 kWh (expected use of energy provided by 
Selbergs) 
Assumed 60 % is used for electricity and 40 % for 
district heating 

District heat 400 000 kWh  1 000 000 kWh (expected use of energy provided by 
Selbergs) 
Assumed 60 % is used for electricity and 40 % for 
district heating 

Diesel machines (diggers) 184 000 liters The diesel machines where expected to be active for 
8000 hours. Assumed an extreme scenario with a 
petrol use of 23 [l/h], assuming the machines always 
have a heavy load. 

Water consumption 306 m3 Around 70 persons were working at the construction 
site. An assumption was made 70 persons were 
flushing on the toilet 3 times per day and 4 liters of 
water is used/flush. All persons were assumed to 
work each day (extreme scenario). Hence, the total 
water use would be 70 * 3 * 4l/flush * 365 days per 
year = 306 m3 water per year (Soutwater, 2018) 
 
Since an extreme scenario was applied on the toilet 
flush (70 persons working 365 days per year) other 
water usage were excluded (handwash, drinking 
water etc.) 

Construction products     

Included products ~ 200  Around 200 products. 

Energy use, user phase 
 

  

Electricity, property, Sweden  132 265 kWh From an energy flow calculation made by Sweco. 

Electricity, household, Sweden  338 160 kWh From an energy flow calculation made by Sweco. 

District heat, Sweden 579 936 kWh From an energy flow calculation made by Sweco. 

Water consumption, user phase     

Tap water 17 220 m3 Assumed a worst case where 140 liters of water is 
used per person, per day. 140 * 337 persons * 365 = 
17 220 700 l (Soutwater, 2018) 

Wastewater from residence 17 220 m3 
 

      Functional units 
 

 Details 

Gross internal Floor Area 11 272 m2 Heated floor area (more than 10 degrees) 

Number of occupants in building 337  Value provided by Bostaden.  
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4.1 Improvements to reduce CO2 emissions and primary energy use – One Click LCA 
An LCA with product specific data (most exact data) for Mården was 

performed in One Click LCA and was used as a reference LCA. Several improvements 
were then implemented and compared with the reference LCA.  A more detailed analysis 
was made on material choice, choice of facade material and on the effect from 
decreasing the electricity use in the user phase.  

 

4.1.1 Reference LCA: Product specific data  
The first LCA was performed in One Click LCA where the goal was to use 

product specific data (more accurate result) for all the included construction products. 
An analysis was also made to determine the access of product specific data. Accurate 
data for a specific product could easily be gathered when using EPDs performed by the 
specific manufacturer. This analysis therefore was measuring the amount of construction 
products at Mården declared in an EPD. Since the manufacturer and production country 
for each construction product were found on Beijers website, the specific EPD for each 
construction product could easily be found in the database in One Click LCA if it exists. 
When no EPD existed a similar product described in another EPD was chosen, or 
described with generic data, see Table 9. Row 1 gives more accurate data and row 5 the 
least accurate data. The overall approach in One Click LCA for all phases in the buildings 
life cycle can be seen in Table 10.  
 
Table 9 The priority order of data used when the LCA was tried to be performed with more accurate data.  

 
 

Table 10 The inserted data in One Click LCA when the goal was to perform a reference LCA with specific data for 
Mården.  

1. Product specific data from the manufacturer (EPD – environmental declaration) 

2. Product specific data for a similar product from the same manufacturer  
(EPD – environmental declaration) 

3. Product specific data for a similar product produced at another manufacturer but in the same 
country (EPD – environmental declaration) 

4. Product specific data for a similar product produced at another manufacturer and another country 
(EPD – environmental declaration) 

5. Generic data –   A generalization of environmental conventional data for a product. 

Phases in LCA One Click LCA   
Production phase 
(A1 -A3) 
 

Input:  
All the included construction products, see Table 9. 
 

Construction phase (A4) 
-Transport 

No data was manually inserted in the software 
The software primarily bases its calculations on the information in the EPDs, 
and if no information exists One Click LCA use standard transport distance 
for Nordic countries.  
 

Construction phase (A5) 
- Construction site 
 

Input:  
Specific information for the construction site (electricity, fuel, water) were 
inserted. The water and energy source where the same as for B6 and B7 
  
Environmental impacts from Fuel use were based on ->  
LCA inventory for petrol an biofuel manufacturing (Bionova 2016)  
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4.1.2 CO2 emissions from electricity  
 In Sweden 2013 the electricity was generated by hydro power (47 %), 
nuclear power (34 %), wind power (10 %) and other (9 %). Since Sweden’s electricity grid 
is connected with several other countries in EU it is difficult to determine where the 
electricity is produced and to measure how much CO2 emissions is emitted per used 
kWh. Therefore several data on carbon emissions exists such as regional-, Swedish-, 
Nordic- and European electricity mix. In this study Swedish electricity mix was used in the 
reference LCA.  

When studying the consequences of a change in electricity use there exist 
several theories on how to measure the CO2 emissions, depending on the system 
boundaries. One theory widely discussed is the use of marginal electricity (Nordheim.E, 
1999; Lund, Mathiesen, Christensen, & Schmidt, 2010). Marginal electricity is used when 
the demand of electricity is higher than the production. It is also most expensive to 
produce, and in Sweden the marginal electricity historically have mostly been imported 
from coal plants in Germany (Energy and Climate Counseling - Sweden, 2018). It means 
when the electricity use is changed for a specific user, it could lead to an eventual change 
in the production of marginal electricity. If a specific user decreases their electricity 
demand, it can therefore lead to a decrease in imported electricity from coal plants. 
Since coal plants emit large amount of CO2, this specific decrease could therefore lead to 
a large decrease in CO2 emissions. Since the source for marginal electricity can change in 
the future, it is important to note the assumptions made. In this master thesis an 
extreme assumption was made that the Swedish marginal electricity will origin from coal 
plants for the nearest 100 years. Table 11 shows the equation used for calculating the 
CO2 emissions from marginal electricity. This example shows how much CO2 emissions 
could be avoided if the decreased electricity is assumed to origin from either coal plants 
in Germany or from Swedish electricity mix.  
  

User phase 
(B1-B5) 
- Reparation 
- etc 

No data was manually inserted in the software 
The software primarily bases the calculations on the information in the EPDs, 
and if no information exists One Click LCA use a standard life time for the 
products. 
 
 

User phase (B6) 
-Energy use 
 

Input:  
Expected electricity and district heating. 
The source for electricity and district heating were based on a Swedish 
energy mix, to show how the LCA result could look like for the majority of 
Sweden’s buildings.  
 
Data based on: LCA study for specific electricity mixes and district heating in 
Sweden based on IEA (Bionova 2016)   
 

User phase (B7) 
-Water use 

Input:  
Expected water use.  
 
Data based on: LCA inventory for tap water production with conventional 
treatment  and wastewater from residence (world)  
 

End of life phase 
(C1-C4) 

No data was manually inserted in the software 
The software primarily bases its calculations on the information in the EPDs, 
and if no information exists generic data is used for the product. 
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Table 11 The amount of CO2 emissions avoided to be released if the electricity use was decreased by 100 [kWh/year] 
for 100 years (EME Analys AB, Profu Göteborg AB, 2018). 

Example Marginal electricity  Swedish electricity mix 
Decrease by  
100 kWh/year 

 100 [kwh/year] * 0.4-0.75  
 [kg CO2/kWh] * 100 [years] 
= 4000 – 7500 [kg CO2] or 
   400 - 750 [kg CO2/year]  
could be avoided being released 

100 [kWh/year] * 0.04  
[kg CO2/kWh] * 100 [years] 
= 400 [kg CO2] or 
   4 [kg CO2/year] 
could be avoided being released 

  

4.1.3 Material choice 
Several reports have shown that concrete emit large amount of CO2 

emissions and uses large amount of primary energy use in the production phase. 
Therefore the concrete used for Mården was changed to a more environmental friendlier 
concrete. An analysis was also made to determine which other construction products at 
Mården emit large amounts of CO2 emissions and uses large amount of primary energy.  
 

4.1.3.1 Choice of facade materials  

A detailed analysis was made to see if other facade materials for Mården 
could reduce the CO2 emissions and primary energy use. The comparison was made 
between the projected facade in the reference LCA (brick and fiber cement boards) see 
Figure 11 and with a facade only containing brick, plaster or fiber cement boards. 

 

The majority of the projected facade contains a mix of brick and fiber 
cement boards. Therefore the analysis was only made on that specific area. The area of 
the facade was approximated with the amount of bricks and fiber cement boards 
ordered by Selbergs, where 10 % was assumed being waste material. Since brick and 
fiber cement boards were projected for the facade of Mården, their attached material 
could be seen in a drawing from Bostaden (see Figure 12). A typical construction of a 
plaster facade was also provided by Bostaden, see Figure 12. These pictures shows the 
assumed wall structure for the different facades. The inner wall starts on the right hand 
side on each picture and the facade starts on the left side. The picture on the left 

Figure 11 An illustrative picture on the projected facade of Mården where the majority is brick and fiber cement 
boards. 
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describes the strucutre of a fiber cement facade, the middle a brick facade and the one 
on the right a plaster facade. 

 

 

Figure 12 Three different wall structures with different facade materials (fibercement bords, brick and plaster). 

The walls next to the roof and ground in reality have a slightly different structure but 
where assumed being constructed as in the figure above. These facade materials have 
different U-values and could lead to different heat flux trough the walls, which could 
affect the energy use in the user phase (B6). Therefore the U-value for each facade was 
used to approximate an eventual difference in heat flux, see Equation 1 

 
𝑄 = 𝐴 ∙ 𝑈 ∙ (𝑇𝑖 − 𝑇𝑢).                                                                      (1) 

 
𝑄 [𝑊] is the heat flux trough the wall when the temperature difference is 𝑇𝑖 − 𝑇𝑢 [𝐾], 
where 𝑇𝑖 is the temperature inside and 𝑇𝑢 is the temperature outside. 𝐴 [𝑚2] is the area 

of the facade and 𝑈 [
𝑊

𝑚2𝐾
] is the U-value of the facade. A randomly chosen temperature 

difference of 10 degrees Celsius was chosen. The U-value of the facade was calculated 
with the combined U and Y-value method (Sandin.K, 2017).  The heat constant k, for each 
material (each layer) in the walls was found on Beijers website, see appendix (iii) for 
detailed information on the calculations. The eventual difference in heat flux for each 
facade was only used as a “ruler” since the calculation was approximated where factors 
such as cold bridges and windows not were included. Therefore no specific heat flux will 
be declared in the result. 
 

4.1.4 Several improvements in the buildings life cycle 
Several improvements were analyzed in the reference LCA to determine 

which phases have the largest potential for reduction of CO2 emissions and primary 
energy use. All improvements implemented were based on extreme scenarios to give an 
approximated guideline on the effects from each improvement. Extreme scenarios 
means no analysis was made to determine if the improvement where relevant in terms 
of economy or other factors. Therefore no specific motivation was used for the 
improvement. A short description on each analyzed improvement can be seen in Table 
12. Since the eventual future climate declaration will focus on reducing CO2 emissions, 
only a smaller analyze have been made on primary energy use.  
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Table 12 Different improvements implemented in the buildings life cycle.  

Improvement Phase  Details 
1. More 
environmental 
friendlier products 

A1-A3 The existing concrete and steel where changed to similar products 
from other manufacturers emitting less amount of CO2 emissions.  
 

2. Shorter distance 
between 
manufacturer and 
construction site 

A4 In the reference case the standard transport distances used in One 
Click LCA were unreasonable short for Mården. Therefore was an LCA 
performed with longer transport distances which were reasonable for 
Mården. Instead of around 10 km with trailor per product, they were 
changed to 1000 km.  

3.  Decrease the 
energy demand on 
construction site and 
replace diesel for the 
diggers. 

A5 Diesel for diggers on the construction site was changed to bioethanol 
from sugar beets. The electricity use for the sheds and cranes where 
decreased by 10 000 kwh. Water usage for the sheds where not 
decreased.  District heating for the sheds where decreased by 10 000 
kwh 

4. Longer lifetime for 
each construction 
material 

B1-B5 The lifetime of all products were changed to 100 years, where the 
previous lifetime was 10 to 100 years depending on product type.  

5.1 Less electricity 
use (Swedish 
electricity mix) 

B6 The electricity demand was reduced by 50 kWh per person and 
month. Since 337 persons were assumed to live in Mården, an 
approximated decrease would therefore be around 205 903 
kWh/year.  
 

5.2 Less electricity 
use (Marginal 
electricity) 

B6 Same improvement as previous. Marginal electricity from coal plants, 
see section 5.2 

5.3 Other electricity 
source  

B6 The Swedish electricity-mix was replaced with an electricity source 
with 50 % less CO2 emissions.  

5.4 Less energy 
usage (district 
heating) 

B6 The district heat was reduced by 205 903 kwh/year, same amount as 
for the electricity.  

5.5 Other energy 
source (district 
heating) 

B6 The energy source for district heat was changed from a “Swedish 
district heat-mix (63 % bioenergy, 8 % waste heat, 30 % Cole/natural 
gas/heat pump/petroleum/electrical heater” to an energy source 
with 50 % less CO2 emissions (Energimyndigheten, 2017). 
 

6. Less water usage B7 The water usage was reduced from 12000 [m3/year] to  
2200 [m3/year], where the approximated decrease per person were 
29 [m3/year]. 

 

4.2 Comparing LCA softwares 
The second section in this study was to analyze three different LCA softwares and to see 
if there was possible to get the same LCA result for Mården. Also, if it therefore does not 
matter which software is used in an eventual climate declaration, or if a designated 
software needs to be developed in the future in order to make the results comparable. 
The focus was to analyze the production phase A1-A3, since this phase probably will be 
included in the eventual future law. The other phases have also been included in the 
analysis, but only to give an overview on the result for the whole life cycle.   
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4.2.1 Product specific data or generic data - One Click LCA 
 A first analysis was made to determine if there will be any difference in the 
LCA result if either generic or product specific data (most exact) was used. If a limit on 
CO2 emissions will be introduced in the future there could be valuable to measure how 
much an LCA could differ when it is performed with generic data or specific data. The 
plan is to base the building permit on the buildings CO2 emissions, and for that purpose 
an LCA with generic data will be used. Table 10 in the previous chapter shows the 
approach with product specific data and Table 14 with generic data.  
 
Table 13 The inserted data in One Click LCA when generic data was used for Mården. 

Phases in LCA One Click LCA  
Product phase 
(A1-A3) 

Input:  
The LCA performed with accurate data was modified to only generic data. In 
One Click LCA there was several types of generic data to choose between for 
one type of product. The goal was to use generic data for products in 
Sweden, and if that did not existed a randomly chosen generic data was used.  
 

Construction phase (A4) 
 -Transport 
 

No data was manually inserted in the software 
Generic transport distance for the Nordic countries was used. 

Construction phase (A5) 
- Construction site 
 

Input 
Generic data based on construction site area and project region. 
 

User phase (B1-B5) 
-Reparation etc. 

No data was manually inserted in the software 
Generic lifetime for each inserted construction product was used.  
 

User phase (B6) 
-Energy use 
 

Input:  
Same as in Table 12 

User phase (B7) 
-Water use 
 

Input:  
Same as in Table 12 

End of life phase 
(C1-C4) 

No data was manually inserted in the software 
 

 

4.2.2 Generic data - One Click LCA, e-tool and BM 
In the eventual climate declaration, the idea is to perform an LCA before 

the building is constructed, where generic data should be used since the knowledge of 
specific data will be inadequate. Since there exist many softwares today, it is reasonable 
to assume that several of them will be used for this specific purpose. Therefore an LCA of 
Mården was performed in three selected softwares (One Click LCA, BM and e-tool), 
where generic data was used, and to analyze the results. A summary of the input and 
data used in each software are shown in Table 14.  
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Table 14 A summary of the inserted data used in each selected software, where generic data was used. 

Phases in LCA E-tool     BM 
Product phase 
(A1-A3) 

Input:  
No specific products existed in 
e-tool, instead the type of 
material was inserted. Each 
material could be modified to a 
specific density and lifetime. In 
this analyze e-tools default 
details were used for the 
inserted materials.  
 

Input:  
All construction products were inserted. 
Since there only existed around 30 
construction products in BM, several 
construction products at Mården therefore 
were approximated with those in BM. 

Construction phase 
(A4) 
-Transport 
 

No data was manually inserted 
in the software 
Transport distance and vehicle 
were based on inserted 
material 
 

No data was manually inserted in the 
software 
Transport distance and vehicle were based 
on inserted material 
 

Construction phase 
(A5) 
- Construction site 
 

No data was manually inserted 
in the software 
Generic data based on inserted 
material types  
 

No data was manually inserted in the 
software 
Generic data based on inserted material 
types  
 

User phase 
(B1-B5) 
-Reparation etc. 
 

No data was manually inserted 
in the software 
Only B5 was measured and the 
calculation was based on the 
generic lifetime on each 
inserted material. 
 

NOT AVAILABLE IN BM 

User phase 
(B6) 
-Energy use 
 

Input:  
Expected electricity and district 
heating. 
 
- Electricity from EU Sweden 
2013 
 
- District heat from biomass 
(worldwide) (did not existed 
data for Sweden) 
 

NOT AVAILALE IN BM 

User phase 
(B7) 
-Water use 
 

Input:  
Expected water usage.  
 
Default water supply grid for 
wastewater and water use 
(Sweden) 
 

NOT AVAILABLE IN BM 

End of life phase 
(C1-C4) 

No data was manually inserted 
in the software 
Only C2 and C4 were measured  
 

NOT AVAILABLE IN BM 
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4.2.3 Product specific data - One Click LCA and e-tool 
An analysis was made to see how equal the LCA results could be obtained if accurate 
data was tried to be used in the software’s e-tool and One Click LCA. BM only has a few 
materials included in the software, which makes it difficult to perform an LCA with 
accurate data and was therefore excluded in this analysis. Since an LCA with accurate 
data for Mården already had been performed in One Click LCA, the input data for e-tool 
were modified to match those used in One Click LCA.  A summary of the approach in e-
tool when accurate data was tried to be used can be seen in 
Table 15. 
 

Table 15 A summary of the inserted data in e-tool when product specific data was used. 

Phases in LCA E-tool     
Product phase 
(A1-A3) 

Input:  
The products density and lifetime were changed to the same used in One Click 
LCA. E-tool only uses generic data, but since it was possible to modify the 
details for each product, the generic data could be similar to product specific 
data. 
 

Construction phase 
(A4) 
-Transport 
 

Input:  
Transport distance were changed to exact distance used in One Click LCA 
 

Construction phase 
(A5) 
- Construction site 
 

Same as in Table 14 
 

User phase 
(B1-B5) 
-Reparation etc. 
 

Input:  
Product service lifetime were changed to the same used in One Click LCA 

User phase 
(B6) 
-Energy use 
 

Same as in Table 14 

User phase 
(B7) 
-Water use 
 

Same as in Table 14 
 

End of life phase 
(C1-C4) 
 

Same as in Table 14 
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5. RESULTS 
5.1 Improvements to reduce CO2 emissions and primary energy use - One Click LCA 

5.1.1 Reference LCA: CO2 emissions for each phase 
 The LCA performed in One Click LCA with more accurate data showed that 
around 1300 kg CO2/m2 was released from Mården during a 100 years period. The 
calculated CO2 emissions released by each phase in the buildings life cycle can be seen in        
Figure 13. The same result but in percentage contribution can be seen in         Figure 14. 
In the figures it can be seen that the user phase (B1-B7) contributes with the largest 
amount of CO2 emissions. Almost 76 % of the CO2 emissions comes from the user phase 
where the energy use (B6) contributes by 60 %. This result was not surprising since this 
analyze was based on a 100 years period and the user phase will therefore use resources 
emitting CO2 emissions each year. The construction stage (A4-A5) for example only emits 
CO2 emissions during the year of construction. The phases contributing with less CO2 
emissions was the end of life phase (C1-C4) and the transport between manufacturer and 
construction site (A4).  
 

 
       Figure 13 The CO2 emissions for the building when product specific data was used in One Click LCA. 

 

 
        Figure 14 The contribution of CO2 emissions from each phase in the life cycle. 

One Click LCA (Specific data) One Click LCA (Generic data)

C1-C4 10 8

B7 106 106

B6 834 834

B1-B5 83 110

A5 54 35

A4 12 18

A1-A3 251 397

0

200

400

600

800

1000

1200

1400

1600

G
W

P
K

g 
C

O
2
e/

m
2

18%

1%

4%

6%

62%

8%
1%

A1-A3

A4

A5

B1-B5

B6

B7

C1-C4



  

 36    
  

5.1.1.1 Access of accurate data for construction products: Existence of EPDs 

The access of product specific data for the construction products was 
limited and only 5 % of the buildings weight (of analyzed construction products) could be 
described with an accurate EPD. In other word approximately 25 % of the construction 
products (200 analyzed products) were declared in an EPD. 95 % of the buildings weight 
and 75 % of the construction products were approximated with similar products declared 
in EPDs or with generic data. More detailed information on the data used for the 
construction products can be seen in Figure 28 and Figure 29 in Appendix (iiii).  

 

5.1.2 Material choice - Production phase A1-A3  
In the production phase A1-A3 it was shown concrete contribute to the 

largest amount of CO2 emissions. Concrete contributes by around 53 % of all CO2 
emissions in the production phase. The second largest CO2 emitter was steel and other 
metals. The contribution to the CO2 emissions in the production phase A1-A3 from each 
construction material can be seen In Figure 15.  
 

 
Figure 15 The construction products with the largest amount of CO2 emissions in the production phase A1-A3, where       
the values and categories were based on the results in One Click LCA. 

The materials with the largest amount of primary energy use in the production phase A1-
A3 can be seen in Figure 16. Concrete used around 27 % of the buildings total primary 
energy use and therefore was the product with the largest amount of primary energy 
use. VVS, VVC and other electronic devices were not included in this study, and from 
other LCA studies it have been shown those products could contribute by 8 % of the 
construction products total environmental effect. It has also been shown those 
components could contribute by 4 % of the CO2 emissions in the production phase A1-A5 
(Nygaard.Rasmussen.F & Birgisdottir.H, 2015) (Svenska miljöinstitutet, 2015) 
 

 
Figure 16 The construction products with the largest amount of primary energy use in the production phase A1-A3, 
where the values were based from the results in One Click LCA. 
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5.1.2.1 Choice of facade materials  

The CO2 emissions from the brick, fiber cement or plaster facade did not 
differ much from the reference facade. The emissions for the whole life cycle differed 
with respectively +0.7 %, -1.2 % and -1.2 %, see Figure 17. Brick though emitted the 
largest amount of CO2 emissions in the production phase A1-A3 and resulted in 10 % 
more CO2 emissions than the reference facade. Fiber cement and plaster resulted in 
lower CO2 emissions in the production phase A1-A3.  
 The calculated U-value for these facades (see appendix iii) resulted in 
similar values, and since no exact calculation was made on the heat flux it was not 
included in the figure. However, from the measured heat flux based on these U-values 
and from a research on the insulation capacity on these facades, it was shown a brick 
facade had the highest insulation capacity.  It was also shown a fiber cement board had 
the lowest insulation capacity (Dang.K, 2008). This probably would lead to a higher 
energy demand for a facade made of plaster or fiber cement board, whereas a facade 
made of brick could lower the energy demand compared with the reference facade. If 
the change in energy demand would be included in the figure the difference in CO2 
emissions probably could be less than now. 
 

 
Figure 17 The CO2 emissions from three types of facade materials.  

The percental difference between the facades where almost identical for both primary 
energy use and CO2 emissions. The primary energy use for brick, fiber reinforced board 
and plaster differed with +0.2 %, -0.5 % and -0.5 % compared with the reference case. 
The largest difference was for the production phase A1-A3 and user phase B1-B5. 
Mårdens projected facade (mix of brick and fiber cement) was using the largest amount 
of primary energy in the production phase but required the least primary energy in the 
user phase B1-B5.  
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Figure 18 The primary energy use for three types of facade materials. 

 

5.1.3 The effect from several improvements in the life cycle  
 The decrease of CO2 emissions from each improvement can be seen in 
Figure 19, where the reference case of Mården can be seen on the left hand side. The 
figure can be illustrated as a scale on the potential for reduction of CO2 emissions for 
each phase in the buildings life cycle. The largest potential and largest decrease of CO2 
emissions could be achieved when replacing the Swedish-district heating mix to an 
energy source with 50% less CO2 emissions. Decreasing the energy use (district heating) 
gave the second largest decrease in CO2 emissions. In the reference case the transport 
distance for construction materials were preselected by One Click LCA but the distance 
were too short to be relevant for Mården. Therefore an analyze were made with longer 
transport distance, more relevant for Mården, which is the reason why 2.Shorter 
transport resulted in 12 % more CO2 emissions. This could be confusing, but in other 
means could Mården reduce their CO2 emissions with 12 % if they shorten their 
transport distance.  
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Figure 19 The reduction of CO2 emissions when different improvements had been implemented in the buildings life 
cycle phases.  

The buildings total primary energy use can be seen in Figure 20, where the decrease in 
primary energy use can be seen for each improvement. The improvement which lead to 
the largest decrease in primary energy use was when less district heating was used, see 
Figure 21. The primary energy use was decreasing for all improvements except for 5.3 
Other electricity source and 5.5 Other energy source. They were replaced with 
energy/electricity sources with less CO2 emissions where the “eventual” change in 
primary energy use where neglected.  

 

 
Figure 20. The reduction of primary energy use when different improvements had been implemented in the buildings 
life cycle phases. 
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5.2 Comparing LCA softwares - CO2 emissions 

5.2.1 Product specific data or generic data – One Click LCA  
The LCA performed in One Click LCA with generic data resulted in 12 % 

more CO2 emissions than the LCA performed with more accurate data, see Figure 21. The 
water usage (B7) and energy use (B6) was the same in both cases, since the same data 
was used for these phases. The phase with the largest difference where the production 
phase (A1-A3), where the LCA with generic data resulted in 60 % more CO2 emissions 
than the LCA with more accurate data. The other phases differed with 1 - 30 %. The 
construction stage (A5) in the LCA with generic data was the only stage with lower CO2 
emissions than the LCA with specific data. The construction site are therefore emitting 
large amounts of CO2 emissions compared with a standard construction site (generic 
data from One Click LCA). However, it could also mean the CO2 emissions from the 
generic data for a construction site in One Click LCA are to low compared with reality. 
 

 
Figure 21 Comparison between an LCA performed with most specific data and one with generic data. The LCAs are      
performed in One Click LCA and the y-axis shows the CO2 emissions over the buildings life cycle. 

5.2.2 Generic data – One Click LCA, e-tool and BM  
When generic data was used in each software, see Figure 22, e-tool 

resulted in 15 % less CO2 emissions than One Click LCA for the entire life cycle. In the 
production phase (A1-A3), BM and e-tool gave 36 % respectively 23 % less CO2 emissions 
than One Click LCA. The phase with largest contribution of CO2 emissions in both One 
Click LCA and e-tool were the energy use. The phase with lowest contribution of CO2 
emissions in One Click LCA was the end of life stage (C1-C4) and in e-tool the 
construction site (A5). The end of life stage in e-tool gave 9 times higher CO2 emissions 
than in One Click LCA, even though e-tool only calculates C1 and C3 and One Click LCA 
calculate all C1-C4. However, it was noted the calculated CO2 emissions for the phases 
were different between all the softwares.  
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Figure 22 LCA results calculated for Mården in three different LCA softwares.  Generic data was used in each software 
and the parameter analyzed was CO2 emissions. 

5.2.2.1 Choice of generic data – One Click LCA  

In One Click LCA there existed several types of generic data for the 
construction products, which makes it difficult to choose data in an early stage. Concrete 
stands for around 80 % of Mården’s weight, and therefore it is important to use the 
correct data for concrete when performing the LCA. Figure 23 shows an example on how 
many different types of generic data is available for one type of concrete. It shows a 
selection of different generic data for concrete with the quality around C28/35-C35/45. 
The CO2 emissions are from the production phase A1-A3. The amount of concrete, 2605 
m3, was the same amount of concrete with the quality C28/35-C35/45 used in the LCA on 
Mården. The largest difference in CO2 emissions between two types of generic data 
(different manufacturers) was 50 %. The arrow points on the generic data used in the 
performed LCA in One Click LCA.  
 

 
Figure 23 Different generic data in One Click LCA for concrete with the quality c28/35-c35/40. The graph shows the CO2 
emissions from the production phase (A1-A3). 

5.2.3 Product specific data – One Click LCA and e-tool 
When product specific data were used in e-tool and One Click LCA the 
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production phase (A1-A3) and the user phase (B1-B5) were almost the same in both 
softwares, see Figure 24. In e-tool the calculated CO2 emissions was 6 % higher for the 
production phase (A1-A3) and 13 % higher for the user phase (B1-B5) than in One Click 
LCA. 13 % can seems like a large difference, but since B1-B5 have a rather small impact 
on the life cycle, a small change gives a large percentage difference. The phases with the 
largest difference in CO2 emissions between the softwares where B6, B7, A5 and A4.  If 
seen over the whole life cycle, it can be seen the CO2 emissions calculated by One Click 
LCA resulted in 8 % higher than e-tool.  

 

 
Figure 24 The LCA results from e-tool and One Click LCA when more exact data for Mården were tried to be used. 

6. DISCUSSION  
6.1 Improvements to reduce CO2 emissions and primary energy use – One Click LCA 

6.1.1 Reference case: Product specific data   
The LCA results for Mården were reasonable if compared with other 

performed LCAs in Sweden. For example, in the reference case phase A1-A3 resulted in 
251 kg CO2/m2 and in three other studies it resulted in 296, 200-280 and 250 kg CO2/m2, 
see Table 1. All these LCAs in Table 1 have slightly different boundaries, but overall they 
use the same method. For the LCA on Mården it was shown only 20 % of Mårdens 
construction products were declared in an EPD. This shows the difficulty to perform an 
LCA with exact data, since 80 % of the construction products were approximated with 
similar products declared in other EPDs, or declared with generic data. Another 
interesting aspect with EPDs, is that EPDs are not compulsory, and therefore it could be 
realistic that the majority of the EPDs are performed by environmental friendly 
companies. Therefore if an LCA where several products are approximated with EPDs 
describing similar products, it could be misleading since the CO2 emissions for the actual 
products may be higher values taken from the EPDs. The results have shown LCAs with 
specific data gives a lower result in CO2 emissions and primary energy use than an LCA 
performed with generic data, see Figure 21. However, in the reference LCA it could be 
seen the energy use in the user phase contributed with the largest amount of emissions, 
by 62 %. This result was though not relevant for Mården, since Umeå Energy (the energy 
distributor in Umeå), in reality emits less amount of CO2 emissions than the Swedish 
electricity-mix and district heating-mix. These Swedish energy-mixes has though been 
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used since the focus in this report was how SWEDEN could reduce the CO2 emissions 
from buildings. The energy use in the user phase therefore has a large potential for 
reducing CO2 emissions, at least for the majority of Swedish buildings. The production 
phase contributes by 18 % and was the second largest contributor of CO2 emissions, and 
therefore also has large potential for reducing the emissions.  
 

6.1.2 Change facade material on Mården 
Changing the facade to either brick, plaster or fiber cement boards did not 

give any large effect on reducing the CO2 emissions or primary energy use for Mården. 
The brick facade did though emit more CO2 emissions/primary energy use in the 
production phase (A1-A3), than a facade with fiber cement boards or plaster. Thus since 
the approximated energy demand in the user phase would decrease for a brick facade 
and increase for facade with fiber cement or plaster, the overall difference between the 
reference case probably would be smaller than shown in Figure 17 and Figure 18.   
 

6.1.3 Improvements to reduce CO2 emissions and primary energy use 
 Figure 19 and Figure 20 shows the potential of reducing CO2 emissions and 
primary energy use for each phase in the buildings life cycle. Since all these 
improvements were based on extreme scenarios, no conclusions was be made on the 
relevancy of each improvement. Since the focus in this report has been on reducing CO2 

emissions, the analysis of primary energy will be rather short. It could be seen that both 
CO2 emissions and primary energy use were decreasing. Therefore, if building companies 
wants to reduce their CO2 emissions, one path could be to reduce their primary energy. 
However, the improvement with the largest effect on reduction of CO2 emissions was the 
replacement of the Swedish district heating mix to an energy source with 50 % less CO2 

emissions. This improvement lead to a 25 % decrease of the CO2 emissions from the 
whole life cycle. The decrease of district heating in the user phase gave the second 
largest effect on reducing CO2 emissions. This result was not overwhelming since the 
energy use was emitting the largest amount of CO2 emissions. However, in this analysis 
those improvements resulted in the largest potential for decreasing the CO2 emissions, 
but it does not mean the other analyzed improvements were ineffective. Since the 
results from the LCAs were divided into the heated surface of the building, the decrease 
of CO2 emissions or primary energy use from the other improvements could be misled. 
When the concrete and steel for example were replaced with more environmental 
friendlier products, the result in Figure 19 looks like a small decrease, 7.09 kg CO2/m2. 
However, if the decrease was measured for the whole building the total decrease in CO2 
emissions was around 80 tons which gives a better perspective on the effect. If half of 
the buildings in 2017, see Figure 2, were assumed to be similar to Mården and they also 
improved their material choice, Sweden could reduce the CO2 emissions with 2.400 000 
kg CO2/m2. This shows the magnitude on small improvements, and the importance not to 
neglect smaller improvements. 
 

6.2 Comparing LCA softwares – CO2 emissions 

6.2.1 Product specific data or Generic data – One Click LCA 
 In One Click LCA the LCA performed with only generic data resulted in 60 % 
more CO2 emissions in the production phase, than the LCA performed with more exact 
data. Boverket have mentioned that an eventual limit on CO2 emissions could be 
introduced for buildings. Since this CO2 limit probably will be judged on an LCA with 
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generic data and the LCA with more exact data differ that much, it could be difficult for 
the policymakers to decide the exact limit.  
 

6.2.2 Generic data – One Click LCA, e-tool and BM 
When performing the LCA with generic data in BM, e-tool and One Click LCA 

the CO2 emissions were significantly different, see Figure 22. A reason could be the 
softwares were developed in different countries and therefore used different databases, 
adjusted mostly for their specific country. For example, in e-tool the specific CO2 
emissions from Swedish energy use was not available.  

The differences in the production phase could be due to the softwares 
different standard values for density and lifetime for each product/material, which leads 
to different generic data on CO2 emissions. However, these results show how difficult it 
will be to make a judgment on this eventual climate declaration on buildings, if softwares 
with different databases will be approved for this specific purpose.  
 If only a single software will be approved, there could though still be a 
difficulty since there exist several measured generic data for one type of product in the 
same software/database. Thus there will be difficult to choose generic data since the 
information on the exact construction products will be vague in an early stage. Figure 23 
shows an example on the variety of generic data for one type of concrete in One Click 
LCA, where the data could differ with as much as 50 %. If a building company must 
perform an LCA to get a building permit, most of the companies would probably chose 
generic data with the lowest CO2 emissions. To avoid this subjective choice of data, it 
could be useful if different units reviews the used data, to avoid “CO2-cheating”. It could 
also be useful with a follow-up LCA performed when the building is constructed, to make 
sure the eventual CO2-limit will not be passed.   
 

6.2.3 Product specific data – One Click LCA and e-tool 
The LCA performed in e-tool resulted only in 6 % higher CO2 emissions in 

the production phase than in One Click LCA. e-tool only uses generic data, but since the 
products in e-tool could be modified with specific density, lifetime etc, the product could 
be similar to a specific product with exact data. This analysis shows a free software could 
achieve similar results in the production phase as a licensed software. Since e-tool uses 
an Australian database and One Click LCA a European database, one could have imagined 
the result would differ more. Another conclusion therefore is the CO2 emissions from 
manufacturing in EU and other continents is similar. Large differences can though be 
seen between the other phases.  For example the energy use in the user phase, B7, 
where one reason is the softwares different datasets for CO2 emissions for “Swedish 
energy mix”. E-tool does not have Swedish data for district heating and water use, 
whereas One Click LCA has several different datasets for Sweden. In e-tool the 
construction phase (A5) was measured with e-tools standard values for construction 
sites, whereas in One Click LCA the used resources for the construction site were 
manually inserted. In e-tool not all phases were included in the end of life stage, but still 
resulted in larger CO2 emissions from the end of life phase. However, comparing LCAs 
performed in different softwares are difficult, since these softwares calculates differently 
in the majority of the phases.  
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7. FUTURE ASPECTS 
7.1 General thoughts on the eventual climate declaration  

One general complexity with performing a large scale LCA in an early stage 
is that the analysis of many phases will be based on assumptions. Since the technology 
develops fast today, it will for example be difficult to evaluate the climate impact from 
the end of life phase C, for example recycling, 100 years from now. The estimated 
lifetime of construction materials, energy use in the user phase, water usage in the user 
phase will also be difficult to accurately estimate. Depending on who will perform the 
LCA, it could result in different results, since different assumptions and calculation 
method could be used. When performing an LCA in this eventual climate declaration it 
could therefore be useful to follow some form of LCA standard, where clear and detailed 
rules shows the approved approximations/assumption. 

Netherlands is the only country with a legal requirement on LCAs for 
buildings, where the calculation method includes several different parameters such as 
CO2 emissions and NOx. This method could be suitable if parameters other than just CO2 
emissions needs to be included in an LCA. To avoid similar failures as the NOx emissions 
from diesel cars, it could be relevant to consider other environmental parameters than 
just CO2 emissions. The failure with diesel cars was that everybody saw the 
environmental achievement with reduction of CO2 emissions, but nobody noted the 
environmental impacts from NOx. But since the main purpose with this eventual future 
law is to reduce CO2 emissions, the main focus should be on CO2 emissions.  

The main focus on the future development should be on establishing a 
standard database which can be used worldwide or in EU. Boverket have also mentioned 
this idea, and the results in this report strengthen these statements (Boverket, 2018). 
Maybe the best option would be if everybody used only one database with construction 
products used within EU. If various databases are used the LCA results could differ and 
then the judgment will be difficult.  

One interesting issue is on how many products should be included if a full 
scale LCA study on buildings has to be performed. Boverket has mentioned that only a 
few parts of the building should be mandatory and then on a longer term include more 
parts. Approximately 200 products were included in this study, however only 65 EPDs 
have been used in One Click LCA. In this study several approximations were made to 
merge the 200 products into 65 products. In the eventual future law there should be 
regulations on the approximations approved and those not.    
  

7.1.1 Development of softwares 
 All the analyzed softwares were easy to learn and not complicated as 
advanced LCA softwares such as Simpro. A small trial was made in Simapro in the 
beginning of this thesis, but since it was more complicated to understand than One Click 
LCA, e-tool and BM it was not included in this thesis. The most difficult part when 
performing an LCA is to find the exact data for each construction product. Since an LCA 
includes several data, it would be useful if someone else reviewed the used data in the 
LCA, to avoid errors in the result. A helpful function in these softwares to avoid these 
errors could also be if the softwares have preselected the amount of materials included 
in a specific building construction. For example if the outer wall should be constructed 
with concrete, this could help the user to control if the right amount of concrete 
reinforcement. Other constructions could be a brick facade or wooden floor. Since 
buildings can be constructed in several ways, these specific amount of materials could of 
course be wrong, and therefore should there also be a function where these materials 
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can be changed. One Click LCA already have this specific function for some materials, 
however it could be developed for more components. For example, screws could be 
included for all the materials that are mounted with a screw. This function could also 
speed up the time to perform an LCA.  

8. CONCLUSIONS 
8.1 Reduce CO2 emissions in the building sector 

It has been shown the energy use in the user phase has the largest 
potential for reduction of CO2 emissions and primary energy use. This conclusion was not 
surprising though, since the energy use was emitting the largest amount of CO2 
emissions and used the largest amount of primary energy. Thus, while many buildings in 
Sweden convert to renewable energy sources the CO2 emissions from the user phase 
may decrease. Therefore the material choice will be more important moreover, since the 
production phase A1-A3 was the second largest emitter. When improving the material 
choice it is important to focus on the large components such as the foundation. If using 
concrete in the foundation, a large improvement would be to use the most 
environmental friendly concrete, since concrete emit large amount of CO2 emissions. The 
choice of facade material for example had a lower effect on decreasing the CO2 
emissions, than the improved concrete in the foundation.  
 To make sure buildings can achieve a low carbon footprint it is also 
important an LCA are performed before the building is constructed. Since if an LCA are 
performed after the building is constructed, it is only possible to improve a few phases in 
the buildings life cycle. For example the production phase and construction stage have 
already passed in the life cycle. It is also difficult to improve some phases in the user 
phase such as renovation and refurbishment, since the CO2 emissions for these phases 
mostly depends on the materials.  
 

8.2 LCA methodology 
A conclusion is that the free software e-tool could achieve similar results in 

the production phase as the licensed software One Click LCA, if most exact data are used. 
An LCA could thus be performed in e-tool without any complicated and expensive 
licenses. Since there was lack of exact data the accuracy of these results is though 
difficult to confirm since these LCAs mostly were based on estimations.  A comparison 
has though been made with earlier performed LCAs, and the results were similar. In this 
study it has also been noted there is difficult to perform an LCA with exact data for 
construction products, since exact data is not always available due to lack of EPDs. It 
could be valuable to include some form of management control measure for EPDs to 
increase the interest. One of the biggest challenges with LCAs, which also has been 
confirmed in this study is performing an LCA with generic data. The challenge will be how 
to make fair judgments on these results, since several results could occur due to the 
different generic data. An important approach when performing LCAs in general, is to 
notice the diffuse results, since the majority of the data mostly are based on 
assumptions.  
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9. FUTURE WORK  
It would be interesting if others would redo the same analysis performed in 

this master thesis, to analyze the reliability and validity of the results. Different 
approximations would probably be made, for example when the EPD for a product do 
not exist in the software’s. This would strengthen my opinion on the importance of 
guidelines when performing an LCA, since different results could occur in the same 
software, even if the same LCA was performed.  

Several researches have shown the replacement of concrete with wood 
could significantly reduce the CO2 emissions from buildings from a life cycle perspective. 
Therefore it would be interesting to include wood in the analyze and compare it with the 
other improvements considered in this thesis.  

It would also be interesting to perform an LCA by including more included 
products such as poles (ground fundaments), VVS, VVC and electronics, to see how large 
effect these materials have on the CO2 emissions. Interior products such as oven, freezer 
or washing machines are usually not included in LCAs on buildings, but could also be 
interesting to give a wider perspective.     
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APPENDIX 
(i) Example of EPD 
 

epd betong.pdf
 

(ii) Approximations for some materials  
 

 
Figure 25 An example of how many wood panels that where approximated to one type of wood panel.  

 
Figure 26 An example on how many types of armory that where approximated to one type of armory from Celsa in 
Norway. 
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(iii) Calculation U-values 
 

 
Figure 27 The calculation of the U-value for the different facade materials. 

(iiii) Access of accurate data – existence of EPDs 
 

 
Figure 28 The proportion of Mårdens construction products total weight that are described in different ways in One 
Click LCA. 
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Figure 29 The proportion of Mårdens construction products that are described in different ways in One Click LCA.   
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