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Abstract

Life Cycle Analysis 

Malin Fröberg, Johanna Holmqvist Larsson & Ewa Töyrä Mendez 

Historically, most of the climate impact of a building has derived 
from the buildings operational phase. However, recent studies show 
that the climate impact of the construction phase of a building is 
of the same dimension as the operational phase.  Current building 
regulations regard the energy performance of buildings, excluding 
any obligations of reporting the environmental impact of the 
building during its life cycle. In 2017, Boverket was commissioned 
by the Swedish government to develop a proposal for a new climate 
declaration of buildings based on a life cycle perspective. The 
application of life cycle analysis in the Swedish building and 
construction sector is limited, and in particular when considering 
single-family buildings. Thus, the aim of the thesis is to 
investigate the applicability of the life cycle analysis 
methodology to single-family buildings and compare with former 
studies on multi-family buildings. This is done by studying the 
climate impact of a single-family building through a life cycle 
perspective. Simulations are done in the simulation tools VIP 
Energy and Byggsektorns miljöberäkningsverktyg BM. The result of 
the study show that the climate impact of the building is equally 
distributed during the building’s constructional and operational 
phase, accounting for 50.1 % and 49.9 % relatively. The total 
climate impact through the life cycle of the building is 541 kg 
CO2-eq/m2 Atemp, which is somewhat consistent with results of 
previous studies on multi-family buildings. The result also shows 
that the material production and the energy use are the processes 
that contributes the most to the climate impact during the life 
cycle of the building. Furthermore, the result indicates that 
there are no significant differences in the methodology of life 
cycle analysis between single-family and multi-family buildings.  
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Dictionary 

Atemp   the living area heated to more than 10℃. 

 

Carbon dioxide 

equivalents, CO2-eq  

 

 comprises the climate impact of the greenhouse gas 

emissions carbon dioxide, methane, nitrous oxide and 

fluorinated gases expressed in measures of carbon 

dioxide emissions. 

 

Climate declaration  a declaration of the environmental impact of a building 

throughout its life cycle.  

 

Emission factor   measure of the average amount of pollution or material 

emitted to the atmosphere by a specific source.  

 

Energy performance  

 

the energy consumed by heating, ventilation, hot tap 

water and the buildings property electricity. 

 

Environmental product 

declaration, EPD  

 a certificate that declares a product’s climate impact, 

based on the product’s energy and resource use, and 

environmental emissions, during its life cycle.  

 

Functional unit   measure used for comparing different products and 

their environmental performance.  

 

Generic data   generalizations of conventional data, accessible 

through databases.  

 

Low-energy building   building with lower energy consumption than the 

Swedish regulations (BBR-krav), but not as energy 

efficient as a passive building.  

 



   
 

 
 

Marginal electricity mix   refers to the mix of electricity produced due to an 

increase in demand.  

 

Multi-family building  

 

 

Nordic electricity mix  

 

 

refers to a building where multiple separate apartments 

are contained within one building 

 

an average mix based on the shares of fossil fuels, 

nuclear plants and renewable energy found on the 

power grid market.  

 

Passive house  

  

a construction concept of a building that is energy 

efficient.  

 

Single family-building  refers to a free-standing residential building  

 

Technical life span 

  

the limited period of time that will be analyzed during 

the operational phase. 
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1. Introduction 

One third of the world's total energy use is represented by the construction and building 

sector, making it a major contributor of carbon dioxide emissions (Boverket, 2009). By 

2015, the domestic greenhouse gas emissions from building and construction processes 

in Sweden were estimated to approximately 11,1 million ton of carbon dioxide 

equivalents. Accounting for almost one-fifth,18 %, of Sweden’s total greenhouse gas 

emissions in 2015. (Boverket, 2018a)  

Over the last decade, the required levels of energy use for heating and electricity has 

decreased significantly in new buildings. In order to reduce the greenhouse gas 

emissions from the building sector, the main focus has been on making the operational 

phase of buildings more energy efficient. A prior assumption has been that 15 % of the 

buildings climate impact and energy demand during a buildings life cycle derives from 

the construction of the building, whereas the operational phase stands for the remaining 

85 % for a period of 50 years. (Adalberth et al., 2001) Nevertheless, a recent study made 

of Kungliga Ingenjörsvetenskapsakademien, IVA, indicates that the climate impact of 

the construction phase is in the same dimension as the operational phase of a building 

over a period of 50 years. (IVA, 2014a). This indicates that the climate impact from a 

life cycle perspective may have shifted from the operational phase to the construction 

phase of buildings (IVL, 2015a). Today, demands in form of building regulations are 

made for the energy performance of buildings. However, there are no requirements that 

the environmental impact during the whole life cycle of buildings should be reported. 

(Boverket, 2018b). 

In 2017 the Swedish National Board of Building, Housing and Planning, Boverket, was 

commissioned by the Swedish Government to develop a method to present climate 

impact of buildings based on a life cycle perspective. The proposition from Boverket 

was to introduce rules with requirements for climate declarations of buildings. The first 

proposition suggested that climate declarations should apply primarily for multi-family 

buildings and commercial buildings, aiming to increase the knowledge and awareness 

of the climate impact of buildings. Consequently, the proposition also suggested that the 

method should apply for single-family buildings in the near future. (Boverket, 2018b)  

Life cycle analysis is a methodology developed to evaluate the environmental impact of 

products and services. The methodology considers the total amount of greenhouse gas 

emission that at product or service emits during its life time, from “cradle to grave”. 

(IVA, 2014b) The application of life cycle analysis in the Swedish building and 

construction sector is somewhat limited today. The majority of documented studies 

have been performed on multi-family buildings and few have concerned single-family 

buildings. As the new climate declaration may affect single-family buildings in a near 

future, it is of great relevance to illustrate the climate impact of this type of buildings 

from a life cycle perspective. 
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1.1 Project aim 

The aim of the thesis is to investigate any differences in the applicability of life analysis 

on single-family buildings and multi-family buildings. The investigation is done by 

estimating the climate impact and energy demand of a new single-family building 

through a life cycle perspective. Additionally, the study will evaluate the distribution of 

the climate impact and energy demand during the construction and operational phase of 

a single-family building.  

 

1.2 Research questions 

▪ How is the climate impact and energy demand distributed during the life cycle 

of a single-family building? 

▪ What processes contribute the most to the climate impact of a single-family 

building during its life cycle?  

▪ Is it possible to distinguish any significant differences between life cycle 

analyzes on single-family and multi-family buildings? 

 

1.3 Limitations and delimitations 

In order to evaluate the climate impact of a building, greenhouse gas emissions will be 

examined in terms of carbon dioxide equivalents, CO2-eq. The study will not consider 

other environmental impacts such as pollution and acidification. The life cycle analysis 

is limited to only include the construction and operational phase of a building, due to 

limitations of time and representative data. Phases in the life cycle such as maintenance, 

repairs and demolitions will not be taken into account. Thus, this study should only be 

considered as a simplified life cycle analysis of a single-family building.  

This study will primarily assume Nordic electricity mix to evaluate the climate impact 

of the electricity use. The Nordic electricity mix concerns both imported and exported 

electricity, presented as an average value of g CO2-eq/kWh. This is assumed to be 

representative for Sweden, since Sweden shares the electricity grid with its neighboring 

countries (Energirådgivningen, 2017). Additionally, several life cycle analysis tools are 

based on Nordic electricity mix, making it an appropriate choice of standard scenario of 

electricity mix. 

1.4 Disposition  

Initially, a background section is presented to obtain relevant knowledge and insight of 

the subject of the report. This section presents the basics of life cycle analysis in general 

and for the building sector, as well as standards for LCA. Former studies on climate 
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impact of buildings are also mentioned in this section. The following chapter concerns 

the methodology applied in the study containing calculations, assumptions and 

presentation of the study object. In the result section the outcome of the life cycle 

analysis will be presented along with a sensitivity analysis where modifications of input 

data are performed. Finally, a discussion of the result will be presented and a conclusion 

will be drawn in reference to the research questions of the project. Extensive 

calculations and data will be found in the appendix.  
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2. Background 

The following chapter presents the theoretical background necessary for the study. The 

chapter introduces the methodology of life cycle analysis in general terms and specific 

for buildings, as well as a literature study of former life cycle analysis studies.  

2.1 Life Cycle Analysis  

The increased awareness of our environmental impact has intensified the interest in 

developing methods to understand the possible impact products and services have on 

the environment. Life cycle analysis, LCA, is a system analytical tool developed to 

determine the environmental impact of a product or service throughout its lifetime. An 

LCA is performed by examining inputs and outputs of processes and activities for a 

given system. Inputs may consist of material and energy, while outputs may be 

expressed in different climate impact categories such as acidification and global 

warming. (ISO 14040)  

The International Organization for Standardization, ISO, is a worldwide federation 

who develops international standards, among them the standard ISO 14044. The ISO 

14044 describes the methodology for life cycle analysis, consisting of four steps. These 

four steps are the underlying methodological approach for this study and are presented 

below.  

The first step, goal and scope definition, clarifies the purpose and extent of an LCA as 

well as determining the functional unit, system boundaries and the environmental 

impact of interest. (ISO 14040) The functional unit of a system provides a reference to 

which all data in the system is referred to (ISO, N.d.). The functional unit for buildings 

is usually defined as square meter heated floor space, m2Atemp, assuming a technical life 

span of 50 years (IVL, 2015b). The life cycle inventory step involves the environmental 

inputs and outputs associated with a product or service within the systems boundary. 

(ISO 14040). In the life cycle impact assessment step, environmental impacts are 

defined for each component. This step provides the information about the amount of 

emissions related to a product or a process. (Hauschild & Huijbregts, 2015). The last 

step, the life cycle interpretation, presents the results from the study, as well as a 

summary, discussion and conclusion (ISO 14040).  

There are two main types of LCA. Which type of LCA that should be applied depends 

on the nature of the studied system. An attributional LCA intends to justify the 

environmental impact for individual products or services, whereas a consequential LCA 

examines consequences in related systems due to a change in the main system. 

(Erlandsson et al., 2013) In this project an attributional LCA perspective is selected with 

intention to estimate the environmental impact of the construction and operational phase 

of a building.  
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When performing an LCA, a number of methodological choices must be made. It is 

important to consider the choice of method since it can have a great impact on the 

result. The choice of functional unit, system boundaries, data, as well as the type of 

LCA, are important to define. (SLU, 2018) System boundaries refer to the geographical 

place, period of time and considered aspects of the studied system, which is significant 

when determining the extent of a life cycle analysis (ISO 14040). 

2.2 Life Cycle Analysis of Buildings  

In the 1990s several environmental assessment tools were developed, based on LCA for 

buildings. The criticism of these tools was the ambiguity of what should be included in 

the analysis, and that different system boundaries were being applied (IVL, 2016) Since 

the mid-2000s ISO and the European Committee for Standardization, CEN, have 

conducted standardization measures to come up with a uniform calculation standard for 

LCA (Erlandsson et. al, 2013). CEN, commissioned by the European Commision, has 

developed a standard for calculations of environmental performance of buildings, EN 

15978, and environmental declarations for building materials and construction products, 

EN 15804 (Achenbach et al., 2018). 

2.3 Standard EN 15978 

EN 15978 is a standard calculation method for environmental performance of buildings. 

It determines the boundaries of the system that must be taken into account in an LCA. 

The method includes all building- and construction products, processes and operations 

through all stages of a buildings life cycle. The environmental impact of the energy 

supplied to a building and how waste should be assessed are also included. (SS-EN 

15978) The standard EN 15804 provides principles for environmental product 

declarations for all building- and construction products, in order to make sure that the 

components are produced and presented in a similar way.  (SS-EN 15804)  

2.4 Module Classification EN 15978   

The system boundaries of a building are divided in different information modules (A B 

C D). Those modules are classified into various submodules (A1, A2,...B1, B2,...C1, 

C2, etc.) which are illustrated in figure 1. (IVL, 2015) The modules during a buildings 

life cycle are described according to the modularity principle, meaning that the 

environmental impact from each module is presented separately. This principle implies 

that processes should be allocated in the module where the process occurs, presenting 

the process impact on the buildings environmental performance in that particular 

module. (IVL, 2015a) Environmental impacts that are correlated to activities within the 

system boundary of a building are presented by module A1-C4. The final phase, module 

D, is an optional and separate phase. This module relates to the recycling and reuse of 

energy and materials of a building beyond its system boundary. (IVL, 2015b) 
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Figure 1: An overview of the modules included in a life cycle analysis for buildings, in 

accordance with the standards EN 15804 and EN 15978.  

In the next section the modules included in an LCA according to the standards EN 

15804 and EN 15978 are presented (SS-EN 15978).  

2.4.1 Construction phase  

Module A1-A3 Material production   

Module A1-A3 represents processes for the materials and services used in the 

construction of a building. According to the standard EN 15978 the material production 

involves extraction and processing of raw material, transportation of raw materials to 

manufacturers of building products and manufacturing of building products. The rules 

for determine the climate impact of these processes are defined in the standard EN 

15804.  

According to EN 15978, module A1-A3 can be aggregated and presented as one 

module. 

Module A4 Transport  

Module A4 refers to transports of building products and materials to the construction 

site from the manufacture, as well as transportation of machines to the construction site. 

Loss of materials and damages during transportation should also be allocated to this 

module according to EN-15978.  

Module A5 Construction- installation process 

The construction-installation process includes activities connected to the building 

construction. The module contains groundwork, production and conversion of materials 

on construction sites, temporary constructions facilities, transport of material and 

products, material storage, handling and transport of waste, delivered heat, water and 

ventilation to the construction site and installation of products.  
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2.4.2 Operational phase  

Module B1 Use 

Modul B1 comprise the normal condition of use of the components of a building and 

emissions from a buildings operational stage.  

Module B2 Maintenance 

Following module consists of the production of products and components that are used 

for maintenance in a building, processes for maintaining a buildings technical and 

functional performance, as well as cleaning processes of the interior and exterior of a 

building is also included. 

Module B3 Repair 

The boundary of module B3 includes all processes linked to the repair of a buildings 

components during the use phase; production and transportation of repaired components 

including production impacts of material losses during transportation, repair process of 

a repaired component, handling of waste and the final stage of removed components.  

Module B4 Replacement 

The module of replacement contains the production of replaced components, 

transportation of replaced components including production impacts of material losses 

during transportation, waste management and the final stage of removed components.  

Module B5 Refurbishment 

According to EN 15978 module B5 refers to extensive measures in order to reach a 

buildings original condition, including the production and transportation of new 

components in the building. The module also involves the construction of the 

refurbishment, handling of waste from the refurbishment and the final stage of replaced 

building components.  

Module B6 Operational energy use 

This module considers the energy use for heating, warm water, ventilation, lightning 

and energy use for pumps, control and automation. EN 15978 does not state that 

household electricity must be included, but it should be clear whether electricity use is 

included or not.  

Module B7 Operational water use 
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Module B7 includes all water consuming processes in a building such as drinking water, 

domestic hot water, water for sanitation, irrigation of green areas and water used for 

building integrated systems. 

2.4.3 End of life phase 

Module C1 De-construction demolition  

Deconstruction includes all operations related to the deconstruction, dismantling and 

demolition of the building, as well as sorting of building materials.  

Module C2 Transport 

The boundary of transport includes all impacts of transportation of waste from the 

demolition of a building. Waste refers to all output from dismantling, deconstruction or 

demolition of a building.  

Module C3 Waste processing  

Module C3 includes waste processing of building materials that are intended for reuse, 

recycling and energy recovery, and also processes needed to upgrading materials for 

combustion or reselling.  

Module C4 Disposal 

This module includes all handling of waste generated from a building before disposal. 

Disposal refers to all strains on the environment resulting from the final disposal of 

building materials.  

Module D Benefits and loads beyond the system boundary 

Module D is a separate and optional part considering building components and 

materials for recycling and energy recovery outside the system border of a building. 

According to EN 15978 the purpose of this module is to report the impact of future use.  

2.5 Former Studies 

As mentioned earlier, former studies on the climate impact of buildings from a life cycle 

perspective have been made to a large extent on multi-family buildings, and there is a 

limited amount of studies made on single-family buildings. Hence, former LCA studies 

on multi-family buildings have been necessary as a reference for this study. The 

selection of former studies is based on the choice of LCA methodology, energy source 

and technical life span. All the studies that are presented in the next section follow the 

standard EN 15978 and assumes a technical life span of 50 years. 
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2.5.1 Study “Løvåshagen”, Bergen, Norway 

In 2012, Sveinssønn Melvæ from the Norwegian University of Science and Technology 

published a report aiming to compare the energy performance of two low-energy 

buildings and two passive buildings. The object of the study was the housing 

cooperative Løvåshagen, situated in Bergen, Norway. Løvåshagen can be considered as 

representative multi-family buildings with low-energy profile with wooden framework, 

garage and elevator. The modules that were considered in the study were module A1-

A5, B2 and B6. The heat in the low-energy building was supplied by an electric water 

heater, electric radiator and heating cables in the bathroom. The energy demand of the 

building was 127 kWh/m2. The passive houses were equipped with solar thermal 

collectors, which supplied the two passive houses with heat for floors and hot water. 

The energy demand in the passive house was 121 kWh/m2 , including household 

electricity. (Sveinssønn Melvæ, 2012) 

The result of the study was presented accordingly to ISO standards, showing that the 

difference in climate impact between low-energy and passive buildings was negligible. 

The average total climate impact was 475 kg CO2-eq/m2 Atemp when assuming a 

technical life span of 50 years. The distribution of climate impact for the construction 

and operational phase was 25.6 % and 74.4 % respectively. The processes that 

contributed the most to the climate impact were the production of clinker used in 

concrete, transportation and diesel for machines. If assuming Norwegian or European 

electricity mix instead of the standard scenario of Nordic electricity mix, the result 

showed a tiny difference in climate impact between the low-energy and passive 

building. The difference became notable when considering the European electricity mix. 

(Sveinssønn Melvæ, 2012) 

2.5.2 Study “Blå Jungfrun”, Hökarängen, Stockholm  

In 2015, the Swedish Environment Institute, IVL, and the Royal Institute of Technology 

published a report, comparing the climate impact and energy demand of the 

construction and operational phase of a multi-family building. The study was conducted 

in collaboration with representatives from the building industry, focusing on one of 

Skanskas multi-family buildings called Blå Jungfrun in Hökarängen, Stockholm. The 

purpose of the report was to examine the climate impact and energy use of the 

construction phase of a building, and to increase the knowledge in the building sector in 

order to reduce the climate impact of buildings. Blå Jungfrun can be considered as a 

representative building for a new multi-family building with a low energy profile built 

in concrete. The methodology in the study follows the standard EN 15978. The study 

included module A1-A5, B2, B4 and B6, as well as modules C1-C4. (IVL, 2015b) 

The result showed that total climate impact from the construction and operational phase 

was estimated to 713 kg CO2-eq/m2Atemp, when assuming a technical life span of 50 

years. The result of the study indicates that the construction phase represents 50 % of 
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the total climate impact of the building when adopting a Nordic electricity mix and 

Swedish district heating. The material production and the energy use of the buildings 

operational phase represents the greatest part of the buildings climate impact. The 

material production constitutes 84 % of the climate impact from the construction phase, 

whereas the concrete accounted for 50 % of the material production. (IVL, 2015b)  

2.5.3 Study “Strandparken”, Sundbyberg, Stockholm  

In 2016, a follow up study on the Blå Jungfrun-project was conducted. The objective of 

the study was to examine the climate impact of a new multi-family building with a solid 

wood construction called Strandparken in Sundbyberg, Stockholm. The LCA in the 

study was conducted according with the standard EN 15978. Strandparken can be 

regarded as a representative multi-family building with a wood construction, containing 

a basement and garage. The energy used for the buildings operational phase consisted of 

Nordic electricity mix and Swedish district heating. The study included modules A1-

A5, B1, B2, B4 and B6, as well as modules C1-C4. (IVL, 2016) 

The outcome of the study showed that the total climate impact of the construction and 

operational phase is 685 kg CO2-eq/m2Atemp. The construction and operational phase 

represented 38 % and 62 % of the buildings total climate impact, when assuming a 

technical life span of 50 years. The material production accounted for the greatest part 

of the climate impact of the construction phase, corresponding to 78 %. The material 

that accounted for the greatest percentage of the climate impact for the material 

production was the concrete found in the foundation, basement and garage, 

corresponded to 40 %. The basement and garage made in concrete contributed 

significantly to the climate impact of the construction phase. (IVL, 2016)   
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3. Methodological approach 

The following chapter describes the methodology for collecting and processing data. 

The standard EN 15978 will be applied unless otherwise stated. The calculations in this 

study are based on a technical life span which should not be perceived as the expected 

service time of the building. A technical life span of 50 years is commonly used as 

reference period regardless of the type of building being analyzed, since it's the 

expected lifetime of many building components (IVL, 2015). The most common 

functional unit when regarding LCA for a building is m2Atemp, and a reference period of 

50 years. Consequently, the functional unit in this study is m2Atemp, with a technical life 

span of 50 years.  

3.1 Impact categories 

A life cycle analysis is an overall assessment of a building's environmental impact. 

According to the standard EN-15978, several impact categories should be evaluated in 

order to define the environmental impact of buildings. In this study, the impact 

categories climate impact and energy demand are used to describe the buildings 

resource and environmental impact. Climate impact refers to the environmental impact 

of buildings, while energy demand is a measure of used energy resources in the 

building. 

3.1.1 Climate impact  

A standard procedure of describing the climate impact of a building is through the unit 

carbon dioxide equivalents, CO2-eq. Carbon dioxide equivalents comprise the climate 

impact of the greenhouse gas emissions carbon dioxide, methane, nitrous oxide and 

fluorinated gases which are recalculated and expressed in measures of carbon dioxide 

emissions. In order to make the greenhouse gases comparable, all emissions are 

multiplied with a global warming potential, GWP. The GWP varies depending on 

which gas that is evaluated. The calculation gives the total contribution to global 

warming expressed in CO2-eq for the given greenhouse gas. Greenhouse gas emissions 

consists of both combustion of fossil fuels in processes of building materials, use of 

machines and electricity generation, as well as process emissions where CO2 is emitted 

from preparations and manufacture of certain building components. (Sveriges 

byggindustrier, 2015) 

A simplified method for calculating the climate impact expressed in carbon dioxide 

equivalents is to use standard values for emissions factor of CO2. Emission factors are 

the designation of general emission values that are used to convert different processes 

and activities into kilos of carbon dioxide. (Naturvårdsverket, 2017) 
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3.1.2 Energy Demand   

The energy demand refers to the direct and indirect energy demand over a buildings life 

cycle. The energy demand includes the indirect energy use during extraction, 

processing, transport, conversion and distribution of raw materials and products, as well 

as the energy bound in products. (IVL, 2015) The direct energy demand is the energy 

used by the product and consumer. The energy demand should be expressed in the unit 

megajoule MJ according to the standard EN 15978 (SS-EN 15978).  

3.2 Life Cycle Analysis Data 

In order to obtain a reliable result, an LCA is depended on representative data of the 

studied system. This entails the use of generic and product specific data for inputs of 

processes and activities during the life cycle of the system. (SS-EN 15978) To make an 

inventory of the modules included in a LCA, simulations are typically performed in 

different calculation tools. In figure 2 an overview of the methodological approach in 

this study is presented. 

Figure 2. An overview of the methodological approach that visualizes inputs and 

outputs, which modules that will be considered and what calculation tools that will be 

applied in the study. 

3.2.1 BM 

In order to calculate the climate impact of the construction phase Byggsektorns 

Miljöverktyg, BM will be used. The BM-tool was developed by IVL, in collaboration 

with the building industry. The aim of the tool was to create a simplified LCA-tool and 

make the process of LCA more available. (IVL, N.d.) The LCA methodology used for 

the BM-tool is based on the standards EN 15804 and EN 15978 (IVL, 2018). The BM-

tool is affiliated to databases of generic values for the most common building materials 

in Sweden (IVL, N.d.). 
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In order to make simulations of the climate impact of a building, input data must be 

mapped to proper LCA data. The database in BM includes generic data of construction 

materials, which can be complemented with external LCA data in form of 

environmental product declarations, EPDs. Materials found in the database includes 

approximate data of transportation and average waste, which are allocated in module A4 

and A5.  The result involves the construction phase of the building, accounting for 

modules A1 to A5. The total climate impact is expressed in the unit kg CO2-eq/m2Atemp. 

(Erlandsson, 2018)  

3.2.2 Vip Energy 

To estimate the energy demand of a building during the operational phase, a simulation 

software called VIP Energy was used in this study. VIP energy simulates the energy use 

of a building by calculating energy flows, resulting in a specification of energy inputs 

and outputs which in total account for the overall energy performance of the building. 

The software handles both generic and product specific data (Vip Energy, N.d).  

Simulation in VIP follows a stepwise procedure, starting off with adding all building 

components. Secondly, the accurate climate data shall be chosen, taking the building’s 

geographical position into account. Additional input data that is required regards the 

ventilation system, the running time of the ventilation, heating supply system and 

control system functions. One output obtained from the simulations is energy demand 

for heating, which is expressed in terms of kWh. (Vip Energy, N.d)  

3.3 Inventory Data Analysis 

In the following section, a description of the modules included in this LCA study will 

be presented. This study will only evaluate the modules A1-A5 and B6. The presented 

module descriptions will explain all climate and energy intensive activities and 

processes that is allocated in the module, as well as assumptions that have been made to 

calculate the climate impact and energy demand. The standard EN 15978 regulates what 

activities and processes that should be included in each module, how calculations 

should be performed, and how the result should be presented.  
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Figure 3: An overview of selected modules included in the life cycle analysis. The green 

marked modules represent the construction phase, while the operational phase is 

marked in blue.  

As previously mentioned, this report only considers modules A1-A5 and B6. Since the 

study assumes a technical life span of 50 years, several modules will no longer be 

included. This refers to the modules that regard restoration as well as the demolition phase 

of a building. When adopting a technical life span of 50 years, severe restoration 

operations and dismantling actions are rare and normally not in question. These actions 

would require several assumptions regarding future events, resulting in a higher degree 

of uncertainty in the analysis.  

3.4 Inventory of selected modules 

The following section presents the modules that are included in the LCA of this study. 

The construction phase consists of module A1-A5, whereas the operational phase 

consists of module B6. 

3.4.1 Construction phase 

Module A1-A3 Material production 

In order to calculate the climate impact of the material production, extraction and 

processing of raw material, transportation of raw materials to manufacturers and 

production of building materials and products has been considered according to EN 

15978. In this study module A1-A3 are aggregated as one module, since it corresponds 

to the way that the modules are presented in the BM-tool. This approach complies with 

EN 15978.  
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All data used in the study, regarding materials and building components, are provided 

by the house manufacturer of the reference house. The material inventory is performed 

according to the original blueprints of the reference building. The quantities of all 

building materials are calculated and used as input data in the BM-tool. The majority of 

input data is mapped with the generic data of the BM-tool, while some input data 

require exported EPDs.  

The building components considered when calculating the climate impact of the 

material production are exterior walls, the concrete slab, ground floor including parquet 

flooring, insulation, doors and windows. Internal walls, reinforcing bar, pipes, as well as 

screws and nails will not be taken into account. The only layer included in the study is 

the parquet flooring, since it was the only layer specified in the original blueprint of the 

building.  

 

Module A4 Transport 

The following module includes transportation of building materials and products from 

the manufacture to the construction site, as well as transportation of machines used 

during the construction process. Material losses and damages during transportation 

should also be included in this module. (SS-EN 15978). 

In the study, module A4 considers transportation of products and materials from the 

manufacture to the construction site. The transportation of materials is based on the 

distance from the manufacture of building components to the assembly factory and there 

after transported to the construction site. Transportation of construction machines and 

equipment to the building site, as well as loss of materials are assumed to be negligible 

and are not included in the calculations. The distance of transportation was formulated 

by calculating the distance of possible routes for loaded trucks travelling between the 

three given locations. Information regarding suppliers for different building materials 

was provided by the house manufacturer.  

Module A5 Construction-installation process 

Module A5 involves activities that occurs during the construction and installation of the 

building, such as groundwork, storage and transportation of materials, products, 

equipment and on site, as well as production and conversion of materials. The module 

should also include supply of water, heat and ventilation during the construction phase, 

installation of products and treatment and transportation of generated waste. (SS-EN 

15978) 

Module A5 includes fuel for machines and appliances, electricity and heat used on the 

construction site and treatment of generated waste on the construction site. Electricity, 

heat and fuel used for assembling the house in the factory will not be considered. 



 
 

18 

 
 

Ventilation and supply of water will not be considered, as well as groundwork on the 

construction site.  For treatment of generated waste, generic data of the BM-tool has 

been used. Data on energy demand for electricity and heat, as well as fuels for machines 

and appliances on the construction site are based on average values provided by the 

house manufacturer. Since BM requires that fuel demand is presented in terms of energy 

content, the following equation was used for conversion: 

𝑄𝑒𝑚𝑏[𝑀𝐽] = 𝑄𝑓𝑢𝑒𝑙[𝑙] ∗ 𝛼[𝑀𝐽/𝑙] [1] 

where Qemb represents the energy content, Qfuel the fuel demand, and α energy the 

energy density. 

3.4.2 Operational phase 

Module B6 Operational energy use 

To enable calculations of climate impact and energy demand during the buildings 

operational phase, the energy use for heating, domestic hot water, ventilation, and 

lightning should be taken into account. (SS-EN 15978) 

In this study the energy demand for heating, domestic hot water and ventilation will be 

considered. Household electricity will not be taken into account. The energy demand of 

the building for heating was calculated in the simulation program VIP Energy. Technical 

descriptions and building specific information from drawings was translated into a model 

of computation. Drawings and materials of the building components was provided by the 

house manufacture.  

The simulations in VIP Energy were made on a model of the reference building. The 

building is assumed to consist of walls, ground and a flat roof, having the appearance of 

a “shoe box”. The second floor of the building is considered as an unfurnished attic, 

having the same temperature as outdoors. Since the calculations performed by VIP 

Energy are based on the transmissions of the building, it allows the model to only consist 

of a flat roof. This does not oppose the fact that the actual building has a saddle roof. 

The model of the building is constructed by specifying areas and materials of the 

buildings construction parts, as well as the geographical location and orientation. 

Modeling of ventilation system, heat pump and the building operation have also been 

made following the technical description of the building. Results for supplied energy, 

expressed in kWh/m2Atemp, were obtain from simulations in VIP Energy of the model of 

the reference building. To be able to evaluate the climate impact of the building, the 

energy demand for electric power expressed in kWh/m2Atemp was converted into CO2-eq. 

The following equation was applied: 

𝐶[𝑘𝑔 𝐶𝑂2 − 𝑒𝑞] = 𝑄𝑒𝑙[𝑘𝑊ℎ] ∗ 𝜀𝑓𝑎𝑐𝑡𝑜𝑟[𝑘𝑔 𝐶𝑂2/𝑘𝑊ℎ] [2] 
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where C represents the climate impact, Qel the electricity demand, and εfactor the 

emission factor.  

Calculations of the climate impact were made using the Nordic electricity mix, to 

evaluate the CO2-emissions from the electricity use.  

3.5 Sensitivity analysis 

Several variables included in the LCA are based on assumptions. Consequently, there is 

some uncertainty concerning the accuracy of some variables and what impact it has on 

the result. In order to handle these uncertainties and evaluate their impact on the result, 

a sensitivity analysis will be conducted. The sensitivity analysis will include different 

scenarios of transport and electricity mix. Figure 4 illustrates an overview of the system 

boundaries set in the standard scenario, as well as for the sensitivity analysis.  

 

Figure 4: A flowchart of the model used in in this study, including the standard scenario 

and the scenarios in the sensitivity analysis. 

The transportation distance of the materials in the standard scenario is based on the 

distance from the manufacturing factories to the assembly factory, and thereafter to the 

construction site. In the sensitivity analysis the scenario of transport will include the 

transportation distance for the materials from the manufacture directly to the 

construction site and will therefore not include the distance transported to the factory of 

assembly. 

In the standard scenario a Nordic electricity mix is used. The sensitivity analysis will 

include a scenario of European electricity mix and marginal electricity mix. When 

assuming a different electricity mix for the operational phase of the house, the climate 
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impact of the operational phase is changed due to a different emission factor. The 

choice of electricity mix will only be changed in the operational phase since the BM-

tool used for the building phase is based on a Nordic electricity mix and can therefore 

not be changed.  
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4. Description of reference house 

In the following section a description of the reference house in the study will be 

presented. This section includes the technical specifications of the building that is 

required for calculations of climate impact and energy demand. The data is based on 

blueprints and inventory lists, provided by the house manufacturer. 

 

Figure 5: The reference building (Movehome, N.d). 

4.1 Reference building    

This study was assigned on behalf of WSP. In cooperation with WSP and the house 

manufacture Trivselhus, a representative single-family building was selected. The 

requirements for the reference building was that the building is a representative single-

family building for Swedish housing made in wood. 

The reference building is provided by the house manufacturer Trivselhus and 

Movehome. The house model consists of a 1 ½ storey single-family building, called 

Move #203, but have gone under the name Högmora in this report. Högmora has a 

wood structure and saddle roof with 38° angle. The total living area is 198 m2. Since the 

second floor is assumed to be an unfurnished attic, the heated floor area is 106.9 m2. 

Furthermore, it is equipped with a parquet floor, a brick roof, a total of ten windows, 

two balcony doors and one entrance door. It is well insulated and is considered as a low-

energy building, having a projected energy demand of 58 kWh/m2Atemp. The building 

components are declared in the table 1 below, while more detailed data is found in the 

appendix. 
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Table 1: Overview over the materials used for Högmora and their weights 

BUILDING 

COMPONENT 
CATEGORY TOTAL WEIGHT   

kg 
Windows Windows & Doors 498.4 

Balcony doors Windows & Doors 159.0 

Front door Windows & Doors 50.4 

Cellular plastic Insulation 1 145.1 

Plastic film Insulation 12.4 

Glass wool Insulation 55.8 

Mineral wool Insulation 588.2 

Foam Insulation 923.3 

OSB Wood products 23.8 

Particleboard Wood products 30 445.2 

Wood products Wood products 18 920.0 

Parquet flooring Layer 770.3 

Plaster Plaster 1 009.3 

Tile Roof 5 642.6 

 

According to the provided building description, an exhaust air heat pump is used as 

heating system. The used exhaust air heat pump model is Nibe f730, and accounts for the 

heating, ventilation, heat recovery and domestic hot water demands. The indoor 

temperature is set to 21⁰C, according to the recommended indoor temperature by Sveby. 

Due to the layout and size of the building, it is assumed that two adults and one child 

occupy the building. Assuming a presence of 14 hours per day and person, 3 occupants 

contribute daily with a total heat effect of 240 W. (Sveby, 2012) The electricity and fuel 

demand that is utilized at the construction site is estimated to approximately 2000 kWh 

relatively 750 liters of diesel. This data is provided by the house manufacturer Trivselhus.  

Since this study does not investigate an existing house, a geographical location for our 

reference house had to be selected. During the year of 2017, Uppsala was in the top 5 

cities in the country considering the number of commenced single-family buildings 

(Statistics Sweden, 2017). This makes Uppsala an appropriate geographical area to 

study a newly constructed single-family building.  
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5. Results 

The following chapter presents the result of the study. Initially, the total climate impact 

of the construction phase for each module of the construction phase will be presented, 

followed by the energy demand from the operational phase of the building. The 

distribution of climate impact and energy demand during the construction and 

operational phases will also be addressed, as well as a sensitivity analysis of the result.  

5.1 Climate impact and energy demand of the construction 
phase 

The climate impact of the construction phase is primarily caused by the production of 

materials, module A1-A3. The material production is accounting for 74.3 % of the 

climate impact of the house. Transportation, A4, and the building construction phase, 

A5, represent a smaller proportion, 13.3 % respectively 12.4 %. This is illustrated in 

figure 6. 

Figure 6: Climate impact of the construction phase distributed over module A1-A5. 

The climate impact of the construction phase distributed over the modules as well as the 

total climate impact of the house is presented in table 2. 
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Table 2. The climate impact from the construction phase distributed over module A1-

A5. 

   MODULE CLIMATE IMPACT  
kg CO2-eq 

CLIMATE IMPACT 

kg CO2-eq/m2 Atemp 

A1-A3 Material production 21 536 201 

A4 Transportation 3 849 36 

A5 Construction-installation 3 603 34 

A1-A5 Total 28 988 271 

 

The building components that contributes the most to the climate impact caused by the 

construction phase are illustrated in figure 7. It appears that the building components 

made of wood, insulation, layer and concrete contributes the most to the climate impact 

of the construction phase, followed by roof, windows, doors and plaster. A more 

detailed presentation of the climate impact from specific building components can be 

found in appendix. 

 

Figure 7: Climate impact distributed over building components. 

The energy demand during the construction phase is based on a standard value provided 

by the house manufacture Trivselhus. The electricity and heating on the construction 

site is estimated to 2000 kWh, corresponding to 120 MJ. The estimation of diesel 

consumption for machines and devices is 750 liters, corresponding to 28950 MJ.  
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5.2 Climate impact and energy demand of the operational 
phase 

The energy demand for heating during the operational phase of Högmora is estimated to 

be 5772 kWh, when assuming a Nordic electricity mix over a technical life span of 50 

years. The energy for the operational phase defined in terms of the functional unit is 54 

kWh/m2Atemp. This entails that the climate impact of the operational phase of the house 

is 270 kg CO2-eq/m2 Atemp. 

5.3 Distribution of the climate impact and energy demand over 
the buildings life cycle 

When considering the whole life cycle of the building the total climate impact is 541 kg 

CO2-eq/m2Atemp. The climate impact for the construction and operational phase of the 

house is equally distributed over its life cycle when adopting a technical life span of 50 

years. The construction phase accounts for 50.1 % of the total climate impact, and the 

operational phase stands for 49.9 % when assuming a Nordic electricity mix. 

Figure 8: The distribution of climate impact during the construction and operational 

phase of the house. 

The construction phase represents 2.7 % while the operational phase accounts for 97.3 

% of the energy demand in the building when assuming a technical life span of 50 

years. Note that the energy demand for the construction phase mainly consists of the 

energy demand allocated in module A5, making the distribution of the energy demand 

for the construction and operational phase somewhat misleading in figure 9.  
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Figure 9: Distribution of climate impact and energy demand during the construction 

and operational phase, when adopting a technical life span of 50 years. 

5.4 Sensitivity analysis 

In the following section the result from the sensitivity analysis will be presented. In the 

sensitivity analysis different scenarios of transportation and electricity mix will be 

concerned.  

5.4.1 Transportation scenario construction phase 

When assuming a transportation distance directly from the manufacturer to the 

construction site, the transportation phase, A4, accounts for 6.6 % of the climate impact 

caused by the construction phase. The total climate impact caused by the construction 

phase is 254 kg CO2-eq/m2Atemp considering this scenario. The construction phase 

stands for 48.5 % of the total climate impact over the life cycle of the building. 
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Figure 10: Illustration of the distribution of modules during the construction phase for 

the standard scenario and sensitivity analysis.  

5.4.2 Electricity mix scenario   

When assuming a different electricity mix for the operational phase of the house, the 

climate impact of the operational phase is changed due to a different emission factors. 

The climate impact of the three different scenarios of electricity mix, including the 

standard scenario is illustrated in table 3. The assumptions of electricity mix will in turn 

affect the distribution of the total climate impact of the house, which are presented in 

figure 11. Note that the electricity mix of the construction phase stays the same, since 

the calculations of the BM-tool are based on a Nordic electricity mix. 

 

Table 3: Emission factors of different electricity mixes 

ELECTRICITY MIX  

 

 EMISSION FACTOR  

     g CO2-eq/kW 

CLIMATE IMPACT  

  kg CO2-eq/m2 

NORDIC MIX1 

EUROPEAN MIX2 

MARGINAL MIX3                    

 

100 

400 

800 

270 

1079 

2158 

1. (Energiföretagen, 2017) 

2. (ibid, 2017) 

3. (Holm,2012) 
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Figure 11: Climate impact distribution of construction and operational phase when 

considering a Nordic, European and marginal electricity mix during the operational 

phase. 
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6. Analysis and discussion 

The following chapter consists of a discussion and analysis of the result. A comparative 

analysis of the results with earlier reports on multi-family buildings is presented, 

followed by a sensitivity analysis. Finally, reflections on further work will be presented. 

6.1 Discussion of the result 

The result of the study shows that the construction phase, module A1-A5, represents 

50.1 % of the total climate impact of the house, emitting 271 kg CO2-eq/m2Atemp when 

assuming a Nordic electricity mix and a technical life span of 50 years. The material 

production, module A1-A3, constitutes 74.3 % of the total climate impact for the 

construction phase and is therefore the largest contributor. Out of this percentage, wood, 

insulation, layer and concrete are the major contributors to the climate impact 

accounting for 55.2 %, 21.3 %, 18.0 % and 11.0 %. It is noteworthy that the layer of 

parquet flooring is the third largest contributor to the climate impact of the material 

production, although it represents a rather small part of the house volume. This is much 

likely explained by the country of origin for the production of the parquet flooring. 

Russian electricity mix contains a higher proportion of fossil fuels than the Nordic 

electricity mix. Thus, evaluating another parquet flooring would be of great interest. 

However, the parquet flooring manufacturer is a well-established producer and the 

choice of parquet flooring in this study should therefore not be considered as an extreme 

scenario. 

Transportation, A4, and the construction process, A5, have a less significant 

contribution to the total climate impact, accounting for 13.3 % and 12.4 % respectively. 

Noteworthy, the contribution of the transportation is rather small even though a majority 

of the building components travel long distance using fossil fuels. A limitation of the 

BM-tool is that it only allows the user to modify transportation and choice of fuel in 

module A4. Transportation in module A2 is integrated when choosing building 

components. Hence, the impact of transportation during the construction phase may not 

be entirely accurate. In order to evaluate the climate impact of transportation, another 

transportation scenario has been considered. This scenario assumes that the materials 

from the manufacturer are transported directly to the construction site, instead of first 

being assembled at Trivselhus factory. The climate impact due to transportation then 

decreases to a share of 6.6 %, due to a shorter transportation distance. However, this 

later transportation scenario would probably affect module A5 since the installation 

time on site would increase. 

Due to lack of data, no groundwork on the construction site is included in the 

construction-installation process, A5. Groundwork may require machines driven on 

fossil fuels, which would lead to a larger contribution to the climate impact of the 
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construction phase. Also, used data for diesel fuel consumption, as well as electricity 

and heat is based on generalized data, provided by the house manufacturer Trivselhus. 

The climate impact of the operational phase is 270 kg CO2-eq/m2Atemp when assuming a 

Nordic electricity mix. However, the selection of electricity mix has a significant impact 

on the climate impact. When choosing an electricity mix with a larger portion of fossil 

fuels, the climate impact increases significantly in comparison with Nordic electricity 

mix. The climate impact of the operational phase varies from 270 kg CO2-eq/m2Atemp to 

2158 kg CO2-eq/m2Atemp, depending on whether Nordic or margin electricity mix is 

assumed.  Also, there should be an increase of climate impact on the result of the 

construction phase. However, due to that the BM-tool only allows modification of the 

electricity mix in the construction-installation process, the material production modules 

remain the same as in the standard scenario and a distinction between the different 

electricity mixes becomes negligible. This entails that the operational phase contributes 

to half or the majority of the total climate impact, regardless of the choice of electricity 

mix.  

The energy demand of the house differs between the construction and operational phase. 

The operational phase contributes to 97.2 % of the total energy demand of a technical 

life span of 50 years, whereas the construction phase represents the remaining part. As 

shown in the result, the energy demand of the construction phase becomes relatively 

small in comparison to the operational phase. A possible explanation might be that the 

majority of the building components are assembled in a factory before transported to the 

construction site. This results in a shorter processing time for the construction of the 

house compared to a house whose building components are site-built on the 

construction site. According to Trivselhus, the average installation time for a single-

family building is one day. Data provided by Trivselhus is only considering the energy 

demand of electricity and heating on the construction site during that day. The energy 

demand when the building components of the house are being assembled in the factory 

is not considered, since the information have not been available from the house 

manufacturer.  

The total climate impact over the life cycle of the building is 541 CO2-eq/m2Atemp. The 

results show that the climate impact during the buildings life cycle is equally distributed 

over the construction and operational phase. The construction phase represents 50.1 % 

while the operational phase stands for 49.9 % when adopting a Nordic electricity mix. 

This confirms the results of IVL's study in 2014, where the climate impact was evenly 

distributed over the life cycle. The distribution varies depending on the choice of 

electricity mix, since the electricity mixes differ in how much they contribute to the 

climate impact in form of CO2-eq. When adopting a marginal electricity mix, the 

distribution is in the same order of magnitude as the earlier study of Adalberth et al. in 

2001. These variations in the result, demonstrates what impact assumptions have on the 

result of an LCA.  
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6.1.1 Comparison with former studies 

Several studies have been made analyzing the climate impact of multi-family buildings 

from a life cycle perspective. Since every building is unique and different assumptions 

have been made considering system boundaries, included activities and source of 

energy, it might be difficult to compare different studies with each other. However, a 

comparative discussion of the outcome of the study and former studies may be of 

interest to analyze. Note, that only differences in climate impact and energy demand 

will be discussed, additional distinctions between the buildings will not be taken into 

account. 

A previous idea has been that the construction phase constitutes a smaller share of the 

total climate impact of buildings from a life cycle perspective. As mentioned in the 

introduction of the report, earlier assumptions have been that the construction phase 

represents around 15 % of a buildings total climate impact. The study of Løvåshagen in 

Norway in 2012 is in the same order of magnitude, where the construction phase stands 

for 25.58 % of the total climate impact. In comparison with the case study of Högmora, 

the construction phase of Løvåshagen represents a much smaller share of the total 

climate impact of the building. This is probably because the study of Løvåshagen 

considers more modules and processes during the operational phase of the building. 

Another explanation might be that the energy demand of the operational phase of 

Løvåshagen for the low energy house is 127 kWh/m2Atemp including household 

electricity, more than double of the energy demand of Högmora, 54 kWh/m2Atemp 

,where household electricity is not included. 

In the study of Blå Jungfrun, the climate impact was equally distributed over the 

buildings construction and operational phase. In Högmora a similar result was found. In 

both cases a simplified LCA was conducted, but the study of Blå Jungfrun also included 

module B2, B4 and B6 in the operational phase. In Blå Jungfrun, a more common 

heating system for multi-family buildings was applied in form of district heating. This is 

also the case when considering Strandparken, where the construction phase accounts for 

38 % and the operational phase represents 62 %. The distinction of the distribution of 

Strandparken and Högmora might be explained by the methodological considerations 

regarding the system boundaries. In the study of Strandparken a more extensive LCA 

was conducted.  In addition to the modules that was considered in the study of Högmora 

and Blå Jungfrun, Strandparken also includes modules B1, B2, B4 and C1-C4. Since 

the LCA includes additional modules in the operational phase of the building, its 

climate impact in relation to the construction phase is more likely to be larger. 

The process that contributes the most to the climate impact of the construction phase is 

the material production. This applies to all four studies regardless of choice of material 

in the building structure. In the case of Högmora and Strandparken, both consisting of a 

wood construction, the material production, A1, represents 74.3 % respectively 78 % of 

the construction phase. In Blå Jungfrun where the framework and exterior walls are 
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made in concrete, the material production stands for 84 %. A contributing factor to the 

different proportions might be that the production of concrete has a higher impact on the 

climate than wood products. This is confirmed by the results of Løvåshagen, where 

concrete is the largest contributor of processes to the climate impact of  the construction 

phase. The result of Blå Jungfrun shows that the concrete constitutes 50 % of the 

climate impact of the material production, respectively 11 % in the study of Högmora. 

The differences in percentage are exclusively due to the high share of concrete used in 

the construction of Blå Jungfrun. In comparison with Strandparken, which also has a 

construction in wood, the concrete represents 40 % of the climate impact for the 

material production. The inequality in shares of concrete in Högmora and Strandparken 

is supposedly explained by the fact that Strandparken has a foundation, basement and 

garage mainly consisting of concrete while Högmora only uses concrete in the 

foundation. 

When comparing the total climate impact of Högmora, 541 kg CO2-eq/m2Atemp, with 

former studies the values of kg CO2-eq is favorable in relation to the modules included 

in the study. Only the study of Løvåshagen have a smaller climate impact than 

Högmora, accounting for 475 kg CO2-eq/m2Atemp. The difference is perhaps caused by 

the solar thermal collectors installed on the passive houses, which affect the average 

total climate of the house in Løvåshagen. The result of Blå Jungfrun and Strandparken 

both showes a higher total climate impact than Högmora, 713 respectively 685 kg CO2-

eq/m2Atemp. This is most likely explained by the additional modules included in the 

study of Blå Jungfrun and Strandparken. Even though the study of Blå Jungfrun takes 

less modules into account than Strandparken, the results shows a higher value of kg 

CO2-eq/m2Atemp. This is supposedly caused by the concrete found in the construction of 

Blå Jungfrun. The result showed that concrete represented 50 % of the climate impact 

deriving from the material production.  

Table 4: Included modules in the construction and operational phase. The distribution 

shows the climate impact of the construction respectively the operational phase, when 

assuming a technical life span of 50 years.   

   STUDY FRAMEWOR

K 

 MODULES CLIMATE 

IMPACT 
kg CO2-eq/m2Atemp 

DISTRIBUTIO

N% 

Högmora wood A1-A5, B6 541 50.1 resp. 49.9  

Blå Jungfrun  concrete A1-A5, B2, B4, B6 713 50.0 resp. 50.0  

Løvåshagen wood A1-A5, B2, B6 475 25.6 resp.74.4   

Strandparken wood A1-A5, B1, B2, B4, B6 685 38.0 resp. 62.0  

 

6.1.2 Reflections on the comparative studies 

In general, the result of this study is somewhat consistent with the results of the 

previous studies on multi-family buildings. In both studies of Högmora and Blå 
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Jungfrun a simplified LCA has been conducted, resulting in similar results regarding the 

distribution of the climate impact. However, when comparing with studies of multi-

family buildings there are several aspects that must be considered. Except for 

methodological differences among studies, there might also be other relevant 

differences between LCA of multi-family buildings and single-family buildings. It 

seems reasonable that building multi-family buildings brings large scale advantages 

regarding transportation and on-site construction. Instead of individual transportation of 

materials and machines, transportation might be co-coordinated resulting in a smaller 

climate impact per square meter. In general terms, this should entail that multi-family 

buildings have a higher degree of utilization regarding machines and transportation than 

single-family buildings. This should especially apply for the on-site construction work. 

However, the case of Högmora indicates that the construction process of single-family 

buildings might be industrialized, leading to less time need for the on-site construction 

work. Nonetheless, a smaller share of material is used per square meter when 

constructing a multi-family building compared to a single-family building. For instance, 

the concrete slab in a multi-family building will consist of a smaller portion of concrete 

per square meter as it covers multiple apartments built on several floors. In order to 

provide the same quantity of living spaces in a single-family building, several concrete 

slabs will be needed which leads to a larger share of concrete. This entails that a multi-

family building only consists of a single outer layer enclosing several apartments, 

generating a smaller consumption of material per square meter, in relation to a single-

family building. 

Another aspect to keep in mind when performing LCA on single-family buildings 

versus multi-family buildings, is differences in the heating system. Direct electricity is 

often referred to as the most common heating system in single-family buildings, while 

district heating is a typical heating system in multi-family buildings. Thus, assumptions 

of energy source when performing an LCA can have a significant impact on the result. 

This is confirmed by the result of the sensitivity analysis where the choice of different 

electricity mixes had a significant impact on the climate impact. 

Regarding the construction of buildings, the materials may differ between single-family 

and multi-family buildings. Most of new single-family buildings are built with a wood 

construction, often involving an industrialized process. Multi-family buildings on the 

other hand, are often built with a construction in concrete on site. Based on the outcome 

of the study, there is no indication showing that the methodology of LCA differ 

significantly between single-family and multi-family buildings.    

6.2 Further work 

This study is based on a simplified house model, whereas there is potential for further 

studies in order to make it more representable for single-family buildings. A natural step 

would be to extend the technical life span of a building, which would entail a more 
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extensive LCA including more modules. To get a more representative result, it would be 

beneficial to study more single-family buildings with different sizes and characteristics. 

It would also be of interest to add a garage in the model, since this is common among 

single-family buildings. The contribution of concrete, as well as the overall climate 

impact from the construction phase, would then increase. However, assuming a non-

heated garage would not affect the operational phase. Hence, adding a garage to the 

model would change the distribution between the construction and operational phase. 

Since the material production represents a major share of the construction phase, it 

would be of interest to study the impact of different building materials. Regarding the 

operational phase, it would be interesting to evaluate the impact of different heating 

systems.  
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7. Conclusions 

The aim of the study has been to examine the climate impact of a single-family building 

through a simplified life cycle analysis for a technical life span of 50 years. This has 

been accomplished by studying a reference building in form of single-family building 

with a low energy profile. The choice of system boundaries within this project has a 

significant impact on the results and is an important aspect to have in mind when 

evaluating the result. 

The result shows that the climate impact of the construction and operational phase of  

Högmora is 271 kg CO2-eq/m2 Atemp respectively 270 kg CO2-eq/m2 Atemp. The 

estimated climate impact of Högmora is expected to be representative for a single-

family building made in wood with a low-energy profile. When it comes to the 

buildings energy demand, the operational phase stands for 97.3 % over a technical life 

span of 50 years. This relative small number for the construction phase is most likely 

explained by the short installation time of the building on the construction site. 

The total climate impact during the life cycle of the building is 541 kg CO2-eq/m2 Atemp. 

The climate impact of the building is equally distributed over the construction and 

operational phase, representing 50.1 % respective 49.9 %, when assuming a Nordic 

electricity mix for a technical life span of 50 years. However, when assuming an 

electricity mix with a higher proportion of fossil fuels, the share of the operational phase 

in relation to the construction phase increases. 

The study indicates that the materials production is the process that contributes the most 

to the climate impact of the constructional phase, accounting for 74.3 %.  Considering 

building materials, the materials that represent the largest share are wood, insulation, 

parquet flooring and concrete. The result demonstrates that the selection of building 

material is of great importance when it comes to a climate and resource point of view. 

Since the material production constitutes the largest contribution of the construction 

phase, it is essential for manufacturers to strive for a more sustainable production of 

materials. This entails that house manufactures must take responsibility through active 

choices regarding building materials in houses. It is difficult to comment on the process 

that contributes most to the climate impact of the operational phase, as the operational 

phase of the building in this study only consists of module B6. However, from support 

of the result in previous LCA studies we can assume that module B6 is the process that 

contributes the most to the climate of the operational phase in the building.  

The result of the comparative study indicates what similarities and differences there 

might be when performing a life cycle analysis on multi-family buildings versus single-

family buildings. The main differences primarily concern the large-scale advantages of 

multi-family buildings and are reflected by the climate impact of the construction phase. 

Nevertheless, based on the result of the study, there is no indication showing that the 
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methodology of LCA differ significantly between single-family and multi-family 

buildings.   
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Appendix A 

Input data BM 

Table 5: Transportation distances for building components standard scenario. 

Building 

component 

Manufacturer  Distance 

from factory 

to Trivselhus 

km 

Distance from 

Trivselhus to 

building site 

km 

Total distance 

km 

Windows, 

balcony doors 

Elite fönster 15.6 462 477.6 

Front door Diplomat 102 425 527 

Cellular plastic Isover 239 425 664 

Parquet floor Kahrs 88.7 425 513.7 

Wood 

products 

Södra 225 425 650 

Plaster Knauf 88.7 425 513.7 

Glass wool, 

mineral wool 

Isover 239 425 664 

OSB, 

particleboard 

Ljungberg 

Fritzoe AB 

247 425 672 

Foam, plastic 

film 

T-Emballage 15.6 425 440,6 

Tile Benders - - 54.4 
 

Table 6: Weight of building components used as input data in the BM-tool 

Building component Category Total mass  

kg 

Windows Windows & Doors 498.4 

Balcony doors Windows & Doors 159 

Front door Windows & Doors 50.4 

Cellular plastic Insulation 1145.1 

Parquet floor Layer 770.3 

Wood products Wood products 18920 

Plaster Plaster 1009.3 

Particleboard Wood products 30445.2 

Plastic film Insulation 12.4 

Glass wool Insulation 55.8 

Mineral wool Insulation 588.2 

OSB Wood products 23.8 

Foam Insulation 923.3 

Tile Roof 5 642.6 
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Appendix B 

Input data VIP 

Table 7: Material characteristics of building element, used as input data in VIP. 

Building 

element 

specification 

Materials 

from outside 

to inside 

Layer 

thickness 

mm 

U-value1  

W/m2K 

Delta U-

value2  

W/m2K 

Leakage 

rate3 

l/sm 

Absorption 

factor4 

% 

Outer layer Boarding 

Mineral 

wool 

Studs 

Chipboard 

Plasterboard 

22 

195 

195 

11 

13 

0.14 

0.14 

0.14 

0.14 

0.14 

0 

0 

0 

0 

0 

0.4 

0.4 

0.4 

0.4 

0.4 

0 

0 

0 

0 

0 

Roof Mineral 

wool 

Chipboard 

Beams 

Mineral 

wool 

Plasterboard 

120 

22 

45 

285 

13 

0.1 

0.1 

0.1 

0.1 

0.1 

0 

0 

0 

0 

0 

0.5 

0.5 

0.5 

0.5 

0.5 

0 

0 

0 

0 

0 

Ground and 

floor 

Concrete 

Wire mesh 

Cellular 

plastic 

Rag felt 

Laminated 

parquet 

100 

0 

300 
0.1 

15 

0.1 

0.1 

0.1 

0.1 

0.1 

 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.1 

0.1 

0.1 

0.1 

0 

0 

0 

0 

0 

 

Table 8: Material characteristics of each building element, used as input data to VIP. 

Building 

element 

specification 

Glass 

percentage 

% 

Total solar 

transmittance 

% 

Direct solar 

transmittance

% 

U-value  

W/mK 

Leakage 

rate  

l/sm2 

Window 80 70 48 1.0 0.5 

Door 50 70 48 1.0 0.5 
  

                                                           
1 The rate of transfer of heat through a structure. 
 
2 The value used to adjust the U-value.  
3 The flow of a liquid or gas out from a system. 
4 The specific measure of the absorption capacity of a material.  
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Appendix C 

Calculations 

Wood requirement 

Given required volume [m3]: 40 

Density [kg/m3]: 473 

Mass of wood requirement [kg]: 18920 

 

Concrete requirement 

Area [m2]: 7.13*16.73 = 119.3 

Volume [m3]: 119.2849*0.1 = 11.9 

Density [kg/m3]: 2400 

Mass of of required concrete [tons]: 28.6 

 

Module B6 

Total energy demand [kWh]: 115,4 

Atemp[m2]: 107 

Technical life span [years]: 50 

Specific energy demand [kWh/m2Atemp]: (115,44*50)/107= 53.94392523 ~ 53.9 

Sensitivity analysis A5 

Table 9: The climate impact when assuming Nordic, European respectively margin 

electricity mix. 

Electricity mix Quantity  

MJ 

Emission factor  

kg CO2/MJ 

Climate Impact  

kg CO2/m2Atemp 

Nordic 120 0.03 0.03 

European 120 0.1 0.1 

Margin 120 0.2 0.2 
 

 

The emission factor is originally given in g CO2/kWh, whereupon it has to be converted 

into kg CO2/MJ. The climate impact due to each electricity mix is then calculated as  

𝐶𝑙𝑖𝑚𝑎𝑡𝑒 𝑖𝑚𝑝𝑎𝑐𝑡 = (𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)𝐴𝑡𝑒𝑚𝑝 
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Output 

 

Figure 12: The climate impact of the complete set of building components.  
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Appendix D 

Blueprints  

 

Figure 13: Illustrates the building materials, including roof, outer wall and tiles used in 

Högmora. 
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Figure 14: Layout of Högmora. 

 

 

 

 

 


