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Abstract  

The building industry has always been an attractive and influential topic in the energy 

consumption and using natural resources. This study is formed due to Sweden has 

program to increase energy efficiency in the building industries until 2020. And the 

energy consumption will be considered and assessed the life cycle of a building. The 

study is divided into two parts, rating labelling system and assesses the sustainability 

of a building, with the main focus on the second part. The building with the selected 

material according to Sweden construction standard and knowledge of skilled people 

are formed and assumed in Uppsala.  

As the result shows, energy consumption in the use of the building have the higher 

negative environmental impact compared to the construction of the building. 

Therefore, increasing the energy efficiency requires increased power generation 

efficiency and the increase buildings energy efficiency. Use of renewable energy like 

wind and solar energy can be an effective solution. Also, changing consumption 

pattern and using new technologies are considered as a means of reducing energy 

consumption. 
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Abbreviations 

 

FEBY                   Forum för Energieffektiva Byggnader, Forum for energy efficient 
                              Buildings 
 
BBR                      Boverkets byggregler 

HERS                    Home Energy Rating System 

NPO                      non-profit organization 

IPHA                     International Passive House Association 

HVAC                    Heating Ventilation and Air-Conditioning 

LCA                       Life cycle assessment 

SLCA                    Social Life Cycle Assessment 

LCC                       Life Cycle Cost 

ISO                        International Standard Organization 

LCIA                      Life Cycle Impact Assessment 

LCSA                    Life Cycle Sustainability Assessment 
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1 Introduction 
 

The world's population is growing and consequently, the need for energy and natural 

resources are increasing. To meet this requirement, more energy and natural 

resources are needed.  This leads to more resources consumption and greenhouse 

gasses (GHG) emission in the world. On the other hand, human reliance on non-

renewable resources enforces us, to think and look for sustainable solutions in all 

sectors of society. Building sector, with 40% energy consumption is the largest 

energy consumer in most countries (Agency, 2010). 

Sweden has a plan to increase energy efficiency by 20% until 2020 compared to 

1995 and for this purpose, the construction sector with 40% of total energy 

consumption has a good potential (Formas, 2011). 

First, it should be answered what is the meaning of a sustainable building?  After 

that, it is possible to assess sustainability in a building. As an overall, there is not a 

specific definition of a sustainable building, because of the lack of knowledge, 

technologies and changing technology and knowledge over time. Moreover, 

construction materials, human knowledge, and consequently assessment indicators 

are changing as time goes on. Asbestos panels are a good example of the lack of 

human knowledge which was used in the 1970s in buildings but because of their 

harmful effects on human health, they became forbidden. All in all, a sustainable 

building can be defined as follow; increasing the efficiency of energy and materials 

consumption in a building along with control and reduce negative environmental 

impacts in the whole chain of building construction from the extraction of raw 

material to use phase and also disposal. Economic, Social, and Environmental 

aspects are three main pillars in designing sustainable buildings(Berardi, 2006). 

  Two categories of the building can be supposed for sustainability assessment; 

existing buildings and new buildings. And there are also two general approaches to 

assess the sustainability of a building; using sustainable assessment tools like LCA 

and using rating systems. 

 

1.1 Aims and objectives: 
 

 

Assess the sustainability of a building in Sweden, for existing buildings with a focus 

on LCA, moreover, contributing to the development of a practical framework for 

future sustainable buildings. It is including:  

• Study and assess the current state of sustainability in the residential home 

sector in Sweden  

- Applying different approaches to sustainability assessment  

 

• Applying life cycle analysis systems of existing building (focuses on energy 

consumption in construction and use phase) 
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1.2 Background 
 

Statistics shows energy consumption in service and residential buildings are around 

40% of total final energy consumption in Sweden and EU (Energimyndigheten, 

2015).  Also, the building sector between all energy users is the biggest user in most 

countries (Agency, 2010). So, the rating systems or LCA can be used as strong and 

useful tools by decision-makers to make policies to reduce energy consumption in 

existing and new buildings.  

2 Different approaches to sustainability assessment  

2.1 Rating Labelling Systems 
 

There are generally two different forms for rating label systems; Positive label and 

comparative label. A positive label implies whether a building is built based on a 

special standard or not, for instance, a passive house which is labelled based on 

passive house standard. Comparative label, as its name shows, compares a building 

with other buildings. Energy efficiency labels (rating label systems) indicate energy 

consumption in a building, whether their performance is appropriate or inappropriate 

according to energy consumption standard. 

Certification of energy utilization will be issued based on certain terms and conditions 

like; local weather, building specifications and design, heating and cooling systems, 

air-condition, hygienic systems and others equipment and also residents’ behaviours 

(Agency, 2010).  

There are many different rating assessment methods in the whole world such as: 

Table 1: Rating assessment method 

NO Assessment System Abbreviation Country 

1 High Quality Environmental standard HQA French 

2 National Australian Built Environment Rating System NABERS Australia 

3 Comprehensive Assessment System for Built 

Environment Efficiency 

CASBEE Japan 

4 ESTIDAMA  Middle East 

5 Building Environmental Assessment Method BEAM Hong Kong 

6 Sustainable Building Assessment Tool 

 

SBAT South Africa 

7 Deutsche Gesellschaft für Nachhaltiges Bauen DGNB Germany 

8 Green Globes  Canada 

9 Miljöbyggnad  Sweden 

10 Green Building  EU 

11 Building Research Establishment Environmental 

Assessment Method 

BREEAM UK 

12 Leadership in Energy and Environmental Design LEED US 

(Management, 2009)(Agency, 2010) 

As it is represented in table 1, the Swedish assessment tool is Miljöbyggnad, which 

is suitable for Sweden conditions. The Sweden Green Building Council is a non-profit 
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organization (NPO) and applies Miljöbyggnad system in order to reduce adverse 

environmental impacts and increase sustainability in the industry sector. Apart from 

Miljöbyggnad, several rating systems are used in Sweden as well. The most 

common of them are as follow:   

1- Green Building  

2- BREEAM 

3- LEED 

Labelling systems have general uses, like: 

- Can be used as an indicator to measure and reduce energy consumption and CO2 

emission 

- Enhance sensitivity and public attention to environmental issues. It can be led to a 

lower price s well. 

- Help to progress standards of energy consumption for greater productivity of 

energy (Agency, 2010). 

 

2.1.1 Energy labelling of buildings 
 

Rating labelling systems demonstrate the amount of energy efficiency for a product. 

The labelling system has been used for other products before it is used for building 

construction (Brussels, 2015).  

Depending on products, some extra information can be added to labels like annual 

water consumption for washing machine and the size of screen for TV. Energy 

labelling has been compulsory since 1st July 2010 for building sector. It includes 

different levels which are shown with different colours and alphabets from A to G. A 

with the green colour shows the most 

energy efficiency and G with the red 

colour displays the least energy efficiency. 

It is calculated based on normal energy 

consumption in a building per m2 

(Buildings - European Commission, 2017). 

 

                                          

                                       Figure 1: Energy labelling of buildings (Source: European Commission) 
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2.1.2 Low Energy House Standard 
 

The energy consumption in Sweden as the below pie chart shows, is consumed as 

follow;  40% of total energy in service and residence sector, 40% of total energy in 

industry and the remaining 20% of total energy goes to transportation system 

(Energimyndigheten, 2015). 

 

 

Figure 2: Energy consumption in Sweden  

 

Since 2009, buildings have been constructed according low energy house standard 

in Sweden. The regulations of this type of buildings have been published in 

BBR16/BFS 2008:20 and it has been applicable since 2009. Boverkets byggregler 

(BBR) is the Swedish National Board of Housing, Building and Planning which are 

responsible to consider developments of housing, building and planning. Because 

there is not a clear definition for low energy house in BBR, some institutions and 

organizations in cooperation with Lund University have issued regulations related to 

Low energy houses. These institutions and organizations are Forum för 

Energieffektiva Byggnader, Forum for energy efficient Buildings (FEBY), Swedish 

environmental institute AB, Technical consultation AB, and Swedish institution for 

certification AB (Thullner, 2010).  

 Based on FEBY standard, new buildings have categorized to Low energy house 
(Minienergihus), Passive house, and Zero energy house. Zero energy houses are 
not defined in FEBY but terms and conditions related to Zero energy houses are 
sub-standard of passive houses with some changes.  
It is worth noting, BBR and FEBY are written regarding German passive house 
standard but they are revised according to geographic location, climatic conditions 
and Sweden experience in building sector.  

Two different certifications are intended in FEBY (Thullner, 2010):  
 
 
- A certificate which is issued for designing and planning passive houses. 
- A certificate which is verified by a third party according to measured values          
and design criteria (Thullner, 2010). 
 

  

40%

40%

20%

Energy Consumption

Service and Building

Industry

Transportation
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2.1.3 Low Energy House – Minienergihus 
 

 

The main purpose of Low-energy house standard (Minienergihus) is to define a 

building with lower energy indicators. So, new designing methods and technologies 

should be applied to reach this goal. The idea of Low energy houses came from 

Germany. According to the geographical location of Sweden, three different climate 

zones are defined for the country (Figure 2). The statistics up to 2010 demonstrates, 

most of the Low-energy houses were built in climate zone 3.  Around 54% of Low-

energy houses were built in the west of Sweden, 18% in Småland, 11% in Stockholm 

and 9% in Southern Sweden. 

 

2.1.4 Passive house 
 

Passive houses were built first in Germany and later in other countries like Sweden. 

In terms of energy efficiency, the target of Sweden is to reach 20% more energy 

efficiency compared to 1995. In order to improve energy efficiency, after Low energy 

houses, passive houses were built. In a Passive house, recovery of heating, 

improvement isolation and ventilation are the major aspects. The International 

Passive House Association (IPHA) considers five criteria for defining a Passive 

house: 

- Super quality of thermal insulation 

- The ultra-level of insulation for windows frames with triple glazing  

- The sealed envelope of the building  

- Thermal-bridge-free construction 

- Suitable ventilation and a high level of heating recovery (Danielski et al., 2013). 

Regarding International passive house standard, the 

required energy for heating is 15kWh/m2/year. In summer 

the amount of energy for cooling is not more than 

15kWh/m2/year as well. Moreover, the maximum annual 

energy consumption in each square meters in a Passive 

house for household hot water, heating, air conditioning 

(HVAC system), and electricity consumption is 120 

kWh/m2 /year.  

The energy measurement in passive houses is different 
according to the latitude of a region and local climate. 
Sweden is located in 62° 00' N and 15° 00' E. Climate and 
temperature in north and in south of the country are very 
different. Whereas, cold season in northern parts is long, 
in southern parts cold season is around two months 
(Sweden Latitude and Longitude Map, no date).                            
                                                                                           Figure 3: Climate zones in Sweden 
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As mentioned before Boverket (National Board of Housing, Building and Planning 

2012) determined three different climate zones for Sweden (figure 2) and also has 

measured annual energy consumption for each zone which are presented in table 2 

(Wahlström, 2011). 

 

Table 2: Annual energy consumption for each climate zone in Sweden (Danielski et al., 2013)  

 

 

2.1.5 Zero-energy house 
 

Based on FEBY definition a Zero energy building is a Passive house with higher 

energy performance. The main property of a Zero energy building is production 

renewable on-site energy without  dependence on energy networks (Thullner, 2010). 

Zero energy building should be verified according to FEBY regulations. 

 

2.2  Life Cycle Assessment 
 

 

Building rating systems do not follow a mechanism to measure the whole life cycle 

impact of a building from cradle to grave. So to access the environmental impact of a 

building, a more efficient tool should be applied. Life cycle assessment (LCA) is one 

of the most common and science-based tool which can be used in industry and 

environmental studies because it provides the possibility to evaluate the whole life 

cycle and energy consumption for a product or process (Whitehead et al., 2014). 

     

2.2.1 Limitations 
 

 To apply LCA in building sector, there are two main problems: 

- Lack of data, which is related to this fact that there is a vast variety of raw materials 

and design for a building. 

- The construction industry is a set of processes, technologies, raw materials, and 

products which includes smaller life cycles in it. In other words, most input materials 

to construct a building are assembled products which are made by special processes 

and technologies. That means they can be assessed in separate life cycle 

assessments. So, a comprehensive approach is needed to use LCA in this complex 

industry.   

Regardless the obstacles and limitations, to apply LCA in the building sector there 

are some limitations to use LCA software: 

Climate Zone                                                                    Unit I II III 

Heat load demand W/m
2
 19 18 17 

For non-electric heating systems kWh/(m
2
 year) 63 59 55 

For electric heating systems kWh/(m
2
 year) 31 29 27 

For a combination of different type of energy systems kWh/(m
2
 year) 78 73 68 
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-  Database of LCA should be created based on all building materials which can 

be varied for different regions regarding climate and latitude.  Whereas, they 

are practically accessible only to certain areas.  
- In LCA method, environmental impacts are presented as emitted chemicals 

which are not understandable for everyone. 

- In a comprehensive review, other than environmental aspects, financial and 

social aspects are also very important. While these feature are not provided 

by LCA. Along with LCA, Social Life Cycle Assessment (SLCA) and Life Cycle 

Cost(LCC) can be used to overcome these limitation (Whitehead et al., 2014).  

 

2.2.2 Methodology 
 

LCA framework is based on four phases (figure 3) which have defined by the 

International Standard Organization (ISO).  The terms and conditions of LCA were 

published by the International Standard Organization (ISO) in the series of ISO 

14040 in 1996. ISO standard defined other phases of LCA frameworks including 

Goal and scope definition (ISO 14041), Life Cycle Impact Assessment and Life Cycle 

Interpretation (ISO 14042 & 14043) in 1998, 2000 and 2000 respectively.                                               

ISO 14041, ISO 14042, and ISO 14043 were updated in 2006. New series of these 

standards combined and published in ISO 14044 (Curran, 2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                   Figure 4: Stages of Life Cycle Analysis 
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2.2.2.1 Goal and scope definition 
 

The aim of LCA should be accurate to make a framework and boundary for a product 

or a process. The goal and scope are the first step of LCA.  Furthermore it should 

provide the possibility to determine functional unit. In fact, goal definition and scope 

and boundary with limitations help to manage the process of assessment, and then 

characterization models, impact type and critical review will be set.  

Goal and scope are defined based on the aim of studies like policies or 

development. But the goal and scope can be revised and adjusted during the 

assessment because of the lack of data and probable new collected data. In 

addition, in building sector key information like latitude and location should be 

defined (Curran, 2012)(Editors, Klöp and Curran, 2016). 

 

2.2.2.2 Inventory Analysis 
0 

 

The second phase of LCA is inventory analysis. A list of all inputs and outputs are 

taken into account for a boundary which is shown in figure 4. Defining and refreshing 

appropriate information regarding system boundary and lifecycle process belong to 

this step. 

 

 

                                                              Figure 5: Inventory Analysis Model 

 

All input data is collected, then modelled and analyzed according to material and 

energy flow during the Inventory Analysis (Curran, 2012). 

 In the building sector, type of building should be defined, for example, a passive or 

low energy house. The next step is identifying the whole stages of construction like 
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construction materials, operation, energy flow, repair and maintenance for the 

lifecycle. One problem in inventory analysis is repetitive collected data. It happens 

because of overlap between some processes. Using a database like Gabi or 

SimaPro database is a suggested solution. In this study Simapro 8 is used to 

perform inventory analysis (Reza, Sadiq and Hewage, 2014). 

 

2.2.2.3 Life Cycle Impact Assessment 
 

Life Cycle Impact Assessment is like a converter to transform huge amounts of 

obtained data from Life Cycle Inventory Assessment into related environmental 

impact indicators. It is including quantifying all energy, material and waste flows for a 

product or process from and to nature using LCA tools. (Curran, 2012). 

The data can be presented and interpreted in five ways: 

- Impact category definition, 

- Classification  

- Characterization  

- Normalization 

- Weighting  

The last two methods are optional (Baumann and Tillman, 2004).   

 

2.2.2.4 Interpretation 
 

The fourth phase of LCA framework is interpretation. It applies when the results of a 

research are obtained but need to be handled to present. The outcome of this part 

shows environmental impacts. Control of outcome reliability is also a feature of 

Interpretation phase (Curran, 2012)(The International Organization for Standardiz 

ation, 2006).  

  

2.3 Functional Unit for the Current Study 
 

Functional Unit for current study is 1 m2 of the useful floor area of the plan, including 

the whole building lifecycle except disposal. In addition, the lifespan of the building is 

supposed to be 50 years. 

 

2.4 System Boundary 
 

As an overview, the building construction process can be divided into four steps: 

Fabrication, Maintenance, Operation, and Disposal. These stages can be defined as 

follow: 
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- Mining and extraction of raw materials, production, transport, and construction 

are taken into account as fabrication stage.  

- Using house and replacement of different parts of the building regarding their 

actual lifespan (compared to lifespan in functional unit) are measured in 

renovation and maintenance stage. 

- The energy consumption for lighting, heating, and ventilation are taken into 

account in operation phase. Cooling is not included.  

- The building demolition, recycle and reuse, transportation, energy recovery, 

and landfill are different parts of the disposal stage (EIE, 2010).  

 

 

 

Figure 6: System Boundary 

 

The system boundary in this study covers just three stages including fabrication, 

maintenance, and operation. The main focus of this project is energy and material 

consumption, and the needed energy for equipment and transportation. All 

transportations except transport of labour force, equipment, and disposal are taken 

into account. The building lifetime is supposed 50 years. In this study, the major 

elements of the building have been studied including external walls, internal walls, 

floor, roof, doors, and windows. 
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2.5 LCA Tools 
 

To apply LCA for measuring sustainability, a huge amount of data should be 

gathered and handled. These tools enable us to perform LCA for different levels of 

details, and complexity of the study. Currently, an LCA study can be carried out in 

three levels: basic, medium, and advanced (EIE, 2010). In order to perform this 

study, it is needed to choose suitable software as assessment tool to increase 

efficiency. Therefore, the advanced level is chosen in this study. 

 

2.5.1 Basic 
 

Excel sheet is a primary assessment tool. It is a simple way which is not well 

developed and just can be used to study a limited number of environmental impacts. 

2.5.2 Medium 
 

In order to perform LCA, some tools like EcoEffect, Envest, and Ecosoft are 

available on the market. These softwares have been specifically developed to 

simplify LCA calculations in construction industry with suitable features for this 

purpose. Although these sustainability assessment applications are medium level but 

using them needs some expertise. Table 3 shows some of the medium level LCA 

tools: 

Table 3: Medium level sustainability assessment applications (Source: English Building, EIE) 

 

 

 

 

 

 

 

 

 

 

 

 

2.5.3 Advanced 
 

To apply LCA tools in advanced level, specific skills, and knowledge are needed.  

Someone who conduct LCA study in this level is needed to be familiar with LCA 
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framework and models. Simapro and Gabi are the most widely used advanced level 

LCA tools. More applications are displayed in table 4. 

 

 

Table 4: Advanced level sustainability assessment applications (Source: English Building, EIE) 

 
 

2.6 The needed data to apply LCA  
 

The specification of the building is related to the type of materials, technology and 

energy consumption. The Minimum data to apply LCA for a building is represented in 

table 5 (EIE, 2010). 

                        Table 5: Minimum data to apply LCA for a building (Source: English Building, EIE) 

 Data 

Materials Structure specification 

External and interior wall 

materials 

Door and windows materials 

Roof and foundation 

characterization 

Energy consumption in HVAC system 
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LCA framework for building sector according to ISO 14044 is shown in the following 

chart: 

 

 

 

 

 

 

 

 

 

    

 

 

                                             Figure 7: The LCA framework for building sector 

 

operation phase U-values 

Source and fraction of energy 

consumption 

The average annual 

consumption of energy 
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2.7 LCSA, LCC, and SLCA 
 

 

LCA is a tool that assesses entire lifecycle of a product or process including pre-

production, production, and disposal. All these steps are examined regardless of the 

financial and social aspects. In order to overcome this shortcoming, Social Life Cycle 

Assessment (SLCA) and Life Cycle Cost (LCC) can be employed as auxiliary tools to 

assess the social and financial aspects of a product or process lifecycle. The applied 

LCA in this study does not cover all aspects of environmental impacts but a part of 

the environmental impacts of a product in this study has been investigated. For 

decision makers, it is necessary to be familiar with all aspects of the environmental 

impacts of a product or process if so LCSA can be helpful. 

Life Cycle Sustainability Assessment (LCSA) is a comprehensive and relatively new 

approach of LCA which includes all the environmental, financial and social 

assessments. The LCSA is formalized as follow: 

LCSA = LCA + SLCA + LCC  

It goes without saying that LCA, SLCA, and LCC can be used independently. To 

apply LCSA, same system boundaries should be considered for all three 

assessment tools  to avoid re-calculation (Curran, 2012)(Whitehead et al., 2014).  

Interpretation and conversion of the results of social impacts of a process or product 

into numerical values is not a simple task. So, agreement on this issue is difficult to 

achieve and proposed solutions are limited(Whitehead et al., 2014) 

 

3 Energy consumption in operation phase 

3.1 Thermal transmittance (U-Value) 
 

The amount of losing energy which transmits through a structure is termed U-value. 

U-value unit is W/m²c which represents the quality of building insulation in terms of 

heating conductivity and depends on the quality of insulation materials and their 

installation. A low U-value of a product or material means that the heating 

conductivity of them are low (Lymath, 2015). 

 

  Table 6: U-values for new construction materials (Source: (Persson et al., 2016), (Morris&Chapman,2011)) 

Building parts U-values for residential 

and commercial buildings 

(W/m
2
c) 

U-value for one-and two-family houses with 

direct electric heating as the main source of 

heat (W/m
2
c) 

Roof 0.13 0.08 

Floor 0.15 0.10 

External Wall 0.18 0.10 

Window 1.2 1.10 

Roof window 1 6.3 

External Door 1.3 3.2  
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In order to get an accurate answer in calculations, U-Value has to be calculated for 
some parts of a building, for instance, the exterior wall. It depends on various layers 
of a wall and can be different from case to case. For other parts like window and 
door U-Value is measured based on data provided by the manufacturer. In this 
study, U-vales were applied based on the data provided by the manufacturer and in 
some cases were chosen regarding previous studies. 
 

4 Building Process 
 

The building process is including two main steps; design and construction. The 

sequence of construction process based on region, latitude, climate zone, operating 

conditions, legislation, material, and technology can be different. But, the following 

items in construction are generally accepted (Kol Peterson, 2016). 

 

4.1 Design and planning phase 
6 

 

- financial sources 

- checking city plan 

- Initial plans 

- Comprehensive design process 

- Choosing architects and designers 

- Design and draw up buildings plan 

- Finding relevant contractors  

- Finalize the plan and 3D modelling 

- Obtaining relevant permissions 

(Kol Peterson, 2016) 

Buildings are divided into two groups based on their structures: Steel Frame and 

Concrete Frame Structure. The following sequence of construction is for 

Concrete Frame Structure(Reza, Sadiq and Hewage, 2014). 

 

4.2 Construction Process for Concrete Frame Structure  
 

- Excavation    
- Footing Reinforcements 

- Starter Columns Reinforcements 

- Concrete Casting of the Footings 

- Reinforcement for the Ground Beams 

- Concrete Casting of the Ground Beams 

- Backfilling and Compaction of Subgrade soil in layers  

- Ground Floor Slab  

- The casting of Ground Floor Slab  

- Column Reinforcements  
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- Column Concrete Casting  

- Laying of Concrete Blocks  

- Roof Beams Reinforcements 

- Concrete Casting of Roof Beams 

- Roof Slab Reinforcements  

- Concrete Casting of Roof Slab 

(Kol Peterson, 2016) 

Other construction activities are common between steel frame and concrete frame 

structure such as roofing, insulation, drywall, utilities, mechanical and electrical 

systems, piping, installation of sanitary and kitchen facilities and so on. The energy 

flow and material flow in building construction are displayed in figure 7 as follow. 

(Reza, Sadiq and Hewage, 2014): 

 

     Figure 8: The flow of energy and material in building construction 

 

5 Description of case  
 

The building of the current study does not exist. Due to no possibility to access the 
data of an existing building, a house plan was chosen, and then a 3D model of the 
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house was made using Sweet Home software. Finally, the materials of this modelled 
building were chosen by using standards of construction in Sweden, review different 
articles, and websites. Also, it is assumed that the building is located in Uppsala.  
The building is modelled in 1 1/2 floor. The interior dimension of the building is 
8*11*2.4 m and the maximum height of the building is 5.2 m. The thickness of the 
floor between the ground floor and the first floor is 20cm. Comfort temperature in 
winter is intended to be 22 ̊ C. The building and glazing area are 176 m2 and 26.67 
m2 respectively. The number of inhabitants is four. As mentioned before disposal is 
not taken into account in this study. 
 

 

 

 

 

Figure 9: 1st floor Figure 10: 2nd floor 
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        Figure 11: 3D Plan of the building 

5.1 The latitude and longitude of Uppsala 
 

According to BBR division, Uppsala is located in zone III, around 70 km north of 

Stockholm (capital). The latitude and longitude of Uppsala are, 59° 51' 19" N and 17° 

37' 55" E and the city is located around 20 m above sea level (Uppsala, Sweden 

latitude/longitude, no date), (‘Rules and Regulations for Energy Performance in 

Buildings in Sweden’, no date). 

 

 

 

 

 

 

 

 

                                                                                                                                            

 

                                                      Figure 12: BBR division 

 

The average temperature, rainfall, and daily sunshine hours during a year are 

presented in figures 12, 13, 14, and their corresponding tables: 
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Figure 13: Average temperature in Uppsala (holiday-weather.com) 

 

   Figure 14: Average rainfall in Uppsala (holiday-weather.com) 
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Figure 15: Average Daily Sunshine in Uppsala (holiday-weather.com) 

 

5.2 Overview of Construction Materials 
 

 

Choosing suitable construction materials make a chance to reduce negative 

environmental impacts through for example decrease carbon dioxide emission. 

Between all different construction materials, wood has the most nature adaptability 

as raw material. Moreover, wood is the only renewable material in construction 

sector with negative carbon dioxide emission because carbon dioxide assimilated in 

the biomass. It should be noted that the amount of carbon dioxide emissions related 

to harvesting, transport and wood processing which is negligible comparison with 

amount of stored carbon dioxide in original wood. Earth resources to produce 

construction materials are limited. Extraction and manufacturing of them need a 

huge amount of fossil fuels, whereas in Sweden approximately 80% of the required 

energy for wood processing in sawmills are produced along with wood production 

line by using chips and bark and the remaining 20% is related to electrical energy. 

Cement and steel are also widely used as building material in Sweden and they emit 

a notable amount of carbon in manufacturing process. Figure 16, shows carbon 

emissions resulting from manufacturing construction materials. The end of life 

carbon emissions for different materials is not considered in these calculations 

(Borgström, 2015). 
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Figure 16: Carbon emissions resulting from manufacturing construction materials (Borgström, 2015) 

 

The represented quantity in the above chart may depend on many factors such as 

production process, technology, energy, and transport system.  

 

5.3 Construction Energy 
 

The information about the needed energy for construction is not accessible, so it is 

extracted based on other studies and construction standards. In construction phase, 

the required energy for the modelled house is around 7095 kWh, and the diesel 

demand for special equipment is 566 litters (Ghose, 2012). 

 

5.4 Foundation 
 

Reinforced concrete was chosen as the building foundation. Foam Insulation 
(cellplast) with 100mm thickness was used under the reinforced concrete 400*400 
mm with beam 12 and beam 8 (U-value= 0.6 W/m2K (Gustavsson, 2013).   
 
 
 
 
                                                                                                                                  

 

                                                             Figure 17: Foundation 
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5.5 Exterior walls 
 

The main component of the building's envelope is exterior walls which the following 

specifications are intended for them:  

Rain protection, shelter, moisture protection, sound insulation, fire protection, and 

thermal insulation (Persson, 2011). 

Exterior walls are constructed of different materials and different numbers of 

insulation layers. The main parameters to select a wall are (Trä, 2003): 

1- Environmental impacts 

2- Cost and price 

3- Workload 

4- Soundproofing and Fire insulation 

5- Resistance 

Regarding above parameters there are different choices for the exterior wall in 

Sweden. A variety of insulation thickness, conductivity, and U-value can be applied 

as well. Exterior walls in Sweden are made of wood or steel frame, but wooden 

frames are more usual for the exterior walls of a building with a load-bearing frame of 

concrete and/or steel. (Trä, 2003).  

The details about the exterior wall are shown in figure 16 and table 7(Beijer,2017) 

(Trä, 2014) (Persson, 2011). 

 

Table 7: Details of the Exterior Wall (Utfackningsvägg ) 

                   Figure 18: Exterior Wall 

   

 

 

 

NO Layers Thickness(mm) 

1 Puts 3 

2 Mineral (Minerall /Cellplast) 50 

4 Isolation (Isolering) 70 

5 Beam (Träregel ) 45*70 

6 Plastfolie 0.12 

7 Internal plasterboard 

(Invändig Gipsskiva) 

13 

8 Putsbärande skiva 12 

9 Air gap (Luftsplat) 12 

10 Vertical Airgap(Vertikal 

Luftplats) 

15*27 

11 Organic wind protection disc 

(Organisk vindskyddsskiva) 

0.12 

12 Mineral (Minerall /Cellplast) 50 

Wall thickness 227.24 
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5.6 Interior walls 
 

Interior walls are used to divide the interior spaces. They are built in different ways 

considering the type of wall and have to fulfil some requirements like fire safety and 

soundproofing. Regarding different researches and tests, the optimum sound 

insulation is achieved at around 70 mm insulation in the construction of each wall. A 

correct and accurate connection between ceiling, floor, and walls (both bearing and 

non-bearing) reduce sound transmission between different building spaces (Trä, 

2003). 

A huge amount of heat escapes through walls, so the role of insulation is really 

significant for a building. It should be noted that adding extra insulation inside the 

walls, increases the risk of moisture accumulation and dew point fall in existing walls 

(MrFriday, 2014). 

 The frame of the inner wall can be constructed by steel (Skena/Stålregal) or wood 

(Regal). In this case wood (Regal) is used. The total thickness of the inner wall is 95 

mm and the layers are; Gips (12.5mm), Insulation (70mm) with Regal, Gips 

(12.5mm) and paint. The distance between each Regal is considered around (60 

mm). Figure 18 shows the detail of the interior wall (MrFriday, 2014). 

 

 

 

 

 

 

 

 

 

Figure 19: Interior Wall (MrFriday, 2014) 

 

5.7 Bathroom wall 
 

The bathroom wall is a bit different because water and moisture in this area are more 

than the other parts. The bathroom wall components are represented in table 8. The 

total thickness of the bathroom wall is 133mm. 
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Table 8: Details of Bathroom Layers 

 

5.8 Kitchen wall 
 

The kitchen wall layers are similar to the bathroom. The details of the kitchen wall 

and the related thickness are demonstrated in below (Table 9). The final thickness of 

the kitchen wall is 133mm. 

 
Table 9: Details of Kitchen Layers 

 

5.9 Floors 

5.9.1 Ground floor 
 

The floor of the building except for bathroom floor is made of parquet 13 mm, particle 

board 15 mm, 200 mm of polystyrene foam, a vapour barrier, and concrete of 

100mm. Moreover, polystyrene foam of 100 mm is used under concrete (Ghose, 

2012).   

5.9.2 First floor 
 

The ceiling of the first floor should fulfil specifications of a floor for the attic room. IPE 

beams 240 are laid down with 60 cm distance between them. The glass wool 200 

mm plus water resistant particle board and parquet are the other layers. The 

underlying layers are particle board and gips plate. These layers are listed in table 

10 according to their order. 

 

 

 

 

NO Components Thickness(mm) 

1 Gips (plaster) 13 

2 Regal 95 

3 Isolering ( isolation ) 95 

4 Plyfa(plywood) 12 

5 Våtrumsgips  13 

NO           Components Thickness(mm) 

1            Gips 13 

2            Regal 95 

3            Isolering( isolation) 95 

4            Plyfa (plywood) 12 

5            Gips 13 
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Table 10: Details of the First Floor 

NO                             Components Thickness(mm) 

1 IPE beam 240 

2 Glass wool 200 

3 Water resistant particle board 22 

4 Parquet 13 

5 Particle board 22 

6 Gips 13 

 
5.9.3 Bathroom Floor 

 

The flooring of the bathroom has a special situation. It should be waterproof. For this 

purpose, ESPcement with a waterproof layer is a good choice. The layers of the 

bathroom are displayed in table 11 (EPSCEMENT, 2016): 

 

Table 11: Details of Bathroom Floor 

NO Components Thickness(mm) 

1 Regal 45*70 

2 wooden joists 45*220 

3 EPSCement 220 

4 Reinforcement Steel (Rotnät)  

5 Indoor Concrete Floors (Flytspackel) 30 

6 Waterproofing (Tätskikt)  

7 Mastic (Fästmassa)  

 Tiles (Klinker) 8 

 
5.10  Stairs 

 

In the past, making stair needed a special expertise. Fortunately, nowadays there 

are a lot of stair manufacturers all around Sweden which reduces transport cost and 

respective negative environmental impacts. The indoor stairs for a single-family 

home can be made with different materials including wood, metal, and concrete. 

Wooden stairs like pine, beech, ash, birch, and oak, are the most common ones 

(Dinbyggare, 2015). 

 In this study, the building has laminated wooden stairs which are made in Sweden. 

The structure of the stairs is made of wood and supported by pillars. The 

specification of the stairs is illustrated in figure 19 and table 12 respectively. 

 

 

 

 

https://www.travisperkins.co.uk/ROM-Concrete-Reinforcement-Steel-Fabric-A193-4-8m-x-2-4m/p/781237
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=0ahUKEwjI356g0IrTAhXGIpoKHcz9AV4QtwIIKTAF&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DZC1ggFJ9HWU&usg=AFQjCNEZMuM-KHZyoaFRjnAbGC9KJIw2Bg&sig2=Ql3XVFXYtM-sEc8OGlGIgw
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Table 12: Details of Stairs  

D Dimension (cm) 

Width 85 

Height 20 

Depth 25 

 

                                                              Figure 20: Details of stairs (Dinbyggare, 2015) 

 

5.11 Roof 
 

There are several shapes and types of roofs which are chosen according to different 

factors like economic and technical considerations. The different roofs, as the figure 

20 shows are named Pitched roof (Sadeltak), Mansard roof, Valmat roof, Pulpet roof, 

Motfalls roof, Cylindriskt roof and Flackt roof in Sweden. The type of the roof for the 

modelled building is Pitched roof (Sadeltak) which is the most comment roof shape 

(Trä, 2003). 

 

Figure 21: Shapes and Types of roofs (source: Trä, 2003) 

 

 

 

 

 

 

 

 

 

Figure 22: Layers of Roofs (1a)                                                Figure 23: Layers of Roofs (1b) 
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The different layers of the roof are presented in table 13   (ROCKWOOL, 2017). 

Table 13: Details of Roof 

No. Layers Thickness 

1 Roofing (Takbeläggning ) 0.85mm 

2 Bärläkt 25*50 

3 Ströläkt 25*50 

4 Ceiling(Undertak)  

5 Ventilation gap (Ventilationsspalt ) Min 50 mm- 

6 Ev. diffusionsöppet undertak  

7 Rockwool FlexiBatts 200mm-uvalu 0.18 

8 Vapour barrier (Rocktät Ångspärr) 0.2 mm 

9 The interior lining like gips (Invändig beklädnad) 9mm 

10 Regal 45*195 mm 

 

Kami Company is the supplier of the roofing top layer. This roofing material is a 

combination of thick steel plate and two layers of varnish that between them there is 

quartz sand. The thick steel plate is hot-dip galvanized steel which is coated with 

paint. The paint is applied using electrostatic technology. The quartz sand is sound 

absorber and provides slip resistance (kami, 2017). 

U-Value is based on the data which is extracted from Glava Isolasion website and in 

this case, is 0.18 W/m2k (Bjørn Henrik Christoffersen, 2012).  

 

5.12  Doors and Windows 

5.12.1  DOOR 
 

For the house, three external doors are considered which one of them is glass door 

and two other doors are wooden. The wooden door size is 100*200 cm which 

connects the outside to the inside. The glass door size is 100*200 cm. It should be 

noted that BBR 19 for a fully glazed door should be applied. The lifespan of the 

doors is 20 years (Sparfönser, 2017). 

 

5.12.2 Window 
 

Different sizes of the windows are used in the building. They are made of virgin pine 

and are named Mockfjärds Prima. The windows are painted, U-value of them is 1.2 

and they are consisting of three glazing. The glazed area except for roof window and 

glazed door is 20.86 m2. The area of roof windows is (2* 1.14*1.18= 2.7 m2) which 

made by Velux company. U-value of the roof three glazing window based on EN ISO 

12567-2 is 1. The lifespan of the windows is 20 years (Mockfjärds, 2014)(Elitfönster, 

2017)(Sparfönster, 2017). 
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5.13  Plumbing 
 

The plumbing system has been categorized into the installation of the potable water 

system and sewage system. The maximum pressure on a tap water shouldn't be 

more than 1 MPa. The normalized flows for taps are indicated below (Svenskt 

vatten, 2017). 

 

Table 14: Normalized flows for taps both hot and cold water 

  Hot & Cold water taps                                 L/S 

Bath 0.3 

Sink 0.2 

WC 0.1 

Shower 0.2 

Laundry 0.2 
                            

 

Table 15: Normalized flows for facilities with cold water 

Facilities with cold water                               L/S 

Dishwasher 0.2 

Washing machine 0.2 

 

The dimension of distribution lines is chosen based on the material of pipeline and a 

maximum speed of the fluid. For example, maximum speed for copper which is used 

in this study is 2 m/s. This speed for PEM and PEX pipes can be a little higher. The 

table below helps to select pipe dimension (Svenskt vatten, 2017). 

 

Table 16: Pipe Dimension based on Maximum Speed  

Material Fluid (L/S) Dimension (mm) 

Copper 0.2 12*1.0 

0.6 15*1.0 

0.8 18*1.0 

1.6 22*1.0 

4 28*1.2 

10 28*1.2 

30 35*1.5 

PEM 2 25*2.3 

12 32*2.9 

45 40*3.7 

PEX 0.2 15*2.5 

0.6 18*2.5 

0.8 22*3.0 

1.6 28*4.0 
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The average of water consumption in Sweden is 160 litters per person per day. Most 

of the water consumption is related to personal hygienic. The details of water 

consumption are shown in table 17 (Svenskt vatten, 2017). 

 

Table 17: Water Consumption in Sweden 

Type of consumption Amount of consumption (Litters) 

Personal hygiene. 60  

Toilet flushing. 30  

Dishwashing  30  

Laundry 20  

Food and Drink. 10  

Other 10  

Total  160 Litters/Day 

 

The total amount of water consumption shown in table 17 is not the actual utilization 

of water for each person. There are always hidden virtual water in goods and 

services, but here water consumption was measured based on Swedish standard. 

So, the annual water consumption for each person is calculated using the following 

formula (Svenskt vatten, 2017): 

160*365= 58400 Litters 

Sewage system is Polyethylene. The size of the pipe for toilet is 110mm, and 40mm 

for other sewage systems. 

5.14  Heating Systems 
 

The needed energy for hot water and radiators is provided by district heating for 

more than half of the buildings in Sweden. Water temperature is increased to 75 - 

120 ̊ C and is transferred to a heat exchanger in order to supply hot water for 

radiators and hot water in taps. The well-insulated pipes transfer hot water to the 

building  as shown below 

(None, 2009).   

 

 

 

 

 

 

 

                                                                                                                  Figure 24: District Heating 
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The building heating energy demands need to be measured 

to select a suitable size of radiators. 

 To achieve this goal some parameters should be clarified:  

-DUT, Desired outdoor temperature 

- DIT, Desired indoor temperature 

- Amount of losing energy through ventilation 

- Loss of heat through different parts of the building  

- Compensation the amount of air leakage 

DUT is determined based on Sweden climate zones and 

type of the building. 

There are two different categories of DUT: DUT 1 & DUT 5 

DUT 1 is measured for a light structure like wood and DUT 

5 for a heavy structure like stone and concrete (None, 

2009). 

 

                                                                                      

       

                                                                                                   Figure 25: Desired outdoor temperature in Sweden                                                            

 

5.15  Building power 
 

 

The building power is calculated regarding the below formula: 

                       P = A x Up x Dt 

P= Required power (W) 

A = Surface of the building (m2) 

Up = U-value of different parts (W / m2 k) 

Dt = The difference between measured inside and outside temperature 

In order to consider building power demand, loss of energy through ventilation must 
be measured as well.  
Apart from normal ventilation for a building, there are some air leakages from other 

parts of the building. The average air leakage is around 0.6 litters per second per 

square meter. Only surfaces which are linked to the outside air should be considered 

in this formula and the floor doesn't need to be measured(None, 2014).  
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                    Figure 26: Average of Air Leakage (Source: VVS-KUNSKAP, Anon, 2014)    

                  

5.16  Ventilation 
 

 

The air supplied to a building should be heated, in order to maintain the comfort 

temperature. On average, 0.33 watts is required to heat a cubic meter of air one 

Kelvin for a residential building. The flow rate of ventilation, depending on the type of 

a building and business can be different. The minimum flow rate is 0.35 lit / sec per 

m2 for a residential building. VVS-KUNSKAP (Anon., 2014).  

 

5.17  Electricity 
 

 

Energy consumption in use phase includes operation, lighting, heating, domestic hot 

water, and ventilation and the required electricity to supply them is measured to be 

45 kWh/m2 per year (EIE, 2010).  

 

5.18  Maintenance 
 

 

The maintenance takes into account painting interior wall, renovation of the 
bathroom and kitchen, flooring, windows, glazing doors, and outdoor painting. But 
domestic wastewater treatment, outside facilities and foundation are not included. 
Unexpected events and residents’ abnormal behaviour are not considered in 
maintenance. The building lifespan is 50 years. Lifespan for different parts of the 
building, as what we see in table 19, is applied based on the lifetimes of the 
manufacturer's recommendations (EIE, 2010). 
 
Table 18: Maintenance in 50 years 

Parts   Lifespan             How many times need to be renovated during 

the building lifespan(50 years) 

Floors 20                               2.5 

Bathroom 25                                2 

Painting wall 10                                5 

Pain outdoor 10                                5 

Windows  20                               2.5 

Doors 20                               2.5 

Roof windows 20                               2.5 
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5.19  Transportation 
 

Road transport is the most popular transportation system in the construction sector 

in Sweden. Transportation is applied from/to a construction site; in order to supply 

goods, carry special equipment to the site and transfer of waste to a treatment plant. 

The construction materials and goods are supplied from different suppliers in 

Sweden or imported from other countries like Germany, Poland, Italy, Finland, and 

so on. 16-32 ton trucks are usually meeting the needs of the construction sector 

(Ghose, 2012). 

 Minimum and maximum distances are estimated around 50 and 1,500 kilometers 

respectively. There are several landfills around Uppsala. The construction waste will 

be sent to a landfill after separation of waste. Combustible waste like wood, papers, 

and plastics will be incinerated by Vattenfall in order to generate electricity, heating, 

cooling, and steam. There are recyclable wastes in construction process like iron 

which can be used as raw materials (Vattenfall ,2014) 

Table 20 shows the estimated transportation distance.  

Table 19: Estimated Transport Distance 

Supplier KM 

Minimum Distance 50 

Maximum Distance 1500 

Moderate Distance 800 

Treatment plan 50 

 

In this study, waste disposal has not been investigated. Also, one shipping route 
from producer, seller and/or supplier to the site has been measured, due to lack of 
information about the truck situation after unloading in the site and return back to the 
origin. 

6 Result  

6.1 Life cycle interpretation 
 

 

In this study, three stages of construction containing fabrication, maintenance, and 
operation are measured. The result includes the whole fifty years lifetime. To 
measure and compute the environmental impact of building construction, SimaPro 
version 8.0.4.30 is applied and ReCipe Midpoint is chosen as the impact assessment 
method. 
 
 

6.2 Environmental impacts characterisation 
 

 

Before proceeding to the conclusion, it should be noted that all input data can be 

found in thesis text and in the appendix. Figure 26 & 27 represents the 

environmental impact assessment of the building (construction and using). The 

characterisation chart shows the use phase has almost higher environmental 
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impacts in comparison with construction with 9 out of 17 impact categories including 

Climate change Human Health, Human toxicity, Ionising radiation, Climate change 

Ecosystems, Freshwater eutrophication, Terrestrial ecotoxicity, Freshwater 

ecotoxicity, Marine ecotoxicity, and Agricultural land occupation. An important point 

which should be mentioned here is that although the environmental impacts of using 

phase are greater than that of construction phase but these effects include energy 

consumption and the replacement of different parts like doors, windows, parket and 

etc over a period of 50 years for using phase. 

In addition agricultural land occupation for using of the building with around 1.05E-5 

m2a has higher positive effect. With all that, we can see some environmental 

impacts like particulate matter formation, terrestrial acidification, and material 

depletion, in construction of residential building are higher compared to using phase. 

The most environmental impacts for both construction and use are related to fossil 

depletion with 6.82E+01 kg oil eq for construction and 6.42E+01 kg oil eq for using 

the building.  
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Table 20: Environmental impacts characterisation  

Impact category Unit Construction of 

Residential Building 

Using House and 

Replacement of Different 

Parts (Lifespan 50 years) 

Climate change 

Human Health 

kg CO2 eq 0.002179029 

 

0.002635502 

 

Ozone depletion kg CFC-11 

eq 

3.55E-07 

 

2.36E-07 

 

Human toxicity kg 1,4-DB eq 0.000689594 

 

0.001160865 

 

Photochemical  kg NMVOC 2.57E-07 

 

1.67E-07 

 

Particulate matter 

formation 

kg PM10 eq 0.001319424 

 

7.65E-05 

 

Ionising radiation kBq U235 eq 4.12E-07 

 

5.99E-06 

 

Terrestrial acidification kg SO2 eq 6.85E-08 

 

1.90E-08 

 

Freshwater 

eutrophication 

kg P eq 2.99E-08 

 

2.36E-07 

 

Terrestrial ecotoxicity kg 1,4-DB eq 8.53E-08 

 

2.08E-07 

 

Freshwater ecotoxicity kg 1,4-DB eq 2.15E-08 

 

1.48E-07 

 

Marine ecotoxicity kg 1,4-DB eq 4.18E-09 

 

2.66E-08 

 

Agricultural land 

occupation 

m
2
a 5.96E-06 

 

1.05E-05 

 

Urban land occupation m
2
a 4.87E-07 

 

2.50E-07 

 

Natural land 

transformation 

m
2
 4.45E-07 

 

4.02E-07 

 

Metal depletion kg Fe eq 3.33E+01 

 

1.03E+01 

 

Fossil depletion kg oil eq 6.82E+01 

 

6.42E+01 
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Figure 27: Environmental impacts characterisation of construction and using the building (per m2 /50 years) 

 

0

0.2

0.4

0.6

0.8

1

Construction of Residential Building

Using House and Replacement of Different Parts (Lifespan 50 
years)



36 
 

 
 

 

Figure 28: Endpoint impact results 
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As the figure 27 shows, environmental impact of using house and replace of different parts during 50 years in some categories like 
Ionising radiation with 93.5%, Freshwater Eutrophication around 88.7%, Freshwater Ecotoxicity with approximately 87% and 
Terrestrial Ecotoxicity with 71% have higher proportion compared to construction of residential building phase. 
 
And the environmental impact of some categories for construction of residential building phase like Particulate matter formation with 
94.6, Terrestrial Acidification with 78.3 and Metal depletion with around 76.4 have higher proportion compared to using house and 
replace of different parts. 
 
 
Table 21: Proportion environmental impacts in percent characterisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impact category Construction of residential 
building 

Using house and replacement 
of different parts 

Climate change Human Health 45.3 54.7 

Ozone depletion 60 40 

Human toxicity 37.3 62.7 

Photochemical 61 39 

Particulate matter formation 94.6 5.4 

Ionising radiation 6.5 93.5 

Climate change Ecosystems 45.3 54.7 

Terrestrial acidification 78.3 21.7 

Freshwater eutrophication 11.25 88.75 

Terrestrial  ecotoxicity 29 71 

Freshwater  ecotoxicity 13 87 

Marine ecotoxicity 14 86 

Agricultural land occupation 36.2 63.8 

Urban land occupation 66 34 

Natural land transformation 52.54 47.46 

Metal depletion 76.4 23.6 

Fossil depletion 52 48 
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6.3 Damage assessment of Construction and using the building 
 
The damage assessment methods are considered damage of human health, ecosystem or resources. This approach tries to 
address the concerns about ozone depletion or climate change. In order to have optimum environmental connection, damage 
assessment environmental indicators are described close to an endpoint. The initial assessment of the damage charts Figure 28 & 
29 and below table indicates, thought the negative environmental impacts in most categories are related to using and replacement 
different parts, but Human Health, Ecosystem and Resources in construction building have higer proportion of negative impacts. 
The impact of building construction on ecosystem is more than three times compared to using the building and replacement of 
different Parts.  
 
 
Table 22: Damage assessment of construction and using the building (per m2 /50 years) 

 
 

Damage category Units Residential Building Using house and Replacement of 
Different Parts 

Human Health 52% 48% 
Ecosystem 78% 22% 
Resources 58% 42% 
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Figure 29: Damage Assessment (proportion of each category) 

 

 

 

 

 

 

 

 

 

 

 

 

0%

20%

40%

60%

80%

100%

Human Health Ecosystem Resources

Using house and Replacement of 
Different Parts

Residential Building



40 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 30: Damage Assessment 
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7 Discussions 

The main goals of this thesis is study and assess the sustainability of a building in 

Sweden which is defined based on two principal frameworks; investigating different 

approaches of sustainability assessment of a building and applying LCA in order to 

study energy consumption and environmental impacts in construction phase and use 

phase of a building.  

At the beginning, the labelling systems were assigned for household appliances. 

Since 40% of energy consumption and 35% of CO2 emission are related to building 

sector in EU, the labelling system regulations were extended to building sectors 

(Buildings - European Commission, 2017). Rating label can be used as an indicator 

to measure and reduce energy consumption and CO2 emission. One of the most 

important results of using labelling system is enhance sensitivity and public attention 

to environmental issues. It can be led to a lower cost of energy for household as 

well. 

According to second approach of this study to apply LCA, the environmental impacts 

and energy consumption in use phase and replacement different parts of the building 

are more than construction phase. Considering that the Swedish electricity grid is 

used in this study, at first it may seem that energy consumption is too high. But there 

are two other things that must be taken into account: 

Firstly, use phase of the building means using home for 50 years, and Secondly, 

replacement of different parts of the building during 50 years like windows, doors, 

Parquet and so on are included in this measurements.  

The most environmental impacts for both construction and use phase (incloding 

replacement different parts) are related to fossil depletion. This shows the 

importance of changing the approach from fossil fuels to renewable energy and how 

that can influence on decreasing negative environmental impacts of building 

construction industry. What is important about energy consumption in 50-years is 

people's lifestyle and patterns of consumption.  The amount of energy consumed 

with respect to the reference which is used in this study (EIE, 2010), can be far from 

the reality of society. Of course, this part is beyond the scope of this thesis and 

requires to be studied as an independent research.  

 

7.1 Uncertainty 
 

There is considerable uncertainty to apply LCA with different assumptions. In this 

way, some data and input will be estimated by users. This lack of information can be 

related to design or materials to be used. For instance in this study disposal 

information was not available or drawings of plan have done using Sweet Home 

software which was only accessible software in this study. Sweet Home software is 

not strong software for this purpose. Therefore, disposal of this study was deleted 

and drawing details were obtained from previous study. 
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7.1.1 Transport 
 

Environmental impacts of transportation are related to the distance travelled by the 

goods which can be different due to type of transportation systems. In this study is 

assumed some material like Iron, concrete and stairs are supplied from local 

producers. Given the length and width of Sweden, which is 1574 Km length (north to 

south) and 499 Km width (west to east), and the latitude and longitude of Uppsala, 

the maximum transportation distance can be around half of 1,574 Km. 

But some materials are imported including: 

- Particle board and doors from Denmark 

- Parquet from Germany 

- Glass wool and rock wool from Poland 

All transportations except transport of labor force, equipment, and disposal were 

taken into account. And one shipping route from producer, seller and/or supplier to 

the site has measured, due to lack of information about the truck situation after 

unloading in the site and return back to the origin. 

 

7.1.2 Operational Energy 
 

Uncertainty of operational energy was one of the biggest challenges in this study, 

especially when it should be measured for 50 years. The amount of operational 

energy can vary greatly depending on people's habits and lifestyle over the next 50 

years. Climate change in this 50-year period can also be very effective in 

determining operational energy. To determine amount of operational energy previous 

studies have been used. 

8 Conclusions 
 

Although LCA is a transparent and trustworthy tool but it is not understandable for 

end user which in this study is residents. So beside LCA, the use of labeling system 

can be very effective in increasing the energy efficiency. 

As a suggestion for reducing energy consumption in use phase; firstly, residents’ 

sensitivity can be increased by raising their awareness to energy consumption 

impacts and costs. Secondly, government can encourage residents to buy low-power 

electrical facilities and appliances. 

All in all, some approaches should be changed in order to increase energy efficiency, 

especially approaches that address people's lifestyles, the use of new technologies 

and materials, increased building lifespan, and material reuse and recycle. However 

significant activities have been initiated to increase energy efficiency in construction 

sector (Nemry et al. 2010). 
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Emission of construction material production and transportation should be taken into 

account as well. For this purpose, the use of materials with a longer lifespan can 

lead to the reduction of environmental impacts from the production and 

transportation of materials. Regarding technology development and achievements in 

materials science, reconstruction and renovation of existing buildings to increase 

energy efficiency can be an effective strategy in this regard. 

 

8.1 Further work 
 

A lot of work has been done in LCA regarding construction industries, but it should 

be noted that applying LCA regardless of the financial and social aspects is not 

enough. As a suggestion, using auxiliary tools including social Life cycle assessment 

(SLCA) and life cycle cost (LCC) can be helpful to assess the social and financial 

aspects of a product or process lifecycle. 

Study of materials with a longer lifespan, beside train residents to optimize the use of 

building and energy, and also make them aware about their effects on environment 

is important. In this study, environmental impacts of the building are considered 

generally and different element of the building does not considered separately; 

therefore, more useful results can be obtained if environmental impacts of different 

elements of building are examined. In this way, more focus can be placed on 

elements of the building that have the largest portion of negative environment 

impacts. 
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10 Appendices  

10.1 Appendix A  

10.1.1 Appendix A 1- Network tree for Using House and 

replacement different parts of building during 50 years 
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10.1.2 Appendix A 2- Network tree for Construction of residential 

building 
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10.2 Appendix B: Inventory for the residential building 
 

Foundation  

No Materials Amount(ton) km tkm 

1 Cellplast EPS 80 0.0155 350 

 

5.43 

2 Reinforcing steel 12 0.257 103 40.72 

3 Rainforce 8 0.138 

4 Concrete 22.718 11 250 

5 Gravel 44.6424 11 491.07 

Transport lorry 787.22 tkm 

Transport ferry  

 

 

External walls 

NO Materials  Amount(ton) km tkm 

1 Puts 4.4 11 48.4 

2

+12  

Minerall / Cellplast 0.22   +0.22  85 37.4 

4 Isolering 0.222 632 140.3 

5 Träregel 1.189 75.7 90 

6 Plastfoile 0.014 633 8.865 

7 Invändig Gipsskiva 1.013 90.1 91.3 

8 Putsbärande skiva 12mm 20.98 11 230.78 

9 Luftsplat    

10 Vertical Luftplats 15*27 0.175 75.7 13.25 

11 Organisk vindskyddsskiva 

0.12mm 

0.014 632 8.85 

12 Mineral /Cellplast 0.22   

Transport lorry 669.14 tkm 

Transport ferry - 

 

 

Interior walls 

NO Materials  Amount(ton) km tkm 

1 Gips 0.527 + 0.527 90.1 95 

2 Insulation 0.082 632 51.824 

3 Gips 0.527   

4 Regel  0.432 75.7 32.7 

Transport lorry 179.526 tkm 

Transport ferry - 

 

 



51 
 

Bathroom wall 

NO Materials  Amount(ton) km tkm 

1 Gips  0.303 90.1 27.3 

2 Regal  0.217 75.7 16.43 

3 Isolering ( isolation ) 0.06 632 37.92 

4 Plyfa(plywood) 0.193 543 104.8 

5 våtrumsgips 0.373 90.1 33.61 

Transport lorry 220.06 tkm 

Transport ferry - 

 

 

Kitchen wall 

NO Materials  Amount(ton) km tkm 

1 Gips  Calculated in the external wall   

2 Regal  Calculated in the external wall   

3 Isolering ( isolation ) 0.036 632 22.752 

4 Plyfa(plywood) 0.088 543 47.784 

5 Gips Calculated in the external wall   

Transport lorry 70.54 tkm 

Transport ferry - 

 

 

Floors 

Ground floor 

NO Materials  Amount(ton) km tkm 

1 polystyrene foam of 100 mm  0.98 85 83.3 

2 concrete of 100mm 21.178 11 232.96 

3 vapor barrier Discarded   

4 polystyrene foam, 200 mm 0.173 85 14.7 

5 particle board (spånskivor) 15 

mm 

1.381 863.6 L 

51.4 F 

1192.63L 

71 F 

6 parquet 13 mm 0.716 1289.2L 

34.8 F 

923.07 L 

25F 

Transport lorry 2446.63 tkm 

Transport ferry 96 tkm 
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First floor 

NO Materials  Amount(ton) km tkm 

1 IPE beam 240 0.4 691 276.4 

2 Glass wool 200 0.325 1666.2 L 

34.8 F 

541.51 L 

11.31 F 

3 Water resistance particle 

board 22 

1.488 863.6 L 

51.4 F 

1285.04L 

76.5 F 

4 Parquet 13 0.681 1289.2L 

34.8 F 

878 L 

23.7 F 

5 Prticle board 22 1.47 863.6 L 

51.4 F 

1269.5L 

75.56F 

6 Gips 13 0.81 90.1 73 

Transport lorry 3546 tkm 

Transport ferry 166.07 tkm 

 

 

Bathroom Floor 

Ground floor + first floor 

NO Materials  Amount(ton) Km tkm 

1 Regal 45*70 0.165 75.7 12.5 

2 wooden joists 0.12 75.7 9.08 

3 EPSCement 1.095 99.9 109.4 

4 Reinforcement Steel (Rotnät) 0.126 103 12.98 

5 Pouring Indoor Concrete Floors 

(Flytspackel) 

1.008 11 11.09 

6 Waterproofing (Tätskikt) 0.028- 0.042 630 17.64- 26.46  

7 Mastic (Fästmassa) 0.0535 62.4 3.34 

8 Tiles (Klinker) 0.2554 299 76.4 

Transport lorry 256.8 tkm 

Transport ferry - 

 

 

Stairs 

 

 

 

NO Materials  Amount(ton) km tkm 

1 Sairs wood 0.15 55.6 8.34 

2  Guide ( handledare ) 0.0158 55.6 0.88 

3 varnishes 0.0065 55.6 0.361 

Transport lorry 9.6 tkm 

Transport ferry - 

https://www.travisperkins.co.uk/ROM-Concrete-Reinforcement-Steel-Fabric-A193-4-8m-x-2-4m/p/781237
https://www.google.se/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=0ahUKEwjI356g0IrTAhXGIpoKHcz9AV4QtwIIKTAF&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DZC1ggFJ9HWU&usg=AFQjCNEZMuM-KHZyoaFRjnAbGC9KJIw2Bg&sig2=Ql3XVFXYtM-sEc8OGlGIgw
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Roof 

NO Materials  Amount km tkm 

1 Roofing (Takbeläggning 0.5) 0.181 907 164.16 

2 Battening (Bärläkt) 0.411 75.7 31.11 

3 Battening ( Ströläkt) 

4 Undertak (Ceiling) 0.576 75.7 43.6 

5 Ventilationsspalt (Ventilation 

gap) 

- - - 

6 Ev. diffusionsöppet undertak 0.02 619 12.4 

7 ROCKWOOL FlexiBatts 0.432 1666.2 L 

34.8 F 

719.8L 

15.03F 

8 Rocktät Ångspärr(Vapour 

barrier) 

0.02 619 12.4 

9 Invändig beklädnad(The 

interior lining like gips) 

0.780 90.1 63.8 

10 Regal 2.29 75.7 173.35 

Transport lorry 1220.62 tkm 

Transport ferry 15.03 tkm 

 

 

Construction 

NO Materials  Amount Unit 

1 Board glue 10 kg 

2 Screws and nails 177.07 Kg 

3 Electricity 7095 Kwh 

4 Construction machinery, Diesel 556 liter 

Transport lorry 110 tkm 

Transport ferry - 

 

 

Doors 

Outdoor 

NO Materials  Amount Unit 

1 Frame and lining, MDF 82.11 kg 

2 Timber planed 57.31 Kg 

3 Aluminium  22.01 Kg 

4 XPS 11.23 kg 

5 Paint  6.27 Kg 

6 Locks and Hinge  2 p 

Total weight 100.7kg *2= 201.4 kg 

Transport lorry 1008*0.2014= 203 tkm 

Transport ferry - 

 



54 
 

Glassdoor 

 

Inner door 

NO Materials  Amount Unit 

1 Frame and lining, MDF  kg 

2 Timber planed  Kg 

3 cardboard  Kg 

4 Paint   kg 

5 Locks and Hinge    

Total weight 50.25*10= 502.5 kg 

Transport lorry 1008*0.5025= 506.52 tkm 

Transport ferry  

 

Windows 

NO Materials  Amount(ton) km tkm 

1 Complete windows 0.5047 455 229.63 

2 Complete roof windows 0.0686 625 42.875 

3 Encasement profiles, wood, MDF -

chipboard  

 

   

4 Paint  0.02307 77 1.78 

Transport lorry 274.285 tkm 

Transport ferry  

  

 

Electricity 

NO Materials  Amount Unit 

1 Fuse box (steel) 12 kg 

2 Polyvinylchloride cable  27.3 Kg 

3 Cable, without plugs  115 m 

4 plugs  kg 

Transport lorry 430 tkm 

Transport ferry  

 

 

 

 

NO Materials Amount Unit 

1 Glassdoor 50kg kg 

Transport lorry 0.05 * 1008= 5.04 tkm 
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Plumbing 

NO Materials  Amount Unit 

1 fittings- copper 9 kg 

2 Tap 29.75 kg 

3 plumbing 113 Kg 

4 Polypropylene fitting 8,06 kg 

5 Polypropylene pipe 27,62  kg 

Transport lorry 151.75*402=61 tkm 

Transport ferry  

 

 

Heating system  

NO Materials  Amount km tkm 

1 Radiators 16 p 

0.25184 ton 

622 156.65 

Transport lorry 156.65 tkm 

Transport ferry  

 

 

Painting 

NO Materials  Amount Km tkm 

1 Indoor (2 coats) 0.486 77 37.422 

2 Outdoor primer 0.0187 77 1.44 

3 Outdoor (2 coats) 0.486 77 37.422 

Transport lorry 76.25 tkm 

Transport ferry  
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