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Abstract 
 

In this thesis a future-world case was undertaken of the life cycle assessment (from cradle 

to grave) of a single-family house. The house is expected to be constructed by the end of 

2021 in Borlänge, a city located in Dalarna County. The aim of this study is to investigate 

whether the building materials in external walls and roof surpass in terms of 

environmental impacts compared with other building materials suggested by the authors 

of this thesis. 

 
Six scenarios were evaluated in terms of the environmental impacts for two building 

elements, external wall, and roof. A base case scenario is taken into consideration for 

each building element, considering the fact, that the thermal performance characteristics 

of the building materials are comprehensively provided. Consequently, four scenarios are 

determined by the authors. 

 
One Click LCA program was used to calculate the environmental impacts of the 

building materials through the lifecycle of the house during a time horizon of 50 years. 

 
Hemp fiber insulation material is planned to be used in the external walls; thus, it is 

considered the baseline case for this thesis. The first study is corresponded to the external 

walls, and it was found that glass wool insulation is more environmentally friendly than 

hemp fiber and rock wool insulation. 

 
Wood material is planned to be used in the roof; thus, it is considered the baseline case 

for this thesis. The second study is corresponded to the roof, and it was found that wood 

material is more environmentally friendly than concrete and steel. 

 
Therefore, the suggested material by the authors surpasses the baseline case material 

environmentally in respect of external walls, but this was not the case regarding the roof. 
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Nomenclature 
 
 

Symbol Description Unit 

CO2 Carbon dioxide - 

NOx Nitrogen oxides - 

SOx Sulphur dioxide - 

U Thermal transmittance W/m2K 

P Power W 

Qt Heat transmission W 

Gt Grade hours ℃h/year 

A Area m2 

E Energy demand kWh 

Qthermal bridge Losses factor for thermal bridge W/°C 

Tun Normal temperature °C 

Tg Balance temperature °C 
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1 Introduction 
 

The concept of life cycle assessment (LCA) in construction comes mainly from the 

increased awareness of climate change and the need for more sustainable building across 

the whole world. The building sector accounted for 40-50% of global carbon dioxide 

emissions so it is considered a relatively high portion of carbon dioxide emissions. That 

is the reason to create a method and criteria to limit carbon dioxide emissions globally in 

an applicable way that could reach the goals of a greener and more sustainable 

construction [1]. 

 
In Borlänge, a city in Sweden, a project called (Villa Zero) is underway. From the project 

title, this project is based on the vision of reducing the environmental impacts associated 

with the project through life cycle assessment. This type of LCA study is called “cradle- 

to-grave”. Construction materials are responsible for the environmental impacts during 

the life cycle of a building. Analyzing and studying the environmental impact of each 

construction material can help engineers in switching to more environmental 

construction materials. The environmental impacts include several categories such as 

acidification, eutrophication, and contribution to climate change. However, contribution 

to climate change is the most significant element associated with the construction 

industry. 

 
Villa Zero is a development project that is planned to be built at the end of 2021. The 

project is a ground floor house that is considered to be the first carbon-neutral house built 

in Sweden. The project was initiated in Borlänge by three companies, namely 

Fiskarhedenvillan, Mondo and Structor Byggteknik Dalarna. See Appendix 7 [2]. 

 
This project proposes the concept of implementing wood as a construction material for 

the foundation instead of concrete. Concrete is an element that is considered non- 

environment material compared to other construction materials. Implementing the wood 

as a main element in the building’s foundation can help in reducing the environmental 

impact significantly [2]. 
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The three companies supervising the Villa Zero CO2 will use the most available 

sustainable building materials and construction technical solutions of the future. 
 
 

Background 
 

Villa Zero (as seen in Figure 1-1) is an important project that will be developed in 

Borlänge to make zero carbon dioxide emissions. This means that the development of 

the best materials available is an essential part of the project to make sure it is an energy 

efficient villa and emits the lowest carbon dioxide emissions possible. This will be done 

by a series of ways and tools that are available to make this possible. One of the main 

methods that will be used is life cycle assessment. LCA is an important method to assess 

the environmental impact of the building in all its different stages including the materials 

chosen for any structure. 
 
 
 

Figure 1-1 Villa Zero [3] 

(Permission has been taken to use the figure in the thesis) 
 
 

The importance of including these stages is that it will follow the regulations that is made 

in Sweden and EU for better environmental impact. The Swedish parliament has issued 

a law that by 2022 all carbon declarations and emissions must be reported from 

construction and other sectors that causes that contribution to climate change 

[4]. This is also part of an EU obligation that all member states have to cut 55 % of 
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greenhouse gas emissions by 2030 [5]. All these regulations and steps are important to 

implement these visions. The study of the new projects like Villa Zero and other projects 

in Sweden will make sure that it will improve the way of building in the best way that is 

possible and will make it easier when doing new buildings and projects to reach the goals 

that are implemented by the government. 
 

Aims and objectives 
 

The purpose of this thesis is to analyze the materials that are present in Villa Zero. This 

will be done by conducting a comparative study of the materials that will be used in Villa 

Zero and try to provide material that are better and more effective in terms of 

environmental performance, from a life-cycle perspective (contribution to climate 

change, energy efficiency, social cost), that will be evaluated in the thesis. This will be 

done by using One Click LCA program to provide a better solution for the villa. The 

study presented in this thesis will also discuss the importance of using life cycle 

assessment when making new projects. 

 
The following research questions will be the focus of the thesis: 

 
• Which materials are the most efficient for Villa Zero project in terms of 

environmental performance? 

• Are the materials chosen for the project by the company the best in terms of 

contribution to climate change and social cost? 

• Are the materials chosen for the project is the best option in terms of durability 

and lifespan? 

• What is the importance of conducting life cycle assessment at the projects in 

the building sector? 
 

Methodology 
 

Here is an overview of the steps that were carried out during the study. Detailed 

method description for the simulation will be found in chapter 4. 
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1.3.1. Literature study 
 

The theory chapter is mainly based on books, academic reports, and journals that have 

been found by searching databases, such as Google Scholar and DiVA. Lecture notes 

from LCA course have been used for this study. Keywords used are LCA, life cycle 

assessment, Villa Zero, construction materials impact, U-value, social cost of carbon 

(SCC). 

 

1.3.2. Interview 
 

Initially, Helena Tallberg from Villa Zero CO2 has been contacted. Information about 

the characteristics of this project were collected by sending several emails [3]. 

 

1.3.3. Simulation and energy calculations 
 

All the simulations have been performed by a software called “One Click LCA” and 

Excel for energy calculations. The input data were obtained from the reports and drawing 

provided by Fiskarhedenvillan. One Click LCA is a leading program that is used for 

conducting life cycle assessment studies. It contains a special section for building 

construction materials. Each material contains detailed information and characteristics 

that is used to evaluate the environmental performance of each material. 
 

Limitations 
 

This study is based on the project for Villa Zero which is located in Borlänge. The result 

of this study could be shown differently if the localization of the house situated on another 

place/country. 
 

2 Literature review 
 

In this chapter, seven study cases which are relevant to our research’s objective study 

will be presented. 
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Life cycle assessment: A case study of a dwelling home in 
Scotland 

 

Construction industry consumes around 40% of materials that relate to the global 

economy and generates between 40 to 50% of greens house gases. Kelley and Asif 

conducted a life cycle assessment study on a real-world case of a three-bedroom 

semidetached house (two story house) in Scotland. The ground floor consists of living 

room, dining room, and kitchen. The first floor consists of three bedrooms and a 

bathroom. Five main materials that are widely used in the house will be under the scope 

of this study which are: glass, timber, concrete, ceramic tiles, and aluminum. The 

embodied energy and the environmental impacts will be determined for each material. 

Concerning the environmental aspects: NOx, SOx, and CO2 values will be calculated. The 

quantity of each material is determined through revising inventory reports, and 

interviewing contractors [1]. The following table summarize the quantity, embodied 

energy, and environmental impacts of the five main materials. 

 
Table 1 Construction material’s quantity, embodied energy, and environmental impacts [1] 

 

Material Quantity Embodied Energy Environmental impacts 

 (kg) (MJ) CO2 SOx NOx 

Concrete 130800 130800 605454 16194 7403 

Timber 5725 30000 664.1 5.7 5.7 

Glass 313.6 4077 178.4 13.8 0.6 

Ceramic tiles 4030 32240 2301 16.1 205.5 

Aluminum 25.3 5870 48.1 0.3 0.1 

 

One of the remarkable results is that concrete stands not only for the largest quantity 

value in the house but also for the highest environmental impacts. Other materials than 

concrete has higher embodied energy per kg, however concrete is used vastly in buildings 

and consequently increasing the embodied energy and the environmental impacts. The 

other two high embodied energy materials are timber and ceramic with relatively high 

associated environmental impacts [1]. 
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Life cycle assessment of buildings: A review 
 

Buildings plays a significant role in energy consumption all over the world. Building’s 

sector consumes energy from the early phase of construction till the demolition phase. 

The energy demand in building’s life cycle is divided into direct and indirect causes. The 

direct causes include construction, rehabilitation, operation, and demolition. The indirect 

causes include the technical installation and the required energy for materials 

productions. The occupation phase is responsible for 80-85% of total energy during the 

life time. Buildings are responsible for 40% of aggregate consumption, 25% of wood, 

16% of water, and 40% of fossil fuel worldwide. In US, more than 40% of the energy 

consumption in building is directed to heating, ventilation, and air conditioning system. 

Therefore, enhancing the quality of such systems can reduce the energy consumption 

significantly. In Europe, residential buildings are responsible for 2/3 of energy 

consumption and greenhouses gases of energy consumed in buildings. CO2 is the main 

element emitted from processes involved in the construction industry. Reviewing the 

whole life cycle of buildings, construction phase has a relatively small impact (0.4- 

11%). life cycle assessment is considered a strong tool to estimate and evaluate the 

energy flow and environmental impacts of a system from cradle to grave. During 1970’s 

and 1980’s, the concept of LCA started to be applied to quantify and measure the energy 

and environmental impacts [6]. 
 

Life cycle assessment of building materials: Comparative 
analysis of energy and environmental impacts and 
evaluation of the eco-efficiency improvement potential 

 

Buildings’ construction industry is responsible for 24% of the raw materials extraction. 

In Europe, it is estimated that 4.8 tons of construction materials are used in construction 

per inhabitant. The aim of this research is to evaluate the impact in terms of energy and 

environment of the most used construction materials comparing with the impacts 

associated with the eco-friendly materials. Based on the results of different buildings 

located in nine countries, the embodied energy of the eco-materials accounts between 9% 

and 46% of the overall energy consumed for the whole life cycle. However, the 
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conventional building materials are responsible between 2% and 38% of the overall 

energy used. The higher imbodied energy of eco materials leads later to a lower energy 

consumption during the occupation phase, however, conventional materials lead to 

higher energy consumption during the occupation phase. Therefore, it is significant to 

choose good construction materials quality to lower the energy consumption even 

thought if they have higher embodied energy during the manufacturing phase. Several 

studies showed that buildings with steel structure buildings accounted for 1.61 times of 

embodied energy required for concrete. Concrete structure buildings accounted for 1.27 

times of embodied energy required for wooden structure buildings. Therefore, the 

amount of greenhouse avoided by replacing steel by wood is 0.06-0.88 kg CO2 Eq per 

unit of timber, while replacing concrete by wood leads to a reduction from 0.16-1.77 kg 

CO2 Eq/kg [7]. 
 

Energy use during the life cycle of single unit dwellings: 
examples 

 

This research paper investigates the energy performance of three-unit dwellings through 

the life cycle. The three units were built between 1991 and 1992. The external walls and 

joist elements were transported from the factory to the construction site; hence these 

elements are considered prefabricated. The lifetime of the three houses is 50 years. 

Houses’ frames are made of wood and facades are covered with wood paneling [8]. The 

following table summarize the houses’ characteristics. 
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Table 2 Houses' characteristics [8] 
 

Unit Unit House 1 House 2 House 3 

Usable floor area m2 130 129 138 

Volume m3 347 310 315 

Inhabitants - 5 5 5 

Number of floors - 1 1 2 

Airtightness at different 

pressure of 50 Pa 

m3/ m2h 3.8 2.4 2.1 

Indoor temperature ֯C 20 20 20 

Air change rate h-1 0.7 0.8 0.6 

U values     

Roof W/m2k 0.09 0.09 0.09 

External walls W/m2k 0.15 0.17 0.17 

Foundation W/m2k 0.26 0.27 0.29 

Door W/m2k 0.69 0.69 0.69 

Windows W/m2k 1.63 1.36 1.36 

Area of the windows     

North m2 4.6 6.8 6.0 

East m2 3.4 - 5.5 

South m2 15.6 8.4 10.0 

West m2 1.1 1.4 2.8 

 

It is noticeable that the area of the three houses is nearly the same. House #3 is a two flat 

while the other two houses are classified as a one flat house. The U values of the houses 

envelop are equal with a little variation with a significant difference of U-value of 

windows for the first house comparing to the other two houses. 

 
Table 3 and Table 4 represents the implemented construction materials in the three 

houses alongside to the percentage quantity of each material to the house total weight. 

Table 5 and 6 expresses manufacturing energy of each construction material. 



 

 
 
 

Table 3 Construction materials' weight by percentage [8] 
 

Material Type House 1 House 2 House 3 

Concrete 65% 75% 69% 

Wood 21% 12% 18% 

Gypsum 7% 6% 7% 

Plastic 2% 2% 1% 

Mineral Wool 3% 3% 3% 

Metal 1% 1% 1% 

Glass 1% 1% 1% 

 

Table 4 House weight [8] 
 

 Weight (tons) tons/m2 

House 1 69 0.53 

House 2 80 0.62 

House 3 65 0.47 

 

Table 5 Manufacturing energy of construction materials by percentage [8] 

Material Type House 1 House 2 House 3 

Concrete 19% 28% 23% 

Wood 24% 16% 28% 

Gypsum 10% 10% 11% 

Plastic 23% 23% 18% 

Mineral Wool 10% 10% 9% 

Metal 4% 4% 4% 

Glass 3% 2% 0% 
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Table 6 Energy for manufacturing of each house [8] 
 

Energy for manufacturing 

kWh/m2 

House 1 900 

House 2 870 

House 3 730 

 

It is noticeable that concrete represents the most implemented material in the three houses 

with a percentage of the house weight between 65% and 75%. However, the required 

energy to manufacture concrete was around between 19% and 28%. It is interesting to 

observe that mineral wool has a high relative manufacturing energy to its weight 

comparing the manufacturing energy of wood. The quantity of wood were about 6 times 

higher than the quantity of mineral wool, however, the manufacturing energy of wood 

were higher by 2-3 times of the one associated with mineral wool [8]. 
 

Environmental life cycle assessment of a commercial 
office building in Thailand 

 

The aim of this study is to investigate the environmental potential of a typical commercial 

office building in Thailand. The office building consists of different types of facilities 

which is shown in the following table. 
Table 7 Facility types [9] 

 

Offices 66% 

Schools and institution 25% 

Department Store 3% 

Hospital 3% 

Hotel 1% 

Theatre 1% 

Auditorium 1% 
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The building consists of 38 floors with 60,000 m2 of gross floor area. This research 

covered the overall service life of the office buildings (50 years) which consists of the 

following stages: material production, construction, operation, maintenance, demolition, 

and disposal [9]. 

 

The results showed that concrete and steel were the most significant materials in terms 

of quantity (79.4% for concrete and 5.6% for steel) with a high environmental impact in 

the manufacturing stage. The following table represents the environmental impact of steel 

and concrete during the manufacturing stage [9]. 

 
Table 8 Environmental impacts of concrete and steel [9] 

 

Material Global warming Photo-oxidant formation Total acidification 

Concrete 47% 30% 42% 

Steel 24% 41% 37% 

 

It is clearly shown that steel has a very high environmental impact in the three 

measurements as a ratio with its relative weight. Bricks counted for 13% of the buildings 

weight but with much lower environmental impact. 

 

In terms of the three environmental impacts that was mentioned earlier, operation phase 

was responsible for 55% to 75% of the environmental potential, followed by the 

manufacturing stage with a percentage between 25% and 40%. 
 

A comparative life cycle assessment (LCA) of different 
insulation materials for buildings in the continental 
Mediterranean climate 

 

Construction industry is accounted for 40% or primary energy consumption worldwide 

and 40-50% of the greenhouse gases emissions. The operation phase is the most dominant 

phase in terms of energy consumption and environmental potential. This research 

investigates the environmental profile of three insulation materials (mineral wool, 
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extruded polystyrene, and polyurethane). This LCA study is considered a cradle to grave 

[10]. 

 

This research is conducted at experimental set-up in Puigverd de Lleida in Spain, where 

4 cubicles houses will be tested. The lifetime of the cubicles are 50 years. The internal 

dimension of each unit is 2.4m×2.4m×2.4m. A heat pump is installed in each cubicle to 

meet the desired temperature in Summer (24 ֯C) and in Winter (21 C֯   ) and the energy 

consumption will be compared based on these two set-points [10]. The following table 

summarize the insulation materials characteristics. 

 
Table 9 Characteristics of three insulation materials [10] 

 

Insulation material Thermal conductivity 

(W/m.k) 

Density 

(kg/m3) 

Thickness 

(cm) 

Mineral wool 0.035 100 5 

Polystyrene XPS 0.034 48 5 

Polyurethane 0.028 35 5 

 

As it is mentioned earlier, four cubicles will be included in this study, where the first unit 

is without an insulation material (REF) and the other three, each one has a unique 

insulation material that were in the previous table. The following table represents the 

annual electric consumption of the heat pump for the winter and summer season. 

 
Table 10 Annual electricity consumption of the four cubicles [10] 

 

Annual electricity consumption (kWh) REF MW XPS PU 

Summer Period 24 ֯C 371.9 246.7 261.3 227.4 

Winter Period 21 ֯C 827.1 648.5 657.8 653.0 

Total for whole year 1199.1 895.2 919.9 880.4 

 

It is clearly shown that cubicles with mineral wool and polyurethane insulations have a 

lower annual electric consumption comparing with the unit equipped with polystyrene 

insulation. It is worth to mention that electric consumption in winter is three times more 

than in Summer. 
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Table11 represents the overall impact points Recipe for the manufacturing and 

operation phase of the four cubicles for 50 years lifetime. 

Table 11 Recipe for the manufacturing and operation phase of four cubicles [10] 
 

 REF MW XPS PU 

Manufacturing 228.8 258.5 274.3 272.2 

Summer period 248.8 165.0 174.4 152.1 

Winter Period 553.3 433.8 440.0 436.8 

Total 1030.9 857.3 889.0 861.1 

 

It is clearly shown that cubicle with XPS insulation represent the high environmental 

impact comparing to the other two types of insulation which have similar environmental 

impact. Undoubtedly, cubicle without insulation (REF) has the highest environmental 

impact at the end of 50 years’ time span. 

 
It is worth to mention the payback period of each insulation regarding the environmental 

impact. In case of using mineral wool in the cubicle, it is required 7 years to compensate 

the initial manufacturing impact of the insulation material, and then after that, the 

advantages outweigh the drawbacks of not implementing an insulation material as the 

case with the cubicle (REF). PU and XPS have 10 and 12 years respectively as an 

environmental payback period. 
 

Life cycle assessment of four-multifamily buildings 
 

The aim of this research is to examine the environmental impacts and energy 

consumption of four multi-family buildings in Sweden. The environmental impacts 

include global warming potential, acidification, eutrophication, photochemical ozone 

creation potential, and human toxicity. Each building is characterized by unique envelop, 

thermal performance, and ventilation system. The four buildings locate in different cities 

in Sweden which are: Malmö, Stockholm, Helsingborg, and Växjö, where the lifetime 

span is 50 years [11]. 

 

The following table represents the characteristics of the four multi-family buildings. 
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Table 12 Characteristics of the four multi-family buildings [11] 
 

 Unit Malmö Helsingborg Växjö Stockholm 

Number of 

apartments 
 6 8 16 15 

Usable floor area m2 700 1160 1190 1520 

Mean U value W/m2K 0.26 0.44 0.32 0.30 

Kind of 

framework 
 Lightweight 

concrete and 

concrete 

Concrete Wood Steel columns and 

concrete 

Dominant 

building material 

% of the weight 74% concrete 

14% macadam 

85% concrete 

10% macadam 

33% concrete 

35% macadam 

71% concrete 

20% macadam 

Energy use during 

occupation 

kWh/m2 100 121 150 121 

Ventilation 

system 
 Mechanical supply 

and exhaust air 

Mechanical 

exhaust air 

Mechanical 

exhaust air 

Mechanical 

exhaust air 

Heat source  District 

Heating 

(Underfloor 

heating) 

District Heating 

(Radiators) 

District Heating 

(Radiators) 

District Heating 

(Radiators) 

 

According to the LCA results based on the 50 years timespan, the occupation phase 

accounts for 70-90% of the environmental impacts as well as significant portion of the 

energy consumption. The second dominant phase is the manufacturing and installation 

phase with 10-20% [11]. It is worth to mention that the family building in Växjö has the 

highest energy consumption and environmental impacts. The first reason is the lack of 

heat recovery. The building’s structural material in Växjö is made from wood, however, 

it has a high energy consumption during the occupation phase. That shows to us that 

having proper ventilation system can help to reduce the energy consumption as the case 

in Malmö, where heat recovery is available. The second reason is the big number of 

dwelling comparing to other buildings. Eight out of 16 apartments are small apartments 

(1.5 room and kitchen which is equivalent 42 m2). The leads to have more of white goods 

(e.g., washing machine, refrigerator, and stove), therefore, more energy consumption is 

expected [11] 
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3 Theory 
 

This chapter is describing the climate change issue, LCA generally, an overview about 

ISO 14040, One Click LCA, social cost of carbon (SCC), U-value and EPD will be 

presented in this chapter. Alongside, it will present the goal and scope for LCA study, 

materials and energy calculation theory / method which is used in this study. 

Furthermore, a functional unit is described in this chapter since it is a part of the LCA 

basic input data. 
 

Climate change 
 

Climate change can be explained as the global warming caused by greenhouse gas 

emissions and by the change in weather pattern. Human behaviors have a big effect on 

global warming worldwide. 90% of the human greenhouse gases come from carbon 

dioxide and methane [12]. There are several international agreements that were agreed 

on to lower the emissions of greenhouse gases and contribution to global warming, for 

example the Paris agreement in 2015. Buildings contribute greatly to climate change. The 

need for buildings and construction that are more sustainable, energy efficient and 

greener can contribute a lot to decrease climate change and can reduce emissions coming 

from this sector. High energy efficient and green buildings consider many factors that 

can decrease climate change and can improve the conditions of the people residing in 

these buildings. The factors that are considered are energy, water, transportation, 

materials and others that are considered when building new projects. For example, less 

transportation distance can decrease the use of fuel which means less emissions. 

Decreased use of water means less energy required to consume at homes which means 

less emissions. Materials are also a big factor as choosing the right material can reduce 

the carbon footprint of buildings. There are many certification systems that are used 

which effects a lot the climate change and takes it into consideration like Miljöbyggnad, 

BREEAM, LEED and others that takes into consideration environmental factors when 

construction. The use of these certification systems can have a large effect on mitigation 

contribution to climate change. Another way of reducing climate change is by using life 

cycle assessment to assess the environmental impact when constructing [13]. 
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LCA 
 

Life cycle assessment is a method of assessing the environmental impact of all stages of 

a certain product or a process. Life cycle assessment involves different areas of various 

projects. The focus of the study will be LCA in building section. life cycle assessment 

involves different stages of construction from raw materials to the construction stage, 

and finally demolition and disposal. 

 

          are different types of life cycle assessments like cradle-to-grave, cradle-to-gate, 

gate-to-gate, etc. Cradle-to-grave involves full life cycle assessment from the raw 

materials to disposal. Cradle-to-gate involves is a limited partial assessment of a product 

or a process from the raw materials until the factory gate, so it involves all the process 

until it is moved to the consumer stage. In any life cycle there should be a specific 

definition for the functional unit. A functional unit is defined as a quantified description 

of the requirements the product must accomplish. When conducting a comparison using 

life cycle assessment, the functional unit should be similar in all the products or 

materials so the study can be reliable and can be used. Starting from next year it will be 

obligatory by Swedish law to make life cycle assessment for every new construction 

project. 
 
 
 

 
                                                                                Figure 3-1 Life cycle assessment (LCA) [14] 
                                                                        (Permission has been taken to use the figure in the thesis)
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ISO 

 
 
 

3.2.1. ISO 14040 
 

The life cycle assessment in this thesis is based on ISO 14040 with the latest standard 

for life cycle assessments, revised in 2016 and currently still being used. ISO (The 

international organization for standardization) is an international nongovernmental 

organization that is based in Geneva that ensures the quality and of product and 

encourages development and improvements worldwide. 

 

14040 gives the framework and the guidelines that is being regulated and approved 

when conducting life cycle assessment. It includes description of life cycle assessment 

(like principles, phases, key features and concepts of LCA), methodological framework 

(requirements, LCI, LCIA, life cycle interoperation), reporting and critical review and 

others that related to it. It is very important as it gives a general understanding on how to 

conduct life cycle assessment with international accepted standards [15]. 

 

3.2.2. One Click LCA 
 

The tool that will be used during the thesis is One Click LCA. According to the program 

developer this is the leading program for conducting life cycle assessment for building 

materials. It is currently the official program that is used by leading building and 

engineering companies like Skanska, Peab, Ramboll, WSP and other companies. One 

Click LCA can measure the environmental impact for building materials for a project 

from the start until the finishing of the project. It contains the different parts of building 

projects with different components of a building like external walls, roofs, foundation, 

doors and windows etc. The program contains different materials with different 

components, each component contains different materials form different countries with 

their own EPD. The EPD of different materials contains specification of the materials of 

the program like size, area, U-value etc. which can be used to make significant 

comparison of the materials.  

 

The results of the program show two main categories and other results of life cycle 

assessment. The two results are contribution to climate change and social cost of carbon. 

Contribution to climate change is measured in tons of (CO2- equivalents) and social cost 
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of carbon is measured in Euros. Other results are, acidification, ozone depletion, Total 

use of primary energy and others that are measured in the program. These results are 

categories and based on the different stages of the life cycle assessment and the amount 

that they make during the assessment. The main categories are the construction 

materials and their results, transportation to site, energy use, water use and other 

categories in the assessment. These factors that are mentioned shows the most realistic 

environmental impact for the whole building process within its different stages of it 

[16]. 
 

Social cost 
 

The social cost of carbon (SCC) it is a measurement and an estimation of the financial 

losses when emitting one tone of CO2 emissions. It is currently measured in US dollars 

currency and one tone cost about 50 US dollars. It is widely used when conducting life 

cycle assessment and used in the program One Click LCA. The value of 50 US dollars 

for one tone is a global standard that is accepted internationally and gives an indication 

of how much it will affect the environmental impact and how much financially it will 

affect the CO2 emission in the projects. There has been a change in this value recently 

by US administration as it was raised to 51 US dollars instead of 50 [17]. It was first 

mainly used to make politicians and people responsible for climate change decisions to 

make it easier for them to understand that how their policies regarding CO2 emissions 

will affect the country from financial perspective [17]. 

 

Social cost is widely used in project to consider if a project is valuable and cost effective 

in terms of environmental impact and CO2 emissions. For example, in any new project 

with different solutions, the number of tons that is emitted will be calculated by social 

cost to see if it cost effective, beneficial financially and will still meet the regulations 

regarding CO2 emissions. The social cost of carbon takes into consideration other factors 

that could change the values like the economic growth, the change in inputs that could 

be done in projects, so more than one calculation can be made and an average value can 

be taken to face the possible scenarios [18]. 
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U-value 
 

U-value is referred to thermal transmittance which is the amount of heat that is being 

measured in W/m²K. The lower the U-value, the better it is as a material and better it is as 

an insulation part, which can store more heat and consume less energy. For calculating 

the U-value through a building component , the thermal transmittance of the materials 

of component mut be calculated (ex: wall layers) [19]. 
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4 LCA study 
 
 

Scope 
 

The scope of LCA study will be similar to the scope in the thesis which is analyzing the 

materials that are present in Villa Zero from an environmental perspective and this will 

be done by conducting a comparative life cycle assessment of the materials that will be 

used in Villa Zero by using the One Click LCA-tool. 

 
 

4.1.1. System boundaries 
 

The location of the study will be Villa Zero in Borlänge, Sweden. This is where the 

villa is planned to be built and the study will be based on it. This location will play a 

role in the choice of materials and its transportation distance from its original location 

to the planned villa. 

 

4.1.2. Limitation 
 

There are several systems that help the user to conduct LCA studies. One Click LCA 

software was chosen to perform the LCA on Villa Zero. Other software may have 

different approaches so therefore different results. In addition, three materials were 

chosen in the software. Each material could be produced in different ways which result 

in a different contribution of emission. In this study those differences will not be 

considered. It will be taken as a mean value which is given as a database in One Click 

LCA tools. The transportation type of the materials could be different for each material 

but for simplification, it assumed that all materials will be transported by truck. 

Regarding the manufacturing stage, the energy that will be used to manufacture the 

materials is based on electricity, not other energy sources. No integrated PV panels 

were found in One Click LCA so PV panels were added to the roof materials to 

calculate its emissions.  
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3, Appendix 4, Appendix 5 and Appendix 6 . 
       
 

 

4.1.3. The functional unit 
 

The functional unit can be defined as a quantified explanation of the function of the 

product that is reference basis for all the calculations of the impact assessment [20]. The 

functional unit chosen for this study is the U-value and the area of the objects. The areas 

were calculated from Villa Zero drawing, see Appendix 

 

The area for walls and roof are: 

• Walls = 113.5 m2 

• Roof = 171.2 m2 

 

The U-value for walls and roof are: 

• Walls = 0.14 W/m²K 

• Roof = 0.13 W/m²K 
 
 
 

Inventory analysis 
 

In this chapter, it will be presented the materials that have been used in this study for both 

external walls and roof. Life Cycle Inventory Analysis (LCI analysis) is defined by ISO 

and the as author Subramanian Muthu [21] as “the phase of life cycle assessment 

involving the compilation and quantification of inputs and outputs for a product 

throughout its life cycle “. The materials of the external wall and the roof with different 

scenarios (base case, second case, third case) have been analyzed. 

 

4.2.1. Material wall 1(Base case) 
 

The study is focused on the external wall of Villa Zero. It was made as closest as possible 

to the wall of the villa but not all the materials were present in One Click LCA but that 

did not affect the final results of the study. The components for base case for the wall 

are presented in Table 13. 
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Table 13 External wall (base case) 
 

External Wall EPD number Country Transportation 

(km) 

Gypsum 

plasterboard, with 

cellulose fiber 

EPD-FER-20160218-CAD1-DE Germany 1085 

Plastic vapor 

control layer, 

NEPD-341-230-NO Norway 370 

Dried lumber 

from spruce or 

pine wood 

RTS_27_19 Finland 669 

Wood fiber 

insulation panel 

INIES_IPAN20201217_113819, 

24594 

France 1724 

Hemp fiber 

insulation 

S-P-01961 Sweden 216 

Total U-value 0.14 0.14 0.14 

 
 

4.2.2. Material wall 2 (The second case) 
 

Similar wall layers have been made for the base case, but the insulation layer was 

changed from hemp fiber insulation to rock wool insulation as seen in Table 14. 



23 ‘ 

 
 
 

Table 14 External wall (second case) 
 

External Wall EPD number Country Transportation 

(km) 

Gypsum 

plasterboard, 

with cellulose 

fiber 

EPD-FER-20160218-CAD1-DE Germany 1085 

Plastic vapor 

control layer, 

NEPD-341-230-NO Norway 370 

Dried lumber 

from spruce or 

pine wood 

RTS_27_19 Finland 669 

Wood fiber 

insulation panel 

INIES_IPAN20201217_113819, 

24594 

France 1724 

Rock wool 

insulation 

panels 

EPD is missing Sweden 70(default by 

program) 

Total U value 0.14 0.14 0.14 

 
 

4.2.3. Material wall 3 (The third case) 
 

Similar wall layers have been made for the base case, but the insulation layer was 

changed from hemp fiber insulation to glass wool insulation, this is presented in Table 

15. 
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Table 15 External wall (third case) 
 

External wall EPD number Country Transportation 

(km) 

Gypsum 

plasterboard, 

with cellulose 

fiber 

EPD-FER-20160218-CAD1-DE Germany 1085 

Plastic vapor 

control layer, 

NEPD-341-230-NO Norway 370 

Dried lumber 

from spruce or 

pine wood 

RTS_27_19 Finland 669 

Wood fiber 

insulation panel 

INIES_IPAN20201217_113819, 

24594 

France 1724 

Glass wool 

insulation 

S-P-02637 Belgium 1533 

Total U value 0.14 0.14 0.14 

 
 

4.2.4. Material base for roof 
 

The roof of Villa Zero was made of wood with little extra information given so the roof 

of the base case was constructed using LCA and can be seen in Table 16.  It was 

planned to have integrated PV solar panels to the roof but unfortunately there are no 

such panels in One Click LCA so it was decided to have PV panels that is designed for 

the roofs that is added to the materials of the roof  so that it could be as close as 

possible to the Villa Zero plan.
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Table 16 Roof base case (wood) 
 

Roof (Wooden frame) EPD number Country Transportation 

(km) 

Planed timber, conifer 

(Treindustrien) 

NEPD-308-179- 

EN 

Norway 370 

Plastic vapor control 

layer, 

NEPD-341-230- 

NO 

Norway 370 

Glass wool insulation 

panels, unfaced 

Missing EPD Data Sweden 70(default by 

program) 

Oriented strand board 

(OSB) 

Missing EPD Data Sweden 130(default by 

program) 

PVC based, multi-layer BREG EN 

EPD000067 

Switzerland 215 

Planed timber, conifer 

(Treindustrien) 

NEPD-308-179- 

EN 

Norway 370 

Photovoltaic panel 

system for roofs 

IMER-00002- 

V01.01-FR, 8188 

France 2184 

Total U Value 0.13 0.13 0.13 

 
 

4.2.5. Material roof 2 
 

It was decided to change the type of roof from wood to concrete roof with the following 

components as seen in Table 17. 
Table 17 Roof ’s second case (concrete) 

 

Roof (concrete) EPD number Country Transportation 
(km) 

Hollow core concrete 
slabs 

Missing EPD Data Sweden 70(Default by 
program) 

Plastic vapor control 
layer 

NEPD-341-230- 
NO 

Norway 370 

EPS Insulation NEPD-1236-244- 
EN 

Norway 370 

Photovoltaic panel 
system for roofs 

IMER-00002- 
V01.01-FR, 8188 

France 2184 

Total U Value 0.13 0.13 0.13 
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4.2.6. Material roof 3 
 

It was decided to change the type of roof from concrete to steel roof with the following 

components as seen in Table 18. 
Table 18 Roof’s third case (steel) 

 

Steel roof EPD number Country Transportation 

(km) 

Steel sheets, generic EPD Data missing Sweden 110 

Plastic vapor control 

layer 

NEPD-341-230- 

NO 

Norway 370 

Glass wool insulation 

panels 

EPD Data missing Sweden 70 

Reinforcement steel 

(rebar) 

EPD Data missing Sweden 110 

Photovoltaic panel 

system for roofs 

IMER-00002- 

V01.01-FR, 8188 

France 2184 

Total U Value 0.13 0.13 0.13 

 
 

 
Energy losses 

 
The energy losses which will be calculated based on the external walls and roofs (heat 

transmission losses) will be used as an indicator to represent the energy consumption in 

the occupation phase of the LCA study. The building's specific heat demand for 

transmission is calculated as the sum of the factors for thermal bridges and transmission 

through structural parts. 

 
There are different methods to calculate the energy demand in the form of heat losses but 

in this study, Eq 1 which is dependent on the number of degree hours for heating will be 

used. 
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𝑖=1 

Normal temperature is the outdoor median annual value during a year, i.e., the 

temperature that divides the normal year temperatures in the middle. 

 
 
 

𝐸 = 𝑄𝑡 ∙ 𝐺𝑡 [kWh] Equation 1 
 

𝑄𝑡 = 𝑄𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑏𝑟𝑖𝑑𝑔𝑒 + ∑ 𝑈 ∙ 𝐴 [W/°C] Equation 2 
 

Gt = ∑8760(𝑇𝑔 − 𝑇𝑢𝑡𝑒) ∙ ∆𝑡 [℃h] Equation 3 
 
 

QThermal bridge = losses factor for thermal bridge [W/°C] 

U= U-value  [W/m2° K] 
 

A= area [m2] 

Qt = Heat transmission [W/℃] 

Gt = Number of degree hours for heating [℃h] 

Tun= Normal temperature [℃] 
Tg= Balance temperature 
𝑇𝑢𝑡𝑒= Outside temperature 

[℃] 
[℃] 
 
 

 
 
 

 

 

Degree hours are tabulated for balance temperatures and normal temperatures in whole 

degrees, but for other values, interpolation can be used with good accuracy [22]. As a 

good approximation, however, balance temperatures and normal temperature can set 

equal, but for more accuracy the normal year temperature for Borlänge was taken from 

Appendix 1, (Borlänge = Falun) [23]. The value of Falun has been chosen due to the 

fact the Falun is the closest city to Borlänge among cities have been found in the table. 

According to the normal temperature table in Appendix 1, Tun=4.2 ℃. It needs the 

balance temperature to calculate the degree hours method. The balance temperature 

in well isolated house could be set at 

 
The table in Appendix 2 will help in choosing the proper value of degree hours for heating. The 
interpolation method has been used since there is no specific degree hours of T𝑢𝑛 = 4.2 

 

Gt = 0.8·41000 + 0.2 ·35200 = 39840 [℃h/year] 
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All calculations for this part have been done in Excel and the result represent it in 
section 5.1. 
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5 Results 
 

This section will show the results of energy demand and LCA results of the external wall 

and the roof. The energy demand results will show the heat losses results and the LCA 

results will show the three scenarios for the materials of the wall and the roof. 
 

Energy demand (heat losses) 
 

The energy demand to cover the heat losses from the external walls and roof according 

to chapter 4.3 is presented in the Table 19. These results, which are the heat 

consumption during the year will be used later in chapter 5.2 as an input data to calculate 

LCA for different materials in the external walls and roof. 
 
Table 19 The energy demand to cover the heat losses 

 
 

• The heat losses for external walls which have a U-value of 0.14 W/m²K is 
633 kWh/year. 

• The heat losses for roof which have a U-value of 0.13 W/m²K is 887 kWh/year. 
 
 
 
 

LCA results 
 

The results of LCA for the external wall and the roof will be shown with different tables 

and figures. 

                                                   Energy demand  

Surfaces Area 
[m2] 

U-value 
[W/m2K] 

Thermal 
bridge +20% 

Qt 
[W] 

Gt 

[℃h] 
E = Qtot * Gt = 

[Wh] 
E 

Wall 113.5 0.14 0.168 15.9 39 
840 

633 058 633 kWh/year 

Roof 171.2 0.13 0.156 22.3 39 
840 

886 679 887 kWh/year 

Total 285     38         
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Figure 5-1. 

Appendix 10. 

 

5.2.1. External wall results 
 

The results of external wall materials for the three scenarios (base case, second case, 

third case) can be seen. The results show the CO2 equivalent (tons) and social cost 

(Euros €) that was done by using One Click LCA. This is presented in Table 20 and 

 

Table 20 External wall results with the three cases 
 

External Wall Insulation CO2 equivalent Social cost 

Base case Hemp fiber 

insulation 

7.77 tons 389 € 

The second case Rock wool 

insulation 

9 tons 455 € 

The third case Glass wool 

Insulation 

7.73 tons 387 € 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              
                               Figure 5-1 External wall results with the three cases 
 
 

For more detailed results of LCA of the external walls see Appendix 8 , Appendix 9 and 
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5.2.2. Roof results 

 
The results of the roof materials for the three scenarios (base case, second case, third 

case) will be displayed. The results show the CO2 equivalent (tons) and social cost 

(Euros €) that was done by using One Click LCA. Table 21 shows the base case which 

is the original scenario, the second case and the third case. 

Table 21Roof results with three cases 
 

Roof Roof Type CO2 equivalent Social cost 

Base Case Wood 26.9 tons 1347 € 

The second case Concrete 36 tons 1779 € 

The third case Steel 27.5 tons 1374 € 

 

Roof results with the three cases is seen in Figure 5-2. 

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-2 Roof results with the three cases 
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Figure 6-1) 

6 Discussion 
 

External wall 
 

The results showed that glass wool insulation had a little less emission of CO2 Eq 

compared to hemp fiber insulation. The social cost of glass wool insulation (387 €) was 

also lower compared to hemp fiber insulation (389 €). The worst case was rock wool 

insulation. 

 
From discussing and seeing the results categories that is coming from One Click LCA, it 

is seen from the results category that the construction materials category is contributing 

the most to climate change (CO2 eq) compared to other categories for both hemp fiber 

wall and glass wool wall with 3.36 tons for hemp fiber and 3.26 tons for glass wool 

insulation (see appendix 8,10). When seeing the most contributing materials for each 

wall, it is shown that hemp fiber emits 0.11 CO2 eq tons (as seen in 

compared to only 0.01 CO2 eq tons for glass wool insulation in cradle to gate stage. This 

shows clearly that hemp fiber as an insulation material is worst for emissions compared 

to glass wool insulation. 

 

 
 

Figure 6-1 The most contributing materials of external wall (base case) 
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It was also surprising that wood fiber insulation contributed most comparing to other 

materials so this could mean that having an alternative to this insulation could be a good 

choice for the villa. One of the reasons that hemp fiber could be less environmentally 

friendly compared to glass wool is that it contains non environmental material which can 

be nonrenewable and contribute more emissions. The study was done with a life span of 

50 years, so this result showed that this material is better in terms of durability over the 

years. 
 

Roof materials 
 

The results showed that wood type of roof made less emission of CO2 Eq compared to 

steel insulation. The social cost of it (1347 €) was also lower compared to steel roof 

(1374€). The worst case was concrete roof. 
 

From discussing and seeing the impact categories that is coming from the results of One 

Click LCA, it is seen from the results that the category of construction materials is 

contributing the most for CO2 emissions comparing to other categories for both wood 

and steel (12 tons for wood and 14 tons for steel, (see Appendix 11, Appendix 13). When 

seeing the most contributing materials, it is shown that the steel components of roof make     

3 tons CO2 eq (as seen in Figure 6-2 ) compared to only 0.4 tons CO2 eq for wood in 

cradle to gate stage. This shows clearly that using steel as a material for roof is worst for        

emissions compared to wood roof. Which is the base case for the roof of the villa. 

                           Figure 6-2 The most contributing materials of steel roof (The third case) 
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It was also noted that PV panels for roofs contributed most comparing to other materials 

(11 tons). It is also reasonable that steel emits more emissions compared to wood, as 

steel itself contains more carbon content compared to wood Which is made naturally and  

more renewable compared to other materials. 

 

The study was done with a life span of 50 years, so this result showed that wood material 

is better in terms of durability over the years. 

 

 

Uncertainties 
 

 One Click LCA software provides the user with various number of construction 

material. The full profile of some construction materials is not provided in the software. 

Consequently, this will narrow down the options available for us to choose. In this 

project, we selected the constructions material with full profile of characteristics rather 

than choosing materials with missing values. Reducing the number of the available 

construction materials will block the chance of investigating the performance of materials 

with missing characteristics data. The heat loss energy is calculated based on simplified 

equations, however, there are software that have a stronger capability such as IDA ICE 

to calculate the heat losses based on many parameters that hand calculation method 

cannot cover. 
 

Applicability of the study 
 

The importance of this project lies in investigating the CO2 emissions of several 

construction materials. The CO2 emissions is strongly correlated with global warming 

and human health. Therefore, this issue is pushing the governments to regulate laws 

regarding CO2 emissions hoping to reduce, and to implement the sustainable building 

concept vastly in the upcoming new projects. 
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One Click 

 
 
 

Future Work 
 

LCA is a sufficient tool that provide the user with results in a fast way. It is 

interesting to use other software for the same project to investigate if there are differences 

in the results. In this project, the U-value of the external walls (0.14 W/m²K) and the roof 

(0.13 W/m²K) is constant in the baseline case, scenario 1, and scenario 2. Hence, the heat 

losses will have the same value in the three cases. In this project, other indoor 

environment parameters such as relative humidity and soundproofing is not covered in 

this project. In addition, changing the villa’s location can lead to use other transportation 

systems to deliver the construction materials. This will open the gate to conduct a study 

about the effects of transportation systems on the environmental impacts of the materials. 
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7 Conclusions 
 

The materials that are the most efficient for Villa Zero project in terms of environmental 

performance are the glass wool insulation for the external walls and wood for roof. Both 

of them have a less emission of GHG compared to other materials in this study. So, in 

this case based on the results in this study, the materials chosen for the project by the 

company in terms of contribution to climate change, durability, life span and social 

costs are the best alternative for the roof but not in the external wall. 

 

Since LCA gives an overview in numbers about the impact of the materials from cradle 

to grave, it will be easier to choose the best “less environmental impact” materials and 

the way to produce and transport them in a more efficient way. This study showed how 

important it is conducting life cycle assessment as it showed we can make better 

environmental performance in the building sector and especially the materials section. 
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Appendices 
 
 
 

Appendix 1 Normal temperature for some cities in Sweden [23]. 
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Appendix 2 Grade hours as a function of normal temperature [23]. 
 
 

Appendix 3 Drawing Villa Zero [3]. 
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Appendix 4 Drawing Villa Zero [3]. 
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Appendix 5 Drawing Villa Zero [3]. 
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Appendix 6 Drawing Villa Zero [3]. 
 
 

Appendix 7 Information about Villa Zero CO2. 
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Appendix 8 Life cycle assessment results of external wall 1. 
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Appendix 9 Life cycle assessment results of external wall 2. 
 
 
 
 

 
 

Appendix 10 Life cycle assessment results of external wall 3. 
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Appendix 11 Life cycle assessment results of roof 1. 
 
 

 
 
 

Appendix 12 Life cycle assessment results of roof 2. 
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Appendix 13: Life cycle assessment results of roof 3. 


