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Abstract

Analysis of Greenhouse Gas Emissions of Planned
Constructions in Uppsala

Johanna Berglund, Josefine Grundius, Malin Jakobsson

In this thesis, the greenhouse gas emissions from 
the extraction of raw material to construction of 
planned buildings, roads and tramways in Uppsala 
are studied. The study is part of the work with 
Roadmap 2050 for a carbon dioxide neutral 
Uppsala until year 2050 that the Municipality is 
developing. The goal of the Municipality is to 
reduce the greenhouse gas emissions to less than 
500 kg CO2-eqv per capita and year, compared to 
in 2011 just over 7 000 kg CO2-eqv per capita and 
year. The results of this study are compared to this 
goal. 
The study is based on two different possible 
scenarios of population growth in Uppsala until year 
2030 and year 2050. The first one, the base 
scenario, implies that Stockholm remains the only 
big centre in the region. The second one, the high 
scenario, is a network region in which Uppsala has 
become an equally attractive city. This means that 
four scenarios have been considered; 2030 base, 
2050 base, 2030 high and 2050 high. Another 
decisive parameter is the composition of material in 
the different constructions. 
To calculate the emissions certain LCA:s on roads 
and buildings, which apply to the situation in 
Uppsala, has been chosen. For tramways, an 
approximation had to be made since no LCA could 
be found. 
The result shows that the emissions from the 
extraction and production phase is more than ten 
times as big as the emissions from the construction 
phase of the process. For all scenarios, the 
emissions from roads are the highest ones in the 
extraction and production phase while the 
emissions from trams are the lowest ones. In the 
construction phase the emissions are highest from 
apartment buildings for all scenarios except 2050 
high, where roads are highest. In the construction 
phase tramways have the lowest emissions in all 
scenarios. In total, the emissions of 2030 base is 
the lowest with 39 kg CO2 per capita and year and 
the scenario 2050 high is the highest with 120 kg 
CO2 per capita and year. 
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Important concepts 
Apartment buildings Houses for several families, built with wooden or concrete 

frame. 

Asphalt  A mixture of stones kept together with bitumen, a product 
made by oil used for the topcoat of roads. Depending on the 
size of the gravels the asphalt will get different properties 
(Asfaltsskolan, 2014). 

Cable  An electric cable with a copper core and plastic isolation 
(Lövebrant K., 2012). 

CO2-equivalents A way to compare different greenhouse gases by 
transforming the emissions of different gases into the amount 
of carbon dioxide that would give the same impact on the 
greenhouse effect (Gilbert M. M. and Wendell P. E., 2008). 

Concrete  One of the most used materials for constructions in the 
world. Mostly it consists of aggregates, e.g. stones and sand, 
to about 80%, the rest is water and cement, e.g. limestone 
and clay (Svensk betong, 2014). 

Constructions In this report constructions are the objects included in this 
study, i. e. small family houses, apartment buildings, 
facilities, roads and tramways. 

Facilities  All buildings that are not designed to live in, e.g. hospitals 
and schools. 

Functional unit! Used to enable a comparison between different values and 
thus be able to come to a conclusion on which is the better 
option. A functional unit is a measure of performance which 
includes three properties; quantity, life span and quality 
(Rydh et al, 2010). In this report the functional unit will be 
kg CO2-equivalents per capita and year. 

Greenhouse gases Gases that absorbs infrared absorption in the atmosphere, 
which prevents heat from leaving the Earth. The most 
important greenhouse gases are water (H2O), carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O) and ozone (O3) 
(Gilbert M. M. and Wendell P. E., 2008). 
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GWP  Contraction for Global Warming Potential. A weighting 
factor that makes it possible to compare the impact different 
greenhouse gases has on the climate over a certain time, in 
this study the factor for a time span of a hundred years is 
used (Gilbert M. M. and Wendell P. E., 2008). 

LCA  Contraction for Life Cycle Assessment. A method that 
describes the climate impact during the whole life cycle of a 
product or service, from raw material extraction until the 
product is used and recycled (Rydh C. J. et al., 2010). 

Road  A road is built in different layers. The base layers are built 
with ballast and gravel in different sizes, and the topcoat is 
normally built of asphalt or concrete (Stripple H., 2001). 

Roadmap   In Swedish Färdplan. In this study it refers to a project to 
reach a carbon dioxide neutral Sweden by the year 2050 
(Naturvårdsverket 2, 2012). 

Single family houses A detached residential house for one family of 2.3 people, 
built with wooden or concrete frame  (Sweco Eurofutures, 
2013). 

The Swedish  In Swedish Naturvårdsverket. 
Environmental  
Protection Agency  

The Swedish  In Swedish Trafikverket. 
Transport  
Administration  

Tramways  In this report tramways are the infrastructure needed for 
trams, e.g. roads, rails, posts and electric cables, but not the 
trams themselves. 

Wood   In this report wood is referred to as a construction material 
for framework. Wood is an old material that has become 
more popular in constructing during the 21th century and the 
trend will probably remain. It is renewable and 
environmental friendly (Svenskt trä, 2014). 

!  
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Variables 
ABUILDING   New building surface (m2) 

AHVDC    Cross section area of HVDC cable (mm2) 

ANEXAN  Cross section area of Nexan cable (mm2) 

AROAD   New road surface (m2) 

EkWh   Energy use (kWh/m2) 

FLEAP   LEAP emission factors (kg CO2-eqv/kWh) 

GASPHALT  Emissions when using asphalt (kg CO2-eqv/m2) 

GBUILDING  Emissions of roads (kg CO2-eqv/m2) 

GCONCRETE   Emissions when using concrete (kg CO2-eqv/m2) 

GGROUND   Emissions of groundwork (kg CO2-eqv/m2) 

GHVDC   Emissions of HVDC cable (kg CO2-eqv/m) 

GROAD   Emissions of roads (kg CO2-eqv/m2) 

GROAD,KM  Emissions of roads per kilometre (kg CO2-eqv/km) 

GTRAM    Emissions per metre (kg CO2-eqv/m) 

GTRAM, M   Emissions for one meter tramway that is six meters wide (kg 
CO2-eqv/m) 

GWOOD   Emissions when using wood (kg CO2-eqv/m2) 

GWPCH4  Global warming potential for CH4 = 21 (no unit) 

GWPCO2   Global warming potential for CO2 = 1 (no unit) 

GWPN2O    Global warming potential for N2O = 310 (no unit) 

L   New length of tramways (m) 

N  Meter cable/meter tramway = 3 (no unit) 

PWOOD   Percent of wood used (%) 

PCONCRETE   Percent of concrete used (%) 
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PASPHALT   Percent of asphalt used (%) 

T  Lifetime = 40 years 

W  Width of the road (m) 
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1. Introduction 
Around the world researchers and experts agree that the climate change our planet is 
experiencing at the moment is due to human activity, which increases the emissions of 
greenhouse gases. The effects that these changes will have on the planet might be 
devastating and is one of the biggest challenges for the people of the world today. To 
achieve a sustainable climate the Swedish Environmental Protection Agency was 
assigned by the Swedish government to develop a roadmap, for the year 2050, 
considering how the society will work towards a sustainable development for the whole 
country. Each county administration in Sweden has been assigned to create a roadmap 
for their region, and the Municipality of Uppsala has decided to create their own 
roadmap for 2050, called Roadmap 2050, as a part of their work for a sustainable city. 
The goal is to reduce the emissions of greenhouse gases to less than 500 kg CO2-eqv per 
capita and year by 2050, compared to todays number of 8 000 kg CO2-eqv per capita 
and year. The project is still in the planning stage and will be finished during 2014 
(Sigurdsson B., 2014). 

Today the Municipality has a clear picture of the emissions in Uppsala during the usage 
phase of buildings and traffic, but the emissions during the construction and demolition 
phase of these projects are unknown. Some parts of the life cycle of construction 
projects might even take place outside of Uppsala, e.g. mining materials, and therefore 
not be a part of the emissions measured today. In order to get a better understanding of 
the total emissions in Uppsala the Municipality needs a full image of the emissions 
throughout the whole life cycle for different constructing projects (Sigurdsson B., 
2014). On behalf of the Municipality this study aims to fill a part of this gap in the 
Roadmap 2050 and make an effort to map the emissions of greenhouse gases, from 
extraction of raw materials until the construction is finished.  

Uppsala is a growing city and there are two different main scenarios that the 
Municipality sees for the future of the Mälardalen region, one with many strong cities 
and one with Stockholm as the main centre of the region. Depending on the growth of 
population, different numbers of buildings and constructions will be necessary for 
satisfying the needs of the population. The amount of emissions might therefore be 
different depending on the growth and what development that takes place in the region 
(Sweco Eurofutures, 2013).  

This report will estimate the greenhouse gas emissions per capita from the extraction, 
production and construction phase of planned buildings, roads and tramways in Uppsala 
based on the two population growth scenarios. Since the study is a part of the work with 
Roadmap 2050, the result will be compared to the goal of less than 500 kg CO2-eqv per 
capita and year by 2050. 
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1.1 Aim of the Report 

The aim of this report is to identify the emissions of greenhouse gases in the extraction, 
production and construction phases of planned constructions in the growing city of 
Uppsala until year 2050 for two different scenarios based on population growth. The 
project will examine how the emissions differs depending on the choice of materials 
that can be used in different constructions and compare it to the goals in Roadmap 2050. 
As a final result a model will be created to calculate the total amount of carbon dioxide 
equivalents per capita and year for the two scenarios and different constructions, i.e. 
buildings, roads and tramways. 

1.2 Research Questions 

! What kind of new constructions will be built in Uppsala in the different 
scenarios and what would the distribution between the different constructions 
look like? 

! How big are the carbon dioxide emissions in different constructions from the 
extraction of raw material until the construction is finished? 

1.3 Outline of the Report 

After the introduction section, the report starts off with a background to the study, 
section 2, which contains a review of previous studies to get an idea of what is known 
and what gap of knowledge this project aims to cover. This part also explains the 
concepts that are important for the project. It will be followed by section 3, where the 
methodology used will be described. This section also contains information about how 
data has been collected and a discussion about what choices and delimitations that have 
been made and why. In section 3.2, the collected data and assumptions made, will be 
presented. The methodology part ends with an examination of the calculations that are 
made in Excel, section 3.4. The results of the project are presented in section 4. Finally 
the report ends with a discussion of the results, a sensitivity analysis and conclusions, 
sections 5-7. 
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2. Background 

2.1 Roadmap 2050 

Greenhouse gas emissions caused by human activity have increased constantly since the 
beginning of the urbanization. It is a major contributor to the average temperature 
increase of 0.7 – 0.8 degrees over the last hundred years (IPCC, 2013). The United 
Nations has set a goal of a maximum average temperature raise of 2 degrees Celsius 
compared to preindustrial levels. The goal is based on scientific models saying that a 
raise greater than 2 degrees will cause irreversible effects on the environment; a so-
called tipping point will be reached. This means that the emissions must start culminate 
at the latest 2020 (Naturvårdsverket 1, 2012).  

One of Sweden’s contributions to this aim is a roadmap that started to take form in 2010 
by the Swedish Environmental Protection Agency on behalf of the government. The 
national goal is to eliminate the greenhouse gas emissions in Sweden by the year 2050 
(Naturvårdsverket 2, 2014). With this in mind Uppsala Municipality started in 2013 to 
form a local roadmap for the city of Uppsala to reach the goal of being climate neutral 
until 2050. The Roadmap 2050 will be finished until the end of 2014 and different 
companies, universities and organizations within Uppsala are involved in the process. 
The Roadmap 2050 will be divided into five sectors; electricity and district heating 
production, housing and services, transports, industry and agriculture and forestry 
(Naturvårdsverket 3, 2012). 

2.2 The Growth of Uppsala 

How the city of Uppsala will grow until the years of 2030 and 2050 have been analysed 
by Sweco Eurofutures on behalf of the Municipality in Uppsala and has been put 
together in the report “Uppsala tillväxt - Planeringsunderlag 2030/2050”. It is 
impossible to determine exactly what the future development will look like, but the 
report describes possible outcomes. The report is based on ten global megatrends, e.g. 
globalization, urbanization and more technology, that will have an effect on the whole 
planet and also be important factors for the future of Uppsala. For analysing the future, 
Sweco also has used different prognoses for population growth and employment made 
by the regions in the east central of Sweden (Sweco Eurofutures, 2013). 

Uppsala is situated close to Stockholm and together the Stockholm-Uppsala region is 
the strongest and most dominating region in Sweden with 28% of the total Swedish 
employment. The trend is that this region will continue to grow, but in what way is not 
determined. Either the region will continue to have one strong centre in Stockholm or 
the growth will change into the direction that the local politicians aims for, a bigger 
region with several attractive centres. Depending on which direction the development 
takes, different aspects will have to be taken in account. The different possible scenarios 
for Uppsala will be discussed later on in this report (Sweco Eurofutures, 2013). 
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Uppsala has a strong tradition as a university city and the economy of the city is mainly 
based on knowledge intense industries. The city is based on three types of businesses 
where the local market, with different services and trade, is the first one. The second 
one is the public sector with big universities and hospitals. The final one is Life Science 
with big research and development departments in Uppsala (Sweco Eurofutures, 2013). 

2.2.1 Growth Scenarios of the City 

The report written by Sweco discusses two different future scenarios. One where 
Uppsala is aiming for more integration with Stockholm, and the other where Uppsala 
instead aims to become a second centre of the region. Further on the different scenarios 
will be called base and high, see Table 1. These two scenarios have been used in two 
time frames, one for the year 2030 and one for 2050, which will also be used in this 
report (Sweco Eurofutures, 2013). 

Table 1. Summary of the two growth scenarios. 

 

2.2.2 Traffic Scenarios 

One of the Municipality’s goals is that the amount of travels by car will not increase 
even though the city itself grows. Instead major investments in public transport will be 
made to encourage more environmental friendly commuting. What kind of transport 
chosen is still unclear but it is a huge engagement for the city to implement new 
transport infrastructure (Carlén G., 2014). 

Based on the two scenarios compiled by Sweco, the Municipality has constructed three 
different traffic scenarios for the future of Uppsala. Then the consultants at WSP made 
calculations on these traffic scenarios to figure out how much roads, tramways etc. that 
have to be built to make the scenarios come true, as shown in Table 2 (Almström P. et 
al., 2014). 

 

 

 

The Base Scenario The High Scenario
The commuting in the region continues to grow. The commuting in the region continues to grow.
Stockholm will strengthen its position on the common 
labour.

Uppsala will grow and compete more evenly with Stockholm, 
as well in business as in activity.

The growth of Uppsala is primarily related to population 
and consumption.

An even more productivity-driven growth and balance 
between the working day and night population.

Uppsala will be more dependent on the commuting to 
Stockholm. More incoming commuting from other parts of the county.

Stockholm continues to be the centre of the region.
Uppsala becomes a strong northern core, in a region with 
many strong city’s.

A population of 249 600 in 2030. A population of 274 840 in 2030.
A population of 283 480 in 2050. A population of 340 480 in 2050.
Source: Sweco Eurofutures 2013



! (!

 

Table 2. Summary of the traffic scenarios 
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Traffic Scenario Base Traffic Scenario 1 Traffic Scenario 2 Traffic Scenario 3

Expand the articulated buses Two new tramlines

Commuter railway station 
in Bergsbrunna (Uppsala 
södra)

Investments are made 
along Dalabanan

Invest in new railroad 
going south

Commuter railway station 
in Librobäck

Relieve Uppsala 
Resecentrum

Densification around the 
new station

Development towards 
more labour and housing 
concentrations

Relieve Uppsala 
Resecentrum

!"#$%&'()*+,-$.+(/(&-(0*1(2345
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3. Method 
In this section the whole process of the study will be covered. In 3.1 the life cycle 
approach will be described and why it is a suitable tool for this kind of study. In 3.2 the 
data that have been collected will be presented. Section 3.3 is a comprehensive part 
about the delimitations that have been made and why. Finally in section 3.4 the 
calculations and modelling for getting the results are presented.  

3.1 Life Cycle Approach, LCA 

A LCA on a certain product or system describes the environmental impact of that 
product or system, from the process of raw material extraction and production to usage 
and end of life processes. Depending on the design of the product or system the 
environmental impact will vary in different parts of the life cycle (Rydh C. J. et al., 
2010). This project will only consider the phases of raw material extraction, production 
and construction as shown in Figure 1. 

There are both positive and negative aspects of using LCA: s. It is an easy way to 
illustrate environmental controversies and can be used as a base in decision-making. 
The problem is that there is often a lack of data when used on a new or not already 
implemented product or system, which makes the result more vague and less reliable 
(Rydh C. J., et al., 2010). 

 

Figure 1. The phases of a life cycle of a construction project, grey ones are not included 
in this study. 

 

In this study focus has been to collect already made LCA: s and combine them to get an 
overview of the greenhouse gas emissions in Uppsala. Some criteria have been 
important for the choice of which reports to use. The search has been focused on reports 
with connection to Uppsala or reports dealing with situations comparable to the ones in 
Uppsala. That the reports are not older than a decade has also been an important factor. 
This is to increase the chances that the results for future greenhouse gas emission in 
Uppsala will be as realistic as possible. 

The result will cover greenhouse gas emissions for different future population growth 
scenarios in Uppsala and therefore the functional unit used is kg CO2-eqv per capita and 
year. This unit also enables that other emissions of greenhouse gases can be included 
when transformed to CO2-equivalents. 
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3.2 Collecting Data 

The reports from Sweco and WSP have been the basis for the different scenarios that 
are used in the model for the future Uppsala, as shown in Table 3. These scenarios are 
used throughout the information about the planning of Uppsala has been collected by 
interviews with Björn Sigurdsson and Göran Carlén at the executive office of the 
Municipality. 

Table 3. Population and new construction areas for different scenarios. 

 

For collecting data and to make assumptions about the amount of each material used 
today and in the future, phone interviews have been held with JM and NCC, two large 
building companies. Internet sources have also been used. Since the building industry is 
very conservative, the assumptions for 2030 are that no change in material use have 
happened and therefore is the same as today (Berzelius T., 2014). 

3.2.1 Buildings 

Emissions from the construction of buildings in Uppsala have been calculated on the 
basis of the bachelor thesis “Exergy Analysis of two Residential Buildings with Wooden 
and Concrete Frame” from Uppsala University. In this thesis two planned residential 
buildings by Järntorget in the area Östra Salabacke in Uppsala, have been compared 
based on the choice of material for the frame. The materials considered were wood and 
concrete. Since the report is based on a future case in Uppsala the results is likely to be 
applicable on other future building projects in Uppsala and therefore suitable for this 
project (Lidholm M. et al., 2012). 

The report has kWh/m2 as functional unit so to transform kWh to CO2-equivalents, 
conversion factors from the LEAP report was used. The report describes the programme 
LEAP, the Long-range Energy Alternatives Planning system, a programme developed 
by the Stockholm Environment Institute and used for making energy and greenhouse 
gas emissions analyses in a restricted area. LEAP is used for the work with Roadmap 
2050 and therefore the data were taken from this report. The data used are based on 
emissions from different energy sources in Uppsala (Byfors S. and Sundberg C., 2014). 
Conversion factors were taken from the LEAP report for all cases except for gas, when 

Traffic and Building Scenarios
2030 Base 2030 High 2050 Base 2050 High

Population 249 600 274 840 283 480 340 480
New area in single family houses from 2010 (m^2) 894 000 1 330 000 1 480 000 2 460 000
New area in appartment buildings from 2010 (m^2) 1 190 000 1 890 000 2 130 000 3 630 000
New area in facilities from 2010 (m^2) 463 000 1 220 000 937 000 2 040 000
New roads (m^2) 669 000 1 300 000 1 300 000 3 990 000
Total length of trams (m) 0 22 000 22 000 22 000
Source buildings: Sweco Eurofutures 2013
Source roads and trams: WSP 2014
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another report was used, since no emission factor from Uppsala existed in the LEAP 
report (Borgmästaravtalet, 2014). 

In the future, different kinds of buildings will be built in Uppsala; small family houses, 
apartment buildings and other facilities. For this project all buildings have been 
approximated with the houses from the same bachelor thesis. Therefore only the 
material factor will affect the result, but still give an idea of how different buildings 
relate to each other. In Uppsala it is most unlikely that any new heavy industry will be 
established since the economy of the city is based on knowledge intense industry as 
mentioned in section 2.2 (Sweco Eurofutures, 2013). Therefore the assumption were 
made in this study, that facilities could be approximated with an apartment house, since 
the Uppsala industries does not require any special industrial buildings. 

3.2.2 Roads 

When collecting data for the roads, two different reports have been used. For as accurate 
data as possible it is always desirable to use reports from Uppsala but this time only 
data for the top layer were found. The chosen data is from the bachelor thesis “En 
jämförelse av asfalt- och betongtoppbeläggning på väg ur ett miljöperspektiv” from 
Uppsala University (Ramstedt K. and Ringdahl A., 2011). To get data about the base 
layer a report from IVL - Swedish Environmental Research institute written by Håkan 
Stripple was used (Stripple H., 2001). 

3.2.3 Tramways 

Unfortunately information about the climate impact from construction of tramways is 
hard to find and a complete LCA could not be found. Therefore approximations had to 
be made. Nina Waara, strategist at The Public Transit Department of Uppsala County 
Council (UL), assumed that it would not be a big difference between the construction of 
roads and tramways (Waara N., 2014). The approximations of emissions made for 
construction of tramways are therefore the same as for an asphalt road and then the 
emissions from rails, posts and electric cables have been added.  

3.3 Delimitations 

The report will not include the operation phase and the demolition phase. Some other 
general delimitations are that the project takes only new buildings, roads and tramways 
that are built on previously unsettled ground into account. Further, the construction of 
buses and trams is not taken into account. As a geographical delimitation, the project is 
focused only at Uppsala Municipality. Since the functional unit is kg CO2-equivalents 
per capita and year, only greenhouse gas emissions are calculated. Energy use, 
fertilization, acidification and other environmental impacts are not included. Neither 
have any economic aspects been included, which often affects what kind of material is 
used and an important factor when it comes to new constructing works. Future numbers 
for emissionfactors and LCA:s has not been taken in account. More detailed 
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delimitations about each construction are described in the following sections and these 
delimitations are based on the LCA:s used for the study. 

3.3.1 Buildings 

In the thesis by Lidholm et al., the emissions caused by construction of outdoor 
environment, porches, garages and other extra constructions that may be different in 
different houses are not included. Also not included are the fixtures, domestic 
appliances and furniture. Since the operation phase is not taken into account nor will the 
household waste, electricity or water consumption. Heating consumption and gains 
from the appliances and residents is also neglected. The thesis concentrates on the 
buildings structure, and not how it is affected by its occupants (Lidholm M. et al., 
2012). 

3.3.2 Roads 

As mentioned in part 3.2.2. data is collected from two different reports where 
delimitations were made on each one. In the report from IVL the study explained the 
whole process for the construction and building of a road, with different kinds of 
topcoats and same kind of base layer (Stripple H., 2001). Since the data needed for the 
topcoats were found in a study from Uppsala, only the data for the production and 
construction of the base layer was used from the IVL report.  

In the thesis from Uppsala used for the calculations concerning topcoat, a study was 
made on a road construction between Uppsala and Mehedeby where the extracting of 
raw materials until the use of the road, including maintenance, was studied. In the first 
phase, the amount of energy and emissions for transports, manufacturing process and 
machines are included but not the production of these machines and industries. For the 
construction phase, the amount of energy for machine used during the construction and 
emissions from these has been taken into account, but not the production of the 
machines (Ramstedt K. and Ringdahl A., 2011).  

3.3.3 Tramways 

Since there was no existing LCA that could be used, only the most important parts of 
the tramways were included. They were chosen to be the construction of road, rails, 
posts and electric cables. Parts that have not been included are for example, stations, 
signal systems and lighting. 

3.4 Calculation and Modelling 

In this section the calculations and modelling will be described. Figure 2 shows how the 
population and different scenarios are connected. The calculations concerning buildings 
will be presented first in section 3.4.1. In section 3.4.2 the calculations concerning roads 
will be discussed and explained and section 3.4.3 contains all calculations about 
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tramways. The final section 3.4.4 will describe how the compilation of the first sections 
and the results was developed.   

 

 
 

Figure 2. Figure of what is included in the different scenarios. 
  

All calculations have been made in Excel and the functional unit chosen for this study is 
kg CO2-equivalents per capita and year. With this functional unit, it will be easy to 
compare the results with the goal of the Municipality and the collected LCA:s studies 
different lengths of lifetime will not affect the result. All the data results are shown in 
Appendix A-C. 

3.4.1 Buildings 

The data from the report used for buildings had the functional unit kWh/m2 and year 
(Lidholm M. et al., 2012), see Appendix A. To get the wanted functional unit kWh had 
to be transformed to CO2-equivalents, this was made by the conversion factors of CO2 
emissions for different energy sources from the LEAP-report, see Table 4, (Byfors S. 
and Sundberg C., 2014).  

Table 4. Emission factors used for converting to CO2-eqv. 
 

 

 

 

 

By using the factors from Table 4 the following calculation: 

!!"#$%#&' ! !!"! ! !!"#$   (1) 

 

Base Growth High Growth Base Growth High Growth
Traffic Scenario Base Traffic Scenario Base Traffic Scenario Base Traffic Scenario Base

! ! ! !
LCA Reports Traffic Scenario 1 Traffic Scenario 1 Traffic Scenario 1

! ! ! !
Results LCA Reports LCA Reports Traffic Scenario 2

! ! !
Results Results Traffic Scenario 3

!
LCA Reports

!
Results

Year 2030 Year 2050

Emission Factors from 
LEAP Report and 
Borgmästaravtalet !"#$%&'(&)*+,-./0'12
Coal 0,38
Oil 0,29
Gas 0,20
Bio mass 0,02
Electricity 0,11
Sources except gas: Byfors S. And Sundberg C. 2014
Source gas: Borgmästaravtalet 2014
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was made to get the total emissions of CO2/m2 for the building phase. The results were 
complied in Table 5 and afterwards used for further calculations, see section 3.4.4. 

Table 5. Emissions for buildings in kg CO2-eqv/m2 and year for two life phases and two 
different materials. 

 

 

From the Table 5 it can be seen that a lot of coal is used in production of the frames, this 
is since a lot of steel is used in the production and also since the study used made the 
assumption that production margin is constituted of European coal condensing power 
plants. (Lidholm et al., 2012) 

3.4.2 Roads 

In the IVL-report data for emissions of every part of the construction work could be 
found. To calculate the emission for the base layer, all the emissions for the activities 
included in the groundwork were added and split up in two life phases, extraction and 
production and construction. In Table 6 the data for different emissions can be seen and 
how they have been split in different life phases.  

Table 6. Data for greenhouse gas emissions for roads. 
 

 

 

 

 

 

In the IVL-report the emissions were not showed in CO2-equivalents, instead data for 
each greenhouse gas was accounted for. Therefore the emissions had to be calculated 
into CO2-equivalents by using their GWP. Three of the most common greenhouse gases 
were included, CO2, CH4 and N2O (Naturvårdsverket 4, 2014). 

The greenhouse gas emissions for roads (!!"!!!!) was calculated as 

LCA Data for Buildings after Applying LEAP
Unit: kg CO2/m^2 and year

Wooden Frame Concrete Frame Wooden Frame Concrete Frame
Coal 0,80 1,7 - -
Oil 0,66 0,60 0,14 0,29
Gas 0,07 0,16 - -
Bio mass 0,03 0,00 - -
Electricity 0,12 0,11 0,05 0,11
Total 1,68 2,55 0,20 0,39

Extraction and Production Construction

Unit: g CO2 CH4 N2O

g CO2-eqv (1km 
road in 40 
years)

Topcoat+Groundwork 1 800 000 000 400 000 6 100 1 800 000 000
Asphalt - - - 110 000 000
Groundwork 1 700 000 000 400 000 5 500 1 700 000 000
Extr and Prod. 1 600 000 000 210 000 3 400 1 600 000 000
Construction 100 000 000 190 000 2 100 100 000 000
Source: Stripple H 2001

Numbers from the IVL Report
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!!"#$ ! !!"#!"! ! !!!"!!! !!"#!"! ! !!!"!!! !!"#!!! ! !!!!!!  (2) 

 
where !"#!! is the Global Warming Potential for each greenhouse gas and !!! is the 
emissions per m2.  

Since the number of planned new road was given in m2 and the functional unit in both 
reports used, were CO2-eqv per km calculations had to be made to get CO2-eqv per m2. 
This was done by  

!!"#$ ! !!"#$!!" ! !"""!!!     (3) 

where !!"#$!!" is the emissions per kilometre road, T is the lifetime which in this case 
is 40 years, and W is the width of the road. The results of these calculations were 
complied in Table 7 and used in further calculations, see section 3.4.4. 

Table 7. Emissions for roads in kg CO2-eqv/m2 and year for two life phases and two 
different materials in the top coat. 

 

3.4.3 Tramways 

Since there were no existing data many assumptions had to be made in this part. The 
calculations were made to get the emissions for one meter of tramway that are six 
meters wide, which means that it is enough space for two parallel tracks (Regional 
samverkan; Spårvagnar i Skåne, 2011). This is, most likely, the way that tramways will 
be constructed in Uppsala. 

Since the tram project in Uppsala is still in a planning stage, assumptions have been 
based on other tram projects in Sweden (Arvidsson A. and Olsson G., 2012). When it 
comes to the rail, the most commonly used rail in on-going projects has been chosen, 
which is BV50 (Banverket, 1998). The rail is made of steel and data about its weight 
and greenhouse gas emissions have been collected from The Swedish Transport 
Administration (Aava-Olsson B., 2012). Recently, new tramways have been built in 
Stockholm where examinations of different kinds of posts were made. The post that was 
chosen in Stockholm has also been chosen for this study. The post is originally almost 

Extraction and 
Production (kg 
CO2-eqv/km over 
40 years)

Construction 
(kg CO2-
eqv/km over 
40 years)

Road 
width 
(m) Lifetime (years)

Extraction and 
Production (kg 
CO2-eqv/m^2) 
per year

Construction 
(kg CO2-
eqv/m^2) per 
year

Groundwork 1 600 000 100 000 13 40 3,1 0,19
Concrete 1 200 000 1 075 12 40 2,6 0,002
Asfalt 520 000 320 10 40 1,4 0,001
Source groundwork: Stripple H 2001
Source concrete and asphalt: Ramstedt K and Ringdahl A 2011

LCA Data for Road from Stripple H and Ramstedt K et al.
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in the shape of a cone, but has been approximated with a hollow cylinder made of the 
same steel as the rail, see Table 8.  

Table 8. Numbers used for the calculation of material needed for the posts. 
 

 

 

 

 

Data about what kind of steel used could not be find and therefore, these assumptions 
were made. The distance between the posts has also been assumed to be the same as in 
Stockholm (Silferhielm L. et al., 2013). The total emissions for the parts made of steel, 
i. e. posts and rail, are compiled in Table 9.  

Table 9. Emissions for parts made of steel in kg CO2-eqv/m. 

 

The electricity for trams is normally from overhead DC-lines. The voltage can differ but 
most common is 750 V (Edstrand J., 2012). A producer of cables were contacted and 
the cable H07V-R were then assumed to be the most appropriate one, which has three 
conductors each, having a cross sectional area of 1,5 mm2 (Nexans, 2014). Then the 
emissions of carbon dioxide had to be calculated and a master thesis from the Swedish 
University of Agricultural Sciences was used. This thesis does a LCA of five different 
high voltages cables including an HVDC-line in air that have been used for calculations 
(Lövebrant K., 2012). It was then assumed that the technology of building cables were 
the same for both the HVDC-line and the cable from the company Nexans. The relation 
between the cross section areas was calculated and it was assumed that the relation 
between the emissions were the same. Finally it was estimated that for each meter of 
tramway, three meters of cable is needed.  

Calculation of the emissions for the cable: 

Extraction and 
produktion (kg 
CO2-eqv/kg)

Constructio
n (kg CO2-
eqv/kg)

Weig
ht 
(kg/m
)

Number 
of Rails

Extraction 
and 
Production 
(kg CO2-
eqv/m)

Constructi
on (kg 
CO2-
eqv/m)

Rail BV50 2,8 0 50 4,0 14 0
Posts 2,8 0 36 - 2,6 0
Source weight: Banverket 1998
Source extr and prod: Aava-Olsson B 2012

Data for Parts Made of Steel

Height (m) 9,0
Radius (m) 0,10
Volume (m^3) 0,055
One Pair Volume (m^3) 0,11
Distance Between Posts (m) 24
Density (kg/m^3) 7900
Source: Silferhielm L 2013, Arvidsson A and Olsson G 2012

Data for Posts
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!!"#$ ! ! ! !!!"#$!!!"#$
! !!!"#$    (4) 

The data and the result of the calculation have been compiled in Table 10. 

Table 10. Emissions for cable. 
 

 

 
 
 
 
 
 

 
For the construction phase posts, rails and cables could not be found and since in all 
other cases the construction phase is much smaller than the extraction phase it was 
decided that the construction phases for these objects were negligible. The results of all 
calculations led to the total emissions that can be seen in Table 11 and were then used 
for calculations in the following section 3.4.4. 

Table 11. Emissions for one meter of tramway that is six meters wide in kg CO2-eqv/m 
and year for two life phases. 

 

 

 

 

3.4.4 Total Emissions 

For the final results a table was made where kg CO2-equivalents was calculated for each 
scenario and year, both the total emissions and the emissions per capita and year. The 
emissions were calculated separately for the extraction and production phase and the 
construction phase. The distribution of the different materials, have been complied in a 
separate table and used for the calculations of the total emissions, see Table 12. 

 
 
 
 
 
 
 

Extraction and 
Production (kg 
CO2-eqv/m 
tramway)

Constructio
n (kg CO2-
eqv/m 
tramway)

52 1,2

Total LCA Data for Tramways

Cross Section 
Area (mm^2)

Number of 
Cables

Volta
ge 
(kV)

Extraction 
and 
Produktion 
(kg CO2-
eqv/m)

Construction 
(kg CO2-
eqv/m)

HVDC Cable 2300 - 500 1400 0
Nexan Cable 4,5 3 0,75 8,2 0
Source HVDC cable: Lövebrant K 2012
Source Nexan Cable: Nexans 2014

Data for Cable (DC Air)
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Table 12. The material assembly used for the two time frames. 
 

 

Calculation of the emissions for the different buildings (single family houses, apartment 
buildings and facilities): 

!!"#$%#&' ! !!!"#$%#&'! ! ! !!""# ! !!!""# ! !!!"#!$%&% ! !!!"#!$%&%!!  (5) 

Calculation of the emissions for the road construction: 

!!"#$ ! !!!"#$! ! ! !!"#$!%& ! !!!"#$!%& ! !!"#!$%&% ! !!!"#!$%&% ! !!"#$%&! 
(6) 

Calculation of the emissions of the tramways: 

!!"#$ ! !!! ! !!!"#$!!    (7) 

Then to get the correct functional unit the emissions were divided by the population. 
The final diagrams, were made by using the data of all total emissions per capita and 
year. 

 

!  

Choice of Material, year 2030

Wood Concrete Asphalt Wood Concrete Asphalt
Single family houses 95% 5% - 95% 5% -
Apartment buildings 0% 100% - 0% 100% -
Facilities 10% 90% - 10% 90% -
Road - 0% 100% - 0% 100%

Choice of Material, year 2050

Wood Concrete Asphalt Wood Concrete Asphalt
Single family houses 95% 5% - 95% 5% -
Apartment buildings 20% 80% - 20% 80% -
Facilities 40% 60% - 40% 60% -
Road - 0% 100% - 0% 100%
Source road: Bergström K 2014
Source buildings: Ahlford G 2014

Base High

Base High
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4. Results 
The results, shown in Table 4, show that the emissions from the extraction and 
production phase are more than ten times as big as the construction phase of the life 
cycle, as seen in Figure 5. For all of the scenarios, except 2030 base, the emissions from 
roads are the highest one in the extraction and production phase while the emissions 
from trams is the lowest one. In the construction phase, emissions for apartment 
buildings are the highest in all cases except 2050 high where emissions from roads are 
the highest. Trams have the lowest emissions in the construction phase in all scenarios. 
In total the emissions of 2030 base are the lowest with 32 kg CO2/capita and year, and 
the scenario 2050 high has the highest with 110 kg CO2/capita and year. In Figure 3 and 
Figure 4, the emissions for the different life phases are presented. In Figure 5, the 
relationship between the emissions of the two life phases studied is shown. 

Table 13. The total emissions from different constructions and scenarios during two life 
phases. 

 

Results (kgCO^2-equivalents)

Total
Per capita 
and year Total

Per capita 
and year Total

Per 
capita 
and year Total

Per 
capita 
and year

Extraction and Production
Single family houses 1 500 000 6,0 2 300 000 8 2 600 000 9 4 200 000 12
Apartment buildings 2 100 000 8 4 800 000 17 5 100 000 18 8 600 000 25
Facilities 800 000 3,2 3 000 000 11 2 100 000 7,4 4 500 000 13
Road 3 000 000 12 5 800 000 21 5 800 000 20 18 000 000 53
Tram 0 0,00 1 100 000 4,0 1 100 000 3,9 1 100 000 3,2
Total Extraction and Production 7 400 000 29,65 17 000 000 61,85 16 700 000 58,91 36 400 000 106,91

Construction
Single family houses 180 000 0,72 270 000 1,0 300 000 1,1 500 000 1,5
Apartment buildings 240 000 1,0 390 000 1,4 440 000 1,6 740 000 2,2
Facilities 90 000 0,36 250 000 0,91 190 000 0,67 420 000 1,2
Road 130 000 0,52 250 000 0,91 250 000 0,88 770 000 2,3
Tram 0 0,00 25 000 0,09 25 000 0,09 25 000 0,07
Total Construction 640 000 2,56 1 185 000 4,31 1 205 000 4,25 2 455 000 7,21
Total 8 040 000 32,21 18 185 000 66,17 17 905 000 63,16 38 855 000 114,12

P
ha

se
 o

f l
ife

 c
yc

le

2030 Base 2030 High 2050 Base 2050 High
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Figure 3. The diagram shows the emissions during the extraction and production phase 
for different constructions. 

 

Figure 4. The diagram shows the emissions during the construction phase for different 
constructions. 

!-!

!%-!

!'-!

!)-!

!+-!

!$--!

!$%-!

%-&-!./01! %-&-!2"34! %-(-!./01! %-(-!2"34!

!"
#$
%
&'
()

*+
,-
.(
/0
12
3-
4+
0-
#-
/5

#6
(-
7#

8907-3:;/#-/5#<7;5*3:;/#

56/7!

89/:!

;/<"=">10!

?@/6A71BA!CD"=:"B30!

E"B3=1!F/7"=G!49D010!

!-!

!$!

!%!

!&!

!'!

!(!

!)!

!*!

!+!

%-&-!./01! %-&-!2"34! %-(-!./01! %-(-!2"34!

!"
#$
%
&'
()

*+
,-
.(
/0
12
3-
4+
0-
#-
/5

#6
(-
7#

$;/107*3:;/#

56/7!

89/:!

;/<"=">10!

?@/6A71BA!CD"=:"B30!

E"B3=1!F/7"=G!49D010!



! $+!

 
 

 

 

 

 

 

 

 

Figure 5. Diagram that shows the relationship between the emissions of the two life 
phases. 
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5. Sensitivity Analysis 
To validate the results and to examine other possible outcomes, three different 
sensitivity analyses were made. By changing the input data, there is a chance to identify 
which variables are the most important for the result. For the first analysis, the material 
assembly were changed into a best and worst case scenario for the environment. 
Secondly, the LCA for buildings were changed to another similar LCA for buildings. 
The goal of the municipality is to densify the city, which means trying to build the city 
as compact as possible. Therefore in the final sensitivity analysis made, the amount of 
built roads was halved, since probably less road will be built in a more densely city. For 
complete data see Appendix C. 

5.1 Best and Worst Case Scenario 

In this part of the sensitivity analysis, the material assembly for the different scenarios 
were changed. Two new scenarios were analysed, the most environmental friendly 
material assembly and then, the least friendly. This means that in the best-case scenario 
all buildings were built with a wooden frame and all roads with a topcoat of asphalt, 
while in the worst-case scenario both buildings and roads were built in concrete. This 
was compared to the original results, which is shown in the figure below. 

 

Figure 6. The comparison between the original result versus the best and worst case 
scenarios when changes were made in the material assembly.  

Figure 6 shows that there are differences when comparing the best and worst scenario 
with the original results. The emissions differ between 3% and 15% between best case 
and original result. In the worst-case scenario, the result rises with 44% for 2030, and 
21-25% for the other ones. However, the worst-case scenario is an unrealistic future 
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scenario since it is mostly to cold in Uppsala to use concrete for the topcoat when 
building roads, even if some projects with topcoat of concrete have been made. One 
reason that the results differ more in the worst-case scenario is that already today the 
most environmental friendly materials are used more extensively. 

5.2 Change of Building Input 

For this analysis the material assembly were kept the same as for the original results, 
only the LCA data for buildings were changed to an analysis currently made. The new 
LCA on buildings is also a bachelor thesis from Uppsala University with the consult 
company Atkins as client. This LCA had the same functional unit, except for the time 
span, as used in the first one. Therefore, the results were divided by a lifetime of 50 
years, to get comparable data. In the Atkins report the results for wood showed 190 kg 
CO2-eqv/m2 during the extraction and production phase, and 3.8 kg CO2-eqv/m2 during 
the construction phase. For concrete the results are 310 kg CO2-eqv/m2 during the 
extraction and production phase, and 3.8 kg CO2-eqv/m2 during the construction phase 
(Grönvall S. et al., 2014). 

 

Figure 7. The comparison between the original results (Lidholm M. et al.) versus the 
new LCA data building input (Grönvall S. et al.). 

When changing the life cycle data, the greenhouse gas emissions became significantly 
higher. For example in the 2030 high scenario, the emissions has increased at most 
73%. This analysis shows that the input data from LCA:s is crucial for the results, 
mainly because the delimitations might be differently drawn when the LCA:s have been 
made. 
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5.3 Densify the City 

Throughout the project it has been assumed that all constructions are built on previously 
unsettled ground, which is unrealistic since the Municipality aims for a compact city. 
Therefore in this sensitivity analysis it was assumed that the buildings are built closer 
together and just half of the planned roads are being built. The result of this analysis is 
shown in figure 8.  

 

Figure 8. The comparison between the original result and the result after densifying the 
city. 

It can be seen that the total emissions decrease with 24% for 2050 high, that have the 
biggest reduction, and about 16% for the other cases. This means that if the 
Municipality succeeds to build a more compact city with less road area, major savings 
of emissions can be done. The existing roads will be exposed to heavier traffic due to 
more people living in the city than if more roads are built. 
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6. Discussion 
A full understanding of all greenhouse gas emissions that takes place during 
construction work in Uppsala is almost impossible to get since the lack of data is very 
comprehensive. The building plans for future Uppsala are not certain that they will be 
implemented. For this project, several delimitations had to be made. The LCA: s that the 
report is based on have a lot of delimitations, which affects the result. Therefore the 
result is most probably below the real greenhouse gas emissions. The goal of 500 kg 
CO2/m2 is a difficult goal to reach. With the results from this report alone, 22% of the 
total emissions for the 2050 high scenario are emissions from construction work only.  

If the Municipality of Uppsala decides to aim for a network region, i.e. aiming for the 
high growth scenario in 2050, the challenges will be the most extensive ones since the 
result of emissions for the 2050 high scenario are the highest. Most cities of today, as 
well as the economic system in general, aims for a high growth and usually do not 
consider the following climate impacts. But when only taking environmental issues in 
account, extending the city is rarely the best way to go. If Uppsala aims for a high 
growth and keeps the goal of 500 kg CO2-eqv/capita and year in 2050, the city will have 
to readjust the way constructions are built. The earlier these adjustments are made the 
easier it will be to reach the goal. To choose industries close to Uppsala for materials 
and recycle materials could be two ways to decrease the emissions. 

In all projects, according to the results of this study, the construction phase cause has 
much less emissions than the extraction and production phase. Therefore, the 
possibilities to make a contribution for lower total emissions are greater in the first 
phase. The extraction and production phase are also much more extensive than the 
construction phase. It would be a good idea to split the first phase into one extraction 
phase and one production phase. With the data provided today this division is difficult 
to make, but for future studies splitting the data into more life cycle phases would make 
it easier to identify where the emissions take place and contributions could be made to 
get as accurate results as possible. 

For this report only one LCA were used for each kind of construction although almost 
every house and road is unique. For example, the groundwork has to be adjusted to the 
specific place, which means it is doubtful to use general data for the emissions. One 
way to make this study more reliable would be to take more specific LCA:s for different 
constructions, even though it often gets difficult to compare them since different 
delimitations is made in each one. Another goal of this report was to show two life 
phases. Most reports keep the whole extraction, production and constructing phase as 
one life cycle phase.  

For this study it has been assumed that all new constructions will be built on previously 
unsettled ground. In Uppsala one goal is to densify the city, so it would be an interesting 
aspect to see if this makes a different result. By densifying the city, other requirements 
for traffic will be important and people would not have to travel as far for work etc.  
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At the moment Uppsala is investigating the possibility of implementing a tramway 
system, which would result in major changes in infrastructure. Another way to solve the 
traffic problems in Uppsala could be trolleybuses, which has not been included in this 
study but often been an area of discussion when being in contact with different people 
working with traffic issues. Trolleybuses would result in less interference in 
infrastructure and would still be a better solution for the environment than normal buses 
and cars. 

One of the main problems in this project is that there are no existing LCA for tramways, 
which led to a lot of assumptions. A LCA on tramways in Uppsala would be a necessary 
future study if the result of this study were to be used. One of the goals was that it 
would be easy to insert new data in the calculations and when a LCA for trams is made, 
the old data can be changed and the new result would be more reliable. 

6.1 Sources of Error 

Some aspects not discussed in the sensitivity analysis might still have an impact on the 
outcome. These factors are uncertain and either approximated or estimated.  

All the calculations are based upon LCA:s suitable for the situation in Uppsala. 
Although a LCA on tramways has not been found. Therefore, due to lack of 
information, the calculations made concerning tramways are estimated. For example, 
tramways have been approximated as a road with rails, as suggested. 

Since the study is based on previous studies, the delimitations made are highly 
dependent on the delimitations made in the original report. A LCA is very specific and 
applicable only at the studied situation. In this report, only one type of buildings and 
one way of building roads and tramways have been used for the calculations. Since the 
development of methods and materials are going forward, this might change in a future 
scenario. Also, not many reports used where made in Uppsala that makes their results 
less accurate and should only be seen as an estimation rather than precise values. 
Although the assumptions made have been suggested or confirmed by people working 
on the subject, they might still be wrong and affect the result. (Waara N., 2014; 
Berzelius T., 2014; Bergström K., 2014; Ahlford G., 2014) 

 

!  



! %'!

7. Conclusions 
In the study, small family houses, apartment buildings, facilities, roads and tramways 
were assumed to be the most important constructions in future Uppsala and the 
emissions from these buildings were used to create the model. Previously made studies 
by Sweco and the Municipality gave a good idea of how much would be built in 
different scenarios. 

Depending on which scenario studied, the total emissions of greenhouse gases varies 
between 32 kg CO2 per capita and year to 110 kg CO2 per capita and year. The later 
result shows that a large percentage of the goal of 500 kg CO2 per capita and year in 
2050 are already reached in the two first life phases of construction projects. In all cases 
the construction phase is about 7% of the total emissions. 

The material assembly is not too important for the result, since today the most 
environmental friendly material is used in most cases. The biggest difference would 
occur if more concrete were used, which is unlikely.  

!  
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Appendix A – LCA of Buildings  
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Unit: kWh/m^2 and year
Wooden Frame Concrete Frame Wooden Frame Concrete Frame

Coal 2,1 4,4 - -
Oil 2,3 2,1 0,50 1,0
Gas 0,37 0,80 - -
Bio mass 2,1 0 - -
Electricity 1,1 1,0 0,50 1,0
Total 7,94 8,33 1 2
Source: Lidholm et al. 2012

Extraction and Production Construction

LCA Data for Buildings from 
Lidholm et al.
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Appendix B – LCA of Tramways 
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Extraction and 
Production (kg 
CO2-ekv/m^2)

Constructio
n (kg CO2-
ekv/m^2)

Width 
(m)

Extraction 
and 
Production 
(kg CO2-
eqv/m)

Construction 
(kg CO2-
eqv/m)

Groundwork 3,1 0,19 6,0 18 1,2
Asfalt 1,4 0,00 6,0 8,2 0,01
Source width: Arvidsson A and Olsson G 2012

LCA Data for the Road



! &-!

Appendix C – Sensitivity Analysis 

 
 

2030 base 2030 high 2050 base 2050 high
Result 32 66 63 114
Best scenario 31 56 55 102
Worst senario 46 80 78 143

2030 base 2030 high 2050 base 2050 high
Result 1 1 1 1
Difference from result (index) 0,97 0,85 0,87 0,89
Difference from result 1,44 1,21 1,24 1,25

2030 base 2030 high 2050 base 2050 high
Result Lidholm M. et al. 32 66 63 114
Result Grönvall S. et al. 52 114 107 179

2030 base 2030 high 2050 base 2050 high
Result 1 1 1 1
Difference from result (index) 1,62 1,73 1,70 1,57

2030 base 2030 high 2050 base 2050 high
Result Original Road Area 32 66 63 114
Result after Densifying 26 55 53 87

2030 base 2030 high 2050 base 2050 high
Result 1 1 1 1
Difference from result (index) 0,81 0,83 0,84 0,76

Index Table with the Result as Index

Index Table with the Result as Index

Changing LCA for Buildings

Total Emissions (kg CO2/capita and year)

Index Table with the Result as Index

Densify the City


