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It is All About the Details
A Life Cycle Assessment on a Building Project in Sweden with Focus on the Level
of Details in the Inventory Data
HENRIKSSON, JOHANNA
ULANDER, ELINA
Department of Architecture and Civil Engineering
Chalmers University of Technology

Abstract
The use of life cycle assessments within the building industry has increased rapidly
during the last decade. In Sweden, new regulations regarding life cycle assessment
becoming a benchmark for all new production, refurbishment as well as manage-
ment of existing buildings has been suggested. However, the effects from a life cycle
assessment based on comprehensive inventory data has not been thoroughly investi-
gated. Therefore, the aim of the study was to investigate in the implication of such
an assessment, both regarding the workload needed as well as effects on the results.
To reach the aim, a case study where a life cycle assessment of the product stage
of a building project has been conducted. The inventory data is based on articles
provided in a highly detailed cost calculation of the project.

When including comprehensive inventory data, several assumptions and cal-
culations regarding size and content of an article are needed to be able to reach
the information needed to choose a suitable reference material. In this thesis, these
assumptions and calculations are documented in a new tool called Transformation
Index. A low Transformation Index is considered beneficial, both regarding the
workload needed by the analyst and the accuracy of the results. It was concluded
that the transformations require knowledge regarding the building industry in gen-
eral as well as specific knowledge regarding the project.

Further, the case study indicated that the benefits of including more details
varies depending on which impact category that is evaluated. It was also concluded
that the workload and results vary significantly when using different environmental
certifications and cut-offs based on Transformation Index. To summarise, it is all
about the details.

Keywords: building industry, comprehensive inventory data, full LCA, knowledge,
Transformation Index, Transformation Step, workload.
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Skillnaden ligger i detaljerna
En livscykelanalys på ett byggnadsprojekt i Sverige med fokus på detaljnivån av in-
venteringsdata
HENRIKSSON, JOHANNA
ULANDER, ELINA
Instutionen för Arkitektur och samhällsbyggnadsteknik
Chalmers

Sammanfattning
Användningen av livscykelanalyser inom byggbranschen har ökat kraftigt under det
senaste decenniet. I Sverige har nya regler gällande införande av livscykelanalys
för nyproduktion, renovering samt förvaltning av byggnader föreslagits. Dock har
inte effekterna, till följd av genomförandet av en livscykelanalys baserad på omfat-
tande inventeringsdata, undersökts grundligt. Syftet med denna studie var därför
att undersöka konsekvenserna av en sådan analys, både vad beträffar den arbets-
belastning som krävs samt effekterna på resultaten. För att möta syftet har en
fallstudie genomförts, där produktstadiet av ett byggprojekt har studerats genom
en livscykelanalys. Denna livscykelanalys inventeringsdata var baserad på artiklar
som tillhandahållits i en detaljerad projektkalkyl.

Vid användande av omfattande inventeringsdata behövs flera antaganden och
beräkningar, gällande storlek samt innehåll i en artikel. Detta för att kunna nå den
information som behövs för att kunna välja ett lämpligt referensmaterial. I denna
avhandling dokumenteras dessa antaganden och beräkningar i ett nytt verktyg som
kallas omvandlingsindex. Ett lågt omvandlingsindex anses vara fördelaktigt, både
vad beträffar arbetsbelastning samt resultatens tillförlitlighet. Studiens resultat har
gett indikationer på att de antaganden och beräkningar som behövs kräver kun-
skap både om byggbranschen i allmänhet, men även kunskap gällande det specifika
projektet som analyserats.

Vidare har fallstudien visat att effekten på resultaten i de olika påverkanskat-
egorierna varierar vid användandet av olika omfattande inventeringsdata. Ytterli-
gare en slutsats som kunnat konstateras är att arbetsbelastningen och resultaten
varierar väsentligt beroende på om olika miljöcertifieringar eller cut-offs baserade
på omvanlingsindex används. Sammanfattningsvis, skillnaden ligger i detaljerna.

Nyckelord: arbetsbelastning, byggbranschen, fullständig LCA, kunskap, omfattande
inventeringsdata, omvandlingsindex, omvandlingssteg.
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1
Introduction

This chapter will introduce the topic of the study. Further, it will present the aim
of the study as well as the delimitations and the method.

1.1 Background
The methodology of LCA (Life Cycle Assessment) was first used in the 1960:s [1], but
it was not until in the 1980:s that it first occurred within the construction industry
[2]. In the early 21:st century it was starting to develop in a more increasing pace
[2], and since then it has grown in importance. Though, the question is whether
this growth of LCA has been too fast for the users to be able to use it to its full
potential?

In Sweden, Boverket [3] has presented a proposal that, earliest by the year 2020,
life cycle assessment should be a benchmark for all new production, refurbishment
as well as management of existing buildings. By analysing the major parts of a
building regarding global warming potential (also referred to as climate change),
Boverket [3] aims to bring forward a building process that is better adapted to
both the environment and the climate. Though, according to Heinonen, Säynäjoki,
Junnonen, et al. [4], there is little research within the construction sector regarding
other impact categories but climate change. Other governmental forces wants to
push the development even further by incorporating all life cycle stages included in
the standard EN 15978, as well as include other environmental damage categories
and not only global warming [5].

As stated by Baumann and Tillman [6, p.21] “it takes a lot of effort to do an
LCA study” and that doing such a study can be overwhelming. Though, it provides
a holistic perspective of a product system and provides a tool to challenge difficulties
regarding which environmental based decisions to make [6]. Life cycles assessments
on buildings might be challenging, even more so than assessments of industrialised
processes [1], due to the large complexity of a building and to some extent also the
uniqueness of each building project [2].

When setting the system boundaries of an LCA, there might be cut-offs of the

1



1. Introduction

products life cycle. These cut-offs can be if a part (or several parts) of the life cycle
is negligible compared to others, or when the entire lifetime is not to be considered
[6]. To be able to use these simplifications of the LCA process, and to still receive
accurate results, different methodologies have been developed throughout the years.
In a study from 2013, Lewandowska, Noskowiak, Pajchrowski, et al. [7] present some
of these methods and the difference in results between them and a full LCA. However,
by analysing the different assessments included in the theoretical background of this
thesis, what is stated being a full LCA is not unequivocal. Moreover, the amount
of work needed to perform a full LCA does not appear in either of these studies.
Hence, it is of interest to investigate what the implication of a full LCA might be.

According to Hunt, Boguski, Weitz, et al. [8] so-called vertical cuts are pre-
ferred. Vertical cut-offs result in including all stages but with a lower level of detail
[8]. These types of cut-offs are also used in building LCA through different environ-
mental certification systems that are used, such as BREEAM and LEED. Though,
a shift in focus of the buildings life cycle stages, partly due to improved energy
performance of newly constructed buildings [9], might increase the use of horizontal
cut-offs rather than vertical. By doing so there will be an exclusion of phases instead
of details [10]. Including a higher level of details raises the question which effects
there will be on the results as well as the effect on the amount of workload needed.
This thesis will analyse these effects by comparing different types of vertical- and
horizontal cut-offs and thereby investigate if there is a new way to use building LCA.

1.2 Aim
The aim of the study is to investigate in the concept Full LCA with focus on using
comprehensive bill of resources as inventory data. The study will analyse how a full
LCA is defined, what effect it has on workload needed as well as the effects it has
on the results. Furthermore, the study aims to understand what is required to be
able to perform an LCA based on a comprehensive cost calculation, both in terms
of knowledge, resources and information needed.

1.3 Research Questions
To meet the aim of the study the following research question will be answered:

• What are the implications of a full LCA with focus on using comprehensive
bill of resources as inventory data?

In addition to the main research question stated above, the following sub-questions

2



1. Introduction

regarding the definition of a full LCA and how to conduct this type of analysis as
well as the outcomes from it, will be considered in the study:

• What can be defined as a full LCA?
• What are the effects on the workload for the person performing a full LCA?
• What are the effects to the result of a full LCA based on detailed inventory

data?
• Given the implication of performing a full LCA, what simplifications can be

useful for future LCA methodologies?

1.4 Delimitations
The study is delimited to the building industry with focus on residential buildings.
European standards and Swedish regulations will be used as guidelines for how to
conduct an LCA. Moreover, the study is further delimited to the product stage of
the building project’s life cycle. This since the highest increase of workload when
performing a full LCA is assumed to be in the life cycle inventory.

1.5 Method
To fulfil the aim of the study, a literature review regarding the current use of LCA
in the building industry was carried out. The literature review focused on how
LCA is implemented in existing certifications and how it, by upcoming laws and
regulations, will develop during the upcoming years. It also focused on additional
values that LCA can contribute with, as well as its limitations. Further, the study
also investigated in the use of performing a full LCA within the building industry
and how other full life cycle assessments have been conducted. Also provided by
the literature study, was information regarding the phases of LCA and how the life
cycle of a building can be divided into several stages.

To further reach the aim, a case study on multi story residential buildings
within a building project located in Gothenburg was carried out. This case study
was performed in the form of an accounting LCA based on a cost calculation pro-
vided by the constructor of the project. This cost calculation is in turn based on
construction documents and includes the type and amount of materials that will be
used to construct the buildings. The case study evaluated the buildings’ effect on
climate change during a part of their life cycle. Focus was on the building mate-
rials used, as well as the production of these materials. The study showed which
parameters of the articles provided in the cost calculation, such as amount, volume

3



1. Introduction

and manufactures, that are needed to perform an LCA with comprehensive inven-
tory data. The life cycle assessment was then carried out using Microsoft Excel as
well as the LCA software SimaPro. Needed information regarding different build-
ing materials, such as product declarations, was mainly be established through the
environmental database provided by SundaHus. The method of the case study is
explained in detail in Section 3.

A new tool, Transformation Index, was developed after a discussion in a sem-
inar group with other students and other professionals in the field of LCA. The
seminar included a discussion about the way of processing this type of comprehen-
sive inventory data. Further discussed was to use some type of index to put emphasis
on the conducted work needed to transform the information provided in the cost cal-
culation. The tool was further developed during the process of the project (further
described in Section 3.2.4).

4



2
Theory

This chapter will present general information on how to conduct a life cycle as-
sessment and the stages of a building’s life cycle. Further, it will present previous
research regarding how LCA is used in the building industry today.

2.1 Four Phases of LCA
An LCA is build up by four phases; goal and scope, inventory analysis, life cycle
impact assessment and interpretation. These four phases will be presented in this
section and they interacts as shown in Figure 2.1 [11].

 

INTERPRETIATION

GOAL 
& 

SCOPE

INVENTORY
ANALYSIS

IMPACT 
ASSESSMENT

Figure 2.1: The four phases of an LCA and how they interact with each
other.
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2. Theory

2.1.1 Goal and Scope

The first part of an LCA act as a guide for the rest of the work and defines the goal
as well as the boundaries of the intended analysis [11]. To achieve a clear goal the
context of the assessment should be considered [12] and an iterative process for the
goal and scope might be necessary due to changes throughout the analysis [11].

Firstly, the intended audience needs to be considered and defined in the goal
[11]. This to be able to know in what way the results should be communicated.
The way of communication differs if the assessment, for example, is made for a
commercial reason or if a company is choosing between two different components
[12]. What to analyse is also considered in the goal, both regarding what product
that is being analysed and the reason why it is being analysed [11]. Finally, the
purpose of why the assessment is executed should be considered [11].

In the scope, the framework of the assessment is formulated. There are several
aspects needed to be discussed and described in this part of the assessment [11].
Foremost, the product system and its functions need to be distinguished [11]. This
can be made by an initial flowchart that illustrates the system in general [12]. To be
able to implement the functional unit of the product being analysed, the function of
the system is needed [13]. This so called functional unit is used as a reference unit
and needs to be of a quantitative manner [12]. Moreover, if two or more product
system are investigated the functional unit needs to be the same to be able to make
a comparison [13].

In an LCA, system boundaries need to be determined [11]. These boundaries
are defined to meet the goal of the analysis and explains which different processes
that are included in the LCA [11]. One type of boundary is the one describing the
geographical restrictions of the process. These geographical boundaries might take
into consideration the origin of the raw material and from where the energy used in
the production of a product is bought [12]. Another system boundary is the time
horizon, which is a boundary that defines which processes of a product system that
is included [12].

In many cases, the production of one type of material might also result in one
or more types of byproducts. Baumann and Tillman [12] states that the effects on
the environment, as well as the inputs and outputs to consider in the LCA, should in
that case be divided between this main product and the byproducts. This division,
called allocation, can be made in different ways. This could for example either be
made through a mass proportion or an economical proportion, which needs to be
defined in the scope of the assessment [12].

6



2. Theory

2.1.2 Inventory Analysis

The inventory analysis phase of the LCA is supposed to quantify and list processes
and materials used during the lifetime of the product system [12]. This information
will then be used as inputs in the life cycle impact assessment. These inputs could
be raw materials used for the product, energy needed for the production or trans-
portation, as well as different types of emissions and material wastes [12]. However,
the inventory analysis only includes the in- and outputs that are within the sys-
tem boundary, stated in the scope. Therefore some in- and outputs of the product
might be excluded [11]. The initial flow chart created in the scope is later developed
through an iterative process during the inventory analysis [12]. Further, to achieve
a transparent result, information considering the data that is collected should be
described in the assessment. This description of data should include where and
when the data is collected [11].

Different types of inventory data can be used for an LCA. One type of LCI
(Life Cycle Inventory) data is generic data that is based on average values for a
certain area, e.g. of a national level [14]. The other type of data is the specific data
that can be presented in EPDs or another product specific information [14].

2.1.3 Impact Assessment

The third phase of the LCA is an impact assessment, where the quantitative data
collected in the inventory analysis is used to evaluate the system through different
indicators. This to be able to achieve the aim of the assessment set in the goal and
scope [11].

The impact assessment consists of three mandatory stages; impact category
definition, classification, and characterisation [11]. When the impact categories are
defined, the aim stated in the goal and scope should be considered when deciding
which environmental issues, regarding the product system, which is of relevance
for the assessment [12]. Further, the different stressors in the result, given in the
inventory analysis, should be sorted and classified according to the right impact
category. Some stressors might have their place in several impact categories [12].
The last mandatory stage in the impact assessment is the characterisation. In
this stage, different stressors within the same impact categories are, through an
equivalency factor, calculated into one single environmental impact [12].

The impact assessment also includes different optional steps, one being nor-
malisation. This step is used to be able to simplify the comparison with other values,
such as the gross value for a specific region or country [15]. Another step, group-
ing, is used to achieve an easier overview of the result by grouping the results from
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2. Theory

the impact assessment into different sets [15]. The result has already been grouped
when the impact categories where conducted. However, in this stage other types of
sets are used, such as grouping based on what geographical area the where impact
occurs (locally or globally) [12]. The last optional stage, according to the standard
[11], is weighting. This step is conducted to be able to priorities between different
impact categories [15].

2.1.4 Interpretation

The last phase of an LCA consist of three parts according to the standard [11].
Foremost, an interpretation of the results given by the impact assessment as well as
an evaluation of the questions related to the goal and scope of the LCA, should be
conducted [15]. Further, to evaluate the robustness of the assessment, tests should
be conducted [15]. Such tests establish the completeness of the assessment and the
appropriateness of the chosen methodology regarding the goal and scope. It also
establishes the quality of the data as well as how sensitive the results are for changes
of input data or variation of life cycle models [12]. Finally, conclusions drawn from
the study should be presented together with the limitations of the study as well as
further recommendations [15].

2.2 Life Cycle Stages
The life cycle of a building can be explained with several stages according to the
standard [16]. The life cycle consists of four stages and one additional complemen-
tary stage, see Table 2.1.
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Table 2.1: The life cycle stages according to SS-EN 15978:2011 [16] of a
building’s life time and their respective activities.

Stages Activities

I - Product stage
A1 - Raw material supply
A2 - Transport
A3 - Manufacturing

II - Construction process stage
A4 - Transport
A5 - Construction-installation process

III - Use stage

B1 - Use
B2 - Maintenance
B3 - Repair
B4 - Replacement
B5 - Refurbishment
B6 - Operational energy use
B7 - Operational water use

IV - End of life stage

C1 - Deconstruction
C2 - Transport
C3 - Waste processing
C4 - Disposal

V - Benefits and loads beyond
system boundaries

D - Reuse / Recovery / Recycling potential

The first stage is called product stage and comprises production of building
materials, including the extraction of raw materials, transportation of these to fac-
tories and the entire production process to a finished product [16]. These steps,
A1-A3, are considered as cradle to gate for the building material.

The next stage is the production process, including activity A4-A5, which
corresponds to the construction of the building. Transportation of materials and
equipment to the construction site is included, as well as damaged gods during the
transportation [16]. Further, work conducted on the construction site is included as
also temporary works, waste management, heating or cooling needed due to weather
conditions and transportation on site [16].

The third stage, which in time is the most extensive, is the use stage. This
stage, including activities B1-B7, comprises energy and water use, but also main-
tenance of the building as well as needed repairs, replacement and refurbishment
[16].

Finally, the fourth and last stage of the building’s life cycle is the end of life
stage, including activities C1-C4. This stage comprises deconstruction and demo-
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lition of the building as well as transportation, processing and disposal the waste
[16].

In addition to these four stages there is a fifth stage called benefits and loads
beyond the system boundaries, in other words activity D. This stage includes the
possibility to reuse, recover or recycle materials used in the building [16].

2.3 Application of LCA in the Building Industry
This section presents to what extent LCA is implemented in the building industry. It
describes the appearance of LCA in current certifications and how the environmen-
tal work regarding the building industry in Europe will develop in the near future.
Further, it also describes how LCA is used in the building industry today, includ-
ing the additional values of which it contributes, different LCA tools and possible
limitations.

2.3.1 LCA in Environmental Certifications

Within different optional environmental certifications such as BREEAM, LEED and
Miljöbyggnad there are requirements of including an LCA. In Miljöbyggnad 3.0,
(further referred to as Miljöbyggnad) there is a demand on performing an LCA only
including the foundation and the structure [17]. Further, the LCA only needs to
include the life cycle stages A1-A4, stated in SS-EN 15978 [16], and only include the
impact category climate change. Though, according to Boverket [17], the demand
on the LCA that should be included in LEED v4 and BREEAM-SE 2017 (further
referred to as LEED and BREEAM) is more extensive. Climate impacts other
than climate change should be included in both BREEAM and LEED, although
climate change should be one of them. Further, BREEAM issues points for the roof,
windows, external and internal walls as well as the floors and upper floor slabs [18].
In difference, the foundation should be included in LEED, as well as the building
envelope and the structural elements [17]. Another aspect that differs BREEAM
and LEED from Miljöbyggnad is the time for performing the LCA. In BREEAM
and LEED, LCA should be in the early design process, while it is undefined in
Miljöbyggnad [17].

2.3.2 Upcoming Environmental Work in Europe

The climate is changing all over the world and different types of laws and regula-
tions, both in Europe and in Sweden, are being imposed or improved to decrease
the environmental footprint. As mentioned in Section 1.1, Boverket [3] has proposed
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that climate declarations based on life cycle assessment, including the life cycles ac-
tivities A1-A3 in EN 15978, should be a benchmark for almost all buildings. This
climate declaration, according to their proposal in the report 2018:23, would focus
on climate change, based on the building’s structural components, interior walls and
climate screen [3]. Boverket [3] states that the focus on climate change is due to
the complexity of performing a climate declaration including other environmental
impact categories. The response from Upphandlingsmyndigheten (the Swedish ad-
ministrative authority of procurement) [5] is that they would like to see even stricter
regulations. Instead of only including the activities A1-A3, they would like to see
that all activities of the building’s life cycle should be included [5]. Further, Upphan-
dlingsmyndigheten [5] would like for not only climate change to be included in the
climate declaration, but also other environmental impacts. This since they states
that climate change is not the only impact important for a sustainable development
[5].

2.3.3 Field of Application of LCA

A frequently mentioned additional value by performing an LCA on a building is
increased knowledge. Boverket [19] describes that an LCA contributes with infor-
mation about what type of impact a building has on the environment and the degree
of this impact.

In excess of increased knowledge, life cycle assessments can also contribute
with transparency regarding environmental impacts [20]. Further, the interest of
the environmental impact of buildings has increased and stakeholders, such as in-
vestors and tenants, want more information regarding environmental aspects. Such
information is possible with this type of transparency [20].

Further, a possible use of LCA is to implement it in the decision-making.
Ströbele and Lützkendorf [21] explains that it can be used when choosing between
different products when taking environmental aspects into consideration. The pos-
sibility to make these environmental based decisions decreases with time during the
project, and hence it is important to implement LCA early in the project [19]. In
addition to using LCA to choose between existing products, LCA can also be a tool
to develop new and more environmentally friendly products and processes [19].

Another additional value that an LCA can contribute with is to use it for
marketing reasons. Carlson and Pålsson [15] explains that the results given from an
LCA can be used in marketing of a product to be able to present its environmental
benefits.

11



2. Theory

2.3.4 Full LCA

As mentioned in Section 2.3.1, there is no guidelines or framework in what should be
included in a full LCA. The European Committee for Standardisation has through
ISO 14040 [22] and ISO 14044 [11], as presented in Section 2.1, provided standardised
methodology and framework for performing an LCA. However, the level of details
regarding the LCI data is not specified. Further, different studies appear to have
different interpretation of what is being regarded as a full LCA. Oregi, Hernandez,
Gazulla, et al. [23] and Cuéllar-Franca and Azapagic [24] claim performing a full
LCA by including all stages of the life cycle, from extraction of raw materials to
demolition of the building and recycling of the building materials. Emami, Heinonen,
Marteinsson, et al. [25] on the other hand claim performing a full LCA by using a
higher level of details regarding the LCI data by including more material than the
main materials. Though, looking at these studies, a relation between the range of
the study and the level of LCI data can be observed. The level of detail of the studies
analysing buildings is less than the ones analysing a part or a detail of a building.
Further, in a study of two residential buildings, Emami, Heinonen, Marteinsson,
et al. [25] states performing a detailed LCA, which can be assumed equivalent to
a full LCA. The authors of the study state that there is a lack of other studies
including the same level of details regarding the LCI data. This study also includes
a comparison between fifteen of the different impact categories available in ReCiPe
Midpoint method (see Figure 3.3). Another similar study by Vitale and Arena [26],
analyses the effect a residential building has on different impact categories along
three stages of its life cycle. Both in the study conducted by Emami, Heinonen,
Marteinsson, et al. [25] and by Vitale and Arena [26], the LCI has been based on a
comprehensive bill of quantity (also called Bill of Resources).

2.3.5 LCA Tools

In terms of the inventory process, there is a need of locating information regarding
different articles included in the evaluated system. Swedish University of Agri-
cultural Sciences [27] claim that it is important that the data used in an LCA
corresponds to the actual article in both time and geographical aspects. One way
of gaining information about building materials is through different databases [27].
Some databases are connected to a specific software, such as the Swedish database,
IVL:s Miljödatabas Bygg conducted by IVL (the Swedish Environmental Research
Institute), used in the software Anavitor. Other databases can be used in several
software products, such as EcoInvent and Impact [14]. These databases generate
generic information. Although, if specific data is preferable, EPD (Environmen-
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tal Product Declaration) can be used instead [14]. In addition to EPDs, there is a
Swedish declaration of products, called BMA (Building Material Assessment), which
gives information about the material composition of a product [14]. Boverket [14]
explains that the difference between EPD and BMA is that an EPD is controlled
by a third part, while a BMA is not. Further, BMAs does not have to include the
type or amount of emissions caused by producing a specific product, in difference to
an EPD [28]. Moreover, there is a Swedish database called SundaHus that consist
of information, such as EPDs and BMAs, regarding building related products [29].
SundaHus [30] state that their database is created to make it easier to do environ-
mentally friendly choices between different products within the building industry.
This database is currently consisting of over 40 000 products from over 4 000 brands
and more than 9 000 different chemicals compounds [30].

As mentioned above, different software can be used to conduct a life cycle
inventory analysis. Two of the most commonly used, according to Emami, Heinonen,
Marteinsson, et al. [25], are SimaPro and GaBi. One of the differences between them
is that SimaPro can be used with several databases, for example EcoInvent, while
GaBi is compatible only with its own database [25]. However, Emami, Heinonen,
Marteinsson, et al. [25] mentions that both SimaPro and GaBi has the possibility to
use different types of impact assessment methods. Though, Glaumann, Malmqvist,
Peuportier, et al. [31] claims that to be able to perform an LCA on a building, using
LCA tools such as SimaPro or GaBi, there is a need of experience in these types of
software.

IVL Svenska miljöinstitutet [32] has developed a more local tool, Byggsek-
torns miljöberäkningsverktyg, BM, adapted for Swedish buildings, which is based on
the database IVL:s Miljödatabas Bygg. Within this tool, commonly used building
materials, within the Swedish building industry, are collected. This to enable an
average result of a building placed in Sweden [32]. The tool is constructed to meet
the new regulations in the environmental certification Miljöbyggnad 3.0 and hence,
only materials comprised in the foundation and the framework of the building is
included [32].

2.3.6 Limitations

Even though there are standardised LCA methodologies as well as standardised
ways of documentation, different analyses are not necessarily comparable with one
another. This since system boundaries can be different between different assessments
as well as the type of LCI data being used and which impact categories that are
being evaluated. Further, Proctor and Royal Society of Chemistry (Great Britain)
[33] describes that the goal and scope will limit the work to the chosen system
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boundaries, which can lead to an incomplete analysis depending on which limits
that has been selected. Though, the fact that several impact categories can be
evaluated contributes with a broader picture of the environmental impact of the
studied system [33].

As mentioned in Section 2.3.5, there are several databases for building materi-
als. Kylili and Fokaides [34] states that EcoInvent and GaBi are the most complete
databases and the ones with the most transparency. Though, there are several
other databases and among them several national ones. However, the databases are
based on geographical parameters such as manufacturing processes being specific to
a certain country [34]. Even if the geographical reference material in the database
matches the building material used in a specific building, the same material can be
produced in different factories. Different energy mixes as well as the distances for
transportation might vary, decreasing the accuracy of the results [35]. Due to the
processes being dependent on geographical parameters, there is a need of gathering
national data for building materials [34] [36].

The selection of database, as well as if the LCI data should be specific or
generic, is of importance regarding the results of the assessment. Lasvaux, Habert,
Peuportier, et al. [37] has performed a study where results from an LCA based
on generic data found in the EcoInvent database were compared with an analysis
based on French EPDs. The study showed that the results for the two assessments
varied. Though, the magnitude of the differences varied depending on the impact
category being evaluated [37]. Some of the impact categories, such as those regard-
ing radioactive waste or photo-chemical ozone formation, shows a large difference
depending on if generic data or EPDs was used [37]. Further, Lasvaux, Habert, Pe-
uportier, et al. [37] mentions that the differences in results for the impact category
global warming potential were indistinct. The selection of software might also have
a significant effect on the results. This is shown in the study by Emami, Heinonen,
Marteinsson, et al. [25], where two buildings are analysed using the same inventory
data in the software products GaBi and SimaPro. The study shows that the results
differ fifteen percent in average, for the fifteen impact categories tested, depending
on the software being used [25].

If the manufacturer of a specific building material is known, using EPD:s
could be a way of increasing the accuracy of an LCA including the stages A1-A3.
However, even though there are manufactures providing EPDs, there is still a limited
source of information regarding LCI data availability [38]. Except for limitations
regarding the LCI data, there might be knowledge-based limitations when it comes
to selecting the most suitable impact model for the analysis [39]. Further, even
if the best suitable model is selected, the interpretation and the understanding of
the results can be limited by the performer [38]. Moreover, the lack of knowledge
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and experience might lead to another vital aspect regarding LCA. An LCA, and a
detailed LCA in particular, might demand an excessive amount of resources, as well
as being time-consuming [38] [40].
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3
Case Study

To be able to achieve the aim of the thesis a case study was conducted, which is
presented in this chapter. This intention of this study is to contribute with knowledge
on how an LCA based on the cost calculation of the building project, can be conducted.
This case study highlights difficulties that might occur during the assessment, as well
illustrates in what way an LCA with comprehensive inventory data will effect the
workload needed as well as the result.

3.1 Goal and Scope
An accounting LCA, based on a detailed cost calculation, was carried out during
the construction phase of a multi storey residential building project in Gothenburg,
Sweden, in 2019. The project consists of several buildings with a common garage
and basement. The heated floor area of the project is 22 645 m2 and and is divided
between 112 rented apartments, 132 cooperative apartments and an assisted living
facility for people with disabilities. The buildings consist of a cast in situ concrete
foundation, prefabricated concrete structural elements, glue laminated timber roof
beams with sheet coating and internal walls with steel joists. The project is a
partnering project between a local building commissioner and one of the major
contractors in the Swedish building industry.

Due to confidentiality the project’s cost calculation is not allowed to be pub-
lished, and thereby also information regarding manufactures and amount of the
building materials used. This in turn results in the list of inventory data not being
published. Therefore, only the results and given examples on included and excluded
articles are presented in the case study.

3.1.1 Goal

This assessment aims to show the effects on data quality due to converting the data
with the unit given in the cost calculation, to data with a unit suitable for the refer-
ence material used in the LCA software. It also aims to show what effects an LCA
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based on a detailed cost calculation has on needed workload as well as the results.
The final aim of the assessment is to evaluate the effect the building materials, used
for the buildings, have on different environmental impacts. The environmental focus
of the LCA is on climate change, in accordance with the focus of the building indus-
try [9]. The parliament of Sweden has decided that the emission of greenhouse gases
in Sweden in total should be zero, by the year of 2045 and the building industry is
an important sector in this matter [41]. However, the assessment also investigates
in the effects this building project has within other impact categories. This since
scientists has discovered that there are other environmental problems than climate
change which occur due to the building industry, such as the use of sand in the
production of concrete leading to a risk of depletion of raw material [42].

3.1.2 Functional unit

As for the functional unit, the square meter of heated floor area is used, [AT emp].
This unit is used since it is commonly used in similar studies [26] [43], both in
Europe and in Sweden. Furthermore, it enables comparison for future assessments
performed on other similar buildings. The functional unit does not take any time
period into consideration since the study only considers the product stage of the
buildings’ life cycle.

3.1.3 System Boundaries

This LCA was made only taking the product stage into consideration, which corre-
sponds with activity A1-A3 of the life cycle stages (see Section 2.2 for explanation).
These activities include extraction of raw materials and transportation of these to
the locations where they are processed and used for manufacturing of building ma-
terials. Finally, even though most materials come in packaging, the packaging is not
included in this assessment. However, the amount of wastage during the construc-
tion phase of the buildings, calculated by the contractor, is included.

Included in the assessment are the residential buildings as well as the common
garage and basement. However, piles with additional components connected to the
pile work are not included. Further, extended buildings located on the inner yard,
such as the fan room and the garbage room, are not included. Moreover, materials
needed for kitchen cabinets, wardrobes and other interiors, as well as installations
such as ventilation and electricity, are excluded. Finally, the processes regarding
transportation and assembly of the components of an article, which have no suitable
reference material in EcoInvent, are neglected in this study.

The origin of the articles used for the building project is not considered since
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the study is based on generic data. The origin of the reference materials is mainly
set to Rest of Europe or Switzerland. Other origins are used when suitable.

3.1.4 Impact Assessment Methods

Among the different methods available in SimaPro 8.5.2.0, there are several that can
be used for the impact assessment. For this study the method ReCiPe midpoint H
is used. ReCiPe was selected since it provides a holistic view and according to Joint
Research Center [44] it also provides qualitative results for several of the impacts cat-
egories calculated. Further, it allows comparison with other similar buildings. There
are three possible perspectives for the ReCiPe midpoint method. The perspective
Individualist (I) is used with a short-term perspective regarding the impact category
climate change [45]. Though, the environmental impacts of a building endures at
least its lifetime of 50 years. Therefore, a short-term impact method is unsuitable
for a building LCA. Further, according to Goedkoop, Huijbregts, Heijungs, et al.
[45], the perspective Egalitarian (E) is suitable for climate change with a perspective
of 500 years, which is not suitable either. This due to uncertainties a perspective of
such a time frame brings. Finally, the last perspective, Hierarchist (H), is in climate
change aspects suitable for a time frame of 100 years and is therefore used for this
LCA [45].

3.2 Life Cycle Inventory
To be able to perform the assessment the information regarding the building materi-
als provided in the cost calculation, had to be analysed, organised and quantified. In
Sustainability of construction works - Assessment of environmental performance of
buildings - Calculation method [16, p. 30] it is stated that “...quantification should
be organised in a structured way”. How this is achieved is presented in following
sections.

3.2.1 Inventory Data

Before the start of the construction of the buildings, a cost calculation was con-
ducted. This cost calculation consists of the type and the amount of different
articles that will be used to construct the buildings. It also consists of informa-
tion of the needed workload and sometimes also information regarding packaging,
transportation costs and the manufacturer of a specific article. In the provided cost
calculation, every article has an account number that provides certain information
such as whether the article is connected to labour, a group of materials or trans-
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portation. Further, every article is also connected to a building element such as
the ground slab, internal walls or floor surfaces. The original cost calculation has
in this assessment been transformed and sorted so that all articles are placed on
separate rows, which made it possible to evaluate each building element separately.
This sorted list will further on be referred to as the Bill of Resources.

In this case study, the Bill of Resources is used to conduct the inventory
analysis. The first step of creating the list of inventory data is by creating separate
lists for each building element, further on referred as Building Element Lists. In the
Bill of Resources, one type of article can appear on several rows. In the Building
Element list on the other hand, each type of article is summarised into one row.
However, the same article can occur on several Building Element Lists.

Already during the transformation from the Bill of Resources to the Building
Element Lists, articles related to account numbers outside of the buildings’ life
cycle got excluded. Further, building elements that are not included in the system
boundaries were also excluded before the conduction of the Building Element Lists.
When the Building Element Lists were completed, a new exclusion begun. This time
each article is considered separately, and only articles within the system boundaries
are kept.

In the Building Element Lists, articles have different kind of units such as
length, area, volume, pieces or mass. In the software SimaPro, on the other hand,
the reference materials are often presented in mass or volume. Therefore, there was
a need to transform the units in the Building Element Lists into the same units as
the reference materials before it is added in the software. These transformations
were conducted in an additional list, Transformation Lists. Further, information
regarding the material content of the articles, as well as the ratio between them,
is presented in the Transformation List. These lists were also used to analyse the
ratio of articles where assumptions were needed to transform the unit in the cost
calculation to the unit of the reference material. The next stage in the inventory
analysis was to use information collected in the Transformation List, that is type and
amount of materials, to find suitable reference materials in the EcoInvent database.

3.2.2 Assumptions and Calculations

As mentioned in Section 3.2.1, assumptions and calculations for the transformation
regarding the original cost calculation to the reference material have been necessary,
and these are conducted in the Transformation Lists.

The amount of work needed decreases if an article could be transferred and
used directly in SimaPro, without any assumptions or calculations other than the
type of reference material being made. This is for example the case for the different
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types of concrete and reinforcement being used in the building project. Suitable
reference materials for these articles, having the same unit as the articles in the cost
calculation, were found in the EcoInvent database. However, this is not the case
for all articles and therefore different types of assumptions are necessary. If there
was not a suitable reference material for an article, suitable reference materials of
the article’s components were used instead, neglecting the production of the article.
Further, components having no suitable match in the EcoInvent database have had
to be investigated further. This by analysing their sub-components, which often
consists of different chemical compounds, and examine whether these have suitable
reference materials instead. If there was no suitable match for a sub-component, it
was excluded from the assessment.

Further, the manufacturer of an article is sometimes provided in the cost cal-
culation, and sometimes even the name of the article. In those cases, information
needed for transforming the unit of the article has been found either on the web
page of the manufacture’s, the web page of a supplier, or in the database of the
platform SundaHus. This results in less need of assumptions regarding the compo-
nents, or sub-components, of theses articles. However, there was sometimes a need
of assumptions regarding the size that is needed to make the transformation to the
right unit. Further, even though components of an article were found, as well as
the amount of these, the type of the components was sometimes undefined. Instead
they were named as e.g. "Material A" and "Material B". This meaning that even
though information about the article was found, assumptions regarding the content
still had to be made. Another issue regarding information concerning components
is that the exact amount of each material rarely is stated in SundaHus. Instead the
amount is presented as a definite or an unlimited range, for example "Wood: 10-15
%" or "Manganese: <3 %". In those cases, there were also a need for assumptions
regarding the amount of each component.

For several articles there was no known manufacturer or known product name.
For these articles there was always a need of assumptions. These assumptions were
based on information from products with the same usage as the article with unknown
manufacturer or brand. Thereby there is an uncertainty whether the assumed in-
formation is the same as for the product that will be used in the buildings.

To receive results as close as possible to the reality, the amount of assumptions
has been kept at the lowest level possible. However, the information in the cost
calculation is lacking and assumptions have therefore been necessary. A summary
of the number of articles where assumptions were needed shows that 20 percent of
the articles that are included in the LCA has been chosen without any assumptions.
The amount of articles transformed without any assumptions are presented, by each
building element, in Table 3.1.
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Table 3.1: The amount of articles which not needed assumptions to be able
to be transformed from the original cost calculation to the reference material
in the software. The articles are presented for each building element.

Building element
Amount of
articles

Articles without
assumptions

Ground construction, complementary 14 29%
Ground construction 24 29%
Ground slab 19 37%
Structural elements, walls 20 20%
Prefabricated elements 1 0%
Structural elements, beams 13 31%
Steel work 13 77%
External roof 21 5%
External roof, complementary 22 0%
Sheet metal 1 0%
Building complementary, steel 7 0%
Structural elements, complementary 19 26%
Windows and doors 51 4%
Building complementary 12 33%
Sub floor 2 0%
Internal walls 21 48%
Ceiling 17 47%
Internal doors and windows 32 3%
Internal stairs 1 0%
Surface layer, floor and stairs 8 0%
Surface layer, walls 6 0%
Surface layer, roof and false ceiling 6 0%
Painting 1 0%
Transportation, elevators 1 0%

3.2.3 Excluded Articles

As mentioned in Section 3.2.1, articles outside of the building’s life cycle got ex-
cluded. These articles are related to two of the account numbers in the cost cal-
culation, regarding labour on sight and regarding freight. Further, several building
elements have been excluded from the study. Some of them since they do not be-
long to the product stage, for example Installation work and Planning. Others are
excluded because the only information stated was that they were supposed to be
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performed by a subcontractor and did not specify the type and amount articles being
used, such as Heat and sanitary and Electricity. Finally, building elements regarding
interior design, such as kitchen fitments and storage areas, have not included.

Furthermore, articles that do not belong to the given system boundaries, pre-
sented in Section 3.1.3, have been excluded. Articles associated to the concrete
form, transportation of products and materials for the extended buildings on the
inner yard are examples of such articles. Furthermore, piling has been excluded
from this study, due to piles not being included in the cost calculation. However,
there are articles included in the cost calculation that are in connection with the
pile work, and since piles have been excluded so have these articles.

Moreover, articles have been excluded during the progress of the project. One
common reason why most of these articles were excluded is that the material of these
article could not be specified, or the fact that they were not provided in a countable
amount. This is the case for nails that sometimes are presented in a length or an
area, and fasteners that sometimes are presented in sets. Regarding the number
of nails, the length or the area refers to what nails are used for. The nails could,
for example, be used for fasten the splines and the number of nails then depends
on the length of the splines and the distance between the nails. Since this distance
is unknown, the number of nails needed remains unknown and these articles are
therefore excluded. Further, some articles are provided in zero amounts and are
thereby excluded. Moreover, articles that are a specification or a cost of another
article were excluded, such as additional cost for customisation of a product or costs
for subcontractors. In some cases, an article is included in another article but stated
as a separate article in the cost calculation, probably as clarification. These types
of articles were therefore excluded from the inventory data. Furthermore, there
are articles being excluded in one building element since they are assumed to be
included in external documents from the contractor, received during the assessment.
This regards articles that were assumed to be included in the prefabricated concrete
elements. Finally, articles have been excluded if they were assumed to be unforeseen
reparation of another article during production.

In the final list inventory data, 24 building elements were considered with a
total amount of 332 articles. This number of articles corresponds to 82 percent of
the total number of articles provided in the cost calculation that should be included
according to the system boundaries.

3.2.4 Transformation Index

As mentioned in Section 1.5, the tool Transformation Index was developed in the
process of this study. This tool was created to enable a structured method and
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make it possible to document the workload needed, as well as to provide indications
regarding the accuracy of the result. As stated in Section 3.2.1, several units in the
cost calculation needed to be transformed, by the use of different types of so-called
Transformation Steps, to match the unit of the reference material in EcoInvent. The
first step in the transformation was to convert the information in the cost calculation
to the Bill of Resources. The next step transformed the information in the Bill of
Resources into several Building Element Lists. In this Transformation Step, all
articles were sorted and summarised per building element.

To perform the unit transformations, there was sometimes a need of assump-
tions and calculations regarding geometry or density of the articles. These Transfor-
mation Steps were performed and documented in the Transformation Lists. Further,
the choice of reference material in EcoInvent was another one type of Transforma-
tion Step, which was performed for each article or their components. All different
types of Transformation Steps made are presented in Table 3.2.

Table 3.2: Transformation Steps used to process the inventory data.

Transformation Steps
Type A Sorting information
Type B Summarising information
Type C Assumptions regarding size and geometry
Type D Assumptions regarding material composition
Type E Calculations of mass or volume
Type F Calculations of material composition
Type G Choice of reference material

The amount of Transformation Steps, referred to as Transformation Index
(TI), is calculated for each article. A higher Transformation Index indicates that
several assumptions or calculations have been made to transfer the unit of article in
the cost calculation to the unit of the reference material. For every Transformation
Step, based on an assumption made, there is a risk of decreased accuracy of the
result. A low Transformation Index is also beneficial regarding the workload needed
for the collection of inventory data.

Figure 3.1 illustrates the Transformation Steps (TS) made for one of the arti-
cles belonging to the ground slab, plastic foil. Two steps, in which the information
provided in the cost calculation was sorted, as described above, has already been
conducted. Therefore, the first Transformation Step in Figure 3.1 is in fact the third
step. In the Building Element list, the unit of the plastic foil is provided in an area,
m2. Since no assumptions had to be made regarding the thickness of the plastic foil,
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the third step (TS3) was to transform the unit into a volume, m3. In the fourth step
(TS4), the density was assumed and then used in the fifth step (TS5) to transform
the unit into a mass, kg. The last step (TS6) was needed since there is no reference
material in EcoInvent that is exactly the same as the articles in the cost calculation,
and a choice to use packaging film as a reference material was made. These six
steps that are needed, to go from the article in the cost calculation to the reference
material in EcoInvent, results this specific article having a Transformation Index of
six, TI = 6.

  

AREA VOLUME ASSUMPTION MASS

Cost Calculation: 

plastic foil 
t=2 mm 

EcoInvent: 

packaging 
film 

TS3  

Area x Thickness 

TS4 

Assume a Density 

TS5 

Volume x Density 

TS6 

Choice of reference material 

Figure 3.1: Example of Transformation Steps needed to transform the orig-
inal article in the cost calculation to the reference material in EcoInvent.

These types of transformations are made for all articles in the Building Element
Lists. Different amounts of Transformation Steps were needed for different articles,
which depends on whether the unit found in the cost calculation is the same unit
used in EcoInvent. Though, in this case study there have always been a minimum
of three Transformation Steps for each article. Firstly, two steps were needed for
sorting the data from the cost calculation to the Bill of Resources, where they were
sorted per structural component, and then to the Building Element Lists. The
third step needed was the choice of reference material in the EcoInvent database.
The highest value, a Transformation Index of 35, was found analysing the garage
door. This value is the result of a high amount of material components, of which
the garage door consists. The garage door consists of 30 different components,
and just by paring them with suitable reference materials in EcoInvent equals 30
Transformation Steps. Another article with high Transformation Index is the article
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that regards painting of the internal walls in the apartments and in the common
areas. Even though this article, like the garage door, consists of several components
there is another reason behind its high Transformation Index. When transforming
this article to match the reference material in EcoInvent, a lot of Transformation
Steps were instead needed due to assumptions and calculations of its amount.

Due to the differences in the amount of Transformation Steps needed, an av-
erage of the Transformation Index of all articles was calculated. The total average
of the Transformation Index in this case study is 8.18, which is shown in Table
3.3 together with some other values of interests. The spread between the smallest
and greatest Transformation Index is significant. However, the average and median
value indicates that it a lower index is more common among the different articles.

Table 3.3: Transformation Indexes of interest for the variation analysis.

Transformation Index
TIAverage 8.18
TIMedian 6
TIMin (e.g. concrete and reinforcement) 3
TIMax (Garage door) 35

The distribution of Transformation Index for the articles, in respectively build-
ing element, is presented in Figure 3.2. The number of the building elements found
in the figure corresponds to the numbers found in Table 3.4, which also presents the
average for each building element. The size of the dots illustrates the number of ar-
ticles with a certain Transformation Index. An increased size indicates an increased
amount of articles with that index. It is shown in the figure that the majority of
the articles have a lower Transformation Index than 15.
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Figure 3.2: Distribution of Transformation Index for the articles in each
building element.
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Table 3.4: Average Transformation Index for each building element consid-
ered in the LCA.

Building element TIAverage

01 Ground construction, complementary 7.14
02 Ground construction 6.63
03 Ground slab 5.21
04 Structural elements, walls 6.00
05 Prefabricated elements 7.00
06 Structural elements, beams 5.62
07 Steel work 5.15
08 External roof 6.86
09 External roof, complementary 7.41
10 Sheet metal 8.00
11 Building complementary, steel 8.00
12 Structural elements, complementary 6.16
13 Windows and doors 14.08
14 Building complementary 8.00
15 Sub floor 12.00
16 Internal walls 5.19
17 Ceiling 5.00
18 Internal doors and windows 8.72
19 Internal stairs 17.00
20 Surface layer, floor and stairs 11.25
21 Surface layer, walls 7.83
22 Surface layer, roof and false ceiling 10.50
23 Painting 27.00
24 Transportation, elevators 22.00

3.2.5 Origin of Materials

Since several of the articles are missing a manufacturer, the origin of those is un-
known. Further, the database EcoInvent are used which consists of generic data
that have different origin for different materials and processes. The most common
origins for materials in EcoInvent are Global (which is an global average), Rest of
Europe (which is an average for Europe excluding Switzerland), and the average
of Switzerland. However, for some materials there are also average values of other
countries. Since the origin is not known for all the articles in the cost calculation,
generic data of Rest of Europe was used in the highest extent possible. For the
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articles where the origin of the reference could not be set to Rest of Europe, the
origins Global, Switzerland, and in some cases other origins, was used instead.

3.3 Life Cycle Impact Assessment
Several assessments were conducted for the building project. Firstly, one assessment
where all considered building elements are assembled was performed. This to evalu-
ate which building elements that, to a higher extent, effect the total environmental
impact of the buildings. Further, one assessment for each of the considered building
element was performed. Through these assessments the impact of the groups of
different materials was evaluated. In this section, the results from the conducted
assessments are presented. In the figures below, the building elements are grouped
in several categories with different colours. Building elements regarding foundation
have green colours, the structural elements are red, elements connected to building
envelope are blue, surface layers have pink colours and others are yellow.

In the assessment of the total building project, the contribution from each
building element has been considered. This to evaluate if some of the excluded ele-
ments in a sufficient LCA, according to the environmental certifications BREEAM,
LEED or Miljöbyggnad (described in Section 2.3.1) have a noticeable impact.

The building project has been evaluated in 18 environmental impact categories.
The total effects of the buildings in the different impact categories are presented in
Table 3.5. These values represent the impact per square meter of heated floor area
of the building project. Further, the results for each building element are found in
Appendix A.
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Table 3.5: Environmental impact of the total building project presented by
impact per square meter heated floor area, AT emp

Entire Building
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 327
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq 1
Freshwater eutrophication kg P eq <0.1
Marine eutrophication kg N eq <0.1

Human toxicity kg 1,4-DB eq 101
Photochemical oxidant formation kg NMVOC 1
Particulate matter formation kg PM10 eq 1

Terrestrial ecotoxicity kg 1,4-DB eq <0.1
Freshwater ecotoxicity kg 1,4-DB eq 3
Marine ecotoxicity kg 1,4-DB eq 3
Ionising radiation kBq U235 eq 29

Agricultural land occupation m2a 108
Urban land occupation m2a 4

Natural land transformation m2 <0.1
Water depletion m3 644
Metal depletion kg Fe eq 87
Fossil depletion kg oil eq 59

The impact of each building element in each impact category, based on the
evaluation of the total building project, has also been evaluated. The results re-
garding the different impacts from the building elements are presented in Figure
3.3. The results show that the building elements that needs to be considered in
the LCA in the different building certifications have a great impact in each impact
category, such as the foundation, the structural elements and the building envelope.
However, other building elements do also have a significant impact in several of the
impact categories, such as internal walls and the elevators. Further, the results show
that the impact of building elements varies within the different impact categories.
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Ground construction, complementary Ground construction

Ground slab Structural elements, walls

Structural elements, beams Prefabricated elements

Steel work Structural elements, complementary
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Sheet metal Windows and doors

Building complementary Building complementary, steel

Subfloor Internal walls

Internal roof Internal doors and windows

Internal stairs Transportation, elevators

Surface layer, floor & stairs Surface layer, walls

Surface layer, roof and false ceiling Painting

Figure 3.3: The effect of the included building elements presented for each
impact category.

Figure 3.4 illustrates the impact of each building element on the impact cat-
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egory climate change. As mentioned above, the impact of building elements varies
in each impact category. However, the distribution in climate change reflects most
of the impact categories. The category that differentiates the most from climate
change is agricultural land occupation. A closer look on how the impact on the
agricultural land occupation is divided between the different building elements is
presented in Figure 3.5. Both figures show how the effect of each building element
varies in the two impact categories. Prefabricated concrete elements, ground slab
and ground construction are the building elements that dominates the contribution
to the impact category climate change. Agricultural land occupation dominates by
four building elements, the roof, the surface layer for floor and stairs, windows and
doors as well as internal walls.

 

Climate Change - Entire Building Ground construction, complementary

Ground construction

Ground slab

Structural elements, walls

Structural elements, beams

Prefabricated elements

Steel work

Structural elements, complementary

External roof

External roof, complementary

Sheet metal

Windows and doors

Building complementary

Building complementary, steel

Subfloor

Internal walls

Internal roof

Internal doors and windows

Internal stairs

Transportation, elevators

Surface layer, floor & stairs

Surface layer, walls

Surface layer, roof and false ceiling

Painting

[kg CO2 eq] 

Figure 3.4: The impact from each building element on the impact category
climate change in CO2 equivalents at midpoint level.
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Figure 3.5: The impact from each building element on the impact category
agricultural land occupation in m2a at midpoint level.

The result from the assessment of each building element is used to evaluate
the effect of each type of material. The impact from the same type of material, from
all building element, have been summarised and are presented in Figure 3.6. Similar
articles are grouped together into different material categories, such as reinforcing
steel and screws are both being grouped as steel. The evaluation shows that eight
groups of materials stand for 97 percent of the total impact in the category climate
change. The remaining three percent is divided between several material groups,
called others. Further, the evaluation shows that concrete and cement products stand
for 59 percent of the total impact and is therefore the material with the greatest
impact. Though, steel does also have a significant impact standing for 25 percent
of the total impact of the building.
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Figure 3.6: The impact of the groups of materials on the impact category
climate change in CO2 equivalents at midpoint level.

A similar evaluation has been conducted for the impact category agricultural
land occupation. In comparison with the category climate change other groups
of materials are dominating within this impact category (see Figure 3.7). In this
impact category only four groups of materials stand for 98 percent. The greatest
impact is from wood that stands for 89 percent. The other nine percent are from
the material groups gypsum, steel and concrete and cement products.
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Figure 3.7: The impact of the groups of materials on the impact category
agricultural land occupation in m2a at midpoint level.

3.4 Interpretation
This section will interpret the results given in the impact assessment. Further,
to evaluate the assessment, several robustness test have been conducted and are
presented in this section.

3.4.1 Interpretation of Assessment

Due to climate change being the environmental impact that is in focus within the
building industry, it is also in focus in this case study. However, other environmental
impact categories were investigated briefly to analyse whether it is of significance
to include them in future life cycle assessments. Figure 3.3 shows that the impact
from the building elements varies in different impact categories. A building element
that has a low impact on the category climate change might have a great impact
on another category. One example is the external roof, a building element including
a lot of wood. This building element has a low impact in climate change (four
percent of the total impact of the building project), but stands for 37 percent of the
stressors included in the impact category agricultural land occupation. By including
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several impact categories, an overall picture of the effect on the environment from
the buildings is presented.

Further, the effect of including several building elements is of interest. In cli-
mate change the categories foundation, the structural elements and the building
envelope stand for 89 percent of the total impact. Other categories, such as surface
layers or internal walls, do not have a significant impact on the result. However,
regarding agricultural land occupation there is a difference. In this impact category
the three main categories (foundation, structural elements and building envelope)
of the buildings only stand for 62 percent of the total impact. This indicates the
importance of including other building elements, especially within this impact cat-
egory. As described in Section 3.3, there are differences in which building elements
that are having the greatest effect on these two impact categories. The effect of
included and excluded building elements is further investigated in Section 3.4.2.5.

The evaluation regarding the impact by the material groups shows that con-
crete and cement products are the material group with the highest impact within
climate change. This is not unexpected since the amount of concrete and cement
products is a great part of the total amount of building materials. This since the
structural elements, as well as the ground slab are made of concrete. The next
greatest impact is from steel, which also is expected due to the high amount of re-
inforcement in the concrete elements. Further, wood has the highest impact within
the category agricultural land occupation. This due to the need of land use to be
able to produce wood and a high amount of wood is found in the external roof.

3.4.2 Robustness of Results

To verify the result several checks were conducted, which are presented in this
section.

3.4.2.1 Completeness Check

This robustness test will evaluate the completeness of the inventory data used for the
assessment. The cost calculation presented by the contractor enabled to construct
an comprehensive list of inventory data. However, this list is not complete. Firstly,
the scope limited the study to not include installations of any kind as well as the
piles. Further, several articles have been excluded during the process due to lack of
information, such as articles that did not have enough information to be able to know
their right amount. Some articles have not been included since a sub-contractor that
has conducted the work and the type and amount of materials is not stated in the
cost calculation. However, some of the excluded articles are smaller details, such as
fasteners of various kinds, which might not have that great impact of the over all
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results. However, there are excluded articles that might have a great impact, such as
aluminium products provided by a subcontractor. For more information regarding
excluded articles see Section 3.2.3.

Despite all the excluded articles the list of inventory data does include com-
prehensive information compared to other studies that have been observed during
the literature review. As described in Section 2.3.1, to fulfil the requirements in
the building certifications, only a specific number of building elements need to be
considered. In this case study, a higher amount of building elements are considered,
thereby increasing the completeness.

Further, the impact assessment method that is used is ReCiPe Midpoint H.
This method includes eighteen impact categories that provide a holistic result of the
environmental impact of the building project. This is of importance regarding the
completeness since, as presented in Section 3.3, the impact of each building element
varies in the different impact categories.

Though, there is room for improvements within this study since some type of
articles have been excluded. However, the study has a high level of details, with its
332 included articles, and since it is evaluated in several impact categories.

3.4.2.2 Consistency Check

For the processing of the inventory data, a method has been developed. Firstly,
all articles were sorted in several lists to organise the information and to achieve
an clear view over the inputs of the assessment. Comments on assumptions and
exclusions has been saved in the different lists to increase the transparency of the
work. However, the lists conducted during the assessments are not included in this
document due to the confidentiality of the project’s cost calculation. This decreases
the transparency of the study.

Further, the Transformation Index, which is a tool to be able to indicate needed
workload and risk of decreased accuracy, has been developed. Transformation Steps
has been presented to be able to have a consistent way of specifying the Transfor-
mation Index for each article. Due to an organised process and with this new index
tool, the study has been performed in a methodical way.

3.4.2.3 Data Quality Assessment

For the processing of the inventory data, a method has been developed. Firstly,
all articles were sorted in several lists to organise the information and to achieve
an clear view over the inputs of the assessment. Comments on assumptions and
exclusions has been saved in the different lists to increase the transparency of the
work. However, the lists conducted during the assessments are not included in this
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document due to the confidentiality of the project’s cost calculation. This decreases
the transparency of the study.

Further, the Transformation Index, which is a tool to be able to indicate needed
workload and risk of decreased accuracy, has been developed. Transformation Steps
has been presented to be able to have a consistent way of specifying the Transfor-
mation Index for each article. Due to an organised process and with this new index
tool, the study has been performed in a methodical way.

3.4.2.4 Data Quality Assessment

The Transformation Index, described in Section 3.2.4, showed that more than eight
Transformation Steps were needed in average to transform the original article to the
unit of the reference material in SimaPro. Some of these steps were assumptions,
which contributes with some uncertainties in the results and thereby decreases the
reliability.

Further, generic data has been used in the study, which results in the temporal
and geographical data quality being decreased. The age of the data in EcoInvent
has not been evaluated and might not be representative within the building industry
today. Moreover, the geographical origin of the reference materials used in the case
study varies, but is often chosen to be average data from Switzerland or Rest of
Europe. Since the buildings are situated in Sweden, it could be assumed that several
of the articles used in the buildings have a Swedish origin. The choice of origin of
the materials will effect the result and since the right origin might not be used, the
quality of the result is therefore decreased. However, the aim of the study was to
analyse the effect of implementing an increased level of inventory data, which is not
depending on the origin. It is therefore possible to perform such an analysis with
this type of generic data.

Finally, the data is based on a cost calculation that is both detailed and in-
cludes some, however not all, manufactures of the different articles. Due to the level
of detail, and according to other similar studies [26] stating high quality data, the
data used in this study can be considered having a high validity. However, assump-
tions have been made when information has been missing, and there is therefore
room of improvements.

3.4.2.5 Variation Analysis of Level of Details

A variation analysis is performed to analyse the effects of including a high level of
details in the list of inventory data. Seven different scenarios (see Table 3.6) will
be evaluated and compared to each other in two of the eighteen impact categories
in ReCiPe Midpoint H. Firstly, the impact on climate change is evaluated since

38



3. Case Study

focus of the study is put on this category. The second impact category considered
in this analysis is agricultural land occupation. This since it was the category that
differentiated the most from the results of the category climate change in the impact
assessment. The variation analysis indicates what effect the use of detailed LCA has
on the result.

Table 3.6: Scenarios used in the variation analysis.

Scenarios
A All articles
B BREEAM
C LEED
D Miljöbyggnad
E TI=6 cut-off
F TI=8 cut-off
G TI=10 cut-off

The first of the seven investigated scenarios is the so-called main assessment,
further on referred to as scenario A, based on the contractor’s cost calculation in-
cluding 332 articles. Scenario A is thereafter modified into six new types of scenarios.
Scenario B, C and D will respectively include the building elements needed for the
different building certifications BREEAM, LEED and Miljöbyggnad. These sce-
narios represent analyses with vertical cut-offs. As described in Section 2.3.1 the
LCA used in LEED should include the building envelope, structural elements and
the foundation and in BREEAM the roof, windows, external and internal walls as
well as the floors and upper floor slabs should be included. In Miljöbyggnad the
foundation and the structure should be included. The last three scenarios, E-G,
will include all building elements but only the articles with a Transformation Index
lower or equal to a specific value, representing scenarios with horizontal cut-offs. In
Scenario E is all articles with a Transformation Index of six or lower included. This
value corresponds to the median of all the articles’ index. In scenario F the number
of included articles increased since the limit is extended to a Transformation Index
of eight or lower. This value is chosen due to the mean value that is just above
eight. The last scenario, G, includes articles with a Transformation Index of ten or
lower. This value is used to exclude articles that require a high workload, such as the
garage door and the windows. As stated in Section 3.2.4 is a lower Transformation
Index is beneficial in terms of workload needed. The scenario E-G are included to
see how the result is effected if the workload is reduced.

Table 3.7 illustrates which building elements that are included in the different
scenarios. The table illustrates the amount of articles (in percentage) that are
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included in each building element in the different scenarios compared to Scenario
A. In Scenario E-G the exclusion demands a low amount of alteration since the
Transformation Index for the articles is either below or above the chosen limit.
However, the exclusion of articles in Scenario B-D is more arbitrary since those
exclusions are based on an interpretation of which building elements and articles to
include according to the certifications [17] [18] [46] [47]. Further, there are difficulties
to know what some of the articles belongs to. One example is sealants used for the
exterior walls and windows. In BREEAM, only windows and not doors should
be included, which causes issues regarding the sealants. This since there is no
information in the cost calculation whether a specific sealant is used for a type of
window or a type of door. Thereby the sealants, and other articles with similar
uncertainties, were excluded in Scenario B-D.
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Table 3.7: Amount of articles included in each building elements, presented
in percentage (%) for each scenario analysed.

Building Element
Scenario

A B C D E F G
Ground construction, complementary 100 0 100 100 36 71 86
Ground construction 100 0 100 100 46 75 88
Ground slab 100 0 100 100 68 89 100
Structural elements, walls 100 100 100 100 45 95 100
Prefabricated elements 100 100 100 100 0 100 100
Structural elements, beams 100 100 100 100 69 100 100
Steel work 100 100 100 100 77 77 85
External roof 100 100 100 100 62 71 90
External roof, complementary 100 100 100 0 41 73 91
Sheet metal 100 100 100 0 0 100 100
Building complementary, steel 100 0 0 0 14 71 100
Structural elements, complementary 100 100 100 0 84 89 89
Windows and doors 100 55 100 0 27 33 43
Building complementary 100 42 50 0 50 67 75
Sub floor 100 100 100 0 0 0 0
Internal walls 100 100 0 0 95 100 100
Ceiling 100 0 100 0 94 100 100
Internal doors and windows 100 0 0 0 34 53 66
Internal stairs 100 0 100 0 0 0 0
Surface layer, floor and stairs 100 100 0 0 13 25 63
Surface layer, walls 100 0 100 0 33 67 83
Surface layer, roof and false ceiling 100 0 0 0 33 50 50
Painting 100 0 100 0 0 0 0
Transportation, elevators 100 0 0 0 0 0 0

Table 3.8 presents the amount of included articles in each scenario, based on
what is included according to Table 3.7. This to indicate the level of comprehen-
siveness of the different scenarios. However, the number of included articles only
provides an indication on how the amount of workload that is needed. Therefore,
total amount of Transformation Steps needed in each scenario are also presented in
the Table 3.8. This enables a comparison of the workload needed in the different
scenarios. It is shown that the same number of articles not necessary result in the
same workload. An example of this Scenario B and E, which both include approxi-
mate 170 articles. However, the total amount of Transformation Steps is almost the
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double for Scenario B, corresponding to an increased workload.

Table 3.8: Number of included articles and Transformation Steps for each
scenario.

Scenario
Number of

included articles
Total amount of

Transformation Steps
A 332 articles 2716 TS
B 172 articles 1486 TS
C 251 articles 2052 TS
D 125 articles 769 TS
E 168 articles 790 TS
F 231 articles 1244 TS
G 264 articles 1550 TS

The total effect on the impact category climate change is calculated for each
scenario and presented in Table 3.9. The effect of reducing the amount of included
building elements, as well as the level of details, contributed to a decrease of the
impact compared to the original study. However, this reduction differs between
the different scenarios. Of the three environmental certifications analysed, LEED
(Scenario C) is closest to the Scenario A. This since it includes all building element
connected to the foundation and structural elements. These building elements in-
clude a lot of concrete and cement products, which has a high impact on this climate
change.

The result for Scenario E compared to Scenario F and G is significant. This
is due to the fact that the prefabricated concrete structural elements have a Trans-
formation Index of seven, and they were therefore excluded in Scenario E. The
difference between Scenario F and G is negligible. Further, these two scenarios
provide a more accurate result than two of the three certifications.
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Table 3.9: The impact on climate change in each of the scenarios compared
to Scenario A.

Climate change

Scenario
Impact

kg CO2e / AT emp

Amount of
Scenario A

A 327 100 %
B 234 72 %
C 303 93 %
D 275 84 %
E 148 45 %
F 289 89 %
G 294 90 %

The seven scenarios were also evaluated in the impact category agricultural
land occupation. The differences between the scenarios distinguish from the differ-
ences in the evaluation of the category climate change. The impacts in Scenario
E-G are similar to each other, even though the number of articles included differs.
Between the three certifications the differences in results are significant. BREEAM
(Scenario B) results in the most similar result compared to Scenario A, of all sce-
narios analysed.

Table 3.10: The impact on agricultural land occupation in each of the sce-
narios compared to Scenario A.

Agricultural land occupation

Scenario
Impact

m2a / AT emp

Amount of
Scenario A

A 108 100 %
B 101 94 %
C 69 64 %
D 43 40 %
E 59 55 %
F 61 57 %
G 63 59 %

The results in the variation analysis are shown in Figure 3.8. The figure
illustrates the variation of the results depending on the scenario.
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Figure 3.8: Variations in results for Scenario A-G in the impact categories
climate change and agricultural land occupation.

The variation analysis shows that the level of detail will effect the final result.
Depending on the impact category that is evaluated, different categories are more
or less suitable. However, none of them is the most suitable approach in both
categories.

3.4.2.6 Variation Analysis of Type of Article

The study aimed to be as detailed as possible and through that see how a detailed
LCA effects the results. To achieve a high level of detail the choice of reference article
was carefully made. If an article had a suitable match in EcoInvent that match was
used. This was for example the case for concrete, reinforcement and nails. In other
cases, there was no suitable match for the article. Instead product information about
the article was found to be able to see what components it is build up of. These
components are used in the evaluation in SimaPro. This is for example the case
for windows and doors. By using the components instead of the total article, the
impact on the environment during the production of the article is neglected. This
variation analysis aims to see the effect of using the articles components instead of
a similar reference article.
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The first analysis regards the terrace doors. In the cost calculation it was
stated what brand the terrace doors have. Information about the content of the
terrace doors were found in a Swedish database. The components of the terrace
doors where used instead of using an existing wooden door with glazed window,
which could be found in EcoInvent. This choice was made since the content in the
wood and window door was not the same as the content of the actual terrace door.
Hence, the choice where made to achieve as high accuracy as possible. The analysis
compares the effect from the terrace door build up by their components with the
wood and window door found in EcoInvent.

The analysis shows a significant difference between the two cases. The impact
from the wooden door with glazed window found in EcoInvent is in average almost
three times greater compared to the components used. The production of the door
is assumed to be the main reason to the differences in the results. However, there is
an opposite change in the impact category agricultural land occupation where the
components of the terrace door have the greatest impact.

The second analysis regards the fire gypsum board. For the ordinary gypsum
board is a suitable reference article found in the EcoInvent database, but this is not
the case for the fire gypsum board. This article is instead, in the same way as the
terrace door, build up in EcoInvent by their components. A comparison between
the ordinary gypsum board and the fire gypsum board is conducted in the second
analysis. The results show that the difference in environmental impact is significant.
The normal gypsum board has, in average, an impact that is more than four time
greater than the components for the fire gypsum board. However, the gypsum board
and the fire gypsum board is not the same article, but it is similar types of products.
The significant difference, with a higher environmental impact of the gypsum board,
indicates that the process to assemble the components is not a suitable approach.
The neglecting of the production phase of the article changed the environmental
impact significant. However, also for this article is the increased impact not true for
all categories. For the components of the fire gypsum board is the impact higher in
the two categories Terrestrial ecotoxicity and Natural land transformation compared
to the gypsum board found in EcoInvent.

The last variation analysis investigates in the surface leveling concrete. In the
same way as for the other two articles, has the components of the surface leveling
concrete been used in the study instead of poor concrete found in EcoInvent. The
results show that the differences on the environmental impact is significant here as
well. However, is the impact from the different components higher than if a reference
material where used. The poor concrete found in EcoInvent does only contribute
with an average impact that is approximately one third of the impact from the
components.
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This variation analysis indicates that the accuracy of using the article’s com-
ponents might not be as accurate as was assumed in the beginning of the assessment.
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The outcome of the case study together with the literature review will be discussed
in this chapter to answer the research questions.

4.1 Perform a Detailed Inventory Analysis
One type of outcome from the case study conducted in Chapter 3 regards the work
needed to perform the assessment, which is presented in this section.

4.1.1 Needed Information

To be able to perform a comprehensive LCA a lot of information is needed. In this
type of study, when only the product stage is considered, it was concluded what
type of information that is needed for the articles to be able to include them in the
assessment. Foremost, type of material and amount of material is needed. How this
information is given is also of importance. One example is the nails that sometimes
could be given in number of pieces, which is preferable, or in a length. When the
nails are given in a length it refers to the building category that it is used for, it could
for example be for fasten the spline. However, it is not stated how many nails that
are needed per meter, which can be difficult to know for someone without knowledge
about construction of buildings. In what unit an article is presented is therefore of
importance. This since it can also ease the transformation from the original article
in the cost calculation to the reference material used for the assessment. Further,
when an article is given in set it is even more difficult to make assumptions of the
exact amount without special knowledge. This since there might be uncertainties
what other article or part of the building the set is based upon.

Furthermore, regarding assumptions needed it is beneficial if the brand or man-
ufacturer of the product is stated. Even if generic data is used, and the origin of the
article is not needed, knowing the brand or manufacturer will decrease the workload
needed to research what product it might be. If specific data is used, knowing the
manufacturer is even of greater importance. This since different countries has dif-
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ferent energy mixes and therefore different type and amount of emissions. Knowing
the origin of the article is also of importance when using generic data. When using
reference material within a database such as EcoInvent, knowing the origin might
help choosing the most suitable origin of the reference material. Even though there
are often many options regarding origin in EcoInvent, choosing the most suitable
origin will generate results more fair to reality than by choosing origin by random.
However, a manufacturer might have factories in different countries. This might
lead to assumptions based solely of the nationality of the manufacturer causing less
accuracy of the results. Further, even if a manufacturer has all production of a
certain product in one country, there might be two or more factories in this specific
country. These factories might however use different type and amount of energy for
the production, due to where in the country the factory is placed and how energy
efficient the production line is. Receiving the correct input for the assessment might
therefore be almost impossible due to this complexity.

Moreover, another reason why knowing the manufacturer is beneficial is that
different manufactures might have different content in their products. However, in
some cases the content, or the exact amount of content, is not presented due to
the manufacture’s confidentiality. This decreases the accuracy of the result even
though the comprehensive information is provided. Further, knowing the brand of
the product is preferable. This since there can also be a difference in content, sizes
and density of similar products from different manufacturers, or even from the same
manufacturer.

To summarise, if conducting an LCA with inventory data based on a com-
prehensive cost calculation, the amount of assumptions having to be made would
decrease knowing the manufacturer or brand of the article, where in the buildings the
article will be used and having the article defined in the same unit as the unit of the
reference material. Regarding the later it could alternatively be enough knowing the
dimensions and density of the article to be able to make calculations transforming
the unit of the article to the same unit as the unit of the reference material.

4.1.2 Practicability

To perform this type of LCA, based on a detailed list of articles a lot of time is
needed. A lot of the work has been put on doing research of the different products
that is used. This to be able to transform units and to find the content of the
material of the article. A lot of assumptions where needed, both regarding sizes
and content. These assumptions have increased the uncertainties of the results.
Regarding articles not found in the EcoInvent database, their components where
instead used. This in particularly might have decreased the overall environmental
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impact since the production of those articles is not included, only production of the
components.

To be able to visualise the conducted work a Transformation Index was pre-
sented, see Section 3.2.4. This index gives information on how many steps and
assumptions that where needed to go from the original article to the reference ma-
terial in EcoInvent. However, it does only show number of steps and possible as-
sumptions, not how long it took to do the research, to receive information needed
for the transformations.

Further, the Transformation Index also provides an indication of the accuracy
of the results. A higher index signifies, as mentioned above, that several assump-
tions, calculations or choices of reference material were needed for the transforma-
tion. There was a higher need of Transformation Steps for articles that were not
directly found in EcoInvent. Instead, as mentioned above, the components of the
article were used leading to the production of the article is neglected. To be able to
include the production more assumptions are needed, and the Transformation Index
would increase even higher.

However, not all articles needed Transformation Steps, except for the three
required ones. Though, these articles stand only for 20 % of the 332 articles used in
the assessment. This number indicates that the accuracy might not be as high as is
desirable. Analysing the number of articles with a need of assumptions can provide
answer to whether a high index is due to assumptions or several calculation steps.

Different types of information can be used for the assessment. In the case
study generic data was used for the analyse. Information regarding the articles was
collected from BMAs. These types of documentation do rarely include the emissions
during the production, instead they only provide the content of an article. A more
accurate analysis would be provided if EPDs were used instead since they have more
information included. However, based on the case study of this thesis, it seems that
EPDs are less common than BMAs. This will stay a problem regardless of what
type of methodologies that will be developed to simplify the LCA process in the
future. Regardless of the level of details and the comprehensiveness of the LCA, the
accuracy of the results might be decreased if the reference material used is far from
the materials in the inventory data. As mentioned in Section 2.3.5, IVL is developing
a tool consisting of Swedish building materials for construction the foundation and
structural elements. Using this data might have provided more accurate results in
the case study. However, since this tool is not compatible with the used soft-ware
SimaPro, more time would have had to be spent creating own processes including
this information. Even if this input would be created manually, there is still no
guarantee that it is more accurate.

When processing the inventory data, it was concluded that the amount of in-
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formation in the cost calculation was not enough to be able to include all articles.
This was the case even though the project was a partnering project and all infor-
mation should be visible for both the commissioner and the contractor. However,
complete transparency between the two parts is not enough in this case. This since
subcontractors are involved and the material they are using are not stated in the
cost calculation. Further, some articles were, as previous discussed, excluded due to
difficulties to find suitable matches in the EcoInvent.

Finally, since the process of conducting the lists of inventory data (Building
Element Lists and Transformation Lists) was complex, the result might have been
influenced by the human error. During the process the research on different materials
become better. New sources to find information on where found and the knowledge
regarding building materials where increased. This led to better assumptions after a
while and that the building elements conducted in the beginning of the study might
not have the same quality as the ones conducted later. A well-structured process
for the assessment is therefore of great importance to receive results with higher
accuracy.

4.1.3 Previous Knowledge

As mentioned in the previous section, a lot of work was needed to gathering inventory
data for the assessment. This workload could be reduced if more knowledge about
the building process had been gain before the study. An experienced person would
be able to do a more accurate analysis with a bit less workload. This is due to
that there is a lot of specific words and expression used for the building industry
that is used in the lists. With more experience the expression will be easier to
understand, and the assumptions will be more accurate. Further, the articles in the
cost calculation are presented in Swedish and the reference material in EcoInvent
is in English causing a need of translation. This need contributes with the need
of knowledge of building industry terms in both languages to be able to make an
accurate analysis. Dictionaries have been used, but they often lack in the amount of
building industry terms. This since one article might have several names. Even by
using a dictionary adapted for the building industry, there is hardly possible for it
to cover all articles within a building. The experience is not only needed regarding
the building industry but also, as described by Glaumann, Malmqvist, Peuportier,
et al. [31], in the software.

Further, the choice of what to include or not is also influenced by how much
previous, as well as project specific, knowledge the person performing the LCA has.
Some articles can be difficult to know if they should be excluded or not regarding to
the chosen system boundaries. This could for example be the construction plywood
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that sometimes is used as a building material but at other times is used as a mould
and therefore is demolished before the buildings are completed. Another example
is, article that appeared to be included in other articles or additional documents
received from the contractor. To be able to notice if one article appears twice,
requires knowledge of the articles that is included in the buildings and the amount
of each type of article.

It was discovered during the process that it was easier to perform the assump-
tions and calculations after time. This since the knowledge were increased and new
platforms to search for information were found. Therefore, it is concluded that the
performer of the LCA can benefit from previous performed studies.

Another possibility is, as in other fields before, involving consultants to per-
form life cycle assessments on buildings. Consultants will have the opportunity to
create their own database with information regarding commonly used building ma-
terials. Further, they collect new knowledge from each project they are involved in
and will get front edge competence within this field. Moreover, involving consul-
tants might be the only way for smaller companies to be able to perform LCA if it
ought to be mandatory according to the proposals from Boverket [3] and Upphan-
dlingsmyndigheten [5]. This since it might be demanding considerable resources.

4.2 Full LCA
The concept full LCA has no single definition. Results from two different full LCA
might therefore not be comparable since they might be "full" in different ways. The
common denominator for the different analysis is that they have been more thorough
than the previous performed life cycle assessments on buildings.

With this in consideration it is of interest to evaluate whether the case study
could be defined as a full LCA. According to the reasoning of Oregi, Hernandez,
Gazulla, et al. [23] and Cuéllar-Franca and Azapagic [24] should an LCA include
all stages to be defined as a full LCA. The case study does only consider the prod-
uct stage and not the total life cycle from cradle to grave. However, this case
study achieves both requirements that Vitale and Arena [26] and Emami, Heinonen,
Marteinsson, et al. [25] mentions when defining a full LCA. The case study has a
high level of details in the inventory list, both regarding included building elements
and number of articles. Further, the case study does also show the impact on several
environmental impact categories.

The case study only includes the product stage and thereby a great part of the
buildings’ life cycle is neglected, and all types of installation were excluded, decreas-
ing the accuracy of the results. With this in consideration, it could be questioned if
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the case study can be considered as a full LCA. However, the study is performed in
a thorough way regarding included articles and impact assessment methods. There-
fore, it can be used to answer the aim of the report regarding effects of full LCA.

4.3 Effects on the Result by a Full LCA
A full LCA regarding number of included impact categories contributes with a
broader understanding of the environmental effect of the building project. The
study shows that the impact one building element or building material have within
one impact category might not be the same as in another category. The differences
between the result of climate change and of agricultural land occupation where sig-
nificant. The variation where shown both in which building elements that had the
greatest impact, as well as how the impact was influenced by the cut-off of articles
based on the Transformation Index. If only one category is considered, this often
being climate change in building LCA, important information might be left out. To
achieve a fair overall picture of the environmental impact from the buildings it is
important to include more than one impact category. As mentioned in Section 2.3.2,
Upphandlingsmyndigheten [5] has requested that LCA on a building should include
other impact categories but climate change since climate change is not the only
important category for a sustainable environment. This is confirmed by the results
of this thesis, showing the large differences between climate change and agricultural
land occupation.

The variation analysis in Section 3.4.2.5 showed that two methods that in-
cluded the same number of articles might not have the same workload since the
amount of Transformation Steps might vary. If comparing the scenarios based on
certifications with the ones with cut-offs based on Transformation Index, the ones
with a lower workload in comparison to number of articles are the ones based on
Transformation Index. Regarding the workload, it could be beneficial to base the
cut-offs on a limit regarding Transformation Index. However, as was illustrated in
Section 3.4.2.5, that type of cut-off is not always the most suitable regarding the ef-
fects on the result. Though, it could provide an economical incentive for companies
to perform life cycle assessments on buildings including a higher level of inventory
data.

Regarding the three environmental certifications BREEAM, LEED andMiljöbyg-
gnad, based on vertical cut-offs, the results compared to the original study (Scenario
A) varied. In the impact category climate change, LEED (Scenario C) was the most
similar to Scenario A. However, this is the scenario is including the highest number
of Transformation Steps and therefore is the one with the highest estimated work-
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load of the three. The effect on the results for Scenario F and G, based on horizontal
cut-offs, were similar to each other (a difference of one percent) even tough different
workload were needed. However, to include articles with a Transformation Index of
nine or ten does not increase the accuracy of the results to such extent that it might
justify the increase in workload. Though, Scenario F is the more suitable of these
two since the effect on the result is minimal even though the workload is reduced.
Further, Scenario F can also be compared to Scenario C, where the difference in the
results is four percent. These four percent results in the workload being reduced in
term of a reduction of 800 Transformation Steps. The question then rises, whether
an improvement of the accuracy by a couple of percentages weight higher than an
increased workload when the robustness of the results often is uncertain, especially
when using generic data.

In the impact category agricultural land occupation, Scenario B (BREEAM)
distinguishes from the other scenarios by having the most similar result compared
to Scenario A. Further, the analysis shows that the effect on the result in Scenario
E-G is similar to each other. However, the cut-off for the Transformation Index
needs to be with a higher value than in climate change to give a more similar result
to Scenario A. Though, since most of the different impact categories in ReCiPe
midpoint H are similar to the impact category climate change, a scenario with results
close to Scenario A in this specific impact category might be the most suitable to
choose.

As presented in Section 2.3.3, the possibility to make environmentally friendly
choices in the project decrease with time during the project. Boverket [19] presents
therefore the value of include LCA early in the project. To implement LCA in an
early stage is also included in the environmental certifications BREEAM and LEED
[17] (see Section 2.3.1). However, to be able to perform an LCA with detailed
inventory data a lot of information is needed. Early in the project this type of
information, such as type of material or specific manufacture, might not have been
decided. This makes it difficult to perform a comprehensive assessment, in regard
to inventory data, in an early stage of the project. One option could be to perform
a simplified LCA in the early stages of the project and later develop the LCA
as the project continues and more details is defined. Alternatively, if performing
enough comprehensive assessments might result in gaining enough knowledge of
the approximate effect of including a high amount of building details in the list of
inventory data to use as a supplementary addition to a simplified LCA.
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4.4 Robustness of the Result
Several assumptions and exclusions were conducted during the process of the study.
This combined with the actual origin of the materials not being taken into consid-
eration contributes to a decrease in the accuracy of the results. However, the aim
of the study was to investigate in the implication of a full LCA. The implication
is possible to address even if the result of the impact assessment of the case study
not is as close to reality as desirable. The conclusion taken from the process of
conducting the LCA can therefore be assumed to be robust.

The second variation analysis regarding choice of articles (see Section 3.4.2.6),
indicated uncertainties in the results. In some cases, components of an article were
used to be able to find similar reference material in EcoInvent, when the article
itself had no suitable match. This with the aim to increase the accuracy of the
result of the assessment. However, the variation analysis showed that the impact
from the articles where their components were used, compared to when a similar
product in the database was used, were significant. For two of the tested articles,
the wooden door with glazed window and fire gypsum board, did the result showed
that the impact from the components were lower than if a similar article were used
instead. However, this was not the case for the surface levelling concrete, were the
impact were higher for the poor concrete found in EcoInvent compared to when the
components were used. This shows that it can be concluded that no conclusion can
be drawn whether it is better to use a similar article or to use the components of
an article. Though, it can result in differences in depletion of specific raw materials,
cause local emissions or have other impacts, which not have been analysed in this
thesis.

4.5 Learning Outcomes of Performing a Full LCA
The case study showed the effect of number of included building elements. When
excluding building elements, or articles above a certain Transformation Index, some
impact is thereby neglected. However, as mentioned above, it could be questioned
whether the increase of included articles provides an improved accuracy justifying
the enlarged workload. It could also be questioned whether this case study could
be used as a guideline to simplify future life cycle assessments based on workload.
The case study shows that the importance of including all building elements varies
depending on the impact category being evaluated. Hence, there is no single solution
on which inputs to include or exclude based solely on workload, simplifying the work
needed in life cycle assessments. However, it can be concluded that in this study,
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articles with a Transformation Index higher than eight are not significant to the
results when only considering climate change. The main contributor for this category
was the group of material regarding concrete and cement products. Articles with
high Transformation Index did in general not include these materials and therefore
they do not contribute significantly to this impact category.

When analysing the effect on agricultural land occupation in different scenar-
ios, none of the scenarios with a cut-off based on Transformation Index were similar
to Scenario A. Therefore, simplifications based on Transformation Index will lead to
a significant decrease in accuracy for this impact category. However, if comparing
the results to how LCA in commonly used within the building industry today, the
results of Transformation Index cut-offs might still provide higher accuracy.

For future assessments it is important to consider that a decrease in the number
of articles included not necessary will lead to a decrease in workload. This since the
workload depends on the amount of needed Transformation Steps rather than the
number of included articles. Further, the cut-offs that were suitable in this study
might not be the optimal cut-offs in other cases. Finally, if using a cost calculation as
a source for inventory data, the Transformation Indexes for its different articles will
vary depending on the amount of information provided. This since the information
will influence the need of assumptions.
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There is no single definition of a full LCA. Previous life cycle assessments claim
that they are performing a full LCA have performed it in different ways. Either by
including a high amount of different impact categories, including a comprehensive
list of inventory data or by including all stages of the building’s life cycle. Though,
the common denominator is that they all, in some way, include more parameters
than general.

The case study in this thesis was questioned regarding if it can be named as a
full LCA. This since only the product stage of the building project were considered
and all types of installations and articles connected to pile works were excluded.
However, the level of details of the inventory data was comprehensive with its 332
included articles. During the process of the assessment it was concluded that per-
forming an LCA at such a detailed level requires a great amount of effort as well as
previous knowledge. The work needed could be decreased by knowledge of the build-
ing industry in general as well as the specific project being analysed. Performing
an LCA with a high level of detail is a time-consuming process. A well-structured
process for the assessment is therefore of great importance to receive results with
higher accuracy.

During the case study the new tool Transformation Index were invented. This
tool enabled a structured method where every step of the process was documented.
Further, it provides information regarding the need of assumptions and calculation
steps for each article. A lower index is preferable, both in terms of needed workload
and accuracy of the results.

The case study evaluated the building project’s impact in several impact cat-
egories. It was shown that the effect of each building element varied in the different
categories. Therefore, it is of interest to evaluate buildings in more categories than
only the climate change as often is the case today. This to get the bigger picture of
the buildings’ entire impact on the environment.

The case study showed that the effect on the result is depending on the com-
prehensiveness of the inventory. Different scenarios of simplified assessments were
compared to a scenario including all articles in the list of inventory data. These dif-
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ferent simplified scenarios were based on the environmental certifications BREEAM,
LEED and Miljöbyggnad, as well as different cut-offs based on Transformation In-
dex. The accuracy of the scenarios varied depending on which impact category that
was investigated. Further, it was concluded that a decrease in the number of articles
not necessary decrease the needed workload. Instead it is more important to focus
on the amount of needed Transformation Steps.

From only one case study it is difficult to conclude specific simplification for
future LCA. However, the study shows that there is an effect based on the compre-
hensiveness of the inventory data, and it can be concluded that it is all about the
details.

The thesis has explored the use of full LCA within the building industry. How-
ever, there is more steps needed to be able to fully implement LCA in the building
industry. Suggestions on further investigation is to the develop the Transformation
Index. As it is used now, assumptions have the same effect on the index as other
steps, such as sorting or calculations, which does not influence the accuracy. The
tool could be developed in some way that the accuracy of the result is reflected in
the index. Another suggestion is to further investigate in the effect of origin of the
reference material compared to the actual origin of the article. This to see the effect
of using generic data compared to specific data.
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A
Appendix 1

Table A.1-A.24 presents the results in each impact category for all the building
elements considered in the LCA.

Table A.1: Results of the LCA of the ground construction, complementary,
presented by impact per square meter heated floor area, AT emp

01. Ground Construction, Complementary
Impact category Unit Impact/AT emp

Climate change kg CO2 eq <1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.001
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <0.1
Photochemical oxidant formation kg NMVOC <0.001
Particulate matter formation kg PM10 eq <0.001

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.01
Marine ecotoxicity kg 1,4-DB eq <0.01
Ionising radiation kBq U235 eq <0.01

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.01

Natural land transformation m2 <0.001
Water depletion m3 <1
Metal depletion kg Fe eq <1
Fossil depletion kg oil eq <0.1

I
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Table A.2: Results of the LCA of the ground construction presented by
impact per square meter heated floor area, AT emp

02. Ground Construction
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 27
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.01

Human toxicity kg 1,4-DB eq 8
Photochemical oxidant formation kg NMVOC <1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.01
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq 2

Agricultural land occupation m2a <1
Urban land occupation m2a <1

Natural land transformation m2 <0.01
Water depletion m3 55
Metal depletion kg Fe eq 11
Fossil depletion kg oil eq 5

II
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Table A.3: Results of the LCA of the ground slab presented by impact per
square meter heated floor area, AT emp

03. Ground Slab
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 74
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <1
Freshwater eutrophication kg P eq <0.1
Marine eutrophication kg N eq <0.01

Human toxicity kg 1,4-DB eq 21
Photochemical oxidant formation kg NMVOC <1
Particulate matter formation kg PM10 eq <1

Terrestrial ecotoxicity kg 1,4-DB eq <0.01
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq 5

Agricultural land occupation m2a <1
Urban land occupation m2a <1

Natural land transformation m2 <0.01
Water depletion m3 144
Metal depletion kg Fe eq 26
Fossil depletion kg oil eq 14

III
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Table A.4: Results of the LCA of the structural elements, walls, presented
by impact per square meter heated floor area, AT emp

04. the Structural Elements, Walls
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 13
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.01

Human toxicity kg 1,4-DB eq 4
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <1
Urban land occupation m2a <1

Natural land transformation m2 <0.001
Water depletion m3 28
Metal depletion kg Fe eq 6
Fossil depletion kg oil eq 2

IV
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Table A.5: Results of the LCA of the prefabricated elements presented by
impact per square meter heated floor area, AT emp

05. Prefabricated Elements
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 5
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 6
Metal depletion kg Fe eq <1
Fossil depletion kg oil eq 1
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Table A.6: Results of the LCA of the structural elements, beams, presented
by impact per square meter heated floor area, AT emp

06. Structural Elements, Beams
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 141
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <1
Freshwater eutrophication kg P eq <0.1
Marine eutrophication kg N eq <0.1

Human toxicity kg 1,4-DB eq 20
Photochemical oxidant formation kg NMVOC <1
Particulate matter formation kg PM10 eq <1

Terrestrial ecotoxicity kg 1,4-DB eq <0.01
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq 12

Agricultural land occupation m2a 1
Urban land occupation m2a 1

Natural land transformation m2 <0.1
Water depletion m3 193
Metal depletion kg Fe eq 11
Fossil depletion kg oil eq 19

VI
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Table A.7: Results of the LCA of the steel work presented by impact per
square meter heated floor area, AT emp

07. Steel Work
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 3
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 3
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 16
Metal depletion kg Fe eq 4
Fossil depletion kg oil eq <1

VII
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Table A.8: Results of the LCA of the external roof presented by impact per
square meter heated floor area, AT emp

08. External Roof
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 11
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 4
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.01
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq 2

Agricultural land occupation m2a 40
Urban land occupation m2a <1

Natural land transformation m2 <0.01
Water depletion m3 23
Metal depletion kg Fe eq 1
Fossil depletion kg oil eq 4

VIII
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Table A.9: Results of the LCA of the external roof, complementary, pre-
sented by impact per square meter heated floor area, AT emp

09. External Roof, Complementary
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.01
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a 4
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 5
Metal depletion kg Fe eq <1
Fossil depletion kg oil eq <1

IX
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Table A.10: Results of the LCA of the sheet metal presented by impact per
square meter heated floor area, AT emp

10. Sheet Metal
Impact category Unit Impact/AT emp

Climate change kg CO2 eq <1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.01
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 2
Photochemical oxidant formation kg NMVOC <0.01
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 3
Metal depletion kg Fe eq <0.1
Fossil depletion kg oil eq <1
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Table A.11: Results of the LCA of building complementary, steel, presented
by impact per square meter heated floor area, AT emp

11. Building Complementary, Steel
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 4
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 2
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a 2
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 18
Metal depletion kg Fe eq 2
Fossil depletion kg oil eq <1
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Table A.12: Results of the LCA of structural elements, complementary,
presented by impact per square meter heated floor area, AT emp

12. Structural Elements, Complementary
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 4
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 2
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a 3
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 12
Metal depletion kg Fe eq 2
Fossil depletion kg oil eq 1
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Table A.13: Results of the LCA of windows and doors presented by impact
per square meter heated floor area, AT emp

13. Windows and Doors
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 8
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.01

Human toxicity kg 1,4-DB eq 4
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a 16
Urban land occupation m2a <1

Natural land transformation m2 <0.01
Water depletion m3 23
Metal depletion kg Fe eq 4
Fossil depletion kg oil eq 2
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Table A.14: Results of the LCA of building complementary presented by
impact per square meter heated floor area, AT emp

14. Building Complementary
Impact category Unit Impact/AT emp

Climate change kg CO2 eq <1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.01
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.01
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <0.1

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 5
Metal depletion kg Fe eq 1
Fossil depletion kg oil eq <1
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Table A.15: Results of the LCA of sub floor presented by impact per square
meter heated floor area, AT emp

15. Sub Floor
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 10
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 1
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 13
Metal depletion kg Fe eq <1
Fossil depletion kg oil eq 2
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Table A.16: Results of the LCA of internal walls presented by impact per
square meter heated floor area, AT emp

16. Internal Walls
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 10
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.01

Human toxicity kg 1,4-DB eq 6
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.01
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq 2

Agricultural land occupation m2a 10
Urban land occupation m2a <1

Natural land transformation m2 <0.01
Water depletion m3 38
Metal depletion kg Fe eq 6
Fossil depletion kg oil eq 3
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Table A.17: Results of the LCA of internal roof presented by impact per
square meter heated floor area, AT emp

17. Internal Roof
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 3
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 2
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 15
Metal depletion kg Fe eq 3
Fossil depletion kg oil eq <1
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Table A.18: Results of the LCA of internal doors and windows presented
by impact per square meter heated floor area, AT emp

18. Internal Doors and Windows
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 3
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 6
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a 3
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 14
Metal depletion kg Fe eq 4
Fossil depletion kg oil eq <1
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Table A.19: Results of the LCA of internal stairs presented by impact per
square meter heated floor area, AT emp

19. Internal Stairs
Impact category Unit Impact/AT emp

Climate change kg CO2 eq <1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.001
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <0.1
Photochemical oxidant formation kg NMVOC <0.001
Particulate matter formation kg PM10 eq <0.001

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.01
Marine ecotoxicity kg 1,4-DB eq <0.01
Ionising radiation kBq U235 eq <0.1

Agricultural land occupation m2a <1
Urban land occupation m2a <0.01

Natural land transformation m2 <0.001
Water depletion m3 <1
Metal depletion kg Fe eq <0.1
Fossil depletion kg oil eq <0.1
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Table A.20: Results of the LCA of surface layer, floor and stairs, presented
by impact per square meter heated floor area, AT emp

20. Surface Layer, Floor and Stairs
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 2
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.01
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a 25
Urban land occupation m2a <1

Natural land transformation m2 <0.01
Water depletion m3 6
Metal depletion kg Fe eq <1
Fossil depletion kg oil eq <1
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Table A.21: Results of the LCA of surface layer, walls, presented by impact
per square meter heated floor area, AT emp

21. Surface Layer, Walls
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.01
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.01
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 3
Metal depletion kg Fe eq <0.1
Fossil depletion kg oil eq <1
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Table A.22: Results of the LCA of surface layer, roof and false ceiling,
presented by impact per square meter heated floor area, AT emp

22. Surface Layer, Roof and False Ceiling
Impact category Unit Impact/AT emp

Climate change kg CO2 eq <1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.01
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.001
Particulate matter formation kg PM10 eq <0.001

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.01
Marine ecotoxicity kg 1,4-DB eq <0.01
Ionising radiation kBq U235 eq <0.1

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.01

Natural land transformation m2 <0.001
Water depletion m3 1
Metal depletion kg Fe eq <0.1
Fossil depletion kg oil eq <1
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Table A.23: Results of the LCA of painting presented by impact per square
meter heated floor area, AT emp

23. Painting
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 1
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.01
Freshwater eutrophication kg P eq <0.001
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq <1
Photochemical oxidant formation kg NMVOC <0.01
Particulate matter formation kg PM10 eq <0.01

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <0.1
Marine ecotoxicity kg 1,4-DB eq <0.1
Ionising radiation kBq U235 eq <0.1

Agricultural land occupation m2a <0.1
Urban land occupation m2a <0.01

Natural land transformation m2 <0.001
Water depletion m3 1
Metal depletion kg Fe eq <0.1
Fossil depletion kg oil eq <1
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Table A.24: Results of the LCA of transportation, elevators, presented by
impact per square meter heated floor area, AT emp

24. Transporation, Elevators
Impact category Unit Impact/AT emp

Climate change kg CO2 eq 4
Ozone depletion kg CFC-11 eq <0.001

Terrestrial acidification kg SO2 eq <0.1
Freshwater eutrophication kg P eq <0.01
Marine eutrophication kg N eq <0.001

Human toxicity kg 1,4-DB eq 12
Photochemical oxidant formation kg NMVOC <0.1
Particulate matter formation kg PM10 eq <0.1

Terrestrial ecotoxicity kg 1,4-DB eq <0.001
Freshwater ecotoxicity kg 1,4-DB eq <1
Marine ecotoxicity kg 1,4-DB eq <1
Ionising radiation kBq U235 eq <1

Agricultural land occupation m2a <1
Urban land occupation m2a <0.1

Natural land transformation m2 <0.001
Water depletion m3 21
Metal depletion kg Fe eq 5
Fossil depletion kg oil eq 1
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