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Traditionell betong används i majoriteten av broar som byggmaterial. Om byggnadsmaterialet 
skulle kunna ersättas av en betong med mindre miljöpåverkan, kan stora delar av miljöpåverkan 
minskas. I denna avhandling, ska NCC:s samverkansbro utredas, där tre olika betongtyper ska 
testas i dess olika konstruktionsdelar. Samverkansbron kommer att jämföras i tre olika scenarier 
av byggmaterial: traditionell betong, traditionell betong innehållande 5 % slagg och 
injekteringsbetong. 

Jämförelsen kommer att utföras genom en livscykelanalys (LCA) med hjälp av programvaran 
GaBi 6.5. Resultatet av modelleringen i GaBi presenteras på samma sätt som i en 
miljövarudeklaration (EPD). I presentationen av resultatet kommer diagram och tabeller 
visualisera de resultat som erhållits i livscykelanalysen. Det erhållna resultatet visar att vid 
jämförelse av de tre scenarierna ger injekteringsbetong en mindre klimatpåverkan i majoritet av 
resultaten. 

Nyckelord: Samverkansbro, Injekteringsbetong, LCA, EPD 
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Traditional concrete is used in the majority of bridges as a building material. If the building 
material could be replaced by a concrete with less environmental impact, large parts of the 
environmental impact could be reduced. In this dissertation, NCC Composite Bridge is to be 
investigated, where three different concrete types are to be tested in its various design elements. 
The composite bridge will be compared in three scenarios: traditional concrete, traditional 
concrete with slag as part of binder and prepact concrete.  

The comparison will be carried out by a Life Cycle Assessment (LCA) using the software GaBi. 
The outcome will be in form of an Environmental Product Declaration (EPD) table. (NCC has 
implemented the EPD system into the company with the ambition to easier and more thorough 
provide a legit evaluation of the environmental impact.)  In the presentation of the result, 
diagrams and tables visualizes the results obtained in the EPD. The result obtained has shown 
that comparing the three scenarios; prepact concrete provides a less environmental impact and if 
replacing traditional concrete with prepact, savings of the environment can be made. 

Keywords: Composite bridge, Prepact concrete, LCA, EPD 
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Abbreviations  
EPD Environmental Product Declaration 

EoL End of Life 

EU  European Union 

eq Equivalent  

kr Swedish crown (SEK) 

k Kilo 

LCA Life Cycle Assessment 

LCIA Life Cycle Inventory Assessment 

M Million 

NCC Nordic Construction Company 

PCR Product Category Rules 

RSL Reference Service Life 

SEK Swedish crown 

Concepts  
Upstream module includes in LCA the extraction, transportation and processing of raw material 
from production, pre-products/semi-manufacturing goods and ancillary material necessary for 
the bridge elements, transport of material from supplier to building site. Also included is the 
production of material for maintenance and replacement.  

Core module in LCA includes all processes needed for the construction of the bridge as follows: 
the generation of electricity, steam and heat, fuels, water consumption, emissions in air, soil and 
water, scraps, solid waste, waste water 

Downstream module in LCA includes two phases during the RSL of the bridge: operation and 
maintenance and final demolition with waste treatment. The operation includes all the functions 
needed for operating the bridge. The maintenance involves all functions needed for maintenance 
of the bridge. 

CO2 eq describes how much global warming potential a given type and amount of greenhouse 
gas has got, using the functionally equivalent amount or concentration of carbon dioxide (CO2) 
as the reference. 
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Primary energy is energy in its natural form that has not been subjected to any conversion or 
transformation process. It is energy contained in raw fuels, and other forms of energy received as 
input to a system. Primary energy can be non-renewable or renewable. 
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1.1. Background 
On a daily basis we are met by a large flow of information from the media of various 
environmental issues. The environment has over the last decades become an increasing factor 
of interest for all parties in the communities and the climate debate has gone from only being 
a subject for the scientist to be a subject for everyone. All parties such as the governments, 
industries and individuals of the communities are involved in implementing a reduction of the 
environmental impact. 

According to the European Union’s (EU) environmental policy, the EU strives for high 
protection and to evaluate and consider the different circumstances of the Union's regions. 
Some of the policy’s targets are to make use of the natural resources as carefully and rational 
as possible and promote measures at international level to manage regional and worldwide 
environmental issues [24]. EU has set as a demand that the CO2e-emissions and the energy 
consumption in the region of EU needs to be reduced to 80-90% before the year of 2050.  

In July 2011 the Swedish government gave the mission to the Swedish Environmental 
Protection Agency to provide a substrate to achieve the vision of zero net greenhouse gas 
emissions by the year of 2050 in Sweden. The Swedish Environmental Protection Agency 
writes in their proportions: 

“Climate work must be clearly linked to the potential for companies to find new business 
ideas and business areas. There is a synergy to reduce climate change and green growth as 
dialogues have shown. Examples given include increased employment through the production 
of renewable energy and the construction sector through the need for measures that are in a 
large part of the buildings and industries / businesses. Demand for energy-efficient and 
environmentally friendly solutions creates demand for new products and services where 
Swedish companies could find new markets [54]." 

One method that is gaining more acknowledgements in the environmental debate is the Life 
Cycle Assessment. The method is a good tool to provide and share knowledge about a product 
or a service environmental impact from a life cycle perspective. However, the method is very 
time consuming in the collection of data, which is why the process is considered to be of 
difficulty. It is hard for a company to recognize the true environmental impact due to the 
uncertainties in the large scale of parameters concerning the data collection, thus is the need 
for broader standardised life cycle assessment and easier tools needs to be implemented in the 
businesses [54]. 

The Swedish Environmental Protection Agency does also treat the importance of the Public 
Procurement Act. Green Procurement is important to reach the ambitions set by the 
government where the private sector is one of the biggest stakeholders. For example, the 
Swedish Transport Administration is expected to demand more from the private sector. The 
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demand for new products and services that satisfy the new requirements on less 
environmental impact, which pushes the construction industry to develop [54].  

The construction industry and infrastructure affects the environment mainly in two ways, by 
consuming resources and by creating pollutants and wastes. The constructions industry 
contributes to about 45-50 % of the global energy use, almost 50 % of the international water 
use and around 60 % of the total usage of raw material. The industry does also contribute to 
23 % of the air pollution, 50 % of climate change gases and 50 % of landfill wastes. This high 
and crucial environmental impact makes it important for the industry to focus more on 
minimizing the waste production, maximizing the use of recycling, and creating sustainable 
buildings [23]. 

The bridge sector represents a big part of the infrastructure and is necessary for a viable 
society. There are many factors related to the construction of bridges that affect the 
environment. The bridge material is one. Almost 80 % of all bridges in Sweden are made of 
concrete as the main material. Concrete is well known to have a large impact on the 
environment due to the manufacturing process [16]. There are many parts of both the 
construction phase but also during the bridge lifetime that is contributing negatively to the 
environment.  As for all construction, manufacturing and transport of material are a 
prerequisite, but also a large contributor to the air pollution and the global warming.  

NCC vision to provide more sustainable solutions pushes the company to develop new 
products, which have led to the development of a self-produced prepact concrete. The prepact 
concrete is known to have a lower environmental impact due to the less content of cement 
used and higher quality in concrete [39]. This dissertation focuses on the difference in the 
environmental impact and possible savings of the environment by testing prepact concrete in 
NCC Composite Bridge where a comparison will be made between prepact concrete and 
traditional concrete. Since the prepact concrete investigated contains a relatively high amount 
of slag, an extra comparison will also be made with traditional concrete containing 5 % slag to 
provide the fairest assessment possible. The three concrete types assessed are as follows: 
traditional concrete, traditional concrete with slag as part of binder and prepact concrete.  

As mentioned earlier in the text, Life Cycle Assessment is highly relevant in today’s society 
and the comparison of the concrete types will be made performing a Life Cycle Assessment 
where an Environmental Product Declaration (EPD) with simplified additional diagrams 
presenting the result. (NCC has implemented the EPD system into the company with the 
ambition too easier and more thorough be able to provide a legit evaluation of the 
environmental impact [54].) 

1.2. Aim and goal  
The aim of the study is to analyse the environmental impact of three scenarios of building 
material integrated in the composition of NCC composite bridge. The comparison is made of 
three variants of the same bridge, thus with various input data, i.e. concrete types. The three 
scenarios are: traditional concrete, traditional concrete containing 5% slag and prepact 
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concrete. The modelling is based on the same LCA model used for the published and verified 
EPD 15-1787-1 for NCC’s bridge in the project road V27 Viared-Kråkered Bridge. Thus have 
adaptions on concrete type, concrete amount and energy consumption been changed in the 
original model to suit the conditions for the goal of the study. 

By modelling the three scenarios in GaBi software based on the same model and system 
boundaries as project road V27 Viared-Kråkered, it is possible to calculate their 
environmental performance and compare them. 

1.3. Scope and limitations 
1.3.1. Bridge structure and modelling 

The assessment is carried out according to the standards of EN 15804:2012+A1:2013 and the 
Product Category Rules (PCR), product group UN CPC 53221: Bridges and elevated 
highways, Version 1.01, 2013:23. 

The calculations done for the dissertation are based on the same LCA model used for the 
calculations of the published EPD of the Bridge V27 [64]. The results for the considered 
scenarios are presented in the same format as the published EPD in Appendix A. 

1.3.2. LCA 
This assessment is predominantly based on the CML impact assessment methodology 
framework (CML 2001 update April 2013). CML characterisation factors are applicable to the 
European context, are widely used and respected within the LCA community, and required for 
Environmental Product Declarations under EN 15804. 

Based on the goal of the dissertation to compare the material alternatives of using different 
concrete scenarios in a concept bridge, the assessment of the results in the LCA is not carried 
out in its full extent thus exclusively from raw material supply to construction represented by 
the information modules A1-A5 (see chapter Information modules for explanation), e.g. cradle 
to gate. Results on the other life cycle stages have however been calculated and are presented 
in Appendix A, but not analysed in detail in this study. No drastic differences are seen 
between the three scenarios regarding operation, maintenance and end-of-life stages since the 
input data for the remaining stages have been set to be the same, the only difference being the 
type of concrete used in the repair activities.  

1.3.3. Presenting the results 
In the chapter of 5.2 Environmental Assessment Results the following results are presented; 
Global Warming Potential (GWP), renewable primary energy resources (PERT), renewable 
energy resources, non-renewable primary energy resources (PENRT), renewable material 
resources and non-renewable material resources. The remaining results obtained in the 
dissertation but not assessed in the LCA, such as complete EPD tables, total view of impact 
categories (see chapter 3.3.2. Impact Categories – Selection ad Definition for explanation) and 
associated tables and diagrams, are presented in Appendix. These results are not of interest for 
the dissertation but may be of interest for subsequent studies.  
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1.3.4. Assumptions 
Assumptions where made in order to proceed with the modelling and implementation of the 
LCA. The assumptions were made for the input data, more precisely, the information modules 
A1-D4 according to EN15804, see Appendix B. The assumptions made are presented for each 
module for traditional concrete, traditional concrete 5% slag and prepact concrete.  

1.4. Method 
1.4.1. Literature review  

The literature review was conducted with the intensions to create a general understanding for 
bridge structures, concrete as a building material and the LCA.  

1.4.2. Interviews 
Interviews are conducted primarily to determine the knowledge of prepact concrete due to 
inadequate literature. Prepact concrete is still a relatively unknown material in Sweden and the 
knowledge about the material needs to be increased.  

1.4.3. Modelling in GaBi 
The software GaBi 6.5 for product sustainability by Thinkstep was used for the LCA 
modelling and calculations of the different scenarios considered. The calculations were 
carried out in collaboration with NCC Teknik och Hållbar Utveckling, Gothenburg, where 
assistance by Kristine Ek was provided to use the program in its full extent.  
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2.1. Bridges 
The following chapter provides a general overview of bridge‘ definitions, structure, material, 
stock and maintenance.  

2.1.1. Definitions 
According to the Swedish Transport Administration, a bridge is defined as a longer, above 
ground-raised structure intended to lead traffic over lower situated obstacle [3]. The 
theoretical span must be greater than two meters to fulfil the definition of a bridge [4]. Bridge 
structures is usually assigned after the character of the traffic the bridge is designed for, what 
kind of material the bridge is performed in or the structural behaviour of the bridge [5].  

When the classification is made according to the type of traffic categorizes the bridge, the 
bridge type is divided into the following subcategories: road- and street bridge, rail and light 
rail bridge, pedestrian- and bicycle bridge, bridge for military road and bridge for traffic 
intended for aircraft [5]. 

When the type of a bridge is categorized by material, the title refers primarily to the main 
structure that carries the majority of the load. Bridges categorized by the material is divided in 
aluminium bridges, concrete bridges, stone bridges, steel bridges or wooden bridges. When a 
combination of two materials is made, it is called a composite bridge, e.g. a combination of 
steel and concrete, which is the most common combination [5]. 

When the structural behaviour categorize the bridge, the following subcategories is used: 
beam and beam-frame bridges, slab and slab-frame bridges, arch bridges, suspension bridges, 
cable-stayed bridges and open able (bascule) bridges [6].  

2.1.2. Terminology 
The bridge system is divided into superstructure, substructure and foundation; see Figure 1 
[8]. The superstructure takes the traffic load in the primary- and secondary structure (deck). 
For example, the primary structure could be a beam or a slab and the secondary structure 
could be the bridge deck slab. The substructure transfers the load from the superstructure to 
the foundation. The wing wall and the gravel shift are also included in the substructure [5]. 

If the bridge is composed by layers, the bottom edge represents the boundary between super- 
and substructure. For shorter bridges, such as for rigid-frame bridge, the two structures are 
cast together and the boundary between super- and substructure represents of the construction 
joint between the frame legs and the bridge deck slab [5].  
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Figure 1 The main structural parts of a bridge [9] 

2.1.2.1. Superstructure  
The superstructure carries the traffic load that the bridge is designed for. It includes bridge 
deck, primary- and secondary structure (the deck), specific bonds and the layers. The primary 
structure is meant to carry the forces in the main direction of the bridge. Depending on the 
bridge type the primary structure varies. For example for a girder bridge, the primary structure 
is the main beam that carries the load in the bridge longitudinal direction. For an arch bridge, 
the primary structure is the arch itself and for some cases in combination with the beams in 
the main direction that carries the load in the arch direction [8]. 

The secondary structure is the complementary structure that is needed to transfer the traffic 
load to the primary structure. The bridge deck slab, cross member and secondary longitudinal 
beams is all examples of secondary structures [8]. 

2.1.2.2. Substructure 
All structures that are needed to transfer the load to the foundation are categorized as the 
substructure. Normally, the substructure consists of abutment and interior support. The 
abutment works as an exterior support but also as a support for the embankment and the 
acceding roads and railways. The structural support that carries the layers to the bridge deck is 
usually called layers- or abutment stool. Other constructions to the abutment is the bottom 
slab and pile footing. The remaining components to the abutment are denoted by its function 
such as for wing wall and front wall [8]. 

The interior support is often the pillar and the bottom slab and/or the pedestal [8]. 

2.1.2.3. Foundation 
The foundation carries the load from the substructure and is distinguished from the 
substructure by the horizontal section between the bottom slab and the support. The main 
elements of the foundation include bottom slab, poles, filling material and grooves. The 
bottom slab transfers the loads to the ground and to the pilings [9].  



 

 
7 

2.1.3. Bridge material 
There are mainly five types of material that is used for bridges: stone, wood, steel, concrete 
and composite materials. Stone and wood is considered as the more traditional materials while 
concrete, steel and composite materials have been used only during the last two centuries [27]. 
Aluminium and some types of plastic can be used for special elements. However, bridges 
made of plastic have become a more recent option. Stone was a material used for the first kind 
of bridges. Today stone is an unusual building material for construction of bridges; the 
material is expensive and is usually confined to the surfaces. Wood was also used more 
frequently before the 2000s century and is today rarely used. Compared to modern material, 
wood is less sustainable since the material can root when exposed to moisture and is mainly 
used for aesthetic reasons. Steel was introduced in the 1900s century and has the highest and 
most favourable strength qualities and is therefore used for bridges with the longest span [28]. 
Steel can be up to 10 to 100 times stronger then concrete and weighs less. However, steel 
bridges are susceptible to rust and corrosion and tends to require a lot of maintenance [27].  

Concrete is very popular in bridge structure due to its affordability and strength and is the 
most common building material for bridges [16].  

A combination of two materials is called a composite product or composite material. Very 
common type of composite product is the combination of steel and concrete that is used in the 
majority of bridge construction [5]. One of the newest composite materials is the fibre-
reinforced polymers (FPR). The fibres weigh 70 % to 80 % less than steel, yet the material is 
satisfying both the strength and durability requirements. However, the product has only been 
used since 1975 and its long-term properties are still under evaluation [27]. 
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2.1.4. The Bridge stock in Sweden  
The following chapter provides an insight to which extent the industry of bridges reaches in 
Sweden. The chapter contains bridge statistics such as of bridge functions, length classes, 
bridge material etc.  

The Swedish Transport Administration uses the management system BaTMan to manage, 
inspect and supervise bridges and other building structures. Trustees, consultants, planners 
and many other stakeholders use the system on a daily basis for support and to update 
information. BaTMan provides a searchable database for information of about 30 000 bridges. 
The database allows access to information such as specific constructions permits, design, 
documents and drawings etc. [36]. The following chapter is based on data from BaTMan and 
presents information on different statistics for bridges in Sweden. The chapter mainly presents 
representative figures in each field. Some topics covered are the bridge stock in Sweden, 
percentage of various bridge types, length classes, construction material for different bridge 
types etc.  

According to BaTMan, the bridge stock in Sweden is measured to 29 751 bridges which is 
equal to a total length of 539 184 m and a total area of 6 547 941 m2.  Road bridges represent 
80 % of the bridge stock registered in BaTMan. 14,5 % is registered as railway bridges and 
the remaining percentage represent pedestrian or other types of bridges. The bridges carrying 
public roads are estimated to approximately 58 % of the road bridges and 15 % of the bridges 
are carrying private roads. The Swedish Transport Administration manages about 83 % of the 
bridges registered in BaTMan and is therefore the largest manager of bridges in Sweden. A 
summary of the statistics of the bridges in Sweden is presented in the table below [11].  

Table 1 Summary of the bridge stock in Sweden [11] 

Bridge function Number of 
bridges 

% of total 
number of 

bridges 

Bridge total 
area (m2) 

Bridge total 
length (m) 

Road 20 318 82,68% 5 358 183 454 010 
Railway 3 837 15,61% 838 321 99 156 
Pedestrian & 
Cycling 

404 1,64% 97 627 20 451 

Other functions 15 0,06% 18 461 1 088 
Grand Total 24 574 100% 6 312 592 574 705 
 

The majority of the bridges presented in Table 1 (about 85 %) were constructed after 1950. 
Since 1950 the Swedish Transport Administration has built about 280 road bridges per year 
with an average total area of 80 000 m2. The length span varies greatly, a view of the 
proportions of the total length classes are presented Figure 2 [11]. 
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Figure 2 Pie chart of the total length classes for the road bridges managed by the Swedish 
Transport Administration [11] 
There is also a great variety of bridge types and construction material of the bridges presented 
in the bridge stock. Figure 3 schematically presents construction material and the bridge types 
of the Swedish Transport Administration’s bridge stock. As can be seen in the figure, the most 
common bridge types are concrete slab-frame and steel culvert bridges [11]. 
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Figure 3 The diagram present the constructions material and different bridge types from the 
bridge stock of the Swedish Transport Administration [11] 
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2.1.5. Bridge maintenance  
The Swedish Transport Administration is managing the state bridges in Sweden and is also 
responsible for servicing the infrastructure. About 700 Mkr/years goes to procuring the 
maintenance. The largest part of the budget of the maintenance costs goes to replacing the 
waterproofing (covering) of the bridge. At interest of viewing the amount of replaced 
waterproofing, see Appendix C, where Table 21 presents the replacing in m2 between the 
years of 2005-2009 [16]. 

The costs can vary greatly for the replacing of covering and is mainly caused by the degree of 
injury and the traffic intensity. Rough calculations on the costs give an estimation of 815 
kr/m2. The mean value of the replaced covering by Table 1 is 26 545 m2, which means that the 
total cost is estimated to approximately 21,6 Mkr/year [16]. 

The second major maintenance cost is reparations and exchange of the edge beams. Typical 
damage is damage caused by collision, dirt that have been gathered between the coating and 
the edge beam, ingress of water between attachment of the railing and the edge beam and 
corrosion of reinforcing steel due to insufficient concrete cover at the drip. At interest, see 
Appendix C where Table 21 presents the amount of meter repaired and replaced edge beam 
between the years of 2006 to 2010 [16]. 

The mean value of the number of meters edge bream the Swedish Transport Administration 
have replaced during the years of 2006 to 2010 is 2 185 m. The replacement costs for the edge 
beam varies between 8 000-20 000 kr/m3 depending on the bridge location. Only materials of 
the edge beams amounts to 324 kr/m, the total cost is then estimated to approximately 708 
kkr/year [16]. 

2.2. Concrete 
In the following chapter the building material concrete is reviewed. The study focuses in the 
differences of concrete type’s environmental impact, thus the need for a thorough background 
of concrete as follows. 

2.2.1. General 
The most widely used building material in the Swedish construction industry is concrete. The 
material has a wide range of application such as in the building construction industry and 
many types of infrastructure [16]. 

The most important properties of concrete are the high strength and durability. Concrete 
respond very well to compressive forces due to the high amount of stone in the material. 
Concrete also have a long life span and it is not unusual that concrete has a technical life 
above 100 years [16].  

Even if the material is characterized by good qualities and good experiences, there are 
drawbacks. Cracks are a frequent problem. Cracks are envisaged at structures made of 
concrete and it does not always bring damage to the structure. However, in larger scale, cracks 
may lead to design misses and serious injuries. This means that cracks should be discouraged 
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and concrete where a minimization of cracks is possible is preferable. It is mainly the content 
of cement and water that influences the temperature and shrinkage cracks. When the concrete 
hardens, heat is produced and when the concrete then cools down, it contracts wherein crack 
may be formed [16]. 

The main constituents of concrete are cement, aggregate and water. The cement consists of 
minced limestone and clay or sand. It works as a hydraulic adhesive and is solidified by 
reaction with water [22]. The aggregate is made of stone, gravel and sand and comes normally 
from rock and gravel quarries. Not any water can be used in the manufacturing of concrete. A 
rule of thumb is that the water should be drinkable and the content of salt needs to be 
relatively low. Approximately, the manufacturing of 1 m3 concrete requires 2 ton aggregate, 
450 litres of water and 350 kg cement. Approximate figures for the energy manufacturing 
process are 7 litres of fuel oil (diesel) and 15 kWh electric power [16].  

2.2.2. Environmental aspects  
The cement causes the major effect on the environment [16]. In the manufacture of limestone, 
the largest carbon emissions are created representing 3-4 % of the whole worlds total 
emissions. The emissions are created in the burning of the fuel that is required for the 
manufacturing and from the calcining process were the carbon dioxide that is bound in the 
limestone is released during heating [17]. 

The Swedish cement industry strives to reduce the carbon emissions and between the year 
1990 and 2013 the emissions have been decreased from 809 to 709 kg CO2/ton cement, 
accounting for a reduction of 12 % [17]. However, the carbon emissions still contributes and 
affect the greenhouse effect, which requires more improvements and more measures needs to 
be taken to reduce the impact [21].  

2.2.3. Prepact concrete  
Prepact concrete is a technique for the casting of concrete. There are different terms used for 
the type such as preplaced aggregate concrete, prepak or colcrete. However, in this thesis the 
term prepact concrete is used [37]. 

It was during the 1940s that the technique for prepact concrete was developed in the United 
States. The method was used at most between 1950-1970 in Sweden, mainly at the casting of 
tunnels and foundations, but the method was phased out. However, in recent years, improved 
methods have begun to be used and castings with modern prepact concrete have demonstrated 
that substantially less shrinkage and heat occurs during the casting than for traditional 
concrete. This can be derived from larger fraction sizes on the aggregate and the lower 
amount of cement that prepact concrete is categorized by [16].  

The main difference between traditional and prepact concrete is the casting process. Prepact 
concrete is in principle traditional concrete, thus with larger aggregate and a different method 
for the casting. During the casting the larger aggregate is placed and compacted in the mold 
wherein a framework of stone is created where the aggregate is in direct contact with each 
other. In the cavity of the material the cement grout is then injected and fills out the void. 
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Figure 4 illustrates an example of prepact concrete where the larger fraction sizes of the 
aggregate are visible [37].  

The prepact concrete used in the dissertation allows nearby resources to be extracted for the 
use of aggregate. Thus can the transport distance be reduced [55] hence a lower impact on the 
environment. This is a big advantage, not only due to less environmental impact but also since 
the gravel (natural aggregate) in Sweden is a non-renewable and endangered resource. There 
is a shortage in many areas in the country and the parliament has decided that the use of 
gravel needs to be reduced. Gravel is extracted from eskers (ridge of gravel) that serve as 
water sources in Sweden. By capillary action the eskers can absorb and store groundwater 
well above the surrounding ground level. The sand and gravel also acts as purifier making the 
eskers indispensable for Swedish water conditions [60].  

 

Figure 4 Prepact concrete [16] 

Casting prepact concrete requires a more compact mold in comparison with traditional 
concrete. Prepact concrete has a very good penetration ability, hence the need for a better 
mold during the casting. The material can penetrate into cracks of 1 mm. When the mold is to 
be filled, the cement, aggregate and water is mixed to a cement paste to be injected. The 
injection slurry can be made in three ways: by using the horizontal method, progressive 
injection or the gravity method. After 5-7 days the mold is removed and the concrete has full 
strength after 28 days [16]. The technique is also relatively noiseless, which make the method 
suitable where there are requirements on low impact on the environment, e.g. vibrations or 
noise [37]. 

In recent years, the technique for prepact concrete has evolved. The content of cement has 
been decreased without affecting the strength and the grout is poured onto the ballast instead 
of being injected. By using this method less heat is developed and the effect on the 
environment is increased in comparison with traditional concrete [37]. 

2.2.3.1. Material composition 
As mentioned earlier, prepact concrete consists of mainly two parts, aggregate that is going to 
be filled and the grout [37].  
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The larger aggregate is usually washed and sieved shingle or crushed stone. The fraction sizes 
on the larger stone should be 8-10 times larger than the biggest grain size in the grout. The 
grout is normally 2 mm thus the minimum grain size should be 16-20 mm [37].  

The grout consists of cement, admixtures and additives, sand (maximal grain sixe 
approximately 2 mm) and water. Normally the relation cement:sand (c/s) is chosen to 1:1-1:2. 
The content of cement is recommended to 120-150 l/m3, corresponding to 310-435 kg/m3. 
The quantity of the cement can be decreased to less than 250 kg/m3 if some kind of filling is 
added, like for example fly ash or slag. The amount of water should be as low as possible in 
the grout, normally the w/c is chosen between 0,40-0,50 [37].  

The additives are added to the grout to improve the flowability of the material and delay the 
stiffening. The flowability is particularly important for prepact concrete since the grout needs 
to have sufficient flowability to enclose and cover the coarser aggregate. The flowability can 
be tested by using ASTM C 939, which is a standard test method for prepact concrete [37]. 
For further interest, the reader is referred to the thesis “Utvärdering av användning av 
CEMFIX 565 Injection Concrete i anläggningsbyggande” by Johan Karlsson. The flowability 
and many other relevant properties is tested and reviewed in this thesis. 

2.2.3.2. Control and regulations of prepact concrete 
Guidelines and regulations for prepact concrete for Swedish conditions were up until 2011 
presented in BBK, Boverkets handbok om betongkonstruktioner. However, in 2011 BBK was 
replaced by SS-EN 1992, which states regulations and standards for structures made of 
concrete. SS-EN 1992 is one of four standards referred to in Eurocode 2. Eurocode 2 
represents guidelines and regulation of buildings and constructions in concrete [38]. 

SS-EN 1992 provides preliminary investigations of flowability, volume changes, water 
separation, pumpability, time for the stiffening of the material and the durability. It is also 
provided that the grain size and the cleanliness on the aggregate should be checked and also 
that the structure needs to be thoroughly checked for compressive strength and homogeneity 
[38].  

When the regulations of BBK 94 were used, the section for prepact concrete was in a separate 
section. However, in SS-EN 1992, prepact concrete is not dealt in a separate section, but is 
referred to concrete structures in general. Thus, there is nothing that separates control of 
prepact concrete constructions compared to traditional concrete [37].  

At the inspection of structures made of prepact concrete, some properties are especially 
important to check. The properties of the grout (in fresh state) and the durability of the 
concrete. As mentioned earlier, the flowability is also of big importance [37]. 

2.2.3.3. Applications areas 
Prepact concrete has many areas of application. Some uses are reparations, underwater 
castings and structures with limited shrinkage, creep, heat, cracking and filling castings. Other 
areas where it is suitable are structures with compact reinforcement or were a separation is of 
risk. It is very common to use prepact concrete for constructions that require small shrinkage 
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and risk of cracking. As mentioned earlier in chapter 2.2.1 General, cracks have many 
negative effects. The function and the ascetics of the concrete are often affected by the 
cracking. Widely spread cracking can also cause problems on the durability of the structure 
since the cracks facilitate degrading substances to penetrate the concrete. This kind of 
problem is very common in areas such as slabs, castings on existing structures and in bridge 
structures, especially regarding the edge beam [37].  

In Sweden, the use of prepact concrete has been relatively small and has mainly been used at 
castings of tunnels and foundations. There has been cases of application for underwater 
constructions, at constructions were the geometry is complicated or at dense reinforcement. At 
interest, see the following literatures: 

• Injekteringsbetong – En litteraturstudie samt ett förslag på fortsatt arbete, Elforsk 
rapport 09:89, Elforsk, Sandström (2009) 

• Reparation av betongkonstruktioner – Skador och reperationsmetoder från 1970-talet 
och framåt. Reparationsbehov, forskningsbehov, effektivitet Bygginnovationen (2010) 

• Injekteringsbetong kan bli ett miljövänligt alternative, Husbyggaren, Paulsson-Tralla 
& Ekman (2008) and Petersén (2010) [37] 
 

Prepact concrete has mainly been applied where the requirements of low shrinkage and good 
adhesion between ulterior concrete was necessary and also at conditions of limited thermal 
development. In the year of 2005 prepact concrete was used at the reparation of Gamla 
Årstabron and a tube bridge in Enskede, Stockholm 2009-2010 (Paulsson-Tralla & Ekman 
(2008) and Petersén (2010)) [37]. 

2.2.3.4. Frost resistance  
The effect off using high amount of slag in concrete and the effect of frost resistance is a 
delicate issue. Research is in progress where differences in opinions of the results make valid 
recommendations difficult to perform. In the recent version from the Swedish road 
administration TRVK Bro 11 the amount of slag allowed in concrete mixtures has increased. 
However, the debate concerning the effect and the amount of slag that can be allowed and still 
have a concrete that fulfils the frost resistance requirement when the concrete is exposed to 
saline water, is not over [57]. 

The recipe of prepact concrete used for the dissertation contains a relatively high amount of 
slag. In the next chapter the regulations for the amount of slag that is allowed in concrete are 
presented to point out the awareness of the problem [39].  

Regulations 
Concrete containing slag is known to have problem concerning the frost resistance, especially 
when the concrete is exposed to saline water. Due to the uncertainties of what is considered to 
be a reasonable amount slag, the regulations differentiate depending on country. In Sweden, a 
more cautious policy is followed with relatively strict rules for the amount of slag that may be 
added [39]. The methods for testing frost resistance are not adapted for concrete containing a 
larger amount of slag, which leads to insecurity when using the material and stricter 
regulations. According Eurocode SS-EN 206-1 and SS 13 70 03:2008, the largest amount slag 
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mixed with CEM I needs to fulfil the condition slag/cement ≤ 1,0, however, this is the 
maximum limit [39].  

The aging has a positive effect for the resistance of chlorides up until content of 30 % slag in 
the concrete. However, research show that negative effects occurs when the slag amount 
reaches 50 %. Figure 5 shows the scaling for non air-entrained concrete containing different 
amount of slag as part of the binder. In the case of non-carbonated concrete, the scaling 
resistance increases somewhat in relation with the slag content. In the case of carbonated 
concrete, the effect is opposite. When the concrete contains small amount of slag and are 
exposed to carbonation, it leads to an improvement in the scaling resistance. However, when 
the proportion of slag increases, the scaling resistance is reduced. As seen in Figure 5, the 
carbonation contributes to a significant decrease in scaling resistance when the concrete 
contains 65 % slag as part of binder [53]. 

 

Figure 5 Scaling as a function of the number of freeze/thaw cycles for concrete with slag as 
part of the binder. The diagram shows the concrete for non-carbonated and carbonated 
concrete [53]. 

In summary, the limit for the amount of slag in concrete according to Eurocode is 50 %. 
However, the recommendation by the Swedish Transport Administration of slag content is 
20% [52]. 

2.2.3.5. Experiences 
In a publication from the Nordic workshop/ Mini Seminar “Durability aspects of fly ash and 
slag in concrete”, experience from different countries is presented. 38 researchers from 
different countries participated and shared their experience in this workshop. The motivation 
and background for the seminar was the interest of concrete durability in concrete bridges. 
One of the main issues that the seminar intended to clarify where the frost/salt (scaling) 
resistance at the use of high-volume fly ash/slag. 

In the following paragraphs experience from the Netherlands and Sweden will shortly be 
presented since it is of interest of the dissertation. 

The researchers from Rijkswaterstaat, Netherlands, presented their experience from the type 
CEM III with a blast furnace slag content less than 50 % in relation to the cement [40]. The 
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advantages such as low permeability, low risk of adverse alkali-silica reactions, high sulphate 
resistance, low heat of hydration and reduction of CO2 emissions where expected to outweigh 
the disadvantages of low salt-frost resistance. Slag cement has been used for almost a century 
in the Netherlands and no severe damage on the structure has been reported. However, the 
winters during the years of 2009-2011 which was characterized by very cold and barren 
climate, early damage of salt defrost was noticed [40]. 

The researcher from Sweden presented the experience from the workshop “Frost Resistance 
of Concrete Containing Secondary Cementitious Materials” by Peter Utgenannt. The 
conclusions made of interest for the dissertation are summarized in the bullet point list below: 

• After 14 years of exposure - Concrete with CEM I, CEM II/A-LL, CEM II/A-
S, CEM I + 30 % slag and CEM I + 5 % silica as binder, with entrained air and 
w/b-ratio 0.50 or below, has good resistance to internal and external damage. 

• Ageing (carbonation) influences the scaling resistance, however different for 
different cement/binder types.  

• For concrete with high/medium contents of slag (both with and without air) the 
results from laboratory testing may overestimate the scaling resistance [40]. 
 

As can be read from above, conclusions can be made that the concrete containing 30 % slag 
still fulfil enough resistance for internal or external damage. However, the study also came 
with the conclusions that more research is necessary. The following questions where pointed 
out to the subsequent researches [40]: 

• How much slag is suitable in an aggressive environment with regard to 
salt/frost attack? 

• Effect of different curing regimes? 
• How is the scaling resistance of blended cements (slag/fly ash/limestone filler) 

influenced by ageing? 
 

The general conclusions from the seminar are presented in the following section. The 
carbonation rates increases by using fly ash and slag in the concrete. The carbonation rate may 
negatively affect other properties such as frost/salt resistance and the chloride penetration. The 
general conclusions made where that high volumes of fly ash or slag may cause a negative 
effect on frost/salt resistance. This could mainly be derived from the difficulty to obtain 
sufficient air pore structure when using fly ash or slag. However, the frost/salt resistance 
seems somewhat unclear by the effect of entrained air. The addition of fly ash and slag also 
indicates an increase of the electrical resistivity of concrete. Thus is there a general need to 
calibrate laboratory performance in addition to field experience.  
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Life Cycle Assessment (LCA) is a method and process to estimate and review the 
environmental impact on a service or product. LCA has a wide range of applications and is 
used for several purposes such as for research, labelling and product declarations and as 
guidelines in the decision making for a product or process design [28]. The method has a so 
called ”cradle-to-grave” approach which includes all major activities during the life time of 
the studied product, from the acquisition of raw material, manufacture, use phases and to the 
product/process end and disposal [29]. 

Normally, the LCA consists of four stages applied in an iterative process; goal and scope 
definition, life cycle inventory, life cycle impact assessment and interpretation, see Figure 6 
[29].  

 

 

 

Figure 6 The four stages of LCA [29] 

3.1. Goal and scope definition 
The goal and scope definition of the LCA process is the phase that defines the aim and 
method of including life cycle environmental impacts into the decision-making process. The 
following items must be determined in this phase: type of data and information needed to add 
value to the decision-making process, the accuracy needed for the result to add value and the 
interpretation method [32]. The stages of goal and scope definition define and describe the 
product, process and activity. It establishes the context in which the assessment is to be made 
and identifies the environmental effects to be reviewed for the process. The section is decisive 
for the assessment since it affects the choices for the other stages by impacting how the 
analysis is conducted [29] and is therefore a mandatory step and needs to be thoroughly 
evaluated and processed [31]. 
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The cradle-to-grave1 approach that is implemented in the LCA process is a tool to quantifying 
the environmental impacts from a product, process or service. The main goal is to use the 
LCA tool to select the best product, process or service that has the least impact on the 
environment. Preforming a LCA can also work as guidance in the development of a new 
product, process or activity towards a decrease of for example emissions or resources [32].  

There are two main categories of LCA goals; the LCA can be performed from an 
Attributional and Consequential point of view. An attributional LCA aims to determine the 
burdens associated with the manufacture and use of a product or a specific process, at a 
particular point in time. Consequential LCA has another approach were the environmental 
consequences of a decision or a suggested change in a system reviewed for investigation, 
seeks to be identified. This means that the influences and effects from the market and 
economic implications may have to be taken into account for the decisions that has to be made 
[29]. Another approach is the Social LCA. This categorization of LCA is still under 
development and is intended to assess social implication or potential impacts. However, social 
LCA should be considered as an approach that is complementary to the environmental LCA. 
A method that solely focuses on the economic aspects of a product or service is the Life Cycle 
Costing (LCC). LCC is the result of a financial analysis where the costs and benefits of a 
system or a product are complied over its lifetime. A LCC can be used for evaluation of 
different options for development, tendering, construction or maintenance of the product 
during its life span. A LCC is not performed due to the limitations in time in the dissertation 
[30].   

To obtain a valid result, the parameters and the perspective of the study needs to be clarified 
in this stage. Some example of goals could be: ”identify the component of the structure which 
has the biggest impact on the environment," ”characterization of effects of changing the 
design of an element on overall environmental performance” or ”determination of means to 
optimize a product’s environmental performance”. When the goals have been clearly 
identified, the next step is to establish the information required to answer the selected issues 
[31]. 

The result is presented using a functional unit. The functional unit is a quantitative description 
of the needs fulfilled by the products or process that are being analysed [29] and provides an 
equivalent basis that all the material and energy flow will refer to [31], see also chapter 
4.4.1.1 Functional unit. At the comparison of two products, the basis of the comparison needs 
to reflect an equivalent service provided to the customer. For an attributional LCA, the 
dimension of the functional unit is of less importance since the system is linearly modelled 
[29]. The functional unit is most essential when a number of products are to be compared. For 
instance at the comparison of two bridges with different spans and material, which cannot 
directly be compered [31]. 

                                                
1 The concept of different types of approaches for LCA such as cradle-to-grave, is explained 
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The scope definition is defined by determining the life cycle stages and the processes, which 
depends on the goal of the study, the expected accuracy of the results and available time and 
resources [29]. 

To streamline the process, a number of basic steps are recommended to perform in the 
beginning of the LCA as follows:  

1. Define the goal(s) of the project  
2. Determine what type of information is needed to inform the decision-makers  
3. Determine the required specificity  
4. Determine how the data should be organized and the results displayed  
5. Define the scope of the study  
6. Determine the ground rules for performing the work [32] 

3.2. Life Cycle Inventory 
The second stage in the LCA method is the Life Cycle Inventory (LCI). LCI is a process of 
quantifying raw material and energy requirements, the atmospheric emissions, waterborne 
emissions and remaining emissions relevant for the life cycle. All relevant data is collected 
and organized in this phase. It is an important phase and without it there would be no 
background to evaluate the comparative environmental impacts or potential improvements 
[32].  

The result of the inventory analysis produces documentation of the quantities of pollutants 
that are released into the environment and the amount of energy and material consumed. 
Usually, the results are segregated by the life cycle stage, media (air, water and land), specific 
processes or a combination of the above-mentioned parameters [32].  

3.2.1. The steps of Life Cycle Inventory  
The framework of the inventory analysis can be divided into four steps: 

1. Develop a flow chart of the processes based on the goal and scope definition 
2. Develop a data collection plan 
3. Collect data 
4. Evaluate, document and report the results [32] 

3.2.1.1. Step 1: Develop a flow chart 
At the first step, the input and outputs are mapped for each process or system based on the 
boundaries established in the goal and scope definition. To form a complete life cycle 
description of the inputs and outputs, unit’s processes inside the system boundary link the 
process together; see Figure 7 [32]. 



 

 
22 

 

Figure 7 illustrates the components of a generic unit process within a flow diagram for a 
given system boundary [32] 

The more thoroughly and complex a flow diagram is carried out, the greater accuracy and 
utility of the results is expected. However, more resources and time need to be spent at an 
increased complexity [32]. 

It is suitable to view the system in a series of subsystem. To interpret and view the system in a 
manageable way a ”subsystem” is a part of the production system and is defined as an 
individual step or process of the system. If there is a lack of specific data in the individual 
step, some steps may need to be grouped into subsystem. For example in the production of 
soap, it may be appropriate to interpret the process in several steps, see Figure 8. In order to 
map the process in a correct manner, inputs and outputs is required for each subsystem. Each 
subsystem requires inputs of the material flow and energy and the related transport to the 
produced product and create outputs of products, emissions, waterborne wastes and solid 
wastes [32]. 
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Figure 8 An example of a flow diagram for bar soap [32] 

3.2.1.2. Step 2: Develop a data collection plan 
The basic steps of the data collection plan include defining data quality goals, identify data 
sources and types, identify data quality indicators and developing a data collection worksheet 
and checklist. The steps are presented in the following section [32].  

Define Data Quality Goals provides a framework for the timeframe and resources. This 
framework is closely linked to the overall study goals and has mainly two purposes: serve 
practitioners in structuring an approach to data collection and work as data quality 
performance criteria [32].  

Identify data sources and types are the step to specify data sources and/or type necessary to 
provide the desired accuracy and quality of the study. Various inventory data sources for a 
number of processes and materials are presented in the Table 2 [29]. 
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Table 2 illustrates an indicative, non-exhaustive list of LCI databases [29] 

Database name Scope Managed by Further Information 
Environmental profile 
report for the European 
aluminum industry 
 

Aluminum 
production and 
transformation 
processes 
 

European aluminum 
association 
 

http://www.aluminium.org 
 

Eco-profiles of the 
European plastics 
industry 
 

Plastics products 
production 
 

PlasticsEurope 
 

http://www.plasticseurope.org 
 

Life Cycle Inventory of 
Portland Cement 
Concrete 
 

Production of 
ready mixed, 
masonry, and 
precast concrete. 
 

Portland cement 
association 
 

http://www.cement.org 
 

Worldsteel Life Cycle 
Inventory 
 

Steel products 
 

IISI (International Iron 
and Steel Institute) 
 

http://www.worldsteel.org 
 

Life cycle assessment of 
nickel products 
 

Nickel products 
 

Nickel institute 
 

http://www.nickelinstitute.org 
 

European Reference Life 
Cycle Database (ELCD) 
 

Energy, material 
production, 
systems, 
transport, end-of-
life treatment 
 

European Commission 
 

http://lct.jrc.ec.europa.eu 
 

US NREL database 
 

Global 
 

US National Renewable 
Energy Laboratory 
(NREL) 
 

http://www.nrel.gov/lci/ 
 

JEMAI database 
 

Global 
 

Japan Environmental 
Management 
Association for Industry 
(JEMAI) 
 

http://www.jemai.or.jp/english 
 

ProBas database 
 

Energy, materials 
and products, 
transport, waste 
management 
 

German federal 
environmental agency 
(Umweltbundesamt) 
 

http://www.probas.umweltbundesamt.de 
 

SPINE@CPM database 
 

Global 
 

Chalmers CPM, 
Göteborg, Sweden 
 

http://www.cpm.chalmers.se 
 

Ecoinvent 
 

Energy supply, 
resource 
extraction, 
material supply, 
chemicals, 
metals, 
agriculture, 
waste 
management 
services, and 
transport 
services. 
 

The Ecoinvent Centre, 
Switzerland 
 

http://www.ecoinvent.ch 
 

ETH-ESU 96 Database Energy: ETH Zurich,  
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 Electricity 
generation and 
related processes 
like transport, 
processing, waste 
treatment 
 

Switzerland 
 

BUWAL 250 
 

Packaging 
materials 
(plastic, carton, 
paper, glass, tin 
plated steel, 
aluminum), 
energy, transport, 
waste treatments 
 

Swiss Federal Office for 
the Environment 
(FOEN) 
 

 

IDEMAT 2001 
 

Engineering 
materials 
(metals, alloys, 
plastics, wood), 
energy and 
transport 
 

Delft Technical 
University, The 
Netherlands 
 

 

European Database for 
Corrugated Board - Life 
Cycle Studies 
 

Corrugated board 
(packaging) 
production 
 

FEFCO (European 
Federation of 
Corrugated Board 
Manufacturers) 
 

http://www.fefco.org 
 

Gabi database Global 
industrial 
process database 
represents the 
world’s network 
of industrial 
processes, 
including 
regionalized 
data for 
production 
flows, materials, 
energy, 
transport 
information and 
commodities 
consumption. 

Thinkstep, Germany 
(with third part 
verification of the 
datasets by Dekra) 

http://www.thinkstep.com 

 

Identify Data Quality Indicators are guidelines that provide measurements to determine 
whether the collected data meet the quality requirements that have been set. Some examples 
of data quality indicators are precision, completeness, representativeness, consistency, and 
reproducibility [32].  

In the Developing a data collection worksheet and checklist step, a life cycle inventory 
worksheet/spreadsheet is developed. The spreadsheet covers most of the decision areas and 
can be used to guide data collection and validation and also construction of database to store 
the data electronically. The following decision areas should be used in the spreadsheet: 
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purpose of the inventory, system boundaries, geographic scope, types of data used, data 
collection procedures, data quality measures, computational spreadsheet construction and 
presentation of results [32]. 

3.2.1.3. Step 3: Collect data 
The third step consist of the data collection is often the most work- and time-consuming stage 
of the LCA. The process is a combination of collecting data by hand, i.e. by research, site-
visits and dialog with experts. It is preferable to buy a LCA software package since it is 
considered to be more cost effective. Below is a summary presented of software’s tools for 
LCA and LCI in Table 3. In the case study the software GaBi 6.5 is used and a more detailed 
description of the software is found under chapter 3.6 GaBi 6.5 [32].  

Table 3 presents a summary of software tools used for LCA [32] 

 

In the last step of the LCI, documentation and evaluation of the inventory result is conducted. 
The result can be formatted in different ways adjusted to the goal of study. The data from the 
life-cycle stages or the components of the system can be clarified in terms of the energy and 
resource use or emissions to the environment [29]. The outcome of the result of the case study 
is reported in form of Environmental Product Declaration tables; see chapter 4 Environmental 
product analysis for clarification. 

3.3. Life Cycle Impact Assessment 
The Life Cycle Impact Assessment (LCIA) is an evaluation of potential human health and 
environmental impacts of the environmental resources and releases identified during the phase 
of LCI. Ecological and human health effects and also resource depletion should be evaluated 
during this phase. The impact assessment is a tool to create a linkage between the product and 

Tool Developer 
Anavitor Swedish Environmental Research Institute 
GaBi Thinkstep (previous name, PE International) 
SimaPro PRé Consultants  
CEREAL 
 

Owner: ERA-Net (European association of road authorities)  
Developer: DHV, Koac NPC, DRI. 
www.cereal. dk  

Dubocale 
 

Dutch Road authority (Rijkswater-staat). Dubocalce database is provided and maintained by CROW 
(the national knowledge platform for infrastructure, traffic, transport and public space) and also 
DGBC (Dutch Green Building Council DGBC).  

LICCER KTH Environmental Strategies Research, NTNU (Trondheim), Harpa Birgis-dottir Con-sulting, 
Ecoloop, Wageningen University  

CO2-ladder Stichting Kli-maatvrien-delijk Aanbesteden sv Onderne-men, SKAO 

www.skao.nl 
CO2 
(HA&EA) 

UK High-ways Agency 
www.highways.gov.uk  

GHG-protocol   GHG the protocol has been created with the support of a wide range of international corporations 
and organ. The system is maintained and updated by a smaller organization with support from above 
www.ghgprotocol.org  

Carbon-Road 2 The program has been developed by Svevia, but is now managed by KnowIT in Borlänge. There is 
also an international version of the program. 
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process with its environmental impacts [32]. During this phase the magnitude and significance 
of environmental or social costs are identified that are linked to specific life cycle activities 
[31].  

Many methods have been developed for the Life Cycle Impact Assessment and are mainly 
implemented in computer-based tools. For example, Gabi software has several LCIA 
methods, integrated to the software. Many PCRs require using a certain LCIA method to keep 
the results as comparable and transparence as possible. The following LCIA methods are 
implemented in the ecoinvent data v2.0 [34].  

• CML 2001 

• Cumulative energy demand (CED) 

• Cumulative energy demand (CExD) 

• Eco-indicator 99 

• Ecological footprint 

• Ecological scarcity 1997 and 2006 

• Ecosystem damage potential - EDP 

• EDIP’97 and 2003 - Environmental Design of Industrial Products 

• EPS 2000 - environmental priority strategies in product development 

• IMP ACT 2002+ 

• IPCC 2001 (climate change) and IPCC 2007 (climate change) 

• ReCiPe (Midpoint and Endpoint approach) 

• TRACI 

• USEtox 

• Selected Life Cycle Inventory indicators [34] 

These methods may differ in the investigation of the LCI data, in the type of model chosen to 
characterize the impact or the sets of impact or damage to the environment. For example, the 
methods CED and CExD only aims to investigate the energy throughout the life cycle. 
Nevertheless, the main events of the methods are more or less similar [34]. CML 2001 (CML 
01) is used in the LCIA of the case study according to the recommendation from EN 15804 
and applied PCR. 

3.3.1. Life Cycle Impact Assessment: key steps 
In a life cycle impact assessment the following steps are included: 

1. Impact categories - selection and definition 
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2. Classification 
3. Characterization 
4. Normalization 
5. Grouping 
6. Weighting 
7. Evaluating and reporting LCIA results [32] 

 
The first three steps; impact category selection, classification and characterization are 
mandatory and was developed by ISO standard and is stated in ISO 14042, Life Cycle Impact 
and characterization. All other steps are optional, except step 7 (data evaluation), depending 
on the goal and scope definition [32].  

The method for the Life Cycle Assessment used in the thesis is CML 01, hence the steps will 
be presented in the next chapter using examples the from CML 01 method [29]. 

3.3.2. Impact categories - selection and definition 
Choosing impact categories and indicators for the impact category connected to the study is 
the first step and is stated in the goal and scope phase. The three impact categories are 
according to the LCIA standards, ISO 14042, are as follows: human health, ecological health 
and depletion of resources. Depending on the environmental relevance, three sets of impact 
categories are distinguished; see Table 4 [29].  

“Baseline impact categories” is the first group and comprises the impact categories that are 
included in the majority of the LCA studies. “Study-specific impact categories” is the second 
group and includes the impact categories that may be included if required in the goal of the 
study and/or if data is available. “Other impact categories”, is the third group and contains the 
remaining categories that require further research [29]. 
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Table 4 Sets of impact categories [29] 

Group A 
Baseline impact categories 

Group B 
Study-specific impact categories 

Group C 
Other impact categories 

 
Depletion of abiotic resource 
 

Land use – loss of life support 
function 
 

Depletion of biotic resources 
 

Land use – land competition 
 

Land use – loss biodiversity 
 

Desiccation 
 

Climate change 
 

Freshwater sediment ecotoxicity 
 

Malodorous water 
 

Stratospheric ozone depletion 
 

Marine sediment ecotoxicity 
 

 

Human toxicity 
 

Ionizing radiation 
 

 

Freshwater aquatic ecotoxicity 
 

Malodorous air 
 

 

Marine aquatic ecotoxicity 
 

Noise 
 

 

Terrestrial ecotoxicity 
 

Waste heat 
 

 

Photo-oxidant formation 
 

Casualties 
 

 

Acidification   
Eutrophication   

 

3.3.3. Classification 
The second step organizes and in some cases, combines the LCI results into impact categories. 
Table 5 shows examples of LCI data classification for commonly used impact categories and 
the associated indicators [32]. 

It is a simple procedure when the LCI items only contribute to one impact category, such in an 
event of carbon dioxide emissions that can be classified into the global warming category. 
When two or more impact categories need to be applied for a LCI item, a rule must be 
implemented for the classification. Multi impact categories have two ways of allocate LCI 
results according to ISO standards. The first alternative is to allocate a representative part of 
the LCI results to the impact categories to which they contribute. Typically this is used when 
the effects are reliant on each other. The second alternative is to assign the LCI results to all 
impact categories that they contribute to [32].  
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Table 5 Commonly used Life Cycle Impact Categories [32] 

Impact Category 
 

Scale 
 

Examples of LCI Data (i.e. 
classification) 

 

Common Possible 
Characterization 

Factor 

Description of 
Characterization Factor 

 
Global Warming  
 

Global  
 

Carbon Dioxide (CO2) 
Nitrogen Dioxide (NO2) 
Methane (CH4) 
Chlorofluorocarbons (CFCs)  
Hydrochlorofluorocarbons (HCFCs)  
Methyl Bromide (CH3Br) 

Global Warming 
Potential  
 

Converts LCI data to carbon 
dioxide (CO2) equivalents 
Note: global warming potentials 
can be 50, 100, or 500 year 
potentials.  
  
 

Stratospheric 
Ozone Depletion  
 

Global  
 

Chlorofluorocarbons (CFCs) 
Hydrochlorofluorocarbons (HCFCs) 
Halons  
Methyl Bromide (CH3Br) 
 

Ozone Depleting 
Potential  
 

Converts LCI data to 
trichlorofluoromethane (CFC-11) 
equivalents.  
 

Acidification  
 

Regional 
Local  
 

Sulfur Oxides (SOx) Nitrogen Oxides 
(NOx) Hydrochloric Acid (HCL) 
Hydroflouric Acid (HF) Ammonia 
(NH4) 
 

Acidification Potential  
 

Converts LCI data to hydrogen 
(H+) ion equivalents.  
 

Eutrophication  
 

Local  
 

Phosphate (PO4) 
Nitrogen Oxide (NO)  
Nitrogen Dioxide (NO2) 
Nitrates 
Ammonia (NH4) 
 

Eutrophication 
Potential  
 

Converts LCI data to phosphate 
(PO4) equivalents. 
 

Photochemical 
Smog  
 

Local  
 

Non-methane hydrocarbon (NMHC)  
 

Photochemical 
Oxident Creation 
Potential  
 

Converts LCI data to ethane 
(C2H6) equivalents. 
 
 

Terrestrial Toxicity  
 

Local  
 

Toxic chemicals with a reported 
lethal concentration to rodents  
 

LC50 Converts LC50 data to 
equivalents; uses multi- media 
modelling, exposure pathways.  
 
 

Aquatic Toxicity  
 

Local  
 

Toxic chemicals with a reported 
lethal concentration to fish  
 

LC50 Converts LC50 data to 
equivalents; uses multi- media 
modelling, exposure pathways.  
 

Human Health  
 

Global 
Regional 
Local  
 

Total releases to air, water, and soil.  
 

LC50 Converts LC50 data to 
equivalents; uses multi- media 
modelling, exposure pathways.  
 

Resource Depletion  
 

Global 
Regional 
Local  
 

Quantity of minerals used 
Quantity of fossil fuels used  

Resource Depletion 
Potential  
 

Converts LCI data to a ratio of 
quantity of resource used versus 
quantity of resource left in 
reserve.  
 

Land Use  Global 
Regional 
Local  

Quantity disposed of in a landfill or 
other land modifications  

Land Availability  Converts mass of solid waste 
into volume using an estimated 
density.  

Water Use  Regional 
Local  
 

Water used or consumed  
 

Water Shortage 
Potential  
 

Converts LCI data to a ratio of 
quantity of water used versus 
quantity of resource left in 
reserve.  
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3.3.4. Characterization 
To convert and combine LCI results in the representative indicators of impacts to human and 
ecological health, impact characterization uses characterization factors (also referred as 
equivalency factors). The characterization factors translate the different inventory inputs into 
comparable impact indicators allowing the LCA results to be directly compared within each 
impact category [32]. The factors are obtained from characterization models available in 
computer based LCA tools or in the literature [29], see also Table 6. The equations below can 
be used to characterize impact indicators [29]. 

𝑒!" = 𝑥! ∗ 𝑓!"  (1) 

𝑑! = (𝑒! ∗ 𝑐!")
!!!,!!!
!!!,!!!  (2) 

where, 

eij = emission of the LCI item j for total consumption of input parameter i 

xi = consumption of the input parameter i 

fij = emission of LCI item j per unit input parameter i 

dk = total potential impacts in impact category k, expressed in equivalents  

cjk= the characterization factor for LCI item j to impact category k [29] 
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Table 6 Commonly used impact categories 

Impact Category 
 

Category indicator 
 

Unit 

Depletion of abiotic resource 
 

ADP (Abiotic Depletion 
Potential) 
 

kg antimony equivalent/kg 
extracted (kg Sb eq./kg) 
 

Land use 
 

One for all types of land use 
(dimensionless) 
 

m2.year 
 

Climate change 
 

GWP (Global Warming 
Potential) 
 

kg carbon dioxide 
equivalent/kg emitted (kg 
CO2 eq./kg) 
 

Human toxicity 
 

HTP (Human Toxicity 
Potential) 
 

kg 1,4-dichlorobenzene 
equivalent/kg emitted (kg 
1,4 DCB eq./kg) 
 

Acidification 
 

AP (Acidification Potential) 
 

kg sulfur dioxide 
equivalent/kg emitted (kg 
SO2 eq./kg) 
 

Eutrophication 
 

EP (Eutrophication Potential) 
 

kg phosphate equivalent/kg 

emitted (kg PO4
3- eq./kg) 

 
Photo-oxidant formation 
 

POCP (Photo-Oxidant 
Creation Potential) 
 

kg ethylene equivalent/kg 
emitted (kg C2H4 eq./kg) 
 

Stratospheric Ozone 
Depletion 
 

ODP (Ozone Depletion 
Potential) 
 

kg CFC-11 eq./kg 
 

 

3.3.5. Normalization, Grouping and weighting  
In the framework of LCA, normalization, grouping and weighting are optional. The software 
used in the assessment supports the management of these steps; however, in the performance 
of an EPD, normalization, grouping and weighting are not necessary and will not be treated in 
the dissertation. A description of each step will still be provided in the next chapters to present 
a complete view of the process of LCA. 

3.3.5.1. Normalization 
Normalization is the forth step and is a tool used to express the impact indicator data to be 
able to compare among other impact categories. This normalizes the indicator results by 
dividing with selected reference value, i.e., converting the indicators into dimensionless 
numbers. The reference value can be chosen by applying the following approaches:  
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• The total use of resources or emissions for a particular area that may be global, 
regional or local 

• The total emissions or use of resources for a particular area on a per capita basis 
• The relationship between one alternative to another 
• The highest value [32] 

Normalization data based on one geographically and temporally well-defined reference 
system is recommended by the operational documentation of the CML method. A list of 
normalization factors based on Western Europe standards [59] is presented in Table 7. The 
normalization can be expressed using the equations below [31]. 

𝑚! = 𝑑! ∗ 𝑛! (3) 

where,  

mk = normalized potential impacts for category k  

nk = normalization factor for category k 

Table 7 Normalization factors from the standard of Western Europe 1995 [59] 

Category 
indicator 

ADP AP EP GWP ODP POCP 

Normalization 
factor 

1,48E+10 
 

2,73E+10 
 

1,25E+10 
 

4,81E+12 
 

8,33E+07 
 

8,26E+09 
 

 

The choice of an appropriate reference value may be influenced by the goal and scope of the 
LCA. It is important to notify that the normalized data can only be compared within an impact 
category. For example, in the case of acidification and aquatic toxicity where the two cannot 
be compared due to the different scientific methods used to calculate the characterization 
factors [32]. 

3.3.5.2. Grouping 
To facilitate the interpretation of the results in specific areas of problems the grouping divides 
the impact categories in one or several sets. Normally this involves ranking or sorting 
indicators and there are two possible ways of grouping LCIA data [32]: 

• Based on the properties such as emissions or site, carry out the sorting of the indicators 
• Base the sorting after ranking system i.e., high, low or medium priority [32]. 

3.3.5.3. Weighting 
Weighting is also referred as the valuation step and based on the perceived importance or 
relevance assigns weights or relative values to different impact categories. Harmful air 
emissions can have relatively higher reason for concern in an air non-attainment zone than in 
an area with higher air quality. The weighting is not a scientific process, hence the extra 
attention to explain and document the methodology. Weighting is also an important step since 
the impact categories reflect the study goals and stakeholder values [32].  
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The weighting allocates numerical factors based on their relative importance to each impact 
category to facilitate comparison across impact category indicators by getting one indicator 
for the general environmental performance, see Table 8. Table 8 present the weighting factors 
recommended by the US Environment Protection Agency (US EPA). A weighted result using 
weighting factors can be obtained using the equation below [29]. 

𝐸𝐼 = 𝑚! ∗ 𝑤! (4) 

where, 

EI = overall environmental impact indicator 

mk = normalized potential impacts for category k 

wk = weighting factor for impact category k 

Table 8 Weighting factors [29] 

Category 
indicator 

ADP AP EP GWP ODP POCP 

Weighting 
factor 

5 5 5 16 5 6 

 

The weighting step includes many issues necessary to address. The first issue is subjectivity 
were ISO 14042 states that any judgement of preferability is subjective judgement regarding 
the relative importance of one impact category over another. This value judgment can also 
change based on location and time of year, which is why any judgment cannot be totally 
reliable. The second issue is based on the first and involves the problematic regarding the 
user’s ability to make a fair and consistent decision based on environmental preferability, 
given the subjective nature of weighting. To develop fair objective sets of weights or 
weighting methods is not possible. However, existing methods for weighting have been 
successfully used for decision-making such as the Analytic Hierarchy Process, the Modified 
Delphi Technique, and Decision Analysis Using Multi-Attribute Theory [32]. 

3.4. Interpretation  
Life Cycle Interpretation is the last phase of the LCA process. The conclusions are based on 
the results from the LCI that have been quantified, checked and evaluated all according to the 
goals of the study. As mentioned earlier, the LCA methodology is an iterative process, which 
is illustrated in the phase of interpretation were the results might lead to adjustment in other 
phases, see Figure 9 [29]. The limitations, drawbacks, issues of uncertainties should all been 
stated in this stage of the process [31].  

In the interpretation phase, the ISO standards have defined two objectives as follows:  

• In a transparent manner report the results from the previous phases and analyse the 
result, reach conclusions, explain limitations and thus present recommendations 
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• In accordance with the goal and scope of the study provide an understandable, 
complete and consistent presentation of the results [32] 
 

 

Figure 9 illustrate the relationship of the life cycle interpretation stage thus show the iterative 
process of the LCA [32] 

3.5. Drawbacks and critical evaluation 
The LCA process drawbacks and limitations have been a major focus for discussion in many 
life-cycle forums. Some of the most relevant areas for discussion are presented in this chapter.  

The lack of data on product life cycle information is an important problem. In particular, 
better availability of service life and maintenance-related information and smart methods for 
data collection would be very useful. It would be preferable that in the future, LCA will be a 
part of the project optimization within CAD and BIM-tool. 

Several LCI databases created for commercial use have emerged by different industries. Each 
LCI database contains a data of inventory emissions that consider the locations circumstances, 
uncertainty influence from technology process and variations in the assumptions.  At the use 
of different LCI databases, a controversial analysis result may be obtained. Using 
recommendation on data quality from EN 15804 can help to avoid these obstacles. Each 
dataset, using for product’s EPD should be complete according to EN 15804. It’s not allowed 
to use different databases within one EPD. When implementing the LCA, the information for 
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the LCI stage is preferable to be provided by the manufacture instead of by global average 
data. However, it is more usual in practical cases that the real manufacturing data are 
unknown for LCA practitioners hence the need for a wider compilation and development of 
LCI databases [31].  

Frequently discussed in the industry is the uncertainness regarding the LCA process and the 
subject has been discussed in several literatures such as by Björklund et al. (2002) and 
Heijungs R et al. (2004). Uncertainties can arise from drawbacks and limitation in the LCI 
database, the methodology, modelling construction, parameters, measurements of inputs etc. 
The results may be controversial or inconsistent since different LCI data; methodology or 
functional unit may be used depending on the practitioners. In addition, an LCA cannot be 
objective but is nevertheless decisive for the goal and scope definition and the various input 
parameters. There is no criterion available to guide practitioners for the analysis of the results 
thus are standardized guidelines other than the ISO standards needed [31].  

There are several LCIA methods developed by different institutes based on specific impact 
categories. Depending on applied method, the impact category may be treated differently. For 
example, carcinogens and non-carcinogens are included in Impact 2002 and TRACI, but 
treated as human toxicity in CML 2007. Table 9 illustrates impact categories for different 
LCA methodologies. The impact categories are presented in alphabetic order where some 
categories are recurrent while some only exists for one particular method. As mentioned in the 
above paragraph, the selected method will influence and limit the results thus a standardized 
guideline for the selection of method is needed [31].  
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Table 9 A general, non-exhaustive list of impact categories for different LCA methodologies in alphabetic order 
[31] 

CML 2007 
 

Impact 2002+ 
 

TRACI 
 

Eco-indicator 99’ 
 

EPS 2000 
 

Abiotic depletion 
(elements and 
fossil) 

Aquatic ecotoxicity 
 

Acidification 
 

Acidification 
/Eutrophication 
 

Crop growth 
capacity 

Acidification Carcinogens 
 

Carcinogens 
 

Carcinogens 
 
 

Depletion of 
reserves 

Eutrophication Global warming 
 

Eutrophication 
 

Climate change 
 

Fish and meat 
production 

Fresh water aquatic 
ecotox. 

Ionising radiation 
 

Ecotoxicity Ecotoxicity 
 

Life expectancy 

Global warming 
(GWP 100) 

Mineral extraction Global warming 
(GWP 100) 

Fossil fuels 
 

Morbidity 

Human toxicity 
 

Non-carcinogens Non-carcinogens Land use 
 

Nuisance 
 

Ozone layer 
depletion 

Non-renewable 
energy 

Ozone depletion Minerals Prod. Cap. Drinking 
water 

Marine aquatic 
ecotoxicity 

Ozone layer 
depletion 

Respiratoty effects Ozone layer 
 

Prod. Cap. 
Irrigation water 

Terrestrial 
ecotoxicity 

Land occupation Smog Radiation Severe nuisance 

Photochemical 
oxidation 

Respiratory 
organics 
Respiratory 
inorganics 

 Resp.inorganics Severe morbidity 
 

 Terrestrial 
acid/nutri 

   
Soil Acidification 

 Terrestrial 
ecotoxicity 

  Species extinction 

    Wood growth 
capacity 
 

 

The characterization modelling emphasizes on site-generic approaches. This is not a problem 
in the case of global impacts like climate change or ozone depletion since they are not 
dependent on the location of the emissions. More complex site-dependent characterization 
methods are developed to collect significant variations that otherwise would have been lost 
[29]. 

Steady-state assumptions constitute the baseline for characterization modelling, which creates 
difficulties regarding the accurately transient and long-lived phenomena through LCA. Time-
dependent models based on complex natural science that describe the environmental impact 
over time are under development to handle the problematic concerning time for 
characterization modelling [29].   
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Three strategies have been developed by Udo de Haes et al. (2004) to overcome the 
limitations of LCA and increase the temporal and spatial details. The first strategy is seen as 
the most consistent in which an extension of the LCA process are performed. This would 
increase the need of data and resources. The second strategy involves the use of a “toolbox” 
and is seen as the most flexible strategy. However, integration would be prevented by the lack 
of consistency of the results. The last strategy is the hybrid analysis, which handles the 
advantages of the first two strategies and alleviates the limitations and drawbacks [29].  

3.6. GaBi 6.5 
GaBi 6.5 is the world leading life-cycle assessment modelling software that provides 
sustainability solutions to businesses. GaBi models every element of a product or service from 
a life cycle perspective and helps businesses to evolve knowledge to make the best decisions 
on the manufacturing and life cycle of any product. GaBi provides access to details costs, 
energy and environmental impact of sourcing by a worldwide database and refines the raw 
material or processed component of a manufactured item. GaBi is a software that helps the 
businesses to reduce the environmental impact by providing an environmental evaluation for 
manufacturing, distribution, recyclability, pollution and sustainability [51]. 

3.6.1. GaBi Software 
GaBi software makes the Life Cycle Assessments easy to carry out for businesses enabling 
more sustainable products or services. It improves the modelling and gives a more efficient 
LCA completion. GaBi software provides the following: 

• Tool for access to database objects 
• Planning of the Life Cycle Impact Assessment giving the companies a preview of the 

result  
• Plan Editor on a multi-object level 
• Capability for Intelligent Process Chain connection 
• Access to intelligent process chain connection 
• Process grouping [51] 

 
GaBi also provides improved scenario analysis, drill-down dashboard, insight library, 
improved static report, standard report templates, interactive scenario tools, automated 
creation of text files with calculations data from GaBi and customizable reports [51].  

3.6.2. GaBi Content 
The Life Cycle Inventory Database was created by NREL (National Renewable Energy 
Laboratory) to provide more available and sustainable information in the Life Cycle 
Assessment. The database provides a cradle-to-grave approach for the chosen product or 
service. Collected data of commonly used material, products and processes creates the 
storeroom of the Life Cycle Inventory Database and is treated from a cradle-to-grave 
approach. The database consists of common research protocol with international standards 
[51]. 

GaBi 6.5 provides annually up-to-date database allowing access to over 7000 datasets from 
real world industries, associations, public bodies and thinkstep “know-how”. Additionally the 
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Ecoinvent2 database provided access directly in Gabi 6.5 software. Thinkstep3 offers the 
largest content of LCA database [51]. In Figure 10 an example view of GaBi database is 
presented [51].  

 

 

Figure 10 GaBi database [51] 

3.6.3. Functionalities  
Regardless of which database used, GaBi provides a standard set of features ensuring full 
access to all functionalities. GaBi visualize the products and systems models with model 
sketches simplifying the process by using an intuitive user interface, drag-and-drop feature, 
hierarchical database manager and an advanced search function [51]. Chapter Modelling 
outlines all the steps in the modelling phase of the Life Cycle Assessment using GaBi. 

3.6.3.1. Data Collection and Data Management 
The Process Recording tool provided in GaBi can streamline the collection of the primary 
data. Already existing data can be transferred into GaBi using the Data Exchange tools. The 
documentation from the database is in accordance with the International Life Cycle Database 
(ILCD) format. Information on costs and working environment such as Life Cycle Costing 
(LCC) and Life Cycle Working Environment (LCWE) can be entered [51]. 

                                                
2 The Ecoinvent is the world’s leading database of consistent and transparent, up-to-date Life 
Cycle Inventory data. Ecoinvent is integrated into GaBi’s databases format by mapping 
relevant impact [51]. 
3 Thinkstep is a global organisation as well as sustainability software and worldwide consult 
company. PE International was the original name but it was currently renamed to thinkstep, 
however, the name has not been established and the organisation is often referred as to the 
original name [51]. 
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3.6.3.2. Modelling 
A simplified introduction to the modelling of the software GaBi 6.5 is presented in this 
chapter where each step is presented with an explaining text and associated picture.  

GaBi 6.5 modelling system is based on three concepts: plan, process and flows. Figure 11 
illustrate GaBi software in the first step of modelling where in the in the lower part of the 
screen a selection of plan, process and flow, are available. The modelling starts when a plan is 
created, see figure 12. The processes represent the actual steps in real life and the flows 
connect the processes and represent the energy and material involved in the system [51].  

 

Figure 11 Introduction to GaBi software  
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Figure 12 Creating a new plan 

The processes can be created by the user or be selected from the predefined data in the 
database, see Figure 13. To easier find what is required, GaBi search function can be used, see 
Figure 14 [51].  

 

Figure 13 illustrates how to choose a process [51] 



 

 
42 

 

 

Figure 14 shows the search function provided in GaBi [51] 
Drag and drop function in GaBi put the processes in to position of the plan, see Figure 15. 

 

Figure 15 illustrates the drag and drop function [51] 
After added processes to the plan, by the drag and drop function, the material and energy flow 
are connected to obtain a complete LCA. Clicking and dragging connects the processes with 
the required flows, see Figure 16 [51]. To categorize the process, chain-grouping feature is 
used. The grouping feature categorise the visual display of the model and the result of the 
study according to chosen criteria [51].  
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Figure 16 illustrates the connection of the processes and flows [51] 
Analyse of the impact can be made in terms of group results, such as scope one, two and three 
emissions. For example, all external processes can be grouped to view the impacts of the 
user’s processes separately from the external impacts. The results can then be previewed to 
see the life cycle impacts in the plan [51]. 

The next step in the modelling is creating the balances using the drill down dashboard, see 
Figure 17. The drill down dashboard will help to analyse where the biggest impact occurs and 
where the largest opportunities exists. GaBi provides predefined dashboards but can also be 
created after request [51].  

 

Figure 17 Creating the balances by using drill down dashboards [51] 
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In LCA modelling, small changes can have big impacts. The model allows comparing 
alternative and creates a preview of how the environmental, social and economic are affected 
by changes in the system. To communicate the results of the analysis, interactive reports are 
used. A template and the result can be inserted in to appropriate positions and formats, see 
Figure 18. From the results, EPD and ISO compliance reports can be generated [51]. 

 

Figure 18 Creating a template in GaBi [51] 

3.6.4. Results and Interpretation 
The whole Life Cycle Inventory of a product or service is treated in GaBi, e.g., primary 
energy demand or carbon dioxide emissions. GaBi does also treat all aspects of the Life Cycle 
Assessment results like for example Global Warming Potential. The result is calculated 
according to any of the LCIA methods integrated with GaBi. It is possible to perform LCIA in 
Gabi 6.5 according to various methods, e.g. CML, Eco-Indicator 99 etc. To review all results, 
GaBi dashboard is used. The most relevant results can be personalised after needed outcome 
and taken for evaluation. GaBi Balance is also an available analysis tool where graph 
functions and export to Excel is available for result interpretation, when a more traditional 
tabular may be needed [51]. 

Economic, social and environmental impact are represented by Life Cycle Costing, Life Cycle 
Working Environment and Life Impact Assessment, which is included in GaBi 6.5 and 
provides a complete view of the sustainability of the chosen product/products in the results. 
Figure 19 is an example from a model in GaBi. The figure illustrates the impact categories of 
Global warming Potential, Ozone Layer Depletion Potential, Eutrophication Potential and 
Acidification Potential [51]. (The impact category of the LCA process will be presented in 
chapter 4.5 Declaration parameters from LCA.)  



 

 
45 

 

Figure 19 Impact categories of Global warming Potential, Ozone Layer Depletion Potential, 
Eutrophication Potential and Acidification Potential [51] 
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NCC vision is to renew the construction industry and to provide best possible solutions for 
environmental sustainability [42]. NCC has chosen to register an Environmental Product 
Declarations, EPD, for one concept bridge and one built bridge according to the Sweden-
based international Environmental Product Declaration system (EPD system) to reach their 
vision and to meet the industry’s requirements of sustainable solutions [47].  

An EPD is a summary document of data collected in the life cycle assessment, LCA, specified 
by the Product Category Rules, PCR. A short introduction of PCR (some standard rules for 
conducting of LCA), LCA (according to the PCR) and EPD and how they work together is 
presented in the following chapter [48]. The subsequent chapters then report a more thorough 
review of Product Category Rules and Environmental Product Declaration. The LCA process 
influences both the PCR and the EPD and is therefore treated in both chapters and not in an 
individual chapter. This is not considered necessary as the previous chapter presents the entire 
process and aspects within the LCA.  

EPD is shortly described a standardized implementation of the LCA. EPD is an environmental 
product declaration type III, which can be used for comparisons of different type products and 
also in public procurement. Other types of LCA have other purposes and cannot be compared. 

The recommendations for the use of certain calculation methods in the EPD / PCR is updated 
and constantly renewed making the information provided useful one day and the next day 
considered to be old. The standards, PCR and EPD has a limited lifespan and must be 
periodically updated with new findings. However, it is a better option to perform a LCA and 
climate calculations in accordance with current standards to obtain an idea of the 
environmental impact from a product than the options of not performing an environmental 
assessment at all. 

EPD is an environmental product declaration of the finished product. Accounting according to 
the EPD format includes a mix of accounting and consequence LCA. For example, Module D 
of the EPD is such a "consequence LCA", where all the missing emissions and "credit" to 
other product systems should be presented. The use phase should also present various 
potential usage scenarios far ahead in time. Here you can take the using, for example, of a 
particular source of energy. 

It remains some theoretical uncertainties, but the EPD system needs to be followed when 
comparing different materials. EPD from different system operators are not comparable. 
However, an on-going work at an EU level to harmonize the different systems EPD (Sweden, 
Germany, Norway, etc.) and to create a common template for the EPD is going on right now. 
At interest see www.eco-platform.org. 

On the website www.eco-platform.org information on the on-going work at EU to harmonize 
the different systems EPD (Sweden, Germany, Norway, etc.) and to create a common 
template for the EPD.  
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4.1. How they work together 
Environmental Product Declaration (EPD) is a summary document of data collected in the 
life cycle assessment (LCA) as specified by the Product Category Rules (PCR). Figure 20 
illustrates the overall events [48].  

 
Figure 20 shows a graphical illustration for the events of PCR, LCA and EPD [48] 
How the data is collected and reported is defined by the Product Category Rules. The 
requirements for the PCR are defined in EN 15804:2012+A1:20134 Sustainability of 
construction works Environmental product declarations - Core rules for the product category 
of construction products. The underlying LCA method for the EPD is therefore prepared to be 
in compliance with the relevant ISO standards5 for type III environmental declarations, ISO 
14025:2010 and ISO 21930:2007, ISO 14040:2006 and ISO 14044:2006 [49]. 

According to ISO 14025, a PCR is a set of requirements, guidelines and specific rules for 
developing Type III6 environmental declarations for one or more product categories. The data 
that is to be collected, measured and reported in the life cycle assessment are defined in the 
PCR. It is also included instructions how to gather data for the consumption of resources such 
as energy, water and renewable resources and also emissions to air, water and soil. Down 
below, the most significant impact categories investigated are presented:  

• Climate Change 
• Depletion of Stratospheric Ozone Layer  
• Acidification of Land and Water Sources  
• Eutrophication 
• Formation of Photochemical Oxidants  
• Depletion of Fossil Energy Resources  
• Depletion of Mineral Resources 

                                                
4 EN 15804:2012+A1:2013 is a European standard which provides core product category 
rules for all construction products and services. The standard provides a framework to ensure 
that all EPDs of construction- products, services and processes are derived, verified and 
presented in a consistent way [49].  
5 ISO 14025 is an international standard that establish the principles and specifies the 
approach for the development of the environmental declaration programs and environmental 
declarations type III. The standard mainly determines the use of the ISO 14040 series. The 
ISO 14040 series describe the principles and the framework for the life cycle assessment.  
6 Environmental declarations of type III are primarily intended for business communication 
between companies and under certain conditions for the consumer [43]. See chapter 
Normative references for description of the reaming ISO standards. 
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• Hazardous and Non-Hazardous Waste [48] 
PCR makes it possible to compare different environmental product attributes among a defined 
category due to the standardized data collection method [48]. 
The data specified in the PCR is analysed by the Life Cycle Assessment7. The framework for 
the life cycle assessment is provided by ISO 14040. Inputs, outputs and environmental 
impacts of a product or service during its lifetime are measured by the LCA. LCA uses 
already proven methods to analyse the product or service life stages. In general, the method 
includes the following: 

• Raw Material Production and Selection  
• Manufacture of the Product  
• Packaging and Distribution of the Product  
• Use of the Product  
• Disposal, Reuse or Recyclability of the Product [48] 

The result of a LCA is outlined in an Environmental Product Declaration document and 
must contain criteria defined in the PCR. An EPD is, as the Product Category Rules, defined 
according to ISO 14025 Type III Environmental Declaration and can be independently 
verified. The reporting is required to be uniform to enable cross-comparison of EPDs for 
different products within the same category [48]. Because of transparency and accuracy of 
this kind of LCA, EPD can be used at tendering and purchasing processes. 

4.2. Benefits of EPDs and PCRs 
Implementing EPDs (and its associated components) allows the manufactures to assess their 
products and respond to the increasing demand of environmental sustainability. By collecting 
LCA data and use the set guidelines and requirements, it helps to identify areas for 
improvement of environmental attributes and to initiate more sustainable operational and 
business practices [48].  

4.3. Environmental Product Declaration, EPD  
EPDs provide an international standard of communication to objectively compare and 
describe a products environmental impact during its whole life cycle [48]. There are three 
different types of EPD (more thoroughly described in 4.3.1.1 System Boundaries): cradle to 
gate, cradle to gate with options and cradle-to-grave [49]. 

An EPD is a document that has been verified and registered with transparent and comparable 
information of the products life cycle and environmental performance. About 150 companies 
                                                
7 Life cycle assessment can involve both PCR and EPD, however, it is up to the user to choose 
type of method for the LCA process. The questions at issue for this dissertation is based on a 
LCA were the chosen method is based on PCR and the outcome of an EPD. 
Under chapter 3 Life Cycle Assessment Process, all parts of the life cycle assessment is 
presented. However, a short review is described in this section to understand the relation 
between PCR, LCA and EPD. 
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are currently using more than 450 EPDs that are available in the international EPD system for 
many different product categories. As previously mentioned, an environmental declaration is 
defined according to ISO 14025 as quantified environmental data for a product with 
predetermined parameters. The parameters are based on the ISO 14040 series of standards; 
however, it is followed without excluding relevant environmental information that may not be 
included in the standards [41].  

An EPD can have many uses of applications such as public procurement and certification of 
buildings. In an EPD document the following aspects are assessed: 

1. Resources and energy to the project 

• The use of non-renewable materials 
• Use of renewable materials 
• Use of recycled materials 
• Use of non-renewable energy 
• Use of renewable energy 
• Water use 
• Use of the land 

2. Issues and material from the project  

• Global warming 
• Acidification 
• Ozone depletion 
• Photochemical ozone (smog) 
• Eutrophication 
• Recyclable materials 
• Non-hazardous waste 
• Hazardous waste [42] 

An EPD differentiates from an unmitigated LCA. Clear requirements for transparency and 
verification are used in the EPD to document the environmental performance for a product or 
a project. The EPD can be used to compare similar products [42]. 

Internationally, an on-going standardization work is increasing the demands for verification of 
innovative solutions in construction projects that truly is climate-friendly or “green”. By this 
reason, NCC has chosen to follow the international ISO-standards 14040, 14044 and EN 
15804 and to present the environmental performance according to the international EPD-
system [42]. EPDs are globally recognized and are preferred by the environmental 
certification system LEED Green Building System as a reporting tool [48]. Even newer 
versions of environmental certification systems such as LEED and BREAM have started to 
demand more sustainable LCA by using EPDs that can be verified [42]. 

The environmental product declaration can serve as verification for the environmental 
performance of a newly developed product, at the follow-up of a construction project and also 
in procurement. It is a big advantage for the contractor to be able to verify the climate and the 
environmental performance for its product and construction system with regard to the high 
ambitions and requirements for a sustainable development [42].  
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4.4. Product Category Rules 
There are different kinds of applications and requirements on the method for an EPD that the 
market requires. For example, an EPD needs to be applicable to different kinds of supplier 
and the capability to compare two EPDs is expected. To achieve this, harmonized and mutual 
calculation rules need to be developed [45].  

Different types of products differentiates, due to this it is necessary to develop rules for each 
product category. These documents are called Product Category Rules, PCR, which 
complements and presents more detailed information than the general program instructions 
for a specific product or service [45]. 

The Product Category Rules document for bridges is developed in the framework of the 
International EPD® System, version 2.01, in accordance with ISO 14025:2006 and is 
categorized to the product group UN CPC 53221: Bridges and elevated highways, Version 
1.01, 2013:23. The PCR for bridges also operates in accordance with the ISO 9001, ISO 
14001, ISO 14040 and ISO 14044 [50].  

According to ISO 14025, a PCR is a set of requirements, guidelines and specific rules for 
developing Type III environmental declarations for one or more product categories. A PCR 
document makes it possible to compare different environmental product attributes among a 
defined category due to the standardized data collection method [48]. 
The data that is to be collected, measured and reported in the life cycle assessment are defined 
in the PCR. It is also included instructions how to gather data for the consumption of 
resources such as energy, water and renewable resources and also emissions to air, water and 
soil. Down below, the most significant impact categories are presented: 

• Climate Change 
• Depletion of Stratospheric Ozone Layer  
• Acidification of Land and Water Sources  
• Eutrophication 
• Formation of Photochemical Oxidants  
• Depletion of Fossil Energy Resources  
• Depletion of Mineral Resources 
• Hazardous and Non-Hazardous Waste [48] 

According to the International EPD® System, EN 15804 (Sustainability of construction works 
- Environmental product declarations - Core rules for the product category of construction 
products) and ISO 21930 (Environmental declaration of building products) shall be used as 
underlying standards in case of an assessment of building products as underlying standards 
[50]. 
The general baseline of PCR will be presented in the subsequent chapters. However, all parts 
of a PCR will not be presented. It is not considered necessary since the study is focusing on 
bridges, hence will the information presented only be in compliance with what is relevant for 
bridge structures.  
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4.4.1. Environmental performance related information  
In the calculation rules for LCA the following parts needs to be contemplated and defined: 
functional unit, system boundary, estimates and assumptions, cut-off criteria, background 
data, data quality, allocation and comparability. A description will hereinafter be presented of 
each part and also associated relevant components [44].  

4.4.1.1. Functional unit 
The functional unit determines equivalence between systems [46]. It quantifies the service 
delivered by the product system that is being studied, which provides a reference to which 
inputs and outputs can be related. The reference unit allows different product systems capable 
of preforming the same function to be compared. To produce an EPD document based on 
LCA for a construction product, it is important to integrate the quantified functional unit use 
or performance characteristic of a construction product into a building, taking into account the 
functional equivalent of the building. It is also important to consider the products reference 
service life (see chapter 4.4.2.3 Reference Service Life) or required service life of the building, 
as this relates the functional performance of a construction product over a relevant period 
[49]. 

For bridge structures, the functional unit is defined as 1 meter of infrastructure referring to per 
year of Reference Service Life (RSL, see chapter 4.4.1.3 Reference Service Life) [50]. 

Note: To be able to calculate between the functional unit and declared unit (a description of 
declared unit is found in the next chapter), the EPD needs to state the conversion factors 
required for the calculations.  

4.4.1.2. Declared unit 
At the use of an EPD, the declared unit shall be one of the unit types presented below: 

• Mass [tonne] 
• Area [m2] 
• Length [m] 
• Volume [m3] 
• Item [piece] [49] 

4.4.1.3. Reference Service Life 
The reference service life is used in the assessment for the use of a product in a building. In 
the assessment of a cradle-to-grave EPD, some materials, components or building elements 
may require maintenance, restoration or replacement prior to the study end. In the PCR, this 
fact is handled by determining a reference service life for each material, component or 
building element. The reference service life depends on the following: functional performance 
of the product, the construction stage and the reference conditions of the use stage, thus can 
RSL only be determined for a cradle-to-grave or cradle-to-gate EPD where the modules A1-
A5 and/or B1-B5 have been provided [49].  
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The likelihood that the component will be replaced within the study period needs to be taken 
under consideration. This is calculated using information from the manufacturer, quantity of 
maintenance performed, refurbishment or replacement operations [49].  

Note: The RSL shall not be mistaken for the study period [49]. 

4.4.1.4. System Boundaries 
The System Boundaries are defined according to the regulations of ISO 14044:2006 and EN 
15804:2012+A1:2013. The PCR allows three different approaches for EPD:s: 

• Cradle to gate 
• Cradle to gate with options 
• Cradle-to-grave [49] 

 
The Cradle-to-gate type covers the product stage information modules A1-A3 that includes 
raw material supply, transport, manufacturing of products and all upstream processes8 from 
cradle-to-gate. This approach is the minimum of processes that is required according to EN 
15804:2012+A1:2013 [49].  

Cradle-to-gate with options covers the product stage information as a minimum including any 
additional information modules from B1-C4 (modules from use stage and the end-of-life 
stage). Module D may be included [49]. 

Covering all life cycle stages (including end-of-life at/or beyond the study period) is called 
Cradle-to-grave. Module D may be included. (An EPD including all life cycle stages needs to 
be subdivided into the information modules groups A1-A3, A4-A5, B1-B5, B6-B7, C1-C4 
and when necessary, module D (see chapter Information modules) [49].)  

Boundaries in the Life Cycle  
All processes of the infrastructure such as construction, operation and maintenance shall be 
included. In the EPD, a flow chart should be presented that graphically shows subsystems 
included and excluded. Omissions of sub-system may occur according to the 1 % rule9. Any 
exclusion of sub-system needs to be justified [50]. 

Boundaries in time 
The data recorded in the LCI process should reach over a time period of one year. The 
environmental impact from construction (including material and processes) is divided by RSL 
of the bridge and summed up as total, i.e., the environmental impact is distributed forward in 
time throughout each components service life. Important to notify is that the emissions occur 
during a limited time period of construction, by this, it is necessary that the values per 

                                                
8 For explanation of upstream and downstream processes and also core module, see chapter 
Data Quality Requirements – Explanations. Figure 22 can also be used as an illustrative 
explanation.  
9 When the data information required is not sufficient for a unit process, the cut-off criteria is 
set to 1% of the total mass input of the process. Maximum neglected input flow per module 
may reach 5% of energy usage and mass [49]. 
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functional unit for the construction also should be mentioned. This will allow the emissions to 
be distributed on a yearly basis based on the RSL while the underestimation of the impacts on 
a yearly basis from construction is highlighted [50].  

Boundaries of other Technical systems 
Power lines and ancillary equipment, like power feeder stations, are included in the system. 
Not included in the system is infrastructure associated with intermodal activity, production of 
equipment for the traffic (i.e. traffic lights, control points etc.), vehicle work, production of 
fixed assets and packaging of raw material [50]. 

Boundaries of Geographical coverage 
The transport and management wastes are required to be representative for the site/region 
involved, regardless the geographical coverage of a product system defining the energy data 
[50]. 

Information modules 
The product category rules are defined according to EN 15804:2012+A1:2013 for all 
construction products where specific rules apply for particular groups. The groups are based 
on all stages in a service/product lifespan and are called Information Modules. In the 
following chapter the information modules will be thoroughly presented. All modules are 
defined according to According to EN 15804:2012+A1:2013 [49]. 

Product	stage,	information	modules	A1-A3	
The product stage shall include the following information modules: 

• A1 – raw material supply, including processing of secondary material input 
• A2 – transport of raw material and secondary material to the manufacturer 
• A3 – manufacture of the construction products, and all upstream processes from 

cradle to gate [49] 
 

Note: modules A1, A2, and A3 may be declared as one aggregated module A1 – A3.  These 
modules are also the minimum processes that shall be included in an EPD [49]. 

This step provides the requirements for all materials, products and energy and also the process 
up to the end-of-waste state. The system boundary also includes any other relevant output 
leaving the system. In this case, the output shall be identified as co-products of the system 
[49].  

Generally, maintenance of equipment is not included in exception from frequently consumed 
items that are included in the inventory required that the data meet the 1% cut-off rule 10 [49]. 

 

                                                
10 When the data information required is not sufficient for a unit process, the cut-off criteria is 
set to 1% of the total mass input of the process. Maximum neglected input flow per module 
may reach 5% of energy usage and mass [49]. 
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Construction	process	stage,	information	modules	A4-A5	
The following information modules are included in the construction process stage: 

• A4 – transport of construction products to the building site  
• A5 – the building installation/construction 

Waste processing up to the end-of-waste state or disposal of final residues is included in the 
construction stage. Energy from storage of construction products may be included when 
applicable [49]. 

Additional products and energy or water used in the process of installation as well as on-site 
operations for the construction product is required to be included in a building level 
assessment [49].  

Use	stage,	information	modules	B1-B5	
The following information modules represent the use stage related to the building fabric:  

• B1 – use of the installed product, service appliance 
• B2 – maintenance of the product 
• B3 – repair of the product 
• B4 – replacement of the product 
• B5 – refurbishment of the construction product [49] 

 
Information module B1 refers to emissions to the environment.  An example could be when 
painting a surface were substances are released, this should be reported as additional 
information on release of dangerous substances to indoor air, soil and water. Known 
emissions during the application of products, such as painting, should be reported as part of 
the construction process stage, in information module A5 [49]. 

Module B2 represents the product level (maintenance) including all activities for maintaining 
the product as installed during the products service life (an example is cleaning of floor 
covering). Therefore are the impacts in this stage directly related to the context of the building 
and needs to be stated with defined scenarios. This also applies to modules B3, B4 and B5; 
and the assessment shall involve production, transportation, use of energy and water and also 
associated wastage and end-of-life processes [49].  

Use	stage,	information	modules	B6-B7	
The following information modules represent the use stage related to the operation of the 
building:  

• B6 – operational energy 
• B7 – operational water use [49] 

 
These modules shall include the energy and water use during the operation of the product and 
its associated environmental aspects and impacts including processing and transportation of 
waste that may occur from the use of energy/water. It should include the installation system 
for building services elements such as heating, ventilation, cooling etc. [49]. 
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End-of-life	stage,	information	modules	C1-C4	
A construction product end-of-life stage starts when it is replaced, dismantled or 
deconstructed from the building and when its functional life is exhausted. If a product reaches 
its end phase during the modules A4-A5 or B1-B7, it will have their end-of-life considered 
within the life cycle stages in which the end phase arises. The following procedures in this 
section are used for any life cycle stage assessed: 

• C1 – demolition of the building/building product 
• C2 – transport of the demolition waste comprising the end-of-life construction 

product to waste processing facility 
• C3 – waste-processing operations for reuse, recovery or recycling 
• C4 – final disposal of end-of-life construction product [49]  

 
All outputs from the system are considered to be waste until they reach the end-of-waste-state 
during the end-of-life stage. The end-of-waste state is reached when any material or output 
complies with the following criteria: 

• It is commonly used for specific purposes 
• There is a demand for it or an existing market 
• It fulfils technical requirements for specific purposes 
• Its use will not lead to overall adverse effects [49] 

 
In module D, the benefits and loads from the use of end-of-waste state materials in another 
product system (beyond the system boundary) are reported [49]. 

Benefits	and	loads	beyond	the	system	boundary,	information	module	D	
This stage is represented by one module: 

• D – reuse/recovery/recycling potential evaluated as net impacts and benefits [49] 
 

Module D includes the net benefits and loads resulting from the reuse of products, recycling 
of energy from the end-of-waste state materials resulting from the construction stage (A4-A5), 
the use stage (B1-B7) and the end of life stage (C1-C4). Any outputs leaving the system from 
the product stage (A1-A3) are treated as a co-product when the product has a value or as a 
waste when there is no value. By this, it is normally expected that there will no module D 
declarations from modules A1-A3. Figure 21 illustrates a general overview of information 
module D applications [49]. 
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Figure 21 The principles of module D [49] 
Module D is only applied to products/materials that have reached the end of waste state and 
substitute other materials or fuels in another product system, for example secondary materials 
and energy carries [49]. 

Not all information modules need to be assessed. Depending on which type of EPD chosen, 
appropriate sections may be used. Figure 22 illustrates the mandatory (M) and optional (O) 
elements for the information modules depending on which type of EPD [49]. 
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Life cycle 
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Figure 22 Mandatory and optional elements for the information modules of construction 
products according to EN 15804:2012+A1:2013 [49] 

4.4.1.5. Criteria for exclusion of inputs and outputs 
The criteria for the exclusion of inputs and outputs shall be applied as stated in EN 
158804:2012+A1:2013 [49]. 

All inputs associated with the product are collected in the inventory process. This includes 
product ingredients, packaging material and consumable items. In some cases, the amount of 
substances and materials used in the process, are of too small quantities to be taken under 
consideration. Nevertheless, low flow substances may cause noteworthy environmental effect 
that needs to be included in the analysis. The substances may not show any severe impact on 
the result in the analysis; however, it is important to that data is provided to enable this 
conclusion. To achieve this, the cut-off criteria have to be met and are as follows: on the 
product system level, the cut-off criteria to be met are the qualitative coverage of at least 99% 
of the energy, mass and the overall flows [50], i.e.; in case of non-sufficient data or data gaps 
for a unit process, the cut-off criteria are to be set to 1% of the total mass input of the process. 
The maximum limit of total neglected input flow per module is set to 5% of energy usage and 
mass. Exception applies in case of significant effects of or energy use in their extraction, use 
or disposal and also in the case of hazardous waste [49]. 

4.4.1.6. Selection of data 
The preferred and recommended choice for calculating an EPD is a combination of generic 
and manufacturing-specific data as follows: 
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• For the production/manufacturing LCA, specific or average data from specific 
production processes shall be used. If appropriate, specific data may be used for the 
upstream processes (raw material production) 

• For all other upstream and downstream processes that are beyond the control of the 
manufacturer, shall generic data be used raw material production, construction product 
installation, use and end-of-life [49] 

To ensure consistency and comparability when using generic data for the downstream 
processes (e.g. the disposal scenario in the end-of-life stage) for the calculation of a cradle-to-
grave EPD, it is necessary that the use stage and the end-of-life stage is based on the same 
additional technical information stated by the manufacturer for the development of the 
scenarios for the life cycle assessment. All parts of the generic data (technological, 
geographical and time period) shall be documented in the project report [49]. 

4.4.1.7. Data quality requirements 
The quality of the data used to calculate the EPD shall be addressed in the project report 
according to ISO 14044:2006, chapter 4.2.3.6. Specific requirements for construction 
products are listed in EN 15804+A1:2013, clause 6.3.7 [49]. 

Calculating an EPD, the most current, available data shall be used. For the manufacture-
specific data, a production period of 1 year shall be covered and documented. The generic or 
specific data shall have been updated within the last 5 years for manufacturer-specific data 
and within the last 10 years for generic data [49]. 

The specific data shall as a general rule, be used if available and is mandatory to use for the 
core process. Generic data may be used for the upstream and downstream processes if specific 
data is insufficient. In cases when the data are representative for the purpose of the EPD it 
should be used, e.g. for bulk and raw materials on a spot market, in case of insufficient data 
on final product or if a product consists of many elements [50]. (Note: explanations of the 
core module, upstream and downstream processes will be specified in the subsequent 
chapter.) 

The data used should represent an average value for a specific year. The generation of data 
can vary over different factors such as time; in that case, an annual average value for s 
specified reference period should be used [50].  

If a study has similar components with a service or a product with an already existing and 
approved EPD or PCR, the data from the EPD can be used as specific data and the PCR can 
be used for developing specific data given that the critical system boundaries are similar [50].  

Data Quality Requirements - explanations  
Upstream module includes: the extraction, transportation and processing of raw material from 
production, pre-products/semi-manufacturing goods and ancillary material necessary for the 
bridge elements, transport of material from supplier to building site. Also included is the 
production of material for maintenance and replacement. 
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Core module includes all processes needed for the construction of the bridge as follows: the 
generation of electricity, steam and heat, fuels, water consumption, emissions in air, soil and 
water, scraps, solid waste, waste water 

Downstream module includes two phases during the RSL of the bridge: operation and 
maintenance. The operation includes all the functions needed for operating the bridge. The 
maintenance involves all functions needed for maintenance of the bridge. 

4.4.1.8. Developing product level scenarios  
According to EN 15804:2012+A1:2013, the technical information shall be based on realistic 
and representative scenarios and needs to support the calculation of the information modules, 
the assessment of the environmental performance and also use and end-of-life stages [49].  

4.4.1.9. Units 
In the calculations of the EPD document, SI unit is used. However, there are exceptions as 
follows: 

• Resources used for energy input, kWh or MJ 
• Resources used for power, kW 
• Water use, cubic metres 
• Temperature, degrees Celsius 
• Time, minutes, hours, days, years 
• Transport, tonnes, kilometres [49] 

4.4.1.10. Imports 
Inputs and outputs attributed to the imports of raw materials, finished materials and products 
shall be based on analyses suitable for the country of origin and include the energy of 
transportation. In the case of insufficient or non-available data, the input and output are to be 
based on the most comparable product. In this case, an addition is to be made for the 
transportation from the country of origin [49].  

4.4.2. Specific aspects for the calculation rules of LCA 

4.4.2.1. Carbon Storage (Sequestration) 
This chapter will not be discussed as carbon sequestration refers to the removal and storage of 
carbon in biomaterial such as timber and agricultural products, which is not of relevance for 
this thesis. However, carbon sequestration is a part of the PCR on and is therefore necessary 
to mention to obtain a full description of the PCR. 

4.4.2.2. Carbonation of concrete 
The impact from carbonation of calcium oxide (CaO) or calcium hydroxide (Ca(OH)2) is 
taken under consideration in the PCR. A content of pure lime in the concrete is assumed to 
result in 100% of the calcium oxide to carbonate a short time after construction. 
Consequently, the carbonation is considered to be equivalent to the carbon dioxide expelled 
from the calcium carbonate in the making of the lime, for both quick lime and hydrated lime 
[49]. 
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In the use stage, B1, the carbonation of concrete containing cementitious material can be 
calculated for both low-strength and high-strength concrete, mortars and screeds [49].  

When the concrete is precast, the carbonation is considered in the manufacturing stage, A3, 
but can continue to construction stage (A5) and the use stage (B1) [49]. 

In the end-of-life stage, C4, the treatment of end-of-life concrete is managed. Concrete that 
have been disposed of landfill continues to carbonate as well as crushed concrete. The 
carbonation depends on the particle size, the existing level of carbonation, the likely depth of 
existing carbonation and the conditions of the landfill [49]. 

4.4.3. Inventory Analysis 

4.4.3.1. Collecting data 
The procedure for the collection of the data is stated in EN ISO 14044:2006, clause 4.3.2 [49].  

According to the regulations, the manufacturer shall provide manufacturer process data and 
thereto a process flow diagram that includes the major transportation stages.  The system 
boundaries needs to be clearly marked to indicate included and excluded processes. The 
balance in mass and water (including evaporation of water) is also checked in the inventory 
[49]. 

The data used in the system boundaries needs to be comparable and are checked for 
appropriateness compared to known systems. The total mass flowing in must be accounted 
with an equivalent mass flowing out of the system boundary [49].  

4.4.3.2. Procedures of the calculations 
In ISO 1400:2006 and EN 15804:2012+A1:2013, the calculation procedure is stated and shall 
be applied throughout the whole assessment [49]. 

4.4.3.3. Allocation of input flow and output emissions  
The regulations for the allocation procedures are stated in ISO 14044:2006, clause 4.3.4 and 
the regulations in EN 15804:2012+A1:2013 are based on the guidance of ISO 14044. The 
assumptions and basic events used in ISO 14044 have been adapted to suit the goal and scope 
of EN 15804 and EN 15643-2:2011 [49].  

If the manufacturing process results in by-products and/or the aggregate information available 
only present the total level of emissions, the allocation rules must be defined for individual 
products. For this scenario, collection of product-specific information is preferable to avoid 
allocation. ISO 14044 advocates the method of avoiding allocation by expanding the system 
boundaries; however, this method is not applicable within the framework of the International 
EPD® System. This can be derived from rationale approach of an attributional LCA and the 
use of the concept of modularity [50].  

In ISO 14040, suggested priorities can be found if an allocation cannot be avoided when using 
a specific data collection. The allocation should reflect the underlying physical relationship 
between the inputs and outputs and its different products or functions [50]. 
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If the physical relationship cannot be used as the basis for the allocation, the inputs should be 
allocated in a way that reflects other relationship between them. The allocation can for 
example, be of economical character. The input and output data can then be allocated between 
co-products in proportion to the economic value of the products. In case of an economical 
allocation, a monitoring and verification needs to be performed by a sensitivity analysis of the 
relationship between results and current economic value. The reference values used shall be 
explained in the EPD [50]. 

When different products are manufactured parallel in the same production unit, it is called 
multi-output process. The following prioritization for such processes (for example steelworks, 
manufacturing of concrete products etc.) applies: 

1.  More detailed analysis  
2.  Allocation based on physical relationship 
3.  Allocation based on economic relations [50] 

 
Figure 23 shows, the materials, energy flows and related emissions for multiple products (co-
products) allocated to the different products by process subdivision, appropriate physical 
property or on the basis of revenue11 contribution.  

The hierarchy also applies to process waste from the modules A1-A3, product stage. The 
process waste is sold on for subsequent use or value recovery. Any waste processing 
occurring in any module of the product system, is included in the system boundary by its 
respective module. The allocation procedure is not applicable to wastes from other stages, A4-
C4 [49].  

 

 

                                                
11 The revenue is accounted for the income generated the sale of all outputs [49]. 
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Figure 23 shows the allocation preference [49] 

4.4.4. Impact Assessment 
The guidelines and regulations for the impact assessment are stated in the modification of EN 
15804:2012+A1:2013, clause 6.5, were the impact assessment shall be carried out using the 
following impact categories (parameters) with baseline characterisation factors from CML-IA 
(CML-IA is the associated database to CML 01) version: 

• Global warming 
• Ozone depletion 
• Acidification of soil and water 
• Eutrophication 
• Photochemical ozone creation 
• Depletion of abiotic resources (element) 
• Depletion of abiotic resources (fossil fuels) [49] 

Note: How the environmental impact shall be declared using the parameters is presented in 
the following chapter, 4.5 Declaration Parameters for the LCA. 

4.5. Declaration parameters from LCA  
A simple flow diagram of the process included in the LCA is required in the EPD to illustrate 
the product system study. A division on at least the life cycle stages is required, i.e., 
production, (if applicable) construction, use and end-of-life (see figure 27) according to EN 
15804:2012+A1:2013, clause 7.2.1. The parameters and units are used to declare the 
environmental impact, see table 10 [49]. 
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Table 10 The environmental impact and its associated parameters and units [49] 

Impact category Parameter Unit 
Global Warming (Climate 
change) 

Global warming potential; 
GWP 

kg CO2 eq. 
 
 

Ozone Depletion Ozone depletion potential of 
stratospheric ozone layer; 
ODP 
 

kg CFC 11 eq. 
 
 

Acidification for Soil and 
water 

Acidification potential of 
land and water; AP 
 
 

kg SO2 eq. 
 
 

Eutrophication Eutrophication potential; EP kg (PO4)3- eq. 
 

Photochemical Ozone 
Creation 

Formation potential of 
tropospheric ozone 
photochemical oxidants; 
POCP 

kg ethylene eq. i.e. kg C2H4 
eq. 
 

Depletion of Abiotic 
Resources -elements 

Abiotic depletion potential 
for non-fossil resources; 
ADP-elements 

kg Sb eq. 
 

Depletion of Abiotic 
Resources – fossil fuels 

Abiotic depletion potential 
for fossil resources; ADP – 
fossil fuels 

MJ 

4.5.1. Other Parameters 
Not assigned to the impact categories in Table 5 are the environmental information describing 
resource use, waste and other output flows derived from the LCI. These parameters will be 
presented in Table 11, Table 12 and Table 13 [49]. 
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Table 11 Parameters for the Resource use [49] 

Parameter Unit 
Non-renewable material kg 
Renewable materials kg 
Renewable primary energy as energy carrier; 
PERE 

MJ 

Renewable primary energy resources as 
material utilization; PERM 

MJ 

Total use of renewable primary energy 
resources; PERT 

MJ 

Non-renewable primary energy as energy 
carrier; PENRE 

MJ 

Non-renewable primary energy as material 
utilization; PENRM 

MJ 

Total use of non-renewable primary energy 
resources; PENRT 

MJ 

Use of secondary material; SM kg 
Use of renewable secondary fuels; RSF MJ 
Use of non-renewable secondary fuels; 
NRSF 

MJ 

Use of net fresh water; FW1,2 m3 

 

Table 12 Parameters for the waste disposal [49] 

Parameter Unit 
Hazardous waste, HWD kg 
Non-hazardous waste, NHWD kg 
Radioactive waste disposed (total, low, 
intermediate and high level waste), RWD 

kg 

Radioactive waste (high level waste), 
RWDHL 

kg 

 

Table 13 Parameters for other output flows 

Parameters Unit 
Components for reuse, CRU kg 
Materials for recycling, MFR kg 
Material for energy recovery, MER kg 
Export energy, EE MJ per energy carrier 
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In the following section the case study is carried out to present the life cycle assessment of 
1 m bridge of the NCC Composite bridge.  

The NCC Composite bridge is a combination of concrete and steel and allows spans up to 
100 m. Figure 24 is an illustrative image of the bridge. The structure consists of steel girders 
supporting a slab of concrete. The girders are made of high-strength rustproof steel 
dimensioned after required load. The material, construction and building process is mainly 
standardized which make the construction of the bridge rapid and relatively free from 
disturbance (i.e. the work on the location is minimized and therefore less disturbance for the 
environment). In difference to a conventional composite bridge, the NCC Composite bridge is 
fixed in the abutment allowing the dimensions of the girders to be reduced. The construction 
is both resource-efficient and economical [33]. 

 

Figure 24 NCC Composite Bridge [33] 
The LCA has been carried out by applying three different concrete types in NCC Composite 
bridge, namely; prepact concrete, traditional concrete and traditional concrete containing 5 % 
slag. In chapter 5.2 Data summary, Table 14 and Table 15 presents the recipe for each 
concrete type.  
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5.1. Goal and scope  
The goal and scope is assessed in chapters 1.2 Aim and goal and 1.3 Scope and limitations. 
The reader is thus referred to these chapters for total explanation. However, a short reminding 
introduction with some additional information is presented in these sections.  

To simplify the disposition, the six questions outlined in chapter 3.1 Goal and scope 
definition, is answered in numerical order in the following sections.  

5.1.1. Goal  
The goal of the study is to compare three scenarios; the use of three different concrete types in 
NCC Composite bridge, focusing on the environmental impact for each scenario.  

The assessment is carried out following the LCA framework described in chapter 3 Life Cycle 
Assessment Process where the results are presented in chapter 5.3 Environmental assessment 
results.  

The functional unit is defined by the PCR as 1 meter of NCC Composite bridge without 
defined application and location referring to per 1 year of Reference Service Life (RSL). The 
RSL is set to 80 years. 

To add value to the decision-making process, data and information needed must be 
determined. The data and information used is based on the GaBi Construction database, 
expertise both from external and internal connections within the company and information 
from the literature.  

5.1.2. Scope  
The study was conducted as a cradle-to-gate LCA for the EPD assessment, i.e. implementing 
information modules A1-A5. 

In Appendix B, all assumptions and omissions of the study are presented. 

5.2. Data summary 
In the following section the input data used in the modelling is presented. 

5.2.1. Concrete recipes 
The recipes given below have been stipulated by Iad Saleh [55]. The recipe of prepact 
concrete is confidential and the amount of each raw material is not given. 
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Table 14 Recipe of NCC prepact concrete 

 Raw materials Transport distance [km] 
 CEM I 42.5  42 
 Slag 1649 
 Silica 2 % 1372 
 Superplasticizer, 3 types.  206 
 Crushed aggregate/sand  0/1 mm 321 
 Sand 0/2 mm 274 
 Crushed aggregate 16-27 mm  40 

Table 15 Recipe of Traditional concrete and Traditional concrete containing 5% slag 

Raw materials Traditional 
concrete 

Traditional concrete 
5% slag 

Unit Transport 
distance 

[km] 
Cement I 42.5 425 405 kg 50 
Slag 0 20,3 kg 1649 
Water 169 166 kg - 
Gravel 0-8 mm 930,8 930,8 kg 50 
Stone 8-16 mm 859,2 859,2 kg 50 
Additive, 
Sikament VS-5 

1,62 1,62 kg 206 

Additive, Sika 
AirPRO 

0,81 0,81 kg 206 

 

5.2.2. Bridge properties 
Table 16 Bridge properties 

 

5.2.1. Assumptions for the construction phase, A5 
Table 17 assumptions for the amount of resource used at the construction of the bridge  

 

 

Bridge 
Length 44,4 m 
Span 35 m 
Width 5 m 
Height 5 m 

Type of resource Amount 
Electricity  13 000 kWh 
Diesel  90 litres 
Concrete 127 m3 

Reinforcing steel  11 446 kg 
Stainless steel (for beams) 25 845 kg 
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5.3. Environmental assessment results 
The following section presents the LCIA results i.e. energy and material resources and the 
GWP.  

The input for traditional concrete and traditional concrete containing 5 % slag has 
approximately the same outcome in the majority of the results. This is due to the fact that the 
inputs are the same for all cases except the content of slag and cement. However, important to 
notify is that the concretes are referred to as different concrete types thus the only major 
difference of input is the content of slag and cement.  

Important note: when the text only is referring to traditional concrete, it is meant to refer to 
both concrete types, i.e., traditional concrete and traditional concrete containing 5 % slag.  

5.3.1. LCIA results 
In the following section the results of energy and material resources will be presented.  

Each diagram or table presented in this chapter is based on the data from Table A 1-5 
accessible in Appendix A, for its respective scenario of input data. The letter A is added to the 
table name to visualize that the table is accessible in Appendix. 

When referring to the tables in Appendix A, the reference is made to each table for its 
respective scenario. Thus, for example, by reference to Table A 2 for Diagram 1, the reference 
is meant to refer to Table A 2 for traditional concrete, traditional concrete 5% slag and prepact 
concrete.  

5.3.1.1. Primary renewable energy resources 
Diagram 1 presents the total use of renewable primary energy resources for information 
modules A1-A5, based on Table A 2, Appendix A. As can be seen, prepact concrete 
represents the scenario with the highest consumption of primary renewable energy resources. 
The prepact concrete scenario dominates the stages of raw material and production (A1-A3) 
and construction (A5), see Diagram 2. Diagram 2 provides a more detailed view of each 
module's resource use to visualize which module has the greatest impact. 

For the total impact, i.e. A1-A5, the main reason for prepact concrete to dominate is the more 
required use of energy in the production of the grout. It is also due to the fact that NCC 
purchases their electricity under a green electricity tariff from the energy company Vattenfall. 
The electricity used is purchased from “renewable” electricity (for example, hydro and wind 
power) [61]. For the production of the traditional concrete types, it is assumed that the 
electricity is purchased as Swedish electricity grid mix, i.e. electricity that is not purchased 
under a green tariff, see Appendix B – Assumptions. Thus prepact concrete uses a higher 
amount of renewable energy since the electricity comes from renewable energy sources. 

In Appendix D, all required primary renewable energy resources is presented for one example 
bridge part; the edge beam. As can be seen, prepact concrete require the largest amount of 
resources in the production of the grout mainly due to the use of cement (CEM I 42,5) and 
electricity. In the case of traditional concrete, the use of cement (CEM I 42,5) is the reason for 



 

 
71 

the primary renewable energy resource use followed by the use of crushed stones and 
electricity.  

In module A4, the reason for the lesser use of primary renewable energy resources for prepact 
concrete can be derived from the smaller amount of aggregate needed to transport 
(approximately 1000 kg less compared to traditional concrete). As can be seen in Appendix B 
- Assumptions, the transport distance of aggregate is assumed to be 10 km lower for 
traditional concrete than for prepact concrete. But since the amount is much less to transport 
for prepact concrete, the energy used for transport will in the end be lower. Important to notify 
is that the exact amount of aggregate in prepact concrete is not given. This is due to the 
confidentiality of the recipe.  

 

Diagram 1 Total use of renewable primary energy recourses for information modules A1-A5 
 

 

A1-A5	
PREPACT	CONCRETE	 70,2	

TRADITIONAL	CONCRETE	5	%	
SLAG	 69,0	

TRADITIONAL	CONCRETE	 69,4	

68,0	

69,0	

70,0	

71,0	

MJ	

Total	use	of	renewable	primary	energy	
resources,	PERT	
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TRADITIONAL	CONCRETE	5	%	
SLAG	

TRADITIONAL	CONCRETE	
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Diagram 2 Total use of renewable primary energy resources for information modules A1-A5.  
Based on Table A 2, Appendix A.  

5.3.1.2. Renewable energy resources 
Diagram 3 shows the use of hydropower, solar energy and wind power. The diagram shows 
that the bridge of prepact concrete only consume less renewable energy recourses compared to 
traditional concrete in the case of wind power. In the remaining renewable energy resources, 
prepact concrete consumes the most. The major difference can be attributed to hydropower 
where the difference is approximately 1 MJ higher compared to the traditional concrete types 
for modules A1-A5. 

The use of hydropower is higher for prepact concrete due to the larger use of hydropower to 
produce electricity used in modules A1-A5. The largest impact can be traced to the modules 
A1-A3 and A5, see Diagram 4. Diagram 4 is a more detailed diagram of Diagram 3 viewing 
the impact from each module. The main energy consumption regarding concrete is during the 
manufacturing process and also in the construction phase, hence the large impact in the above 
mentioned modules. 

The reason that prepact consumes the smallest resources in module A4 can be traced to the 
use of solar energy, see Diagram 4. Prepact consumes the least solar energy in module A4, 
however, the difference between the concrete types are very small.  

In module A5, the traditional concrete types use the same amount of resources. As mentioned 
earlier, the two types have approximately the same input data is, thus the outcome is in most 
cases the same, as shown clearly in this case. The highest consumption of resources is in the 
use of prepact concrete, mainly due to the larger use of hydropower.  

A1-
A3	 A4	 A5	

PREPACT	CONCRETE	 51,1	 0,4	 18,7	

TRADITIONAL	CONCRETE	5	%	
SLAG	 50,3	 0,5	 18,2	

TRADITIONAL	CONCRETE	 50,7	 0,5	 18,2	

0,0	
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30,0	
40,0	
50,0	
60,0	

MJ	

Total	use	of	renewable	primary	energy	
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TRADITIONAL	CONCRETE	



 

 
73 

Diagram 3 shows the renewable energy from hydro, solar and wind power for modules A1-
A5. Based on Table A 4, Appendix A. 
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Diagram 4 Detailed view of Diagram 3 where the impact from all information modules are 
shown 

5.3.1.3. Non-renewable primary energy resources  
Diagram 5 presents the total use of non-renewable primary energy resources for information 
modules A1-A5, based on Table A 2, Appendix A. As the diagram shows, the prepact 
concrete consumes the least amount of resources, followed by traditional 5 % slag and 
traditional concrete. 

In modules A1-A3 the largest resources are consumed. As can be seen in Diagram 6, 
traditional concrete and prepact concrete consumes the same amount, i.e. 382 MJ, however, 
this is not due to the same input data but by coincident. Thus the reason for the smallest total 
use of resources for prepact concrete can be traced to module A4 and A5. The reason for 
traditional concrete 5 % slag to have the lowest value in A1-A3 can be derived from the less 
use of diesel and electricity, see Appendix D. 

The reason for the less use of resources for traditional concrete 5 % slag in A1-A3 can be 
traced to the input data in GaBi 6.5. All concrete types have more or less the same amount of 
cement and crushed stone. However, both traditional concrete 5 % slag and prepact concrete 
contain much less cement. This is the reason for traditional concrete 5 % slag to have the 
lowest impact. The reason for prepact concrete to have the same impact as traditional 
concrete, despite the lower content of cement, can be traced to the transport distance in A2. 
The transport distance in A2 is much larger for prepact since the grout has to be transported a 
long distance compared to the material used in the traditional concrete types, see Table 14 and 
15. However, this is not to confuse with the transport distance for the aggregate in module A4 
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that is lower for prepact concrete. In module A4, prepact consumes the smallest amount of 
resources due to the less energy required to transport the aggregate. As mentioned in chapter 
2.2.3 Prepact concrete, the prepact concrete investigated requires less total transport distance 
due to the possibility to extract resources for the aggregate from the nearby environment and 
thus reduce the amount of aggregate required to transport. The transport distance for prepact 
concrete represented by module A4, is larger than for traditional concrete, as can be seen in 
Appendix B – Assumptions. However, the amount which needs to be transported is 
approximately the half for prepact concrete (as mentioned earlier, the amount for prepact 
concrete is not given due to confidentiality) thus is the total transport work is much less for 
prepact concrete. 

In module A5, the values for the traditional concrete types are the same, as mentioned earlier; 
this is due to the same input data. Prepact concrete consumes the smallest amount of resources 
in this stage due to the lower wastage. Casting of prepact concrete is assumed to produce 5 % 
wastage compared to casting of traditional concrete of 10 %, see Appendix B.  

 

Diagram 5 Total non-renewable primary energy recourses for information modules A1-A5. 
Based on Table A 1, Appendix A. 
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Diagram 6 Total use of non-renewable energy resources, PENRT 

5.3.1.4. Non-renewable energy resources  
Diagram 7 shows the total use of non-renewable energy resources. The diagram shows that 
prepact concrete contributes the least.  

Viewing Diagram 7 it is clear that prepact consumes less non-renewable energy resources 
than the other two concrete types. In Diagram 5 the total non-renewable energy resources is 
also displayed, however, the primary energy is presented by the unit MJ and thus with a 
different result. This can be derived from the calculation process required to transform MJ to 
kg where different heating values may apply.  

Diagram 8 provides a more detailed view of Diagram 7 where each impact from the 
information modules is displayed to facilitate interpretation of the results. As for renewable 
energy, the largest consumption of resources can be traced to information modules A1-A3 
(production, extraction and transport of raw material). In this stage it is shown that traditional 
concrete consumes the largest amount of resources followed by traditional concrete 5 % slag 
and prepact concrete. It is shown that even if the use of crude oil resources for prepact is 
higher compared to the other concrete types, prepact still have a lower total use. This can 
mainly be traced to the smaller use of hard coal and lignite resources, as can be seen in 
Diagram 8.  
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Diagram 7 Total use of non-renewable energy resources for all information modules based on 
Table A 5, Appendix A 

 

Diagram 8 shows the non-renewable energy resources for each information module based on 
Table A 5, Appendix A 
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5.3.1.5. Renewable and non-renewable material resources 
In the following section the most distinctive material resources are presented by Table 18 and 
19, i.e. not all material resources are presented. In the section of renewable material the 
following resources will be presented: water, air and carbon dioxide. In the section of non-
renewable material the following resources will be presented: inert rock, limestone, natural 
aggregate and soil. In the Table A 6-7, Appendix A, a complete presentation of all material 
resources can be found at interest. 

Renewable material 
In Table 18 the use of renewable material resources is presented. The scenario of prepact 
concrete shows the highest consumption of renewable resources in all cases except in the use 
of air. The large water use for all concrete types is due to the relatively large amount of water 
required in the manufacturing process of concrete in general. As mentioned in chapter 2.2 
Concrete, one of the main constituents of concrete is water.  

At further assessment, each module impact is presented in Diagram 9. In this case, all 
concrete types have similar values in all modules. The input data for renewable material is 
more or less the same for the three concrete types thus approximately the same outcome. 
However, prepact consumes the highest amount of resources and traditional concrete 5 % slag 
the least.  

In the previous sections, it was clear that the main use of resources could be derived from 
modules A1-A3, but as can be seen in Diagram 9, the consumption of resources for this case 
can also be traced to module A5, construction of the bridge. The reason for the use of 
resources in these modules can be derived from the energy required for the bridge 
construction process (as mentioned in the first paragraph). In the construction of the bridge, 
energy is required in the form of electricity and diesel. As mentioned earlier, NCC uses the 
electricity from the energy company Vattenfall that obtains 46 % of their energy from 
hydropower [61]. Using GaBi 6.5, the water used in the manufacturing of Vattenfalls 
hydropower is also defined as a renewable material resource. This is the reason for the 
concrete types to consume a relatively large amount of water resources. Prepact concrete 
requires more use of energy in the manufacturing and construction, thus it consumes the most 
renewable material, as shown in in Table 18 and Diagram 9. Prepact consumes the highest 
resources due to the heating process required for prepact concrete that the traditional concrete 
types do not require, see Appendix B - Assumptions. 

In modules A1-A3 prepact consumes the highest amount of resources and traditional concrete 
5 % slag the least. Traditional concrete 5 % slag consumes the least resources due to the less 
required water amount. When using slag, less water can be used. The recipe for prepact 
concrete used in the case study contains slag, thus should prepact and traditional concrete 5 % 
slag also use the same amount of water. However, since GaBi 6.5 define the water used for 
hydropower also as renewable material resources and prepact require more hydropower; 
prepact concrete obtains a larger outcome in the results for renewable material resource water.  

In module A4, prepact consumes the least resources. It can be traced to the water 
consumption, which in this case, is lowest for prepact, see Table A 6 for each concrete type.  
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Table 18 Based on Appendix A, Table A 6, for respective concrete 

Renewable material 
resources (kg) 

Traditional 
concrete 

Traditional concrete 
5% slag 

Prepact 
concrete 

Water 90 919,45 90 531,31 92 243,75 
Air 90,46 90,36 122,95 
Carbon dioxide 1,73 1,72 1,76 
Total 91 011,64 90 623,39 92 368,46 
 

 

Diagram 9 Total use of renewable material. 
Non-renewable material resources 
Table 19 presents the non-renewable material resources. As can be seen prepact use the least 
material in all cases. The reason for the lower use of non-renewable material can mainly be 
derived from the less use of natural aggregate (also referred to as gravel), where prepact 
concrete instead uses crushed aggregate (i.e. crushed stone, extracted from nearby 
environment), see chapter 5.2.1 Concrete recipe. In addition, natural aggregate is used in the 
production of cement, and therefore the use of natural aggregate is higher for traditional 
concrete compared to prepact concrete. 

Diagram 10 shows the use of non-renewable material for each information module. As for the 
section of non-renewable and renewable energy resources, the modules of A1-A3 are the most 
dominating. The non-renewable material evaluated in the case study, is mainly raw material 
for the concrete, hence the large outcome in modules in A1-A3 (production and raw material). 
In this stage the main non-renewable material resources are consumed and it clearly shows 
that prepact concrete consumes the least.  
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There is a difference of data in the diagram and table. The tables are based on only the 
resources of inert rock, limestone, natural aggregate and soil while Diagram 10 take into 
consideration all non-renewable materials. All resources are not presented in the table due to 
the high amount of resources thus only the most relevant is shown. However, the diagram is 
based on Table A 7, Appendix A, which take into consideration all resources. The choice of 
viewing all resources in the diagram and not in table was made to give the reader a complete 
view of the non-renewable resources but still in a legible manner.  

Table 19 Based on Appendix A, Table A 7, for respective concrete 

Non-renewable material 
resources (kg) 

Traditional 
concrete 

Traditional concrete 
5% slag 

Prepact 
concrete 

Inert rock 167,22 167,19 160,14 
Limestone (calcium 
carbonate) 

77,35 77,29 67,63 

Natural aggregate 45,33 45,29 0,1 
Soil 21,42 21,4 14,62 
Total 311,32 311,17 242,49 
  

 

Diagram 10 Total use of non-renewable material based on Appendix A, Table A 7 
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5.3.1.6. Global Warming Potential  
In this section the Global Warming Potential (GWP) is presented. The result is presented in 
Diagram 11 and is based on Table A 1, Appendix A for respective bridge scenario of concrete 
material. The environmental impact is presented for 1 m of NCC Composite bridge per year 
of RSL. 

As shown in Diagram 11, the most significant difference is developed during the modules A1-
A3 (production and raw material stage). The greatest climate impact in this stage (for all the 
bridge scenarios) is caused by the production of the stainless steel used in the beams of the 
bridge [62] and the manufacturing of cement.  

A higher amount of slag in concrete, allows the content of cement in concrete to be lowered. 
The manufacturing and use of cement is known to have a big impact on the global warming 
potential (see chapter 2.2 Environmental aspects) and due to the decrease of cement in the 
prepact concrete, the GWP is lower. However, as shown in Diagram 11, the GWP of prepact 
is also lower than traditional concrete 5 % slag showing that the reduction of environmental 
impact not only can be derived from the higher amount of slag.  

In module A4 (transportation) the GWP is the highest for the traditional concrete types due to 
the higher transport distance required. As already mentioned, prepact concrete have the 
advantage to use resources in a close by environment thus decrease the total energy required 
for transport.  

In module A5, the impact of the GWP is the smallest. The low figures of module A4 and A5 
shows that the manufacturing of the material (represented by modules A1-A3) influences the 
impact the most. Thus the emissions from transport (A4) and construction (A5) in relation to 
the manufacturing are too small to have a major influence in the LCA. 
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Diagram 11 Global Warming Potential for modules A1-A5, based on Table A 1, Appendix A 

5.4. Sensitivity analysis 
A sensitivity analysis is not considered relevant for the dissertation and is thus not performed.  

EN 15804 applies recommendations on data quality requirement for LCI and the mandatory 
step for third part verification of the EPD’s result. These steps substitute the traditional 
procedure for the sensitivity analysis in LCA. 

5.5. Discussion 
5.5.1. Method discussion 

In the beginning of the work it was decided that a literature study would constitute the start of 
the work in which the question at issue would be investigated by a life cycle assessment in 
combination with GaBi software. To achieve the purpose of the study a literature review was 
required to obtain knowledge of the area and provide basic knowledge of the current research. 
Interviews with supervisor and expertise in the area provided answers to issues and problems 
that occurred during the work. Since the purpose of the study was to assess the environmental 
impact of three scenarios of concrete material in a composite bridge, the life cycle assessment 
in combination with GaBi software constituted the fundamental part of the work. The 
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modelling in GaBi was implemented with help and assistance from Kristine Ek (NCC Teknik) 
where conclusions and facts of the environmental impact could be determined.  

The LCA was carried out in modularity with EN 15804 and PCR for Bridges and elevated 
highways. The methodology relied on assumptions that narrowed the scope of the assessment. 
Thus have the dissertation focused on the modules A1-A5. The choice of studied life cycle 
stages was made due to that the concrete types mainly differ in the raw material and 
production, transport and construction stages. The choice of limitation in the methodology 
was also made due to the study’s time limit. 

The LCA and the PCR is a sufficient methodology to assess a product or service 
environmental impact. In combination with GaBi 6.5 the assessment have been valid and 
reliable. However, the assumptions made for the input data would preferably been more 
precisely to provide a more accurate result where reality-based input data would be the best 
option for get as close to the reality as possible when modelling. 

The in data for modelling where in some cases hard to found and verify and assumptions had 
to be made based on expertise. This was due to the lack of information in the literature for 
mainly prepact concrete. As mentioned in chapter 3.5 Drawbacks and critical evaluation, this 
is a well-known problem in the life cycle assessment. It is more common for LCA 
practitioners that real manufacturing data are unknown than known. Like in the case of 
required covering for a composite bridge performed in prepact concrete, where the covering 
was chosen to 100 mm based on a dialog with an expertise of the area where reality-based 
data would been preferable. The assumption is not incorrect and is based on well-founded 
expertise; however, it is always preferable to obtain data from a real life project to model as 
close to reality as possible hence achieve as lifelike result as possible. 

GaBi 6.5 is a German software based on the general conditions of EU, i.e., the software is not 
based on solely Swedish conditions. Thus is the outcome based on general European 
conditions and may have been more precisely if only Swedish conditions could be used. For 
example, in EU, limestone is a common use of resource. GaBi software defines crushed stone, 
gravel and sand as based from limestone resources, which is not as common in Sweden. 
However, when using the software the general data for the EU is used thus not according to 
Swedish conditions.  

At the use of the program small differences was also discovered in the values of the result. 
This may be due to the rounding of figures being performed in the software, or small 
differences in the transformation of units. However, this has not shown to have any significant 
impact on the result. 

The transport distance was also a subject of discussion. One advantage of using prepact 
concrete is the possibility to extract natural resources for the aggregate by a nearby 
environment. This allows savings to be made in the energy required for the transport and use 
of aggregate. However, this might not always be a possibility thus the difficulty to provide an 
exact assumption for the distance. Nevertheless, prepact concrete is a relatively new material 
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on the Swedish market and real life examples and input data in many cases does not exist in 
present day.  

The modelling and result interpretation of GaBi 6.5 is both easy and difficult to manage. The 
high amount of data that was generated from the software made the result excessive and hard 
to follow in some cases. However, when clarifying the most significant environmental impact 
the software provides a well-founded base for life cycle assessment.  

5.5.2. Result discussion 
The result shows that significant environmental savings can be made in non-renewable 
material and for the GWP using prepact concrete. Smaller savings can be made in non-
renewable primary and non-renewable energy. Savings cannot be made by using prepact 
concrete in the cases of renewable energy and material resources. The result shows that in an 
overall perspective, using prepact concrete in a composite bridge will reduce the 
environmental impact. 

The higher use of energy for the bridge scenario of prepact concrete in the renewable 
resources can mainly be derived from the higher use of electricity, see Appendix D. One 
reason for this could be that prepact is relatively unknown thus having not the manufacturing 
and construction processes of the concrete had time to develop to the most optimal processes. 
The manufacturing and construction processes for traditional concrete have thus had many 
years of development towards more efficient processes in which the market always strives for. 
Prepact have not had this space of time for development thus may the reason for more use of 
electricity be derived from this fact; however, this is just speculations.  

The area treated by the study is important for the continued pursuit of sustainability. The 
study shows that the raw material and production stage is paramount hence the big importance 
to investigate the most optimal choice of material. As mentioned above, prepact concrete have 
shown to have a smaller environmental impact compared to traditional concrete thus would 
the use of the concrete be a step in the right direction for sustainable building. However, a 
complete LCA (implementing information modules A1-D) of the concrete as building 
material in a composite bridge is recommended to verify the bridge total environmental 
impact.  

As mentioned in chapter 2.4.1 Bridge stock in Sweden, the average building rate of bridges by 
the Swedish Transport administration is 280 bridges per year corresponding to an average 
total area of 80 000 m2. 280 bridges consume immense quantities of material and energy 
resources. Small savings in resources may seem insignificant as in the case of non-renewable 
primary resources where a saving of 0,5 % can be made using prepact instead of traditional 
concrete. The differences between the concrete scenarios of material are very small, but in a 
big perspective can save large amount of resources. However, important to notify is that at the 
use of prepact concrete savings can be made in non-renewable resources and for the GWP not 
for the renewable resources, as already mentioned. Thus requires an evaluation of what impact 
considered being of greatest relevance to reduce.  
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During the study it was observed that the knowledge of prepact concrete was relatively small 
and in some cases insufficient. The research existing indicates that prepact is of higher 
concrete quality and would provide savings of both economic and environmental aspects. 
However, prepact is still relatively unexplored thus would further research in the area be of 
interest.  

As mentioned in the introduction, the investigated prepact contains a higher amount of slag 
then recommended by the Swedish Transport Administration. However, the environmental 
benefits of the possibility to reduce the cement by using slag may outweigh the disadvantages. 
In the case of prepact concrete, the amount of slag seems not to have any influence on the 
reduction of environmental impact, as can be seen in the Diagram 11 (GWP). Nevertheless 
does prepact have a much lower environmental impact and the issue should be passed on to 
the Swedish Transport Administration if the environmental benefits of prepact concrete 
outweigh the disadvantages. 

5.5.3. Result discussion - exemplified calculations from the 
case study’s result 

The following section provides exemplified calculations of the environmental assessment 
results. The examples are based on the data provided in chapter 2.1.4 Bridge stock in Sweden 
and the chapter 5.2 Data summary. The section is not decisive for the dissertation and is thus 
additional information for the reader to view at interest. 

The concrete discussed in this section is referring to the recipe given in the data summary. 
Thus, it is not referred to prepact or traditional concrete in general but to the recipe used for 
the dissertation.   

The input for traditional concrete and traditional concrete 5 % slag has in the majority of the 
results approximately the same outcome. As mentioned earlier, this is due to the fact that the 
inputs are the same for all cases except the content of slag. But important to notify is that the 
concretes are referred as different concrete types, however, the only different input is the 
content of slag and cement.  

5.5.3.1. Non-renewable energy resources  
As presented in chapter 5.3 Environmental assessment result, prepact consumes the least non-
renewable resources. The difference of the result can however be perceived as insignificant 
due to the small differences in the between concrete types. In the following section the results 
will be compared and set in proportion to the environmental impact of the bridge length of the 
composite bridge (44 m) and the total bridge length estimated for the bridge stock of 
pedestrian and bicycle bridges in Sweden (20 451 m) (see chapter 5.2 Data summary for 
technical information). Thus is the calculations not made for the whole amount of concrete in 
a bridge, i.e., not in m3 but in m.  

Two comparisons will be made, prepact concrete compared to traditional concrete 5 % slag 
and prepact concrete compared to traditional concrete. 

Prepact concrete compared to traditional concrete 5 % slag  
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In the following section the scenario of the composite bridge with inputs and conditions from 
the recipe of prepact concrete, will be compared to the scenario of traditional concrete 
containing 5 % slag. 

Exemplified calculations 
In the scenario of the composite bridge with input data of traditional concrete 5 % slag, the 
scenario consumes 11,88 kg per m composite bridge per year of RSL. Multiplying this with 
the bridge length, 44 m, will show the use of resources expressed in the composite bridge 
length, thus 44 m*11,88 kg = 522,78 kg per year of RSL. Compared to the resources use of 
the scenario from prepact concrete, thus 44 m*11,47 kg = 504,68 kg per year of RSL, it can 
be shown that by using prepact concrete, 18,1 kg non-renewable resources can be saved per 
year of RSL for one concept bridge. To further visualize the possible saving, the examples 
will be set into proportion of the bridge stock. 

The total length of all pedestrians and bicycle bridges are 20 451 m. Multiplying the non-
renewable resources with the total bridge length of all pedestrians and bicycle bridges will 
show the use of resources in a larger perspective.  

If all pedestrians and bicycle bridges were made of traditional concrete 5 % slag, 242 957,88 
kg (20 451 m *11,88 kg) of non-renewable resources will be used. If thus prepact concrete 
would be used, 234 572,97 kg (20 451 m *11,47) non-renewable resources would instead be 
consumed. As a summation, by using prepact concrete, 8 384,91 kg (234 572,97 - 234 572,97) 
thus approximately 8,4 tonne resources can be saved per year of RSL if all pedestrian and 
bicycle bridges were made of prepact concrete. 

5.5.3.2. Prepact concrete compared to traditional concrete 
In the following section the scenario of the compsite bridge with inputs and conditions from 
the recipe of prepact concrete, will be compared to the scenario of traditional concrete.  

Exemplified calculations 
The same calculation as in previous section will be performed, thus will not the calculations 
be presented in the same extent. 

The scenario of traditional concrete consumes 523,6 kg of resources per year of RSL. The 
scenario of prepact concrete consumes 504,68 kg resources per year of RSL. In a comparison, 
the scenario of prepact concrete will thus save 18,92 kg. In proportion to the bridge stock of 
pedestrian and bicycle bridges, the scenario of prepact concrete will save 8,8 tonne non-
renewable resources per year of RSL compared to the scenario of traditional concrete. 

5.5.4. Non-renewable material resources 
In the following section the non-renewable material resources will be evaluated. The 
calculations is based on the total non-renewable material resources, thus the data from 
Diagram 10 is used. 
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5.5.4.1. Prepact concrete compared to the traditional concrete 
types 

The following calculations represent a comparison of prepact concrete and both other concrete 
type. Traditional concrete and traditional concrete 5 % slag have approximately the same 
outcome in this case and thus only one calculation is performed.  

The bridge scenario of input data for traditional concrete 5 % slag consumes 14 366,88 kg 
non-renewable resources per year of RSL for one concept bridge length (326,52 kg per m 
concept bridge* 44 m = 14 366,88 kg). The scenario of prepact concrete uses 11 504,24 kg 
per year of RSL. The scenario of prepact concrete is thus using 2862,64 kg resources less than 
the scenario of traditional concrete. 

The resource use will now be set in proportion to the bridge stock of pedestrian and bicycle 
bridges. If the pedestrian and bicycle bridges in Sweden would use the scenario of traditional 
concrete containing 5 % slag, the resources used would be 6678 tonne (20 451 m * 326,52 kg 
= 6678 tonne) per year of RSL. If the scenario of prepact concrete instead would be used, 
5347 tonne of resources per year of RSL would be used. Thus by using the scenario of prepact 
concrete, 1330,5 tonne resources could be saved.  

5.5.5. Global warming potential  
In the following section the GWP will evaluated. Only one calculation will be performed due 
to the similar values for the traditional concrete, i.e. 44,113 for traditional concrete 5 % slag 
and 44,217 for traditional concrete. The value of 44 kg CO2 eq will be used. Thus is the 
values rounded to integers numbers. 

5.5.5.1. Prepact concrete compared to the traditional concrete 
types 

In the scenario of one composite bridge with traditional concrete, the GWP for one bridge 
length (44 m) is estimated to 1936 kg CO2 eq (= 44 m * 44 kg CO2 eq per m concept bridge). 
The prepact scenario is estimated to 1672 kg CO2 eq (= 44 m * 38 kg CO2 eq per m concept 
bridge). Thus by using the scenario of prepact concrete, savings of 264 kg CO2 eq can be 
made.  

264 kg CO2 eq is equal to one average car driving 1900 km [58]. 

The GWP will now be set in proportion to the bridge stock of pedestrian and bicycle bridges, 
i.e. total bridge stock length of 20 451 m.  

If the bridge stock of pedestrian and bicycle bridges would use traditional concrete, the GWP 
would be estimated to 902 tonnes of CO2 eq per year of RSL. If instead the scenario of 
prepact concrete were to be used, the GWP would be estimated to 768 tonnes of CO2 eq. Thus 
by using prepact concrete, savings of 134 tonnes of CO2 eq per year of RSL can be made.  

134 tonnes of CO2 eq is equal to one airplane flying 1300 km. 

 



 

 
88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
89 

 

6.1. Conclusions 
The result from the case study shows that the bridge scenario of prepact concrete requires 
fewer resources and has a lower environmental impact in the majority of the cases 
investigated. The bridge scenario of prepact concrete has less impact on the environment for 
the non-renewable primary energy resources, non-renewable energy resources, non-renewable 
material resources and the global warming potential (GWP). In use of renewable energy and 
material resources, the prepact scenario consumed the highest amount of resources. The 
higher resource consumption can mainly be derived from the use of more energy consumption 
for the electricity use in the manufacturing and constructing phase, see Appendix D.  

Table 19 presents all possible savings to easier visualize the more or less use of resources 
used by the bridge scenario of prepact concrete. The table shows two comparing scenarios, 
more or less use of resources by using prepact concrete compared to traditional concrete 5 % 
slag and traditional concrete. 

Table 19 shows more or less use of resources using prepact compared to traditional concrete 

TYPE OF 
RESOURCE 

MORE OR LESS 
RESOURCE USE 

COMPARED TO 
TRADITIONAL 5 

% SLAG 

COMPARED TO 
TRADITIONAL 

Renewable primary 
energy 

More  + 2 % + 1 % 

Renewable energy More  + 1 % + 1 % 

Non-renewable 
primary energy 

Less  - 0,3 % - 0,5 % 

Non-renewable 
energy 

Less  - 3,5 % - 3,6 % 

Renewable material More + 2 % + 1 % 

Non-renewable 
material 

Less  - 22 % - 22 % 

 

Comparing the three bridge scenarios of concrete material for the GWP, the scenario of 
prepact concrete had the smallest environmental impact compared to both other scenarios. 
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Prepact concrete produce 15 % less emissions of the GWP compared to the traditional 
concrete types.  

Shown in the study is also the less use of energy required for the transportation by using the 
scenario of prepact concrete, visualized by the less use of resources in module A4. This is due 
to the possibility to extract natural aggregate from a nearby environment. This is not only an 
advantage for prepact concrete on the transport distance but the concrete type also provides a 
solution to the new regulations set by the Swedish parliament that the use of natural aggregate 
needs to be reduced [60]. Using prepact concrete allows extraction of nearby resources thus 
not by extracting from the eskers that the parliament trying to reduce the environmental 
impact on (described in chapter 2.2.3 Prepact concrete).  

As mentioned in the introduction, the environment is a global problem. The issue reaches to 
all parts of the human involvement and reductions are a necessity. To reach the demand set by 
the EU to reduce the CO2 emissions and energy consumption by 80-90 % by the year of 2050, 
changes needs to be made. By using prepact concrete savings on the environmental impact 
can be made in the case of non-renewable material resources and the GWP. Smaller savings 
can be made in non-renewable primary energy resources and renewable energy resources, as 
presented in Table 19.  

6.1.1. Information modules A1-A5 
The biggest impact can be traced to the information modules A1-A3 i.e. the raw material and 
production. For the non-renewable energy and material resources and GWP, the main impact 
can be traced to this stage. Conclusions can be made that the most decisive stage lays in A1-
A3, hence the material have the largest influence on the outcome of a LCA where the 
production and raw material is the most essential stage.  

Module A4, transportation to construction site, have not shown any ruling impact for the 
LCA. However, as shown in the case study results, prepact requires the smallest amount of 
transport distance due to the possibility to extract aggregate from a nearby environment. This 
advantage may seem insignificant but in proportion to all bridges that are to be built large 
savings can be made using prepact concrete. 

Module A5, construction of the bridge, provides a relatively large impact on the assessment 
for renewable material resources and renewable energy resources. Prepact concrete have 
shown to consume the highest renewable resources, for both energy and material, thus does 
prepact dominate the stage of A5. Hence the conclusion that prepact requires more resources 
in the construction of the bridge.  

6.2. Further research  
For further research, it is recommended to perform a complete life cycle assessment (i.e. 
information modules A1-D) and life cycle costing (LCC) assessment on the use of prepact 
concrete in a composite bridge. Preferable, would a complete EPD document viewing all 
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aspect of the life cycle be implemented. This would provide a complete assessment of the 
bridge and its environmental impact.  

One particular aspect that shows indications of large savings by using prepact is the 
maintenance. The thesis “Opportunities and benefits of slab-frame bridges cast in modern 
prepact concrete and stainless steel reinforcement” by Niklas N. Bergström and Viktor Bodin 
show that significant savings can be made using prepact concrete in a slab-frame bridge. An 
assessment on a composite bridge would thus be of interest. As mentioned in chapter 2.1.5 
Bridge maintenance, the maintenance is characterized by high costs and resource 
consumption. It would be of large interest to view possible savings using prepact concrete 
thus the recommendation for further studies. The recommendation is based on the knowledge 
available but not utilized and at use would likely lead to more long-lasting and maintenance-
free bridges. In the current situation, the world consumes materials for three planets [63] thus 
it is important to investigate whether the primary building material we use today can have a 
long lifetime and hence reduce the material consumption. 

In summary, savings on the environmental impact can be made by using prepact concrete in 
NCC composite bridge. Reflections and musings to pass on to descendant’s stakeholders are if 
the environmental savings using prepact concrete such as less use of non-renewable resources 
and GWP and also the less use of eskers resources would outweigh the disadvantages. The 
issue of the slag content also needs to be addressed whether all above-mentioned advantages 
might contribute to a more positive outcome and outweigh the negative outcome using slag. 
The question is passed on to the Swedish Transport Administration. 
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Appendix overview and explanation  
A clarification to the appendixes is necessary to interpret the result. The following section 
present explanation to Appendix A-E. 

Appendix A 
The tables presented in this section are named Table A, where A is a shortening for Appendix 
to clarify that these represent tables only presented in Appendix. 

The EPD tables of 1 m concept bridge is presented for the building material scenarios of 
prepact concrete, traditional concrete 5 % slag and traditional concrete. 

Appendix B 
Assumptions made for the dissertation. 

Appendix C 
Supplementary tables to chapter 2.1.5 Bridge maintenance. 

Appendix D 
Additional information from GaBi 6.5 used in the interpretation of the result. 

Appendix E  
Appendix E presents the 11 impact categories assessed in GaBi 6.5. The impact categories 
have not been included in the LCA and is not presented in the results. However, the impact 
categories generated in GaBi 6.5 may be of assistance in further studies thus is presented in 
appendix. The 11 impact categories show the environmental impact in diagrams of 1 m 
composite bridge. The result is divided into subchapters in the following order: Aggregated 
result followed by the individual results for each concrete type, i.e.; prepact concrete, 
traditional concrete 5 % slag and traditional concrete. 
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 Appendix A – EPD tables  
Prepact concrete  
The following EPD document presents the environmental impact of 1 m of concept bridge performed in prepact concrete, per year of RSL. 
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ENVIRONMENTAL PERFORMANCE RELATED- INFORMATION 

 

Table A 1: Results of the LCA - Environmental impact of 1m of project bridge per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge 

Operation Maintenance Transport to EoL 
Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Global warming potential; 
GWP kg CO2 eq 36,8 0,576 0,192 0 8,32 0,148 0,0688 0,00234 46,1 -17,8 

Ozone depletion potential of 
stratospheric ozone layer; 
ODP 

kg CFC 11 
eq 

-7,74E-008 2,37E-012 8,5E-013 0 8,81E-011 6,09E-013 1,06E-012 3,74E-014 -7,73E-008 -1,44E-010 

Acidification potential of land 
and water; AP kg SO2 eq 0,199 0,00256 0,000952 0 0,0777 0,000653 8,81E-005 1,42E-005 0,281 -0,101 

Eutrophication potential; EP kg PO43- eq 0,0124 0,00065 0,000221 0 0,017 0,000166 1,61E-005 1,95E-006 0,0304 -0,00599 

Formation potential of 
tropospheric ozone 
photochemical oxidants; 
POCP 

kg ethylene 
eq 0,0144 -0,000859 4,72E-005 0 0,00997 -0,000218 1,08E-005 1,33E-006 0,0233 -0,00839 

Abiotic depletion potential 
for non fossil resources; 
ADPE 

kg Sb eq 0,00311 2,26E-008 5,04E-007 0 2,75E-006 5,81E-009 2,38E-008 8,69E-010 0,00312 -0,000257 

Abiotic depletion potential 
for fossil resources; ADPF 

MJ 329 7,94 1,76 0 115 2,04 0,998 0,0305 457 -189 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 2: Results of the LCA - Resource use of 1m of project bridge per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge Operation Maintenance Transport to EoL 

Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Non-renewable materials kg 261 0,0385 0,425 0 1,96 0,0099 0,0425 0,0209 264 -225 

Renewable materials kg 5,95E004 35,8 3,28E004 0 1,41E003 9,21 0,0425 1,57 9,5E004 -7,37E003 

Renewable primary energy as 
energy carrier; PERE 

MJ 51,1 - - - - - - - 51,1 - 

Renewable primary energy 
resources as material 
utilization; PERM 

MJ 0 - - - - - - - 0 - 

Total use of renewable 
primary energy resources; 
PERT 

MJ 51,1 0,445 18,7 0 7,18 0,114 0,905 0,00313 78,5 -9,4 

Non renewable primary 
energy as energy carrier; 
PENRE 

MJ 382 - - - - - - - 382 - 

Non renewable primary 
energy as material utilization; 
PENRM 

MJ 0 - - - - - - - 0 - 

Total use of non renewable 
primary energy resources; 
PENRT 

MJ 382 7,97 1,83 0 117 2,05 2,15 0,0318 513 -189 

Use of secondary material; 
SM kg 4,3 0 0 0 0 0 0 0 4,3 0 

Use of renewable secondary 
fuels; RSF MJ 0 0 0 0 0 0 0 0 0 0 

Use of non renewable 
secondary fuels; NRSF MJ 0 0 0 0 0 0 0 0 0 0 

Use of net fresh water; FW m3 0,269 0,000781 0,0427 0 0,0745 0,000201 0,00196 6,02E-006 0,389 -0,0539 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 3: Results of the LCA - Output flows and waste categories of 1m of project bridge per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total 
Other environmental 
information 

Product stage Transportation Construction 
stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/producti
on 

Transport to 
construction site 

Construction of 
the bridge 

Operation Maintenance Transport to EoL 

Waste processing 
for reuse, 
recovery or 
recycling 

Disposal Reuse, recovery or recycling 
potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, 
B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Hazardous waste 
disposed; HWD kg 0,002 3,78E-006 6,87E-006 0 5,55E-005 9,72E-007 1,38E-006 9,87E-009 0,00207 -8,91E-006 

Non hazardous waste 
disposed; NHWD kg 6,95 0,00113 0,446 0 2,51 0,000292 0,00179 0,145 10,1 -9,06 

Radioactive waste 
disposed; RWD kg 0,0222 1,09E-005 2,87E-005 0 0,000611 2,8E-006 0,00048 5,06E-007 0,0233 0,000198 

Components for re-use; 
CRU kg - - 0 0 0 0 0 0 0 - 

Materials for recycling; 
MFR kg - - 4,16 0 23 0 84,1 0 111 6,55  

Materials for energy 
recovery; MER kg - - 0 0 0 0 0 0 0 - 

Exported electrical 
energy; EEE MJ - - 0 0 0 0 0 0 0 - 

Exported thermal energy; 
EET 

MJ - - 0 0 0 0 0 0 0 - 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 4: Results of the LCA - Renewable energy resources [MJ] of 1m of project bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Primary energy from geothermics 0,11 0,00 0,00 0,01 0,00 0,00 0,00 -3,21 

Primary energy from hydro power 28,63 0,01 16,75 0,38 0,00 0,62 0,00 -6,93 

Primary energy from solar energy 17,36 0,43 0,10 6,49 0,11 0,17 0,00 0,27 

Primary energy from waves 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Primary energy from wind power 4,73 0,00 1,87 0,30 0,00 0,12 0,00 0,48 

 

Table A 5: Results of the LCA - Non-renewable energy resources [kg] of 1m of project bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Crude oil (resource) 2,34 0,17 0,04 2,44 0,04 0,00 0,00 -0,97 

Hard coal (resource) 5,82 0,00 0,00 0,04 0,00 0,00 0,00 -5,82 

Lignite (resource) 1,52 0,00 0,00 0,07 0,00 0,00 0,00 0,23 

Natural gas (resource) 1,33 0,01 0,00 0,23 0,00 0,02 0,00 -0,02 

Peat (resource) 0,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Uranium (resource) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

 

 

 

 

 

 

 

 



 105 

 

Table A 6: Results of the LCA - Renewable material resources [kg] of 1m of project bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Water 59 402,50 35,70 32 805,55 1 399,99 9,18 1 216,51 1,53 -7 323,56 

Air 122,66 0,09 0,20 8,89 0,02 0,61 0,04 -41,64 

Carbon dioxide 1,72 0,03 0,01 0,51 0,01 0,02 0,00 -0,04 

Nitrogen 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Oxygen -0,05 0,00 0,00 0,00 0,00 0,00 0,00 -0,01 

Primary forest 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Renewable fuels 0,02        

 

Table A 7: Results of the LCA - Non-renewable material resources [kg] of 1m of project bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Barium sulphate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Basalt 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Bauxite 0,13 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Bentonite 0,04 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Calcium chloride 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Chalk (Calciumcarbonate) 0,00        

Chromium ore (39%) 0,00        

Clay 0,67 0,00 0,02 0,10 0,00 0,00 0,01 -0,36 

Colemanite ore 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Copper - Gold - Ore (1,07% Cu; 0,54 g/t Au) 0,00        

Copper - Gold - Silver - ore (0,51% Cu; 0,6 g/t Au; 1,5 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,0% Cu; 0,4 g/t Au; 66 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,1% Cu; 0,01 g/t Au; 2,86 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,13% Cu; 1,05 g/t Au; 3,72 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,16% Cu; 0,002 g/t Au; 1,06 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,7% Cu; 0,7 g/t Au; 3,5 g/t Ag) 0,00        

Copper - Molybdenum - Gold - Silver - ore  (1,13% Cu; 0,02% Mo; 0,01 g/t Au; 2,86 g/t Ag) 0,00        

Copper - Silver - ore (3,3% Cu; 5,5 g/t Ag) 0,00        

Copper ore (0.14%) 0,00        

Copper ore (1.2%) 0,00        

Copper ore (4%) 0,00        

Copper ore (sulphidic, 1.1%) 0,00        

Cromite ore mined 7,06        

Dolomite 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,05 

Feldspar (aluminium silicates) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Ferro manganese 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Fluorspar (calcium fluoride; fluorite) 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Granite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Graphite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Gypsum (natural gypsum) 0,35 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Heavy spar (BaSO4) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Ilmenite (titanium ore) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Inert rock 160,05 0,03 0,06 1,34 0,01 0,03 0,00 -90,94 

Iron ore (56,86%) 4,78        

Iron ore (65%) 0,00        

Kaolin ore 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Lead - Zinc - Silver - ore (5,49% Pb; 12,15% Zn; 57,4 gpt Ag) 0,01        

Lead - zinc ore (4.6%-0.6%) 0,01        

Limestone (calcium carbonate) 67,62 0,00 0,01 0,05 0,00 0,00 0,00 -5,73 

Magnesit (Magnesium carbonate) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Magnesium chloride leach (40%) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Manganese ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Manganese ore (R.O.M.) 0,03        

Molybdenite (Mo 0,24%) 0,00        

Natural Aggregate -0,05 0,00 0,15 0,10 0,00 0,01 0,01 -
106,41 

Nickel ore (1,5%) 0,00        

Nickel ore (1.6%) 0,00        

Olivine 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Phosphate ore 0,00        

Phosphorus minerals 0,00        

Phosphorus ore (29% P2O5) 0,00        

Potashsalt, crude (hard salt, 10% K2O) 0,03 0,01 0,00 0,09 0,00 0,00 0,00 0,00 
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Potassium chloride 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Precious metal ore (R.O.M) 0,00        

Pyrite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Quartz sand (silica sand; silicon dioxide) 5,50 0,00 0,01 0,07 0,00 0,00 0,00 -0,49 

Raw pumice 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Rutile (titanium ore) 0,00        

Sand 0,00        

Slate 0,00        

Sodium chloride (rock salt) 0,12 0,00 0,00 0,15 0,00 0,00 0,00 0,00 

Sodium nitrate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Sodium sulphate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Soil 14,45 0,00 0,17 0,05 0,00 0,01 0,00 -20,89 

Stone from mountains 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 

Sulphur (bonded) 0,00        

Talc 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Tin ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Titanium ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Vanadium ore (ROM) 0,05        

Zinc - copper ore (4.07%-2.59%) 0,01        

Zinc - lead - copper ore (12%-3%-2%) 0,00        

Zinc - Lead - Silver - Ore (7,5% Zn; 4,0% Pb; 40,8 g/t Ag) 0,04        

Zinc - Lead - Silver - ore (8,54% Zn; 5,48% Pb; 94 g/t Ag) 0,00        
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Zinc - lead ore (4.21%-4.96%) 0,00        

Zinc ore (sulphidic, 4%) 0,00        

 

 

Table A 8: Composition of the bridge (%mass) 

Material Mass [%] 

Concrete 89,6 

Carbon steel 0 

Stainless steel 7,21 

Reinforcement steel 3,19 

Steel racks 0 

Steel sheets 0 

Soil 0 

Crushed stones 0 

Gravel 0 

Asphalt 0 
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Traditional concrete 5 % slag 
The following EPD document presents the environmental impact of 1 m of concept bridge performed in traditional concrete containing 5 % 
slag, per year of RSL. 
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ENVIRONMENTAL PERFORMANCE RELATED- INFORMATION 

 

Table A 1: Results of the LCA - Environmental impact of 1m of concept bride per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental 
information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge 

Operation Maintenance Transport to EoL 
Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or 
recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Global warming potential; 
GWP kg CO2 eq 43,2 0,677 0,236 0 8,32 0,145 0,0651 0,00234 52,7 -17,8 

Ozone depletion potential of 
stratospheric ozone layer; 
ODP 

kg CFC 11 
eq 

-7,74E-008 2,79E-012 1,15E-012 0 8,81E-011 5,94E-013 1,01E-012 3,74E-014 -7,73E-008 -1,46E-010 

Acidification potential of land 
and water; AP kg SO2 eq 0,203 0,00302 0,00116 0 0,0777 0,000637 8,35E-005 1,42E-005 0,285 -0,101 

Eutrophication potential; EP kg PO43- eq 0,0116 0,000764 0,000268 0 0,017 0,000162 1,53E-005 1,95E-006 0,0298 -0,006 

Formation potential of 
tropospheric ozone 
photochemical oxidants; 
POCP 

kg ethylene 
eq 0,0184 -0,00101 -1,37E-006 0 0,00997 -0,000212 1,02E-005 1,33E-006 0,0271 -0,00838 

Abiotic depletion potential 
for non fossil resources; 
ADPE 

kg Sb eq 0,00312 2,66E-008 4,93E-007 0 2,75E-006 5,67E-009 2,25E-008 8,69E-010 0,00313 -0,000257 

Abiotic depletion potential 
for fossil resources; ADPF 

MJ 328 9,34 2,4 0 115 1,99 0,946 0,0305 458 -190 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 2: Results of the LCA - Resource use of 1m of concept bride per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge Operation Maintenance Transport to EoL 

Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Non-renewable materials kg 326 0,0453 0,479 0 1,96 0,00966 0,0402 0,0209 329 -225 

Renewable materials kg 5,88E004 42,1 3,18E004 0 1,41E003 8,99 0,0402 1,57 9,32E004 -7,46E003 

Renewable primary energy as 
energy carrier; PERE 

MJ 50,3 - - - - - - - 50,3 - 

Renewable primary energy 
resources as material 
utilization; PERM 

MJ 0 - - - - - - - 0 - 

Total use of renewable 
primary energy resources; 
PERT 

MJ 50,3 0,523 18,2 0 7,18 0,112 0,858 0,00313 77,2 -9,57 

Non renewable primary 
energy as energy carrier; 
PENRE 

MJ 381 - - - - - - - 381 - 

Non renewable primary 
energy as material utilization; 
PENRM 

MJ 0 - - - - - - - 0 - 

Total use of non renewable 
primary energy resources; 
PENRT 

MJ 381 9,37 2,53 0 117 2 2,04 0,0318 514 -190 

Use of secondary material; 
SM kg 4,3 0 0 0 0 0 0 0 4,3 0 

Use of renewable secondary 
fuels; RSF MJ 0 0 0 0 0 0 0 0 0 0 

Use of non renewable 
secondary fuels; NRSF MJ 0 0 0 0 0 0 0 0 0 0 

Use of net fresh water; FW m3 0,263 0,000918 0,0415 0 0,0745 0,000196 0,00186 6,02E-006 0,382 -0,0579 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 3: Results of the LCA - Output flows and waste categories of 1m of concept bride per year of RSL  

RESULTS OF THE LCA 

 

Upstream module Core module Downstream module Total Other environmental 
information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge Operation Maintenance Transport to EoL 

Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or 
recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Hazardous waste disposed; 
HWD kg 0,0021 4,44E-006 7E-006 0 5,55E-005 9,48E-007 1,31E-006 9,87E-009 0,00217 -9,61E-006 

Non hazardous waste 
disposed; NHWD 

kg 8,69 0,00133 0,875 0 2,51 0,000285 0,0017 0,145 12,2 -8,88 

Radioactive waste disposed; 
RWD 

kg 0,0221 1,28E-005 5,35E-005 0 0,000611 2,73E-006 0,000455 5,06E-007 0,0233 0,000143 

Components for re-use; CRU kg - - 0 0 0 0 0 0 0 - 

Materials for recycling; MFR kg - - 8,01 0 23 0 79,8 0 111 6,55  

Materials for energy 
recovery; MER 

kg - - 0 0 0 0 0 0 0 - 

Exported electrical energy; 
EEE 

MJ - - 0 0 0 0 0 0 0 - 

Exported thermal energy; 
EET 

MJ - - 0 0 0 0 0 0 0 - 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 4: Results of the LCA - Renewable energy resources [MJ] of 1m of concept bride per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Primary energy from geothermics 0,11 0,00 0,00 0,01 0,00 0,00 0,00 -3,21 

Primary energy from hydro power 28,04 0,01 16,23 0,38 0,00 0,58 0,00 -6,95 

Primary energy from solar energy 16,86 0,51 0,15 6,49 0,11 0,16 0,00 0,17 

Primary energy from waves 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Primary energy from wind power 5,01 0,01 1,81 0,30 0,00 0,12 0,00 0,42 

 

Table A 5: Results of the LCA - Non-renewable energy resources [kg] of 1m of concept bride per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Crude oil (resource) 1,95 0,20 0,05 2,44 0,04 0,00 0,00 -0,97 

Hard coal (resource) 6,00 0,00 0,00 0,04 0,00 0,00 0,00 -5,83 

Lignite (resource) 1,95 0,00 0,00 0,07 0,00 0,00 0,00 0,22 

Natural gas (resource) 1,47 0,02 0,01 0,23 0,00 0,02 0,00 -0,03 

Peat (resource) 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Uranium (resource) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Table A 6: Results of the LCA - Renewable material resources [kg] of 1m of concept bride per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Water 58 698,25 41,97 31 791,09 1 399,99 8,96 1 152,49 1,53 -7 421,91 

Air 89,89 0,11 0,36 8,89 0,02 0,58 0,04 -41,86 

Carbon dioxide 1,67 0,04 0,01 0,51 0,01 0,02 0,00 -0,05 

Nitrogen 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Oxygen -0,05 0,00 0,00 0,00 0,00 0,00 0,00 -0,01 

Primary forest 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Renewable fuels 0,02        

 

Table A 7: Results of the LCA - Non-renewable material resources [kg] of 1m of concept bride per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Barium sulphate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Basalt 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Bauxite 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Bentonite 0,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Calcium chloride 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Chalk (Calciumcarbonate) 0,00        

Chromium ore (39%) 0,00        

Clay 1,20 0,00 0,04 0,10 0,00 0,00 0,01 -0,35 

Colemanite ore 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Copper - Gold - Ore (1,07% Cu; 0,54 g/t Au) 0,00        
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Copper - Gold - Silver - ore (0,51% Cu; 0,6 g/t Au; 1,5 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,0% Cu; 0,4 g/t Au; 66 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,1% Cu; 0,01 g/t Au; 2,86 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,13% Cu; 1,05 g/t Au; 3,72 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,16% Cu; 0,002 g/t Au; 1,06 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,7% Cu; 0,7 g/t Au; 3,5 g/t Ag) 0,00        

Copper - Molybdenum - Gold - Silver - ore  (1,13% Cu; 0,02% Mo; 0,01 g/t Au; 2,86 g/t Ag) 0,00        

Copper - Silver - ore (3,3% Cu; 5,5 g/t Ag) 0,00        

Copper ore (0.14%) 0,00        

Copper ore (1.2%) 0,00        

Copper ore (4%) 0,00        

Copper ore (sulphidic, 1.1%) 0,00        

Cromite ore mined 7,06        

Dolomite 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,05 

Feldspar (aluminium silicates) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Ferro manganese 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Fluorspar (calcium fluoride; fluorite) 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Granite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Graphite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Gypsum (natural gypsum) 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Heavy spar (BaSO4) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Ilmenite (titanium ore) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Inert rock 167,09 0,03 0,07 1,34 0,01 0,03 0,00 -91,19 

Iron ore (56,86%) 4,78        

Iron ore (65%) 0,00        

Kaolin ore 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Lead - Zinc - Silver - ore (5,49% Pb; 12,15% Zn; 57,4 gpt Ag) 0,01        

Lead - zinc ore (4.6%-0.6%) 0,01        

Limestone (calcium carbonate) 77,28 0,00 0,01 0,05 0,00 0,00 0,00 -10,06 

Magnesit (Magnesium carbonate) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Magnesium chloride leach (40%) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Manganese ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Manganese ore (R.O.M.) 0,03        

Molybdenite (Mo 0,24%) 0,00        

Natural Aggregate 45,13 0,00 0,16 0,10 0,00 0,00 0,01 -
101,95 

Nickel ore (1,5%) 0,00        

Nickel ore (1.6%) 0,00        

Olivine 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Phosphate ore 0,00        

Phosphorus minerals 0,00        

Phosphorus ore (29% P2O5) 0,00        

Potashsalt, crude (hard salt, 10% K2O) 0,03 0,01 0,00 0,09 0,00 0,00 0,00 0,00 

Potassium chloride 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Precious metal ore (R.O.M) 0,00        

Pyrite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Quartz sand (silica sand; silicon dioxide) 0,86 0,00 0,03 0,07 0,00 0,00 0,00 -0,49 

Raw pumice 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Rutile (titanium ore) 0,00        

Sand 0,00        

Slate 0,00        

Sodium chloride (rock salt) 0,12 0,00 0,00 0,15 0,00 0,00 0,00 0,00 

Sodium nitrate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Sodium sulphate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Soil 21,23 0,00 0,17 0,05 0,00 0,01 0,00 -21,05 

Stone from mountains 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 

Sulphur (bonded) 0,00        

Talc 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Tin ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Titanium ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Vanadium ore (ROM) 0,05        

Zinc - copper ore (4.07%-2.59%) 0,01        

Zinc - lead - copper ore (12%-3%-2%) 0,00        

Zinc - Lead - Silver - Ore (7,5% Zn; 4,0% Pb; 40,8 g/t Ag) 0,04        

Zinc - Lead - Silver - ore (8,54% Zn; 5,48% Pb; 94 g/t Ag) 0,00        

Zinc - lead ore (4.21%-4.96%) 0,00        
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Zinc ore (sulphidic, 4%) 0,00        

 

 

Table A 8: Composition of the bridge (%mass) 

Material Mass [%] 

Concrete 89,1 

Carbon steel 0 

Stainless steel 7,57 

Reinforcement steel 3,35 

Steel racks 0 

Steel sheets 0 

Soil 0 

Crushed stones 0 

Gravel 0 

Asphalt 0 
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Traditional concrete  
The following EPD document presents the environmental impact of 1 m of concept bridge performed in traditional concrete, per year of RSL.  
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ENVIRONMENTAL PERFORMANCE RELATED- INFORMATION 

 

Table A 1: Results of the LCA - Environmental impact of 1m of concept bridge per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental 
information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge 

Operation Maintenance Transport to EoL 
Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or 
recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Global warming potential; 
GWP kg CO2 eq 43,3 0,677 0,236 0 8,32 0,145 0,0651 0,00234 52,7 -17,8 

Ozone depletion potential of 
stratospheric ozone layer; 
ODP 

kg CFC 11 
eq 

-7,74E-008 2,79E-012 1,15E-012 0 8,81E-011 5,94E-013 1,01E-012 3,74E-014 -7,73E-008 -1,46E-010 

Acidification potential of land 
and water; AP kg SO2 eq 0,203 0,00302 0,00116 0 0,0777 0,000637 8,35E-005 1,42E-005 0,286 -0,101 

Eutrophication potential; EP kg PO43- eq 0,0117 0,000764 0,000268 0 0,017 0,000162 1,53E-005 1,95E-006 0,0299 -0,006 

Formation potential of 
tropospheric ozone 
photochemical oxidants; 
POCP 

kg ethylene 
eq 0,0186 -0,00101 -1,37E-006 0 0,00997 -0,000212 1,02E-005 1,33E-006 0,0274 -0,00838 

Abiotic depletion potential 
for non fossil resources; 
ADPE 

kg Sb eq 0,00312 2,66E-008 4,93E-007 0 2,75E-006 5,67E-009 2,25E-008 8,69E-010 0,00313 -0,000257 

Abiotic depletion potential 
for fossil resources; ADPF 

MJ 328 9,34 2,4 0 115 1,99 0,946 0,0305 458 -190 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 2: Results of the LCA - Resource use of 1m of concept bridge per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental 
information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge Operation Maintenance Transport to EoL 

Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or 
recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Non-renewable materials kg 326 0,0453 0,479 0 1,96 0,00966 0,0402 0,0209 329 -225 

Renewable materials kg 5,92E004 42,1 3,18E004 0 1,41E003 8,99 0,0402 1,57 9,36E004 -7,46E003 

Renewable primary energy as 
energy carrier; PERE 

MJ 50,7 - - - - - - - 50,7 - 

Renewable primary energy 
resources as material 
utilization; PERM 

MJ 0 - - - - - - - 0 - 

Total use of renewable 
primary energy resources; 
PERT 

MJ 50,7 0,523 18,2 0 7,18 0,112 0,858 0,00313 77,5 -9,57 

Non renewable primary 
energy as energy carrier; 
PENRE 

MJ 382 - - - - - - - 382 - 

Non renewable primary 
energy as material utilization; 
PENRM 

MJ 0 - - - - - - - 0 - 

Total use of non renewable 
primary energy resources; 
PENRT 

MJ 382 9,37 2,53 0 117 2 2,04 0,0318 514 -190 

Use of secondary material; 
SM kg 4,3 0 0 0 0 0 0 0 4,3 0 

Use of renewable secondary 
fuels; RSF MJ 0 0 0 0 0 0 0 0 0 0 

Use of non renewable 
secondary fuels; NRSF MJ 0 0 0 0 0 0 0 0 0 0 

Use of net fresh water; FW m3 0,263 0,000918 0,0415 0 0,0745 0,000196 0,00186 6,02E-006 0,382 -0,0579 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 3: Results of the LCA - Output flows and waste categories of 1m of concept bridge per year of RSL  

RESULTS OF THE LCA 

Upstream module Core module Downstream module Total Other environmental 
information 

Product stage Transportation Construction stage Use stage End of life stage 

 

BLBSB* 

Raw 
materials/production 

Transport to 
construction site 

Construction of the 
bridge 

Operation Maintenance Transport to EoL 
Waste processing for 
reuse, recovery or 
recycling 

Disposal Reuse, recovery or 
recycling potential 

Parameter Unit Module A1-A3 Module A4 Module A5 Module B1, B6, B7 Module B2-B5 Module C2 Module C3 Module C4 Module A-C Module D 

RESOURCE USE 

 

Hazardous waste disposed; 
HWD kg 0,0021 4,45E-006 7E-006 0 5,55E-005 9,48E-007 1,31E-006 9,87E-009 0,00217 -9,61E-006 

Non hazardous waste 
disposed; NHWD kg 8,69 0,00133 0,875 0 2,51 0,000285 0,0017 0,145 12,2 -8,88 

Radioactive waste disposed; 
RWD kg 0,0223 1,28E-005 5,35E-005 0 0,000611 2,73E-006 0,000455 5,06E-007 0,0234 0,000143 

Components for re-use; CRU kg - - 0 0 0 0 0 0 0 - 

Materials for recycling; MFR kg - - 8,01 0 23 0 79,8 0 111 6,55  

Materials for energy 
recovery; MER kg - - 0 0 0 0 0 0 0 - 

Exported electrical energy; 
EEE MJ - - 0 0 0 0 0 0 0 - 

Exported thermal energy; 
EET MJ - - 0 0 0 0 0 0 0 - 

*BLBSB: Benefits and Loads Beyond the System Boundaries 
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Table A 4: Results of the LCA - Renewable energy resources [MJ] of 1m of concept bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Primary energy from geothermics 0,11 0,00 0,00 0,01 0,00 0,00 0,00 -3,21 

Primary energy from hydro power 28,23 0,01 16,23 0,38 0,00 0,58 0,00 -6,95 

Primary energy from solar energy 16,94 0,51 0,15 6,49 0,11 0,16 0,00 0,17 

Primary energy from waves 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Primary energy from wind power 5,05 0,01 1,81 0,30 0,00 0,12 0,00 0,42 

 

Table A 5: Results of the LCA - Non-renewable energy resources [kg] of 1m of concept bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Crude oil (resource) 1,96 0,20 0,05 2,44 0,04 0,00 0,00 -0,97 

Hard coal (resource) 6,00 0,00 0,00 0,04 0,00 0,00 0,00 -5,83 

Lignite (resource) 1,95 0,00 0,00 0,07 0,00 0,00 0,00 0,22 

Natural gas (resource) 1,47 0,02 0,01 0,23 0,00 0,02 0,00 -0,03 

Peat (resource) 0,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Uranium (resource) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Table A 6: Results of the LCA - Renewable material resources [kg] of 1m of concept bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Water 59 086,39 41,97 31 791,09 1 399,99 8,96 1 152,49 1,53 -7 421,91 

Air 89,99 0,11 0,36 8,89 0,02 0,58 0,04 -41,86 

Carbon dioxide 1,68 0,04 0,01 0,51 0,01 0,02 0,00 -0,05 

Nitrogen 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Oxygen -0,05 0,00 0,00 0,00 0,00 0,00 0,00 -0,01 

Primary forest 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Renewable fuels 0,02        

 

Table A 7: Results of the LCA - Non-renewable material resources [kg] of 1m of concept bridge per year of RSL  

 A1-A3 A4 A5 B2 C2 C3 C4 D 

Barium sulphate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Basalt 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Bauxite 0,17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Bentonite 0,05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Calcium chloride 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Chalk (Calciumcarbonate) 0,00        

Chromium ore (39%) 0,00        

Clay 1,20 0,00 0,04 0,10 0,00 0,00 0,01 -0,35 

Colemanite ore 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Copper - Gold - Ore (1,07% Cu; 0,54 g/t Au) 0,00        

Copper - Gold - Silver - ore (0,51% Cu; 0,6 g/t Au; 1,5 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,0% Cu; 0,4 g/t Au; 66 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,1% Cu; 0,01 g/t Au; 2,86 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,13% Cu; 1,05 g/t Au; 3,72 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,16% Cu; 0,002 g/t Au; 1,06 g/t Ag) 0,00        

Copper - Gold - Silver - ore (1,7% Cu; 0,7 g/t Au; 3,5 g/t Ag) 0,00        

Copper - Molybdenum - Gold - Silver - ore  (1,13% Cu; 0,02% Mo; 0,01 g/t Au; 2,86 g/t Ag) 0,00        

Copper - Silver - ore (3,3% Cu; 5,5 g/t Ag) 0,00        

Copper ore (0.14%) 0,00        

Copper ore (1.2%) 0,00        

Copper ore (4%) 0,00        

Copper ore (sulphidic, 1.1%) 0,00        

Cromite ore mined 7,06        

Dolomite 0,34 0,00 0,00 0,00 0,00 0,00 0,00 0,05 

Feldspar (aluminium silicates) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Ferro manganese 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Fluorspar (calcium fluoride; fluorite) 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Granite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Graphite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Gypsum (natural gypsum) 0,70 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Heavy spar (BaSO4) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
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Ilmenite (titanium ore) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Inert rock 167,12 0,03 0,07 1,34 0,01 0,03 0,00 -91,19 

Iron ore (56,86%) 4,78        

Iron ore (65%) 0,00        

Kaolin ore 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Lead - Zinc - Silver - ore (5,49% Pb; 12,15% Zn; 57,4 gpt Ag) 0,01        

Lead - zinc ore (4.6%-0.6%) 0,01        

Limestone (calcium carbonate) 77,34 0,00 0,01 0,05 0,00 0,00 0,00 -10,06 

Magnesit (Magnesium carbonate) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Magnesium chloride leach (40%) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Manganese ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Manganese ore (R.O.M.) 0,03        

Molybdenite (Mo 0,24%) 0,00        

Natural Aggregate 45,17 0,00 0,16 0,10 0,00 0,00 0,01 -
101,95 

Nickel ore (1,5%) 0,00        

Nickel ore (1.6%) 0,00        

Olivine 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Phosphate ore 0,00        

Phosphorus minerals 0,00        

Phosphorus ore (29% P2O5) 0,00        

Potashsalt, crude (hard salt, 10% K2O) 0,03 0,01 0,00 0,09 0,00 0,00 0,00 0,00 
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Potassium chloride 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Precious metal ore (R.O.M) 0,00        

Pyrite 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Quartz sand (silica sand; silicon dioxide) 0,86 0,00 0,03 0,07 0,00 0,00 0,00 -0,49 

Raw pumice 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Rutile (titanium ore) 0,00        

Sand 0,00        

Slate 0,00        

Sodium chloride (rock salt) 0,12 0,00 0,00 0,15 0,00 0,00 0,00 0,00 

Sodium nitrate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Sodium sulphate 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Soil 21,25 0,00 0,17 0,05 0,00 0,01 0,00 -21,05 

Stone from mountains 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 

Sulphur (bonded) 0,00        

Talc 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Tin ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Titanium ore 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Vanadium ore (ROM) 0,05        

Zinc - copper ore (4.07%-2.59%) 0,01        

Zinc - lead - copper ore (12%-3%-2%) 0,00        

Zinc - Lead - Silver - Ore (7,5% Zn; 4,0% Pb; 40,8 g/t Ag) 0,04        

Zinc - Lead - Silver - ore (8,54% Zn; 5,48% Pb; 94 g/t Ag) 0,00        
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Zinc - lead ore (4.21%-4.96%) 0,00        

Zinc ore (sulphidic, 4%) 0,00        

 

 

Table A 8: Composition of the bridge (%mass) 

Material Mass [%] 

Concrete 89,1 

Carbon steel 0 

Stainless steel 7,57 

Reinforcement steel 3,35 

Steel racks 0 

Steel sheets 0 

Soil 0 

Crushed stones 0 

Gravel 0 

Asphalt 0 
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Appendix B – Assumptions  
In the modelling and implementation of the LCA, assumptions were made for the input data, 
i.e. the information modules. The assumptions where based on expertise in the area, [55], 
[56], [57]. The assumptions made are presented for each module for traditional concrete, 
traditional concrete containing 5% slag and prepact concrete as follows in next section.  

Modules A1-B7 is presented separately and in section Assumptions and approximations for 
modules A1-D. The assumptions for modules C1-D is not presented separately but only in a 
continues text piece in section Assumptions and approximations for modules A1-D.  

Assumptions for traditional concrete and traditional concrete 5 % 
slag 

A1 to A3: The wear layer is estimated to 100 mm. 

A3: Heating of hot water: 1.8 litres diesel / m3 of concrete [55] 

A3: Electricity consumption in the manufacturing process: 170 kWh / h, mix 4 mins -> 4/60 * 
170 = 11 kWh for 4 m3 of concrete -> 3 kWh / m3 of concrete 

A2: The transport of ballast to the factory: 50 km 

A4: Average transport from manufacture to construction site: 25 km 

Table B 1 Transport distances of basic material, production residues and the product 

Material Truck transport 
[km] 

Rail transport 
[km] 

Transport to construction site (module A4) 

Steel girders 1482 - 

Steel racks 709 - 

Steel sheets 61 1252 

Concrete 6,9 - 

Reinforcement steel 259 - 

Asphalt 7,7 - 

Gravel 7,7 - 

Membrane 280 - 

 
A5: Vibration, 1.6 kW for 20 min per m3 -> 1.6 * 0.33 = 0.53 kWh / m3 

A5: Wooden molds used for casting is considered negligible 
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A5: Spill, generic value of 10% 

A5: Water-mist during a day, minimum consumption of electricity and water are considered  
negligible [55], [57] 

B1: No emissions are assumed to occur from the concrete during usage. 

B2: Grinding are assumed to be 10-15 mm every 20 years of wear layer at 10,000 ADT  

B3: Reparation of damage in the concrete (1 m2 if 70 mm deep): Every tenth year (7 times 
during RSL) 

B4: Exchange of the edge beam: Every 35 years (2 times during RSL) 

B5: - 

B6: Energy use during operation using Diesel: 270 litres of diesel consumed per m³ of 
replaced concrete 

Energy use during operation using Electricity: 0,8 kWh electricity consumed per m³ of 
replaced concrete 

B7: The amount of water used during operation: 6150 litres of water consumed per m³ of 
replaced concrete 

Assumptions and approximations for modules A1-D 
The following section is based on the report of the assumptions made for the project of the 
bicycle and pedestrian bridge 15-1787-1 over Viskan in project Road 27. Thus does this 
section present the assumptions made for project V27, however, as mentioned earlier, the 
modelling is based on project V27 and thus is the majority of the input data the same except 
for the data used to suit the conditions of the thesis. 

Important to notify is that this section only presents the most relevant parts used for the 
dissertation. At interest to view more aspects or particular data from the report, contact 
Kristine Ek at NCC Teknik och Hållbar Utveckling. 

For the project bridge EPD, different assumptions and/or approximations have been applied.  
- The following assumptions are made for the life cycle phases A1-A3: 

o For some concrete bridges a material called “coarse filler” is used. It is actually 
made of concrete, which sometimes has not the same density as the main concrete 
used. However, NCCs affirms that the quantity used is very low. For this reason, it 
is assumed that these coarse fillers are made out of the same concrete as the main 
part.  

o For the pilot only timber formworks are used (some comes together with triangles 
strips, which are pine wood parts). The formworks are partly incinerated and partly 
re-used. NCC confirms that 80% of the formworks are sent to an incineration plant 
and 20% are re-used in other projects. The same assumption is made for the 
formwork oil and the form plywood parts. The formworks materials are not part of 
the project bridge EPD, only important for the eco design tool. 
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o The environmental burden of formwork oil is displayed with a life cycle inventory 
for (average) lubricant oil. However this oil is not included in the EPDs. 

o The filling material is rubble stone, gravel 0/150 and gravel 0/32.  

o For the project bridge EPD it is considered that 100% of the excavated soil is not 
used for the construction of the bridge. The total amount is taken to a landfill.  

o For the project bridge, the steel girders are coated in a factory before reaching the 
construction site. It is assumed that 5% of the total coat amount is released as 
NMVOCs directly to the atmosphere, although the factory claim to collect all 
VOC emissions in filters. This is a worst case scenario assumption. 

- The following assumptions are made for the life cycle phase A4: 

o A general transport dataset (containing “Truck-trailer  28t, Euro 4; 12,4t payload“,  
“Truck-trailer  34t, Euro 4; 27t payload“, “Rail transport cargo PE; 
diesel/electricity, 61t payload” and “Container ship PE; heavy fuel oil, 27,5 
DWT”) has been used in the pilot as assumption for the project bridge EPD. The 
different options included for the user of the eco-design tool are the following: 
small truck, medium truck, big truck, container ship and rail transport.  

- The following assumptions are made for the life cycle phase A5: 

o For the project bridge EPD, the production waste of asphalt is set to 0%, according 
to NCCs expertise. For the project bridge EPD, the production waste of steel was 
0% since all steel parts and girders came in ready-made pieces. The production 
waste of concrete was calculated to 2,7% for the project bridge EPD, which is 
based on the actual volumes used in the production. 

o The exact required amounts of extra materials are purchased and hence no waste is 
produced from these materials during the construction phase. 

o For the project bridge, a crane lorry, two mobile cranes, other vehicles and 
machines, and concrete pumps consume diesel. The working hours are known and 
the total diesel consumption has been calculated from information on diesel 
consumption per hour from the vehicle leasing companies and the site manager. 

o In order to fulfil the requirements of the main client, propane gas and biodiesel are 
also added in the model, as they can be used in the Eco-design tool. These 
materials are not used for the generation of the concept or the project bridge EPD.   

o NCC only collects information on the CO2 emissions from the use of machinery. 
These emissions will not be included in the calculation as thinkstep uses generic 
datasets for transportation and machinery. No other emissions appear or are 
measured during the construction of the bridge. 

o The land use for the project bridge is estimated to 500 m2 (the area under the two 
embankments; approx 8 x 30 m each, plus the area under the abutments; approx 2 
x 5 m each). 

- The following assumptions are made for the operation phase (module B1, B6 and B7) 
regarding the project bridge: 

o No water is used for the operation of the bridge.  
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o Since the bridge does not have lighting or any other electrical or other type of 
equipment, no operational energy is used. 

o The carbonation of concrete is taken into account as a negative value of GWP in 
module B1. The potential for carbonation is 101,1 kg CO2e/m3 of concrete (EPD 
InformationsZentrum Beton GmbH). In Sweden, the actual CO2e taken up by 
concrete over 100 years is 33% of this potential carbonation (Kjellsen, Guimaraes 
and Nilsson 2007). Thus the carbonation is calculated as the amount of concrete 
used in the bridge multiplied by the carbonation potential and the actual CO2e 
uptake in Sweden. Although the RSL is 80 years, the value for 100 years is used 
since this is the only data available.  

- The following assumptions are made for maintenance phase (module B2-B5). The 
maintenance scenario is based on data and information provided by the contractor 
NCC.  

o Every 35-40 years the concrete edge beams of the superstructure is replaced. Also 
every 10 years minor repairs on the concrete layers are required. NCC has also 
provided data of the machinery used during maintenance to replace the edge beams 
and do the rest of minor repairs. 

o For the steel girders used in the project bridge, 10% of the surface needs to be re-
painted after 20 years, 20% of the surface after 40 years and complete repainting is 
required after 60 years. It is calculated that 0,3 litres of paint is used per m2 of steel 
girder repainted [NCC and Trafikverket].  

o For the project bridge, it is assumed that all of the VOC content in the paint is 
released directly to the atmosphere during painting (50% of the total paint amount). 

o The steel racks do not need any maintenance during their entire lifetime since they 
are made of hot dipped galvanized steel. This assumption is based on information 
from the steel rack supplier.  

o The top 30 mm of the asphalt layer is replaced every 40 years. NCC has provided 
data of the machinery used during maintenance to replace the asphalt. 

o It is assumed that the bridge is not cleaned with water anytime during the 80 years 
of RSL according to expertise from NCC. 

o As no other information about the electricity used in maintenance is available, it is 
assumed that the electricity used for maintenance works is the Swedish electricity 
grid mix.  

- The following assumptions are made for the end-of-life phase (module C1-C3): 

o NCC has collected data about a demolished bridge which offers averages from the 
waste treatments per material that are followed in the NCC projects. This 
information and other researched date have been adapted in the model to simulate 
the scenario of the waste treatment during the end-of-life of the bridge. 

o According to NCC expertise, gravel is usually not recycled in end-of-life of a 
bridge unless a new bridge is built on the same location. In that case, the gravel is 
usually re-used for the new bridge. The scenario chosen for the project bridge EPD 
is that the gravel is re-used in end-of-life, because it is assumed that a new bridge 
will be built at the same location after demolition of the old bridge. 
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- The following tables describe the waste treatment approaches used for the project 
bridge EPD.  

Table B 2 Waste treatment on the construction site and end-of-life stages for the project bridge EPD 

Material Waste treatment 

Steel (girders and racks) 100% recycling 

Reinforced steel 95% recycling + 5% landfill 

Reinforced concrete 100% recycling as crushed material (filling) in roads 

Concrete 100% recycling as crushed material (filling) in roads 

Asphalt 100% recycling as gravel for new asphalt 

Gravel 100% recycled in the construction stage. In end-of-life 95% 
re-used as gravel for filling material in new bridge and 
embankments + 5% landfill. 

Excavated soil 100% landfill (due to contamination) during construction 
stage. In end of life stage, there is no excavation of soil 
expected since there is no surplus soil in end of life. Only 
gravel is staying in the place where the soil was excavated. 

 
- The end-of-life for the membrane is not included since it constitutes less than 1% of 

the total mass of the bridge.  

- The end-of-life for the asphalt binder is not modelled separately, because it goes in to 
the same recycling process as the asphalt when demolished.  

- The end-of-life for the paint on the girders is not modelled separately, since it is 
assumed that the paint is staying on the girders when they are recycled. 

- The end-of-life for gravel is modelled to be re-used to 95% and 5% to landfill, because 
it is assumed that after demolition a new bridge will be built on the same site. In case a 
new bridge will be built at the same site, it is customary to re-use the gravel. It is 
assumed that 5% of the gravel is sent to landfill because of the risk that the gravel may 
have become contaminated during the RSL.   

The distances as well as other distances for the end-of-life stages used in the modelling, are 
listed in Table B 1. 

Table B 1: Transport distances for the bicycle and pedestrian bridge 15-1787-1 over Viskan in project Road 27 
EPD 

Transport distances of basic material, production residues and the product 

Material Truck transport 
[km] 

Rail transport 
[km] 

Transport to end-of-life (module C2) 

Steel 100 - 

Concrete 10 - 
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Reinforcement steel 100 - 

Asphalt 7,7 - 

 
 
In the end of life stage of the bridge, the following recycling scenarios are modelled for the 
project bridge (Figure 25). 
 

  

Figure 1 LCA model – End-of-life of 1 m of the bicycle and pedestrian bridge 15-1787-1 over 
Viskan in project Road 27 per year of RSL 
 
The recovered concrete (module C3) is commonly used (NCC’s expertise) as substitute to 
gravel in other NCC projects (e.g. for the construction of new roads). A market exists for this 
material, where mostly it is internally re-used for different NCC projects. The recovered 
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concrete fulfils the technical requirements for the specific purposes explained before meeting 
the existing legislation and standards. The use of the recovered material will not lead to 
overall adverse environmental or human health impacts.  
The following screenshots give details on the different recycling plans.  
 

 

Figure 2 LCA- model – EoL – Recycling Girder Carbon Steel for the bicycle and pedestrian 
bridge 15-1787-1 over Viskan in project Road 27 
 

 

 

Figure 4 LCA- model – EoL – Recycling of asphalt for the project bridge 
 
 

Figure 3 LCA- model – EoL – Recycling of reinforcement steel for the project bridge 
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The treated concrete waste can be used as filling material in the construction sector (e.g. other 
projects for roads based on NCC experience). The credited material is represented by the 
dataset “EU27: Gravel 2/32 PE” (provided in GaBi) which is assigned to module D as a 
credit. 
The asphalt is treated in the same way as concrete. The credited material is represented by the 
dataset “EU27: Gravel 2/32 PE” which is assigned to module D as a credit. This is not 
relevant for the verification of the concept bridge EPD, as asphalt is not included under the 
system boundaries of the study. 
According to NCC expertise, gravel is usually not recycled in end-of-life of a bridge. Gravel 
is usually left behind at the construction site after demolition. But if a new bridge is built on 
the same location, then the gravel is usually re-used for the new bridge. The scenario chosen 
for the project bridge EPD is that the gravel is re-used in end-of-life (to 95 %), because it is 
assumed that a new bridge will be built at the same site when the old bridge has been 
demolished. The credited material is represented by the dataset “EU27: Gravel 2/32 PE” 
which is assigned to module D as a credit. 
According to NCC, 80% of the wood formworks and form oil are incinerated and 20% 
recycled in other NCC projects (e.g. for roads). This is not relevant to the verification of the 
EPDs, as formworks and other related auxiliary processes are not included in the declaration. 
This information is only given as it is a part of the LCA model used as background system for 
the eco-design tool. 
The process for “Materials for recycling (MFR)” is an auxiliary process enabling to read the 
indicator MFR in the result table of the software tool. 
 

Assumptions for prepact concrete 
A1 to A3: The wear layer of the bridge deck does to not change in the use of prepact concrete. 
The layer is assumed to be as thick as for when constructing with traditional concrete and is 
estimated to 100 mm. (Stated by Jonatan Paulsson Tralla [56].) 

A4: The transport for the removal of the ballast to the construction site: 40 km (stated by 
Tobias Larsson [57]) 

A4: Average transport distance from the production of grout to construction site 300 km (data 
from Iad Saleh [55]) 

A5: The aggregate are assumed to filtered and washed when arriving at the construction site 
[55]. 

Figure 5 LCA- model – EoL – Recycling of gravel for the bicycle and pedestrian bridge 
15-1787-1 over Viskan in project Road 27 
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A5: Heating 

Diesel consumption for heating of the ballast when casting in cold weather (5 months a year): 
3 h 25 kW turbines -> 9 l / t -> (2.4 t / m3) -> 9 * 2.4 = 21,6 litres / m3 -> 21.6 * (5/12) = 9 
litres / m3 on average for one year [55] 

A5: Cooling 

The cooling of the construction site are assumed to be less than the power consumption of 
heating, thus the cooling is negligible [57]. 

A5: Pumping of use to the form: The same energy consumption as traditional concrete  

A5: Vibration is not needed. 

A5: Wooden molds used for casting is negligible 

A5: Spill: Half of the amount used for traditional concrete (5%) [55] 

A5: Water at the water spraying is assumed to be the same as for traditional concrete [55].  

B1: No emissions are assumed to occur from the concrete during use. 

B2: Grinding are assumed to be 10-15 mm every 20 years of wear layer at 10,000 ADT where 
the power consumption is estimated to 2 kWh / m2 of ground surface 

B3: The same extent of repair as traditional concrete with slag [57] 

B4: The same extent of change as traditional concrete containing slag [57] 

B5: Same extent of the renovations that traditional concrete with slag [57] 

C1-D: Same scenario as for traditional concrete 
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Appendix C – supplementary tables to chapter Bridge 
maintenance 

Supplementary tables to chapter Bridge maintenance. 

Table 1 Replacing of the covering between the years 2005 to 2009 [16] 

Year Replacement of waterproofing [m2] 
2005 21 636 
2006 32 247 
2007 21 934 
2008 24 589 
2009 32 308 
 

Table 2 Amount of meter edge beam that has been repaired during the years of 2006-2010 [16] 

Year Element Activity Total length [m] 
2006 Edge beam Reparation of 

concrete >30-70 mm 
71 

2006 Edge beam Reparation of 
concrete >70-110 
mm 

33 

2006 Edge beam Reparation of 
concrete >110 mm 

43 

2006 Edge beam Replacement of the 
whole beam 

2001 

2007 Edge beam Reparation of 
concrete >30-70 mm 

72 

2007 Edge beam Reparation of 
concrete >70-110 
mm 

74 

2007 Edge beam Reparation of 
concrete >110 mm 

37 

2007 Edge beam Reparation of 
concrete >30-70 mm 
with shotcrete 

25 

2007 Edge beam Reparation of 
concrete >30-70 mm 
with shotcrete 

70 

2007 Edge beam Replacement of the 
whole beam 

2220 

2008 Edge beam Reparation of 
concrete >30-70 mm 

72 

2008 Edge beam Reparation of 
concrete >70-110 
mm 

118 

2008 Edge beam Reparation of 
concrete >30-70 mm 
with shotcrete 

52 

2008 Edge beam Replacement of the 
whole beam 

3906 

2009 Edge beam Reparation of 26 
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concrete 0-30 mm 
2009 Edge beam Reparation of 

concrete >30-70 mm 
1 

2009 Edge beam Reparation of 
concrete 0-30 mm 
with shotcrete 

4 

2009 Edge beam Replacement of the 
whole beam 

1808 

2010 Edge beam Reparation of 
concrete >30-70 mm 

49 

2010 Edge beam Replacement of the 
whole beam 

992 
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Appendix D – tables from GaBi 6.5 
In the following section a detailed assessment is presented of the results obtained in one edge 
beam. The edge beam data was used to be able to use a component of the modelling for a 
comparison.  
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Prepact	  concrete	  in	  Edge	  beam
Total

Grout
SE:	  Transport

SE:	  Transport
SE:	  Transport	  cement

SE:	  Transport	  plasticizerSE:	  Transport	  sea	  sand
Primary	  energy	  demand	  from	  ren.	  and	  non	  ren.	  resources	  (gross	  cal.	  value)	  [MJ]

9,750822189
7,33947478

0,039884963
0,33121579

0,860771581
0,000909654

0,094374443
Primary	  energy	  demand	  from	  ren.	  and	  non	  ren.	  resources	  (net	  cal.	  value)	  [MJ]

9,141753416
6,868519937

0,03730488
0,309790066

0,805089892
0,000850811

0,088269539
Primary	  energy	  from	  non	  renewable	  resources	  (gross	  cal.	  value)	  [MJ]

8,69235767
6,616689832

0,037912876
0,31483903

0,818211263
0,000864677

0,089708157
Primary	  energy	  from	  non	  renewable	  resources	  (net	  cal.	  value)	  [MJ]

8,083288897
6,145734988

0,035332793
0,293413306

0,762529574
0,000805833

0,083603253
Primary	  energy	  from	  renewable	  resources	  (gross	  cal.	  value)	  [MJ]

1,058464519
0,722784948

0,001972087
0,01637676

0,042560318
4,50E-‐05

0,004666286
Primary	  energy	  from	  renewable	  resources	  (net	  cal.	  value)	  [MJ]

1,058464519
0,722784948

0,001972087
0,01637676

0,042560318
4,50E-‐05

0,004666286

Trad	  	  concrete	  in	  Edge	  beam
Total

SE:	  Transport
SE:	  Transport

SE:	  Transport	  cementSE:	  Transport	  plasticizer
SE:	  Transport	  sea	  sand

DE:	  Cement	  (CEM	  I	  42.5)	  (EN15804	  A1-‐A3)	  PE
Primary	  energy	  demand	  from	  ren.	  and	  non	  ren.	  resources	  (gross	  cal.	  value)	  [MJ]

9,677611699
0,000614937

0,171516102
0,0746283

0,001229874
0,158322556

5,597652428
Primary	  energy	  demand	  from	  ren.	  and	  non	  ren.	  resources	  (net	  cal.	  value)	  [MJ]

9,032016236
0,000575158

0,160421049
0,069800736

0,001150316
0,148080968

5,247535577
Primary	  energy	  from	  non	  renewable	  resources	  (gross	  cal.	  value)	  [MJ]

8,67511978
0,000584532

0,163035595
0,07093835

0,001169064
0,150494395

4,932831363
Primary	  energy	  from	  non	  renewable	  resources	  (net	  cal.	  value)	  [MJ]

8,029524317
0,000544753

0,151940542
0,066110786

0,001089506
0,140252808

4,582714512
Primary	  energy	  from	  renewable	  resources	  (gross	  cal.	  value)	  [MJ]

1,002491919
3,04E-‐05

0,008480507
0,00368995

6,08E-‐05
0,007828161

0,664821065
Primary	  energy	  from	  renewable	  resources	  (net	  cal.	  value)	  [MJ]

1,002491919
3,04E-‐05

0,008480507
0,00368995

6,08E-‐05
0,007828161

0,664821065

Trad	  concrete	  5%	  slag	  in	  Edge	  beam
Total

SE:	  Transport
SE:	  Transport

SE:	  Transport	  cementSE:	  Transport	  plasticizer
SE:	  Transport	  sea	  sand

SE:	  Transport	  slag
Primary	  energy	  demand	  from	  ren.	  and	  non	  ren.	  resources	  (gross	  cal.	  value)	  [MJ]

9,55204781
0,000614422

0,171372333
0,074565745

0,001228843
0,158189846

0,123262515
Primary	  energy	  demand	  from	  ren.	  and	  non	  ren.	  resources	  (net	  cal.	  value)	  [MJ]

8,910143939
0,000574676

0,160286581
0,069742227

0,001149352
0,147956844

0,115288896
Primary	  energy	  from	  non	  renewable	  resources	  (gross	  cal.	  value)	  [MJ]

8,583030764
0,000584042

0,162898935
0,070878887

0,001168084
0,150368247

0,117167876
Primary	  energy	  from	  non	  renewable	  resources	  (net	  cal.	  value)	  [MJ]

7,941126893
0,000544296

0,151813182
0,06605537

0,001088593
0,140135245

0,109194257
Primary	  energy	  from	  renewable	  resources	  (gross	  cal.	  value)	  [MJ]

0,969017046
3,04E-‐05

0,008473399
0,003686857

6,08E-‐05
0,007821599

0,006094639
Primary	  energy	  from	  renewable	  resources	  (net	  cal.	  value)	  [MJ]

0,969017046
3,04E-‐05

0,008473399
0,003686857

6,08E-‐05
0,007821599

0,006094639
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SE:	  Transport	  slag
DE:	  Cement	  (CEM	  I	  42.5)	  (EN15804	  A1-‐A3)	  PEDE:	  Concrete	  admixtures	  –	  Plasticizer	  and	  superplasticizer	  -‐	  Deutsche	  Bauchemie	  e.V.	  (DBC)	  (A1-‐A3)	  PE-‐EPD	  <p-‐agg>DE:	  Crushed	  sand	  grain	  0-‐2	  mm	  (EN15804	  A1-‐A3)	  PE

1,177200334
2,787736661

0,202205713
0,855634195

1,101049466
2,613371855

0,184770357
0,78929289

1,118994392
2,45664321

0,19487373
0,785494764

1,042843525
2,282278404

0,177438374
0,719153458

0,058205941
0,33109345

0,007331982
0,070139432

0,058205941
0,33109345

0,007331982
0,070139432

DE:	  Concrete	  admixtures	  –	  Air	  entrainers	  -‐	  Deutsche	  Bauchemie	  e.V.	  (DBC)	  (A1-‐A3)	  PE-‐EPD	  <p-‐agg>
DE:	  Concrete	  admixtures	  –	  Plasticizer	  and	  superplasticizer	  -‐	  Deutsche	  Bauchemie	  e.V.	  (DBC)	  (A1-‐A3)	  PE-‐EPD	  <p-‐agg>

DE:	  Crushed	  stone	  grain	  2-‐15	  mm	  (EN15804	  A1-‐A3)	  PE
EU-‐27:	  Diesel	  mix	  at	  filling	  station	  PE

0,063650419
0,273386911

2,625759347
0,397107539

0,058949486
0,249813897

2,422171993
0,371434854

0,061086313
0,263473897

2,41051635
0,377314621

0,056385381
0,239900883

2,206928996
0,351641936

0,002564105
0,009913014

0,215242997
0,019792918

0,002564105
0,009913014

0,215242997
0,019792918

DE:	  Cement	  (CEM	  I	  42.5)	  (EN15804	  A1-‐A3)	  PE
DE:	  Concrete	  admixtures	  –	  Air	  entrainers	  -‐	  Deutsche	  Bauchemie	  e.V.	  (DBC)	  (A1-‐A3)	  PE-‐EPD	  <p-‐agg>

DE:	  Concrete	  admixtures	  –	  Plasticizer	  and	  superplasticizer	  -‐	  Deutsche	  Bauchemie	  e.V.	  (DBC)	  (A1-‐A3)	  PE-‐EPD	  <p-‐agg>DE:	  Crushed	  stone	  grain	  2-‐15	  mm	  (EN15804	  A1-‐A3)	  PE
5,592960347

0,063597065
0,273157752

2,623558376
5,243136973

0,058900073
0,249604497

2,420141673
4,92869655

0,06103511
0,263253047

2,4084958
4,578873176

0,056338118
0,239699793

2,205079097
0,664263797

0,002561956
0,009904705

0,215062576
0,664263797

0,002561956
0,009904705

0,215062576
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DE:	  Silica	  sand	  (flour)	  PE
DE:	  Siliceous	  sand	  (grain	  size	  0/2)	  PEDE:	  Slag-‐tap	  granulate	  (EN15804	  A1-‐A3)	  PE

EU-‐27:	  Tap	  water	  PE
0,198263189

0,349533788
0,107102177

0,002289328
0,186283334

0,319606168
0,100274835

0,002140654
0,165537739

0,333985202
0,099995681

0,002196007
0,153557885

0,304057582
0,093168339

0,002047334
0,03272545

0,015548586
0,007106495

9,33E-‐05
0,03272545

0,015548586
0,007106495

9,33E-‐05

EU-‐27:	  Gravel	  2/32	  PE
EU-‐27:	  Tap	  water	  PE

GLO:	  Diesel	  combustion	  in	  construction	  machine	  PE	  <u-‐so>NCC:	  Tillverkning	  av	  traditionell	  anläggningsbetong	  <u-‐so>
0,197868532

0,002402766
0

0
0,187021667

0,002246725
0

0
0,173962847

0,002304821
0

0
0,163115982

0,002148781
0

0
0,023905685

9,79E-‐05
0

0
0,023905685

9,79E-‐05
0

0

DE:	  Slag-‐tap	  granulate	  (EN15804	  A1-‐A3)	  PEEU-‐27:	  Diesel	  mix	  at	  filling	  station	  PEEU-‐27:	  Gravel	  2/32	  PE
EU-‐27:	  Tap	  water	  PE

0,011214475
0,220430374

0,197702674
0,002400752

0,010499596
0,206179727

0,186864901
0,002244842

0,010470367
0,209443526

0,173817027
0,002302889

0,009755488
0,195192879

0,162979254
0,002146979

0,000744108
0,010986848

0,023885647
9,79E-‐05

0,000744108
0,010986848

0,023885647
9,79E-‐05
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SE:	  Electricity	  grid	  mix	  PE
0,332352964
0,330425192
0,197433101
0,195505328
0,134919864
0,134919864

SE:	  Electricity	  grid	  mix	  PE
0,113471989
0,112813809
0,067407633
0,066749453
0,046064356
0,046064356

GLO:	  Diesel	  combustion	  in	  construction	  machine	  PE	  <u-‐so>
NCC:	  Traditionell	  anläggningsbetong	  med	  5	  %	  slagg	  <u-‐so>SE:	  Electricity	  grid	  mix	  PE

0
0

0,037792291
0

0
0,037573082

0
0

0,022450377
0

0
0,022231167

0
0

0,015341915
0

0
0,015341915
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Appendix E – Impact categories  
The bar graphs are named Diagram E 1-11 to point out that it is in Appendix E. The diagrams 
present the impact on each impact categories from the Baseline impact categories, Group A 
(see also Table 12 where the impact categories used for the method CML 01 is presented) and 
are presented in the following order: 

1. GWP Global Warming Potential 
2. AP Acidification Potential 
3. EP Eutrophication Potential 
4. ODP, steady state, Ozone Layer Depletion Potential 
5. ADP elements Abiotic Depletion elements 
6. ADP fossil Abiotic Depletion fossil 
7. FAETP inf. Freshwater Aquatic Ecotoxicity Potential 
8. HTP inf. Human Toxicity Potential  
9. MAETP inf. Marine Aquatic Ecotoxicity Potential 
10. POCP Photochem. Ozone Creation Potential 
11. TETP inf. Terrestric Ecotoxicity Potential 
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Aggregated result 
The following section presents the aggregated result of impact categories of 1 m concept 
bridge. The result is aggregated for traditional concrete, traditional concrete 5 % slag and 
prepact concrete are represented by scenario 5, 6 and 7 (in representative in order). 

 

 

 

 

 

Diagram E 1 Global Warming Potential 

  

Diagram E 2 Acidification Potential 
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Diagram E 3 Eutrophication Potential 

  

Diagram E 4 Ozone Layer Depletion Potential 
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Diagram E 5 Abiotic Depletion elements 

  

Diagram E 6 Abiotic Depletion fossil 
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Diagram E 7 Freshwater Aquatic Ecotoxicity Potential 

 

 

Diagram E 8 Human Toxicity Potential  
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Diagram E 9 Marine Aquatic Ecotoxicity Potential 
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Diagram E 10 Photochem. Ozone Creation Potential 
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Diagram E 11 Terrestric Ecotoxicity Potential 
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Appendix F – Impact categories results 
In the first section the aggregated result is presented followed by the individual result for only 
the grouts impact of each concrete type. In the individual results, two diagrams for each 
impact category will be presented. The first diagram represents the whole concrete materials 
impact and the second diagram represents only the grouts impact.  

The diagrams are not named for the reason that the presented impact categories are not chosen 
to be assessed in the scope of the dissertation (excluding the GWP). Thus is this section only 
added to appendix to provide additional information that may be of interest to other 
stakeholders. Important to notify is that the diagrams are in Swedish and the following 
translations are used: 

Injekteringbetong = Prepact concrete 

Injekteringbruk = Grout 

Traditionell betong = Traditional concrete 

Traditionell betong 5 % slagg = Traditional concrete 5 % slag 

The bar graphs present the impact on each impact categories from the Baseline impact 
categories, Group A (see also Table 12 where the impact categories used for the method CML 
01 is presented). 
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Aggregated result  
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ODP, steady state
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ADP fossil
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HTP inf.
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Individual results 
Prepact Concrete  
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ODP, steady state
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Traditional Concrete 5% slag 
 

 

 

GWP 100 years

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

G
lo

ba
l W

ar
m

in
g 

P
ot

en
tia

l [
kg

 C
O

2-
E

qu
iv

.] 400,0

350,0

300,0

250,0

200,0

150,0

100,0

50,0

0,0

GWP 100 years

Total
SE: Transport

DE: Cement (CEM I 42.5) (...
DE: Concrete admixtures ...

DE: Crushed stone grain 2...
GLO: Diesel combustion in...

Rest

G
lo

ba
l W

ar
m

in
g 

P
ot

en
tia

l [
kg

 C
O

2-
E

qu
iv

.] 400,0

350,0

300,0

250,0

200,0

150,0

100,0

50,0

0,0



 173 

 

 

 

 

AP

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

A
ci

di
fic

at
io

n 
P

ot
en

tia
l [

kg
 S

O
2-

E
qu

iv
.]

,6

,5

,4

,3

,2

,1

AP

Total
SE: Transport

DE: Cement (CEM I 42.5) (E...
DE: Crushed stone grain 2...

EU-27: Gravel 2/32 PE
GLO: Diesel combustion in ...

Rest

A
ci

di
fic

at
io

n 
P

ot
en

tia
l [

kg
 S

O
2-

E
qu

iv
.]

,6

,5

,4

,3

,2

,1



 174 

 

 

 

EP

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

E
ut

ro
ph

ic
at

io
n 

P
ot

en
tia

l [
kg

 P
ho

sp
ha

te
-E

qu
iv

.]

EP

Total
SE: Transport

SE: Transport sea sand
DE: Cement (CEM I 42.5) (E...

DE: Crushed stone grain 2-...
GLO: Diesel combustion in ...

Rest

E
ut

ro
ph

ic
at

io
n 

P
ot

en
tia

l [
kg

 P
ho

sp
ha

te
-E

qu
iv

.]



 175 
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1 600,0

1 400,0

1 200,0

1 000,0

800,0

600,0

400,0

200,0

0,0

ADP fossil

Total
SE: Transport

DE: Cement (CEM I 42.5) (...
DE: Concrete admixtures ...

DE: Crushed stone grain ...
EU-27: Diesel mix at f illing...

Rest

A
bi

ot
ic

 D
ep

le
tio

n 
fo

ss
il 

[M
J]

1 400,0

1 200,0

1 000,0

800,0

600,0

400,0

200,0

0,0
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FAETP inf.

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

Fr
es

hw
at

er
 A

qu
at

ic
 E

co
to

xi
ci

ty
 P

ot
. [

kg
 D

C
B

-E
qu

iv
.]

,4

,3

,2

,1

FAETP inf.

Total
SE: Transport

SE: Transport sea sand
DE: Cement (CEM I 42.5) (E...

DE: Crushed stone grain 2...
EU-27: Diesel mix at f illing ...

Rest

Fr
es

hw
at

er
 A

qu
at

ic
 E

co
to

xi
ci

ty
 P

ot
. [

kg
 D

C
B

-E
qu

iv
.]

,4

,3

,2

,1
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HTP inf.

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

H
um
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 T

ox
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 P
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en
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l [

kg
 D

C
B

-E
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iv
.] 80

70

60

50

40
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20

10

HTP inf.

Total
SE: Transport

DE: Cement (CEM I 42.5) (E...
DE: Crushed stone grain 2...

EU-27: Diesel mix at f illing ...
EU-27: Gravel 2/32 PE

Rest

H
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l [

kg
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B

-E
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MAETP inf.

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

M
ar

in
e 

A
qu

at
ic

 E
co

to
xi

ci
ty

 P
ot

. [
kg

 D
C

B
-E

qu
iv

.] 12 000,0

11 000,0

10 000,0

9 000,0

8 000,0

7 000,0

6 000,0

5 000,0

4 000,0

3 000,0

2 000,0

1 000,0

0,0

MAETP inf.

Total
DE: Cement (CEM I 42.5) ...

DE: Concrete admixtures...
DE: Crushed stone grain ...

EU-27: Gravel 2/32 PE
SE: Electricity grid mix PE

Rest

M
ar

in
e 

A
qu

at
ic

 E
co

to
xi

ci
ty

 P
ot

. [
kg

 D
C

B
-E

qu
iv

.] 12 000,0

11 000,0

10 000,0

9 000,0

8 000,0

7 000,0

6 000,0

5 000,0

4 000,0

3 000,0

2 000,0

1 000,0

0,0
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POCP

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

P
ho

to
ch

em
. O

zo
ne

 C
re

at
io

n 
P

ot
en

tia
l [

kg
 E

th
en

e-
E

qu
iv

.]

POCP

Total
SE: Transport

SE: Transport sea sand
SE: Transport slag

DE: Cement (CEM I 42.5) (E...
GLO: Diesel combustion in ...

RestP
ho

to
ch

em
. O

zo
ne

 C
re

at
io

n 
P

ot
en

tia
l [

kg
 E

th
en

e-
E

qu
iv

.]
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TETP inf.

Total
SE: Transport

Traditionell betong med 5% slagg A1-A3
SE: Electricity grid mix PE

Te
rre

st
ric

 E
co

to
xi

ci
ty

 P
ot

en
tia

l [
kg

 D
C

B
-E

qu
iv

.] ,7

,6

,5

,4

,3

,2

,1

TETP inf.

Total
SE: Transport

DE: Cement (CEM I 42.5) (E...
DE: Crushed stone grain 2...

EU-27: Diesel mix at f illing ...
EU-27: Gravel 2/32 PE

Rest

Te
rre
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ric

 E
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to
xi
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ty

 P
ot

en
tia

l [
kg

 D
C

B
-E
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.] ,7

,6

,5

,4

,3

,2

,1
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Traditional Concrete  
 

 

 

 

GWP 100 years

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

G
lo

ba
l W
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m

in
g 

P
ot

en
tia

l [
kg
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O

2-
E

qu
iv

.] 400,0

350,0

300,0

250,0

200,0

150,0

100,0

50,0

0,0

GWP 100 years

Total
SE: Transport

DE: Cement (CEM I 42.5) (...
DE: Concrete admixtures ...

DE: Crushed stone grain 2...
GLO: Diesel combustion in...

Rest

G
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l W
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m

in
g 

P
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l [
kg
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O

2-
E
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.] 400,0

350,0

300,0

250,0

200,0

150,0

100,0

50,0

0,0
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AP

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

A
ci

di
fic
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n 
P

ot
en

tia
l [

kg
 S

O
2-

E
qu

iv
.]

,6

,5

,4

,3

,2

,1

AP

Total
SE: Transport

DE: Cement (CEM I 42.5) (E...
DE: Crushed stone grain 2...

EU-27: Gravel 2/32 PE
GLO: Diesel combustion in ...

Rest

A
ci
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fic
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n 
P

ot
en

tia
l [

kg
 S

O
2-

E
qu

iv
.]

,6

,5

,4

,3

,2

,1



 185 

 

EP

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

E
ut

ro
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at

io
n 

P
ot

en
tia

l [
kg

 P
ho
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ha

te
-E

qu
iv

.]

EP

Total
SE: Transport

SE: Transport sea sand
DE: Cement (CEM I 42.5) (E...

DE: Crushed stone grain 2-...
GLO: Diesel combustion in ...

Rest

E
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P
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l [
kg
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ODP, steady state

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

O
zo

ne
 L

ay
er

 D
ep

le
tio

n 
P

ot
en

tia
l [

kg
 R

11
-E

qu
iv

.] 6,0e-9

5,5e-9

5,0e-9

4,5e-9

4,0e-9

3,5e-9

3,0e-9

2,5e-9

2,0e-9

1,5e-9

1,0e-9

0,5e-9

0,0e-9

ODP, steady state

Total
DE: Cement (CEM I 42.5) (...

DE: Concrete admixtures ...
DE: Concrete admixtures ...

DE: Crushed stone grain ...
EU-27: Gravel 2/32 PE

Rest

O
zo

ne
 L

ay
er

 D
ep

le
tio

n 
P

ot
en

tia
l [

kg
 R

11
-E

qu
iv

.] 6,0e-9

5,5e-9

5,0e-9

4,5e-9

4,0e-9

3,5e-9

3,0e-9

2,5e-9

2,0e-9

1,5e-9

1,0e-9

0,5e-9

0,0e-9
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ADP elements

Total
DE: Cement (CEM I 42.5) (...

DE: Concrete admixtures ...
DE: Concrete admixtures ...

DE: Crushed stone grain ...
EU-27: Gravel 2/32 PE

Rest

A
bi

ot
ic

 D
ep

le
tio

n 
el

em
en

ts
 [k

g 
S

b-
E

qu
iv

.]

6,0e-4

5,5e-4

5,0e-4

4,5e-4

4,0e-4

3,5e-4

3,0e-4

2,5e-4

2,0e-4

1,5e-4

1,0e-4

0,5e-4

0,0e-4

ADP elements

Total
DE: Cement (CEM I 42.5) (...

DE: Concrete admixtures ...
DE: Concrete admixtures ...

DE: Crushed stone grain ...
EU-27: Gravel 2/32 PE

Rest

A
bi

ot
ic

 D
ep

le
tio

n 
el

em
en

ts
 [k

g 
S

b-
E

qu
iv

.]

6,0e-4

5,5e-4

5,0e-4

4,5e-4

4,0e-4

3,5e-4

3,0e-4

2,5e-4

2,0e-4

1,5e-4

1,0e-4

0,5e-4

0,0e-4
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ADP fossil

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

A
bi

ot
ic

 D
ep

le
tio

n 
fo

ss
il 

[M
J]

1 600,0

1 400,0

1 200,0

1 000,0

800,0

600,0

400,0

200,0

0,0

ADP fossil

Total
SE: Transport

DE: Cement (CEM I 42.5) (...
DE: Concrete admixtures ...

DE: Crushed stone grain ...
EU-27: Diesel mix at f illing...

Rest

A
bi

ot
ic

 D
ep

le
tio

n 
fo

ss
il 

[M
J]

1 400,0

1 200,0

1 000,0

800,0

600,0

400,0

200,0

0,0
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FAETP inf.

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

Fr
es
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at

er
 A

qu
at

ic
 E

co
to

xi
ci

ty
 P

ot
. [

kg
 D

C
B

-E
qu

iv
.]

,4

,3

,2

,1

FAETP inf.

Total
SE: Transport

SE: Transport sea sand
DE: Cement (CEM I 42.5) (E...

DE: Crushed stone grain 2...
EU-27: Diesel mix at f illing ...

Rest

Fr
es
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at

er
 A

qu
at

ic
 E

co
to

xi
ci

ty
 P

ot
. [

kg
 D

C
B

-E
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iv
.]

,4

,3

,2

,1
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HTP inf.

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE
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kg
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HTP inf.

Total
DE: Cement (CEM I 42.5) (E...

DE: Crushed stone grain 2...
EU-27: Diesel mix at f illing ...

EU-27: Gravel 2/32 PE
GLO: Diesel combustion in ...

Rest

H
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l [

kg
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-E
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70
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MAETP inf.

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

M
ar

in
e 

A
qu

at
ic

 E
co

to
xi

ci
ty

 P
ot

. [
kg

 D
C

B
-E

qu
iv

.] 12 000,0

11 000,0

10 000,0

9 000,0

8 000,0

7 000,0

6 000,0

5 000,0

4 000,0

3 000,0

2 000,0

1 000,0

0,0

MAETP inf.

Total
DE: Cement (CEM I 42.5) ...

DE: Concrete admixtures...
DE: Crushed stone grain ...

EU-27: Gravel 2/32 PE
SE: Electricity grid mix PE

Rest

M
ar

in
e 

A
qu

at
ic

 E
co

to
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ci
ty

 P
ot

. [
kg

 D
C

B
-E
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iv

.] 12 000,0

11 000,0

10 000,0

9 000,0

8 000,0

7 000,0

6 000,0

5 000,0

4 000,0

3 000,0

2 000,0

1 000,0

0,0
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POCP

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

P
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l [

kg
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e-
E
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.]

POCP

Total
SE: Transport

SE: Transport cement
SE: Transport sea sand

DE: Cement (CEM I 42.5) (E...
GLO: Diesel combustion in ...

RestP
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kg
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TETP inf.

Total
SE: Transport

Traditionell betong A1-A3
SE: Electricity grid mix PE

Te
rre

st
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 E
co

to
xi

ci
ty

 P
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tia
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kg

 D
C

B
-E
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.]

,7

,6

,5

,4

,3

,2

,1


