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Master’s thesis in the Master’s Programmes Programmes Structural Engineering and 
Building Technology & Design and Construction Project Management 
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JONAS BARKANDER 
Department of Civil and Environmental Engineering 
Division of Building Technology 
Sustainable Building 
Chalmers University of Technology 
 
ABSTRACT 
It is of high interest to reduce environmental impact within the construction industry 
today. Focus has traditionally been to reduce operational energy use in order to 
decrease greenhouse gas emissions. However, findings in this and other recent studies 
show that the production phase of a building may no longer be neglected as a minor 
contributor to total emissions. If energy used during the operational phase is carbon-
lean, the production phase will answer for a large portion of total emissions. In 
Sweden where the energy production is relatively clean from a greenhouse gas 
perspective and newly produced buildings often are energy efficient, this may be 
observed. As a consequence, different common design alternatives have been 
evaluated from a climate perspective in order to survey whether climate savings can 
be made in a cost efficient way. Findings show that it is possible to achieve major 
reductions of emissions during production by rather simple and cost efficient 
measures. It invokes the need of introducing environmental aspects as a decision basis 
during design of residential buildings. Future studies should focus on finding easy and 
robust methods to assess climate savings made during the production stage of a 
building, something that is a rather time consuming and difficult activity today. 

Keywords: LCA, Life Cycle Assessment, Greenhouse Gas Emissions, Global 
Warming Potential, production phase, design, construction industry, residential 
building.
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BOGG MARTIN ANDERSSON 
JONAS BARKANDER 
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SAMMANFATTNING 
Det finns ett stort intresse för att minska utsläppen av växthusgaser inom 
byggindustrin idag. Fokus har tidigare främst legat på att reducera utsläpp av 
växthusgaser under driftsfasen genom att skapa mer energieffektiva byggnader. 
Resultat från denna och andra nyare studier visar dock att produktionsfasen av 
byggnader inte längre kan anses vara marginell i förhållande till de totala utsläppen. 
Om energin som används under driftsfasen av en byggnad framställs på ett hållbart 
sätt kommer produktionsfasen att ge upphov till en betydande andel av de totala 
växthusgasutsläppen. I Sverige där en stor del av energiproduktionen kommer från 
relativt koldioxidneutrala källor kan detta observeras. Som en följd har olika vanligt 
förekommande konstruktionslösningar utvärderats utifrån ett klimatperspektiv med 
ambitionen att undersöka om klimatbesparingar kan åstadkommas på ett 
kostnadseffektivt sätt. Studien visar att det är möjligt att göra markanta besparingar 
under produktionen med relativt enkla och kostnadseffektiva metoder. Detta visar på 
behovet av att ta utsläpp under produktionsfasen i beaktning under planeringsskedet 
av nya byggnader. Framtida studier borde därför fokusera på att hitta enkla och 
robusta metoder för att bedöma utsläppsbesparingar eftersom detta idag ofta är 
tidsödande och svårt. 
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1 Introduction 

Climate change is regarded as one of the major environmental threats of today. The 
IPCC (2014) has concluded that the emissions of greenhouse gases needs to be 
reduced by 40-70 % before year 2050 in order to limit the increase of the global mean 
temperature to 2°C. To achieve this target the construction industry, like many other 
industries, need to limit their environmental footprint. 

1.1 Background 

The construction industry and the built environment contribute to a large share of the 
energy consumption in Sweden today, almost 40 % according to a publication by 
OECD (2003). Greenhouse gas (GHG) emissions may occur due to this energy 
consumption if not produced by renewable sources. In a recent study by Toller et al. 
(2011) it is concluded that approximately 20 % of total emissions in Sweden derives 
from the real estate management sector. It is further argued that these emissions 
originate from both the production phase and the operational phase of buildings. Of 
interest is therefore to expand the knowledge of where emissions emerge during a 
buildings life cycle and how they may be reduced. 

Current Swedish standards (BFS 2015:3) regulate the energy performance of 
completed buildings. As a result, a reduction of operational energy use of recently 
constructed buildings may be observed (Swedish Energy Agency, 2014). More energy 
efficient buildings and sustainable energy solutions will gradually decrease the 
emissions during the operational phase. Contrary, no regulations currently exist that 
limits emissions during the production phase of a building (Liljenström et al., 2015) 
and studies regarding energy consumption and emissions during the production stage 
of a building are few. 

The industry in general and Skanska in particular now aims to extend their knowledge 
about the total climate impact of buildings, with a focus on the production phase. 
Skanska has the ambition to become industry leaders regarding the construction of 
sustainable buildings (Skanska, 2015). As a result, one of their targets is to create 
buildings with close to zero climate impact. In order to achieve this, Skanska has 
requested a study that evaluates how different design alterations of a building affect 
the total GHG-emissions from a life cycle perspective. 

1.2 Aim and purpose 

The aim of this report is to evaluate how the GHG-emissions of the production phase 
relate to the emissions from the operational phase of the building. Furthermore, the 
report aims to evaluate if some of the most commonly used design solutions can be 
altered in order to decrease GHG-emissions of the building. In order to create useful 
results, the alterations need to be possible to perform. Suggested alterations should 
therefore live up to current standards regarding structural stability, indoor climate, fire 
safety, acoustics etc. In addition, alterations should be evaluated from an economical 
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aspect in order to survey potential costs changes for increasing carbon efficiency of 
the studied alternatives. 

The purpose of the project is to supply deeper knowledge about the climate 
performance of a generic building over its entire life cycle and expose potential 
possibilities for improvement. As a contractor, Skanska has the ability to affect the 
emissions in the construction phase of the building while the downstream emission is 
much influenced by the residents’ behaviour and decisions. The results of this report 
should therefore be able to serve as a basis for strategic decisions in the development 
of new residential houses with the aim to reduce GHG-emissions. 

1.3 Method 

A generic residential building project that Skanska recently has undertaken is 
analysed in its original implementation from a life cycle perspective. The building 
project is henceforth known as the reference project. Data on the reference project is 
gathered from blueprints, project documentation, BIM-models and cost calculation of 
the project. This data is used to evaluate the GHG-emissions from selected modules of 
a life cycle assessment. These modules should represent the production phase and 
energy use during the operational phase of the reference project. 

The evaluation aims to survey the relation between production phase and operational 
phase regarding GHG-emissions. This is made in order to evaluate whether alterations 
of the design will have any substantial effect on the lifetime emissions. 

The alterations should further be restricted to the construction phase, i.e. the end 
product should be similar in function and form. This way, alternative designs can be 
compared in terms of emissions and costs during production without affecting the 
quality of the final product. 

Environmental data on building material is mainly supplied by IVL, the Swedish 
Environmental Research Institute. However, the most significant material posts are 
evaluated using two alternative databases, Ecoinvent and Eco Bau. A sensitivity 
analysis of the results is also carried out using the Ecoinvent database and a Monte 
Carlo simulation. Environmental data on energy use is supplied by the Swedish 
Energy Agency, the Swedish District Heating Association, the European 
Environmental Agency and IVL.  

Financial aspects of the alternations are taken into account by relating the alternative 
costs of the different designs to the final cost of the project. The final cost of the 
project is supplied by the project documentation from Skanska. Alternative costs are 
assessed using Skanska’s tool for cost calculation and through interviews with 
Skanska’s calculation division. 

The final step comprises comparison of environmental gain and alteration costs. 
Alterations should be compiled and evaluated in terms of cost-efficiency and 
applicability. 
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2 Methodology and Standards of LCA 

In order to fully evaluate a product’s or services’ total impact on the environment it is 
vital to consider all stages a product experiences during its life cycle. A Life Cycle 
Assessment (LCA) aims to present this total environmental impact in quantitative 
terms. By assessing all materials used, from raw material extraction until its disposal, 
all flows within the system may be mapped and their environmental impact identified.  

The concept emerged during the early 1970’s as a reaction to the widespread use of 
disposable packages, and early studies typically concerned packaging and waste 
management. The method was initially used internally at companies and was not 
widely acknowledge during initial decades. In the mid 1980’s environmental issues 
emerged in the public debate and awareness grew. This led to an increasing interest of 
the LCA methodology and the concept was developed further during the 1990’s. It 
was seen as a good tool for quantifying environmental impact in a scientific way. 
However, criticism also emerged, often because of the many different methods used 
and publication of biased reports aimed to market a certain product. A uniform 
methodology did not exist, and the debate on how an LCA study should be performed 
still exists today. Standards have however emerged (ISO 14040) and LCA courses are 
now taught at universities. The LCA methodology used in this report is described 
below, it has been derived from Baumann & Tillman (2004) and ISO standards.	

2.1 Methodology 

Baumann & Tillman (2004) describes four general stages to perform a Life Cycle 
Assessment as; Goal and scope definition, inventory analysis, life cycle impact 
assessment and interpretation and presentation of results. See figure 1 for overview 
of the life cycle assessment framework.  

 

Figure 1. Framework of the life cycle assessment 

2.1.1 Goal and scope definition 

When performing an LCA study, a goal of the study needs to be defined. More 
specific; what is the question that should be answered by the study? And further; who 
is the intended audience? Depending on how the goal is formulated, methodology and 
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modelling requirements will be different. Since the goal of the study will affect 
subsequent stages of the LCA study it should be as specific as possible in order to 
create a basis for making methodological choices.  

The scope definition includes deciding which options to model, functional unit, choice 
of impact categories and method for impact assessment. Further, system boundaries, 
principles for allocation and data quality requirements should be communicated in 
order to answer the formulated question.   

The options to model should be determined as a result of the question that the study is 
trying to answer, i.e. which is the actual product or service that should be surveyed in 
order to reach the intended goal? 

The functional unit in an LCA study is a quantitative reference unit that all flows 
within the system will be related to. The functional unit is important in order to be 
able to compare different studies. 

Choice of impact categories and method for impact assessment includes the decision 
on which environmental impacts to include in the report and how they should be 
assessed. Such impact categories may be resource use, ecological consequences, 
human health etc. Depending on which of these impact categories that are chosen, 
different data needs to be collected during the inventory analysis. The impact 
assessment involves translating different environmental loads into environmental 
impacts. An example may be the conversion of SO2-emissions to acidification 
potential. This is made in order to increase the accessibility of the report.  

System boundaries describe what are to be included in the model, and should be 
defined in several dimensions. These dimensions are; boundaries in relation to 
natural systems, geographical boundaries, time boundaries, and boundaries within 
the technical system. 

Principles of allocation need to be decided on if flows within the system are linked in 
a network and shared between processes. If these flows are to be expressed in relation 
to one process only, the resources need to be allocated. Allocation can be performed 
in accordance to a number of different principles depending on the type of allocation 
problem. 

The quality of the data used in a LCA study will affect the results. The ISO standard 
(ISO 14041, 1998) structures data quality under three different headlines; relevance, 
reliability and accessibility. These categories aim to structure the data that is used in a 
transparent and reliable way. An LCA study performed on a product where all flows 
are occurring in a specific country should preferably use data from this country. The 
data should also be as recent as possible since environmental impact from processes 
will change over time, for example because of technological progress. It also 
categorizes if site-specific or average data has been used. If for example a factory 
buys green electricity for their operations, they should not use average data for 
national electricity during the LCA study. However, average data may also be more 
relevant in other cases, for example when studying the total impact from a specific 
industry active in a specific country.	
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2.1.2 Inventory analysis 

The inventory analysis includes the construction of a flow model over the studied 
system, designed according to determined system boundaries and the methodology 
from the goal and scope definition. The model should cover all in- and outflows from 
the studied system, however only flows that affects the environmental performance 
are to be considered. When the flow model has reached a satisfying level of detail, 
environmental data needs to be collected for the different flows of the model. This 
data should according to ISO 14041 (1998) be verified by comparison with other data 
sources. It should further be related to the intended data quality requirements defined 
in the goal and scope. After data has been collected, environmental loads are 
calculated in relation to the selected functional unit. The calculations includes 
normalization, setting up mass balances within the system, calculating flows passing 
the system boundary and lastly to sum up the resource use for the whole system.  

2.1.3 Impact assessment 

Life cycle impact assessment (LCIA) is made by transforming environmental loads 
from the inventory analysis into different types of environmental impact. This is 
performed in order improve the accessibility to the study, a few environmental impact 
categories is often easier to use than a long list of different environmental loads.  This 
increases the ability to communicate and compare results from the study. The 
mandatory phases during an LCIA are impact category definition – identification and 
selection of impact categories, classification - assignment of inventory data to their 
impact category and characterization – calculation of environmental impact from each 
impact category. In addition there are optional elements such as normalization, 
grouping, weighting and data quality analysis. 

Results and findings should be presented in such a way that it answers the question 
formulated in the goal. It should further be made in such way that it is possible to 
draw conclusions based on the information.  Results should be communicated in a 
clear and understandable way, diagrams are often a good tool for achieving this. 

2.2 Standards 

In order to achieve comparability and consistency between LCA reports, the European 
Committee for Standardization have developed several ISO standards regarding the 
use of the LCA methodology. How an LCA study should be performed can be found 
in ISO 14040. This ISO standard is not specific for the construction industry and may 
be applied to many different industries. More specific information regarding LCA 
studies in the construction industry may be found in ISO 15978 which contains 
information regarding the assessment of environmental performance of buildings.  

The principals and the framework of the standards have been used in this report. 
Some limitations have although been made in order to align the LCA study with the 
aim of the report. 
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2.3 Databases and software 

Different databases and software have been used in this study. Skanska’s cost 
calculation program Spik has been used to quantify material use in the reference 
project. Environmental calculations have been performed in Eco2/Anavitor, Simapro 
and Eco Bau where Eco2/Anavitor has been used as main software and Simapro and 
Eco Bau to retrieve reference values to perform a sensitivity analysis. Eco2/Anavitor 
uses environmental data from a database developed and maintained by IVL, the 
Swedish Environmental Research Institute. Simapro uses environmental data from 
Ecoinvent, a database developed by a non-profit organization originally developed as 
a joint initiative between ETH Domain and Swiss Federal Offices (Eco Invent, 2015). 
Eco Bau is a Swiss database that utilizes Eco Invent but provides environmental data 
representative for the Swiss market (Eco-bau, 2015).  

2.3.1 Spik 

Spik is a tool for cost calculations used by Skanska. The tool is developed on behalf of 
Skanska. Cost calculations are essential in any contractors’ project management 
routines. Typically there are two types of calculations: the prognosis calculation 
which is used to place a bid on a specific project, and the production calculation 
which is used to plan and follow up on-going projects. The production calculation is 
continuously updated throughout a project to track costs and follow up changes etc. 
For the finished building, the cost calculations should preferably correspond to the 
actual costs. For an overview of the interface used in Spik, see figure 2. 

 

Figure 2. Interface of SPIK 

Used to its full extent, Spik will provide a solid foundation for carbon accounting. A 
high level of detail can be achieved by using so called “long resources” as opposed to 
“short resources”. Resources are categorized by a using a string of numbers where the 
first four represent the account of the resource, the subsequent numbers represent a 
specific product or dimension. For instance, 5241 is wood, 5241 4420 4514500 is 
sawn and planed timber in the format 45x145 mm. The former is a short resource and 
the latter is a long resource. By using long resources more information is given and 
the accuracy is improved for carbon accounting. 

Another factor which affects the interpretability of the data is the quality of the 
original cost calculation. If the cost calculation has a low level of detail, the 
corresponding Eco2 calculation will also be of insufficient detail. It is therefore 
necessary to assess the accuracy of the cost calculation data before using it in Eco2.  
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2.3.2 ECO2/Anavitor 

Eco2 is a part of Skanska’s green initiative, it is based on the Anavitor concept which 
was created to allow carbon accounting without extensive workload or financing 
(Åkej AB, 2015). Skanska has adapted the tool by making it compatible with their 
cost calculation tool Spik and by adding Skanska-specific climate data on certain 
building materials that are considered to be of interest. 

Data on the building design and inventory is collected from Spik. It is imported to 
Eco2 and recalculated from cost calculation resources to Eco2 resources. The 
accuracy of these calculations are dependent on the cost calculation quality and Eco2 
distinguishes two types of calculations. The first is where the cost calculation resource 
is given as a “long resource”, a so called primary calculation. The other is where only 
price and material type is given (“short resource”), a so called secondary calculation. 
Figure 3 describes the process of recalculation to Eco2 resources. The validity of all 
Eco2 resources has been verified with project blueprints and additional 
documentation. 

  

Figure 3. Graphic presentation of environmental calculations based on SPIK resources 

The primary calculations include accurate entries of material amounts. Secondary 
calculations are calculated from average prices for a certain material category. Prices 
often vary substantially within a material category and “short resources” can 
sometimes include labour. Secondary calculations are therefore often insufficient in 
quality and therefore have to be manually quantified and recalculated. 

2.3.3 IVL database 

Emission factors for environmental resources are provided by IVL. Some of the 
factors are generic for Sweden and some are Skanska-specific, IVL provides the 
Skanska-specific data on demand. Eco2 also takes transportation of material into 
account by using a set of predefined transport distances, these distances can be 
modified for the entire project or individual resources. Detailed calculation of 
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distances for every single component would imply extensive workload and is 
therefore unreasonable. However, the distances for heavy and frequently occurring 
materials, such as concrete, should be specified in order to obtain accurate results. 

The IVL database is adapted for the Swedish construction market and developed in 
accordance with ISO 14044. Data is typically more recent than ten years, if older a 
notice is given that data may not be of sufficient quality. The Anavitor concept further 
enables assessment of the total accuracy of the environmental data for the whole 
project by quality evaluation of the data in several dimensions. 

2.3.4 Alternative databases 

Material amounts that are obtained through Eco2 and Spik are extracted and used as 
input in Simapro and Eco Bau. Simapro uses the Ecoinvent database provided by ETH 
Domain and Swiss Federal Offices. Eco Bau is a Swiss database and environmental 
data are representative for the Swiss market. It is crucial that the environmental 
resources from Eco2 correspond to environmental resources in Eco Invent and Eco 
Bau in order for the results to be comparable. For instance, if a different kind of 
concrete is used in the carbon accounting from the different software the results will 
be less reliable or even non-valid. This is checked during the export-import procedure 
of the material data. Also, the sensitivity of the model is assessed using a Monte Carlo 
simulation (Metropolis & Ulam, 1949). 
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3 Methodology of Parametric Study 
Results from the LCA of the reference building should be used in order to identify 
improvement possibilities. This is achieved through a study where certain parameters 
of selected building parts are altered, a parametric study. In this chapter, the 
methodology and principles for the parametric study is described. 

3.1 Principles 
Changes in the different parameters should typically result in a building with the 
similar specifications in terms of shape, energy, maintenance, acoustics, fire safety 
and structural stability. This way, only the production phase of the LCA will be 
affected and the effects of the parametric changes can be compared to each other and 
the reference project. Some changes in functionality will be accepted as long as it can 
be motivated as a potential measure to significantly reduce the production emissions 
and not affect the operational emissions or operational cost. The implication of these 
changes should be discussed in the parametric study. 

Parametric changes are grouped by structural part of the building linked to their 
economic impact on the entire construction project. For instance, a building part may 
be modified in several different ways where the expected environmental- and 
economic impact is presented for each case. This is done in order to make sure that 
the suggested alterations are economically feasible. 

3.2 Parameters to Study 
Different structural parts have different alteration potential. The study aims to present 
simple and easily accessible solutions that can be applied to current structural 
systems. Major design alterations of the structural system are therefore generally 
avoided. This implies that the following parameters can be modified: material quality, 
material amount and design solution. The parameters to study will be chosen 
depending on their relative impact, parameters of great impact will be altered in order 
to achieve largest possible reduction of GHG-emissions. 

Replacing the entire structural system might be a way to study changes in 
environmental impact. For instance, by replacing the load bearing pre-fabricated walls 
with a beam- and column system and curtain walls, environmental impact may be 
reduced. However, such alterations require very large deviations from original design 
and are therefore often avoided during design processes. In addition, the final 
products may be difficult to compare. Different structural systems may also require 
different floor plans and material amounts may be hard to assess without actual 
blueprints.  

It is important that the final products are equivalent in order to make the alternatives 
comparable. This study is therefore focused on solutions that do not alter the building 
in terms of shape, maintenance, energy performance, fire safety or structural stability. 
Acoustic performance is in some cases lowered in order to assess the environmental 
impact of the acoustic requirements.  
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3.3 Economic Aspects 
In the studied alternatives, the economic aspects are evaluated and expressed as 
differences in cost compared to the original design. These differences can typically be 
categorized as material costs, work costs, transition costs and resident’s costs. 
Material costs for added or removed materials can be extracted from the cost 
calculation tool Spik, which is described in detail in a previous section. Work cost 
includes differences in labour and planning processes. Prices per hour can be 
extracted from Spik. Labour is included in most material posts in Spik. However, the 
total amount of work needed was evaluated in collaboration with professionals from 
Skanska’s calculation unit. Transition costs are costs that occur during a transition 
period between the traditional methods and new methods. Transition costs may 
include costs of creating new forms, new standards, and new working methods etc. 
These costs are hard to evaluate before the changes are made and they only occur 
during the transition time. They are therefore noted but not included in the economic 
evaluation of the alternatives. Resident costs take increased costs during the 
operational phase into account. However, the suggested design alterations should 
result in a building which is similar to the original one and resident cost will therefore 
not be substantially affected. 
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4 Previous Studies 
Many LCA studies have been performed on buildings since the concept was 
introduced. Sartori and Hestnes (2006) conducted a literature study where LCA-
results from 60 buildings situated in nine countries were compared to each other. The 
cases compared included both residential and non-residential buildings, and 
publishing date of the studies ranged from 1978 to 2005 (however, a majority were 
published in late 1990’s or early 2000’s). The study came to the conclusion that 
operating energy represent a larger part of a building’s energy use than embodied 
energy. Further findings showed that low-energy buildings had more energy 
embodied, but were more energy-efficient over the whole life-cycle. The study only 
concerned energy use, and did not include information regarding environmental 
impact or how the energy was produced. 

Adalberth et al. (2001) conducted a life cycle assessment of four multi-family 
buildings built in Sweden and aimed to establish which phase in the life cycle had the 
highest environmental impact. The studied buildings were constructed in mid-1990s 
and different in design and location. Findings showed that the operational phase of a 
building corresponds to 70 - 90 % of the total environmental impact and therefore, the 
choices of design have little effect on total environmental impact. In the study, data 
for average Swedish district heating and the European OECD countries’ average 
electricity mix have been used for the operational phase. A sensitivity analysis was 
performed where European electricity mix was changed to Swedish electricity mix. 
This resulted in a major reduction of global warming potential due to less emissions 
from the Swedish electricity production. However, the sensitivity analysis was only 
conducted on one of the four houses, which was the one with highest energy use 
during the using phase. The houses that the study was performed on were typical 
buildings from mid-1990 and calculated energy use was between 100 – 150 kWh/m2.  

A more recent study has been conducted by Liljenström et al. (2015) on a multi-
family passive house constructed by Skanska in 2010. The study questioned the 
general opinion that the construction phase has little effect on total environmental 
impact from buildings. This opinion is said to mainly derive from Adalberth et al. 
(2001) and the authors argued that due to technical progress during later years the 
results are no longer valid. The report regards GHG-emissions and cumulative energy 
use and was aimed at the Swedish market. The studied house was a passive-house 
with a concrete structure, and therefore low energy use during the use phase (54 
kWh/m2 exclusive household electricity). The results showed that the production 
phase answers for approximately 25 – 70 % of total emissions depending on which 
energy and heating mix that is used during the operational phase. If an underground 
garage was added, which is common in cities, the production phase adds an additional 
17 % to the total impact. Several different scenarios were tested such as replacing the 
passive house with an ordinary house built to comply with Swedish regulations 
regarding energy use. In this case the production phase decreased in importance, but 
still corresponded to approximately 40 % of total energy use, measured over a time 
period of 50 years. The conclusion was that the production phase of buildings can no 
longer be neglected when trying to decrease the total impact of buildings.  

An article by Brown et al. (2014) affirms Liljenström et al.’s (2015) conclusion 
through a comparison between recent LCA studies (performed 2008-2012). Although 
the relation between production and use phase differ a lot between compared cases it 
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can be observed that the production phase usually corresponds to approximately 40 – 
50 % of total energy use. In addition, a study by Toller et al. (2011) examined total 
emissions from the Swedish building and real estate management sector and 
determined that the production phase of buildings corresponds to a large part of total 
emissions, largely because the energy used for heating and electricity is relatively 
clean in Sweden. The study further concluded that “if the energy sources for heating 
are carbon-lean and the aim is to reduce climate change, then other measures must 
also be considered”.  

Judging by the results of Liljenström et al. (2015), Brown et al. (2014) and Toller et 
al. (2011), there is a need for reduction of emissions during the production phase of a 
building. It is likely that there is a correlation between design choices and production 
emissions. However, studies regarding this are more limited, likely because of the 
earlier opinion that the construction phase is of little interest when reviewing total 
impact (Liljenström, 2015). Nevertheless, a few studies have been made. Jönsson et 
al. (1998) compared steel and concrete frames of dwellings and offices. The study 
showed that in situ cast concrete emits more GHG than a precast concrete frame. A 
precast concrete further emits more GHG than a combined steel/concrete frame. 

Another study made by Ji et al. (2014) examined concrete structures where different 
concrete and rebar qualities were compared in order to evaluate which combination 
that were the preferable regarding GHG-emissions and costs. It was found that the 
most favourable alternative regarding both GHG-emission and cost was a low 
concrete quality combined with high quality rebar. The result is however not analysed 
further due to the focus of the study, and it is hard to evaluate whether the result is 
generally applicable in the construction industry. 

Kuruşco & Girgin (2014) evaluated different building materials regarding embodied 
energy and GHG-emissions. Findings showed that by using substitutes for cement 
such as fly ash or slag the emissions from concrete can be reduced. According to the 
article, these measures can potentially reduce GHG-emissions of C30 concrete by 
approximately 20 %. They further concluded that recycled steel or C50 concrete with 
50 % content of fly ash or slag leads to the best performance regarding cost, strength 
and environmental aspects of the compared materials. In addition, Guardigli et al. 
(2011) has compared reinforced concrete and wood structures showing that a wooden 
structure generally leads to less environmental impact than a concrete.  

Additional studies typically compares the life cycle of conventional and passive 
houses (Sartori & Hestnes, 2006). These were made in order to study how the 
common increase in material, and decrease in energy use of passive houses compares 
to the less material used but higher energy consumption of a conventional building. 
Studies showed that a passive house is still preferable from a life cycle point of view 
due to a marginal increase in embodied energy but a major decrease in operating 
energy use (Liljenström, 2015; Sartori & Hestnes, 2006). Brunklaus & Baumann 
(2013) however showed the importance of inhabitant’s electricity choice in order to 
achieve the best environmental performance in a passive house.  

Reviewing earlier studies there seems to be support for the statement that the 
production phase may not be neglected. Especially if energy used during the 
operational phase is rather carbon-lean and the building is relatively energy efficient. 
A more detailed study of the production phase may therefore increase the possibility 
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to decrease total impact of a building. Studies regarding the correlation between 
design choices and emissions show that different design solutions lead to different 
GHG-emissions. This indicates that reductions of GHG-emissions may be achieved 
by alternating the design. However, previous studies typically compare entirely 
different structural systems while this study aim to present less radical changes to the 
original design. This is regarded as an opportunity for this report to increase current 
knowledge. 
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5 LCA of Reference Building 
This chapter describes the process of evaluating the reference building from a life 
cycle perspective. The evaluation is based on the methodology described in chapter 
two and it serves as a basis for the parametric study in chapter six. 

5.1 Goal and scope 
The goal of this study is to identify improvement possibilities regarding carbon 
efficiency of ordinary multi-family houses constructed by Skanska. The intended 
audience for the study is decision-makers in the Swedish construction industry. It 
aims to provide information about how emissions from building production may be 
reduced in order to create a more sustainable industry. It further aims to increase the 
awareness that different design solutions will affect the environment to different 
extent. This is done in order to introduce carbon efficiency as an important factor in 
strategic decisions.   

A life cycle perspective is needed in order to relate the improvement potential to the 
total impact during construction. It is also needed in order to relate the construction 
emissions to the operational emissions. The results of this LCA will be used in the 
parametric study aimed to identify and evaluate improvement possibilities.  

Baumann and Tillman (2004) stress the importance of formulating a specific goal for 
the LCA study in order to be able to make relevant choices during the study. To 
identify improvement possibilities of multi-family houses is a rather vague question 
and needs to be developed further in order to create a solid foundation for the study. 
Several different design alternations have therefore been evaluated, each representing 
variations of the original design with the intention to compare differences in global 
warming potential. The study aims to answer the following questions:  

What is the relation between production emissions and service life emissions of a 
building? 

Which of the studied design alternatives are preferable in order to decrease the 
emissions of greenhouse gases? 

The first question strives to reveal the relation between different stages of a building’s 
life cycle. This is made in order to evaluate whether alternations of a building’s 
design will have any major impact on the total emissions. In order to provide relevant 
results, design alterations should result in a building that is similar to the original 
design in function and form. 

5.1.1 Reference project 

This study is performed on four residential buildings recently constructed by Skanska, 
see figure 4. The buildings are situated in Solna, Sweden and were constructed 
between 2012 and 2013. The project was selected because it resembles an ordinary 
housing project by Skanska regarding size and design. This was made in order to 
make the results as general as possible and increase the applicability of the study. The 
project consists of four buildings with four floors and 15 apartments in each, resulting 
in a total of 60 apartments. The buildings are identical apart from the existence of 
basements in two of the houses, see appendix A for blueprints. Total heated floor area 
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(Atemp) of the four houses are 5375 m2 including apartments, cellar, public areas and 
equipment room. Total area of the apartments is 4360 m2 divided into apartment sizes 
ranging from 50 – 110 m2. 

 

 

Figure 4. Rendering of Daggkåpan 

 

Exterior walls are load bearing and consist of half sandwich elements with 150 mm of 
prefabricated concrete, 200 mm of EPS insulation and a plastered façade. Interior, 
load bearing walls consist of 200 mm prefabricated concrete elements. Floors are flat 
slab bases, 50 mm thick with a layer of 200 mm of site cast concrete on top. The 
foundation is made of a site cast concrete slab and concrete piles. Two of the houses 
have a site cast concrete cellar under half of the building. The foundation structure is 
insulated with 100-200 mm of EPS. The roof consists of a wooden structure which 
rests on top of the uppermost slab.   

Daggkåpan utilizes district heating for ventilation air, radiators and tap water. In 
addition a heat exchanging system is installed to recover heat from the ventilation 
system. Electricity is used for pumps, fans and floor heating in the bathrooms. The 
total calculated energy consumption of the building is 64 kWh/m2·Atemp·year. Current 
regulations set by the National Board of Housing, Building and Planning (BFS 
2015:3) state that a building in this region may not consume more than 100 
kWh/m2·Atemp·year. Furthermore, Daggkåpans energy use may be compared to the 
current regulations for passive houses in Sweden which is 54 kWh/m2·Atemp·year 
(FEBY, 2012). The reduction from current regulations enables Daggkåpan to reach 
energy class B, meaning that its energy use is 50 – 75 % of a building only complying 
with the minimum regulations of the National Board of Housing, Building and 
Planning. 

The acoustics in the reference project is designed as “striving towards class B” which 
means that class B is generally reached but not guaranteed1. Sound class B is higher 
than the minimum of sound class C and is generally pursued in Skanska’s self-
developed residential projects (Skanska, 2014). 
																																																								
1 Johanna Hallberg. Rapport R112605-1rev3 (acoustic investigation of the project) 



CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	2015:56	16

5.1.2 Functional unit  

The functional unit aims to provide a reference to which flows in the studied system 
can be related (ISO 14040:2006). Therefore the functional unit has to be quantifiable 
(Baumann & Tillman, 2004). The functional unit enables LCA results to be compared 
to other studies and is especially important in comparative studies where different 
systems are evaluated (ISO 14040:2006). 

The functional unit selected in this study is 1 m2 of heated floor area (Atemp), i.e. 
usable heated floor area within apartments, entrance, stairs, cellar and attics. Walls 
and shafts are not included. The unit has often been used in similar studies and is 
therefore suitable in order to increase the comparability of the study (Brunklaus et al., 
2010, Sartori & Hestnes, 2006, Adalberth et al. 2001). 

5.1.3 Impact categories 

Environmental impacts are the environmental issues of concern that a system 
generates during its life cycle. There are many different impact categories often 
divided into three main categories; resource use, human health and ecological 
consequences with different sub categories (Baumann & Tillman, 2004). Nordic 
Guidelines on Life Cycle Assessment (Finnveden & Lindfors, 1995) further 
recommends that the list of impacts should cover all environmental problems of 
relevance. However, according to ISO 14040 it is possible to reduce the impact 
categories depending on the aim of the study, as long as it is clearly stated and 
motivated.  

This report will focus on global warming potential (GWP). The impact category have 
been selected as a consequence of the large share of total GHG-emissions that derives 
from the construction industry today. Production and heating of buildings and 
infrastructure account for approximately 20 % of total GHG-emissions in Sweden 
today (Toller et al., 2011). As a result, GHG-emissions is regarded as the major 
environmental impact in the industry (Toller et al., 2011) and therefore of interest to 
reduce. The report will thus not provide a complete view of all environmental issues 
that the studied system give rise to. 

According to EN 15987:2011, GHG-emissions should be quantified using GWP. The 
standard further indicates that GWP should be given over a time period of 100 years. 
GWP is measured in CO2-equivalents but includes not only CO2-emissions but also 
other gases with the ability to absorb infrared radiation. Global warming potential 
differs between different substances and is defined as the ratio between the increased 
infrared absorption caused by 1 kg of a certain GHG and the increased infrared 
absorption caused by 1 kg of CO2 (Baumann & Tillman, 2004). Table 1 shows some 
the most common GHGs GWP ratios. 

Table 1. Global Warming Potential (GWP) relative to CO2 (IPCC Fourth Assessment Report, 2007) 

Industrial designation 
or common name 

Chemical formula 

GWP for 100-year time horizon 

Second assessment 
report (SAR) 

4th assessment report 
(AR4) 

Carbon dioxide CO2 1 1 

Methane CH4 21 25 
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Nitrous oxide N2O 310 298 

Substances controlled by the Montreal Protocol 

CFC-11 CCI3F 3,800 4,750 

CFC-12 CCI2F2 8,100 10,900 

CFC-13 CCIF3  14,400 

CFC-113 CCI2FCCIF2 4,800 6,130 

CFC-114 CCIF2CCIF2  10,000 

CFC-115 CCIF2CF3  7,370 

Halon-1301 CBrF3 5,400 7,140 

Halon-1211 CBrCIF2  1,890 

Halon-2402 CBrF2CBrF2  1,640 

Carbon tetrachloride CCI4 1,400 1,400 

Methyl bromide CH3Br  5 

Methyl chloroform CH3CCI3 100 146 

    

5.1.4 System boundaries 

System boundaries need to be formulated in several dimensions, natural boundaries, 
geographical boundaries, time boundaries and boundaries within the technical 
system. The used boundaries should be formulated in accordance with the goal of the 
study (Baumann & Tillman, 2004). The boundaries used in this study are presented 
below.  

Natural boundary 

The natural boundary decides where a life cycle begins and ends. Generally this 
includes all the activities that are under human control (Baumann & Tillman, 2004). 
The European standard ISO 15978 further categorises the life cycle of a building in 
different modules, which are presented in figure 5.  

  

Figure 5.Overview of the life cycle modules of a building (ISO 15978) 

These modules include all stages from retrieval of raw material until disposal of 
material after the demolition of Daggkåpan. However, difficulties and insecurities 
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regarding the assessment of activities during the use and end of life stage (Module 
B1-5 and C1-4) makes it unsuitable to include all modules proposed by ISO 15978. 
Primarily, stages such as demolition and refurbishment will take place many years in 
the future making it difficult to assess the environmental impact of future technology 
and materials. Secondly, the life time of buildings differ significantly and to assess 
how long it will stand in advance is difficult. Thirdly, since this study aims at 
revealing opportunities to improve carbon efficiency in building design without 
alternating the energy performance, the life time of the building is therefore of less 
importance. The life time has thus been set to 50 years, renovations and demolition 
have not been considered. 50-years is further a common reference time used in studies 
(Wallhagen et al., 2011).  In addition, Liljenström et al. (2015) argues that 50-years is 
a common interval between major renovations of a residential house and Adalberth et 
al. (2001) states that 40 – 50 years is a common economic life-span for a building in 
Sweden, making it suitable to use in this report.   

The software used provides data regarding module A1-5, i.e. the whole production 
phase. In addition, calculations regarding GHG-emissions deriving from operational 
energy use have been made. Thus the modules A1-5 and B6 assessed are in this 
report.  

While stages such as renovations and repairs may correspond to substantial energy 
use over the whole life cycle (Aktas & Bilec, 2012), they are hard to evaluate and not 
within the scope of this report. Although no maintenance or demolition is taken into 
account, it should be noted that the studied alternatives should be equivalent to the 
original building. In a work in progress, Erlandsson & Holm (2015) argues that it is 
generally possible to estimate emissions from maintenance and renovations (modules 
B2, B4 and B5) as approximately 10 % of a building’s total emissions (modules A1-
A5, B2, B4 and B5). This percentage can be seen as an indicator but the method will 
not be applied in this report. 

Geographical boundary 

The results of an LCA study may differ depending on where in the world it is taking 
place and geographic aspects therefore need to be considered (Baumann and Tillman, 
2004). Firstly, this is a consequence of the fact that many processes are not performed 
in the same way all over the world and therefore give rise to different environmental 
impacts. Secondly, environmental impact may be a local and/or global issue. While 
for example GHG-emissions are a global concern, water use may be a local issue in 
dry areas of the world, but not in others.   

Differences regarding for example electricity production, waste management, heating 
production and material production exists both on international and national level. 
The specific characteristics of a building make it sensitive to such geographical 
alternations. A building is static and will stay at the same location throughout its 
entire life cycle. This decreases uncertainties regarding where the life cycle will occur 
but might make it harder to compare with similar projects performed in other areas of 
the world. In addition, total emissions from a building rely heavily on how the energy 
of the operational phase has been produced (Liljenström et al., 2015). 

The target for this study is decision makers in the Swedish construction industry, and 
data used will therefore as far as possible be specific for Sweden. However, 
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differences also exist on a national level, especially regarding emissions from district 
heating production (Swedish District Heating Association, 2013). Since national 
differences exist, the ambition is to present several scenarios that cover various 
energy mixes. The set boundaries will increase the accuracy for its intended audience, 
the Swedish construction market but also limit the applicability to other markets. 
Further information about input data is found under chapter 2.3 Databases and 
Software.  

Time boundary 

The time boundary decides the time horizon for the studied system. When will the 
impacts occur, and are there impacts that will occur after the defined time boundary? 
This study is of accounting-type, making it retrospective i.e. looking back in time. 
The calculations therefore aim to answer what environmental impact the studied 
building can be held accountable for. Data used are present and no assumptions 
regarding future techniques and emissions have been used. The IVL database is 
continuously updated. 

Boundaries within the technical system 

Technical boundary decides how thoroughly the model of the studied system should 
be made and what parts of a life cycle that should be included. Due to data collection 
issues it is often impossible to include all parts. Production of capital goods and 
personnel-related environmental impact are often excluded from LCA studies 
(Baumann & Tillman, 2004). Parts of an LCA may also be excluded due to negligible 
impact or due to low relevance for the studied question. Additionally, allocation 
problems may occur when life cycles of different products share the same process, for 
example if a machine produces several different products. The IVL database used in 
this study are designed according to the Europeans standard EN15978 and allocation 
problems during material production have already been considered. 

Effort has been made to create a model that resembles the studied building to a large 
extent. Cost calculations for the project has been used to retrieve material amounts, 
and major material groups have been confirmed by comparing drawings with 
calculations. Material groups that are included in the model range from structural 
parts to interior painting, household appliances and pipes with the aim to include 
everything related to the construction of the studied building.	

5.2 Inventory analysis 
The inventory analysis includes the construction of a flow chart according to the 
predefined system boundaries. Each material used in a building has its own life cycle 
including production, transportation, usage and demolition. A buildings entire 
flowchart could thus be elaborated to a high level of detail. This is however not 
necessary since the flows before, and until the supplier have already been included in 
the environmental databases. A general flow chart for building materials has instead 
been used, shown in figure 6. In this figure, the flows within the big box correspond 
to modules A4-A5. Flows prior to the box correspond to modules A1-A3, the 
remaining flows correspond to the rest of the modules.  
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Figure 6. General flowchart for building materials. Flows within the big box represent modules A4-A5. 

Upstream impacts, i.e. impact prior to building completion, mainly consist of building 
processes, material production and material transports. Software used provides 
environmental information regarding module A1-3 (Raw material supply, transport to 
manufacturer, manufacturing) “out of the box”, while information regarding module 
A4 (transport from manufacturer to site) are project specific and have to be entered 
manually, see table 2 for distances used in the study. The construction installation 
process (module A5) involves activities such as heating and electricity use during 
construction, fuel consumption of machines, temporary installations etc. These two 
modules (A4 and A5) are illustrated in figure 6. Information regarding these modules 
are gathered from SPIK and manually added to the LCA software. 

 

Table 2. Transport distances 

Material Distance, km 

Reinforcement 100 

Garbage, incineration 70 

WC goods 300 

Concrete 40 

Prefabricated concrete 40 

Landfill 40 

Tiles 200 

Steel 250 

Bricks 250 

Recycling Station 50 

Other material 250 

 

Downstream impact, i.e. impact from building completion and afterward, mainly 
consists of operational energy use, maintenance and activities concerning the 
demolition of the house. Impacts from demolitions are currently not covered by 
material databases. Operational energy use mainly derives from heating, building 
electricity, tap water and household electricity.  Operational energy use has been 
calculated separately in order to reach a sufficient level of detail in the presentation. 



	
	
	

CHALMERS	Civil and Environmental Engineering, Master’s Thesis 2015:56 21	

5.2.1 Building material 

Building material is assessed in accordance with the method described in chapter two. 
Table 3 presents a list of the ten largest material posts in terms of weight, a full list 
can be found in appendix B. Note that the table values represent material weight and 
not global warming potential. As can be observed in the list the absolute majority of 
materials derives from the structural parts of the buildings. 
 

Table 3. Material list of the ten heaviest material posts 

Material Amount [ton] 

Concrete 7123 

Flat slabs concrete 591 

Reinforcement steel 208 

Gypsum boards 94 

Façade plaster 79 

Floor plaster 75 

Wood 47 

Glazed tiles 31 

Parquet floor 30 

Cabinets 27 

 

The ambition has been to present a complete list of all material in the building, and as 
far as possible this has been done. However, some building parts have not been 
included due to minor impact and quantifying difficulties. Examples are some interior 
details such as for example door handles, mail boxes and fittings.  

The level of detail in this study varies. Important building components, such as 
structural parts, have been evaluated to a greater level of detail than parts of less 
impact. 

5.2.2 Construction and installation process 

Processes during installation and construction include transports, service transports, 
heating during production, machines and electricity. Material transports are estimated 
from a predefined list of supplier distances used in Eco2. Plausibility of these 
distances are checked for some of the heaviest material posts. Service transports and 
machine usage are specified in building days per vehicle in Spik. These values are 
recalculated to actual effective time using a set of utilization rates for different vehicle 
types provided by IVL2. Costs for heating and electricity are specified in Spik. 
Heating include propane consumption and district heating for site office and buildings 
during production. Heating in buildings is also required in order to dry out cast 
concrete and to ensure a good work environment. Inventory posts are calculated using 
average costs for each energy source. 

																																																								
2 Martin Erlandsson. Miljödata för arbetsfordon (software documentation) 
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5.2.3 Operational energy use and energy scenarios  

Energy calculations were performed for Daggkåpan when the project was initiated 
and later followed up in 2012. Calculations were made in accordance to a Skanska 
internal method deriving from regulations in BBR 19. Software used is IDA ICE and 
VIP+. The building reaches Energy class B, which corresponds to an energy use of 50 
– 75 % of current BBR minimum requirements of 110 kWh/m2. Table 3 presents the 
calculated energy consumption of Daggkåpan. 

Operational energy consumption during the use stage (Module B6) of a building is of 
interest in order to evaluate a buildings total environmental impact. Results may differ 
greatly depending on how the energy used in the building is produced. In order to 
illustrate this, four different energy scenarios has been used in this study. The 
scenarios are “Green”, “Low”, “Medium” and “High”. 

The scenario “Green” corresponds to origin-labelled electricity that are produced by 
renewable energy sources such as wind, solar or water. It further uses district heating 
with a high level of renewable fuels. Scenario “Low” corresponds to the electricity 
mix that is produced in Sweden and does not take import or export into account 
(Swedish Energy Agency, 2011). In this scenario district heating is used with 
emission factors that correspond to the mean values in Stockholm, Sweden. Scenario 
“Medium” uses the electricity mix that is produced in the Nordic countries, it is 
adjusted for import and export (Swedish Energy Agency, 2013). Same emission 
factors for the district heating as the “Low” scenario have been used, i.e. mean values 
for Stockholm, Sweden. Scenario “High” corresponds to the average electricity mix 
produced in the EU-27 (European Environment Agency, 2010). It uses district heating 
with emission factors that correspond to the Swedish average. Emission factors are 
compiled in table 5. 

Table 4. Operational energy during 50 years of operational phase 

Atemp [m2]:       5375 Type Energy 
demand 
[kWh/year] 

Energy  
demand 
[kWh/m2Atemp,year] 

Heating ventilation District heating 45800 8,5 

Heating radiators District heating 58400 10,9 

Heating losses District heating 26900 5,0 

Heating airing losses District heating 21500 4,0 

Domestic hot water District heating 107500 20,0 

Building electricity fans Electricity 38500 7,2 

Building electricity pumps etc. Electricity 26900 5,0 

Building electricity underfloor heating Electricity 20000 3,7 

Tenant electricity Electricity 161300 30,0 

Total except tenant electricity  345500 64 

Total including tenant electricity  506800 94 
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It is important to remember that it may not be possible to choose from different 
suppliers of district heating. Customers of district heating are often obliged to use the 
local supplier. It may therefore be necessary to evaluate alternative heating sources 
such as geothermal heating in order to limit building emissions depending on the 
building location. Note that scenario “High” corresponds to average emission factors 
which mean that there are alternative scenarios with potentially higher factors in 
corresponding regions. It is, however, high in relation to the “Green” and “Low” 
scenarios. 

1. Electricity produced by wind and water (IVL, 2009) 
2. Public heating branded Bra Miljöval 
3. Public heating in Stockholm 
4. Swedish mean public heating 

 

5.3 Impact assessment – Results 
Impact is expressed as global warming potential and measured in CO2-equivalents. 
The following section compiles the results of the impact assessment for the studied 
modules, A1-A5 and B6. 

Material quantities, transport quantities and energy are compared using data from two 
separate databases which calculate the CO2-equivalents of the inventory posts. IVL’s 
database is used for the primary impact assessment since it contains values that are 
specific for Sweden and Skanska. Two other databases, Eco Invent and Eco Bau are 
used for comparison of the ten most distinguished posts according to the primary 
impact assessment. This comparison is considered to be one type of sensitivity 
analysis. Additionally, the results are evaluated according using a Monte Carlo 
simulation in order to assess a likely distribution of the impact. The Monte Carlo 
simulation uses data from the Eco Invent database. 

5.3.1 Building process 

In total, the impact of the building process (Module A1-A5) is 2 100 000 kg CO2-
equivalents according to the results that are obtained using IVL’s database. The four 
buildings have a total heated area of 5375 m2 which means that the normalized impact 
is 391 kg CO2-equivalents per m2 of tempered area. See table 6 and figure 7 for 
impact of different materials. 

Table 5. Emission factors for electricity and district heating 

Scenario g*CO2/kWh 
electricity 

g*CO2/kWh 
heating 

Reference 

Green 101 142 IVL (2009) / Swedish Energy Agency (2013) 

Low 25,3 90,03 Swedish Energy Agency (2011) /  Swedish 
District Heating Association  (2013) 

Medium 125,5 90,03 Swedish Energy Agency  (2013) / Swedish 
District Heating Association (2013) 

High 360 121,14 European Environment Agency (2010) /  
Swedish Energy Agency (2011) 



CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	2015:56	24

Concrete structures (concrete, reinforcement and flat slab bases) account for the 
largest impact, in total 67.0 % (1 406 000 kg CO2-equivalents), see figure 7. Of these 
67 %, 51.2 % can be attributed to concrete¸ 8.3 % to reinforcement and 7.3 %. To flat 
slab bases, which are composite elements consisting of both concrete and 
reinforcement steel. Other environmental resources which account for major parts of 
the emissions during the building process are: EPS insulation (6.5 %), household 
appliances (2.8 %), heating of site cabins and drying of concrete (2.2 %), electricity, 
sewage and water in module A5 (2.1 %) and propane used in module A5 (2.0 %). A 
complete list can be found in appendix C. 

Table 6. Top ten accounts 

Account Emissions, kgCO2-eq Emissions, % 

5181 - Concrete 1075326 51.2 % 

5171 - Reinforcement 173423 8.3 % 

5161 - Flat slab bases 153288 7.3 % 

5282 - EPS and XPS 136215 6.5 % 

5263 - Household appliances 58959 2.8 % 

7646 - District heating (production) 47247 2.2 % 

7692 - Electricity, sewage and water (production) 43825 2.1 % 

7644 - Propane 41720 2.0 % 

4210 - Earthworks 40755 1.9 % 

5230 - Windows and doors 37772 1.8 % 

 

 

 

Figure 7. Distribution of upstream emissions. Categorised by material type. 

It is also possible to categorize emissions in terms of building parts, see figure 8. 
From this point of view, prefabricated wall structures account for the biggest part, 
21.8 % (456 700 kg CO2-equivalents). This category includes both interior load 
bearing walls (10.2 %) and exterior walls (11.6 %). Ground structures account for 
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25.0 % including piles (5 %) and the site cast foundation including cellar in two of the 
houses (20 %). Additional major building parts are the intermediate floor slabs (25 
%), consisting of pre-fabricated flat slab bases (7.3 %) and a layer of cast concrete 
(17.7 %). A complete list of different building parts can be found in appendix C. 

 

Figure 8. Distribution of upstream emissions. Categorised by building part. 

If emissions are categorized according to modules the production stage of materials 
(module A1-3) account for a major part; 86 %. Transport between supplier and 
construction site (module A4) accounts for 5 % of total emissions and construction 
installation process for approximately 9 % Figure 9 presents an overview.  

 

Figure 9. Distribution of upstream emissions categorised by life cycle module. 

 

In table 7, the GWP according to different databases are compared. In order to make 
the comparison more comprehensible, only material production of the ten highest 
contributing materials according to Eco2 has been studied. Heating, transports to 
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building site and processes on site have been omitted from this comparison. An initial 
observation is that the emissions from material production of these ten materials 
correspond to approximately 74 % (1 562 000 kg CO2-equivalents) of the total 
production emissions of the project. The remaining 26 % comprises the rest of the 
production materials, transports, processes and heating during production. Emissions 
from these materials and processes are not investigated in these databases. 

 

Table 7. Comparison of GWP according to different databases 

Material kg CO2-eq 
(ECO2) 

kg CO2-eq 
(eco-bau) 

kg CO2-eq 
(EcoInvent) 

Concrete 997168 790612 1414689 

Reinforcement steel 170847 141886 519999 

Flat slab bases 136040 124211 97984 

XPS 86223 240258 87466 

EPS 49206 56776 58704 

Steel studs 34245 49183 38153 

Gypsum board 25284 32869 35914 

Windows 22850 55710 49818 

Roof sheets 22172 35585 20398 

Aluminium 17866 11141 22897 

Total 1561901 1538231 2346020 

 

The same material amounts have been used in all of the databases which mean that 
the difference lies in the emissions factors. Generally, Eco2 and Eco Bau present a 
similar result while Eco Invent is higher. The explanation to this is that Eco Invent 
considers the mean production in the world while Eco Bau considers European/Swiss 
conditions and Eco2 considers a mix of Swedish and European conditions3. The 
individual differences within some of the material categories will be discussed 
individually. 

Concrete was highest according to Eco Invent and lowest according to Eco Bau. The 
differences between the databases can partly be described by differences in input 
material. Emission factors vary significantly between different concrete mixes and the 
databases were not entirely equivalent in this regard. The high emission factor of Eco 
Invent can however be explained by the fact that Eco Invent takes global production 
into account. 

Reinforcement was also highest according to Eco Invent and lowest according to Eco 
Bau. In this case, the difference was even more substantial. This can be explained by 
the big differences in production methods in Europe and the rest of the world. Also, 
much of the global reinforcement production takes place in China which implies long 
transportation distances to the suppliers. 
																																																								
3 Jun Kono (Chalmers University of Technology). Communication with authors on 2015-05-13 
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Flat slab bases were actually lower in Eco Invent and similar in Eco2/Eco Bau. In this 
case, Eco2 and Eco Bau used factors for a composite material consisting of both 
reinforcement and concrete while Eco Invent only used concrete. 

XPS was similar in Eco2 and Eco Invent but significantly higher in Eco Bau. This can 
be explained by differences in production where there are two primary methods. XPS 
requires an inflation gas during production, the new method uses carbon dioxide as 
inflating gas while the old method uses other gases. The older method gives rise to 
significantly higher levels of GHG emissions. 

Differences within remaining material categories can generally be explained by the 
same reasons. In conclusion, the emissions according to Eco Bau are 1.5 % lower and 
Eco Invent is 50 % higher. This can be interpreted as a confirmation of the results 
within the European market and an indication of the deviation in the global market. 

To further demonstrate the possible deviation in outcome due to insecurities in 
emission factors a Monte Carlo simulation was performed, see figure 10. The Monte 
Carlo analysis simulates a number of different scenarios in which the emission factors 
deviate from the mean value. The result is a numerically calculated distribution curve 
concerning the total emissions.  

 

Figure 10. Results from Monte Carlo Simulation 

The results from the Monte Carlo simulation were obtained using the Eco Invent 
database, the complete material list was used in this simulation. Values should 
therefore be related to the total emissions from material production using the Eco 
Invent database, 2 500 000 kg CO2-equivalents. This value corresponds to the mean 
value in the Monte Carlo simulation and is marked by the centre line in figure 10. The 
outer lines represent a confidence interval of 95 %. This confidence interval ranges 
from 1 890 000 to 3 420 000 kg CO2-equivalents or 76 % to 137 % of the mean value. 
This can be interpreted as a 95 % certainty that the emissions will be within this 
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range. The actual probabilities can be obtained from the y-axis of the diagram where 
the highest probabilities can be found close to the mean value. It is clear that the 
distribution of the results implies uncertainties to some extent. 

5.3.2 Operational energy use 

Emissions from operational energy differ depending on which energy scenario that is 
studied. In this report, a 50-year life span is studied. The different emissions are 
presented in table 8 below. Differences regarding the relation between electricity 
emissions and heating emissions may also be observed. Important to notice is that 
household electricity is included, this is not mandatory according to ISO 15978. In 
figure 11 the different energy scenarios are related to the functional unit.  

Table 8. Emissions in module B6 for different energy scenarios 

Scenario Emission electricity [kg] Emission heating [kg] Total [kg] 

Green 123 350 182 070 305 420 

Low 312 076 1 170 450 1 482 526 

Medium 1 548 043 1 170 450 2 718 493 

High 4 440 600 1 574 906 6 015 506 

 

Figure 11. Downstream emissions over 50 years calculated with four different energy scenarios 

5.3.3 Total emissions 

Total emissions of the four buildings were calculated by aggregating results from the 
different modules presented above. Total emissions measured in CO2-equivalents may 
be observed in table 9. Naturally, results differ depending on which energy scenario 
that was observed, scenario “High” emits more than three times as much GHG’s 
compared to scenario “Green” when the operational time is set to 50 years. These 
differences also affects the relation between upstream (module A1-5) and downstream 
(module B6) impact. The distribution within the different scenarios is presented in 
figure 13. The results may further be presented according to the functional unit in 
order to increase the comparability of the report, see figure 12. 
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Table 9. Operational emissions from energy use 

 Production 
[kg CO2-
eq/m2Atemp] 

Electricity 
excl. tenant
[kg CO2-
eq/m2Atemp] 

Tenant 
electricity 
[kg CO2-
eq/m2Atemp] 

District 
heating 
[kg CO2-
eq/m2Atemp] 

Total 
[kg CO2-
eq/m2Atemp] 

Green 391 8 15 34 448 

Low 391 20 38 218 667 

Medium 391 100 188 218 897 

High 391 286 540 293 1510 

 

 

Figure 12. Total emissions over 50 years with different energy scenarios. 

 

Figure 13. Distribution of upstream and downstream emissions with different energy scenarios. 
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6 Parametric Study 
While chapter five described the reference project from a life cycle perspective, this 
chapter will aim at modifying certain aspects of the reference buildings in order to 
reduce environmental impact during the production stage. The methodology and 
principles of this study is described in detail in chapter three. Simply put, the 
parametric study is intended to identify economically feasible environmental 
improvement possibilities in selected building parts. 

Judging by the results of chapter five, there were a few key material posts that 
contribute the most to the total global warming potential. These were concrete, 
reinforcement, flat slab bases, EPS, steel studs, gypsum board and a few other posts 
that cause a significant impact when aggregated. Of these posts, concrete was the 
dominating one. If emissions from concrete, reinforcement and flat slab bases were 
aggregated, the results were even more apparent: concrete structures accounted for the 
largest part of the environmental impact. Keeping these results in mind, a few 
structural parts are selected for the parametric study: prefabricated walls, floor slabs, 
insulation and roof structure. The emissions and costs presented in this chapter are 
related to the production of the building, i.e. module A1-A5.	

6.1 Exterior walls 
Exterior prefabricated walls account for approximately 11.6 % (45.2 kg CO2-eq/m2 

(Atemp) excluding the surface plaster) of the project’s total impact. In the original 
design, the wall consist of a 150 mm thick concrete layer followed by two insulation 
layers, 150 mm EPS and 50 mm plaster-bearing EPS and finally a layer of plaster. It is 
commonly known as a half-sandwich element (Skanska, 2014) see figure 14. The 
element type is commonly used as a load-bearing wall in 4-8 storey buildings, 
sometimes even higher according to Axelsson at Skanska Stomsystem4. 

6.1.1 Low-impact concrete 

Material quality can be altered from a standard structural concrete to a low-impact 
concrete. Low-impact concrete means that some of the cement is replaced by 
additions that yield less environmental impact. According to Johansson5, a common 
addition in Sweden is fly-ash due to its availability. Johansson further mentions that 
other possible additions are slag and silica. Additions have small, almost negligible 
effects on the long term structural properties of concrete, the strength development is 
slightly slower with fly-ash additions but this is seldom a problem in practice 
according to Johansson. In the prefabricated walls, this characteristic should not affect 
the production stage of the building. The basement walls are not prefabricated which 
means that the slower strength development needs to be considered on site but it 
should only have a negligible effect on the production according to Johansson. 
Structures with different exposure classes allow for different levels of cement 
replacement. Most of the exterior walls are categorized as exposure class XC16 which 
means that fly ash additions equal to 50 % of the cement weight may be added 
(Swedish Standards Institute, 2005). The basement walls are categorized as XC46 

																																																								
4 Thomas Axelsson (Skanska Prefabrication) communication with authors on March 31, 2015 
5 Thomas Johansson (Skanska Engineering Department) mail correspondence with authors on April 15, 
2015 
6 John Jonsson. FK Bygghandling 120903 (Technical description of the project) 
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which means that fly ash additions equal to 25 % of the cement weight may be added 
(Swedish Standards Institute, 2005). Reinforcement or insulation layers won’t be 
affected by the change from regular concrete to low-impact concrete. Transport 
emissions will also remain unchanged. The only factor that will be affected in the 
carbon accounting is the emission factor of concrete. It was found that a replacement 
of regular concrete with low-impact concrete in the exterior prefabricated walls could 
reduce the project’s total emissions by 1.3 % (4.9 kg CO2-eq/m2 (Atemp)). See table 10 
for updated material amounts due to this alteration. Concrete with fly-ash additions is 
slightly more expensive compared to regular concrete according to Esping7 at Thomas 
Concrete Group, approximately SEK 60 extra per cubic meter. Johansson8 on the 
other hand, says that the price difference often is negligible but depends on the fly-ash 
supply. No other costs or savings were introduced by this alteration. In total, the cost 
per functional unit was increased by SEK 0 – 5.1 or 0 – 0.03 % of the total production 
costs depending on fly-ash supply. 

 

Figure 14. Half sandwich element (left) and sandwich element (right) 

 

Table 10. Alternative material amounts, low-impact concrete 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -1 072 tons  -155 000  -778 000 

Low impact concrete +1 072 tons +129 000 +805 000 

	
																																																								
7 Oskar Esping (Thomas Concrete Group) mail correspondence with authors on April 17, 2015 
8 Thomas Johansson (Skanska Engineering Department) mail correspondence with authors on April 15, 
2015 
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6.1.2 Material reduction 

Material volume of exterior walls can be altered by reducing the concrete thickness 
from 150 mm to 120 mm. This is possible from a structural point of view according to 
Axelsson9. However, it may lead to complications when it comes to placement of 
reinforcement and cover thickness. The same reinforcement amount is required even 
though concrete thickness is reduced. A 30 mm reduction in concrete thickness has a 
negligible effect on thermal resistance of the wall structure, no adjustments had to be 
made in the insulation layer. In summary, the only substantial change that had to be 
made in the carbon accounting was a compensation for the decrease in concrete 
volume and consequently, the transport emissions. The result of the reduction was a 
decrease of approximately 1.6 % (6.0 kg CO2-eq/m2 (Atemp)) of the project’s total 
impacts. See table 11 for updated material amounts due to this alteration. The material 
costs are lower for a 120 mm thick wall, but the reinforcement placement will make 
the manufacturing process more expensive. In total, there is no significant difference 
in price between a 150 mm thick wall and a 120 mm thick wall according to Axelsson. 
Since these modified walls are slightly thinner than the original walls, this alteration 
would entail a minor increase in the total floor area, approximately 37 m2. Using data 
on mean prices for newly produced dwellings in Stockholm county (Statistics 
Sweden, 2013), this would increase the sales price by SEK 1 655 000 (SEK 308 per 
functional unit). 

Table 11. Alternative material amounts, material reduction 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -214 tons  -31 000  -155 000 

	

6.1.3 Alternative wall type 

One common alternative to the half-sandwich element is the sandwich element 
(Skanska, 2014) see figure 14. It holds approximately the same properties from a 
structural point of view and can therefore replace the half-sandwich element without 
altering the overall structural system. The main difference from the current wall is an 
additional layer of concrete outside of the insulation layer, which requires a separate 
reinforcement layer. Its main purpose is to increase the level of prefabrication and to 
create a sturdy exterior. The two-layered EPS of the current solution was replaced by 
200 mm of homogenous EPS, i.e. no difference in material volume. Higher quality 
EPS was required in the half-sandwich element since it is also the wall structure’s 
outermost layer. Different qualities of EPS result in different thermal resistances, but 
the differences are relatively small in this case. Finally, the layer of plaster that is the 
surface layer of the current wall is not necessary in the sandwich element. Instead, it is 
one of many possible façade options and for simplicity, it was used in this study. 
Combined, these changes led to an increase of approximately 4.1 % (16.1 kg CO2-
eq/m2 (Atemp)) of the project’s environmental impact. See table 12 for updated material 
amounts due to this alteration. As mentioned, the main purpose of using the sandwich 
element is to increase the level of prefabrication and thus decreasing the number of 
processes on site. Also, the quality of the façade is considered to be higher with the 

																																																								
9 Thomas Axelsson (Skanska Prefabrication) communication with authors on March 31, 2015	
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sandwich element since a concrete surface is more durable than a layer of plaster on 
top of EPS. Price-wise, the sandwich element is slightly more expensive10 per square 
meter compared to the half-sandwich element. In total, this led to a cost increase per 
functional unit of SEK 113.1 or 0.6 % of the total costs. Since these walls are slightly 
thicker than the original walls, this alteration would cause a minor decrease in the 
total floor area, approximately 87 m2. Using data on mean prices for newly produced 
dwellings in Stockholm county (Statistics Sweden, 2013), this would reduce the sales 
price by SEK 3 892 000 (SEK 724 per functional unit). 

Table 12. Alternative material amounts, alternative wall type 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete +500 tons +72 400 +362 800 

Reinforcement +13 800 kg +11 400 +207 500 

	

6.2 Interior walls 
Interior concrete walls are prefabricated and account for 10.5 % (41.1 kg CO2-eq/m2 

(Atemp)) of the project’s total impact. They are 200 mm thick and serve as load bearers 
and/or apartment dividers. According to Thomas Axelsson at Skanska Stomsystem11, 
the main reason that the thickness is 200 mm is the acoustic preferences. From a 
structural point of view, 160 mm or even 120 mm should suffice although 
reinforcement placement might be an issue if the walls are too thin. Reducing material 
volume is therefore of interest in the parametric study. Another option is to alter the 
concrete quality from regular concrete to low-impact concrete. 

6.2.1 Low-impact concrete 

Similar to the case with the exterior walls, only the emission factor of concrete was 
changed in the climate calculation when regular concrete was exchanged with low-
impact concrete. Interior walls are classified as exposure class XC112. Therefore, fly 
ash additions equal to 50 % of the cement weight may be added (SIS, 2005). It was 
found that the project’s total emissions could be reduced by 1.4 % (5.5 kg CO2-eq/m2 

(Atemp)) with this alteration. See table 13 for updated material amounts due to this 
alteration. As in the case with exterior walls, the price depends on the fly-ash supply 
and the costs per functional unit was increased by SEK 0 – 5.7 or 0 – 0.03 % of the 
total costs. 

Table 13. Alternative material amounts, low-impact concrete 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -1 191 tons - 172 300  -864 100 

																																																								
10 Skanska Teknik. Kostnadslathund Teknik: Konstruktion. Cost-guide for Skanska’s Engineering 
department 
11 Thomas Axelsson (Skanska Prefabrication) communication with authors on March 31, 2015	
12 John Jonsson. FK Bygghandling 120903 (Technical description of the project) 
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Low-impact concrete +1 191 tons +143 000 +894 400 

	

6.2.2 Material reduction at the expense of acoustic performance  

Another way to reduce GHG-emissions is to lower the sound class from class B to 
class C. Sound class C is considered to be an acceptable sound class in Swedish 
residential buildings. Sound class C requires 160 mm thick concrete layers as 
apartment dividing walls (Simmons, 2004) which is a substantial reduction from 200 
mm. Reinforcement was not affected by this reduction in thickness, transport 
emissions will be slightly lower. In total, the projects emissions could be reduced by 
1.7 % (6.6 kg CO2-eq/m2 (Atemp)) with this alteration. See table 14 for updated material 
amounts due to this alteration. It should be noted that sound class C may not be 
reached in unfavorable conditions with this wall thickness (Simmons, 2004). 
However, a more qualified acoustic investigation is required for this specific project 
in order to determine this. The costs per functional unit were decreased by SEK 32.113 
including transport, no other manufacturing costs or savings were introduced by this 
alteration. In total, the project costs were be decreased by 0.2 % due to this alteration. 
The lowered acoustic performance may entail discomfort and poorer living conditions 
for some residents. These effects are hard to quantify or value in relation to the other 
variables, they should however be noticed. Since these walls are slightly thinner than 
the original walls, this alteration would entail a minor increase in the total floor area, 
approximately 41 m2. Using data on mean prices for newly produced dwellings in 
Stockholm county (Statistics Sweden, 2013), this would increase the sales price by 
SEK 1 834 000 (SEK 341 per functional unit). 

Table 14. Alternative material amounts, material reduction at the expense of acoustic performance 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -238 tons - 34 400  -172 700 

	

6.2.3 Material reduction with additional sound insulation  

In order to make the wall even thinner, additional measures have to be taken in order 
to reach sound class B. The mass based damping had to be replaced by a mass-
damping-mass system. The concrete layer had to be at least 120 mm thick in order for 
the walls to retain their load bearing capacity 14 . Furthermore, an intermediate 
damping layer was added, a common design is to use separated layers of steel studs 
and mineral wool. At last, a second mass layer consisting of two gypsum boards was 
added. The actual sound class for this specific wall structure was not verified, but 
similar structures are used in sound class B walls. Reinforcement amount was not 
affected by this change, transport emissions from concrete was slightly reduced. The 
new materials were added to the climate calculation. In total, the project’s emissions 
could be reduced by 2.3 % (8.7 kg CO2-eq/m2 (Atemp)). See table 15 for updated 
material amounts due to this alteration. Material cost for concrete was lowered but 
instead new material costs were introduced and even more significant: new processes 
																																																								
13 Skanska Teknik. Kostnadslathund Teknik: Konstruktion. Cost-guide for Skanska’s Engineering 
department	
14 Thomas Axelsson (Skanska Prefabrication) communication with authors on March 31, 2015 
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were required on site. Also, this alteration could potentially increase the costs of 
planning and design due to both acoustic classification and logistics for the building 
process. All in all, the alteration increased the costs per functional unit by SEK 60.6, 
or 0.3 % of the total project costs, the residents’ costs will be unchanged. Since the 
thickness of these walls differ slightly from the thickness of the original walls, this 
alteration may entail a minor change in total floor area. It is difficult to tell exactly 
how large this change will be without a complete acoustic investigation. 

 

Table 15. Alternative material amounts, material reduction with additional sound insulation 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -476 tons - 68 900  -345 300 

Steel studs +2110 kg +5120 +162 100 

Gypsum board +45 600 kg +12 300 +400 200 

Mineral wool +8870 kg +6130 +108 900 

 

6.3 Roof 
The roof structure itself accounts for a small portion of the total impacts, 
approximately 1.9 %. However, one condition for the current solution to work is that 
the top floor and the roof structure are divided by a concrete slab. Wooden trusses and 
roof insulation are resting directly on top of this slab, see figure 15. A possible 
alteration would be to replace the uppermost concrete slab with a more eco-efficient 
structure such as a wooden truss. This is a design alteration that should not affect the 
overall structural system substantially. However, replacing the slab with an alternative 
system will introduce other difficulties and costs due to a less streamlined building 
process. This is because the slab itself entails a number of benefits including stability 
to the uppermost wall elements, finished ceiling surface on the top floor and easier 
roofing in general. 

 

 

Figure 15. Cross section of current load bearing structure of the roof. 

	

6.3.1 Roof trusses 

Roof trusses for shed roofs, similar to that in figure 16, could replace the current 
system. The spans between exterior walls are up to 14 m, the truss-type is applicable 
up to 20 m but the roof pitch may have to be changed from 6 degrees to 10 degrees 
(Träinformation & Institutet för träteknisk forskning, 1991). Bracing capacity of the 



CHALMERS,	Civil	and	Environmental	Engineering,	Master’s	Thesis	2015:56	36

system needs to be ensured, shear forces and bending moment from horizontal load 
should be resisted by the ceiling. In order to do this, the ceiling can be designed as a 
“plate girder” (or high I-beam) (Crocetti, 2011). This design solution would require a 
separate design process. In this report the “plate girder” was composed of one layer of 
plywood and two layers of gypsum board, where the gypsum board also acts as a fire 
resistant surface layer in the apartments. Insulation or exterior roof covering was not 
affected by this design solution. In total, this solution could potentially reduce the 
project’s total emissions by 5.8 % (22.7 kg CO2-eq/m2 (Atemp)). 

 

Figure 16. Wooden trusses used as an alternative to the current load bearing structure. 

 

See table 16 for updated material amounts due to this alteration.  Additionally, this 
solution would allow for a more light-weight wall structure on the top floor since the 
walls no longer have to carry a concrete slab. This was, however, not investigated 
here since the alterations in the structural system it would require falls outside the 
scope of this study. Material costs from flat-slab bases, reinforcement and concrete 
was reduced. Also, processes associated with mounting and casting was replaced by 
new processes associated with mounting of roof trusses and ceiling. Material and 
design costs for the trusses will be introduced. In total, it was calculated that the 
production costs could be reduced by SEK 113.4 per functional unit or 0.8 % of the 
total costs. Generally, this structure is calculated as a cheaper option but often ends up 
being slightly more expensive than the default option due to the increased number of 
on-site processes and delays in production15. In conclusion, no major cost changes can 
be counted on for this option. The calculated price reduction can be considered a 
lower extreme, the other extreme is a slightly more expensive roof. 

Table 16. Alternative material amounts, alternative design with roof trusses 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete -580 tons  -83 800  -420 100 

Reinforcement  -7 390 kg  -6 090  -110 900 

Flat slab bases  -147 800 kg  -34 400  -631 300 

Glulam beams  -20m3  -910  -204 600 

Default trusses (timber)  -4 180kg  -450  -32 300 

Replacement trusses (timber) +19 600kg +2 100 +29 200 

																																																								
15 Thomas Klaesson (Skanska Calculation Department) communication with authors on April 22, 2015 
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Battens (timber) +4 300kg +460 +156 200 

Plastic film +190kg +340 +44 900 

Plywood +8 260kg +1 690 +215 400 

Gypsum board +19 400kg +5 290 +236 400 

6.4 Intermediate floor slabs 
Intermediate floor slabs account for approximately 25.7 % (100.5 kg CO2-eq/m2 

(Atemp)) of the total emissions. In this project, the floors comprise pre reinforced flat 
slab bases and a layer of cast concrete on top. The slabs are approximately 250 mm 
thick in total, see figure 17. On top of the slab a thin layer of surface plaster is applied 
in order to obtain a flat and uniform surface. The thickness is mainly a consequence of 
the acoustic requirements and the piping16. Pipes that extend from the vertical main 
pipes to the apartments are cast within the concrete layer of the slab. This is a 
common solution but not solely unproblematic. Pipes will introduce cavities in the 
concrete slab thus decreasing the load carrying capacity. Also, pipes have a shorter 
lifespan than the floor slabs which implies that maintenance and/or pipe replacement 
will be necessary eventually. 

 

 

Figure 17. Flat slab bases with cast concrete 

	

6.4.1 Hollow core elements with a layer of cast concrete 

Another commonly used floor structure is the 270 mm thick hollow core slab in 
combination with a 65 mm thick layer of reinforcement-free cast concrete, see figure 
18. The thickness of the structure is required in order to fulfill the same acoustic class 
as the default option. When this option is used, the surface plaster may sometimes be 
omitted, but this cannot be guaranteed and it is sometimes applied as a precaution. It 
was found that this option could reduce the total emissions by 2.8 % (10.9 kg CO2-
eq/m2 (Atemp)). See table 17 for updated material amounts due to this alteration. This 
floor structure is not generally cheaper or more expensive than the default option. 
Instead, the selection depends on other factors such as project size, building design 
and local plan17. 

 

Figure 18. HDF270 with 65mm of cast concrete 

																																																								
16 Thomas Axelsson (Skanska Prefabrication) communication with authors on March 31, 2015 
17 Thomas Klaesson (Skanska Calculation Department) communication with authors on April 22, 2015 
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Table 17. Alternative material amounts, hollow core elements with a layer of cast concrete 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -2 320 tons  -335 100  -1 680 300 

Reinforcement  -29 570kg  -24 370 -443 600 

Flat slab bases  -591 400kg  -137 800  -2 079 600 

HDF 270 +1 620 tons +312 000 +3 671 400 

Concrete +750 tons +108 900 +546 100 

 
6.4.2 Low-impact concrete 

Similar to the interior and exterior walls, the concrete may be replaced by a low-
impact concrete. The floors are classified as exposure class XC118. Therefore, fly ash 
additions equal to 50 % of the cement weight may be added (SIS, 2005). In total this 
led to a decrease in the project’s total emissions by 3.4 % (13.2 kg CO2-eq/m2 (Atemp)). 
See table 18 for updated material amounts due to this alteration. As in the case with 
exterior walls, the price depends on the fly-ash supply and the total costs would 
increase by SEK 0 – 13.7 per functional unit or 0 – 0.08 % of the total costs. 

 

Table 18. Alternative material amounts, low-impact concrete 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -2 895 tons - 418 900  -2 1000 300 

Low-impact concrete +2 895 tons +347 700 +2 174 100 

    

	

6.4.3 Material reduction at the expense of acoustic performance  

Sound class B, which is pursued in this project requires the floors to weigh 
approximately 500 kg/m2 or more19. The lower acoustic class C, which is allowed by 
Swedish rules and regulations would allow for a somewhat thinner floor structure. 
Another alternative that would allow for a more lightweight floor structure would be 
to replace the current mass based sound damping system with a mass-damping-mass 
system. The main principle of a mass-damping-mass system is that sound will have to 
be transmitted through an intermediate damping layer instead of reflecting directly on 
the opposite surface. 

The currently used solution can be modified by lowering the sound class from B to C. 
This would allow for a reduction of slab thickness from 250 mm to 230 mm 
(Simmons, 2004). Thickness reduction down to 220 mm would be possible within 
sound class C, but the pipes require a cover thickness that prevents this19. In this 

																																																								
18 John Jonsson. FK Bygghandling 120903 (Technical description of the project)	
19 Thomas Axelsson (Skanska Prefabrication) communication with authors on March 31, 2015 
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alteration, no changes were made in the reinforcement or the flat slab bases. Only the 
thickness of the cast concrete was reduced along with some of the transportation and 
casting emissions. In total, this alteration could potentially reduce the project’s impact 
by 1.7 % (6.5 kg CO2-eq/m2 (Atemp)). See table 19 for updated material amounts due to 
this alteration. The costs per functional unit were reduced by SEK 31.3, or 0.02 % of 
the total costs due to the decreased material consumption. On the other hand the 
alteration implies poorer acoustic performance similar to the example with the interior 
walls. 

Table 19. Alternative material amounts, material reduction at the expense of acoustic performance 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Standard concrete  -232 tons -33 600  -168 300 

 
6.4.4 Hollow core elements with joisted distances 

Another possible solution relies on joisted distances between concrete slab and floor 
surface to provide a satisfying level of damping, see figure 19. In addition to 
damping, the system allows for piping between the floor and the slab, thus eliminating 
the problematic solution where pipes are cast within the slab. It also eliminates the 
need for surface plaster. This solution allows for thinner hollow-core concrete slabs to 
be used instead of solid concrete slabs or thick hollow-core slabs. The downside is 
that the construction height of the floor structure is increased due to the pipes that 
have to be fitted between the hollow-core slab and the floor surface. This would 
marginally decrease the ceiling height. In this solution, the entire system for 
intermediate floor slabs was removed and replaced with 190 mm thick hollow-core 
elements along with the system for joisted distances and a 22 mm thick chipboard. 
The floor surface was unchanged. In total, this solution could potentially reduce the 
total emissions by approximately 7.2 % (28.2 kg CO2-eq/m2 (Atemp)). See table 20 for 
updated material amounts caused by this alteration.  It should be noted that this 
solution requires some additional evaluation during the design process. Hollow-core 
elements come in standardized widths and have restrictions in the span length. The 
190 mm element have a maximum span width of 9 meters, interior load bearing walls 
have to be adapted to this. Cost-wise, the hollow-core slabs are slightly cheaper per 
square meter compared to the cast slabs but the joisted flooring introduces new costs. 
In total, the cost per functional unit was increased by approximately SEK 158.6 or 0.9 
% of the total construction costs. 

 

 

Figure 19. HDF190 with joisted floor structure 
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Table 20. Alternative material amounts, hollow core elements with joisted distances 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Surface plaster  -77tons  -15 400  -301 100 

Concrete  -2 320 tons  -335 100  -1 680 300 

Reinforcement  -29 600kg  -24 370  -443 600 

Flat slab bases  -591 400kg  -137 800  -2 079 600 

HDF190 +1 390tons +271 100 +3 370 800 

Steel studs +24 600kg +59 800 +1 158 100 

Chipboard +72 600kg +19 400 +527 300 

 
6.4.5 Hollow core elements with acoustic mat  

Another way of reducing concrete thickness while keeping the acoustic preferences of 
the original slab is to use an acoustic mat. The acoustic mat is mounted between a 
hollow core slab and a 30 mm of surface plaster, see figure 20. It is important that the 
top layer is completely separated from the hollow core slab in order to achieve a 
satisfying level of sound insulation. The mat may also be the source of moisture 
problems if the surface plaster is applied after the mat has been exposed to rain or if 
concrete is added on top of the mat instead surface plaster. The latter option is 
however not recommended by the manufacturer20. All in all, the solution is considered 
somewhat complicated to execute and is therefore often avoided21. In this solution, the 
original slab was exchanged with a hollow core slab, an acoustic mat and 30 mm of 
surface plaster. In order to make sure that the structure really reaches sound class B, 
additional acoustic investigations should be conducted. The floor surface was 
unchanged. In total, the emissions could be reduced by approximately 7.5 % (29.4 kg 
CO2-eq/m2 (Atemp)). See table 21 for updated material amounts due to this alteration. 
The cost of this solution was affected by the increased number of processes on the 
building site, the price of the acoustic mat, the top layer of concrete and the swap 
from cast slab to hollow-core elements. In total, the alteration increased the project 
costs by SEK 1.4 per functional unit which is negligible in relation to the total costs. It 
should be noted that increased costs during the design process due to the more 
complex structure was not taken into account. 

 

 

Figure 20. HDF190 with acoustic mat 

Table 21. Alternative material amounts, hollow core elements with acoustic mat 

																																																								
20 IMEX Golvprodukter AB. (Manufacturer) Communication with authors on 2015-05-06 
21 Skanska AB. Internal Documents regarding high-risk structures	
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 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

Surface plaster  -77tons  -15 400  -301 100 

Concrete  -2 320 tons  -335 100  -1 680 300 

Reinforcement  -29 600kg  -24 370  -443 600 

Flat slab bases  -591 400kg  -137 800  -2 079 600 

HDF190 +1 390tons +271 100 +3 370 800 

Acoustic mat, 15mm +14 410kg +26 100 +492 800 

Surface plaster, 30mm +230tons +45 800 +648 500 

	

6.5 Insulation 
Insulation of the exterior walls account for approximately 2.4 % (9.2 kg CO2-eq/m2 

(Atemp)) of the total emissions, insulation of the floor slabs and basement walls 4.1 % 
(16.1 kg CO2-eq/m2 (Atemp)) and insulation of the roof 0.3 % (1.3 kg CO2-eq/m2 

(Atemp)). Since the condition for comparison is that the service state performance is 
unchanged, the insulation study was focused on solutions with the same thermal 
resistance as the reference project. Materials which yield lower emissions per unit of 
thermal resistance were therefore of interest. 

Starting with the exterior walls, the current insulation material is EPS. Weather 
sensitive and soft insulation materials are ruled out since the insulation layer is 
carrying the façade of the wall. This left a few optional materials including Pir and 
graphite-EPS. However, Pir products are typically adapted to more technically 
complex applications such as roofs or terraces. Therefore, only graphite-EPS was 
evaluated as an alternative. Roof insulation accounts for a small portion of the total 
emissions. Also, the insulation material in the roof is already relatively eco-efficient. 
The improvement potential of the roof is therefore relatively small and alternative 
materials were not examined. Floor slabs and basement walls are insulated with XPS. 
Here, the same alternative as in the exterior walls was examined. It should be noted 
that environmental data for graphite-EPS are not yet available in the used 
environmental databases. Instead, environmental product declarations were used 
(Environmental Construction Products Organisation, 2011). This is considered to be a 
source of uncertainty since the environmental data has not yet been verified by a 
database administrator. 

6.5.1 Graphite-EPS instead of EPS 

A change from EPS to graphite-EPS in the exterior wall structure could potentially 
reduce the emissions by 1.2 % (4.7 kg CO2-eq/m2 (Atemp)) with thermal capacity of the 
original building maintained. See table 22 for updated material amounts due to this 
alteration. This option would increase the production costs by SEK 6.8 per functional 
unit or 0.04 % of the total building cost. Also, since less insulation thickness is 
required in order to reach the same energy performance, this alteration would lead to a 
minor increase in the total floor area, approximately 37 m2. Using data on mean prices 
for newly produced dwellings in Stockholm county (Statistics Sweden, 2013), this 
would increase the sales price by SEK 1 655 000 (SEK 308 per functional unit). 
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Table 22. Alternative material amounts, a change from EPS to graphite-EPS 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

EPS  -12 160kg -45 900 -401 300 

Graphite-EPS +7440kg +20 600 +437 800 

	

6.5.2 Graphite-EPS instead of XPS 

A change from XPS to graphite-EPS in the ground structure and basements could 
potentially reduce the emissions by 2.9 % (11.3 kg CO2-eq/m2 (Atemp)) with thermal 
capacity of the original building maintained. See table 23 for updated material 
amounts due to this alteration. This option would increase the production costs by 
SEK 6.3 per functional unit or 0.03 % of the total building cost. Also, since less 
insulation thickness is required in order to reach the same energy performance, this 
alteration would lead to a minor increase in the total floor area, approximately 2 m2. 
Using data on mean prices for newly produced dwellings in Stockholm county 
(Statistics Sweden, 2013), this would increase the sales price by SEK 89 000 (SEK 17 
per functional unit). 

Table 23. Alternative material amounts, a change from XPS to graphite-EPS 

 Alternative 
amount 

Alternative emissions 
(kg CO2-eq) 

Alternative material 
cost (SEK) 

XPS  -22 440kg -86 100 -314 100 

Graphite-EPS +9 150 +25 450 +347 800 

	

6.6 Basements 
Of the four buildings in the reference project, two have basements. Each basement 
occupies an area corresponding to half a storey. They are mainly used as storage areas 
and their structural parts contribute to approximately 4.4 % (92 900 kg CO2-
equivalents) of the total emissions. Their actual contributions were somewhat difficult 
to assess since some environmental resources in the project are shared by many 
building parts. Storage areas are required by current rules and regulations and any 
alternative solution would therefore have to replace these areas. One alternative was 
to dedicate an area in each apartment to storage. However, if the exterior of the 
building cannot be altered, this would imply that the net area of the apartments would 
decrease leading to lower profitability. Another option may be to build a separate, 
light-weight building dedicated to storage. However, this option would alter the 
proportions of occupied surface on the property and will therefore not be treated in 
this report. 

For the option with storage areas inside apartments to be suitable, the superstructure 
needs to be more environmentally efficient than the basement. To make a fair 
evaluation, the emissions per square meter from the structural parts of the 
superstructure and the structural parts of the basements are compared. It turns out that 
the basement emissions were 287 kg CO2-eq/m2 and the superstructure emissions 
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were 182 kg CO2-eq/m2. This implies that it is more environmentally efficient to build 
storage areas above ground. For the sake of comparison, the basement areas were 
replaced by additional superstructure area. Environmental savings corresponding to 
1.6 % (6.3 kg CO2-eq/m2 (Atemp)) of the total emissions can thus be made with the 
building functionality intact. If the basements could be replaced by an extra storey on 
top of the current structure of one of the buildings, this would be a reasonable 
solution. However, in the current situation, the basements would have to be replaced 
by storage areas inside of the apartments. This measure would decrease the apartment 
size by an average of 6 %. Since apartment size is an important factor in prizing, this 
would imply a serious decrease in profitability. 

6.7 Summary 
Reduction of the global warming potential during production was proved possible. 
This chapter exemplified a few of the possible means of doing so. In table 24, the 
presented alterations are compiled. Changes in floor area and its effects on sales price 
has been taken into account in this table. See appendix D for a complete 
documentation of the parametric study. Some of the alterations may be combined 
while others substitute each other or are non-compatible for other reasons. When 
alternatives are combined, the total reduction in GWP will not necessarily be equal to 
the sum of the individual components. For instance: if the option of reducing wall 
thickness is combined with the option of changing concrete quality to low-impact 
concrete, the reduced concrete thickness has to be taken into account when calculating 
the improvement potential of changed concrete quality. This was taken into account in 
table 25, where some of the possible combinations were presented along with the total 
improvement potential and alteration cost. Changes in floor area and its effects on 
sales price has also been taken into account in this table. 
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Table 24. Compilation of design alterations 

 

 

GWP reduction 
kg CO2-eq per Atemp 
and percentage of total 
emissions 

Alteration price 
SEK per Atemp and 
percentage of total 
production costs 

Floors   
HDF 190 and Joisted distances 28.2 (7.2 %) 102.6 (0.6 %) 

HDF 190 and Acoustic mat 29.4 (7.5 %) 1.4 (0%) 

HDF 270 and 65 mm cast concrete 10.9 (2.8 %) 2.6 to 0 (0.01 %) 

230 mm slab with flat slab bases 6.5 (1.7 %) -31.3 (-0.02 %) 

Low impact concrete 13.2 (3.4 %) 13.7 (0.08 %) 

Exterior walls   

120 mm concrete 6.0 (1.6 %) -308 (-1.7 %) 

Sandwich instead of half-sandwich -16.1 (-4.1 %) 830 (4.7 %) 

Low impact concrete 4.9 (1.3 %) 5.1 (0.03 %) 

Interior walls   

160 mm concrete 6.6 (1.7 %) -373 (-2.1 %) 

120 mm concrete with damping 8.7 (2.3 %) 60.6 (0.3 %) 

Low impact concrete 5.5 (1.4 %) 5.7 (0.03 %) 

Roof structure   

Roof trusses 22.7 (5.8 %) -133.4 to 0 (-0.8 %) 

Insulation   

Graphite-EPS in exterior walls 4.7 (1.2 %) -301 (-1.7 %) 

Graphite-EPS in basements and groundworks 11.3 (2.9 %) -10.2 (-0.06 %) 

 
The options in table 25 is a summary of some of the most economically feasible and 
influential parametric changes. Option 1 represents a relatively simple alteration 
which requires limited amounts of additional planning and funding. The option simply 
exchanges the regular concrete in floor slabs and load-bearing walls with low-impact 
concrete. Option 2 is more controversial, it comprises of alterations that lowers 
material amount at the expense of acoustic performance in floor slabs and apartment 
dividing walls. While this compromises the building quality in a way, some might 
argue that the acoustic requirements are set too high. In a study funded by the 
Swedish construction industry’s organization for research and development (SBUF, 
2011), it was found that there were only minor differences in residents’ satisfaction 
between sound class B and sound class C. Option 3 includes a set of parametric 
changes that aims to minimize the GHG-emissions under the premises of this study. It 
comprises of material reduction in exterior walls, material reduction in interior walls 
along with additional sound damping, exchange of floor slabs and wooden roof 
trusses. Option 4 takes option 3 a step further by exchanging all regular concrete in 
floor slabs and load-bearing walls with low-impact concrete. Option 5 is basically the 
same as option 4 except for the intermediate floor slab where option 5 uses hollow-
core elements with joisted distances instead of hollow-core elements with an acoustic 
mat. This option is added since the acoustic mat is in some cases viewed as a 
somewhat risky structure with regard to moisture22. 

																																																								
22 Skanska AB. Internal Documents regarding high-risk structures 
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Table 25. Combined solutions 

 

 

GWP reduction 
kg CO2-eq per Atemp 
and percentage of total 
emissions 

Alteration price 
SEK per Atemp and 
percentage of total 
production costs 

Option 1   

Low impact concrete in floor slabs and 
interior/exterior walls 

23.6 (6.0 %) 24.5 (0.14 %) 

Option 2   

Reduction to Sound class C in floors and 
interior walls by reduction of material amounts 

13.1 (3.4 %) -404.7 (-2.3%) 

Option 3   

Reduction of material in exterior walls 
(120mm). Reduction of material in interior 
walls (120 mm) combined with damping. Floor 
slab exchanged with HDF 190 and acoustic 
mat. Wooden roof trusses. 

66.7 (17.1%) -244.1 (-1.3 %) 

Option 4   

Option 3 with low impact concrete. 79.0 (20.2 %) -234.0 (-1.3 %) 

Option 5   

Reduction of material in exterior walls 
(120mm). Reduction of material in interior 
walls (120 mm) combined with damping. Floor 
slab exchanged with HDF 190 and joisted 
distances. Wooden roof trusses. 

65.6 (16.8%) -144.6 (-0.8 %) 
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7 Discussion 
The study performed aimed to answer two questions: “What is the relation between 
production and service life emissions of a building?” and “Which of the studied 
design alternatives are preferable in order to decrease the emissions of greenhouse 
gases?”   

In order to answers these questions, this discussion will evaluate the results of the 
study in two sections. The first section addresses the LCA of the reference project and 
evaluates whether the results are valid, how they should be interpreted and what 
conclusion that can be made. The second section discusses possible design alterations 
that can potentially reduce environmental impact, the economic aspects of these 
alterations and the construction industry’s role in order to limit GHG-emissions. 

7.1 LCA of reference project 
Liljenström et al. (2015) have performed a similar LCA study, but on a recently 
constructed passive house called Blå Jungfrun. Results presented in this report differ 
slightly from the Blå Jungfrun study; according to Liljenström et al. (2015) the 
production phase emits 351 kg CO2-eq/m2Atemp compared to 391 CO2-eq/m2Atemp of 
Daggkåpan. However, the study of Blå Jungfrun does not include cellar, groundworks 
and piles that are included in this study. If emissions from these components are 
subtracted from Daggkåpan the emissions are 347 kg CO2-eq/m2Atemp making results 
very similar. Important to notice when comparing results in this study with 
Liljenström et al. (2015) is that the same software has been used in both reports.  

Another similar study is Adalberth et al.’s (2001) study of four multi-family 
buildings. Most of the studied houses differ a lot regarding construction design and 
material compared to Daggkåpan. One of the houses was however similar in the 
regard that the main material was concrete. Adalberth et al.’s (2001) findings showed 
that this house emits more than other houses in the study. The calculated emissions 
from the production phase were however significantly lower than Daggkåpan, 
approximately 280 kg CO2-eq/m2Atemp. One reason for these differences, except 
different environmental data, might be the fact that components of Adalberth et al.’s 
(2001) building consist of lightweight concrete and also wooden structures, with no 
information regarding the relation between these given.   

The results showed that different energy scenarios lead to very different results. 
Scenario “high” inflict almost 20 times higher emissions during operational energy 
use than the “green” scenario observed over a 50 year period. As a consequence, the 
relation between production and service life emissions varies depending on how 
energy is produced. In scenario “high” the production phase only corresponded to 
approximately 15 % of total emissions, while in scenario “green” more than 85 % of 
total emissions derived from the production phase. Relations can be observed in fig 12 
in chapter 5.3. 

Results presented in Liljenström et al.’s (2015) report were similar regarding 
operational energy use. However, one might expect that a passive house such as Blå 
Jungfrun should have a lower total impact than an ordinary building such as 
Daggkåpan. This cannot be confirmed when comparing data between reports, and 
might be a result of different emission factors used for operational energy use. 
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Moreover, Liljenström et al. (2015) have studied the actual energy use. Actual energy 
use is often a little higher than calculated energy use, which is studied in this report. 

Comparing results with Adalberth et al.’s (2001) study, similarities with scenario 
“high” may be observed. The operational phase corresponds to approximately 85 % of 
total emissions which is aligned with Adalberth et al.’s findings. This might be a 
consequence of Adalbert et al.’s (2001) use of average Swedish district heating and 
the European OECD countries’ average electricity mix, which are the same reference 
values used in scenario “high”. However, values used in this report are published 
approximately ten years later.  

Findings regarding differences in total emissions is dependent on energy scenario is in 
line with the Brunklaus & Baumann’s (2013) report on how electricity choice affect 
total emissions of buildings. Brunklaus & Baumann’s (2013) highlights the 
importance of electricity choice during the operational phase. They show that a 
passive house does not necessarily cause less GHG-emission than a conventional 
building if energy used in the building isn’t produced in a “green” way. 

Based on the finding of this report, it can be concluded that the answer to the first 
question “What is the relation between production and service life emissions of a 
building” depends on the carbon efficiency of the energy production. The upstream 
process causes major emissions, total release is approximately 391 kgCO2-eq/m2Atemp 
or a total of 2100 tCO2-eq for the 60 apartments. This total amount equals to the total 
yearly GHG-emissions of 500 Swedes23. The emissions deriving from the production 
phase may therefore not be neglected as minor. However, depending on how the 
operational energy in a building is produced, the relative portion of production 
emissions compared to total emissions differs between 15 – 85 %. When deciding on 
which phase to focus on in order to reduce total emissions, it is crucial to assess how 
the actual energy used in the building is produced. In a case where production 
emissions answers for only 15 % of total emissions, it might be more interesting to 
see how energy consumption can be reduced rather than optimising design. On the 
other hand, if carbon lean energy is used and the production phase answers for 85 % 
of total emissions, a more energy efficient building will have minor, if any, effect and 
focus should instead be to increase carbon efficiency of the design. However, it is 
important to remember that each saved CO2-eq is always beneficial, no matter where 
in the life cycle it takes place.  

From the Swedish Construction industry’s point of view, it is of interest to assess 
what possibilities a construction company, such as Skanska, has to reduce the total 
impact of a building. Do they have the same ability to affect all stages within a life 
cycle? Probably not. Construction companies in Sweden typically hand over 
apartments to their customers as soon as the product is finished. This limits their 
ability to be a part of the operational stage of a building. However, they are still able 
to make initial decisions that will affect the whole life cycle of a building. By 
constructing an energy effective building, energy consumption is reduced throughout 
the entire life cycle. By assessing how district heating is produced in the actual area, 
and chose alternative systems if it is not “green” enough, emissions may be limited. 
The electricity market is open, and all customers have the ability to choose which 
energy supplier they want. This limits the construction company’s ability to influence 

																																																								
23 Yearly emissions Sweden 2012: 4.250 ton CO2-eq/capita (OECD) 
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the operational electricity use of a building. However, by clearly stating the 
importance of choosing a “green” electricity producer in order to limit total emissions, 
awareness of the residents may increase. During the production stage on the other 
hand, the construction company have a large ability to influence. By taking 
environmental aspects into account during procurement, material producers are 
encouraged to develop more climate efficient products. By designing an energy 
efficient building, energy consumption is reduced throughout the entire life cycle. By 
making certain design choices, carbon efficiency of the building can be improved.  

By reviewing results, it is possible to assess the importance of the second question of 
the study: “which of the studied design alternatives are preferable in order to 
decrease the emissions of greenhouse gases?” If energy used during the operational 
phase is relatively carbon lean, it is. In the specific case of Daggkåpan, one might 
assume that scenario “high” is not very representative for a building situated in 
Sweden because of the relatively “green” energy production. The scenario “high” is 
however of use when comparing the study to reports from other regions. Regarding 
the electricity use, scenario “green” is possible if it is assumed that all inhabitants 
chose a low carbon electricity contract. However, the district heating emissions values 
used in the scenario are not currently available at Daggkåpan’s location, and 
emissions of the actual building will be higher. Scenario “green” should therefore be 
seen as “best practice”, however possible. If the scenario “medium” is regarded as the 
actual energy use, assuming that no residents chose green electricity, the production 
answers for 44 % of total CO2-eq emissions measured over a 50 year time period. The 
large part of total emissions that the production constitutes makes it interesting to 
evaluate if building design can decrease emissions. In addition, while not regarded in 
this report, it is possible to assume that emissions from electricity production will 
decrease during the next 50 years. The production stage on the other hand have 
already taken place, and the emissions can’t be decreased after completion of the 
building.	

7.2 Parametric study 
By reviewing results, it was clear that different design solutions lead to different 
GHG-emissions, and by assessing these differences it was possible to reduce 
environmental impact by using alternative designs. The structure including concrete, 
reinforcement and associated products played a large role in total emissions during the 
production stage, approximately 67 %. A natural consequence was therefore to assess 
these building parts in order to achieve a reduction in environmental impact. 

When evaluating which alterations of design that should be made in order to reduce 
emissions, different approaches are possible. One opportunity is to replace the entire 
structural system with an alternative type. It could for example be to replace concrete 
with a wooden structure. This is studied in an article by Guardigli et al. (2011) 
showing that emissions may be limited by replacing concrete with less GHG-intensive 
materials. Such a change does however imply a major change and will require 
extensive investigation in order to be viable in a certain project. While it might be a 
suitable approach when making initial decisions regarding what kind of building that 
should be constructed, it is less likely during later stages of the design process. By 
studying less comprehensive changes of the design, alternatives might be easier to 
implement in a construction project.  
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As a result, conventional design solutions used by Skanska were the foundation for 
the parametric study. The alternatives do not have the exact same properties or 
function, but they are all accepted solutions and commonly used. In addition, minor 
changes to these standard design solutions were made in order to assess whether 
emissions can be reduced by making alternations. Alternations has been made by 
modifying material quality, material volume and design.  

Possibilities of environmental gain due to changes in material quality have been found 
in concrete intensive components of the building and some insulation materials. 
Concrete may be changed from regular concrete to low-impact concrete in certain 
building parts. This alteration entailed minor increases in cost and was possible in 
most building parts. Some structures such as groundworks were however partly 
excluded from this alteration due to their exposure classes. However, fly-ash is a by-
product from other processes and usage of it can only be motivated as long as these 
processes are ongoing. 

Insulation material may be exchanged from EPS and XPS to graphite-EPS in exterior 
walls and groundworks in order to reduce environmental impact to a low cost. If 
higher sales price due to increased floor area is taken into account, there will even be 
a considerable economic gain due to this alteration. Graphite-EPS has a better thermal 
resistance compared to EPS and XPS with equivalent density which means that the 
material amount may also be reduced without decreasing the energy performance. 
This will, in combination with lower emission factors, lead to reductions in 
environmental impact. It should be noted that emission data on graphite-EPS was not 
available in the used databases. Data was instead retrieved from an external EPD 
(Environmental Construction Projects Organisation, 2011). 

Material volume may be altered in several building parts. In this study, concrete 
reductions in exterior walls, interior load-bearing walls and floor slabs have been 
studied. The thickness of exterior walls may be reduced by 20 % without affecting the 
structural properties. Environmental gains due to this alteration are considerable and 
the difference in cost is negligible. If higher sales price due to increased floor area is 
taken into account, there will even be a considerable economic gain due to this 
alteration. The main reason for using the thicker wall is easier placement of 
reinforcement. While being a perfectly reasonable justification if environmental 
impact is not taken in to account, one might want to revise this rule of thumb knowing 
that climate savings can be made. The effects of increasing concrete amount was also 
studied since another commonly used wall structure, the sandwich element, requires 
additional concrete in relation to the original design. This solution uses an additional 
layer of concrete in order to increase the level of prefabrication. This will increase the 
environmental impact significantly and the applicability of this structure may 
therefore have to be revised with environmental aspects in mind. 

Material amounts in floor slabs and interior walls may be reduced with environmental 
gains as a consequence. However, some of these alterations implied lower acoustic 
performance of the building parts. Here, costs and environmental aspects set against 
the living conditions of the residents. One might argue that a good acoustic 
environment is important for the residents health and therefore not a topic for debate. 
At the same time, cost and health are frequently set against each other in other sectors 
such as infrastructure and healthcare. A report published by SBUF (2011) shows that 
the amount of dissatisfied customers regarding sound characteristics rises from 5 % to 
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8-9 % if the sound class is lowered from B to C in a residential building. These 
numbers therefore need to be put in relation to the possible environmental gains. 

Alterations to the design solutions are studied in floor slabs, roof structure and interior 
load-bearing walls. Design of floor slabs and interior load-bearing walls are mainly 
altered in order to achieve an adequate level of sound insulation with less material. 
Solid concrete floor slabs may be exchanged with hollow-core elements and 
additional sound proofing measures with environmental gains as a consequence. The 
costs of these alterations vary but are relatively small in relation to the project’s total 
costs. It should be noted that some of the suggested alterations may require additional 
evaluation regarding the placement of load bearing walls and piping. 

Interior load bearing walls are enhanced with additional sound proofing layers, this 
way the concrete thickness may be reduced without losses in acoustic class. This 
alternative will introduce additional costs but in relation to the project’s total costs 
they are relatively small. The SBUF (2011) report claims that there is no major 
correlation between structural system and acoustic performance. Instead, the report 
claims that the execution at the construction site regarding connections and fixings is 
of greater importance. This alteration may also entail a minor change in floor area, 
this change is however hard to assess without a complete acoustic investigation. 
Consideration of economic effects from changes in floor area will therefore be 
omitted in this case. 

One implication of these results is that the traditional means of achieving adequate 
sound insulation may need to be revised. It has been shown that sound proofing based 
on mass causes carbon emissions. Environmental and economic improvements can be 
made by lowering the sound class from B to C. Alternatives to mass based sound 
proofing are available and generally causes less environmental impact. It may 
however require more thorough sound investigations during the design phase. 

The design alteration of the roof structure aim to replace the current structural system 
in order to avoid the uppermost concrete slab. It was found that it was possible to use 
wooden trusses in order to achieve this and thus reduce emissions. The cost of this 
alteration is unfortunately rather unpredictable but from experience, this solution 
often turns out to be slightly more expensive. 

The basements in Daggkåpan were relatively small compared to the common solution 
of having parking garages under residential buildings. This implies a total impact of 
basements of around 4.4 % of total emissions. While it might be hard to substitute the 
basement, one might want to survey other solutions for storage. 

7.3 Implications and future studies 
This report covered some of the alteration possibilities within the current structural 
system. But of course other alternatives could be evaluated as well. Only changes 
within the original structural system were subjected to investigation. However, the 
results of this report indicated that an entirely different structural system might lead to 
environmental gains. Earlier studies (Guardigli et al., 2011) showed that wooden 
structures were generally better than concrete structures from an environmental point 
of view. Future studies that develop this knowledge further would be of interest. 
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Another aspect that needs to be considered is how the material used in a building was 
produced. While this report has dealt with changes of design, an additional way to 
decrease emissions is to make current material production more environmental 
friendly. While different energy scenarios were evaluated for the operational phase in 
this report, no similar comparison has been made for different scenarios during the 
production stage. Interesting observations can however be made when environmental 
data from different databases is used. As can be seen in chapter 5 total GHG-
emissions are approximately 50 % higher if the Eco invent database is used. While 
many reasons for this discrepancy may exist, a probable explanation is that the IVL 
database primarily uses Swedish emission values while Eco Invent utilizes mean 
values derived from the entire world. This emphasizes the importance of evaluating 
how material is produced. With the on-going globalisation where material is shipped 
between countries, it is of interest to evaluate differences regarding production in 
different countries in order to correctly assess emissions. 

Reviewing results of the parametric study, it is obvious that different design solutions 
give rise to different amounts of GHG-emissions. In addition, it has been found that it 
is possible to reduce emissions of residential buildings by up to 20 % without major 
cost increases. All of the compared alterations were considered to be conventional 
methods, and little additional work should therefore be needed in order to implement 
them. However, while the different design solutions often are used, the environmental 
aspects of the alternatives are currently not taken into account during the decision 
making process. If different alternatives are similar regarding cost and function, the 
contractor will often select the design that is simplest from a production point of view, 
no matter how small the differences are. However, by introducing environmental 
aspects in the decision process other solutions might be more favourable. 

While environmental concerns often are considered in the construction process, the 
general picture is still that the greatest savings can be made during the service life of a 
building. Focus has therefore been to improve the energy performance of buildings. 
Even though energy consumption during operational phase remains an important 
issue, the industry needs to widen its perspective to include the entire life cycle. For 
the industry to achieve this, measures has to be made. To assess the life cycle of a 
building is a time consuming work and results may be hard to interpret. The unit Kg 
CO2-eq/m2 is not very intuitive and might therefore be difficult to use as a base for 
decisions. This unit may be compared to the use of kWh/m2, which is easier to 
understand and makes it simple to assess how large energy savings that can be made 
by improvement of energy performance. In addition, emissions per square meter 
depend on several different aspects and it is hard to assess how changes will affect 
total emissions. It may therefore be necessary to study and develop tools that enables 
easier assessment and comparability of different design solutions in order to introduce 
climate aspects in the decision making process.  

Additionally, while regulations exist regarding operational energy use, there are 
currently no laws that dictate emission levels during the production of a building. The 
non-existent life cycle perspective of today’s laws may therefore be seen as a lack if 
the aim is to reduce total emissions. Future studies may therefore be needed to survey 
if such laws could be implemented. 

A similar approach is to influence the market by introducing incentives that creates 
demand for carbon efficient solutions. For instance, public procurements could be 
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formulated to favour environmentally friendly solutions. Choosing certain materials, 
for instance low-impact concrete and wooden frames are one way of adding the life 
cycle perspective to the procurement. Introduction of subsidies for certain building 
materials and methods may be a way of reaching the private clients. 

From a construction company’s point of view, additional measures may be taken in 
order to achieve a more “green” building process. A construction company may 
voluntarily develop an environmental agenda where the life cycle perspective plays an 
important role. There are several reasons for the contractor to do this: as a marketing 
measure, as a strategic precaution for future needs or as an adaption to changing 
demand from clients. However, a contractor may only proceed with its environmental 
agenda as long as it can be proven to be, or going to be, profitable. One might 
therefore argue that the contractor’s possibilities of achieving change are to a large 
extent dependent on market forces. It is therefore of interest to increase the markets 
awareness of the total impact of a building in general, and the production phase in 
specific in order to achieve change. 
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8 Conclusions 
This study has aimed to answer two research questions “What is the relation between 
production and service life emissions of a building?” and “Which of the studied 
design alternatives are preferable in order to decrease the emissions of greenhouse 
gases?” 

The performed LCA study on reference project Daggkåpan showed that the relation 
between production and service life emissions differ greatly depending on how 
electricity and heating during the operational phase was produced. It was however 
found that if energy was relatively clean, which is the case in Sweden, the 
construction phase corresponded to a significant part of the total emissions. It further 
illustrated the importance of evaluating how energy used in a building is produced in 
order to limit total impact during the life cycle. 

During the construction phase, it was established that the structural parts consisting of 
concrete, reinforcement steel and flat slab bases corresponded to a major part of total 
emissions. As a consequence, the parametric study focused on the structural parts in 
order to achieve largest possible decrease in emissions. Several common design 
solutions used by Skanska was evaluated from a climate perspective. Three 
parameters were altered; material amount, material quality and design solution. 

It was found that a reduction of GHG-emissions was possible to achieve to a low cost 
by using alternative design solutions. If the effects from higher sales prices due to 
increased floor area are taken into account, the alterations will even lead to 
considerable economic gains. Alteration of material amount was studied in exterior 
walls, floor slabs and interior load bearing walls. It was shown that reduction of 
emissions was possible in all of the studied building components. In floors and 
interior load-bearing walls, reductions of GHG-emissions could be made by 
compromising the acoustic performance. Decreased emissions was however also 
possible with retained sound class if additional sound proofing measures was taken. 
Alterations of material quality were studied in concrete intensive components of the 
building and some insulation materials. Within this category, it was shown that both 
insulation and regular concrete could be exchanged with decreased GHG-emissions as 
a result. Alternative design solutions were studied in interior load-bearing walls, floor 
slabs and roof structure. Floor structure proved to have the greatest improvement 
potential although all of the studied alterations showed improvement potential. 
Generally, the greatest reductions in GHG-emissions were related to reduction, 
exchange or substitution of concrete mass. 

All of the alterations were possible to perform individually or combined with others. 
If several of the alternatives were combined a reduction of approximately 20 % was 
possible to achieve with a minor increase of production costs. Higher sales prices due 
to increased floor area will however counter these costs and lead to considerable 
economic gains. It was further discussed that the awareness of the emissions during 
construction phase needs to increase, both within the industry and among a wider 
audience. If awareness is increased within the industry, carbon efficiency may be 
introduced as a basis for decision in the planning and design of construction projects, 
leading to a “greener” construction industry. 
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Appendix A Blueprints 
Following blueprints are presented in this Appendix. 
A-40-1-3010: Plane view of building 30 (floor level) 
A-40-1-3100: Plane view of building 31 (basement level) 
A-40-2-3001: Section of building 30 
A-40-2-3101: Section of building 31 (including basement)  
A-40-2-002: Section of building 32 -33 













Appendix B Material List 
A complete material list is presented in this appendix. Note that transports to the 
building site and processes within the site are not included. 
 
Concrete C32/40 7122629 kg 

Flat slab bases 591480 kg 

Reinforcement steel 208350 kg 

Gypsum boards 93645 kg 

Facade plaster 78640 kg 

Floor plastering 75300 kg 

Timber 46773 kg 

Glazed tiles 30955 kg 

Parquet floor 29879 kg 

Wooden cabinets 26666 kg 

XPS 22454 kg 

Mineral wool 19961 kg 

Steel bar 14092 kg 

EPS 13052 kg 

Clinker 12406 kg 

Steel sheets 9124 kg 

Dry mortar 6882 kg 

Radiators 5346 kg 

Marble 4579 kg 

Porcelain 4232 kg 

Sheet metal (HVAC) 3971 kg 

MDF-Board 3891 kg 

Plywood 3536 kg 

Cement based boards 3461 kg 

Bitumen felt 2992 kg 

Wood strips  2433 kg 

Sink 2226 kg 

Plastic Polypropylene 2083 kg 

Steel doors 1980 kg 

Aluminium 1350 kg 

Electroplated screws and pipes 1310 kg 

Plastic foil (PE) 1152 kg 

Plastic - polyolefin (PP/PE) 1044 kg 

Electrical wiring 964 kg 

Chromed copper 947 kg 

Plexiglas (polycarbonate) 644 kg 

Galvanized screws 570 kg 

Mineral fibre 420 kg 

Geotextile 281 kg 

Plastic (PVC) 161 kg 



Brass 112 kg 

Cable tray, metallic 88 kg 

Wood strips (oak) 53 kg 

Form oil, mineral 40 kg 

Plastic -unspecified 8 kg 

Paint Alkyd 25347 m2 

Windows including frames 797 m2 

Glulam 5 m3 

Internal door, wood 286 units 

cooker hood 60 units 

Stoves 60 units 

Dishwasher 60 units 

Washing machine 60 units 

Tumbler 60 units 

Microwave 60 units 

Refrigerator 32 units 

Fridge 32 units 

Combined refrigerator and fridge 28 units 
 



Appendix C Results from LCA 

C.1 Grouped by building part 
Impacts are grouped according to which building part they are connected to. Some 
groups are developed further in order to clarify what is included in the building part.  

 

Group Impact kg CO2-ekv Impact % Comments 
        
10 - Earthworks 40755 2%   
Whereof site vehicles 36595 1,74%   
        
20 - Foundation and basement 518831 25%   
Whereof YV02 (Basement exterior walls) 42329 2,02%   
Whereof Basement related posts 38435 1,83%   
Whereof piles 105100 5,00%   
        
31 - Walls 433 0% Complementary posts 
        
33 - Prefabricated 610532 29%   
Whereof YV01(Exterior walls) 243004 11,57% 
Whereof IV01 (Interior walls, basement) 12128 0,58% 
Whereof IV01 (Interior walls, 
superstructure) 184266 8,77% 
Whereof IV02 (Interior walls) 17846 0,85%   
Whereof Intermediate floor slabs 153287 7,30% The part with flat slab bases 
        
34 - Floor structures and beams 415802 20%   
Whereof Intermediate floor slabs 371670 17,70% The part with cast concrete 
        
40 - Roofing 12871 1% Complementary posts 
        
46 - Plates 2561 0%   
        
53 - Facade and exteriors 17437 1%   
        
55 - Windows, doors etc 27256 1%   
        
58 - Complementary, building 18093 1% Balcony fronts 
        
63 - Interior walls 72207 3%   
Whereof IV05 & IV07 (Interior walls) 6831 0,33%   
        
65 - Interior doors, windows 12368 1%   
        
72 - Floors, stairs 24745 1% Parquet 
        
73 - Wall surfaces 11982 1% Tiling 
        
74 - Roof and ceiling 39941 2% Roof structure 
        
75 - Paint 6530 0%   



        
76 - Household appliances 52269 2%   
        
77 - Cabinets 14580 1%   
        
78 - Complementary, rooms 246 0%   
        
84 - HVAC 25964 1%   
        
86 - Electricity 3314 0%   
        
92 - Site office 3371 0%   
        
93 - Site operation 107249 5%   
Whereof site vehicles 21704 1,03%   
Whereof heating 41720 1,99%   
Whereof electricity consumption 43825 2,09%   
        
94 - Construction machinery 3616 0%   
        
95 - Temporary structures 10126 0%   
        
96 - Winter operations 47247 2%   
Whereof heating 47247 2,25%   
        
Summa 2100325 100%   

 
   



C.2 Grouped by account 
Impacts are grouped according to which account they are connected to. 
 
Group Impact kg CO2-ekv Impact % 
      
5181 - Concrete 1075326 51,2% 
5171 - Reinforcement 173423 8,3% 
5161 - Flat slab bases 153288 7,3% 
5282 - EPS and XPS 136215 6,5% 
5263 - Household appliances 58959 2,8% 
7646 - District heating (production) 47247 2,2% 
7692 - Electricity, sewage and water (production) 43825 2,1% 
7644 - Propane 41720 2,0% 
4210 - Earthworks 40755 1,9% 
5230 - Windows and doors 37772 1,8% 
5246 - Steel studs 34079 1,6% 
5244 - Gypsum boards 29762 1,4% 
5272 - Plates, sheets 27942 1,3% 
5330 - Balcony fronts 17898 0,9% 
5218 - Masonry mortar 17437 0,8% 
5823 - Plaster 16696 0,8% 
5281 - Mineral wool 16190 0,8% 
5851 - HVAC 13395 0,6% 
3693 - Service transports 12914 0,6% 
5302 - Tiling 11193 0,5% 
3119 - Transportation of site office 10126 0,5% 
5251 - Cabinets 8989 0,4% 
5847 - Radiators 8959 0,4% 
3694 - Site vehicles 8790 0,4% 
5314 - Parquet 8056 0,4% 
4181 - Concrete pump 7760 0,4% 
5820 - Paint 6530 0,3% 
5241 - Timber 4409 0,2% 
4683 - Mobile crane 3616 0,2% 
7680 - Site office 3371 0,2% 
5870 - Electricity 3314 0,2% 
5350 - Fasteners 2252 0,1% 
5179 - Reinforcement accessories 2145 0,1% 
5255 - Wooden stripes 1945 0,1% 
5412 - Sewage and water 1748 0,1% 
5320 - Ceilings 1629 0,1% 
5245 - Boards 1598 0,1% 
5189 - Complementary concrete 1530 0,1% 
5242 - Roofing (trusses) 1512 0,1% 
5275 - Foil 1463 0,1% 
5343 - Roof protection 1413 0,1% 
6161 - Formwork 830 0,0% 
5248 - Plywood 769 0,0% 
5261 - Miscellaneous goods 763 0,0% 
5421 - Geotextile 694 0,0% 
6169 - Formwork accessories 44 0,0% 
5271 - Paper 36 0,0% 
      
Summa 2100325 100,0% 

 



Appendix D Parametric Study 
In this appendix, the parametric study is presented along with a compilation of results. 

D.1 Parametric study 
 

Floor structure Material amounts Environmental impact Economic impact 

Joisted floors 4928 m2         

Removed materials             

Surface plaster -77 tons -15400 kg CO2eq -301101 SEK 

Concrete -2316 tons -335125 kg CO2eq -1680258 SEK 

Reinforcement -29570 kg -24366 kg CO2eq -443550 SEK 

Slab bases (filigran) -591360 kg -137787 kg CO2eq -2079616 SEK 

Added materials             

HDF 190 (concrete) 1390 tons 271050 kg CO2eq 3370752 SEK 

Granab-system (steel studs) 24640 kg 59801 kg CO2eq 1158080 SEK 

Chipboard, 22 mm 72639 kg 19395 kg CO2eq 527296 SEK 

              

Net transport     10628 kg CO2eq    

Net impact     -151804 kg CO2eq 551603 SEK 

              

              

HDF 190, acoustic mat and 
30 mm surface plaster 

4928 m2         

Removed materials             

Surface plaster -77 tons -15400 kg CO2eq -301101 SEK 

Concrete -2316 tons -335125 kg CO2eq -1680258 SEK 

Reinforcement -29570 kg -24366 kg CO2eq -443550 SEK 

Slab bases (filigran) -591360 kg -137787 kg CO2eq -2079616 SEK 

Added materials             

HDF 190 (concrete) 1390 tons 271050 kg CO2eq 3370752 SEK 

Acoustic mat, 15 mm 14414 kg 26075 kg CO2eq 492800 SEK 

Surface plaster, 30 mm 229 tons 45800 kg CO2eq 648525 SEK 

              

Net transport     11853 kg CO2eq    

Net impact     -157900 kg CO2eq 7552   

              

              

              



HDF 270 and 65mm 
concrete 

4928 m2         

Removed materials             

Concrete -2316 tons -335125 kg CO2eq -1680258 SEK 

Reinforcement -29570 kg -24366 kg CO2eq -443550 SEK 

Slab bases (filigran) -591360 kg -137787 kg CO2eq -2079616 SEK 

Added materials             

HDF 270 (concrete) 1616 tons 311962 kg CO2eq 3671360 SEK 

Concrete 753 tons 108923 kg CO2eq 546122 SEK 

              

Net transport     17888 kg CO2eq    

Net impact     -58504 kg CO2eq 14058 SEK 

              

              

230mm slab (instead of 
250mm) 

4928 m2         

Removed materials             

Concrete -232 tons -33570 kg CO2eq -168316 SEK 

              

Net transport     -1212 kg CO2eq    

Net impact     -34782 kg CO2eq -168316 SEK 

              

              

Low Impact concrete 
instead of standard concrete 

4928 m2         

Removed materials             

Standard Concrete -2895 tons -418907 kg CO2eq -2100322,5 SEK 

Added materials             

Low impact Concrete 2895 tons 347690 kg CO2eq 2174145 SEK 

              

Net transport     0 kg CO2eq    

Net impact     -71217 kg CO2eq 73823 SEK 

              

              

              

Exterior walls Material amounts Environmental impact Economic impact 

120 mm exterior wall 3040 m2         

Removed materials             

Concrete -214 tons -30966 kg CO2eq -155257 SEK 

              

Net transport     -1121 kg CO2eq    



Net impact     -32087 kg CO2eq -155257 SEK 

              

              

150 + 70 mm concrete in 
exterior wall 

3040 m2         

Added materials             

Concrete 500 tons 72350 kg CO2eq 362750 SEK 

Reinforcement 13832 kg 11398 kg CO2eq 207480 SEK 

              

Net transport     2737 kg CO2eq    

Net impact     86485 kg CO2eq 570230 SEK 

              

              

Low Impact concrete 
instead of standard concrete 

3040 m2         

Removed materials             

Standard Concrete -1072 tons -155118 kg CO2eq -777736 SEK 

Added materials             

Low impact Concrete 1072 tons 128747 kg CO2eq 805072 SEK 

              

Net transport     0 kg CO2eq    

Net impact     -26371 kg CO2eq 27336 SEK 

              

              

              

Interior walls Material amounts Environmental impact Economic impact 

160 mm interior wall 
(instead of 200 mm) 

2533 m2         

Removed materials             

Concrete -238 tons -34439 kg CO2eq -172669 SEK 

              

Net transport     -1246 kg CO2eq    

Net impact     -35685 kg CO2eq -172669 SEK 

              

              

120 mm interior wall with 
damping 

2533 m2         

Removed materials             

Concrete -476 tons -68877 kg CO2eq -345338 SEK 

Added materials             

Steel studs 2110 kg 5121 kg CO2eq 162112 SEK 

Gupsum board 45594 kg 12310 kg CO2eq 400214 SEK 



Mineral wool 8865 kg 6126 kg CO2eq 108919 SEK 

              

Net transport     -1259 kg CO2eq    

Net impact     -46579 kg CO2eq 325907 SEK 

              

              

Low Impact concrete 
instead of standard concrete 

2533 m2         

Removed materials             

Standard Concrete -1191 tons -172338 kg CO2eq -864070,5 SEK 

Added materials             

Low impact Concrete 1191 tons 143039 kg CO2eq 894441 SEK 

              

Net transport     0 kg CO2eq    

Net impact     -29299 kg CO2eq 30371 SEK 

              

              

              

Roof structure Material amounts Environmental impact Economic impact 

Truss roof 1496 m2         

Removed materials             

Concrete -579 tons -83781 kg CO2eq -420065 SEK 

Reinforcement -7393 kg -6092 kg CO2eq -110895 SEK 

Slab bases (filigran) -147840 kg -34447 kg CO2eq -631312 SEK 

Glulam -19,76 m3 -907 kg CO2eq -204556 SEK 

Trusses -4180 kg -447 kg CO2eq -32256 SEK 

Added materials             

Mono pitched trusses 19608 kg 2098 kg CO2eq 29176 SEK 

Battens 4328 kg 463 kg CO2eq 156182 SEK 

Plastic film 187 kg 338 kg CO2eq 44880 SEK 

Plywood 8258 kg 1685 kg CO2eq 215424 SEK 

Gypsum board 19440 kg 5288 kg CO2eq 236368 SEK 

              

Net transports     -6110 kg CO2eq    

Net Impact     -121912 kg CO2eq -717053 SEK 

              

              

Basements Material amounts Environmental impact Economic impact 

Removed basements 2 pieces         

Removed materials             

Concrete -480 tons -69456 kg CO2eq -348240 SEK 



Reinforcement -15009 kg -12367 kg CO2eq -315189 SEK 

XPS -1974 kg -7572 kg CO2eq -27636 SEK 

Added materials             

              

Net transports     -3496 kg CO2eq    

Net impact     -92892 kg CO2eq -691065 SEK 

              

              

              

Insulation Material amounts Environmental impact Economic impact 

Graphite-EPS in exterior 
walls 

3040 m2         

Removed materials             

EPS -12160 kg -45880 kg CO2eq -401280 SEK 

Added materials             

Graphite-EPS 7440 kg 20609 kg CO2eq 437760 SEK 

              

Net transports     0 kg CO2eq    

Net impact     -25271 kg CO2eq 36480 SEK 

              

              

              

Graphite-EPS in basement 
and groundworks 

561 m3         

Removed materials             

XPS -22440 kg -86080 kg CO2eq -314160 SEK 

Added materials             

Graphite-EPS 9153 kg 25446 kg CO2eq 347820 SEK 

              

Net transports     0 kg CO2eq    

Net impact     -60634 kg CO2eq 33660 SEK 

 

Table D1. Change in floor area and sales price 

 Change in thickness Change in floor area Change in sales 
price (SEK) 

120mm Exterior walls -30 mm +37 m2 +1 655 000 

Sandwich elements +70 mm -87 m2 -3 892 000 

160 mm interior walls -40 mm +41 m2 +1 834 000 



Graphite-EPS instead of EPS -30 mm +37 m2 +1 655 000 

Graphite-EPS instead of XPS -15 mm +2 m2 +89 000 

 

D.2 Compilation of results 
In tables D2 and D3, the GWP effects of the parametric study are presented in 
absolute values. In tables D4 and D5, the same results are presented in relation to the 
functional unit (Atemp). 

Atemp = 5375m2 

Table D2. Compilation of design alterations 

 

 

GWP reduction 
kg CO2-eq and 
percentage of total 

Alteration price 
SEK and percentage of 
total production cost 

Floors   
HDF 190 and Joisted distances 151 800 (7.2 %) 551 600 (0.6 %) 

HDF 190 and Acoustic mat 157 900 (7.5 %) 7500 (0%) 

HDF 270 and 65 mm cast concrete 58 500 (2.8 %) 14 000 to 0 (0.01 %) 

230 mm slab with flat slab bases 34 800 (1.7 %) -168 300 (-0.02 %) 

Low impact concrete 71 200 (3.4 %) 73 800 (0.08 %) 

Exterior walls   

120 mm concrete 32 100 (1.6 %) -1 655 000 (-1.7 %) 

Sandwich instead of half-sandwich -86 500 (-4.1 %) 4 462 000 (4.7 %) 

Low impact concrete 26 400 (1.3 %) 27 300 (0.03 %) 

Interior walls   

160 mm concrete 35 700 (1.7 %) -2 007 000 (-2.1 %) 

120 mm concrete with damping 46 600 (2.3 %) 325 900 (0.3 %) 

Low impact concrete 29 300 (1.4 %) 30 400 (0.03 %) 

Roof structure   

Roof trusses 121 900 (5.8 %) -717 100 to 0 (-0.8 %) 

Insulation   

Graphite-EPS in exterior walls 25 300 (1.2 %) -1 618 000 (-1.7 %) 

Graphite-EPS in basements and groundworks 60 600 (2.9 %) -55 000 (-0.06 %) 

 

Table D3. Combined solutions 

 

 

GWP reduction 
kg CO2-eq and 
percentage of total 

Alteration price 
SEK and percentage of 
total production costs 

Option 1   

Low impact concrete in floor slabs and 
interior/exterior walls 

126 900 (6.0 %) 131 500 (0.14 %) 



Option 2   

Reduction to Sound class C in floors and 
interior walls by reduction of material amounts 

70 500 (3.4 %) -2 175 000 (-2.3%) 

Option 3   

Reduction of material in exterior walls 
(120mm). Reduction of material in interior 
walls (120 mm) combined with damping. Floor 
slab exchanged with HDF 190 and acoustic 
mat. Wooden roof trusses. 

358 500 (17.1%) -1 312 000 (-1.3 %) 

Option 4   

Option 3 with low impact concrete. 424 500 (20.2 %) -1 258 000 (-1.3 %) 

Option 5   

Reduction of material in exterior walls 
(120mm). Reduction of material in interior 
walls (120 mm) combined with damping. Floor 
slab exchanged with HDF 190 and joisted 
distances. Wooden roof trusses. 

352 400 (16.8%) -777 000 (-0.8 %) 

 

 

Table D4. Compilation of design alterations 

 

 

GWP reduction 
kg CO2-eq per Atemp 
and percentage of total 
emissions

Alteration price 
SEK per Atemp and 
percentage of total 
production costs  

Floors   
HDF 190 and Joisted distances 28.2 (7.2 %) 102.6 (0.6 %) 

HDF 190 and Acoustic mat 29.4 (7.5 %) 1.4 (0%) 

HDF 270 and 65 mm cast concrete 10.9 (2.8 %) 2.6 to 0 (0.01 %) 

230 mm slab with flat slab bases 6.5 (1.7 %) -31.3 (-0.02 %) 

Low impact concrete 13.2 (3.4 %) 13.7 (0.08 %) 

Exterior walls   

120 mm concrete 6.0 (1.6 %) -308 (-1.7 %) 

Sandwich instead of half-sandwich -16.1 (-4.1 %) 830 (4.7 %) 

Low impact concrete 4.9 (1.3 %) 5.1 (0.03 %) 

Interior walls   

160 mm concrete 6.6 (1.7 %) -373 (-2.1 %) 

120 mm concrete with damping 8.7 (2.3 %) 60.6 (0.3 %) 

Low impact concrete 5.5 (1.4 %) 5.7 (0.03 %) 

Roof structure   

Roof trusses 22.7 (5.8 %) -133.4 to 0 (-0.8 %) 

Insulation   



Graphite-EPS in exterior walls 4.7 (1.2 %) -301 (-1.7 %) 

Graphite-EPS in basements and groundworks 11.3 (2.9 %) -10.2 (-0.06 %) 

 

Table D5. Combined solutions 

 

 

GWP reduction 
kg CO2-eq per Atemp 
and percentage of total 
emissions 

Alteration price 
SEK per Atemp and 
percentage of total 
production costs 

Option 1   

Low impact concrete in floor slabs and 
interior/exterior walls 

23.6 (6.0 %) 24.5 (0.14 %) 

Option 2   

Reduction to Sound class C in floors and 
interior walls by reduction of material amounts 

13.1 (3.4 %) -404.7 (-2.3%) 

Option 3   

Reduction of material in exterior walls 
(120mm). Reduction of material in interior 
walls (120 mm) combined with damping. Floor 
slab exchanged with HDF 190 and acoustic 
mat. Wooden roof trusses. 

66.7 (17.1%) -244.1 (-1.3 %) 

Option 4   

Option 3 with low impact concrete. 79.0 (20.2 %) -234.0 (-1.3 %) 

Option 5   

Reduction of material in exterior walls 
(120mm). Reduction of material in interior 
walls (120 mm) combined with damping. Floor 
slab exchanged with HDF 190 and joisted 
distances. Wooden roof trusses. 

65.6 (16.8%) -144.6 (-0.8 %) 

 

 

 


