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Abstract

Some of the largest actors within the building sector have recently introduced road
maps and goals to make the industry more sustainable. In order to establish a focus
area for sustainable building development, this study looks to determine what ele-
ments and sections of a building contributes to the largest amount of greenhouse gas
emissions. Additionally, the reader gets to follow an investigation into what pos-
sible measures and changes a structural engineer can make to reduce and improve
the climate impact of the design of a building as well as what obstacles hinders the
progress. The study has been made in collaboration with the building structures
department at WSP Sweden in Gothenburg.

To sufficiently cover such a broad subject area, the study was carried out in three
different sections. Firstly, a literature study was conducted on relevant papers, lit-
erature and industry standards. Additionally, research was also made into what
sustainability goals have been set within the building industry.

Secondly, an interview study was conducted with stakeholders at the building struc-
tures department at WSP. The group of interviewees were chosen to be of differing
positions, experience and insight into sustainable building technology to garner sev-
eral perspectives and arguments. Additionally, a survey was sent out to the building
structures department to accumulate a more quantitative result for certain matters.

The third and final section was a case study that was built upon the results of the
interviews. The purpose of it was to visualise the amount of greenhouse gases that
originate from the concrete in two separate hospital buildings, as well as the impact
of the measures proposed in the interviews. The measures investigated were a re-
duction of concrete volume by reducing the thickness of all walls and slabs, lowering
the concrete class of all concrete in the building and the impact of various amounts
of steel reinforcement in the floor slabs.

The primary conclusion that can be drawn from this study is that there are large
possibilities to reduce the greenhouse gas emissions of the building process, but
the implementation is complex in the current industry climate. The case study
demonstrates that the reduction of wall and slab thickness, as well as the lowering
of concrete classes had a substantial impact on the buildings total greenhouse gas
emissions. The majority of measures lifted in the interview study may also have a
significant impact from a sustainable perspective, but often come with costs or risks
in different aspects. Due to this, it is important to find optimum balance between
different aspects, which is time-consuming. This has resulted in a great push for a
more streamlined, user-friendly and restructured design process as it would help the
industry to focus more on optimization. There is a strong consensus that this can
change with further knowledge and experience of sustainable building technology.

Keywords: sustainable building, greenhouse gas, emissions, structural engineer, cli-
mate impact, building industry, concrete, steel reinforcement, design process, opti-
mization
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1

Introduction

1.1 Background

The global warming of our planet has fueled discussion regarding how the impact
of our society can be reduced, and a large emphasis has targeted the decisions of
the individual. Choice of transport, type of diet and consumption habits have been
debated a great deal. However, there has not been as large a focus on decisions
made at work. The climate impact from building processes in Sweden is large, as
it amounts to the emission of 10 million tons of greenhouse gases each year [1].
This corresponds to approximately 18,6 percentage of the total emissions of green-
house gases in Sweden [2]. A large proportion of those emissions originate from the
construction process of buildings, as major improvements have already been made
to reduce the emission of greenhouse gases originating from the heating of houses
[3]. This is largely attributed to a switch from fossil fuels to more environmental
friendly options such as long-distance heating which led to a reduction by 86 per-
centage between 1990 and 2014 [4]. As there have previously not been any large
focus to improve the construction processes, it is argued that the climate impact of
such processes and the production of building materials is still significant.

Now, some of the biggest actors within the building sector of Sweden have introduced
road maps with a mutual goal to make the industry more sustainable. The final
objective of the road maps is to have net zero emissions of greenhouse gases by 2045.
However, there are several obstacles and barriers to overcome before this is possible.

1.2 Purpose and Vision

The purpose of this thesis is to evaluate the possibilities to reduce the amount of
emitted greenhouse gases from the manufacturing of buildings through optimization
and educated decision making in the design process. Presently, complex software
tools are used to perform LCA-analysis to investigate and review a buildings effect
on the environment. Due to the complexity and uncertainty of the method, they
are often only utilized by workers specializing in sustainable development [5]. These
workers are often brought in late in the project, which means that they have little
to no impact on the decisions in the design process as most decisions have already
been made. Generally, the structure of a building amounts to the largest proportion
of greenhouse gas emissions and a majority of the decisions made regarding the
structure are made by structural engineers. The knowledge of workers specializing
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in sustainable development is therefor not taken into account when designing the
structure of a building. Therefore, this report looks to establish what changes and
improvements structural engineers can make in the design process of buildings to
reduce the global warming potential of the construction. The report looks to localize
where in a building the largest emissions originate and establish where there is
potential to improve the optimization of a building design. Ideally, the result will
be of assistance to structural engineers and guide them in their decision making to
a reduction of greenhouse gas emissions and more optimized solutions and designs.

1.3 Method

This thesis will explore and highlight the different possibilities to optimize the build-
ing industry from a sustainable perspective and highlight those which seem most
fruitful. The study was done in association with WSP, a company providing consul-
tancy services within the building industry. More specifically, it was done in close
collaboration with the building structures department at WSP in Gothenburg, spe-
cialising in structural design work. This allowed for constant input from structural
engineers, currently active within the industry, throughout the study.

The first step was to collect information by doing a literature study followed by an
in-depth interview study. This was then in turn complemented by a case study built
upon the results of the previous studies. The literature study was carried out by
gathering information of the subject in order to get a better insight of sustainable
building related to the industry itself. In addition, trends and tendencies of the
business in the building industry was identified and noted to confirm the interest
in sustainable building. The second step was to conduct interviews with relevant
people in the industry, in this case personnel at WSP, based on the results gathered
in the literature study. The respondents were chosen so that they could display a
wide picture of both the industry and the enterprise at the company.

The case study examined the different optimization measures produced from the
results of the interviews and the literature study. These were compared and evalu-
ated in terms global warming potential.

1.4 System boundaries

This study is made from an environmental standpoint and its purpose is to exam-
ine sustainability out of the same perspective. The study is made to examine the
potential of different measures to reduce climate impact and then compare them
to each other. Therefore, social and economic aspects are not taken into account.
However, technical building requirements are taken into account through continuous
input from structural engineers, but not studied in detail.
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1.4.1 COz2-equivalents and Global Warming Potental, GWP

The function unit used for comparison is global warming potential GWP, as the
study is made from an environmental perspective [6]. GWP is measured in carbon
dioxide equivalents, CO2-equivalents, which is a metric used to measure an estimate
of the global warming a specific greenhouse gas may cause. This is done by con-
verting different greenhouse gases into the equivalent amount of carbon dioxide that
gives cause to the same global warming potential as the original gas [7].

1.4.2 Production stages A1-A3

In the European standard for life cycle assessment, LCA, EN 15978:2011 [8], every
phase of a buildings life cycle is covered. It includes every process from manufac-
turing, maintaining and everything until the end of it’s lifespan. However, in this
thesis the full life cycle is not considered. This is because other studies advocates
that the early stages of an LCA of any building process have the largest amount of
greenhouse gas emissions [9]. This can be observed in figure 1.1, which presents the
results of an LCA performed on a building in Sweden. The boundaries are therefore
set to the modules A1-A3, which tends to be referred to as cradle-to-gate or the
full product stage. This includes every process from resource assessment to a final
product, but not any processes after that.

15%

® Prodiuction stage (Al-3) ® Transportation (A4) ® Building stage (AS)

Figure 1.1: Emissions of greenhouse gases from the different stages in the building
process of an apartment building in Sweden. [10]
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1.4.3 Only frameworks made of concrete

As a building consists of multiple systems which could be separated into distinguish-
able categories, this thesis mainly focuses on the categories that emit the largest
amounts of greenhouse gases. These include the framework, foundation and the cli-
mate shell and therefore the scope of this thesis have been floor slabs, walls, columns,
ground slabs and pile caps in constructions. It is clear from previous studies that
these account for the largest greenhouse gas emissions in the cradle-to-gate stage.
[9] When it comes to material, this thesis will focus on concrete elements as they cor-
respond to 50 percentage of greenhouse gas emissions. The steel reinforcement used
in those elements will also be investigated. A chart over greenhouse gas emissions
from a building in Sweden categorized by material is presented in figure 1.2.

0%

1 [solation materiak

1% _

\

A\

® Wood, dsc materials of wood and
plate

n Concrete, inkcluding steel
reinforcement

s Interior layors

8 Other buiding maerals

1 Electricity, telecommunications,
control devices and gppliances

n Plumbing, heating, water and
sanitaion

1 Chemicals at the building site

n Other

Figure 1.2: Emissions of greenhouse gases from the building materials in apartment
buildings in Sweden. [11]
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Theoretical Frame of Reference

2.1 The design process

This section presents the role of a structural engineer and the position he or she has in
the design process. The information presented is brought forward from the structural
engineers handbook [12] and input from the supervisors at the company, which
means that parts of this section is specific for the building construction department
at WSP in Gothenburg.

FEASABILITY PHASE [PLANNING PROGRAM PROJECT PLANNING CONSTRUCTION
DOCUMENTS DOCUMENTS
O ) ) O
b A h b

Figure 2.1: Workflow of the design process, seen from a structural engineers per-
spective [12].

2.1.1 Feasibility phase

Before starting the construction of a building a preliminary study must be made to
get insight into how the project will develop over time. The study forms the basis
for an eventual plan which consists of ruling conditions, the project possibilities,
strategic design and description of the planned operation. Knowledge about possible
challenges is collected and risks are identified at an early stage. A precise pilot can
decrease unnecessary expenses due to complications and delays because of lack of
knowledge. The aim of this phase is to draw the main features of a construction
plan containing a roughly estimated time limit, distribute role of responsibility and
outline the purpose of the project.

2.1.2 Planning program

This phase can be described as a form of investigation to gather information which
then function as groundwork for everyone involved in the project. In the planning
phase essential actions for the project are analyzed and decided. Different assign-
ments are defined and distributed within the project and strategies are developed to
locate and obtain supplies as well as plan the logistics. This phase is usually ongoing
throughout the whole process, depending on the conditions and contract form. It
is also the initial stage and examines and defines the conditions for the project and
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compose the basis for dictating various decisions in the design phase. It should in-
volve an inventory of current circumstances and a description of the planned activity
of the building. The information mentioned above is supported by requirements of
a technical and environmental essence. This program also defines purpose, require-
ments, and properties and hence the framework for the project. The client has the
sole responsibility for the building program. Many of the preconditions determined
in this phase will affect the structural engineers work considerably.

2.1.3 Project planning documents

The project planning documents reports a definite coordinated formation of the
buildings shape, function and construction. They also include a detailed plan of all
the installations affecting the building, such as plumbing, electricity and ventilation
systems. Size, location and design of these installations are also coordinated during
this stage in the design process. The project planning documents are based from
one of the alternatives presented in the propositions of the project but has room
for adjustment and optimization of considerable variety. The documents shall state
the construction of the framework, the stabilization system and how the foundation
is designed. It should also include detailed descriptions of the dimensions of walls,
columns, floors and other essential elements to the building. The shape and func-
tion of the climate shell should also be presented in these documents. The project
planning documents is usually forged with such detail that they in some cases can
be directly transcribed into construction documents ready for the building site.

2.1.4 Construction documents

The construction documents is a complete report of the buildings design, with defini-
tive details about every aspect of the buildings functions. This implies that the
scope, quality and execution of the project must be clearly stated. If necessary, de-
scriptions of the design should supplement the drawings. Descriptions, documents
linked to the project and drawings is usually presented according to Bygghandlingar
90 [13].
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2.2 Life Cycle Assessment

2.2.1 Main Characteristics

LCA, short for Life Cycle Assessment, is a method to study the environmental im-
pact of a product. It is often used in discussions concerning climate change and
greenhouse gases, but usually covers a much broader range of environmental dam-
ages. Some issues that tend to be included are freshwater use, land occupation and
transformation, aquatic eutrophication, toxic impacts on human health, depletion
of non-renewable resources and eco-toxic effects from metals and synthetic organic
chemicals [14]. The main reason for taking several environmental issues into account
is to avoid so called “burden shifting”, which is what happens if efforts to reduce
one type of issue unintentionally causes an increase of one or several other issues.

The purpose of conducting an LCA is to establish an apprehension of the size and
what type of environmental impact, as well as what flows of resources exist during
a life cycle. Each stage of the life cycle is investigated separately, which results in
a clear perception of which stages are critical as well as what sort of environmental
impact they cause. Such information allows for the identification of suitable mea-
sures required to ensure the life cycle has minimal environmental impact [14].

2.2.2 Life Cycle

Generally, all the processes required to deliver a product and it’s function are con-
sidered in an LCA [14]. As an example, the function of electricity can be to light a
lamp. When this is the case the term “product system” is used, which implies that
the perspective of the full life cycle is taken. A full life cycle does not only refer to
the products lifespan, but also includes the processes taking place before and after
that [14]. A physical products life-cycle begins with the harvesting and extraction
of resources, which could for example be the planting and felling of a fir tree. This is
followed up by the production processes, which could mean the fir tree gets turned
into material used in the production of a building. This is in turn followed by the
usage of the product, in this case referring to the intended usage of the building.
The final step is the waste management of the product, which could mean that the
material is reused in the end. Figure 2.2 show the different stages of a full life cycle,
which are commonly used to set system boundaries in an LCA.
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W
O O) O) O
Ay Ly L o

Al - Raw material Ad - Transport Bl-Use C1 - De-construction
A2 - Transport A5 - Assembly B2 - Maintenance C2 - Transport
A3 - Manufacturing B3 - Repair C3 - Waste processeing
B4 - Replacement C4 - Disposal

BS - Refurbishment
B6 - Operational energy use

B7 - Operational water use

Figure 2.2: Stages of a full life cycle [15]

2.2.2.1 System Boundaries and Cradle-to-Gate

There are numerous different concepts of how to handle system boundaries in an
LCA. One such concept is called cradle-to-gate. In contrast to considering the full life
cycle, a cradle-to-gate study ends when the product leaves its manufacturing phase.
In other words, the study ends when the product leaves the gates of the factory
where it’s being manufactured, hence the name cradle-to-gate [16]. In the example
mentioned above, the study would end after the fir tree got turned into material
for production use. All phases that happen before the manufacturing phase is still
taken into account. The goal definition of the study and the intended use of the
results determine whether or not a full life cycle perspective should be taken and
what concept should be utilised [16]. In the case study of this thesis, the cradle-to-
gate concept is applied as the study revolves around material use. Figure 2.3 shows
the product stage and the phases that are taken into account in a cradle-to-gate
study.

PRODUCT STAGE

)
-

Al - Faw material
A2 - Tranzport

A3 - Manufacturing

Figure 2.3: The product stage and the phases of a cradle-to-gate study [15]

2.2.3 Benefits of use

The main benefit of conducting an LCA is the possibility to identify environmentally
devastating processes and avert burden shifting between different life cycle stages. It

8
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is also effective for identifying processes that materialize because of efforts to reduce
the environmental impact in another process or life cycle stage, that unintentionally
create environmental impacts in other processes or life cycle stages. These adverse
processes may in some cases have worse environmental impacts than the original
process. [14] An example of such is bio fuel, which is more environmentally friendly
than fossil fuel at the use-stage, but is debated to have a worse impact in the harvest
and extraction stage as it is a source of deforestation [14]. LCA is mainly used for
product systems but can also be applied to more complex systems such as compa-
nies or energy management systems. The common feature through all types of LCA
studies is that it focuses on the perspective of the function off the studied entity,
and not just the entity itself. [14]

2.2.4 Scientific and Quantitative Nature

The purpose of an LCA is to find out how much the full life cycle of a product system
impacts the environment. To effectively do that, the results of the LCA benefits from
being quantified. If they are, it opens up the possibilities to judge which products
or systems are better from an environmental perspective, or which processes within
the system that has the largest contribution to the total environmental impact of
the system [14].

This is commonly done by first mapping all the used resources and emissions, as
well as their geographical location if possible. The potential environmental impact
of said resources and emissions is then calculated by applying factors derived from
mathematical cause/effect models. However, there is no general method how to per-
form the calculations in an LCA, but instead several different approaches exist. LCA
calculations are very complex and therefore generally aim for the “best estimate”,
which means that average values are commonly used for the essential parameters
[14].

The relationships between resource consumption or emissions and the environmental
impact should be modelled based on proven causalities, for example a chemical reac-
tion scheme or empirically observed relationships. [14] Additionally, value judgement
is vital within an LCA, which strives to assign weight to different types of environ-
mental issues. This is done to assist the evaluation of the overall environmental
impact of a product system. These modelling choices can vary between projects, as
perpetrators may make modelling choices based on the properties and scope of their
own project, for example how many years into the future the assessment should be
considered [14].

2.2.5 Strengths and Limitations

The main strength of LCA as a method is the comprehensiveness of the life cycle
perspective and the broad coverage of environmental issues. It allows for compar-
isons of the environmental impact of large, complex systems made up of hundreds of
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different parameters with their origin in different geographical locations. However,
the comprehensiveness is also a limitation, as the vast complexity demand simpli-
fications and generalizations in the modelling of the assessment. On top of this,
environmental impacts are generally aggregated with time and space, which means
that emissions from today can have a larger impact in 20 years than they will have
tomorrow. This hinders the calculation of actual environmental impacts using LCA.
Therefore, a more accurate description of LCA results would therefore be potential
environmental impact [14].

LCA follows the “best estimate” principle, which generally contributes to unbiased
comparisons as the same amount of precaution is employed throughout the entire
LCA. Though, it is also a limitation as the assessment in turn becomes based on
average performances and values. As a result, following the “best estimate” principle
means that risks of rare problematic events such as accidents at industrial sites,
are not taken into consideration. To exemplify this, nuclear power appears very
environmental friendly in LCA as the small risk of devastating disasters such as the
ones at Chernobyl and Fukushima are not taken into account [14].

Additionally, an LCA cannot tell you if a product system is environmentally sus-
tainable. It is solely able to tell you what is better for the environment and not if
that option is environmentally sufficient [14].

2.2.6 EPD

The first approach to reduce the climate impact from the building industry is to
locate the biggest source of emissions, according to the road map that Fossilfritt
Sverige has produced [17]. By 2025 all companies within the industry should have
localized and mapped their emissions of greenhouse gases. The method which will
accomplish this in the Swedish building sector is LCA. As for now, the incorpora-
tion of LCA from an environmental perspective is still in its cradle but initiatives at
companies is becoming more apparent with the industry’s new objective in place. To
establish this on an international level, environmental declarations has become key;,
as these set the standard for the potential impact from products produced in the
industry. These environmental product declarations, EPDs (EN15804:2000), serves
as information reports and contains the summary of the products character from
an environmental aspect [18]. The implementation of EPDs are crucial to the road
map that Fossilfritt Sveriges has produced.

The EPDs are categorized in three different type labels, from I to I, which serves as
a grading system of credibility. The central difference between Type III and Type I
and II, is third party eco logo labelling and self-declared environmental claim and the
use of LCA methodology to quantify the climate impact of the product by third part.
The system to implement EPDs to the building industry in Sweden is supported by
the Swedish Environmental Management Council, SEMCo. As for today, the actors
involved in the production stages in the Swedish building industry is in full motion
to declare and label their assortment with EPDs. Furthermore, the Swedish building
sector is also increasing it’s involvement in environmental certification systems, the
most common being BREEAAM-SE, Building Research Establishment, LEED and
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Miljobyggnad which are all environmental assessment methods adjusted for Swedish
standards and conditions. These institutions certify new buildings performance from
an environmental perspective [19]. The assessment of the certification is based on a
range of different areas and then the buildings are scored and can be compared both
nationally and internationally. The objective of these certifications is to create an
industry which recognizes the importance of building climate friendly and encourage
companies to be at the forefront when it comes to green initiatives in the sector,
something that is in line with Fossilfritt Sverige’s goals.

2.3 Driving forces and movements for sustainable
construction

The biggest actors within the building sector have introduced road maps with a
mutual goal to make the industry more sustainable. It is an initiative taken from
Fossilfritt Sverige together with several large companies, such as WSP, NCC and
SKANSKA [17]. The essence of the road map is to readjust the entire value chain of
the building industry to eliminate all net emissions of greenhouse gases until 2045.
This vision is fully in line with the values that Sweden has set for future challenges,
which is to be climate neutral in 2045 while still being competitive. The road maps
description of possibilities and obstacles to achieve net zero emissions within 25 year
is summarized as an obstacle analysis. There are a lot of initiatives from different
actors in the value chain but there are many challenges and readjustments to be
made in the industry. The re-conversion of the sector infers that all the contribut-
ing parts in the value chain must adapt and undertake measures to improve. This
means that everything must be optimized or rebuilt to overcome the problems at
hand.

The timeline to secure a climate neutral value chain within the construction sec-
tor is:

2045: Net zero emissions of greenhouse gases.
2030: Reduce greenhouse gases with 75 percent (compared to 2015)
2025: The emissions of greenhouse gas are clearly reduced
2020-2025: Actors in the construction sector have localized and mapped their

emissions and set goals to reduce them.

2.4 Obstacle analysis

2.4.1 Organizational barriers

The building sector mainly consists of temporary client organizations in which the
construction projects has several independent actors. As for any project, the com-
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munication between the different actors is vital. Considering that the different
actors are made up by several companies in disconnected departments the logistics
is bound to pose obstacles. When communication is crippled throughout the or-
ganization, so is the information flow and knowledge shared between the different
actors. These kinds of projects often hinder innovations and experience made in
one part of the organization to spread to other parts of the organization [20]. The
outcome of this being that innovation made in early stages and by the manufac-
turer tend to stay unheard of and thus undeveloped. By extension, this may mean
that the customer’s ability to take advantage of innovative techniques within the
supply chain is not utilized and these techniques are not implemented to the extent
that would be possible in an organization with better structures for information flow.

This affects every aspect of the building industry, not the least conversion to a
more climate friendly attitude. The lack of information flow between builder and
product manufacturer in the industry results in that the manufacturer of a product
has more knowledge than the buyer has. This makes it difficult for a builder to
order less climate-impacting buildings and building materials, since it is difficult to
determine without significant costs which building methods and materials results in
lower climate impact from a life-cycle perspective [21].

2.4.2 No economic incentive

Another obstacle is that until this day there has not been any business advantage to
approach more climate friendly methods of building. A buildings carbon footprint
has not been and are still not today a crucial selling point in the industry. The
economic incentive is weak for clients to order buildings with less GWP emissions,
and at the same time there are no economic arguments for contractors to suggest
more environmentally friendly materials or building methods.

When decisions are determined regarding when to apply innovative techniques in
the building industry there are at least two factors that affect the substrate of the
decision. The innovative techniques mainly concern the choice of material or the
method of building. Usually the amount of information regarding the established
and the new is not evenly balanced, to the advantage of the established. When
it comes to material there is often more climate friendly options, but the demand
is usually low, the reason being lack of knowledge about properties and a higher
price. Not only does the material cost less because of a less established production
process but there is an additional cost to build a proper base of how to implement
the product, both in terms of time and money. This results in that the new product,
with less information, is perceived as more insecure and is therefore less likely to be
chosen instead of the more established method or material. And furthermore, even
if the product is potentially more cost efficient is often opted out because the risk
it is perceived to be higher.

12



3

Interviews

The purpose of the interviews was to create an overall view of the whole design pro-
cess at the building structures department at WSP and extract information about
the workflow as well as different chores for different positions. In total six inter-
views were held with eight different employees with various roles at the company.
The employees can be categorized into four types of functions, which are structural
engineer (SE), material expert (ME), group manager (GM) and sustainability co-
ordinator (SC). It should be distinguished that the responses and opinions of the
respondents are of their own opinions and do not reflect on their companies’ values.
It is also noteworthy that the interviews have been interpreted by the authors of
this report and reproduced.

3.1 Method of the interviews

The interviews were fashioned in to a more qualitative matter to get further insight
of the subject in addition to the results of the literature study [22]. They had a
semi-structured build, which means that the interview had a set of questions deter-
mined in advanced with the freedom to peruse and follow up on specific subjects
[23]. This also allowed for more open-end questions and the possibility to explore
more optimization measures which had been overlooked in the literature study. As
there was opportunity to contact the respondents subsequently, the interviews have
been supplemented gradually with additional information. As different respondents
had different positions within the company the questions were reformulated for each
interview, but all were of the same essence.

o Why do you think buildings are not optimized from a sustainable perspective,
even though it results in less global warming potential?

e Do you see any clear improvement opportunities within the company’s design
work in relation to sustainable development and climate impact?

o Where and what in the building has the largest potential for improvement?
In addition to the interviews a survey was sent out to the structural engineers at
the building structures department at WSP. The survey was anonymous and the

purpose of it was to get an idea of the decisions a structural engineer face on a daily
basis, as well as the reasoning behind the decisions made [24]. In total there were
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19, all of which were structural engineers of some sort, respondents to the survey.
The results can be found in appendix C.

3.2 The respondents of the interviews

3.2.1 Interview with group manager

The GM has worked within the company in his current position for five years.
Before that he has worked as a structural engineer and assignment coordinator in
several companies. Therefore, he also has a lot of experience with calculations and a
wide perspective of the design process. The daily tasks mostly consist of consulting
employees regarding technical issues, but he also has a few projects of his own
specializing in concrete reparation. It is safe to say that the group manager has a
lot of experience within his field.

3.2.2 Interview with material experts at the company

The material experts at the company were stationed in differing locations in Sweden
and they all had different areas of expertise. The material experts were interviewed
simultaneously as separate interviews were not possible due to a lack of time from
their end. Though, the unified constellation opened up discussions between the
experts which resulted in a productive interview.

3.2.2.1 Material expert 1

MEL1 is a civil engineer with over 25 years of experience from the building industry
as a structural engineer. He has worked with foundations and structure in both
steel and concrete constructions. He specializes in building technology and material
options in joint constructions of steel and concrete as well as damage investigations
on concrete constructions. MEL1 is a certified designer within steel construction by
SBI and Nordcert and acts as expert council within the same field at WSP.

3.2.2.2 Material expert 2

ME2 has experience as a projector, statistician and commission manager of offices,
industrial premises, industries, and housing. He has worked with several projects
with different kinds of structures with most types of materials. He has been involved
with both modeling and production of manufacturing drawings for steel projects
and prefabricated concrete. ME2 performs static calculations for foundations, steel,
concrete, masonry, and wood structures as well as frame stability. ME2 is directly
related to carries out construction and project management of construction, plumb-
ing and electrical work etc, as well as holds permission for both BAS-P and BAS-U.
He also conducts contract inspections. ME2 performs work as a moisture expert in
both the design and production stages.

14



3. Interviews

3.2.2.3 Material expert 3

ME3 was hired as a designer at WSP building design in Lulea from January 2007.
Since the employment at WSP, the work has included rebuilding and new hous-
ing construction, smaller industrial production and participation in large industrial
projects. ME3 is a member of the Concrete Coordinator of the Business Area’s
Technology Council, and is also a representative of the SIS Technical Committee
for the revision of Eurocode 2 (TK556). ME3 is responsible for internal concrete
training regarding preparation of regulations and conditions. Prior to WSP, he
worked as a doctoral student at Lulea University of Technology with research in the
reinforcement and repair of concrete structures.

3.2.3 Interview with sustainability coordinator

The SC has a Master of Science in sustainable development and over 6 years of
experience working in her current position. She has worked within WSP in her
current position for over four years and before that she worked at a similar position
within another company for two additional years. Prior to taking the role as a sus-
tainability coordinator, she still worked with similar questions and challenges and
therefore has a total experience of over 11 years within the field of sustainability
and environmental questions.

The purpose of her department is to minimize the environmental impact of projects,
mainly through the optimization of resource- and energy usage. Her current role
is to perform life cycles assessments of buildings that has been designed by the
company. She generally enters projects at a later stage, as most of the building
design needs to be determined to perform a life cycle assessment. Therefore, she
normally has no bearing on decisions that may impact the environmental impact
of the project. She is also specialized in several different environmental certificates
such as LEED, WELL and Miljobyggnad and has also worked as a sustainability
mentor for employees in the directorate of the company. She also makes it clear that
she has the perspective of sustainability and is not very proficient in the economic
or social aspect perspective. Because of this, her answers are not to be treated with
those aspects taken into account

3.3 Analysis of interviews

The interviews were analyzed in different steps. Each interview was either recorded
or transcribed on a computer during the interview. Afterwards, they were proofread,
restructured to some extent and sometimes supplemented by the respondents in
subsequently. After all the interviews were conducted the content were analyzed
and compared with studies from the literature study. Sometimes respondents gave
answers that did not match any questions. In these cases, a decision was made
whether the answers were relevant or not. Often, if two or more respondents gave
a similar answer and it was somehow connected to the research question, it was
of value for the study. The summary was then used in the creation of the results,
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which gave a clear view about the respondents’ thoughts and experiences.

3.4 Result of interviews

The respondents gave a thorough and broad description of the design process of a
building, with range from several different perspectives. Even though the respon-
dents had different backgrounds and positions in the company all agreed that there
are huge improvements to be made for the building industry to become more en-
vironmentally sustainable. Many of the respondents also agreed on where to begin
the process for the company to become more environmentally friendly. Most of the
respondents agreed that concrete is the material that accounts for the largest emis-
sions which is confirming what was established in the literature study. Furthermore,
it was also confirmed that this study should focus on the structures and climate shell
of the constructions as they stand for the biggest quantities of concrete. Figure 3.1
shows a summary of the proposed measures by the interviewees of what can be done
to reduce the climate impact of the building industry.

CONSTRUCTION
DOCUMENTS

FEASABILITY PHASE PLANNING PROGRAM PROJECT PLANNING
DOCUMENTS

O 0O ) 0O
Ay Ay Ay

J
. § . Alternative structures More detailed constructions documents
Is it necessary to buoild? Prolonged projects to make longer
. drying times possible Reduce the amount of retaining walls Feedback between client and structural
Location engineer
. o les for the building Altemnative solutions for acoustic
Rense of existing buildings and structure requirements Increase fillers in concrete
systems
. . Evaluate the necessity for basements Lowering the concrete class Optimize each element with respect to
Postpone projects uatil new more actual load level
sustainable options available Design life of the building Earlier determinations of prefabricated
elements
Set higher requirements on projects Manufacturing method - prefabricated
from environmental perspective or sitn cast Exposure classes
Reduce the size of the project Consider maintenance in the design Find optimal cross sections

process

Use fly ash as a supplementary
cementitious material (SCM)

Figure 3.1: Summary of optimization measurements categorized by stages of work-
flow

3.4.1 Feasibility study

In the first stage of the design process of the building the structural engineers are not
as involved as in the following stages. However, the interview with the sustainability
coordinator who had in depth knowledge of LCA and sustainability in general came
with suggestion from a broader perspective. It is also established in previous studies
that the biggest effect on minimizing the environmental impact is made in the early
stages in the design process [25]. The information provided from the sustainability
coordinator at these stages should therefore be taken into consideration.
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Is it necessary to build
The first item that was elevated from the sustainability coordinator was if it
was necessary to build or manufacture at all. This is of course the most effec-
tive way of reducing and even eliminating emissions but is often not feasible
as there is a demand for new buildings.

Location
The location of the building can have a great influence on the climate impact
when analyzed from an LCA perspective. Topology decides the groundwork for
the foundation and also the building itself and the design play a considerable
role when minimizing the climate impact. The distance to the manufacture
of materials should also be considered as transportation of the material con-
tributes to the greenhouse gas emissions of the building in the production stage.

Reuse of existing buildings and systems

Instead of producing new buildings one should investigate the possibility to
reuse or integrate existing constructions to new projects according to the group
manager. This is one the foundations of the design process when looking at it
from a LCA perspective. This item was later raised with the material experts
which raised a discussion. MEL1 elevated that it is not necessarily better to
preserve older buildings as they are usually less efficient than newer produc-
tions.

Postpone projects until new more sustainable options are available
New, innovative options to produce buildings are constantly being developed.
Some projects may be postponed waiting for new, more sustainable alterna-
tives to be present.

Set higher requirements on projects from an environmental perspective

Another item that was elevated was the effect of higher requirements on
projects from an environmental perspective. The respondents, independent
of employment, all highlighted this item. It was not agreed upon from whom
this initiative should come from. The group manager thought the client should
take more responsibility for sustainable initiatives, which also the sustainabil-
ity coordinator agreed upon.

Reduce the size of the project
One obvious measure to reduce greenhouse gas emissions is to basically make
the buildings smaller. Smaller floors spans equal less amount of concrete used.
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3.4.2 Planning program

In the planning program the principles of the project are evaluated and decided.
As it is still in the early stages of the design process huge differences can be made
from a sustainable perspective. As for the structural engineer’s role in the process,
he or she has more influence over the design plans and has some authority to pro-
pose alternatives that could be beneficial when trying to reduce the emissions of the
projects.

Prolonged projects to make longer drying times possible

A subject that was raised from the material experts was that short construc-
tion times is a determining factor when choosing the concrete class in floors
and walls. Shorter construction times usually equals higher concrete classes
to meet the time requirements of the projects. Higher concrete classes have a
higher amount of cement and is therefore more likely to contribute to a larger
amount of greenhouse gases emitted from buildings. This was an item that
the group manager also stressed.

Sustainable principles for the buildings structure
Structures made from concrete represent one of the biggest factors when it
comes to climate impact. By using alternative structures such as ones made
from steel or wood or a combination of those together with concrete can po-
tentially reduce the greenhouse gases generated by the building. This was
something that the sustainability coordinator stressed. However, both the
material experts and the group manager underlined that concrete is a very
convenient material to build with from an acoustic and fire safety perspective.

Evaluate the necessity for basements

As wall elements that are located in the basements usually are thicker and
have a higher exposure class these cause a higher production of greenhouse
gases according to the group managers. If these could be made thinner or
even eliminated completely by simply not building a basement, there is a po-
tential for huge greenhouse gas reductions. However, as the material experts
pointed out the basement contributes to the buildings stability, which can in
some cases be necessary for the construction.

Design life of the building
When making an LCA a buildings total life span is considered, from cradle
to lifespan. The greenhouse gas emission from the production stage is divided
over the building’s life span. From an LCA perspective it could be beneficial if
the building is built to endure a longer life and maintain a reasonable amount
of greenhouse gas emissions in the production stages. This is an item both the
group manager and material experts stressed.

Manufacturing method - prefabricated or situ cast

The material experts elevated that the focus should begin on the in-situ con-
crete. This is, according to them, because in most cases the prefabricated
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concrete is already optimized for its purpose.

Consider maintenance in the design process
A building is designed to last for a long time, to long for some of the material to
endure without maintenance. When designing the building, emissions of ma-
terial production should be weighed against emissions of material maintenance
during its lifetime.

3.4.3 Project planning documents

It is in this stage where most of the respondents thought that the optimization
should be initiated. The production of the project planning documents is where
the structural engineers have the most influence and thus the best opportunity to
initiate measures. The optimization measures might not have the same potential as
the ones established in the early stages in the project as the structures of the project
is already determined but there are still room for improvements.

Alternative structures
Just as in the planning program it is still relevant in the project planning
documents to evaluate if the structure for the building is the best fit from a
sustainable perspective. Material could still be changed to reduce the emis-
sions of greenhouse gases. The build and function of the structure could also
be evaluated for potential reduction of greenhouse gas emissions.

Reduce the amount of retaining walls
Retaining walls, usually located in the basement of a building, is a potential
source for reduction for greenhouse gas emissions. If a basement is necessary,
these should be optimized from a sustainable perspective at greater extent
than regular walls according the group manager. These contains a higher con-
crete class and are usually thicker.

Lowering of the concrete class
The group manager elevated that the concrete classes are at this stage in
the design process often over dimensioned for certain elements and later over-
looked. This results in a higher concrete class than necessary. Concrete classes
of higher quality have a higher concentration of cement which cause higher
emissions of greenhouse gases. The material experts confirm this.

Alternative solutions for acoustic requirements
It is established that concrete is a huge contributor to a building’s emissions
of greenhouse gases. In many cases it is the acoustic requirements that is the
design factor and sets the thickness of the elements. The sustainability coor-
dinator proposes the possibility to reduce the thickness of the concrete and
replace with another material with the same acoustic properties but with less
climate impact.
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Earlier determination of prefabricated elements
The material experts recommend the use of prefabricated elements instead of
in situ cast elements when building concrete constructions. These are opti-
mized to a greater extent than any in situ cast concrete and therefor better
suited when building sustainable.

Exposure classes
Another item that was elevated in the interviews was how the requirements of
the concrete of different elements could be reduced, especially when it comes to
exposure class. Higher exposure classes result in higher concrete classes which
cause more greenhouse gas emissions when reduced. These specially refers to
wall elements which is exposed for weather and are located in the basements.

Increase the amount of steel reinforcement in cross section
By increasing the amount of steel reinforcement the load capacity could be
increased, especially in floors. This is, of course, with the assumption that the
steel is produced in a sustainable way.

Use fly ash as a supplementary cementitious material (SCM)
The use of fly ash as a binder in the concrete could also be a potential measure
to reduce the emissions of greenhouse gases. There is much debate if fly ash
would be a better supplement to cement, the argument being that fly ash is
a byproduct from a industry that is primarily based on fossil fuels. It is also
elevated from the material experts that the properties of concrete with fly ash
as a binder is not fully tested and may differ from regular concrete.

3.4.4 Construction documents

The construction documents originate from the project planning documents. The
structural engineer’s role in this stage is limited when it comes to optimizations
measures. However, there is improvements to be made in terms of evaluation which
indirectly could be beneficial from an environmental sustainable standpoint.

More detailed constructions documents
More precise construction documents could reduce the amount of construction
errors at the building sites. Mistakes in the design phase can easily be adjusted
or fixed, but when errors or mistakes happen in the construction stages of a
building, it usually results in higher emissions of greenhouse gases. More de-
tailed constructions documents also results in more precise quantity take-offs
and the risk inaccurate orders are reduced.

Feedback between client and contractor
A prolonged and a more in-depth dialog between the client and contractor
could result in a greater chance to localize and examine different problems
more efficiently. According to the sustainability coordinator this could im-
prove the method to optimize a building from a sustainable perspective.
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Increase fillers in concrete
Cement is the biggest contributing factor for greenhouse gas emissions in con-
crete. The production of the cement requires high temperatures and the re-
fining of limestone emits greenhouse gases itself. By decreasing the amount
of cement in the concrete and adding more filler it is possible to reduce the
emissions of greenhouse gases, even if the thickness of walls is increased.

Optimize each element with respect to actual load level
As the building gets higher the load that the supporting columns and walls
must carry is reduced. This is not always considered or overlooked to simplify
the design of the construction. If the cross-section of the walls and columns
would decrease with respect to load level it could have a considerable impact
on the building’s emissions of greenhouse gases.

3.5 Conclusion of the interviews

The general impression of all the respondents is that the reduction or manipula-
tion of concrete is key when it comes to making a building more environmentally
sustainable and that concrete measures should be implemented first. The measures
that involves modifying the concrete in some way usually have a strong connection
to a structural engineer’s job role, and thus amount to big possibilities to optimize.
Figure 3.2 lists the measures that the respondents wanted to investigate more thor-
oughly. Reducing the amount of concrete includes all the measures that in some
way optimize the dimensions of the cross sections of concrete elements

)

by

Reducing the amount of conerete
Lowering the concrete class

Increase the amount of steel
reinforcements in cross sections

Figure 3.2: The chosen measures that are investigated in the case study. .

Other measures, especially those resulting in prolonged drying times as a conse-
quence, is also hard to implement in today’s financial climate. Prolonged building
projects is from an economical perspective not arguable with clients according to
the group manager and material experts. They indicate that the estimated times
for a project is very hard to change, as longer building times are more expensive.
The sustainability coordinator adds that measures that requires prolonged building
time are more easily enforced in very early stages in a project.
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3.6 Basis for case study

The interviews gave some implication of which optimization measures could be rele-
vant or not. However, certain measures were considered very challenging implement
in today’s industry climate, but could be possible to apply in the future. Other
measures lay outside of the field of work for the structural engineers at WSP. Some
measures were not reasonable to implement because they were too time consuming.
As the group manager stressed the structural engineer is under constant pressure
from the client in terms of time. He also emphasized that it is not financially sustain-
able to increase the work hours to optimize buildings from a sustainable perspective
at this time. However, as the demand for more sustainable alternatives increases
from the clients so will the priorities of the structural designers. The sustainability
coordinator agrees with this but adds that the measures should therefore be quick
to implement, highly integrated into the structural engineer’s workflow and easy to
use, as they otherwise run the risk of being overlooked in a stressed work environ-
ment. All of the interviewees agreed that it is best to implement this in steps, one at
a time. This lay the basis for the case study, where the measures that were deemed
most feasible and at the same time effective are investigated more thoroughly.
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Case study

The purpose of the case study was to visualize the results of the interview study
as well as form an understanding of the total emissions from a specific building. In
the interviews several possible measures to reduce the emission of greenhouse gases
were proposed. However, none of them had been tested nor could any conclusions be
drawn from former projects as there are no records of the measures been implemented
previously. The intention of this case study was to test the measures in theory as
well as compare them between two different buildings of similar character but with
differing characteristics and functions. It was done from a sustainability perspective
and aspects such as social or economic was not taken into account. Structural and
technical requirements were not studied in detail, but input from structural engineers
was continuously acquired during the process.

4.1 Method

As was established in the previous parts of this study, concrete is the largest con-
tributor to greenhouse gas emissions in the construction process. To develop a
better understanding of the size of this contribution, a case study was performed
on construction projects developed by WSP. As the structural department at WSP
regularly work with designing hospital buildings, it was deemed appropriate and
relevant to study such projects. To be able to make comparisons and possibly find
connections between different types of hospital constructions, the case study in-
volved two different hospital projects of dissimilar character. These will be referred
to as HB1 and HB2, short for Hospital Building 1 and Hospital Building 2.

The chosen measures that were investigated in the case study:
1. Reducing the thickness of walls and floor slabs by 50mm
2. Lowering the concrete class
(a) C40/50 — C30/37
(b) C30/37 — C25/30
3. Find optimal cross sections of steel reinforcement

The case study was performed by analyzing the structural BIM-models of the build-
ings. Its purpose was not to find the realistic and true values of emitted greenhouse
gases from the two hospital buildings. Instead, it was to find representative values
for the buildings that could be used to visualize the total emissions of greenhouse
gases, to compare the buildings to each other as well as to compare the impact of
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different optimization measures to one another. While the aim still was to establish
values as close to reality as possible, the usage of BIM-models brings a result that
cannot be guaranteed to match the actual building. Therefore, the results of this
case study need to be regarded as theoretical estimates.

As the purpose of the case study was to be able to calculate the amount of greenhouse
gas emission from the concrete in the buildings, all other materials were excluded.
The concrete in the model was compiled into volume data and exported to allow
for further computing of emitted greenhouse gases. The data was then separated
and categorized by building elements and its properties (regular floor structure, hol-
low core slabs, ground slab, backfilled and regular walls, columns, pile caps). The
categorization varied between the two buildings as they were designed for differing
purposes.

4.1.1 Basis for calculation of greenhouse gases

The amount of emitted greenhouse gases largely depend on the type of concrete class
which led to calculations being done with five different classes (C25/30, C30/37,
C35/45, C40/50, C50/60) to allow for comparisons between them. The values of
emitted greenhouse gases to be used for the comparison were gathered from the
Ecolnvent database [26], which represents the LCA stages A1-A3. These values are
presented in Table 4.1.

Concrete Class C25/30 (C30/37 C35/45 (C40/50 C50/60

Greenhouse Gas

Emissions [kg CO2-eq / m3] 231,34 314,51 325,54 3264 355,64

Table 4.1: Greenhouse gas emissions per cubic meter concrete

However, these measurements did not include any GWP value for the concrete class
C40/50. This class was estimated through interpolating, by plotting the values for
C25/30, C30/37, C35/45 and C50/60 and adding a trendline between the plotted
values. The x-axis was valued after the first number in the concrete class name,
which represents the compressive strength the concrete can handle in cylindrical
form. The y-axis represents the emitted greenhouse gases per cubic meter concrete.
The plotted values were then used to calculate an estimation of the emitted CO02-
equivalents of C40/50, see Figure 4.1.
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Emitted CO2-equivalents from different
concrete classes
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Figure 4.1: Plot of the GWP values of C25/30, C30/37, C35/45, C50/60 and an
added trendline to estimate the GWP value of C40/50.

All calculations of emitted greenhouse gases were made in the same manner, by
multiplying the concrete volume by the GWP gathered from the EPDs. The model
for HB2 lacked information regarding what concrete class was used, and therefore
an assumption that all the concrete was of the same class had to be made.

4.1.2 Impact of improved optimization of concrete

Several improvements to optimize the usage of concrete were gathered in the inter-
views and literature study, which would consequently reduce the emission of green-
house gases. To find representative numbers describing the impact of the proposed
improvements that was gathered from the interviews and literature, certain addi-
tional calculations and adjustments to the model were made.

4.1.2.1 Reducing the amount of concrete

To represent a reduction in the amount of concrete used in a project, the dimensions
of walls and floor structures were reduced in the model. The thickness of all concrete
walls and regular floor structures were reduced by 50 millimeters, and the dimension
of all hollow core slabs in HB1 were reduced from P32 and P27 to P27 and P20
respectively. The new concrete volumes were exported, compiled and the same
computations were made as with the original volumes, to allow for comparison to
the original volumes.

4.1.2.2 Lowering the concrete class

To find the difference of emitted greenhouse gases dependent on what concrete
class is used in the construction elements, calculations were done using the original
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volumes of concrete in the buildings. Only regularly used concrete classes were
considered. Representative numbers were calculated for all the steps between the
concrete classes C25/30, C30/37, C35/45, C40/50, C50/60. The calculations were
done using the measurements of emitted greenhouse gases gathered from SimaPro
[?] and the estimated GWP value for C40/50.

4.1.2.3 Adjusting the amount of steel reinforcement in floor structures

In many cases the amount of concrete can be reduced if the steel reinforcement
is increased, as steel has higher tensile strength [27]. Calculations were therefore
made to find how the proportions of steel and concrete vary depending on the
amount of steel reinforcement in floor structures. This was only done in HB2 as it
contains homogeneous floor structures of concrete, while HB1 contains a mixture
of homogeneous floor structures and hollow-core slabs which narrows the potential
for comparison. The model of HB1 did not contain any valid information regarding
steel reinforcement. An assumption was made that the floor structures contained
four layers of steel reinforcement, one layer in each direction both at the top and
bottom, as is visualised by Figure 4.2.

Figure 4.2: Assumed pattern of steel reinforcement in the floor structures of HB2

The two attributes that affect the steel reinforcements capacity the most is the
diameter of the individual bars and the distance between them, usually referred to
as center distance. Diameters of 12 mm, 16 mm and 20 mm and center distances
of 100 mm, 150 mm and 200 mm were used in the study. Different combinations
of these were calculated. The calculations aimed to find how much the proportions
between steel and concrete varied depending on these two attributes, and how the
amount of emitted greenhouse gases varied consequently.

Measurements of emitted greenhouse gases from the steel was gathered from two
different sources, Celsa Steel Service AB [15] and JSC B Group [28]. Both EPDs
were done for steel specifically manufactured to be used as reinforcement in concrete.
As can be seen in these EPDs, the GWP is of vastly differing values at each side of
the spectrum. They were chosen for the study as the intention was to find a range
of possible values, representing the large differences of various steel products.
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4.2 Results of Case Study

4.2.1 Hospital Building 1

Hospital building 1, HB1, is referred to as being representative of a standard hospital
building by several structural engineers at WSP. However, it is to be noted that each
structural engineer that has discussed the building agrees that all hospital buildings
differs much from each other, and there is no such thing as a standard. The consensus
is in general that the building has no unique properties that require special measures,
which means it does not stand out among the previous projects they have worked
on. The structure is mainly constructed in concrete, but it is supplemented with
steel columns and beams. This results in a lesser total amount of concrete in the
building. The basement walls, ground slab and floor slabs are mainly constructed
in concrete and most regular walls are so called sandwich walls. The floor slabs are
hollow-core slabs. The total floor area of the building is 300083 m2 including the
basement. It should be noted that interconnected floors from existing construction
are not included in the calculated floor area, but only the floors directly constructed
for HB1.

4.2.1.1 System Boundaries

At the time of writing, the building has not yet been built. The project is currently in
the process of assigning technical specifications for construction documents. There-
fore, it is subject to possible changes and adjustments. In this study, the current
model is the only one being investigated and no follow up regarding potential changes
is made.

4.2.1.2 Concrete volumes and emissions of greenhouse gases

All concrete volumes in the BIM model of HB1 was assembled and separated into
seven categories depending on it’s properties and basic function in the construction.
Table 4.2 show the result of said quantification as well as the calculated results of
emitted greenhouse gases from these volumes of concrete.
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Concrete volume and greenhouse gas emissions HB1

Building Concrete Concrete Greenhouse gas
Element Volume [m3] Class emissions [tonne CO2-eq]
Ground slab 1 545,58 C30/37 486,1
Hollow Core Slab 3 486,38 C40/50 11379
Floor Slabs 3 185,71 C30/37 1 001,9
Backfilled Walls 1 088,40 C40/50 356,4
Regular Walls 4 637,85 C30/37 1 458,7
Columns 229,66 C30/37 72,2
Pile Caps 633,71 C30/37 146,6
Total 14 807,29 4 659,9

Table 4.2: Concrete volumes and emitted greenhouse gases of HB1

4.2.1.3 Reduction of thickness in walls and floor slabs

Two adjustment were made in the BIM model of HB1 to represent a slimmer and
more optimized building in terms of concrete thickness. Firstly, the thickness of all
walls and regular floor slabs were reduced by 50 millimeters. Secondly, the dimension
of the hollow core slabs was reduced, from P32 and P27 to P27 and P20 respectively.
No changes were made to the columns or pile caps, hence they are not taken into
account in this chapter. Table 4.3 shows the assembled concrete volumes from the
adjusted model as well as the calculated results of emitted greenhouse gases from
these new concrete volumes.

Reduced thickness and dimension of hollow core slabs HB1

Building Concrete Concrete Greenhouse gas
Element Volume [m3] Class emissions [tonne CO2-eq]
Ground Slab 1 352,87 C30/37 425,5
Hollow Core Slab 3 076,11 C40/50 1004,1
Floor Slabs 2 906,37 C30/37 914,1
Backfilled Walls 950,00 C40/50 311,1
Regular Walls 3 807,39 C30/37 11975
Total 12 092,74 3 852,2

Table 4.3: Concrete volumes and emitted greenhouse gases of HB1 with reduced
thickness of walls and floor slabs and reduced dimension of hollow core slabs

4.2.1.4 Differences in volume and greenhouse gas emissions

The differences in concrete volume and greenhouse gas emissions between the original
and the adjusted model were calculated. The results of these calculations are shown
in Table 4.4.
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Differences with reduced thickness and hollow-core slab dimension

Building Reduction of Concrete Reduction of greenhouse Percent of

Element Concrete Volume [m3] Class gas emissions [tonne CO2-eq] total emissions [%]
Ground Slab 192,71 C30/37 60,6 1,30
Hollow Core Slabs 410,27 C40/50 133.9 2,87
Floor Slabs 27934 C30/37 87,9 1,89
Backfilled Walls 138,40 C40/45 45,3 0,97
Regular Walls 830,46 C30/37 261,2 5,61
Total 1851,18 588,9 12,64

Table 4.4: Difference in volumes and greenhouse gas emissions with reduced thick-
ness and dimensions of hollow core slabs in HB1

4.2.1.5 Lower concrete class

The concrete classes for all the concrete in HB1 was lowered. Original and new
concrete classes as well as greenhouse gas emissions is shown by Table 4.5.

Lower Concrete Class HB1

Building Concrete Concrete Class Difference in greenhouse Percent of
Element Volume [m3] Reduction gas emissions [tonne CO2-eq] total emissions [%]
Ground Slab 1 545,58 C30/37 — C25/30 128.,6 2,76
Hollow Core Slabs 3 486,38 (40/50 — C30/37 45,1 0,97
Floor Slabs 3185,71 C30/37 — C25/30 264,9 5,69
Backfilled Walls 1 088,40 (C40/50 — C30/37 14,1 0,30
Regular Walls 4 637,85 C30/37 — C25/30 385,8 8,28
Columns 229,66 C30/37 — C25/30 19,1 0,41
Pile Caps 633,71 C30/37 — C25/30 52,7 1,13
Total 14 807,29 910,2 19,53

Table 4.5: Difference of greenhouse gas emissions with lower concrete class in HB2

4.2.2 Hospital Building 2

Hospital building 2, HB2, is a building with gathered functions within radiology, im-
age diagnosis, treatments and to some extent research within the field of medicine.
The activity within the building is therefore not categorized as regular hospital
operations and this is evident when analyzing the building’s construction and the
function of the structure. The building is made for heavy medical equipment such
as x-rays and MRI, which expose the construction with large loads and in a addition
is very sensitive to vibrations. The building also holds a cyclotron which is made
to produce isotopes and has high requirements of the construction’s function and
capacity. The specific requirements and functions means the construction of the
building is not typical for hospital buildings in general, including the projects that
WSP has worked on in the past.

The structure of the building is primarily made from reinforced concrete. Because
of the particular requirements of the building the structure of the building is over-
sized compared to HB1. The floors are thicker in HB2 are thicker than the general
hospital building to handle larger loads and walls adjoining medical equipment with
radioactive activity, such as the cyclotron and x-rays are thicker for the requirements
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for radioactive management. The floor area of the building is 15980 with the base-
ment included. Surrounding floors of existing buildings that were interconnected to
the building are not included in the calculated floor area.

4.2.2.1 System Boundaries

HB2 is an older project as it was finalized in 2016. As a result, the data in the BIM
model was not as detailed as the BIM model of HB1. Some data was not possible
to extract at all or was insufficient in the project file. The material properties were
not up to date with the construction documents and therefore this deviate from the
reality. Material properties were estimated and added after council with a structural
engineer who were involved in the design process of HB2. These properties apply to
concrete classes and the amount of steel reinforcement in the concrete.

4.2.2.2 Concrete volumes and emissions of greenhouse gases

All concrete volumes in the BIM model of HB2 was assembled and separated into
six categories depending on its properties and basic function in the construction.
Table 4.6 show the result of said quantification as well as the calculated results of
emitted greenhouse gases from these volumes of concrete.

Concrete volumes and greenhouse gas emissions HB2

Building Concrete Concrete Greenhouse gas
Element Volume [m3] Class emissions [tonne CO2-eq]
Ground slab 1556,42 C30/37 489,5
Floor Slabs 7236,54 C30/37 22759
Backfilled Walls 611,42 C30/37 193,3
Regular Walls 2051,66 C30/37 645,2
Columns 319,90 C30/37 100,6
Pile Caps 340,40 C30/37 110,2
Total 12116,34 3 814,9

Table 4.6: Concrete volumes and emitted greenhouse gases of HB2

4.2.2.3 Reduction of thickness in walls and floor slabs

The thickness of all walls and floor slabs in HB2 was reduced by 50 millimeter in
the BIM model. Table 4.7 shows the assembled concrete volumes from the adjusted
model as well as the calculated results of emitted greenhouse gases from these new
concrete volumes.
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Reduced thickness of walls and floor slabs HB2

Building Concrete Concrete Greenhouse gas

Element Volume [m3] Class emissions [tonne CO2-eq]
Ground slab 1396,63 C30/37 439,2
Floor Slabs 6361,95 C30/37 2 000,9
Backfilled Walls 530,93 C30/37 166,9
Regular Walls 1668,83 C30/37 524,8
Total 9958,34 3 132,0

Table 4.7: Concrete volumes and emitted greenhouse gases of HB2 with reduced
thickness of walls and floor slabs

4.2.2.4 Differences of volume and greenhouse gas emissions

The differences in concrete volume and greenhouse gas emissions between the original
and the adjusted model of HB2 were calculated. The results of these calculations
are shown in Table 4.8.

Differences with reduced thickness

Building Reduction of Concrete Reduction of greenhouse Percent of

Element Concrete Volume [m3] Class gas emissions [tonne CO2-eq] total emissions [%)]
Ground slab 159,79 C30/37 50,2 1,32
Floor Slabs 874,59 C30/37 275,1 7,21
Backfilled Walls 80,49 C30/37 26,3 0,69
Regular Walls 14977 C30/37 1204 3,16
Total 1497,7 472,0 12,37

Table 4.8: Difference in volumes and greenhouse gas emissions with reduced thick-
ness for HB2

4.2.2.5 Lower concrete class

The concrete classes for all the concrete in HB2 was lowered. Original and new
concrete classes as well as greenhouse gas emissions is shown by Table 4.9.

Lower concrete class HB2

Building Concrete Reduction of Reduction of greenhouse Percentage of

Element Volume [m3] Concrete Class gas emissions [tonne CO2-eq] Total Emissions [%)]
Ground slab 1 556,42 C30/37 — C25/30 129,4 3,39
Floor Slabs 7 236,54 C30/37 — C25/30 601,8 15,78
Backfilled Walls 611,42 C30/37 — C25/30 50,8 1,33
Regular Walls 2 051,66 C30/37 — C25/30 170,6 4,47
Columns 319,90 C30/37 — C25/30 26,6 0,71
Pile Caps 350,40 C30/37 — C25/30 29,1 0,77
Total 12116,34 10035 26,46

Table 4.9: Difference of greenhouse gas emissions with lower concrete class in HB2
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4.2.2.6 Steel reinforcements

The results from the examination of different layouts of the steel reinforcements in
the floors of the HB2. Table 4.10 shows the examination of an average square meter
of the buildings floor slab. The average floors thickness was calculated to 0.4 meter.
A full table with more detailed calculations can be found in appendix B.

Steel reinforcement volume per square meter floor

Area of steel per square meter per square meter per square meter

reinforcements CD 100mm [m3] ( [%]) CD 150mm [m3] ( [%]) CD 200mm [m3] ([%])
12 mm 0,00452376 (1,13) 0,00301584 (0,75) 0,00226188 (0,57)
16 mm 0,00804224 (2,01) 0,005361493 (1,34) 0,00402112 (1,01)
20 mm 0,012566 (3,14) 0,008377333 (2,09) 0,006283 (1,57)

Table 4.10: Comparison of different layouts of steel reinforcements. The percentage
represent the amount the steel reinforcement contra concrete per cubic meter

To examine the impact of the steel reinforcements for HB2 the emitted greenhouse
gases for one square meter of floor was multiplied by the total floor area of the
building. The result is shown in Table 4.11, as well as visualised in Figure 4.3,
showing the span of emissions depending on which EPD is used for the calculation.

Emissions of greenhouse gases from steel reinforcements

CD 100mm CD 150mm CD 200mm

Area of steel

reinforcements

12 mm Steel reinforcement [m3] 72,3 48,2 36,2
GHG emissions (CELSA) [tonne CO2-eq] 205 953,3 137 302,2 102 976,7
GHG emissions (BGROUP) [tonne GHG eq] 549 027,0 366 018,0 274 513,5

16 mm Steel reinforcement [m3] 128,5 85,7 64,3
GHG emissions (CELSA) [tonne CO2-eq] 366 139,2 244 092,8 183 069,6
GHG emissions (BGROUP) [tonne CO2-eq] 976 048,0 650 698,7 488 024,0

20 mm Steel reinforcement [m3] 200,8 133,9 100,4
GHG emissions (CELSA) [tonne CO2-eq] 572 092,5 381 395,0 286 046,3

GHG emissions (BGROUP) [tonne CO2-eq] 15250750 1016 716,7 762 537,5

Table 4.11: The amount of greenhouse gas emissions from steel reinforcements
when different layouts are applied

The different clusters of pillars in Figure 4.3 resembles different areas of the cross
section bars (12mm, 16mm or 20mm). Each pillar resembles a specific center dis-
tance between the steel reinforcement bars (100mm, 150mm, 200mm). The top
value seen represented by a line above each pillar is the GWP value extracted from
BGROUPs EDP for steel reinforcement while the lowest value represent the value
from CELSA. The span where the pillars are filled represent a span of reasonable
GWP values used in the current industry climate.
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Figure 4.3: Emissions of greenhouse gases from different steel reinforcements lay-
outs in HB2

4.2.3 Comparison of HB1 and HB2

A comparison of the reduction of concrete volume and concrete class of both the
buildings was carried out. Due to the substantial difference in size and floor area of
the buildings, 30083 m2 and 15890 m2 respectively, the comparison was conducted
per square meter. As was established previously, the two buildings have significant
differences from one another in terms of concrete volumes, as seen in Figure 4.4.
Even if the floor area is almost double in HB2, the volumes of concrete bound in the
buildings are about the same. Figure 4.5 and Figure 4.6 shows the differences the
reduction of concrete volume and concrete class had in terms of emitted greenhouse
gases for both the buildings.
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4.2.3.1 Reduction of thickness in walls and floor slabs
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Figure 4.5: Comparison between the buildings of the reduction of greenhouse gas
emissions in kg per m2 when reducing the thickness with 50 mm
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4.2.3.2 Lower the concrete class
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Figure 4.6: Comparison between the buildings of the reduction of greenhouse gas
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35



4. Case study

36



O

Discussion

The optimization of the buildings from a sustainable perspective has a range of
different applications and potential measures that could be effective. Throughout
the design process there are room for improvement when considering building in a
more sustainable fashion. However, measures of optimization in the later stages of
the design phase are often hindered by other factors, such as already set requirements
or financial obstacles.

The case study in this report is a highly theoretical study to visualize and compare
the potential of the measures. The magnification of the measures made in this is
study is not feasible in most cases but is instead supposed to serve as a starting
position when assessing what optimization measures to focus on.

5.1 Hospital buildings

In general, optimization measures of buildings are a very complex matter. Elements
included in the structure, such as walls, floor slabs and columns often have several
different functions and design factors that must be considered. The interviewees ele-
vated that elements are often designed after other requirements as well, for example
to improve acoustic properties. The requisite to follow the functions of the building
also need to be considered when designing the structure of the building. This can
be observed when comparing the different buildings in the case study. HB2, unlike
HB1, is designed for x-rays and research with radioactive activity. The loads needed
to support such activity and the requirements to screen off radioactive radiation
demands much greater thickness of floors and walls.

When comparing the buildings, the function of the hospitals are a significant factor
as the loads they are required to handle differ. HB2 has far less floor area than HB1
but still has more concrete bound to the floors and ground slab, as can be observed in
Figure 4.4. Another large factor for differing results is the differing material choices
in the structure as well as the fact that HB1 has hollow-core slabs instead of regular
floor slabs which are argued to be more effective for large bearing lengths [29]. HB2
being designed for radioactive activity is obviously also a contributing factor to the
vast differences in concrete volume of HB1 and HB2. Though, it is hard to evaluate
how large a proportion of the difference originate from the different functions of the
buildings and how much originate from other aspects.
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5.2 Optimization measures

A general reason for over dimensioned elements that are brought up in the interviews
is the simplicity of grouping elements of the same nature together and assigning the
same properties to all of them, either size or material. For example, when designing
the structure of a multi-story house the load decreases with each level, which means
you can either reduce the concrete class or size of the element with each floor. This is
however almost never the case, instead different floors are put in the same category
with same load capacity and properties to simplify the design and production of it.
A larger number of unique elements in a building means more complex drawings,
which results in more errors when the building is assembled. Simplifying the work
at the building site also results in less work hours needed, thus the project becomes
less time consuming which is beneficial from a financial perspective.

5.2.1 Reduction of concrete

As seen in the results, reducing the thickness of walls and floor structures can have
a significant reduction to the emission of greenhouse gases from the construction
of a building. The reduction of concrete could be implemented in several ways.
In Sweden, there are many different requirements to adhere to when designing a
building. As an example, the acoustic requirements can be the biggest design factor
for floors and walls, in front of requirements such as load capacity and stabilization.
It is common in the industry to handle the acoustic requirements by increasing the
thickness of concrete elements, as the properties of concrete is very compatible when
it comes to sound isolation. However, the possibility to replace some of the concrete
with another material with the same acoustic properties, but with lower emissions
of greenhouse gases, has been elevated in the interviews. Such a measure would
be better from a sustainable standpoint but raise problems in other fields, as the
production of such elements would be more advanced than a regular concrete wall.
More materials in an element is cause for a more advanced manufacturing process,
which is according to the interviewees more time consuming and therefore more
expensive.

5.2.2 Lowering the concrete class

From the interviews it was clear that the concrete class in buildings often were
higher than necessary. The results show that the lowering of concrete class is the
optimization measure that in theory reduces the greenhouse gas emissions the most.
It is especially clear when analyzing the reduction steps of different concrete classes.
The step from C30/37 to C25/30 results in much bigger reductions than any other
step. This step was according to the interviewees plausible for many smaller ele-
ments, which could have a large impact.

There are several reasons for concrete classes being over dimensioned according

to the material experts. Firstly, there are the requirements for exposure class. The
higher the exposure class, the higher required quality of the concrete is necessary,
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thus a higher concrete class. The exposure class is usually determined in the plan-
ning program, were the structural engineers influence is limited. Decisions made
this early in the design process, like the requirements of exposure class, is harder to
adjust at a later stage in the design process without becoming too time consuming
and expensive. However most exposure classes includes multiple concrete classes
which means there is a possibility to lower the concrete class when optimizing the
building at later stage in the design phase.

Secondly, when designing a building one should strive to make the process at the
building site as simple as possible. One measure for that is to instead of optimizing
each building part individually, you group similar elements in a building and give
them the same properties, for example, the same concrete class. This is a design
factor that many of the employees at WSP consider when trying to reduce building
errors, as seen in appendix C. This will make the process of assembling the building
less complex and therefore less time consuming.

5.2.3 Adjusting the amount of steel reinforcement in floor
structures

The layouts of the steel reinforcements could also have a significant impact on the
emissions of greenhouse gases in a building. As seen in Figure 4.11, the amount of
steel reinforcement used in a cross section is much depending on the center distance
and cross-section area. However it is very much dependent on the concrete class
and the load the floor structure is exposed by. When trying to reduce the amount
of greenhouse gases from steel reinforcement the biggest factor is the emissions from
the production of the material as seen in Figure 4.3.

5.2.4 Finding the optimum point between the measures

All of the measures discussed above affect the properties of an element, such as
load capacity and bearing strength. This makes a comparison of the measures
problematic. For example, when reducing the amount of concrete in cross sections
the amount steel reinforcement have to be reassessed as a consequence. The same
procedure applies when reducing the concrete class of an element. When designing
an element in a building, all of these measures mentioned above should be considered
to find the the most optimal layout for the set element to eliminate excess material.

5.3 Implementation method of the measures

As for the optimization measures presented in this study, there are many oppor-
tunities for improvement. However, this raises additional questions. For example,
how are such methods supposed to be implemented and how to change the behavior
of a structural engineer to include optimizing from a sustainable perspective into
their daily work. This question was raised in the survey conducted at the structural
engineering department at WSP, found in appendix C. The general wish from the
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employees at the company would be an autogenerated, real time screening LCA
tool. This would quickly give pointers if there is potential for the project to be
further optimized in terms of sustainability, either by reducing the concrete class,
the thickness of an element or change the amount of steel reinforcement. The GWP
values used for calculations with concrete in this study is provided by WSP and
are the same values they use in their tool for screening LCA. The GWP values of
those may not be up to date and should, for the better credibility, be reviewed.
When comparing the values with other more relevant EPDs it was clear that the
GWP values in this study are on the higher end of the spectrum. Due to this, the
results concerning greenhouse gas emissions in the case study has a high probability
of being lower in reality than in this report.

Another option that was sought after was a quick reference guide to follow while
designing a building. The latter option was downgraded by the sustainability coor-
dinator because it would not be as easily accessible and convenient as an autogen-
erating tool integrated directly into the work interface. These factors are important
when changing ones behavior, especially one that has been natural for a long time
[30]. Another key factor for implementation of new methods are the effort and how
time consuming the new process is. If the new procedure takes too much of an
effort to implement, is too advanced and/or demands a lot of time, the chances of
changing an employee’s behavior is harder.

5.4 EPDs

When evaluating the emissions of the materials used in the buildings, the nature of
the used EPDs are a key factor. EPDs for the same type of material can vary largely,
depending on several different factors such as differences in the material production
or logistics. By choosing the right material, emissions of greenhouse gases can be
reduced greatly. As for the EPDs concerning the steel reinforcement the mean value
was taken from EPDs provided by two different companies, Celsa Steel Services AB
and JSC B GROUP. The GWP values of the different EPDs differs vastly. The
main reason for this difference appears to be due to Celsa Steel Services production
being more focused on reducing emissions of greenhouse gases, while JSC B Groups
in general is less so. The GWP value gathered from JSC B Group may be more in
line with the reality as environmentally sustainable products are not fully integrated
into the industry yet. The value from Celsa Steel Services may instead be a goal to
strive for. The concept of choosing and assessing more sustainable options regarding
material in the design phase will become more apparent as new regulations will be
put into use in Sweden 2022 [31].

5.5 Organizational barriers
It is elevated both in the interviews and the survey that one of the biggest driving

forces for consulting companies like WSP to adapt, is that sustainable requirements
are placed directly by the clients. According to the sustainability coordinator, the
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structural engineers have a drive to find solutions by nature, which results in quick
adaptions as new problems arises. But as there are currently little to no initiatives
or demands from clients to build more sustainable the development has reached a
stalemate. The respondents from the survey is convinced that higher sustainability
demands from clients would speed up the implementation of the measures brought
up in this study. This may correlate with what kind of contract the consultant is
bound to. A study from 2016 show that there is no evidence that different contract
forms, such as DB (Design and build) and DBB (Design-bid-build), promote inno-
vative methods and products, regardless if the consultant have more freedom in a
DB contract form [20]. This implies that the client is involved in decisions made in
the design phase either way. To this moment there has been no reason for clients to
build sustainable which has hindered more sustainable options on the market.

In addition, consultants in Sweden are also bound under another kind of contract,
ABKO09 [32], which function is to simplify the working process for actors in the in-
dustry. These standardized contracts sometimes favor more established methods,
which are cheaper and easier to execute, and from an economical and practical per-
spective there are no reasons to change that. The consultants are in a precarious
situation, where they may have the best knowledge on how to build more sustain-
able but are hindered by today’s approach of designing buildings. Bringing in new
innovations always come with a risk but no real reward for the consultants, even if
they are deemed successful in executing a more sustainable product or method in
today’s financial climate.

One solution to this would be better communication between the actors in the
industry. Since the consultants possess knowledge that the client might not, for
example for possible sustainable innovations, a dialogue should take place earlier in
the design phase with the client. The responsibility should be taken by all the actors
in the industry to improve the information flow between the client, the consultant
and later the production. Another option would be to reassess the standardized
contract the consultants is bound to. The approach being to promote innovative
initiatives and new technique to a greater extent.
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Conclusion

There are opportunities for optimization in the design process of building, includ-
ing when producing the project planning documents were this study had its focus.
However, there is currently limited knowledge and experience regarding how to im-
plement these measures in current projects.

The interview study gathered a lot of suggestions, opinions and information taken
straight from experience and reality. Both positive prospects as well as the main
obstacles standing in the way of a climate friendlier building industry were elevated.
The prospects that were brought up and discussed includes, but are not limited to:

It is established that concrete accounts for the biggest emissions of greenhouse
gases and therefore should be the initial target when trying to optimize build-
ing from an environmental perspective.

In the early stage of the design phase the volumes of concrete amounts to the
biggest potential to reduce the GWP emissions from the production stage of
the building.

Finding the optimum point between concrete and steel reinforcements are key
when trying to reduce material, and thus greenhouse gas emissions, in a con-
crete element.

Lowering the concrete class is an effective method when trying to reduce emis-
sions from concrete. Choosing the lowest concrete class of each exposure class
is key. Elements with low exposure class requirements, such as interior walls
and beams, should especially be reassessed when trying to optimize.

Try to break habits of using standardized concrete classes for groups of el-
ements and instead choose the most optimized alternative for each element
and its purpose. Small differences may results in large reductions when put in
perspective.

Review whether there are better, more climate friendly materials on the mar-
ket. This will become more relevant when EPDs are established and standard-
ized.

The client has the ability to initiate sustainable projects, and it would force
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structural engineers to start optimizing and reevaluating current design meth-

ods.

e The client has the ability to initiate sustainable projects, and it would encour-
age structural engineers to start optimizing and reevaluating current design
methods.

In the case study, it is made clear that the floor structures and walls are the largest
culprits of both investigated buildings in terms of emissions, while columns and
pile caps stand for a small proportion in comparison. More specifically, in both
buildings the main proportion of greenhouse gases originate in the floor structures.
It is shown that a reduction of thickness is especially effective when implied to the
walls in HB1, while it is more effective on the floor structures in HB2. This indicates
that it depends on the function of the building. Furthermore, it is demonstrated that
the lowering of concrete classes reduces the emitted greenhouse gases considerably.
While lowering any class has a large impact, the step from C30/37 to C25/30 has
the largest potential by an extensive margin.
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Appendix

A.1 Interview with the group manager

How can companies affect the client choice in investing in a more sus-
tainable product?

WSP must enter at an earlier stage. They try to open up a dialog with clients
about sustainable building, but the project is moving at a slow pace. Generally, the
cost at hand still weighs heavier. The cost of a constructor from the beginning of a
project is to expensive. Constructors have not been present at this early stage of a
design phase and therefore there is no reason to change a working concept. However,
the possibility to affect the choice’s of an architect and propose different materials,
shrink and optimize dimensions and offer other solutions at an early stage would
make a great impact. GC1 believes that this is an obstacle to overcome and is the
sole purpose that the development is slow.

Why are buildings often oversized?

It is easy to get into old habits and use experience and methods that are proven.
For example, you decide a thickness or dimension that may or may not be optimized
at a later stage, depending on if there is enough time. It also becomes easy and con-
venient for the consultant. This also results in a less time-consuming project which
results in a cheaper investment for the client. Something that clients appreciate is
when it costs less money.

You also have to take the risk versus optimization into consideration when making
designs. The more elements that are optimized, the greater the risk that something
goes wrong. It also results in a greater workload for the designer and a greater work
intensity. It is easier, more comfortable, safer and less time-consuming to oversize.

Is there an economic benefit in optimizing?

The direct material cost decreases. However, it must be weighed against the risk
and hourly cost it takes to optimize. Error sources in the design increase with each
optimization. Simplicity must also be taken into account, saving time saves money.
GC1 believes the company should start optimizing the more obvious things. Focus
on the parts where there is great potential for optimization.

Where is the greatest potential for improvement? One should especially
look at the basement levels. In walls and baseplates there is great optimization
potential. The joints can also be optimized. Oversized to reduce sound penetration.
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Could be replaced to some extent by other materials. It would probably be good
to optimize the water-cement ratio , which is also done in some projects at WSP
according to him. But even here, we must weigh the risk of creating more sources of
error. It also raises another issue. The robustness of the building is suffering, which
may reduce the life of the building.

Communication between calculation and modeling results in that much is
estimated. Does this cause problems from a sustainability point of view?
It is optimal to calculate first and then optimize but is rarely seen in the reality.
First, a dimension is estimated and then calculations are made to see if it meets all
requirements. If there is time it may be optimized. It would probably have been
better to do the opposite, but the cost, in both time and money is too great.

A.2 Interview with material experts

How can we make the building industry more sustainable?

MES3 instantly elevates the questions: "What is meant by sustainability in the con-
text?" "Is it solely about CO2 equivalents or a broader context of sustainability?"
According to ME3 the society focuses too much on CO2 equivalents. He believes
that sustainability is more a question of something that lasts for a long time and is
used well during that time. He uses biofuel as an example of how society is staring
blindly at something that is not fully sustainable. ME3 lists four basics for sustain-
ability according to him: Optimize, reduce building errors, prolong lifetime and the
possibility to adapt (use existing resources). ME3 also take up high-speed rail as an
example of something that is considered environmentally friendly but which has huge
emissions during construction. He considers it as technology that should be built
and produced in the future when better technology and more knowledge is available.

M1 believes that it is virtually impossible to build a house environmentally friendly
on the short time spans that are common in the industry nowadays, proposing one
year as an example. The content of cement is difficult to adjust and make efficient
to dry out quickly. In some cases, like for bridges, too high contents of cement are
not allowed, which is due to a lack of calculation basis when the calculation methods
for these cement contents have not been properly investigated.

M1 believes we need to be better at optimizing buildings. He gives an example:
if you lower the content of cement in concrete but increase content of ballast you
increase the thickness of the element. This may still be environmentally worthwhile.
If it is an exterior element, it can also possibly bind carbon dioxide. M1 says that
construction time controls more than the exposure class when it comes to house
building.

If you can be involved in the planning stage early, you can be clear that the construc-
tion time will be longer if the climate impact of the construction is to be minimized.
MET1 talks about a project for Skanska in Lulead where they will build climate smart
and well optimized - he thinks it is exciting to see if it can last the time.
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Various contracting forms were also addressed. In general, ME1 believes that we
are too far away from the contractor and should cooperate more with them. "We
bark at them and they bark at us," he says. General contract - then you usually do
full deeds without the contractor being involved. Missed what was said about the
contract.

MET1 believes strongly in optimizing simple things as a start, such as pillars and
walls. Calculation methods spins possibly a good tool.

Is there great potential for improvement in different cement types? The
dehydration of concrete floors is a problem. The content of cement is therefore most
easily reduced in walls and columns. The use of base cement (cement made by fly
ash) is taken up as an opportunity to build more sustainable. They agree that it the
properties is slightly different compared to ordinary (Portland) cement, for example
the drying time. ME2 believes that one should be careful about using base cement,
especially considering the dehydration, which is difficult to predict as the new type
of cement is untested. That point of view is shared with the building industry. ME2
emphasizes that it is difficult to predict how cement dries and that it differs form
project to project.

About cement types that may provide the same capacity in the end. Where is
the base cement produced? ME2 replies that Cementa has production in Skévde
and Norway. But is very little base cement in western Sweden and Skane. In heavy
constructions, base cement is not used, as construction cement is used. Must be
separated! Building cement can be replaced with base cement in many cases which
can be good.

Are the constructors at WSP aware of the choices they make? For ex-
ample, about exposure classes? Is there anything to gain by increasing
knowledge? MEI1 thinks it is more about getting the idea of optimization imple-
mented with the constructors. The problem is that you should still be able to win
projects - and projects must not take too long as it becomes too expensive. However,
he believes that with increased knowledge it takes less time and that it is important
to find out how to optimize effectively. Optimization also applies to wood and steel,
not just concrete. He points out that WSP is still governed by what the clients want.

Is optimization worth it? According to ME3 it is vital to reflect upon the
function of the design or what different materials contributes. With concrete, the
total height may be half a meter lower, because with wood as material the floor
structures often become thicker. In some cases it is easier to rebuild a concrete
frame than a wooden frame. So it is not always certain that wood is better.

What tools can we use to optimize building? ME]1 believes in tools where one
can very easily see the difference in climate imprint on different elements, such as
pillars, without having to go into tables or other databases. He believes that they
should not be program-specific, but serve as support functions for the various pro-
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grams used. Grasshopper is an alternative to this. But someone has to decide how
the process to build sustainable is structured, just like how the process takes other
requirements into account. That is what is needed here and now. ME1 thinks that
you should take one step at a time, ie focus on CO2 equivalents initially, and only
once you have got it working well can you go ahead and build on it. He also thinks
it is good to start with only materials, then include other phases like transport at
later stage.

Do WSP have any influence with our prefab manufacturers? Do they
want even faster dehydration?

ME2 doesn’t think so. They only have a certain number of product lines to cast the
concrete on and therefore want it to harden as fast as possible to accommodate a
new casting. M1 believes that prefab is often optimized already, as manufacturers
saves resources. A general feeling is that there is not much to gain environmentally
in prefab. He believes that a climate-based study of the difference between pre-
fab and site casting would be interesting, but only for buildings with smaller span
widths as prefabs can handle much longer span widths than site casting. M1 believes
that prefab has less climate impact because they can and have been optimizing the
product at the manufacturer.

A.3 Interview with sustainability coordinator

Where can the largest improvements be made in building design from a
sustainability perspective?

To reduce the environmental impact of buildings, the sustainability coordinator said
that the improvements she believes can garner the largest results is in the reduction
and reuse of material. In new constructions the ambition should be to reduce all
materials that will be used in the building. However, a focus on mainly minimizing
the concrete and steel reinforcement is warranted as it contributes with the largest
emissions in almost all the LCAs she performs. She says that the main priority
in new constructions should be to reduce material, and that the secondary priority
should be to reuse material. Additionally, she believes it is important to take future
reuse into account today already, in other words to design buildings that easily allow
for material reuse in the future.

What are the main obstacles for this to happen and how to overcome
them?

The sustainability coordinator believes that a lot of hindrance lays in the mindset of
people. She compares it to other major changes that has happened in the industry,
and noted that the resistance against it is similar this time. It is easier to see the
obstacles than the possibilities, and as a result a lot of people believe it will make
future buildings worse. This doesn’t have to be the case according to her. However,
there is a lot of people interested and involved in sustainability questions already,
and they already do a lot to reduce climate impact. Therefore she argues that it
is important to reach the people that are not interested in sustainability, as that’s
where the largest behavioral changes can be made.
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A reform and change of standard is always a struggle, but it is necessary. As it
is now, there is a tendency to use more material than is necessary to ensure that
requirements are met. According to her, even small reductions in the amount of
concrete or steel reinforcements can have a large impact and should therefore be
made. She believes and understands that a reform like this contribute to a form of
nervousness for the constructor, as they are responsible for the final product and
any issues that may arise. They also have AMA and technical requirements to take
into account. Because of this, new methods and standards to minimize the chances
of errors must be worked out in order for constructors to feel comfortable doing
it. She also believes that constructors will become less inclined to over-dimension
if they receive a larger insight into how large of an impact their daily tasks have.
New tools that easily show the difference in environmental impact to assist these
daily decisions and show the importance of their work could have a large impact to
change their mindset according to her.

She believes it is crucial to try to bring experience from one project onto the next
one. Presently, people tend to do as they’ve always done. If the client requires some-
thing, people are quick to find a solution, but it is only done if the client requests
it. In a lot of cases, those solutions are then cast aside for future projects. If there
are any minor changes in one project, or discoveries of how to do things differently,
it is very important to bring them into the next project as well.

She also brings up that there’s generally very short timespans in projects which
means that construction engineers are not given much time to optimize for sustain-
ability. This does in turn become a matter of cost, as it takes time and effort to
optimize. She argues that this could eventually become easier with changes to cur-
rent frameworks and regulations, but notes that she is not qualified to make such
an assertion with certainty:.

How can these changes be made effectively?

In general, the most effective way to see changes is if the client starts requesting
them, according to her. She does not believe more documents, checklists or reference
guides would be effective as they tend to be forgotten or simply not prioritized. A
supervisor or specialist within sustainability to whom constructors can turn with
questions could be good initially, but she does not believe it would be functional in
the long run.

Currently, her department enters the projects very late. At that stage, the decisions
have already been made and there’s little to no possibilities to make an impact.
It’s harder to change things that have already been decided than it is to influence
a decision that has not yet been made. She believes it would be beneficial if her
department could be an active part in the earlier stages of the projects to consult
clients regarding how to reduce the environmental impact. Additionally, she argues
that her department can contribute the most before the requirements of the building
is set in stone. Her ambition is for optimization from a sustainable perspective is
taken into account from the beginning of the design phase.
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She also brings up the importance of improved communication and collaboration
between different departments, specifically her department and the constructors de-
partment in this case. It is beneficial to know from who and where certain expertise
can be found. Therefore she believes it is important to create opportunities for
people from different departments to introduce themselves to each other. It would
minimize the gap between the departments.

Autogenerated LCA analysis that can be run throughout the projects different de-
velopment stages would also be valuable according to her. It would provide data and
an overview of potential changes that could be implemented in future projects. For
her department it would be great as it would be helpful to visualize when and where
changes occur during the project. She also thinks it would be valuable for construc-
tors as it could assist them in visualizing the sustainable perspective of changes.
However, she argues that there is a risk of people not using such a tool, even if it is
just a slight bit inconvenient. Therefore it needs to be made very pedagogic, visually
simple and that it works as a background tool that doesn’t require much attention
from the constructor.

How can sustainability be sold to a client?

She argues that it is important for WSP to have a few front-edge projects where
sustainable ideas were implemented successfully, as it will establish the approach
that it is possible. These initial projects should be made with clients that have an
interest. She does however acknowledge that it might be difficult to find clients
interested in these initial projects. Her suggestion is that together with the regular
offer, an alternative and more sustainable offer could be made. If WSP already
has a sustainable offer available it is much easier for the client to pursue a more
sustainable path, as the solution is already available. Even if it could be more costly
to them, this could open up certain clients to the idea of making their projects
more sustainable. According to her this could potentially have a positive side effect.
Several constructors and other workers would be involved in such a project, which
could help spread interest in such projects to the rest of their departments.

She also believes the business managers have a large responsibility. They have
the possibilities to create a dialog with clients to inform them about sustainability
and what is possible. Another alternative is to inform clients of matters that could
have been improved in current or previous projects to create an understanding of
possible changes that can be made. She believes both of these alternatives could
spur interest.
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B.1 Calculations for steel reinforcements in HB2
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C.1 Survey of the structural designers at WSP

As a supplement to the interviews, a short survey was also sent out to the structural
design department at WSP i Gothenburg. The results for the survey is presented
below. In total there were 19 respondents to the survey.
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1. Do you feel like the sometimes over dimension a building or element when it comes to
load capacity?

No
2. What is that drives you to over dimension?
Lack of time Fear of doing a Not enough The clients inclintaion Other
mistake / Reduce  knowledge of how it of designing a
error affects production friendly
building

Other
All points listed above apply.
The client’s requirements of a certain utilization range



3. What do you think would help WSP become better to climate optimize buildings?

A screening LCA A technical A quick reference The sustainability Getting to work Other
tool that can be coordinator with guide that shows department at on special projects
used in real time knowledge within various WSP provides  to develop their
the current optimization suggestions and practical
project possibilities during  information experience
the work process throughout the (Hoppet)

design process

Other

All points listed above apply.

Clarity and planning from clients.

Own commitment, curiosity, role models, leadership and knowledge.

All the above. | would also like to add that engineers who have lots of design experience are able to
come up with more efficient solutions if they understand how the structure works and what can be
optimized.
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