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Abstract

Embodied carbon for residential buildings

Stina Grönvall, Matilda Lundquist, Clara Pedersen Bergli

The consulting firm Atkins has developed a tool to help constructers plan urban areas
but the tool is lacking data about embodied carbon in Sweden. The embodied carbon
is the total carbon dioxide equivalents that are emitted from the material used in
constructing a residential building as well as the energy used at the construction site
and during demolition. In this thesis, the embodied carbon for a concrete framed
building and a wooden framed building is calculated and presented. The mapping of
embodied carbon for the two different framed buildings is done with a life cycle
assessment perspective. In order to structure the studied system, the life cycle of the
buildings is divided into three stages. The first stage includes data and calculations
about the extraction and manufacturing of the most common building materials as
well as the transportation to construction site. Stage 2 presents information about the
on-site construction which includes, among other things, use of machines for
constructing a residential building. In the third stage, data regarding demolition and
end of life management are presented and calculated. All these three stages are added
and a value for total embodied carbon for concrete framed residential buildings and
wooden framed ones is presented in the result. The final result shows that the
studied concrete framed residential building contains more embodied carbon than the
wooden framed one. Further, stage 1 represents the largest part of embodied carbon,
87% for the concrete frame and 84% for the wooden frame, and stage 2 represents a
very small part for both types of buildings, 1% for the concrete frame and 2% for the
wooden fame.
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1. Introduction 
In the world today, there is a constant increase in population leading to a higher demand for a 
well functioning society. Along with the growth in population the infrastructure also has to 
expand at the same rate to fulfil the demands. However, this must be done in a sustainable 
manner. A sustainable development is generally that members of one generation should act to 
conserve resources for future generations but also meet the needs of the present. (UN 2012) 
One of the biggest threats to this sustainable development is carbon dioxide emissions. A 
large part of these emissions occur when extracting, transporting and manufacturing products 
and artefacts. (EPA 2014) 

A tool that is widely used to examine and analyse the carbon dioxide emissions during the life 
of a product or a building is the life cycle assessment (LCA). When an LCA perspective is 
implemented on a residential building, the operational phase (living phase) is often included 
but the construction phase excluded. In this phase the carbon dioxide emissions has not yet 
been thoroughly investigated. The mapping of carbon dioxide emissions during the life cycle 
of a building is very important but all phases of the buildings life cycle must be included to 
make the mapping complete. (Prokofiev 2014) 

To be able to build sustainable cities the consulting firm Atkins has developed a set of tools 
called Carbon Critical Design for assessing climate impact of a variety of master planning 
projects. These tools include parameters for calculations of carbon emissions in the 
operational phase for residential buildings, which for example can help constructors choose 
sustainable materials. One perspective that has not yet been included in the Swedish version 
of Carbon Critical Design is the embodied carbon that comes from extraction, production, 
construction and demolition of materials and buildings. (Atkins 2014) 

To map the embodied carbon of a building is very complex and includes a variation of 
materials, components and processes. Usually residential buildings consist of a wooden or a 
concrete frame. Because of this it is interesting to compare these two types of residential 
buildings regarding the embodied carbon during the life cycle. 
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1.1 Aim of the report 

The aim of the report is to map the carbon dioxide emissions of residential buildings 
excluding the operational phase. This will be done by studying two different residential 
buildings, one with a wooden frame and one with a concrete frame, from a life cycle 
assessment perspective with focus on the embodied carbon. The report will also study how 
the result will be affected by changes in certain parameters such as change of life span and 
construction techniques. 

1.1.1 Research questions 

What is the amount of embodied carbon during the life cycle of a wooden and a concrete 
framed residential building? 

How much of the total embodied carbon is represented in each stage during the life cycle of a 
building? 

 

1.2 Limitations 

The analysis will include all the elements of a life cycle assessment except the operational 
phase. The study will contain the extraction of raw materials, the production, transportation, 
construction and finally the waste management. In other words, the focus will be on the 
embodied carbon. The propellant of the machines used in construction will be included in the 
assessment but the production of the machines will be excluded, as the machines will most 
likely be used many times during their life times and not only for one construction process. 
This will also apply to the sheds used at the construction site.  

The thesis will not consider the appearance of the site before construction began and possible 
deforestation and such will be excluded. For both buildings, a lifespan of 50 years will be 
assumed despite the fact that the concrete framed building is likely to survive approximately 
100 years, an aspect that will be examined in the sensitivity analysis (Svensk betong 2014a). 
After the demolition of a building the analysis will include the transport of waste and waste 
management but the energy produced from recycling and reuse of material will not be 
calculated or incorporated in the result. 

A building consists of a large number of materials and components. Therefore, this report will 
focus on the following parts of a residential building: 

 foundation 

 floor, outer walls 

 windows 

 ventilation 

 pipes  
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The other components of a building, such as interior design and expansion of district heating, 
will not be included since it is  outside  our  system  boundaries’. This report will focus on the 
precast concrete slabs since they are the most common. 

 

1.3 Disposition 
The disposition of the report will be as follows: to begin with, a background section will 
describe important concepts and information. After this, there is a methodology section where 
information about the life cycle assessment perspective, the system and models and a 
description of Excel calculations will be shown. The section that follows will introduce the 
data collection where the relevant data that was used for the calculations will be presented. 
Finally, a results section, a discussion including a sensitivity analysis and conclusions part 
will be featured. 
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2. Background 
This chapter presents basic information about the studied material. In order to facilitate the 
understanding of the purpose of this report this chapter begins to explain the Carbon Critical 
Design tool. In section 2.2 the term embodied carbon is explained. In the following section 
the extraction, production and transportation of materials for a building is briefly explained. 
In section 2.4 the on-site construction is explained as well as the difference in constructing a 
concrete frame and a wooden frame. The final section describes the process of demolition for 
buildings. 

 

2.1 Carbon Critical Design 

Carbon Critical Design is a set of tools that are constructed by Atkins. The collection of tools 
is used for identifying, assessing, analyzing and reporting an organization's performance with 
regard to carbon emissions. It includes tools that help the costumer plan the process of 
building a new district, both generative tools and market-specific tools. (Prokofiev 2014) 

The Masterplanning tool was developed during the 2012 Olympic games in London for 
planning the Olympic village. It assesses climate impact in various aspects and phases of 
urban planning. It includes all values of material that emit carbon dioxide as well as other 
emissions. The emissions are measured in carbon dioxide equivalents, which give the user an 
overview of the urban emissions, and the minimization of emissions in the district can be 
optimized. (Prokofiev 2014) 

There is a knowledge bank in the tool that includes data that are correlated and can be used to 
see how the district can develop during the construction phase. At this point the 
Masterplanning tool does not include how the construction phase of buildings in Sweden 
impacts the environment. The goal of this report is to expand the tool with parameters for 
embodied carbon of residential buildings. (Prokofiev 2014) 

 

2.2 Embodied carbon 

When a building is constructed, a great variety of materials are used. Each of these materials 
consumes energy throughout their different stages which leads to carbon dioxide emissions. 
The stages are: extraction of raw material, production of material, construction and end of life. 
In the same manner a building consumes energy and emits carbon during the different stages 
of its lifespan. (Dixit et al 2012) 

Embodied carbon is a term used to describe carbon emissions in construction processes, 
which besides the construction itself, includes processes in preconstruction phases as well as 
in post construction phases. The preconstruction phases include all stages where the different 
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production of materials emits carbon and the post construction phases include renovation, 
final demolition and disposal. (Dixit et al 2012) Embodied carbon is consequently the sum of 
all the carbon emissions caused by construction of a building, in other word the carbon that is 
embodied or incorporated in the constructed building as shown in figure 1.  

 

 

Figure 1. The different phases included in the concept of embodied carbon. Embodied carbon 
is the sum of the light blue coloured squares. 

 

Embodied carbon is measured in carbon dioxide equivalents or CO2e, which includes both 
carbon dioxide and other gases with significant global warming potential. In table 1 the CO2e 
for  six  different  greenhouse  gases  are  shown.  A  lot  of  a  building’s  embodied  carbon  derives 
from energy consumption, which is why it is sometimes referred to as embodied energy. 
(BuildingGreen 2011) The term operational energy describes the energy needed for 
maintaining the inside environment in a building such as heating, cooling and lightning. 
(Dixit et al 2012) This type of energy will not be considered in this paper.  

 

Greenhouse gas Carbon dioxide equivalents 
Carbon dioxide 1 
Methane 23 
Nitrous oxide 310 
Partially halogenated fluorocarbons 140-11 700 
Fluorocarbons 6 500-9 200 
Sulfur hexafluoride 23 900 

Table 1. CO2e for six different greenhouse gases. For example 1 kg methane corresponds to 
23 kg carbon dioxide. (Utsläppsrätt 2013) 

 

2.3 Extraction, production and transportation 

To build a dwelling many different materials are extracted, produced and then transported to 
the construction site. Steel for example is extracted from a mine as ore, refined into steel, 
manufactured to usable steel constructions for buildings and finally transported to the 
construction site. (Stålguiden 2014) This process is similar for other materials that are used in 
the construction of residential buildings. (Rydh et al, 2002 s. 31-32)  
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2.4 On-site construction 
The first thing to consider on the construction site of an apartment building is the soil 
condition and bearing capacity. Deep foundation is used in conjunction with the building of 
houses to transfer the load from overhead construction, past the loose soil layer down into 
viable soil or rock. The piles used for deep foundation can be made of concrete, wood or iron. 
The piles are turned into the ground by a pile driver to a solid support. This makes a strong 
base for the foundation of a building. (Stål och Widel 1984) 

Next step is to place a foundation under the main building. The main purpose of the 
foundation is to insulate the house from the cold ground and protects the house against radon. 
The foundation of reinforced concrete is often produced in situ and cast over the deep 
foundation of concrete piles. (Bolist 2014a) Machines that are commonly used during the 
construction are among others excavators, trucks, different types of cranes, concrete mixers 
and forklifts. (Tahiri 2011) 

2.4.1 Wooden frame 

There are two possible ways to construct a wooden frame for a residential building. The first 
is to construct the frame on site with a high grade of manual labour and the second is to get 
prefabricated solid wood elements delivered to the site in closed vehicles. During the 
installation of a wooden frame it is important to keep the construction protected from rain and 
other affecting weather conditions. This can be done by using tarpaulins, or with finished roof 
parts that are used as temporary shelter and lifted off and on. Another method is to use a tent 
especially suited for this purpose. The assembly of the prefabricated frames takes place with a 
crane or an overhead crane. The installation time varies with both height of the elements and 
equipment choices, but the standard time is about 25 elements per day. (Träguiden 2014) 

2.4.2 Concrete frame 

Concrete is a building material consisting of ballast that includes sand, gravel and stone 
bound together by cement and water. Cement is made mainly from finely ground limestone 
and clay burnt into small spheres in rotary kilns. After cooling, the spheres are grinded to 
powder and gypsum is added to the powder mix. (XL bygg 2011)  

Concrete is reinforced to make it more durable. Concrete which is not reinforced becomes 
brittle and is not as sturdy, making the reinforcement a very essential part of all concrete 
structures.  The armour material is cast in concrete and this reinforces the material. 
Reinforcement has more features such as fixation of stretching, compression and prevents 
cracking. The material mostly used for reinforcement is steel rods in different formats, 
primarily rebar or steel mesh. (Bolist 2014b) 

Concrete frame buildings have concrete slabs that are either precast or produced in situ. In 
situ means that the concrete is cast at construction site. The in situ concrete is poured wet into 
formworks which leads to a higher demand of energy to reduce the dampness of the concrete 
before it is solidified enough to use in construction. The precast slabs are produced in a 
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factory and delivered to the construction site ready for usage. It is common to combine the 
two methods at larger constructions, for example the cellar is almost always produced in situ 
but the external walls are mostly precast. (Lundquist 2014) 

 

2.5 End of life 

Demolition of materials occurs in the end of life phase. Demolished concrete can be crushed 
and used as aggregate in new concrete or used as fill material. Because no further processes 
are involved, it does not have any addition of environmental charged substances. (Svensk 
betong 2014b) For wood 75-85 percent of the waste is recovered as renewable fuel, according 
to the Swedish EPA (Björklund & Tillman 1997) 

During demolition, to knock down the structure for a concrete frame built in situ, an 
excavator is needed. The tools that are used when demolishing a precast concrete frame are a 
hoisting crane that is driven by diesel, in combination with a powered axe hammer and a 
cutting blow-pipe. (Björklund & Tillman 1997) 
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3. Methodology 
The methodology of the report is presented in this chapter. Section 3.1 explains the life cycle 
assessment and how the studied system will be divided. This section also presents the 
functional unit used in the report. Further the data inventory is presented as well as an 
explanation of the method for calculations using Excel. 

 

3.1 Life Cycle Assessment 
The   importance   of   reducing   today’s   emissions   is   great.   It   is   not   effective   to   only   focus   on  
reducing the point source pollutions but the whole lifecycle of the product or system must be 
included. In doing this, everything from the extraction of raw materials to the production, 
transportation, construction, usage and finally the waste management is taken in account for, 
in other words: everything from the cradle to the grave. (Rydh et al, 2002 s. 31) However, this 
report will not focus on the operational phase. The other three phases in a systems life cycle 
can be seen in figure 2 and will be further described in relation to a buildings life cycle. 

 

 

Figure 2. The different phases of a Life cycle assessment. 
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To more easily identify the embodied carbon for a residential building the life cycle is divided 
into 3 stages, as seen in figure 3. The first stage is where the raw materials are extracted and 
then used to manufacture the building materials. This stage also includes transportations to the 
construction site. The second stage is when the actual construction of the building takes place 
and finally the third stage is the end of life stage where demolition and waste management are 
included. The different stages have different environmental impacts and by using the life 
cycle assessment perspective the largest impacts can be found. (Rydh et al, 2002 s. 31) 

 

 

Figure 3. The three stages included in embodied carbon. 

 

3.1.1 Functional unit 

To be able to compare the two buildings, constructed by wood and concrete frames, a 
functional unit has been chosen. This is also the unit that the results must have in order to be 
implemented into Atkins tool Carbon Critical Design. This functional unit will be kg CO2 e 
per m2 BTA. The term BTA stands for gross area and refers to the total floor area of all 
storeys of a building.   

 

3.2 Data inventory 

The data for this report is collected from various sources. One source is a doctoral thesis 
written   by   Ambrose   Dodoo   in   2011   named   “Life   Cycle   Primary   Energy   Use   and   Carbon  
Emission  of  Residential  Buildings”  where  data  concerning  what  material  is  used  in  a  typical  
residential building and also the amount of the most common building components. From the 
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report   “LCA   of   Building   Frame   Structures,   Environmental   Impact   over   the   Life   Cycle   of  
Wooden   and   Concrete   Frames”   by   Thomas   Björklund   and   Ann-Marie Tillman 1997, data 
covering the energy use from transportation and construction is collected. Data concerning the 
end of life phase is also collected from said report. For the different values regarding carbon 
emissions, an LCA database named Ecoinvent is used (Ecoinvent 2014).  The  building’s  that  
are analyzed in   this   report   are   taken   from   the   report   “Wälludden   trähus   i   fem   våningar   - 
Erfarenheter   och   lärdomar”  written   by   Stefan   Persson (1998). Energy use for renovating a 
building is also taken from this report. 

 

3.3 Excel 

The program that has been used for calculations is Excel, which is a part of the Microsoft 
Office package. In the Excel sheets that are used, values for the various parameters have been 
entered and used for calculations. By using Excel, changes can easily be made and the final 
result will change along with the modifications. 
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4. Data 
The two buildings that will be examined are a wooden framed building in Växjö that was 
build in 1998 called Wälludden and its concrete framed version which is equivalent and 
identical with the wooden framed one. The buildings each include 16 apartments distributed 
over 4 floors. The total heated floor area of each building is 1190 m2 BTA. This building is 
considered to be a standard building and not an energy efficient building or a passive house 
where the energy during the operational phase is drastically reduced. (Dodoo 2011) A floor 
plan for the ground floor is found in appendix B. 

 

 

Photo 1. Wälludden, Växjö. (Google maps 2014) 

 

4.1 Wooden frame 

The foundation of the wooden frame building consist of a 1.5 cm oak board laid on16 cm 
concrete slab foundation with 7 cm of expanded polystyrene together with 15 cm crushed 
stone. The floor joist has a thickness of 42 cm, which includes stone wool insulation. There 
are three layers in the external wall including 4.5 stone wool panels, 4.5x12 cm lumbers studs 
and a wiring and plumbing installation layer consisting of 4.5x7 cm lumber studs. The facade 
of the building consists to one third of plaster while the facade of the stairwell and around the 
windows consists of wooden panelling. The windows have double-glazed glass and are 
framed with wood. The roof consists of two layers of asphalt impregnated felt, wood panels, 
40 cm mineral wool, wooden roof trusses, polythene foils and gypsum boards. (Dodoo 2011) 
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4.2 Concrete frame 

The foundation, the windows and the roof are all the same for the concrete frame building as 
for the wooden framed building. The floor joist is a 23 cm reinforced concrete slab and the 
external wall consists of 15 cm reinforced concrete. Between the reinforced concrete wall and 
the facade of cement render there is 20.5 cm mineral wool insulation. (Dodoo 2011) 

 

4.3 Data for stage 1: Extraction, production and transportation 

The materials for the different framed buildings are basically the same but the amount of 
these materials differs. Table 2 bellow presents the most common material and the amount 
that is used for the concrete framed building and for the wooden framed building. 

4.3.1 Assumptions for stage 1 

All the estimated distances to construction site are based on the information found about 
transportation and emissions from fuel in the report by Björklund and Tillman (1997). The 
transport is assumed to only deliver material to site and the drive back is not included in the 
calculations for emissions. 
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Component Amounts of tonne 
for concrete 
frame 

Amounts of tonne 
for wooden frame 

Estimated 
distance to site in 
km 

Concrete 1352 223 25 

Mortar 23 24 270 

Plasterboard 25 89 250 

Lumber 33 59 350 

Particleboard 17 18 250 

Plywood 20 21 250 

Steel 25 16 350 

Insulation 10 21 350 

Crushed 
stone 

315 315 350 

Copper 0.6 0.6 350 

Glass 4 4 250 

Table 2. Amounts of air-dry material and distance from production to construction site. 
(Dodoo 2011, Björklund & Tillman 1997) 

 

4.4 Data for stage 2: Construction on site 

The total energy needed for on-site construction includes use of equipment and all transport 
on the construction site, lightning of building site as well as lightning and heating of sheds. 
The values are presented in table 3. (Björklund & Tillman 1997)  

 Diesel(MJ) Electricity(MJ) Total (MJ) 

Concrete frame 30 30 60 

Wooden frame 30 30 60 

Table 3.  Energy used during construction. (Björklund & Tillman 1997) 
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4.4.1 Assumptions for stage 2 

For the total energy used on the constructions site 50% is assumed to come from equipment 
and transport i.e. diesel and 50% is assumed to come from electricity from lightning etc. Since 
the construction takes place in Sweden the electricity is assumed to come from a Nordic 
electricity mix. (Energimyndigheten 2013). The waste produced during construction and its 
carbon dioxide emissions are assumed to be negligible. 

 

4.5 Data for stage 3: End of life 

The same amount of materials is used in this stage as for stage 1, presented in table 1. The 
data for the end of life phase includes the processes for the building being torn down using 
excavators and such. The transport from construction site to waste management is included as 
well as burning of material and landfill. The possibility of materials being reused is excluded 
in the calculations. 

4.5.1 Assumptions for stage 3 

It is difficult to know exactly how the demolition will come to pass in the future. The study 
will therefore use information about this stage from the same year as the construction phase 
started and not 50 years later. 

For the end of life phase it is assumed that the same amount of carbon dioxide emissions 
occur for demolition of a precast concrete frame as for an in situ concrete frame, this because 
of lack of data. However the precast concrete frame is easier to demolish. This because it is 
easier to tear down the constructed elements separately, instead of in situ frames where the 
concrete frame must be crushed on site. This leads to a higher energy demand for demolishing 
concrete frames made in situ. (Björklund & Tillman 1997) 
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5. Results 
The result will present the emission of carbon dioxide equivalents for the three different 
stages of the lifecycle of a building. These results are presented for the entire building. 
Further, the final result will show the total carbon dioxide equivalents emissions per square 
meter BTA for the concrete framed building and for the wooden framed building, with a 
lifespan of 50 years. The amount of embodied carbon represented in each stage will also be 
presented. The calculations for each stage can be found in appendix A. 

 

5.1 Results for stage 1: Extraction, production and transportation 

For the stage where the extraction, production and transportation of material for the buildings 
occur, the result in figure 4 shows that the materials for the concrete frame building emits 
more carbon dioxide equivalents than the wooden framed one.  

 

Figure 4. Total carbon dioxide emissions for concrete frame and wooden frame in stage 1: 
Extraction, production and transportation. 

 

Figure 5 displays the difference in carbon dioxide emissions for the extraction and production 
of the material compared to the emissions for transporting material to the construction site.  
The amounts of air-dried material presented in table 2 are used for the calculations for this 
stage. The figure shows that the material extraction and production is the main emitter in this 
stage. 
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Figure 5. Carbon dioxide emissions for transport and material in stage 1: Extraction, 
production and transportation. 

 

5.2 Results for stage 2: On site construction 

The results for the construction on site are presented in figure 6 below. The same amount of 
energy is consumed for both of the frames during the construction and therefore the results in 
the figure are the same. The same amount of energy from electricity and diesel are used 
during the construction phase, as shown in table 3. Despite this, the energy derived from 
diesel when using construction machines results in a larger carbon dioxide emission than the 
energy from electricity does. 
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Figure 6. Total carbon dioxide emissions for concrete frame and wooden frame in stage 2: 
Construction on site. 

 

5.3 Results for stage 3:  End of life 

During the end of life stage the concrete framed building emits more kg of carbon dioxide 
equivalents than the wooden framed building. The wooden framed building emits 
approximately ¾ of what the concrete building emits during this stage. 

 

 

Figure 7. Total carbon dioxide emissions for concrete frame and wooden frame in stage 3: 
End of life. 
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5.4 Final result 

The total amount of embodied carbon dioxide equivalents are shown in this part. To easier be 
able to compare the different values for the two frames the result is presented in the functional 
unit kg CO2 e/m2 BTA. Table 4 presents the results from the different stages in the functional 
unit and then the total amount of embodied carbon from all the stages added together. The 
same result is then shown in figure 8. The total embodied carbon of a wooden frame building 
is thus lesser than that of a concrete frame. 

 

 
Stage Concrete frame (kg 

CO2 e/m2) 
Wooden frame (kg CO2 e/m2) 

1: Extraction, production and 
transportation 

308 190 

2: On site construction 4 4 

3: End of life 43 31 

Total 354 225 

Table 4. Embodied carbon for the different stages and total embodied carbon for concrete 
frame and wooden frame. 

 

 

Figure 8. Total embodied carbon per functional unit for concrete frame and wooden frame. 
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The figure above shows that there is a big difference in the embodied carbon between the 
different stages. In figures 9 and 10 the percentage of embodied carbon in the different stages 
and frames are presented. The construction phase represents the smallest part of the embodied 
carbon while the extraction, production and transportation of materials represent the biggest 
part for both buildings. 

 

 

Figure 9. Percentage of total embodied carbon represented in each stage for concrete frame. 

 

Figure 10. Percentage of total embodied carbon represented in each stage for wooden frame. 
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6. Sensitivity analysis 
The report has studied only one scenario, wooden and concrete frames with a lifespan of 50 
years. However, there are many different ways of constructing dwelling frames and also 
different lifespans. To see how the results are affected by these factors a sensitivity analysis 
has been performed. The first sensitivity analysis will compare the two buildings with a 
lifespan of 100 years rather than 50 years. Another aspect of the sensitivity analysis will be to 
construct the concrete framed building with concrete in situ instead of precast concrete with 
the life span of 50 years. 

 

6.1 Change of lifespan 

In the results the lifespan is assumed to be 50 years even though a concrete building is likely 
to survive for approximately 100 years without renovation of the frame. Because of this it is 
interesting to compare the embodied carbon for both buildings after 100 years. For this to be 
possible, the wooden framed building will have to be renovated at least one time during these 
years. Values for the renovations are taken from  the  report  “Wälludden  trähus  i fem våningar- 
Erfarenheter   och   lärdomar”   by   Stefan   Persson (1998). The results of the calculations are 
presented in figure 11 below. 

 

 

Figure 11. Total embodied carbon per functional unit for the buildings with a lifespan of 100 
years. 
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In the figure above the results show that the embodied carbon for the wooden frame is still 
lesser than that of a concrete frame even though the renovation process is added. The 
embodied  carbon  for  the  concrete  frame  is   the  same  as  the  one  for  50  years  since  it  doesn’t  
require renovation.  

 

6.2 In-situ concrete 

For buildings with a concrete frame there are other options than precast concrete when 
building the frame. One example is to use in situ concrete. By doing this more energy is used 
at the construction site to be able to build the frame. This is an interesting aspect since these 
are assumed to be the two most commonly used building constructions. To compare these two 
concepts the table below shows the amount of embodied carbon in each stage for both a 
precast concrete frame and a concrete frame built in situ. The result for each stage for in situ 
concrete is then presented in percentage in figure 12. 

 

 
Stage Concrete frame 

precast (kg 
CO2e/m2) 

Concrete frame 
in-situ (kg 
CO2e/m2) 

1: Extraction, production and transportation 308 296 

2: On site construction 4 5 

3: Demolition 43 43 

Total 354 344 

Table 5. Embodied carbon for the different stages and total embodied carbon for concrete 
frame precast and concrete frame in situ. 

 

Table 5 and Figure 12 shows that the embodied carbon for stage 1 has decreased with one 
percentage unit and stage 2 has instead increased compared to figure 9.  Concrete being cast 
on site demands more energy. The energy is used for heating and reduction of humidity. This 
is not needed on site with precast concrete. 
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Figure 12. Percentage of total embodied carbon represented in each stage for concrete in 
situ. 
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7. Discussion 
First of all it is important to have in mind that the concrete framed building that the report 
studies has never been built and is only a counterpart of Wälluddens wooden framed house. It 
is also good to note that because of the many assumptions and limitations this report may not 
give the reader a correct description of the entire process. No similar study about embodied 
carbon has been found and therefore the result of this report cannot be compared and 
evaluated.  

The result for stage 1 shows that the carbon dioxide emissions are greater for the concrete 
framed building than for the wooden framed. This is also the stage that represents the most of 
the total embodied carbon. The reason that stage 1 has the largest amount of embodied carbon 
is because of the energy demand for extracting the material. In the sensitivity analysis the 
lifespan of the building is increased and this means that more material needs to be produced 
for the renovation of the wooden framed building. Despite this the embodied carbon for the 
wooden framed building is still lesser than the embodied carbon for the concrete framed 
which has no need for renovation. Another aspect of the sensitivity analysis is to construct a 
concrete frame in situ instead of precast at a factory. The carbon dioxide emission value for 
extraction and production is lower for wet concrete than for precast concrete slabs. This 
means that the embodied carbon for frames made in situ is lower than for the precast frame in 
stage 1.  

The second stage represents a small part of the total embodied carbon and can therefore 
sometimes be ignored in life cycle assessments of buildings. Each construction company 
builds in different ways and it is hard to get hold of exact values for embodied carbon that are 
represented in stage 2. When it comes to different ways to build concrete framed houses there 
is a clear difference. For concrete frames made in situ the embodied carbon value from 
construction is higher than for precast concrete frames. This is due to that the energy used in 
the casting of concrete is transferred from stage 1, where precast concrete slabs are cast, to 
stage 2.  A different aspect is the time required for casting concrete frames in situ. It is 
necessary to reduce the humidity by adding heat for the concrete to solidify when placing 
concrete in situ. This increases the building time at the construction site when using in situ 
concrete rather than construction of precast concrete slabs. 

The embodied carbon in stage 3 is greater for the concrete framed building than the wooden 
framed one because of its huge amount of concrete. Concrete is used for the wooden framed 
building as well but not to the same extent as for the concrete framed one. In the sensitivity 
analysis the same value of embodied carbon for demolition is used for the concrete made in 
situ as the precast concrete. However the in situ concrete will most probably have a higher 
carbon dioxide emission at this stage because it is more difficult and more energy consuming 
to tear down. If so, the result would have been different and the embodied carbon had been 
higher for in situ concrete instead of for the precast concrete in stage 3. 
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The final result of this thesis shows that the total amount of embodied carbon is different for 
the concrete and wooden framed buildings. The concrete framed building contains more 
embodied carbon than the wooden but for both buildings, stage 1 has the largest part of 
embodied carbon or carbon dioxide emissions. The embodied carbon that was represented in 
stage 2 was 1% for the concrete building and 2% for the wooden building of the total 
embodied carbon which makes stage 2 almost negligible.  

In the sensitivity analysis when the lifespan was changed and the renovation aspect was added 
to the wooden concept it still shows that the embodied carbon is lower for wooden than for 
concrete frames. When instead the construction method was changed for concrete frames, the 
embodied carbon decreased slightly but not enough to become less than for wooden frames. 
However the allocation of carbon dioxide emissions for in situ concrete frames has changed 
and increased slightly in stage 2. 

As the result of this report suggests, the phase where extraction, manufacturing and 
transportation occur is responsible for the majority of the total embodied carbon of the studied 
buildings. For residential buildings, the carbon dioxide emissions in the operational phase, 
decreases more and more over time along with the knowledge of energy efficient houses and 
for example the use of energy saving lights. Because of this it is important to map the climate 
impact of the embodied carbon instead of the emissions from the operational phase. This to be 
able to know where in the life cycle it is crucial to decrease the emissions. Another reason to 
address the reduction of embodied carbon for residential buildings is that carbon dioxide 
emissions of materials have an immediate impact while the emissions of carbon dioxide 
throughout the operational phase accrue over a long period of time.     

As mentioned earlier in the report, the embodied carbon for Sweden is not yet included in 
Atkins’  tool  Carbon  Critical  Design.  If  Atkins  decides  to  implement  the  results  of  this  report,  
the Masterplanning tool will be more reliable since it takes embodied carbon into account for 
planning the construction of dwellings. The results will expand the tool in the ways that 
Atkins demand, however they must also consider expanding the results before implementing 
them because of the assumptions of the project. The fact that for example the interior design 
was excluded for the calculations of this report and because of other limitations, Atkins can be 
mislead if the company does not take this into consideration.  

 

7.1 Sources of error 

As said, it is important to be aware that the result of this report is not necessarily valid 
because  of  the  project’s  many  limitations  and  assumptions.  Some  of  the  components  that  the  
calculations are based on can be degraded into many different parts. If all these parts would be 
included in the calculations the result would probably be different than the results that this 
report shows.  
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One of the most frequently used references, by Björklund and Tillman, was written in 1997. 
The fact that the report is quite out-dated could have an inaccurate impact on the final result. 
However, after being in contact with one of the authors it was confirmed that the values are 
generally correct. The only exception was the emission during transportation, which was 
taken into account during the calculations. Transportation was furthermore calculated to 
represent a very small part of the total amount of embodied carbon.  

It is also important to consider how the result would change if the report had been including 
both the use of recycled material during the construction and the energy supplied from 
recycling. This leading to a lower value of the total embodied carbon. If these parameters 
would be taken into account, the result could be more reliable since recycling is being 
encouraged in all industries. 

In our comparison between concrete frames made precast and in situ we assumed that the 
demolition of the two had the same energy consumption. Although, it is likely that the 
concrete frame made in situ is more difficult to demolish and therefore has a higher energy 
demand in that phase. 

 

7.2 Further development of the project 

Finally, it can be interesting to think about how this type of project can be further developed. 
In this particular study some of the components included is, as mentioned, not specifically 
identified when doing the calculations in the Excel sheets. Because of this, one option for 
expansion is to take in account more detailed components in the different structures. Another 
option is to include the recycling point of view and thus decrease the final value of embodied 
carbon. It can also be interesting to examine how recycled building material can impact the 
quality and durability of a building. Whichever way chosen, it is an interesting study to 
conduct. 
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8. Conclusions 
Embodied carbon is important to map in order to reduce emissions. With a life cycle 
assessment it is possible to find the source that emits the most carbon dioxide during the life 
of a residential building. The results of this report show that the extraction, manufacturing and 
transportation of materials emit the most for both frames and represent about 87% for 
concrete and 84% for wood of the total embodied carbon.  

The construction stage is much smaller and represents only 1% for concrete framed buildings 
and 2% for wooden framed ones. Finally the end of life stage represents 12 % of the total 
embodied carbon for the concrete framed building and 14% for the wooden framed building. 

The total amount of embodied carbon for the concrete framed building was calculated to 354 
kg CO2e/m2. For the wooden framed building the amount was 225 kg CO2e/m2. When 
expanding the report with a sensitivity analysis the concrete framed building still has a higher 
amount of embodied energy when the lifespan is extended. For the change of concrete 
construction method the result show that the carbon dioxide emissions are lower for the frame 
made in situ. 
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Appendix A 
Stage 1: Transportation 

 

The values in column  B  are  taken  from  the  report  “LCA of Building Frame Structures, 
Environmental Impact over the Life Cycle of Wooden and Concrete Frames”  by  Björklund  
and Tillman. These are calculated, into amounts of litre diesel needed, in column C and E. 
Column C and E is multiplied with cell B35 and divided with cell A35. These values are 
taken from Ecoinvent. The results of the calculations are shown in columns F and G. 

 

Stage 1: Extraction and production 

 

The amounts of material in column B and C are taken from the  report  ”Life Cycle Primary 
Energy  Use  and  Carbon  Emission  of  Residential  Buildings”  by  Ambrose  Dodoo.  The  values  
in column F are taken from the LCA website Ecoinvent and the density in column I are taken 
from Träguiden. The values in column J and K are calculated by multiplying the value from 
column B or C with the value in column F. 
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Stage 2: On site construction 

 

The  values  in  column  B  are  taken  from  the  report  “LCA of Building Frame Structures, 
Environmental Impact over the Life Cycle of Wooden and Concrete Frames”  by  Björklund  
and Tillman. Column B is multiplied with values in column C, which are taken from 
Ecoinvent. 

 

Stage 3: End of life 

 

The same calculations are made in this Excel sheet as for stage 1: extraction and production 
but the values in column D are different and taken from Ecoinvent.  
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Appendix B 
 

 

 

Floor plan for the ground floor at Wälludden in milimeters. 

 


