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Abstract
This thesis explores the potential End-of-Life (EoL) management of demolished
concrete from Million Program buildings (MP) to act as a carbon sink through
the process of natural and accelerated carbonation. The study presents speculative
scenarios, natural carbonation in stockpiles and the use of accelerated carbonation
through a fluidized bed unit, which involves the utilization of flue gases to enhance
the carbon sequestration of concrete aggregates (CA). A significant amount of CO2
is sequestrated in the service life of a building but the largest potential is at the EoL,
where the study indicates that concrete can reabsorb between 11.1-55.5 % of CO2
emissions from cement production. This is when accounting for process emissions
related to transporting, crushing and using loaders to move the concrete into stock-
piles. The thesis suggests the need for more processing sites and optimized stockpile
dimensions to maximize carbon uptake. The thesis also highlights the complexity
of the carbonation process and calls for further studies to accurately determine the
carbonation degree and operational planning for CO2 sequestration in concrete ag-
gregates. The research underscores the importance of natural carbonation and its
role in reducing the carbon footprint of concrete.
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1
Introduction

Human activities, marked by the widespread use of fossil fuels, deforestation, and
land use, have resulted in a substantial increase in the levels of greenhouse gases in
the earth's atmosphere, which is a driving force behind climate change. The pressing
global challenges of climate change have underscored the need for innovative and
sustainable solutions to mitigate greenhouse gas emissions, and to focus on sectors
that contribute signi�cantly to these can have a large positive impact if successfully
implemented. The built environment, shaped by construction and demolition activi-
ties, contributes substantially to CO2 emissions and is one of the leading contributors
to climate change in Europe (Antunes et al., 2024). The construction industry is
resource-intensive with extensive use of energy-demanding materials, such as con-
crete. Concrete is the most common building material in the world, with 30 billion
tons used annually (Huang et al., 2020; Nature, 2021). Chaudhury et al. (2023) ex-
plains that concrete production alone contributes approximately 7% of global CO2
emissions yearly, emphasizing the urgency of research on how to reduce its environ-
mental impact, and more so since its demand increases more than for other building
materials such as steel and wood; see �gure 1. To limit global warming to 1.5‰,

Figure 1: World production in kg per capita of cement, steel, and wood between
1950-2015 (Monteiro et al., 2017).

which is the target set forth in the Paris Agreement, there is a need to reduce anthro-
pogenic greenhouse gas emissions. However, many climate scientists don't believe
that emission reduction alone will be enough to limit global warming to 1.5‰, there
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1. Introduction

is a need for complementary technologies to allow for a needed drastic reduction of
atmospheric greenhouse gases and emissions (Plumer and Popovich, 2021; UNECE,
2015). A potential strategy is to expand the focus beyond emission reduction and
explore carbon capture throughcarbonation, a natural process that uses concrete
as a carbon sink. Carbonation occurs when CO2 from the atmosphere reacts with
calcium hydroxide (Ca(OH)2) in the concrete to form calcium carbonate (CaCO3),
a process that occurs naturally over time (Andersson et al., 2013). However, the
natural carbonation of concrete can be a slow process, that takes place over months
to years, but with large stocks of concrete in society the total amount of sequestrated
CO2 can be signi�cant over time. Urbanization has led to large amounts of concrete
in cities, making cities a natural focal point for the role it plays in (Holcim, 2023;
SCB, 2015; Sika, n.d.).

During the 1960s and 1970s, more than 1.6 million homes were built in Sweden to
combat a housing crisis during a time of great economic development (SCB, 2023).
At its peak from 1965-1974, a period that came to be known as themillion pro-
gram, more than 100'000 homes were completed annually. With cities expanding
and utilizing concrete for buildings, tunnels and bridges the stock of concrete only
increases. An initial literature review was conducted in an attempt to �nd gaps in
the studied area from which research questions could grow. The chemical reaction
of carbonisation has long been a known phenomenon due to its adverse e�ects on re-
inforcement in concrete. However, traction regarding utilizing concrete as a carbon
sink has grown over the past decade which will be the focus of this study. From the
literature review, it was observed that there was a lack of research on the subject
of accelerated carbonation methods applied on industrial scales. Most studies con-
ducted tests in laboratory settings and on low volumes of aggregates. One project
stood out as it had undergone laboratory tests on accelerated carbonation before
installing a pilot-project on a cement plant in France that handled volumes on an
industrial scale (Torrenti et al., 2022). Other accelerated carbonation methods in-
cluded carbon curing, which is out of the scope of this study as it delves into the
carbonisation in the production phase and not in the end of life (EoL) (�Savija and
Lukovi�c, 2016; Shang et al., 2023. Moreover, the geographical scopes on the initial
literature review were mainly on northern European countries while the rest weren't
speci�c in their spatial locations (Ammenberg et al., 2014; Lagerblad, 2005; Patricio
et al., 2017; Yu et al., 2021).

The concept industrial symbiosis (IS) was of interest too investigate, mainly the
utilization of 
ue gases from industries as an output and carbonisation of crushed
concrete as an input. The concept of IS was observed in two studies, Patricio et al.
(2017) and Van Oss and Padovani (2003), in the initial literature review but weren't
exploring the option of 
ue gas utilization. Overall, it could be observed that there
was a gap in exploring IS alongside accelerated carbonation which is of interest to
be explored within the context of Gothenburg municipality.

2



1. Introduction

1.1 Aim

This report aims to quantify the natural carbon capture potential of demolished
concrete, and to compare this to an accelerated carbonation technology. This is done
through a case study in which the source of concrete is million program buildings
built between 1965-1974 in the municipality of Gothenburg.

1.2 Research questions

ˆ Where are the buildings within the scope of this study located, when will
they be demolished and how much CO2 can naturally be bound in demolished
concrete from buildings constructed between 1965-1974 in the municipality of
Gothenburg?

ˆ What could a system for the carbonation of concrete in Gothenburg look like?

ˆ What are the net emissions from processing concrete to be leveraged as a
carbon sink via natural and accelerated carbonation?

3



1. Introduction
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2
Background

2.1 Production, emissions and waste management
of concrete

Concrete is a mixture of three main components: aggregates, cement and water.
Aggregates form the bulk and provide the structural backbone of concrete. The
aggregates vary in size, ranging from �ne sand particles to coarse gravel or crushed
stone. The selection and size variation of aggregates are essential to ensure proper
packing and interlocking within the concrete matrix. This, in turn, in
uences the
density, workability, and strength of the concrete. Cement is a binding agent that
holds the aggregates together. When mixed with water, cement undergoes a chemi-
cal reaction called hydration, forming a paste that coats and surrounds the aggregate
particles. As this paste hardens and cures, it provides the concrete with its compres-
sive strength. Over time, the strength of concrete increases as the hydration process
continues. The production of cement involves extracting limestone rock from the
lithosphere. Limestone, primarily composed of calcium carbonate, undergoes a series
of steps to become cement. After extraction, the limestone is crushed and trans-
ported to a cement kiln. Inside the kiln, the limestone is heated to temperatures
reaching 1450°C, initiating a process known as calcination. During calcination, the
limestone undergoes chemical decomposition, releasing carbon dioxide and leaving
behind calcium oxide (lime, CaO). CaO reacts with other minerals present in the
raw materials to form clinker, the main component of cement. The clinker is then
�nely ground to produce the powdered cement used in concrete production (PCA,
n.d.).

2.1.1 Calcination- and fuel emissions

The main constituents of clinker are alumina (Al2O3), iron oxide (Fe2O3), lime
(CaO) and silica (SiO2). According to Tokheim (1999) a typical clinker would con-
stitute 66% CaO, 21% SiO2, 5% Al2O3, 3% Fe2O3 and 5% of other materials. When
heated, a number of complex chemical reactions occur which will not be explored
in detail in this study. In short, four compounds are formed that in cement chemist
notation are Dicalcium silicate (C2S), Tricalcium silicate (C3S), Tricalcium alumi-
nate (C3A) and Tetracalcium alumino ferrite (C4AF). These four compounds are all
important for the properties of the cement and a�ect aestethics, durability, strength
development, and heat evolution of the cement. Without the addition of iron and
aluminum compounds the calcination would take place at temperatures of more

5



2. Background

than 3000°C (Munthe, 2013). Depending on the chemical composition and internal
proportion of these four compounds in the quarried raw material, varying additives
are added to compensate for variations and to create the desired properties of the
cement (Britannica, n.d.).

The calcination of limestone is an endothermic reaction, requiring approximately
1.7 MJ per kg of CaCO3 (Kahawalage et al., 2017). The calcination of CaCO3 can
be expressed by the following chemical reaction:

CaCO3 ! CaO + CO2

CO2 is an inherent by-product when producing clinker, and the emission-to-production
ratio is in the range of 600-900 kg of CO2 / tons of cement produced, depending on
the ratio between the clinker and the cement and the type of fuel used for heating.
Approximately 2/3 of production emissions derive from the calcination process and
1/3 from burning fuel to heat the kiln.

2.1.2 Contemporary post-demolition management of con-
crete

Understanding today's system of waste handling is imperative to shape and im-
prove a more sustainable practice of managing the vast amounts of concrete waste
generated from construction activities. By utilizing demolished concrete as or in a
secondary product, the demand for virgin materials can be reduced, aligning with
national and global climate goals of reducing the extraction of natural resources
(Boverket, n.d.).

When tearing down a concrete structure, the concrete is broken down into trans-
portable pieces for intermediate stockpiling before the removal of steel reinforcement.
Once further processed into smaller fractions, fresh uncarbonated surfaces of the
concrete react with CO2 to enable further carbonation. Once at a processing site,
the steel reinforcement is removed from the concrete and awaits further processing,
these masses of crushed concrete are placed into stockpiles. The mixed fractions
generated from the retrieval of reinforcement are placed in a stockpile which creates
subpar conditions for carbon uptake, especially when exposed to rain which further
compacts the stockpile, resulting in poor air
ow and thus the carbonation rate (SIS,
2019). by stockpiling in similar fractions, more void space is created and thus in-
creased air
ow for a more e�cient carbonation. See �gure 5.

With the current waste handling system in place, the conditions for carbonation is
relatively low which means there is a potential for improvement in the CO2 uptake
for waste concrete (Munthe, 2013).

The current waste handling system in Sweden is described by Munthe (2013) in 5
steps:

6



2. Background

1. Demolition of used concrete products
2. Intermediate stockpiling of demolished concrete (storage 0.5 - 4 years)
3. Rebars are extracted for recycling and the crushed concrete is piled with mixed

fractions.
4. Intermediate stockpiling of mixed concrete fractions (storage 1-4 months)
5. The mixed concrete is used in construction applications such as land�llings,

road base coarse, or building foundations.

According to Stripple et al. (2018) a signi�cant amount of the cement paste (20%)
turns into �ne dust during the processes of crushing and fractioning. With proper
handling, these �ne particles of hydrated cement can carbonate quickly in a couple
of days or up to a few weeks. However, the amount of �ne dust depends on equip-
ment and crushing practices which may vary.

2.2 Carbonation

Carbonation refers to the chemical process where atmospheric CO2 di�uses into
the concrete and reacts with calcium hydroxide and calcium silicate hydrates (CSH)
present in the pore surface of the hardened cement paste, resulting in the formation
of limestone i.e. calcium carbonate (CaCO3) (Andersson et al., 2013). This chemical
reaction binds the CO2, e�ectively acting as a permanent carbon sink. The chemical
reaction is represented as follows:

Ca(OH)2 + CO 2 ! CaCO3 + H 2O

CO2 initially penetrates the concrete at the surface by a number of chemical reac-
tions, driven mainly by gas di�usion in the concrete pores and proceeds inwards the
concrete element (Silva et al., 2015). There is an increase in density as CaCO3 is
formed in the pores resulting in a reduction of water adsorption Zhang et al. (2020).
The carbonation process needs moisture to be initiated as it's in water where CO2

is dissolved into carbonate ions which react with calcium ions to form calcite. To
summarise, the sequestration of CO2 involves three phases Li and Wu, 2022. The
theoretical binding capacity is dictated by the amount of CaO in the portland clinker
that can bind back CO2, i.e, the amount of CO2 that was released during calcina-
tion (SIS, 2019). Portland cement is 95 % clinker which consists of 65% CaO that
may potentially react with CO2. For Portland cement type CEM-I this is typically
set to 0.49 kg CO2 / kg portland cement due to the molecular compositions. As
showcased in SIS (2019), the molecular weights for the given elements are as follows:

ˆ Carbon (C): 12
ˆ Oxygen (O): 16
ˆ Carbon dioxide (CO2): 44
ˆ Calcium (Ca): 40
ˆ Calcium oxide (CaO): 56

7
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Figure 2: Visual description the carbonation reaction on a concrete aggregate(Li
and Wu, 2022).

ˆ Calcium carbonate (CaCO3): 40 + 12 + (3 � 16) = 100

1.00 kg Portland cement thus has the potential to bind:

1.00 X 0.95 X 0.65 = 0.62 CaO
0.62 X [44/56] = 0.49 kg CO2

This value is at the same time a way to de�ne the degree of carbonation (DoC) (SIS,
2019) as it puts CO2 released from calcination in relation to what it potentially can
bind back. In theory, the amount of released CO2 from calcination may bind back
into the cement paste(Andersson et al., 2013) but is according to the literature often
given a value of 75 %. In practicality, the carbonation is dictated by several factors
(Stripple et al., 2018).

To summarize, carbonation is a chemical process where carbon dioxide from the air
reacts with calcium hydroxide in the cement paste to for calcium carbonate, which
reduces the alkalinity of the concrete. This occurs via di�usion in the cement paste
and not the aggregates ( sand and gravel). Accelerated carbonation may be achieved
by increasing the surface area of concrete by crushing it and exposing more of the
Ca(OH)2 in the cement paste to catalyze the sequestration. Thus, the management
of crushed concrete plays a signi�cant role in leveraging the crushed concrete as a
carbon sink.

2.2.1 Estimating carbonation

A way to measure the DoC is by applying phenolphthalein, a substance that changes
colour corresponding to the pH on the applied surface SIS, 2019. For non-carbonated

8



2. Background

areas it appears pink and for carbonated it is transparent Bui et al., 2023. The di�er-
ent levels of carbonation can be measured via image analysis where the carbonated
areas (appears colorless) are divided by the fresh uncarbonated (appears pink) area
to get the DoC. The advantage of this method is that its uncomplicated, relatively
time e�cient and economically bene�cial compared to other methods. mentioned
drawbacks regarding this method are that partially carbonated areas are hard to
observe and that the phenolphtalein only measures the change in pH which indicates
carbonation but doesn't measure the actual uptake of CO2. Overall, the task of cal-
culating CO2-sequestration is complicated as there is a lack of a de�nitive method.

2.2.2 Conditions for carbon uptake

As explained in SIS (2019) there is no single general formula calculating CO2 uptake
that is applicable for all concrete structures in all environments as there are many
parameters taken into account. A good understanding of preferable conditions for
carbon sequestration is necessary to evaluate post-demolition management of con-
crete.

Time is one important aspect as carbonation is a slow process, a process which
Lagerblad (2005) means occurs primarily during the �rst 50 years of a structure's
lifetime. Carbonation is a surface phenomenon which slows down as it becomes
progressively harder for CO2 to penetrate and reach uncarbonated surfaces in the
interior of the concrete. The carbonation rate describes the correlation between
the time and depth of the transportation of carbon dioxide in concrete (SIS, 2019).
Transportation e�ects and reactions are described by the carbonation rate \k" and
permits the degree of carbonation (DOC) to be calculated at any given time. No-
tably, the carbonation rate is a�ected by several factors such as dimensions and
interconnectivity of the pores, cement type and RH. Through laboratory tests, it
has been established that the DOC is around 75% but present-day management of
demolished concrete prohibits it from reaching those values and are instead much
lower which further adds weight to explore EoL options to optimize the carbon se-
questration (Andersson et al., 2019).

Water is necessary as it enables the formation of ions which react with carbon hy-
droxide or CSH to bind CO2. This is why very dry concrete doesn't carbonate and
reversely, in very wet concrete carbonation is instead slowed down as gas di�usion
isn't enabled. For a normal dry concrete with a RH of 50 { 80 % gas di�usion is the
driving mechanism where the partial pressure between the surface of the concrete
and the interior dictates the carbonation level. In SIS (2019) it was evident that a
RH in the air of 60% was deemed optimal for carbonation . In Gothenburg, the RH
varies during the year and reaches its maximum in December at 85%, its lowest in
May at 62% and with an average annual RH of 75 %.

There is a correlation between compressive strength, water/cement ratio, and car-
bonation rate. A higher compressive strength indicates a lower w/c ratio which
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lowers the permeability for CO2 di�usion. The amount of cement doesn't dictate
the carbonation rate. The carbonation rate is higher in urban areas and indoor envi-
ronments. This is due to the higher-than-average partial pressure of CO2. Equation
1 is generally accepted (Pade and Guimaraes, 2007) as a good approximation to
calculate the carbonation depth where t is time and k the carbonation rate:

(1) dc = k �
p

t

Pade and Guimaraes (2007) summarized several studies on carbonation rate and
exposure conditions and concluded that the carbonation rate typically is accelerated
in indoor conditions, in comparison to outdoors, as the carbonation is a�ected by
humidity levels. In this study, carbonation was found to be most e�ective at a
relative humidity (RH) of 40-80%. Low RH prohibits CO2 from dissolving with
the water in the pores and in contrast, in environments with too much water, e.g.
submerged concrete, the permeation of CO2 will be slowed down. Equation 2 as
described in SIS (2019), is used to calculate the carbon uptake in kg CO2 / m2:

(2) Cu = ( k � DOC)

 p
t

1000

!

� Utcc � C

k is the carbonation rate in mm/
p

t, DOC the degree of carbonation about the sur-
face and t is service life.Utcc is the theoretical uptake of CO2 / kg in cement and the
value for portland cement (CEM-I) is 0.49. C is cement content in kg /m3 concrete.
The result is then divided by the volume of the studied concrete to obtain a value
on sequestered concrete during a buildings service life inkg CO2 / m3. In addition
to this, a decrease in carbonation rate by 30-50 % can be expected if the concrete
surfaces are covered. Exact rate depends on the thickness and properties of the cover.

"CEM" is the notation that refers to the European standard EN 197-1 that describes
the proportions of di�erent components in various types of cement in percentages
(SIS, 2019). Historically, CEM-I has been the most common type of cement used
in Sweden up until the 2000s (Andersson et al., 2013). For this type of cement, the
portland clinker ratio is typically 95-100% of the mass ratio, whereas other cement
types substitute some of the clinker with, e.g., furnace slag and 
y ash, resulting
in a lower clinker-to-mass ratio (B•ackman, 2022). This has been the trend since
the turn of the century, where CEM-II has been more widely adopted in Europe
for buildings which constitute of a lower rate of clinker and more substitutes (SIS,
2019).
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2.3 Demolition

The European Union recognizes the inherent potential environmental improvements
by recycling concrete & demolition waste (CDW) and established in 2020 a waste di-
rective framework with a target of recovering 70% non-hazardous CDW for recycling
or re-use. Generally, the most common use of recovered demolition waste is as �ller
in road construction or as back�lling material. These utilisations often subceeds the
original quality of the materials, subsequently lowering the market value of them as
a secondary material compared to the original one. Due to this, it is not deemed
optimal in a circular perspective nor is it as e�cient in substituting materials as
it could be and therefore the overall environmental performance could be improved
Caro et al., 2024. The studied buildings within the municipality of Gothenburg all
have data on concrete quantity, but on average this constitutes 24% of CDW on av-
erage in the EU. Demolition and collective practices plays a vital role in how much
concrete is recovered and although the technology exists, there are other barriers
that prevent use of recovered materials as a secondary product. Identi�ed obstacles
are:

ˆ Perceived expense of recovering and recycling in contrast to land�lling
ˆ Low demand amongst buyers
ˆ Regulatory challenges e.g. safety requirements
ˆ Chemical compositions
ˆ Competition with low-cost products stemming from virgin resources which

may be cheaper

Essentially, products from primary materials don't necessarily factor in external
costs such as pollution or resource depletion which are often borne by society or the
environment rather than the producer.

The amount of concrete that will be available for processing will thus depend on how
much is recovered from a demolition and the purity of the waste as only the concrete
is of interest in a carbonation perspective. Some concrete elements may be salvage-
able and re-used which should be a priority according to the Swedish planning and
construction law (\Riva, �atervinna och �aterbruka { Boverket", n.d.). Thus, not all
concrete may be crushed and utilized for carbonation. However, this study aims to
analyze the carbonation potential if all concrete where to be utilized for carbonation.

2.3.1 Particle sizes

Aggregates are a necessity for working infrastructure in society as it serves in many
vital structures such as roads, railways, docks, airports, hospitals, residential build-
ings and many more areas of usage (Bergmaterialindustrin, 2019). The size of the
aggregates varies depending on the application, of which a few are presented below
as described by (\Grus, makadam, stenmj•ol och bergkross | NCC" (n.d.)):
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Stone meal : 0/2 or 0/4 mm are very �ne fractions and can be used for adjustments
and hardening of walking paths, driveways and football �elds.

Ungraded crushed rock : Coarser material with �ner fractions included. Fractions
such as 0/16, 0/32 and 0/90. These can serve as sub-base road layers and foundation
layers.

2.4 Methods for CO 2 sequestration

2.4.1 Optimizing natural carbonation of RCA

One alternative for increasing the carbon sequestration in concrete aggregates (CA)
without applying any new technologies is by changing the way the aggregates are
stockpiled at the end-of-life. Knowledge of conditions for optimizing storage of CA is
essential to leverage it as a carbon sink. As shown in �gure 3, the largest carbonation
potential is evidently to be leveraged once the concrete is demolished into smaller
fractions.

Figure 3: X-axis displays the service life of the concrete and Y-axis the relative
carbonation potential. The largest potential is showcased in the waste handling
stage (SIS, 2019).

These conditions were researched in a recycling center in Topinoja, Finland Skanska
Finland and Toni Kekkonen Betoni (2023)to identify improvements in how the CA
are stockpiled. Four piles with CA in the fractions 0-90 mm and 20-90 were mea-
sured for 14 months by their carbon dioxide concentrations, and humidity, within
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the pile at 4 di�erent depths: 0.25, 0.5, 1.0 and 2.0 m from the upper surface. Two
piles of 0-90 and 20-90 mm were sheltered from rain during the research as to �nd
out if it would a�ect the carbonation. In a non-sifted conventional pile of 0-90 mm
CO2 concentrations varied from 20-130 ppm. The lowest concentrations were seen
at the bottom of the pile at 20 ppm and 130 ppm at the surface layer. It was ob-
served that carbonation occurred at the bottom of the pile, although at a slower rate
and after after 6 months 85% of concrete 0-90 was carbonated which corresponds
with the same DoC as displayed in SIS, 2019 for concrete surfaces exposed to rain.
Additionally, the tests conducted in Finland, no substantial di�erence in the piles
that were sheltered from rain could be observed as they dried out quickly.

Another study of CO2 sequestration in various fractions were presented in (SIS
(2019)) and it was observed that smaller fractions carbonated at a faster pace, more
speci�cally 0-4 mm. One cubic metre of concrete with a cement paste of 350 kg/m3,
with an assumed water-cement ratio of 0.43, was crushed into three fractions with a
depth of 0.4 m and placed in pallets sheltered from rain: 0-4, 4-8 and 4-16 mm. The
three fractions generated a total uptake of 37 kg CO2/ m3, about 8.3 kg / ton con-
crete after 18 months of storage. These results were similar when compared to two
other studies in SIS (2019). In comparison with mixed stockpiling, this approach
generated a 4 time higher carbon sequestration. It is essential to sort the piles into
similar fractions to create void space to allow air
ow for a more e�cient carbona-
tion. According to the study by Leemann et al. (2023), it was concluded that �ner
particle sizes allow for a more e�cient carbonation, with 0-4 mm achieving the best
uptake of CO2. Interestingly, fractions of 4 mm of high-quality concrete didn't car-
bonate at all. Furthermore, in their �ndings, 80 % of the carbonated cement paste
had carbonated after 1.5 months of their total 6-8 months of storage. Similar to
results from Skanska Finland and Toni Kekkonen Betoni, 2023, it was observed that
the DoC was only marginally higher at the outer layer of the studied stockpiles, and
still carbonated at a similar degree at a depth of 1-2.5 m.

Initially, a DoC is needed in order to estimate storage time, where after that time
period the CA can be tested by thermogravimetric analysis (TGA) which measures
weight loss between temperatures 500 - 1000 degrees celsius to calculate captured
CO2.

Carbonation occurs rapidly after demolition concrete has been crushed when a new
fresh surface comes into contact with the air. It is necessary to determine a degree
of carbonation in order to calculate the amount of captured CO2. Since this process
slows down over time, there is thus an optimal storage period.

2.4.2 Accelerated carbonation

This chapter will introduce two methodologies possible for accelerating the seques-
tration, both of which are mainly theoretical and not as of yet applied in a larger
scale. This will however serve as a foundation for exploring potential future man-
agement plans for CA by examining the literature on carbonation and combining it
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with the case study of the MPPs.

Carbonation of concrete is desirable for the construction sector as it reduces the
carbon footprint, which consequently have increased studies on the subject along
with accelerated carbonation technologies. The amount of accelerated carbonation
technologies that have been tested on an industrial-scale are rather limited, and
so most are under development in laboratory settings and falls roughly into two
methods; Applying pressurized CO2 in a chamber or adding a solvent in which the
sequestration takes place (Li and Wu, 2022). By applying an accelerated carbona-
tion technology on concrete aggregates (CA) one can achieve the following:

1. Speeding up the CO2 sequestration process.
2. An increase in uptake e�ciency compared to letting the concrete carbonate

naturally, e�ectively increasing the DOC.

2.4.2.1 Fastcarb: a case study in France

In France, an initiative aimed at studying the feasibility in accelerated carbon cap-
ture via RCA. Two pilot installations within cement plants utilized untreated in-
dustrial gases emitted from cement kilns and processed quantities on an industrial
scale. The crushed aggregates (CA) used were in the fractions 0-4 mm and 4-16 mm
Torrenti et al. (2022).

The �rst installation was a rotating drum of 11 m in length and with a radius of 2m,
where the RCA was placed for carbonation with a connected pipe with 
ue gases
emitted from a cement kiln. The temperature of the gas was 60-80 degrees celsius
with a CO2 concentration of 11-16 % and a relative humidity (RH) in the drum of
90 %. With a capacity of 3 tonnes of RCA it showcased an optimal residence time
of 1h, which in the end resulted in 2h when including �lling and emptying of the
drum. The rotating drum resulted in an average carbon capture of 31 kg CO2/ton
for the fractions 0-4 mm and 5kg / t for 4-16 mm.

Another installation was made which utilized a 
uidized bed which resulted in
slightly higher carbon uptake at 39 kg CO2 / t for the fraction 0-4 mm and 12
kg CO2 / t for 4-16. The 
ue gas in this case had a CO2 concentration of 20%.
Overall, the Fastcarb project showcased that the fraction 0-4 mm was of most inter-
est in a carbonation perspective and could capture 25-40 kg CO2 per tonne, results
that were similar to tests under in laboratory settings. Industrial 
ue gases consti-
tute of several substances apart from CO2 such as NOx and SO2 and was observed
to adversely a�ect carbonation Torrenti et al. (2022) when compared to a stream of
air without NOx and SO2. Furthermore, In the summary of the Fastcarb project,
it was evident that emissions and the gains of carbon sequestration were largely
a�ected by the transportation of aggregates. Bergmaterialindustrin (2019) argues
that Exceeding a transportation distance of 20 km with aggregates is not deemed
reasonable in an economical nor environmental perspective.
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As previous research has concluded, particle size matters, and �ner fractions in-
creases the surface area of concrete that can be carbonated SIS (2019), Stripple et
al. (2018), Torrenti et al. (2022). In addition to this, a RH of 40-80 % was deemed
optimal for carbonation as too little moisture wouldn't enable the carbonation pro-
cess and too much would slow down the di�usion of CO2 into the cement pores. In
Li and Wu, 2022 it was however argued that a higher water content with elevated
temperatures may boost carbonation as it promotes two important aspects for the
process: Di�usion of CO2 and leaching of calcium ions. The solubility of those two
is however reduced, which is why an addition of water is needed.

Li and Wu (2022) further explains that a signi�cant acceleration of the carbonation
occurred when increasing the CO2 concentrations from atmospheric levels (0.03 %)
to 20-40 %. A continuous increase of concentration from 40-100 % showed marginal
improvements on the carbonation. The study concluded that surface area (particle
size) of the aggregates and temperature were deciding factors in carbonation e�-
ciency. The process could be sped up by increasing pressure and CO2 concentrations,
these factors did not however prove to increase the overall degree of carbonation.

Increasing temperatures accelerate the di�usion of CO2 and speed up carbonation re-
actions, which boosts the capacity for CO2 absorption and reaction rates. However,
elevated temperatures also promote the formation of calcite layers and particles, as
depicted in Figure 5. These calcite layers adhering to mineral surfaces may hinder
the release of calcium ions, while calcite particles can densify the porous structures
of cement paste, thereby slowing down the di�usion and dissolution of CO2 [102].
Consequently, the in
uence of rising temperatures on the carbonation process of
materials entails two con
icting factors.
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Figure 4: Overview of steps in methodology

The methodology comprises data acquisition related to the physiology of cement,
concrete, and carbonation through a literature review, the

3.1 The case study: the million program 1965-
1974

The case study aims to quantify the carbon capture potential in the concrete stock
in million program (MP) buildings built between 1965-1974, in the municipality of
Gothenburg. 1.4 million homes were built in Sweden between 1961-1975, of which a
million were built between 1965-1974 in what became known as themillion program.
The million program was a response to housing shortages and poor living conditions
in Sweden during a period of rapid economic growth and labor migration after the
Second World War. Employment opportunities and vacancies in urban areas led
to an in
ux of citizens from the hinterlands during the 1950s and 1960s (Molinder,
2018). Sweden's three largest cities; Gothenburg, Malm•o, and Stockholm; together
had 330'000 new multi-family housing built during the million program (Johansson,
2012), an indicator of the in
ux of citizens to urban areas that Sweden experi-
enced during this time. Today, buildings constructed during these years make up
approximately 30% of all homes in Sweden according to data from Statistics Swe-
den (2023). These buildings are approaching their technical lifespan, and are in
need of reconditioning, as shown in �gure 5. Research by Thuvander et al. (2015)
indicates that only a third of the buildings from this era had been refurbished by
2015. A report by the Swedish construction �rm NCC (2021) estimates the total
cost of renovating these buildings at 500 billion SEK, the equivalent of about 10%
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Figure 5: Number of million program
apartments in need of renovation per region
in Sweden (NCC, 2021).

of Sweden's GDP in 2021 (Our World
In Data, 2022). Of all homes con-
structed during the million program,
ca. 75'000 were built in the mu-
nicipality of Gothenburg, which to-
day amount to ca. a third of its
housing stock (G•oteborgs Statistik-
databas, 2022). The plan of erecting
one million homes in one decade ne-
cessitated industrialized construction
techniques with many prefabricated
components. The implementation of
these innovative building practices in-
tended to ensure a�ordability, with
the goal that a two-room apartment
should cost no more than a �fth of an
industrial worker's salary, which be-
came possible with these new build-
ing practices, as well as through ben-
e�cial government loans (SCB, 2024;
Sveriges Allm•annytta, n.d.). Re-
inforced concrete was the preferred
material to construct MP buildings
(Bj•ork et al., 2016). It was cost-e�cient, robust, and low-maintenance, all attractive
characteristics for constructing functional, multi-story apartment buildings. During
the height of the MP the domestic use of concrete reached levels that have not been
seen since, see �gure 6. This extensive use comes with environmental drawbacks
related to its production, but there are also issues with end-of-life waste manage-
ment of concrete, which will be important to address in the future when this large
building stock reaches its technical lifespan.

The MP was successful in that it mitigated the housing crisis and provided cheap
apartments, but it was already criticized from the beginning for its architectural
uniformity, lack of green areas, and concerns about social issues that arise from lo-
cating large groups of low-income citizens within speci�c geographical areas (Bover-
ket, 2020; Lundberg, 2018). With these buildings reaching the end of their technical
lifespan in the coming 40-60 years, there is an active public debate on the future of
the million program, with stakeholders voicing a number of concerns. Segregation,
energy e�ciency of buildings, the growing number of dwellings in need of renova-
tion, as well as the costs related to this, are all points raised in the last 15 years
(Johansson, 2012; Mossfeldt, 2011; NCC, 2021; Nytt & Viktigt, 2014; Vicktor, 2009).
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Figure 6: Amount of cement and concrete used in Sweden 1893-2011 (Andersson
et al., 2013)1.

3.1.1 The future of the million program

The million program is, as explained by Johansson (2012), a polarizing subject in
Sweden. The subject of an urgent need of refurbishment and the importance of
addressing social issues linked to MP areas are brought up in public debates. For
the sake of the problem formulation of this thesis it will be assumed that all buildings
are demolished after a service life of 100 years, arguments for this assumption are
presented in 3.2.

3.2 E�uence of concrete from MP building stock

The temporal material 
ow rate in the end-of-life phase of buildings is poorly under-
stood and is the focus of ongoing research. The useful life of a building is di�cult to
assess with certainty due to the many involved variables that lead to the demolition
of a building. Previous research on this topic has used various types of probability
distributions to predict future demolition rates, but Miatto et al. (2017) acknowl-
edges that there is no agreed upon model that estimates the amount of accumulated
construction material at urban or national levels. The choice of probability distri-
bution depends on demolition patterns, the nature of the built environment, and on
the availability of data, none of which currently is available at any reliable rate for
Sweden Tiberg, 2024. Predicting the lifetime of buildings in Sweden using previous
research is further complicated by the fact that they have mainly been carried out
in Asia, where the average lifespan of buildings can be as short as 30 years, which
does not re
ect the situation in Europe, where more than 40% of the building stock
in 2011 was constructed before the 1960s (Andersen and Negendahl, 2023; Daigo
et al., 2017; Economidou, 2011; Ji et al., 2021; Liu et al., 2014; Miatto et al., 2017).

1Reprinted with permission. ©2024 American Chemical Society

19



3. Method

Wiedenhofer et al. (2015) have modeled the 
ow of material stock in the EU25 and
found that Sweden has one of the lowest annual mean demolition rates with 0.03%
for the years 2003-2009. This demolition rate is based on a collection of the most
common residential buildings in the EU in 2003, which the authors acknowledge
only represent 80% of the building stock leaving a considerable uncertainty. The
low demolition rate points to the fact that buildings have a longer life in Sweden,
compared to other nations. Data from G•oteborgs Statistikdatabas (2022) shows
that the total building stock from 1961-1980 in Gothenburg grew ca. 1% between
2014-2022. According to email correspondence with G•oteborgs Stad this is due to
variations in the building stock due to reconstructions and corrections of error of
reporting from property owners.

Johansson (2012) argues that the million program, in comparison to other large-scale
housing programs in Europe during the same era, was well built and meant for a
growing middle class and that it will surely last 100 years. In 1994 new regulations
for the lifetime classi�cation of concrete structures were introduced, with the L2
class assuring a lifetime of 100 years, and L1 class 50 years. With the MP being
constructed before these regulations were implemented, it can still be assumed that
they were built with such robustness that a lifetime of 100 years can be assumed.
Multiple studies investigating carbonation uses 100 years as the assumed time hori-
zon for the service life of concrete buildings for calculation purposes (Andersson
et al. (2013) and SIS (2019). This will mean that a 100 year lifetime for the MP
will be ful�lled in 2065 for the buildings constructed in 1965 and so on, see �gure 7
for concrete output per demolition year.

3.3 Calculating the concrete stock and use-phase
CO 2 sequestration in the million program in
the municpality of Gothenburg

To properly assess the carbonation potential in the concrete stock from the case
study, a �rst step is to analyze how large the concrete stock is, and how much car-
bon has been bound in the buildings during their assumed lifetime of 100 years. This
will showcase the degree of carbonation and how much of the concrete that remains
available for CO2 sequestration. The data of the concrete stock was obtained from a
provided excel �le (Adamu and Bhattarai, 2022), which had data on the quantity of
concrete in buildings constructed in the municipality of Gothenburg. These values
were divided into groups per construction year and summarised, to get a picture of
how much concrete waste could be generated under the hypothetical scenario that
the technical lifetime of a building is 100 years and that it is immediately demol-
ished once it reaches its assumed lifetime. The data in the Excel document was
based upon the analysis of 46 typical residential buildings in Sweden constructed
over the time frame 1880-2010, comprising 12 single-family and 36 multi-family type
buildings. In the context of this thesis, only the multi-family buildings are to be
studied. The report from which the Excel �le is derived used material intensity data
to calculate the concrete stock in Gothenburg.
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The Excel �le also provided coordinates for each building which was inserted into
the geographical information system softwareQGIS to visualize the geographical
location of the concrete stock to investigate transportation emissions, see �gure 10.
To understand the spatial spread of buildings per construction year each building
was assigned a speci�c colour, as seen in �gure 10.

Figure 7: E�uence of concrete from the MP building stock in kilotonnes, per
assumed year of demolition.

3.3.1 CO 2 sequestration use-phase

To properly assess the carbon uptake of a building during its service life, it is im-
portant to obtain as much data as possible on the buildings. Surface areas, wall
coatings, indoor and outdoor environment are all factors determining how much
carbon is captured during a buildings service life (Munthe, 2013; SIS, 2019; Stripple
et al., 2018). Many parameters beyond the exposure levels also contribute to the
actual carbonation depth of a concrete element during its technical lifespan, such as
the compressive strength of the concrete and the clinker ratio. SIS (2019) calculated
a mean use-phase carbonation value of a concrete multi-family residential building
to be 20 kg CO2/ m3. This value is for an assumed technical lifetime of 100 years, a
cement with clinker ratio of 95%, a cement ratio of 330 kg cement/m3 of concrete,
and a compressive strength of 25 MPa. These values are representative for a MP
building, as explained by Andersson et al. (2013), and as well as by construction
documents of an MP building from 1967 obtained from the Gothenburg city plan-
ning o�ce.

To calculate the amount of sequestrated CO2 during the technical lifespan the equa-
tion 3 is used:
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(3) Ca = �V

where C is the total amount of sequestrated CO2 in kg, � is the mean amount of
CO2 in kilograms that is sequestrated perm3 of concrete during 100 years, andV is
the total amount of concrete inm3. To calculate the carbonation degree, equation
4 is used:

(4) Cd =
�

eCc

whereCd is the carbonation degree in %,e is the ratio of emitted CO2 from calci-
nation in kg to the production of 1 kg of cement, andCc is the ratio of cement to
m3 of concrete.

3.3.2 Transport distances

Using the software QGIS enables measurement of the mean average linear distance
between emitter and resource parks. In QGIS the coordinates for the resource parks
were identi�ed through the use of pythagoras equation the shortest linear distance
between all MP buildings and the resource parks was calculated. The same method
was used to �nd the shortest distance between the resource parks and CO2-donors
to highlight the shortest routes of transportation from processing sites to emitters
to apply an industrial symbiosis and to keep the transportation distances as short
as possible.

3.3.3 Resource parks

An initial step was to identify where the eventual masses of demolished concrete
will be transported and processed. Information about the location of potential re-
source parks were acquired by research and discussions with Skanska. These were
then plotted on a map in QGIS and mean transportation distances were determined
by adding an 8.7 km radius around each processing site in QGIS as shown in 12.
The radius was chosen to avoid an overlapping. This appliance will illustrate the
areas of buildings that are closest in a linear distance to the processing sites. Build-
ings outside of the circles or in-between are measured in a linear distance in QGIS
to sort them to the closest processing sites. Once distances are established, the
transportation emissions can be calculated accordingly by multiplying an emission-
transportation factor presented in table 3.

3.3.4 Natural carbonation

The following parameters as presented in 3 are used to calculate potential CO2

sequestration and time frames for the respective scenarios. As the concrete elements
are crushed into various fractions, the volume subsequently increases and is assumed
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Table 1: Carbonation parameters from literature.

Carbonation method Fractions [mm] CEM-type
Degree of

carbonation [%]
Residency time Study

Natural carbonation 0/90 n.m 85 6 months [2023]

Natural carbonation 0/4,4/8 & 8/16 I 34.4 18 months [2019]

Fastcarb 0/4 I,II,III 37-59 60 min [2022]

Fastcarb 4/16 I,II,III 18 60 min [2022]

to be similar to that of virgin aggregates of similar fractions i.e. 1.6 t/ m3 which
results in 220 kg cement / m3 concrete.
The method of storing 0-90 mm in piles of 2 meters in height which, according
to Co2ncrete Solution (n.d.), would result in 85% carbonation after a period of 6
months was one of the few studies which analyzed larger stockpiles of concrete closer
to the operational realities of aggregate production. Each resource park will have a
varying maximum capacity of storing concrete depending on which pile dimension
Results provided in a study conducted in SIS (2019) presented a total of 37 kg of
CO2 / m3 after 18 months by piling in 3 separate fractions of: 0-4, 4-8 and 8-16
mm. For this thesis, the piles were stored in 0.4 m and on pallets. Utilizing the
parameters from both studies, the outcomes in this study will provide a range of po-
tential CO2 sequestration estimates, spanning from a minimum to a maximum value.

As described by Munthe (2013), the current waste handling system in Sweden re-
sults in an intermediate stockpiling of demolished concrete for 0.5-4 years and 1-4
months for the storage of mixed fractions. If approximately 6 months are needed for
intermediate stockpiling and crushing of demolished concrete, and if the interme-
diate stockpiling of mixed fractions (0-90 mm) also takes 6 months to achieve 85%
carbonation, the total processing time for CA would be 12 months. It is assumed
that the storage space for an in
ow of concrete prior to processing is not an issue.
This time frame of 12 months will be used in the calculation examples when inves-
tigating the 2m scenario.

Time frame: 2 m scenario
ˆ 6 months initial processing & intermediate storage
ˆ 6 months carbonation to achieve 85% DoC
ˆ Tot. processing time: 12 months

Time frame: 0.4 m scenario
ˆ 6 months initial processing & intermediate storage
ˆ 18 months carbonation to achieve 34.4% DoC
ˆ Tot. processing time: 24 months

An overview of the processes is presented in �gure 11 and includes the demolition
process from which the concrete is crushed into transportable pieces, use of load-
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Figure 8: Overview of required steps for utilizing concrete in natural & accelerated
carbonation

ers for loading and unloading crushed concrete onto trucks and into stockpiles, and
transportation for further processing at the resource parks where its crushed into
the desired fractions of either 0/90 or 0/4,4/8 and 8/16.

3.3.5 Cone-geometry and resource park processing capacity

By using the provided height from the studies of Stripple et al. (2018) (0.4 m height)
and Skanska Finland and Toni Kekkonen Betoni (2023) (2 m height) along with stan-
dard practices of storing cone-shaped or rectangular-shaped piles, a �rst observation
of required space for the concrete aggregates can be made. For each of the two cases
the volume of a conical stockpile with an assumed 37° angle of repose, which is a
common value for stockpiling concrete as per Concrete Plants Inc. (n.d.), can be
calculated by equation 5:

(5) Vc = 1:836h3

whereVc is the volume of a cone andh is the height of a cone in meters.

To calculate the maximum amount of concrete that can be stored at the three
identi�ed resource parks Vikan, K�allered, and Gunnilse the approximate size of each
site, hereafter notatedA rp , was measured with the area measuring tool in QGIS. To
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calculate the maximum amount of concrete that can be processed with respect to
the size of the resource parks the radius of a cone is calculated with equation 6:

(6) r =

s
3Vc

�h

The 
oor area, A, of a cone is then calculated with equation 7:

(7) Ac = �r 2

To calculate the maximum volume of concrete that can be processed at each resource
park, Vrp , equation 8 is used:

(8) Vrp =
A rp

Ac
Vc

3.3.6 Accelerated carbonation

As a Fastcarb unit requires a steady in
ow of CO2, the initial step involves identify-
ing industrial sites within reasonable proximity that emit CO2 in order to investigate
a potential industrial symbiosis. As previously mentioned in 2.4.2 a transportation
distance exceeding 20 km for aggregates surpasses the threshold where costs and
emissions become too high (Bergmaterialindustrin (2019)). It is assumed thatone
Fastcarb unit is attached to the chosen industries out
ow of 
ue gases where the
performance is equal to that of the pilot installation in the case study of Torrenti
et al. (2022). The steps involved for accelerated carbonation are represented in 8

Observing the distances and analyzing maps provided by The European Pollutant
Release and Transfer Register (E-PRTR) facilitates the identi�cation of potential
sites to implement an industrial symbiosis with the industries as CO2 donors for
the Fastcarb unit, see �gure 9 for selected CO2 donors. The seven sites that have
been included as CO2 donors in this thesis are selected upon their emissions of CO2,
the other sites within the municipality of Gothenburg did not have data for CO2

emissions.

Table 2: Parameters a�ecting the carbon uptake for Fastcarb. Ranging from an
uptake of 25-40 kg CO2 / t concrete.

Processing time [h] Concrete processed [t/yr] Min. sequestration
potential [t]

Max. sequestration
potential [t]

2 024 3 036 75.9 121.44

Similar to the stockpiling scenarios, the time frame for processing CA in the Fast-
carb scenario is presented as follows:
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Figure 9: Sources of industrial CO2 emissions in the municipality of Gothenburg
(European Environment Agency, 2024)

ˆ 6 months initial processing & intermediate storage
ˆ 12 months carbonation to achieve 37-59% DoC

3.3.7 Emission factors

In an attempt to quantify the net-gains of carbon sequestration in the di�erent sce-
narios, various emission posts connected to leveraging concrete as a carbon sink have
been identi�ed. Among the processes are demolition, transport, loaders, crushing
and emissions connected to operating a Fastcarb unit, referred to as carbonation
infrastructure in table 3.

The emission factors are presented in table 3. Emissions from the procedure of
producing CA in di�erent fractions varies depending on how many crushing steps
are necessary. 0/90 requires 2 crushing steps and for 0/4, 4/8 and 8/16 3 crushing
steps are required. The crushing emissions is a mean value calculated from 4 di�erent
resource parks in the region of V•astra G•otaland deriving from information supplied
by Skanska. The emissions will be allocated to the amount of processed concrete
in each scenario. This is to make the potential CO2 sequestration for the actual
processed concrete comparable to the emissions for this same amount of concrete. In
other words: emissions from excess concrete that can't be processed due to capacity
limitations wont be accounted for in the net emissions. The total emissions for
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each scenario are subtracted from the sequestrated CO2 to present the net carbon
capture.

Table 3: Emissions from EoL processing of concrete

Process Emissions Study

Demolition 0.007 [kg CO2 / kg concrete] 2021

Transportation 0.106 [kg CO2 / tkm] 2019

Crushing 1.63-1.92 [kg CO2 / t concrete] 2024

Carbonation 1.3 [kg CO2 / t concrete] 2023

Loader 1.18 [kg CO2 / t concrete] 2024
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3.4 Limitations

3.4.1 Scope and scale

The thesis is con�ned to evaluating the CO2 sequestration and emissions connected
to the cement bound in the MP buildings constructed 1965-1974 in the municipality
of Gothenburg. The time frame of the thesis is �rstly based on the assumption of
a 100 year service life for each of the MP buildings. After demolition, there are
three di�erent scenarios of carbonation occurring which will process the CA in three
separate time frames. As it is di�cult to know what the future holds in terms of
energy mixes, fuel use, processing equipments, and demolition practices the emission
coe�cients and scenarios are based on a business as usual scenario.

3.4.2 Theoretical limitations

As there is no standardised method of measuring the uptake of CO2 in CA it results
in studies presenting sometimes contradictory data that the scenarios in the thesis
are based upon. Moreover, there is a lack of studies investigating the industrial scale
of carbonation in stockpiles. Flue gases have various compositions depending on the
industry. The calculations in this thesis are based on 
ue gases being similar to that
of the cement kiln in the pilot installation in France, and that the fastcarb machine
can capture 25-40 kg when paired with 
ue gases from the chosen industries in VGR.
This thesis does not account for economic aspects of constructing this carbonation
system.

3.4.3 Technical limitations

A mean average linear distance is applied to get an overview of distances and sub-
sequently emissions connected to transportation of demolished concrete. Future
research directions are recommended to delve deeper into demolition of buildings,
as there is very limited data on predicting the demolition rates which is the founda-
tion for the material 
ow rate and thus the on potential sequestration in concrete
processed at the EoL. The calculations presented in 2.2.2 are explained as a back-
ground for carbonation calculations, but this method is not viable for use in this
thesis due to time constraints and the sheer volume of buildings examined. Instead
in-situ carbonation values are used.
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4
Results & discussion

The following section presents the results and discussion for the location, the amount
of concrete bound in, and the assumed year of demolition for the MP buildings of
interest to this thesis: multi-family concrete buildings constructed in Gothenburg
municipality between 1965-1974. The CO2 sequestrated during the MP buildings
lifetime is also presented as well as the potential for CO2 sequestration after the
demolition of the buildings in three di�erent scenarios: stockpiling in 0.4 m or 2 m
and using Fastcarb technology.

4.1 Location and concrete stock in the case study

The data in the provided excel-�le resulted in 1 142 buildings being identi�ed after
removing buildings which lacked coordinate data or were located in the archipelago,
which is presented in �gure 10. Table 4 presents the amount of concrete bound in
the MP buildings aggregated per year of construction. For Gothenburg municipality
it can be seen that the largest amount of concrete is found in buildings built year
1965 and 1967-1971, with a steep drop-o� for 1972-1974 and with 1966 having quite
low volume as well. This can be interpreted as the mid 60s to early 70s being the
peak years for the completion of MP buildings in Gothenburg municipality. As for
the location of the buildings, �gure 10 shows that the location of the buildings are
in large south-west to north-east in relation to Gothenburg city-center. Each dot
represent a building, and they are color coded by construction year. It can be seen
that for the early years, 1965-1970, the buildings are located in the south-west and
north-west, while buildings constructed later have more central or northly locations.

4.2 Lifespan and CO 2 sequestration during use-
phase

Table 4 presents the results for the amount of sequestrated CO2 during the lifetime of
MP buildings constructed in the years 1965-1974. A total of 19 857 tons of carbon
dioxide can be bound in the concrete of the 1 142 buildings during an assumed
lifetime of 100 years, see 3.2 for arguments for assumed lifespan. This amounts to
a lifetime DoC of 12.4 %, which agrees well with established use-phase carbonation
degrees of 10-20 % in the aggregated data from SIS, 2019. It should be emphasized
that the used carbonation value to retrieve this result of 20 kg CO2/ m3 derives from

29




	List of Acronyms
	Nomenclature
	List of Figures
	List of Tables
	Introduction
	Aim
	Research questions

	Background
	Production, emissions and waste management of concrete
	Calcination- and fuel emissions
	Contemporary post-demolition management of concrete

	Carbonation
	Estimating carbonation
	Conditions for carbon uptake

	Demolition
	Particle sizes

	Methods for CO_2 sequestration
	Optimizing natural carbonation of RCA
	Accelerated carbonation
	Fastcarb: a case study in France



	Method
	The case study: the million program 1965-1974
	The future of the million program

	Effluence of concrete from MP building stock
	Calculating the concrete stock and use-phase CO_2 sequestration in the million program in the municpality of Gothenburg
	CO_2 sequestration use-phase
	Transport distances
	Resource parks
	Natural carbonation
	Cone-geometry and resource park processing capacity
	Accelerated carbonation
	Emission factors

	Limitations
	Scope and scale
	Theoretical limitations
	Technical limitations


	Results & discussion
	Location and concrete stock in the case study
	Lifespan and CO_2 sequestration during use-phase
	Resource parks
	Natural carbonation
	Pile geometry
	Vikan resource park
	Net-emissions: Vikan
	Kållered resource park
	Net-emissions: Kållered
	Gunnilse resource park
	Net-emissions: Gunnilse
	Utilizing surplus volumes

	CO_2 donors and Fastcarb technology
	Fastcarb: Vikan
	Fastcarb: Kållered
	Fastcarb: Gunnilse

	Net-emissions: Fastcarb technology
	Aggregated results

	Conclusion
	Bibliography
	Appendix
	Process emissions, Vikan 0.4 m
	Process emissions, Vikan 2 m
	Process emissions, Kållered 0.4 m
	Process emissions, Kållered 2 m
	Process emissions, Gunnilse 0.4 m
	Process emissions, Gunnilse 2 m
	Process emissions, Fastcarb Vikan
	Process emissions, Fastcarb Kållered
	Process emissions, Fastcarb Gunnilse


