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In Switzerland, concrete fines from construction and demolition waste (C&DW) are usually down-cycled 
for low quality purposes. Therefore, companies have few incentives to improve the demolition process 
separating the coarse aggregates, sand and the hardened cement matrix. The use of concrete fines from 
demolition waste, however, could increase value added for companies if properly used in the cement and 
concrete production. These could be used either to replace part of the raw materials in clinker production 
or as supplementary cementitious materials (SCM's) reducing the clinker content in cement. Furthermore, 
they can also be used to replace virgin sand in the concrete production. All these alternative uses of concrete 
fines will effect CO2-emissions in the Life-Cycle of concrete as well as resource consumption and 
production costs.  

In the ongoing research project "CLOSE", we investigate alternative uses of fines from construction and 
demolition waste and evaluate their benefits from an environmental and an economic perspective. We also 
assess possible effects on the quality of concrete produced with these secondary materials, also considering 
the carbonation of the concrete fines. We work in close collaboration with cement producer JURA 
Materials, as industry partners, using simulation methods as well as comprehensive material testing 
according the Swiss standards for cement and concrete.material testing. For the evaluation of environmental 
and economic impacts, we use Life-Cycle-Assessment focussing on GWP (including the effect of carbon 
uptake by carbonisation of crushed concrete) as well as cost calculation methods. It is a feasibility study to 
identify the most promising use of recycled concrete fines and show requirements for appropriate 
demolition processes and preparation process as well. 

In this early-stage paper, we focus on using crushed concrete fine as a raw material substitute in cement 
production and discuss the chemical composition of construction and demolition waste (C&DW), the 
carbon uptake and Life-Cycle-Assessment (LCA). First preliminary results are presented and discussed. 

Keywords: concrete, cement, recycling, construction and demolition waste, LCA 

1 Introduction 

In Switzerland, around 15 million tons of construction & demolition waste (C&DW) were produced in 2014 
[1], of which approximately 7 million tons are concrete and mixed demolition waste (e.g. masonry). 
According recent studies [2], [3] the amount of construction waste from building construction will increase 
significantly due to a higher demolition and renovation ratio. It is assumed, that the amount of C&DW in 
the building construction will increase to 9 million tons in 2025. In Figure 1 it can be seen, that the biggest 
increase is to be expected in concrete waste, as the amount of mixed construction waste will remain stable. 
This is due to the fact, that there is an increasing demolition ration of buildings from 1961 and younger, 
which are mainly made of concrete. Today, the highest demolition rate is still at buildings aged around 60 
to 70 years (build 1947 until 1960), where the share of masonry is higher than concrete [2]. 
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Figure 1: Development 2005-2025 of construction waste by material grou p in the building 
construction [2]  

As result of the increasing amount of waste, the Federal Office for the Environment of Switzerland(FOEN) 
declared in 2016, that all waste such as municipal waste or construction and demolition waste "must be 
recycled or recovered for energy" [4]. The condition is, that the recovery "does less harm to the environment 
than (a) any other form of disposal; and (b) the manufacture of new products or the acquisition of other 
heating fuels". In addition, the "Recovery must be carried out according to the state of the art". Around 70-
80 % of the overall C&DW, as of today, is recycled for building materials, while the rest is deposited or 
burned in waste incineration plants [1], [5]. However, most of the processed C&DW is "down-cycled" into 
materials with subordinate technical requirements such as lean concrete or as road subbase material [6]. One 
reason for the Downcycling is the crushed concrete sand with grain sizes smaller than 4 mm. The European 
Cement Research Academy [7] states, that the re-use of crushed concrete is a challenge due to the less 
favourable properties of the crushed concrete fines. 

By considering the above-mentioned amount of concrete waste in the building construction sector in 
Switzerland, it becomes clear, that there is a high potential in the optimisation of the use of the crushed 
concrete sand. In 2015, approximately 2.5 million tons of concrete waste have accrued. When crushing this 
concrete waste to aggregate of a typical grading curve (for example Fuller 0/32 mm), we can estimate, that 
there is a share of around 35 % (0.875 million tons) of crushed concrete fines 0/4 mm. As stated before, 
this sand is usually used for low-quality purposes, which means, that the special properties of the sand, for 
example the possible reactivity of the cement paste, remains unused.  

 

The Swiss cement and concrete industry makes a major contribution to the recycling of waste. As shown in 
Figure 2, secondary materials are used in various processes along the value chain as alternative fuels and raw 
materials (AFR) in cement kilns, as supplementary cementious materials (SCMs) in the cement mill or 
concrete production or as aggregates in concrete production. This common practice reduces the burden on 
the environment in three ways: by saving natural resources (lime, marl, gravel, sand, coal and oil), by reducing 
waste and by reducing greenhouse gas emissions [6]. The latter effect in particular is decisive, as the 
contribution of the cement and concrete industry to the greenhouse effect is considerable, accounting for 
around 8% of total carbon dioxide emissions worldwide [8]. For years, the industry has been using 
conventional technologies to reduce CO2 emissions: increasing energy efficiency, clinker substitution and 
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the use of alternative fuels. However, their potential has now largely been exhausted. As a result, little 
progress is being made in reducing CO2 emissions [9], [10]. 

 

Figure 2: value chain of cement and concrete  

[11] suggest that recycling of concrete fine from demolition could further reduce CO2 emissions in the 
concrete product system. Yet, quality of crushed sand has a significant influence on the possibilities of 
returning the crushed sand to cement and concrete production. On the one hand it depends on the methods 
of concrete demolition treatment [12]–[14] and on the other hand it is also influenced by whether the storage 
of concrete demolition increases the uptake of CO2 in the cement paste. This storage is currently being 
discussed in the cement industry in order to make an additional contribution to climate protection [15]–
[17].  

This is where the here presented research project CLOSE comes in. Its aim is to optimize the usage of 
concrete demolition waste, especially the crushed concrete fines as a by-product. The economic efficiency 
of concrete recycling will be significantly improved if this crushed sand can be used profitably in cement 
and concrete production. In the CLOSE project, three technically viable applications of this crushed sand 
are to be evaluated according to sustainability criteria with a focus on climate protection, resource 
conservation and waste avoidance. 

In order to develop concrete specifications for the further development of concrete demolition processing 
methods, it must be known which crushed sand quality is to be aimed for. This requirement depends on 
how the crushed sand is returned to the cement and concrete production. Possible applications (see Figure 
2) would be: (i) as a raw meal substitute, (ii) as additives in cement mills or concrete production or (iii) as 
aggregates in concrete production.  

Looking at the year 2015, 4.2 million tons of cement where produced in Switzerland [9] which corresponds 
to a consumption of raw materials of approx. 5 million tons. Considering the above calculated amount of 
available crushed concrete fines (0.875 million tons), the possible substitution of raw material in the clinker 
production is calculated to 17 %. In the same period, 39.8 million tons of concrete where produced [18]. 
Assuming, that around 70 % of the concrete is aggregate and 35 % of that is the fine fraction of sand 0/4 
mm, the amount of virgin sand used for the concrete production is approx. 9.75 million tons. That leads to 
a maximum substitution ratio of concrete fines of 9 %, assuming that all of the available crushed concrete 
fines are usable.  

Based on these interrelationships, an evaluation of the possible application sites of crushed sand represents 
an essential prerequisite for the development of suitable processing methods. 
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In the project, the following research questions are to be answered: 

(i) To what extent can CO2 emissions be reduced in cement production (taking carbonation into 
account)? 

(ii) To what extent can the consumption of natural resources (lime, marl, gravel, coal and oil) in cement 
production be reduced by recycling crushed concrete sand? 

(iii) What are the risks for cement and concrete quality? 
(iv) What are the requirements for the quality and quantity of the cement paste present in the crushed 

sand?  

In this paper, we focus on using crushed concrete fine as a raw material substitute in cement production. 
By investigating the chemical composition, calculating the carbon uptake and investigating the life cycle of 
concrete regarding the carbon uptake, we try to answer the first and second above-mentioned questions. 

2 State of research 

2.1 Concrete fines as raw material for the clinker production 

In recent years, several studies have dealt with the quality of construction and demolition waste and their 
use in the cement and concrete production. On the one hand, the focus was placed on the treatment 
processes of C&DW, on the other hand several studies investigated the quality of the aggregates for the use 
as a raw material in the cement industry and came to the conclusion, that the fine aggregate can be used as 
a raw material [6], [7], [14], [19], [20].  

2.1.1 Chemical composition of the crushed concrete fines 

Raw materials containing calcium (Ca), silicon (Si), aluminium (Al) and iron (Fe) as main components are 
used for the production of cement clinker [21]. These are usually limestone, clay and marl.  Therefore, the 
chemical composition of the crushed concrete determines the possibilities for the usage of the concrete 
fines [22].  

One study stated [14], that "if the recycled material consists mainly of concrete, it can serve as a CaO-
containing component in cement production, if the proportion of bricks predominates, it can be used as an 
Al2O3 carrier.". Several studies investigated the chemical composition of recycled concrete fines [14], [19], 
[20], [23]. As recycled crushed concrete sand mainly contains CaO and SiO2 it is particularly suitable as a 
clay substitute in clinker production due to its chemical composition [22]. However, depending on the used 
virgin aggregate (silicate or calcite), the content of CaO and SiO2 may vary significantly (see Table 1), which 
makes it essential to determine the chemical compositions of the material which is to be utilized. 

Table 1: chemical composition of crushed concrete materials [22]  

 [M-%] SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O SO3 

Crushed 
concrete 
materials 
n = 65 

Ø 64.8 6.1 2.5 12.3 1.2 1.7 0.8 0.6 

Min 16.0 2.1 0.9 5.0 0.4 0.3 0.1 0.3 

Max 77.9 9.2 4.2 37.5 6.5 4.9 1.7 1.3 

 

2.1.2 Burnability 

One aim of the project is to investigate the possibility to minimize the environmental impact by using 
crushed concrete fines. As the burning process of the clinker production represents the highest energy 
demand in the value chain, it is essential, that the usage of crushed concrete fines as a substitute for raw 
material does not lead to a higher energy demand or higher CO2-emmissions. According to [6], a reduction 
of the firing temperature when using crushed concrete fines as substitution is possible, which would reduce 
the energy demand of the clinker production. However, it must be noted, that the synthesis of C3S does not 
take place completely during the firing process, which leads to a low early strength [20], [23]. The higher the 
substitution rate, the lower is the C3S content, which, in the end, leads to a loss of compressive strength. 
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2.2 Carbon uptake 

Concrete is able to capture CO2 in its service life through carbonation, leading to a significant decrease of 
the total CO2 emissions in the value chain of concrete [24], [25]. In this process, the CO2 from the air is 
bound by the calcium hydroxide Ca(OH)2 in concrete forming calcium carbonate CaCO3. As this process 
depends on several boundary conditions like accessible surface, cement composition, concrete quality or 
exposure conditions [26], there is no consensus in research as to how much CO2 can be rebound. The values 
in recent studies vary between 10 and 40 % [16], [25], [27].  

2.2.1 Surface area 

Even if the values of the possible uptake fluctuate in current research and are subject to uncertainties, all 
studies clearly show that the CO2 absorption in the recycling phase is significantly higher than during the 
lifetime (see Figure 3), as the crushing of the concrete significantly increases its specific surface area and 
exposes areas that have not yet been carbonated. It is stated that crushed construction and demolition waste 
(C&DW) can bind more CO2  than the concrete in the actual construction and, therefore, contributes to 
further reduce CO2 emissions if prepared and stored in a favorable way [26], [28].  

2.2.2 Water-Cement-Ratio 

A higher water/cement ratio (w/c-ratio) causes a higher porosity leading to a higher surface area exposed 
to CO2. According a recent study [29], the carbonation rate is highest at a w/c-ratio of 0.6. Another study 
[30] also concluded that mortar and concrete with a higher w/c-ratio can bind more CO2 as another study 
set am optimum w/c-ratio at 0.45 [31]. 

 

Figure 3: Rebinding of C02 by carbonation of concrete [32]  
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2.2.3 Humidity 

According to [33], the maximum speed of carbonation can be achieved at a relative humidity of 60 to 80%. 
Humidity plays an important role for two reasons. Firstly, the presence of water is a prerequisite for starting 
the chemical reaction. On the other hand, too much moisture inhibits the reaction, as the CO2 can penetrate 
less quickly. Therefore, a relative humidity of 50 to 70% is assumed to be optimal for carbonation [26]. 

2.2.4 Targeted carbonation 

Due to the carbonation process the density of the cement paste increases, while the porosity decreases. This 
is due to the fact that the end product of the chemical reaction, CaCO3 has a higher density than the starting 
product Ca(OH)2. For this reason, there are already several studies dealing with targeted carbonation. The 
aim is not only to reclaim CO2, but also to improve the properties of the crushed sand. According to [15], 
[31], [33], the treatment of aggregates with CO2 leads to an increase in bulk density and thus to a reduction 
in porosity. In particular, capillary porosity is reduced, which has a positive effect on compressive strength 
compared to a reference concrete with the same aggregate.  

In the case of using the crushed concrete fines as substitute of raw material in the clinker production, as 
described in this paper, a low carbonation ratio is desired, as otherwise the bound CO2 must be released 
again in the combustion process in the clinker production. 

2.3 Life-Cycle-Assessment of concrete 

Life cycle assessment (LCA) is a methodological framework used to assess environmental impacts of a 
product or service from a life cycle perspective, including resource extraction, production, use and end-of-
life activities (e.g. waste treatment). Its development started in the 1960s focusing on the comparison of 
environmental impact of consumer goods and first studies in the construction sector appear in the1980s 
[34]. A common methodological framework wasn’t developed until the late 1990s when the International 
Organization for Standardization (ISO) published its 14040 series [35], [36] 

Since then, the interest in LCA rapidly increased. It encouraged the development of a specific 
methodological framework for LCA of building materials and products with a set of environmental data 
defined by pre-set categories of parameters based on the ISO14040 series. It results in Environmental 
Product Declarations (EPDs) and was standardized on a general level by ISO (ISO Technical committee 
(TC) 59 ‘Building Construction’) [37] as well as by the European Committee for Standardization (CEN) in 
its Technical Committee (TC) 350 ‘Sustainability of construction works’. This led to the emergence of EPD 
programs (mostly in Europe, Canada and the US) that started developing and publishing specific 
methodological frameworks for product categories, called PCRs (Product Category Rules). In 2015, [38] 
state that more than 28 EPD programs exist worldwide  referring to ISO 14025” (…), providing more than 
2256 PCR documents and more than 3600 EPDs. Yet, the growing number of LCA studies for construction 
materials also revealed the need to further develop the method [34], [39]–[42].  

Looking at different LCA studies for concrete there is a surprisingly wide rage in the results for different 
environmental impacts such as Global Warming Potential (GWP) or Cumulative Energy Demand (CED). 
Some of this variation can be explained by the use of different data sources or methodological choices [38], 
[43], [44]. Yet, even within an identical methodological framework using the same data sources, results can 
vary up to 100% for the same type of concrete [45]. For LCA experts, this reveals the need to further 
develop the method [34], [39]–[42]. 

Along the value chain of cement and concrete production several strategies have been identified to reduce 
environmental impacts [11], [46]–[48]. The most significant strategies are: 

 improving the energy efficiency of cement plants and substituting fossil fuels in the cement kiln 

 reducing the clinker content in cement (clinker to cement ratio) 

 reducing the cement content in concrete 

 optimizing the use of concrete in construction 
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By implementing all strategies in parallel by different stakeholders, it is claimed, that CO2-emissions of 
concrete production worldwide could be reduced by about 80 % until 2050 [47]. 

Considering carbonation, it is assumed, that recycling demolished concrete could further reduce CO2 
emissions from the cement and concrete industry. At the same time, the consumption of mineral raw 
materials can be reduced [19]. Two effects are decisive for this: 

(i) Through the targeted processing and storage of concrete demolition, the rebinding of CO2 in 
the cement paste can be significantly increased. Individual studies estimate that 10-15% of the 
amount of carbon dioxide produced in the cement kiln during clinker production can be bound 
during a few years [26], [49]. Carbonation causes limestone to form and compact in the cement 
stone. This limestone can be used as a secondary raw material in cement production. 
 

(ii) The production of concrete granulate also results in a fine fraction (crushed sand) consisting 
of sand, hard cement stone and fine foreign particles (such as wood and plastic particles). Due 
to insufficient quality, crushed sand is not yet used in a targeted manner. The CO2-intensive 
cement stone is lost unused. However, this material could be reused in cement and concrete 
production and thus contribute to reducing environmental pollution.  

The described project will evaluate to what extent the environmental impacts of the cement and concrete 
industry can be reduced by further developing processes for recycling concrete demolition. The focus is on 
the use of crushed sand - a residue from the recycling process - in various processes along the value chain 
(Figure 2). 

2.4 Standards 

In Europe, the chemical composition of cement is defined  in EN 197-1:2011 [50]. This standard limits the 
main and secondary constituents as well as their respective contents. The development of low CO2-cement 
with high substitution rates of the constituents would not be possible within the framework of this standard. 
As the Swiss cement industry aims to reduce the CO2 emissions caused by the cement production, the 
guideline 2049 [51] was published to expand the possible usage of inorganic components and to support 
the usage of sustainable cement. In this guideline, new technical requirements and limits of the main and 
secondary constituents are set which make it possible to develop new cement compositions. This guideline 
also regulates the requirements and tests for the durability of concrete produced with the new cement. 

However, these standards would only be relevant in the case of the use of crushed sand as a supplementary 
cementitious material in the cement mill. When using the crushed concrete sand as a substitute of raw 
material in the clinker production, the requirements for the clinker in accordance with the standards is given 
by calculating the setting parameters to produce the respective reference clinker (see 3.2). 

3 Methodology and Data 

To determine the properties of the crushed concrete fines and estimate the potential for their use as 
alternative raw material, several testing methods and calculations are used. These are described in the 
following subsections. 

3.1 Polarized light microscopy 

As a first indicator to validate the possible usage of the crushed concrete fines, the ratio of aggregate to 
hardened cement paste is assessed. For this purpose, a sample of the crushed concrete fine 0/4 mm is 
poured into a fluorescent plastic compound and processed into a thin section. This thin section is then 
examined under the petrographic microscope and the ratio of aggregate to hardened cement paste estimated. 
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Figure 4: microscopic image in polarized l ight  

In Figure 4 a picture of crushed concrete fines collected within this project can be seen. First preliminary 
result of this first sample have shown that the content of hardened cement paste is approximately around 
15 %. Further microscopic investigation will lead to results that are more robust. 

3.2 XRF  

To determine the chemical composition of the crushed concrete fines, an X-ray fluorescence spectroscopy 
(XRF) with wavelength dispersive spectrometers is carried out. The specific elements of the sample are 
identified by measuring the energy of the emitted radiation, while the amount of the elements are measured 
by the intensity of the emitted radiation. With the elements Calcium oxide (CaO), Silicon dioxide (SiO2), 
Aluminium oxide (Al2O3) and ferric oxide (Fe2O3) the setting parameters lime saturation factor (LSF). 
silicate modulus (SM) and alumina modulus (AM) can be calculated as follows: 

lime saturation factor (LSF) =  
100 𝐶𝑎𝑂

2.8 𝑆𝑖𝑂2 + 1.18 𝐴𝑙2𝑂3 + 0.7 𝐹𝑒2𝑂3

 

 

(1) 
 

silicate modulus (𝑆𝑀) =  
𝑆𝑖𝑂2

𝐴𝑙2𝑂3 + 𝐹𝑒2𝑂3

 

 

(2) 
 

alumina modulus (AM) =  
𝐴𝑙2𝑂3

𝐹𝑒2𝑂3

 

 

(3) 
 

These parameters are then used to calculate the needed amounts of raw materials to produce a pre-defined 
reference clinker with corresponding properties. With the results, we can estimate how much raw material 
can be replaced by the crushed concrete fines. 

First preliminary results of XRD-analysis in this study can be seen in Table 2. These samples of processed 
C&DW were collected in two different recycling centres in Switzerland. It can be seen, that the contents of 
the relevant elements (CaO, SiO2, Al2O3 and Fe2O3) can differ significantly. Especially the difference of 
around 13 % in the content of CaO must be noted, as it has a crucial impact on the usage of the crushed 
concrete fines. This difference results in different lime saturation factors (LSF), which are used to determine 
the maximum substitution rate in cement production. [21] states, that the LSF for ordinary portland cement 
should be between 92 and 102. Since the LSF of the investigated samples is between 21 and 28 (see Table 
2), the assumption can be expressed that these samples are only partly suitable to be used as substitution in 
the cement production. Therefore, further investigations are needed before a definitive statement can be 
provided. 
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Table 2: preliminary XRF results of two samples  of crushed concrete fines  

   sample 1 sample 2 

particle size mm 0-4 0-4 

ignition loss % 23.50 20.88 

SiO2 % 47.66 41.12 

Al2O3 % 5.22 4.87 

Fe2O3 % 2.31 2.20 

CaO % 39.16 25.96 

MgO % 2.32 2.09 

SO3 % 0.57 0.40 

K2O % 0.98 0.85 

Na2O % 0.80 0.63 

TiO2 % 0.24 0.22 

P2O5 % 0.09 0.09 

Mn2O3 % 0.08 0.07 

SrO % 0.07 0.06 

Cr2O3 % 0.01 0.01 

ZnO % 0.01 0.01 

Na2O-Eq % 1.10 1.18 

LSF   27.78 21.23 

SM   6.37 5.82 

AM   2.25 2.22 

 

3.3 LCAs of concrete  

In previous own studies [52] we used an LCA to evaluate how environmental impacts of concrete product 
systems are affected by  

(i) variations of technical parameters, such as cement content, clinker cement ratio, origin of 
aggregate or fuel mix, and  

(ii) alternative methodological choices in LCA, such as allocation regarding carbon uptake.  

As stated before, the project CLOSE aims to reduce the environmental impacts in the cement- and concrete 
production. In context with the use of the crushed concrete sand as a raw material substitute, the 
consideration of CO2 uptake is particularly important (see 2.2). Therefore, the results of LCAs without 
allocation (see 3.3.2) will be extended with a calculated carbon uptake according [32] (see 3.3.3). 

3.3.1 System under investigation 

The investigated concrete product system also corresponds to the here described value chain shown in 
Figure 2: We analysed the system with two alternative system boundaries.  

System boundary A “cradle to gate” includes  

 Cement production with kiln and mill with all corresponding up-stream processes needed to supply 
raw materials (lime stone, clay etc.), fuels (coal, oil etc.) and electricity. The supply of alternative 
fuels is also included, but the allocation of the associated environmental impacts  

 Concrete production with all corresponding upstream processes needed to supply raw materials 
(gravel, limestone etc.) and electricity.  

 Transport processes between cement and concrete production are explicitly included. All other 
transport processes are modelled as part of the upstream processes of supplied materials and 
energy.  
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System boundary B “Cradle to grave” includes the system defined as “cradle to gate” as well as the use of 
concrete during the service life of a structure and storage of crushed concrete at a recycling plant or landfill. 
We model these processes to analyse carbon uptake (see following section). No environmental impacts are 
analysed for these processes. 

We compared environmental impacts of one cubic meter of concrete (functional unit) of an ordinary 
construction concrete in Switzerland focussing on the Global warming potential (GWP) according IPCC 
2011 (100 years in kg CO2eq).  

The life cycle inventory was set up in SimaPro 8.5. The data basis for the LCI is ecoinvent Version 3.4 from 
November 2017. As basis, the process "Concrete, sole plate and foundation {CH}| concrete production, 
for civil engineering, with cement CEM II/A | Cut-off, U" in its version 3.0.2.0 was used and modified in 
order to enable varying the concrete mix design. The electricity represents the Swiss electricity production 
mix in 2014. The mix designs of the respective concrete can be seen in Table 3: 

Table 3: mix design of the concretes for LCA [52]  

  
280 

CEM I 
round 

300 
CEM I 
round 

320 
CEM I 
round 

350 
CEM I 
round 

280 
CEM I 
crushed 

280 
CEM 
II / A 
round 

280 
CEM 
II / B 
round 

280 
CEM 

III / A 
round 

280 
CEM 

III / B 
round 

280 
CEM 

III / C 
round 

  1 2 3 4 5 6 7 8 9 10 

cement-
content 

kg/m³ 280 300 320 350 280 280 280 280 280 280 

clinker-ratio % 95 95 95 95 95 80 65 35 20 5 

blast furnace 
slag 

%      15 30 60 75 90 

gypsum % 5 5 5 5 5 5 5 5 5 5 

sand kg/m³ 668 678 678 657 668 668 668 668 668 668 

gravel kg/m³ 1221 1241 1212 1201 1221 1221 1221 1221 1221 1221 

water kg/m³ 190 190 190 190 190 190 190 190 190 190 

Fuel mix 
 

 
Swiss mix 2014 

 

3.3.2 Results without allocation 

Different scenarios were defined to analyse how environmental impacts are affected by variations of 
technical parameters in LCA. We focus on the technical parameters with a significant influence on 
environmental impacts of the product system [47]: cement content level, clinker-cement-ratio and geometric 
shape of the aggregates (round vs. crushed). Carbon uptake is not considered as technical parameter because 
no technologies have been implemented up to now to increase CO2 binding during service life and recycling. 
An ordinary construction concrete with 280 kg/m³ and round aggregates was chosen as reference.  

Table 4: results of LCAs without al location  

 1 2 3 4 5 6 7 8 9 10 

IPCC 2011 GWP 100a 
[kg CO2 eq] 

231.25 246.94 262.34 285.48 234.13 208.79 186.33 141.42 118.96 96.50 

 

The results of the LCAs are shown in Table 4. It can be seen, that the environmental impact, calculated as 
GWP, increases as the cement content increases in the mix designs 1 – 4. The increasing usage of ground 
granulated blast furnace slag in the mixes 6 – 10 results in decreasing CO2-emmissions. The usage of crushed 
aggregate (mix 5) instead of round aggregates leads to a slight increase of the GWP of 3 kg CO2 eq. 

3.3.3 Results considering carbon uptake 

In DIN EN 16757 [32] an allocation method for the carbon uptake is presented. There, several calculations 
are made to estimate the carbon uptake in total, during service life of concrete structures and through its 
usage stage and in its end-of-life phase. The formula for calculating the maximum carbon uptake is as 
follows: 
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𝐶𝑂2 − 𝑢𝑝𝑡𝑎𝑘𝑒 =  (
% 𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝐶𝑎𝑂

100
) × 𝑏𝑖𝑛𝑑𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 ×  

𝑚𝑜𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑂2

𝑚𝑜𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑎𝑂
 

 

(4) 
 

Where the amount of reactive CaO is about 65 %, the molar weight of CO2 is 44 g/mol and for CaO 56 
g/mol, respectively [32]. If we apply the calculation to the mix designs investigated in [52] (see Table 3), the 
following maximum carbon uptake are as follows: 

Table 5: results considering CO2 uptake according [32], [52]   
1 2 3 4 5 6 7 8 9 10 

max. carbon uptake [kg CO2] 136 146 155 170 136 114 93 50 29 7 

75 % carbon uptake [kg CO2] 102 109 116 127 102 86 70 38 21 5 
 

In Table 5 it can be seen, that a maximum carbonation would lead to a significant uptake of carbon dioxide 
from the air, which in turn would lead to a significant lower environmental impact regarding CO2. However, 
it must be noted that the carbonation of concrete depends on several conditions (see 2.2).Assuming, that 
around 75 % of the carbonation can be reached during service life and end-of-life phase [32], up to 127 kg 
CO2 can be bound back in the mix 4 with 350 kg cement. Due to its chemical composition, blast furnace 
slag is not able to capture CO2 like ordinary Portland cement, which can also be seen in Table 5 (mix 6 – 
10). 

3.3.4 Carbon uptake of crushed concrete in the cement production 

This carbon uptake is highly relevant for the usage of the crushed concrete sand as substitute for raw 
material, as a high carbonation would lead to a high amount of CO2, which must be expelled again during 
the burning process. However, exactly this amount of bound CO2 would be used as a credit for 
environmental product declarations (EPD) as it is not counted as geogenic CO2. In that case, double 
counting has to be considered and avoided.  

A low carbonation, and therefore a low CO2 amount in the substitute would lead to a lower energy demand 
in the burning process as the burning temperatures or burning time can be optimized. This would lower on 
the one side the overall environmental impacts of the clinker production, but also the economic impacts as 
the production process can be optimized. 

4 Discussion and conclusions 

Efforts to optimise the recycling of mineral construction waste today focus on mixed demolition, as there 

are currently too few recycling possibilities for this secondary building material. The demolition of concrete 

is not yet considered a problem and the potential of its recycling is not yet sufficiently recognised.  

This will change in the coming years or decades, because: 

(i) The amount of concrete demolition will increase once the concrete structures from the second 

half of the last century have reached the end of their useful life. Since 1960, the proportion of 

concrete structures/components in the building stock has increased continuously. Therefore, 

the proportion of mixed demolition in mineral construction waste will decrease in the future 

and the proportion of concrete demolition will increase accordingly. 

 

(ii) The possible uses of RC concretes in structural engineering will increase and with it the 

demands on the building material. Today, qualitative deficiencies in the concrete granulate are 

compensated by adjustments in the concrete mix design (more cement, more admixtures). This 

leads to higher costs and environmental pollution. In the future, attempts will be made to 

improve the quality of concrete demolition.  
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(iii) The pressure on the cement industry to make its contribution to climate protection is increasing 

(e.g. through higher CO2 fees and measures taken by public clients). Many representatives of 

this industry see a promising approach to solving this problem by rebinding CO2 in concrete. 

For this, the greatest potential lies in the rebinding capacity in the crushed sand of the concrete 

demolition. 

For these reasons, efforts to develop new processes for the separation and processing of C&DW will 

increase significantly in the coming years and further investigations for the usage of C&DW will be 

necessary. The here described research project improves the decision-making basis for the development of 

new technologies and possibilities to use a material which, until now, is down-cycled. 

As this project is still in an early stage, further investigations has to be carried out in order to present robust 

results and discuss these results regarding the alternative uses of fines from construction and demolition 

waste and their benefits from an environmental and an economic perspective 
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