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1 Introduction 

Our planet has only a limited amount of natural resources and they are not able to meet the 

continuously increasing demand in a sustainable way. In addition, Flanders itself is ‘poor’ in raw 

materials in a number of areas. 

This certainly applies to the construction sector, which uses a huge amount of materials every year 

and also produces a large amount of waste. According to the EU, the construction sector is the 

largest consumer of natural resources and at the same time the largest producer of waste. This is 

accompanied by emissions of CO2 and particulate matter, land use, etc. 

The circular economy aims at maximising the reusability of products and raw materials, while 

preserving (local) value as much as possible. The transition to a circular economy requires 

innovations in terms of technology and production as well as in economic and social processes. 

As the most commonly used material in the construction sector, concrete plays an important role in 

a sustainable society and construction industry. In the light of a more circular economy, concrete 

already has a number of advantages: it has a long lifespan, can be fully recycled and waste materials 

from other industries (e.g. blast furnace slag and fly ash) can also be used as raw materials 

(symbiosis). This does not alter the fact that there are additional opportunities for innovation in 

further closing cycles and making concrete building materials more circular. 

The purpose of this State of the Art Report is to provide an overview of existing and developing 

technologies to make concrete more circular. The technologies are subdivided according to the 

aspect for which the circularity is addressed: 

• The concrete composition: 

o The binding agent; 

o The aggregates; 

o The additives; 

• The design and construction process; 

• The use and end-of-life phases. 

A sheet is drawn up for each technology identified, which covers the following parts: 

• A brief description: the working principle of the technology and its application possibilities; 

• An estimate of the environmental benefits to be achieved: how the ecological footprint of 

concrete is reduced by the technology; 

• The status of the technology: the availability of reliable research results, demo projects, pilot 

plants, TRL level (see Figure 1); 

• The technical points of attention: influence on the fresh and hardened concrete properties, 

on the durability, 2nd and 3rd life (recyclability, the risk of leaching, the health risks), etc.; 

• The potential for the Belgian market: the economic framework, availability, area of 

application, etc. 
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Figure 1: Description of the TRL levels 
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2 The concrete composition 

Concrete consists of an inert skeleton of aggregates held together by means of a matrix. This matrix 

is formed by the binding agent, traditionally consisting of a cement, whether or not in combination 

with an additive such as blast furnace slag, fly ash or limestone fillers. One or more additives are 

usually added to concrete with the aim of optimising the properties of the fresh or hardened 

concrete depending on the application. 

2.1 The binding agent 

2.1.1 Environmental impact 

The cement production process requires a considerable amount of energy, on the one hand for the 

extraction of raw materials in the quarries and on the other hand for grinding and heating the raw 

materials. In addition, the decarbonisation of the limestone in the kiln produces significant amounts 

of CO2 emissions (about 0.8 to 1 tonne of CO2 per tonne of cement). To limit the environmental 

impact at the cement level, the following measures can be considered: 

• The use of alternative raw materials in clinker production to reduce the depletion of natural 

raw materials; 

• The replacement of conventional fuels by alternative fuels to valorise the energy content of 

certain wastes and contribute to a significant reduction in the use of fossil fuels; 

• The production of composite Portland cement and blast furnace cement where part of the 

Portland clinker is replaced by other components to save energy and raw materials and 

reduce greenhouse gas emissions; 

• Replacing parts of the production installation with new generation ones, with better energy 

efficiency and with the best available environmental technologies (de-dusting of gas 

emissions by bag filters, neutralisation of NOx and SOx by physical and chemical methods, 

new generation “Low-NOx” burners, 4th generation cement separators); 

• Capture and store part of the emitted carbon dioxide in the soil or use it for other 

applications (Carbon Capture & Storage and Carbon Capture & Utilisation). 

2.1.2 Standardisation 

The Belgian standard NBN EN 15-001 prescribes that a cement, in order to be used in concrete, must 

be suitable for general use. In Belgium this is the case for the cements included in the standards NBN 

EN 197-1 (common cements), NBN EN 14216 (special cements with very low heat of hydration) and 

NBN EN 15743 (super sulphated cement). 

In addition, the specific suitability for use must be demonstrated, taking into account the Belgian 

conditions and climate. The standard uses four hierarchical levels for this (see tables 2, 3, 4 and 5-

ANB in the standard): 

• Level I: the specific suitability for use of the cement in a specific environmental or 

environment class has been demonstrated (without additional conditions); 
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• Level II: the specific suitability for use of the cement in a specific environmental or 

environment class has been demonstrated (with additional conditions); 

• Level III: the specific suitability for use of the cement in a specific environmental or 

environment class must be explicitly demonstrated in accordance with NBN B 15-100; 

• Level IV: the specific suitability for use of the cement in a specific composition for a specific 

application must be explicitly demonstrated in accordance with NBN B 15-100. 

Types of cement that have not been declared as suitable for general use can be used in concrete if 

the general suitability for use is explicitly demonstrated by means of a European Technical 

Assessment (ETA) or a Technical Approval (ATG). In addition, the specific suitability for use must also 

be demonstrated for the intended application. The NBN B 15-100 standard can be used as a basis for 

this. 

Virtually all of the circular binding agent technologies described in this document are either level III – 

IV or have not been declared suitable for general use. In order to be able to apply them, therefore, 

an extensive suitability-for-use test is always a minimum requirement. 

2.1.3 Developments 

Subsequent developments that respond to the circularity of the binder in concrete are discussed 

further in this document (see § 5 – Technology Sheets): 

5.1. Binary and ternary cement 

5.2. Cement based on recycled building rubble 

5.3. Recycled cement 

5.4. Magnesium silicate cement 

5.5. C-S-H cement 

5.6. Belite cement 

5.7. Super sulphated cement 

5.8. Sulphur concrete 

5.9. Alkali Activated Materials (AAMs) – Geopolymers 

5.10. Calcined clay 

5.11. Biomass ash 

5.12. Curing by carbonation 

5.13. Low-lime cement 
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2.2 The aggregates 

2.2.1 Environmental impact 

The production of concrete requires large quantities of aggregates (sand, coarse aggregates). 

Aggregates make up about 75% of the volume of concrete. Energy is required for the extraction of 

these aggregates and for transporting them from the quarries to the concrete mixing plants. Of 

course, natural aggregates are not available indefinitely either. 

At the same time, the demolition of old structures produces a great deal of construction waste 

(about 33% of all waste at the European level), about 15 million tons per year in Belgium. By 

recycling this construction and demolition waste as concrete aggregate and mixed aggregate for new 

concrete, one avoids both having to landfill it and the mining of primary raw materials. In addition, 

certain industrial processes produce waste materials that, after processing, are also suitable for use 

as artificial aggregates in concrete. 

2.2.2 Standardisation 

The European standard NBN EN 206 and its national annex NBN EN 15-001 prescribe that recycled 

aggregates (concrete aggregate and mixed aggregate) and artificial aggregates may be used provided 

they comply with standard NBN EN 12620 and additional requirements, as shown below. 

The permitted aggregates are: 

• Concrete aggregate type A+: 

o d ≥ 4 mm and D ≥ 10 mm; 

o meets at least the composition categories Rc90/Rcu95/Ra1-/XRg0.5-/FL2- of NBN EN 

12620; 

o meets at least the composition categories FI20, f1.5, LA35, SS0.2, A40 of NBN EN 12620; 

o has a density (ρrd) of at least 2,200 kg/m³; 

o has a water absorption of a maximum of 10%, with a variation of a maximum of ± 2% 
relative to the declared value. 

o for specific applications requiring a high quality surface finish, the FL category is 

limited to FL 0.2-. 

• Mixed aggregate type B+: 

o d ≥ 4 mm and D ≥ 10 mm; 

o meets at least the composition categories Rc50/Rcu70/Rb30-/Ra5-/XRg2-/FL2- van NBN 

EN 12620; 

o meets at least the composition categories FI50, LA50, SS0.2, A40 van NBN EN 12620; 

o has a density (ρrd) of at least 1,700 kg/m³; 

o has a water absorption of a maximum of 15 %, with a variation of a maximum of ± 

2% relative to the declared value. 

• Air-cooled blast furnace slag; 

• Artificial aggregate: 

o the nature: only pig iron blast furnace slag (granulated, crystalline), ferrous steel slag 

(BOF, EAF and stainless steel slag) and non-ferrous metal slag (Pb) are permitted; 

o d ≥ 2 mm and D ≥ 10 mm; 
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o the slag composition (chemical and mineralogical) and the permissible limits must be 

established and monitored; 

o the manufacturer provides scientific evidence that the artificial aggregates used are 

inert and suitable for use in concrete. This scientific evidence includes the exact 

identification of the area of application, attestation and quality monitoring in 

relation to the following elements: 

▪ the artificial aggregates must not adversely affect the hydraulic reaction and 

durability of the concrete; 

▪ the artificial aggregates must not exhibit long-term instability or auto-

degradation. 

Concrete aggregate type A+ may be used for compressive strength classes ≤ C30/37. Mixed 

aggregate type B+ may be used for compressive strength classes ≤ C20/25. Depending on the 

intended environment class and the type of aggregates, the permitted replacement percentage of 

the coarse aggregates with recycled aggregates is limited. For reinforced concrete, the maximum 

replacement percentages in relation to the coarse aggregates (% by volume) are given in Table 1. 
 

Aggregate type 
Environment classes in accordance with NBN B 15-001 

E0 EI EE1 EE2 EE3, EA1 ES1, ES2, ES3 EE4, ES4, EA2, EA3 

A+ - 30% 30% 20% 20% 0% 0% 

B+ - 20% 0% 0% 0% 0% 0% 
Table 1: Maximum replacement percentages of recycled aggregates compared with coarse aggregates (% by volume) 

depending on the reinforced concrete environment class 
 

Artificial aggregate may only be used in environmental classes X0, XC1 and environment classes E0 

and EI. The compressive strength class of the concrete in this environment is limited up to and 

including C25/30. Artificial aggregate may represent a maximum of 20% of the total volume of 

coarse aggregates. 

For higher replacement percentages or for use in other environment classes or compressive strength 

classes, the general and specific suitability for use should be demonstrated for the intended concrete 

composition and use. This can be done by means of a European Technical Assessment (ETA) or a 

Technical Approval (ATG). 

In the calculation of the concrete composition, the water absorption of the recycled and artificial 

aggregates must correspond to the value at 24 hrs. When using recycled and artificial aggregates 

with an absolute water absorption > 3.0% and in environment classes other than E0 and EI or 

environmental classes other than X0 and XC1, the water-cement factor provided for in Annex F of 

the NBN B 15-001 standard (the sustainability requirements) should be reduced by the following 

values: 

• If the volume ratio of recycled or artificial aggregates with respect to coarse aggregates is 

less than 20%, the water-cement factor should be reduced by 0.01. 

• If the volume ratio of recycled or artificial aggregates with respect to coarse aggregates is 

greater than or equal to 20%, the water-cement factor should be reduced by 0.02. 
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2.2.3 Developments 

Subsequent developments that respond to the circularity of the aggregates in concrete are discussed 

further in this document (see § 5 – Technology Sheets): 

5.14. Recycled aggregates 

5.15. Artificial (industrial) aggregates - Copper slag 

5.16. Artificial (industrial) aggregates - Stainless steel slag 

5.17. Artificial (industrial) aggregates - LD slag 

5.18. Artificial (industrial) aggregates - Incinerator bottom ash (IBA) 

5.19. Artificial (industrial) aggregates - Lead slag 

In addition, there are other residual flows that, after processing, could potentially be used as 

aggregate in concrete. An overview of this is given in the Catalogue of Secondary and Recycled 

Aggregates for construction1. 

2.3 The additives 

2.3.1 Environmental impact 

By using additives, one can improve the durability (and lifespan) of concrete. For example, the use of 

a superplasticiser allows one to work with a lower water–cement ratio for the same workability, 

which increases the resistance of the concrete to physical, chemical and mechanical degradation and 

thus obtains a longer lifespan (and therefore postponing possible demolition). The use of an air-

entraining agent can provide a longer lifespan for exterior concrete paving, exposed to frost and de-

icing salts. 

When using alternative raw materials in concrete (binders, aggregates), additives can also play an 

important role. These alternative raw materials can, for example, have an influence on the setting 

speed or the workability of the concrete. In these cases, setting retarders and accelerators and 

specific superplasticisers can help to counteract these undesirable effects. However, it is always 

necessary to check the compatibility of the alternative raw materials with the additives. 

2.3.2 Developments 

The conventional additives are the subject of continuous further development and are becoming 
more and more efficient. 

In addition, additives have also been developed specifically to directly or indirectly improve the 

circularity of concrete. In this document, we discuss one technology in further detail (see § 5 – 

Technology Sheets): 

5.20. Injection of CO2 into fresh concrete 
 
 
 
 
 

 

1 http://bouw.grondstoffencatalogus.be 

http://bouw.grondstoffencatalogus.be/
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3 The design and construction process 

3.1 Environmental impact 

The design of a concrete structure determines its lifespan. Through a performance-oriented design 

of concrete structures, both mechanically and in terms of durability, it is possible to realise slimmer 

structures. Such structures can lead to significant savings in raw materials and reductions in 

associated environmental taxes. The possibilities of this were explored during the TETRA project 

150142 - DuroBet (NB: this topic is not discussed further in this document). 

The construction sector is responsible for approximately 30% of all transport movements, with the 

necessary energy consumption, CO2 emissions, particulate matter development and traffic jams as a 

result. For example, during demolition work, construction and demolition waste is usually 

transported from the demolition site to a sorting installation or crushing site. The sorted products 

are subsequently transported to the appropriate processor: incinerators, landfills, concrete mixing 

plants, etc. Processing the construction waste and reusing it on site can save many transport 

kilometres. 

In addition, it is also possible to design and build concrete structures in a change-oriented or 

demountable manner, making it easy to accommodate changing user requirements and thus not 

immediately leading to major renovation or demolition work. 

By designing structural elements topologically and then 3D printing them, the material consumption 

can be greatly reduced and optimised. 

3.2 Developments 

Various developments have taken place at the level of the design and construction process. In this 

document, we discuss the following technologies (see § 5 – Technology Sheets): 

5.21. Recycle and manufacture on site 

5.22. Demountable construction and reversible design 

5.23. 3D printing 
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4 The use phase and end-of-life 

4.1 Environmental impact 

By giving the concrete the longest possible lifespan and adding additional value, one responds to the 

basic principles of the circular economy. By monitoring and evaluating concrete structures during the 

use phase, it is possible to maintain the concrete proactively and thus extend its lifespan. Good 

documentation (a materials and building passport) is very important in order to be able to reuse 

concrete in a high-quality (and safe) manner. 

When concrete structures have reached the end of their life, efforts are made to recycle this 

concrete in the best possible way in the circular economy. Although recycled aggregates can already 

be used in concrete (see § 2.2 and Sheet 5.14), they have certain drawbacks and limitations, such as 

greater water absorption, lower intrinsic strength and higher variability of their properties. Work is 

being done in various areas to upgrade recycled flows from construction and demolition waste, 

mainly the concrete fraction, so that the aforementioned drawbacks are obviated and application in 

new concrete becomes easier. 

Concrete elements and components can in principle also be dismantled and reused, even if the 

building was not specifically designed for this. One can be very creative in this respect2. 

4.2 Developments 

Various developments have taken place at the level of the use phase and end-of-life. In this 

document, we discuss the following technologies (see § 5 – Technology Sheets): 

5.24. Self-healing concrete 

5.25. Smart crushing techniques 

5.26. Smart sorting and separation techniques 

5.27. Bio-deposition of CaCO3 by bacteria 

5.28. Treatment of aggregates with CO2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 http://www.stedebouwarchitectuur.nl/nieuws/031117/uitgehesen-delen-van-flat-hergebruikt-voor-expoge- 
bouw 

http://www.stedebouwarchitectuur.nl/nieuws/031117/uitgehesen-delen-van-flat-hergebruikt-voor-expogebouw
http://www.stedebouwarchitectuur.nl/nieuws/031117/uitgehesen-delen-van-flat-hergebruikt-voor-expogebouw
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5 Technology Sheets 

The intention of these sheets is to inform the Flemish construction sector about available and 

emerging technologies and to inspire them to take this technology into consideration, towards 

practical applications or towards further research & development. 

These sheets are by definition a snapshot (version 2.0 – March 2021). After all, technologies can 

develop further and research and experience can ensure that the ‘status’ of certain developments 

will have to be adjusted over the years. 

These sheets are also by definition incomplete: on the one hand, new techniques can always arise, 

on the other hand, the primary aim is to provide an overview and not all technologies have been 

analysed in the same degree of detail. From this context, it is therefore important to see and use the 

sheets in their context, and to be alert before applying these technologies directly in specific 

projects. 



  TECHNOLOGY SHEETS – BINDERS  

Circular.Concrete 
State of the Art Report v 2.0 

15/59 

 

 

 

5.1 Binary and ternary cement 

➢ Brief description 

With binary and ternary cement, one (binary) or several (ternary) alternatives, such as blast furnace 

slag, fly ash or limestone, replace part of the conventional Portland clinker. In addition to the 

conventional Portland cement (CEM I), the European cement standard NBN EN 197-1 defines the 

following binary and ternary cements (Table 2 shows the cements produced in Belgium): 

• CEM II: Portland composite cement; 

• CEM III: Blast furnace cement; 

• CEM IV: Pozzolana cement; 

• CEM V: Composite cement. 
 

 
 

 
Main 

types 

 
 
 
 

Name 

Composition (mass percent a) 

Main ingredients. 

 

Clinker 

 
Blast 

furnace 

slag 

 
Silica 

fume 

Pozzolana Fly ash  
Burnt 

schist 

 

Limestone 

 
Secondary 

ingredients 
 

Natural 
Burnt 

natural 

Silicon-

containin

g 

Calcium-

containin

g 

K S D P Q V W T L LL  

CEM I Portland cement CEM I 95–100 - - - - - - - - - 0–5 

 
 
 
 

 
CEM II 

Portland slag cement CEM II/B-S 65–79 21–35 - - - - - - - - 0–5 

Portland fly ash 

cement 

 
CEM II/B-V 

 
65–79 

 
- 

 
- 

 
- 

 
- 

 
21–35 

 
- 

 
- 

 
- 

 
- 

 
0–5 

Portland limestone 

cement 

CEM II/A-L 80–94 - - - - - - - 6–20 - 0–5 

CEM II/A-LL 80–94 - - - - - - - - 6–20 0–5 

Portland 

composite cement 
b 

 

CEM II/B-M 
 

65–79 
 

< ----------------------------------------- 21–35 ----------------------------------------- > 
 

0–5 

 
 

CEM III 

 
 

Blast furnace 
cement 

CEM III/A 35–64 36–65 - - - - - - - - 0–5 

CEM III/B 20–34 66–80 - - - - - - - - 0–5 

CEM III/C 5–19 81–95 - - - - - - - - 0–5 

CEM V Composite cement b CEM V/A 40–64 18–30 - < ------------ 18–30 ------------- > - - - -- 0–5 

a) The values in the table are expressed relative to the sum of main and secondary ingredients. 
b) In the case of Portland composite cement CEM II/BM and composite cement CEM V/A, the main ingredients must be listed next to clinker in the designation of the cement. 

Table 2: The cements produced in Belgium 
 

➢ Environmental benefits to be achieved 

It appears to be a win-win situation in terms of environmental benefit: to replace the ‘polluting’ and 

‘primary resource-consuming’ Portland clinker in cement with ‘waste’ or secondary residual flows. 

The production of type CEM III/A cement provides a CO2 equivalent saving of almost 50% compared 

with a conventional Portland cement (CEM I). 

To do this, these ‘waste materials’ or residual flows must be available locally and usable without 

requiring processing steps that are too extensive. 

➢ Status of the technology 

In Flanders, the use of binary and ternary cements is already well established. CEM III/A, where up to 

65% of the Portland clinker is replaced by blast furnace slag (binary cement), is the most commonly 

used cement type for ready-mixed concrete (the specific suitability for use of this cement has been 

demonstrated in all environmental classes and environment classes). 

→ TRL 9 
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There is currently a great deal of research at the European level into the possibility of further 

expanding the existing range of binary and ternary cement. A new version of the NBN EN 197-1 

standard is also on the way, adding a CEM II/C (with an even higher replacement of the clinker by 

blast furnace slag) and a CEM VI (clinker combined with blast furnace slag and limestone), which can 

therefore be regarded as generally suitable for use. 

→ TRL 7 

➢ Technical points of attention 

The replacement of Portland clinker by alternatives generally implies a slower strength development 

and a lower heat development (this effect is more important the higher the replacement 

percentage): 

• The hydraulic properties of blast furnace slag are latent and must be generated in an alkaline 

environment and in the presence of water by activating substances such as clinker, calcium 

hydroxide and/or calcium sulphate. 

• Silicon-containing fly ash has pozzolanic properties, which means that at ambient 

temperatures, in the presence of water, it can bind the calcium hydroxide (Ca(OH)2) released 

during the hydration of the clinker. 

• Limestone has neither hydraulic nor pozzolanic properties. 

In most cases, both with in-situ concrete and with precast concrete, fast de-shuttering times are 

desired and the slower strength development is a disadvantageous property of binary/ternary 

cement. However, at very high temperatures (> 25 °C) this can be used as an advantage (provided 

the necessary measures are taken for the post-treatment). 

Due to the replacement of Portland clinker, there is ultimately less calcium hydroxide (Ca(OH)2) in 

the concrete (see above), which can accelerate the carbonation of the concrete and cause 

reinforcement corrosion3. In the longer term, in the case of blast furnace slag and fly ash, a denser 

microstructure forms in the concrete, which has a positive impact on other durability properties 

(resistance to sulphates, acids, penetration of chlorides, etc.). 

➢ Potential for the Belgian market 

The local availability and cost price of these cement types strongly depend on the local availability of 

the Portland clinker alternatives: 

• The amount of siliceous fly ash (a by-product of the combustion of coal) available for 

Flanders (and Belgium and Western Europe) has fallen sharply in recent years, as a result of 

which the prices have risen significantly (+50% in two years); 
 
 
 
 
 
 
 
 
 
 

3 See also the BBRI Files 2007/03.02 
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• The availability of blast furnace slag (a by-product of the steel industry) is currently good. 

Nevertheless, developments in the steel industry market should be monitored. After all, no 

new steel factories have been added in Western Europe in recent years. The price increase 

of fly ash also pushes up the price of blast furnace slag: 

o CEM III/A is currently the most commonly used cement type for ready-mixed 
concrete; 

▪ CEM III/B is more expensive than CEM III/A and is mainly used for: 

• its Low-Heat property -> solid structures (e.g. walls > 60 cm thick); 

• its good resistance to sulphates (agriculture, water treatment); 

▪ it is not interesting for diaphragm walls; 

▪ the post-treatment is very important and is often not carried out properly 

on site; 

o CEM III/C: 

▪ production < 50,000 tons/year; 

▪ mainly for earthworks; 

▪ low final strength (on the low side at 32.5 N/mm²); 

▪ there is not enough slag available to market much CEM III/C. 

Because of the CO2 quota, the companies (cement factories) will be taxed on their CO2 emissions, as 

a result of which CEM I cement will also rise in price. 

Many CEM II cements fall under level II, III or IV according to the NBN B 15-001 standard. CEM III/C 

cement falls under level III or IV. This means that either additional conditions must be met (for level 

II, e.g. an increased cement content) or that an investigation must be carried out to demonstrate 

that the cement is suitable for use in a certain environment and/or composition. 
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5.2 Cement based on recycled building rubble 

➢ Brief description 

Limestone and clay are mined for the production of Portland clinker. In this technology, these 

primary raw materials are partly replaced by recycled building rubble. 

➢ Environmental benefits to be achieved 

This technology makes it possible to reduce the demand for primary raw materials. Depending on 

the composition of the primary raw materials and the building rubble, and on the type of cement 

produced, up to 20% of the primary raw materials could be replaced. 

The required heating (and thus the amount of fuel) for the production of the clinker remains the 

same (the recycled raw materials mainly follow the same processing process as the limestone and 

the clay), but less decarbonisation and therefore less CO2 emissions take place. On the other hand, 

the additional transport required for the recycled raw materials (limestone and clay are available 

locally) will increase the CO2 production of this type of cement. 

➢ Status of the technology 

Past research projects demonstrate the possibilities of the technology, but also indicate that further 

research is needed into the variability and availability of the recycled aggregates, the possible 

environmental and cost benefits, the consequences for the durability of concrete produced with the 

cement, etc. Among others, this was further investigated in the European Interreg project SeRaMCo4  

in collaboration with the French cement producer Vicat. 

→ TRL 7 

By developing a concrete that already has a very similar chemical composition to that of cement, no 

more primary raw materials should even be added. This concept of a fully recyclable concrete was 

investigated at UGent5, but needs further investigation. 

→ TRL 3 

➢ Technical points of attention 

The chemical composition of recycled rubble (determined by means of X-ray fluorescence (XRF)) 

varies greatly in terms of CaO and SiO2 content. Compared with Portland cement, it contains more 

SiO2 and less CaO. These contents of the recycled rubble must be under control, in order to be able 

to check the influence on the reactivity of the cement. It is therefore necessary to carry out 

continuous chemical and mineralogical analyses so that the quantities of primary raw materials and 

their addition can be adjusted accordingly (Figure 2). In theory, replacement levels of the primary 

raw materials of up to 20% would be possible, but taking into account the high variability of the 

composition of the recycled rubble, 5% seems more realistic. Smart sorting techniques (see Sheet 

5.26) could be used to increase this replacement level. 
 
 
 
 

4 http://www.nweurope.eu/projects/project-search/seramco-secondary-raw-materials-for-concrete-precast- 
products/ 
5 https://lib.ugent.be/nl/catalog/rug01:001418112 

http://www.nweurope.eu/projects/project-search/seramco-secondary-raw-materials-for-concrete-precast-products/
http://www.nweurope.eu/projects/project-search/seramco-secondary-raw-materials-for-concrete-precast-products/
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Figure 2: Chemical composition of recycled aggregates compared with CEM I (cf. SeRaMCo) 
 

➢ Potential for the Belgian market 

The recycled aggregates used in the SeRaMCo study come from a Belgian supplier (so available 

‘locally’). 

In view of the rather ‘limited’ replacement percentage and the required continuous analysis of the 

composition of the recycled material, this technique does not immediately appear economically 

interesting. However, this may change if the basic raw materials used in cement (lime and clay) 

become more expensive or less available. 
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5.3 Recycled cement 

➢ Brief description 

Hardened cement stone always contains a proportion of non-hydrated cement. A specific machine 

grinds concrete rubble into secondary aggregate fractions (sand and coarse), with virtually no more 

cement mortar adhered, and also hydrated and non-hydrated cement dust. 

The aggregates and the non-hydrated cement could be reused directly as raw materials for concrete. 

It is possible to use the already hydrated cement as a raw material for cement production (see Sheet 

5.2) or return it to a non-hydrated state by thermal treatment. 

➢ Environmental benefits to be achieved 

The direct reuse of non-hydrated cement can, of course, provide significant environmental benefits. 

The recovered non-hydrated cement must have a sufficiently high fineness, so additional grinding 

may be necessary after the separation in the machine. The environmental benefits to be achieved 

therefore depend on the total amount of non-hydrated cement in the original concrete. According to 

the developers listed below, at least 50% could be saved on CO2 emissions and raw materials use. 

The thermal treatment of the hydrated cement would cost the same amount of energy as for the 

production of new cement, but with the advantage that fewer primary raw materials are consumed. 

➢ Status of the technology 

The Dutch company “New Horizon - Urban Mining” has developed the Smart Crusher6 (see Sheet 

5.25) and the SmartLiberator. They say that the machine consumes less energy than the traditional 

way of crushing concrete, and the resulting aggregate is also said to have improved mechanical 

properties compared with the original natural aggregates. The non-hydrated cement released is 

called ‘FreementTM’ (see Figure 3). According to the developers, it is a ‘high-quality, not more 

expensive and circular product’. 
 

Figure 3: Commercially available recycled cement (Freement) 

 
 

6 https://www.deingenieur.nl/artikel/slimme-puinbreker-spaart-beton-en-co2, https://freement.nl/this-is- 
freement/ 

https://www.deingenieur.nl/artikel/slimme-puinbreker-spaart-beton-en-co2
https://freement.nl/this-is-freement/
https://freement.nl/this-is-freement/
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All available information about this technology comes from the developer himself and remains 

scientifically very superficial. No independent scientific reference documents are available yet. 

→ TRL 4 

This technology was included in the validation and deepening section of Circular.Concrete. The 

preliminary tests (including the XRD and TGA analyses on the fine powder that is released after the 

treatment of Belgian concrete rubble) showed that it consists almost entirely of quartz and that 

there are therefore no typical non-hydrated Portland cement minerals present in this powder (e.g. 

alite, belite, celite, ferite, etc.). The contribution of this powder to the strength development, tested 

on mortar compositions, was therefore non-existent. 

This is possibly due to the fact that the ‘smart crusher’ has a rather limited efficiency on Belgian 

concrete, which uses primarily limestone aggregate as a coarse aggregate fraction (see Sheet 5.25). 

➢ Technical points of attention 

The amount of non-hydrated cement in concrete varies greatly depending on the type of cement 

used, the fineness of the cement, the water–cement ratio, etc. 

An important question with this technology is what is known about the recovered cement (cement 

type, alkalinity, fineness, reactivity, etc.). This is very important when reusing the cement, but this 

information about the concrete rubble is often no longer available. 

➢ Potential for the Belgian market 

Even if 50% of the recovered cement powder were non-hydrated, this technology can only replace a 

part (at best 15%) of the cement consumption. In view of the rather ‘limited’ replacement 

percentage, this technique does not immediately appear economically interesting. However, this 

may change if the basic raw materials used in cement (lime and clay) become more expensive or less 

available. 
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5.4 Magnesium silicate cement 

➢ Brief description 

It concerns a cement for which magnesium silicates are used as raw material instead of limestone. 

The magnesium silicates are first carbonated under high pressure and temperature (180°C and 150 

bar) to form magnesium carbonates (carbon dioxide is captured during that process). Subsequently, 

the magnesium carbonates (just like the calcium carbonates of the limestone in conventional 

cement) are burnt to form hydraulic compounds, but this is already possible at temperatures of 

700°C (in contrast to limestone where temperatures of up to 1450°C are required). The CO2 released 

in this way is recycled in the initial steps of the production process. In addition, during the hydration 

reaction, CO2 from the environment is also said to be absorbed by the forming magnesium 

carbonate structure. 

➢ Environmental benefits to be achieved 

Carbon dioxide is captured during both production and hardening, and heating only needs to be 

done to half the temperature at which limestone should be heated in the production of conventional 

cement (= energy gain). On the other hand, the magnesium silicates must undergo an additional pre-

treatment at high pressure and temperature. In total, the production process to make 1 ton of 

magnesium silicate cement would require up to 100 kg more CO2 to be absorbed than it emits, 

making it a carbon negative product7. 

➢ Status of the technology 

The company Novacem (a spin-off of the Imperial College of London) has conducted research related 

to this technology. In 2012, the patent rights were sold to the Australian company Calix. Since then, 

however, there has been no known commercial application of this technology. 

There is currently no realistic and feasible energy-efficient industrial process that can produce the 

cement in question. 

For the time being, hardly any independent research has been carried out into the influence on the 

sustainability properties of this cement type. Neither is there any information available with regard 

to the potential cost. 

→ TRL 3 

➢ Technical points of attention 

The hydration products formed differ from those of conventional cement. This can affect both the 

mechanical properties and the durability properties of concrete prepared with this cement. 

Moreover, this production process uses very high pressures (approx. 150 bar) which makes upscaling 

and safety a huge challenge. 

➢ Potential for the Belgian market 

There is very little potential for large-scale applications on the Belgian market as Belgium has no 

primary magnesium silicate deposits (Forsterite, talc, etc.). 
 

 

7 https://ceramics.org/ceramic-tech-today/novacems-carbon-negative-cement 

https://ceramics.org/ceramic-tech-today/novacems-carbon-negative-cement
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5.5 C-S-H cement 

➢ Brief description 

C-S-H cement is based on the hydraulic nature of calcium silicate hydrates. C-S-H cement uses lower 

lime contents (or lower Ca/Si ratios of 0.5 to 2.0) which means less CO2 is produced during clinker 

production compared with Portland cement. During the hydration of C-S-H cement, only C-S-H will 

be produced, in contrast to the complex set of hydration products with Portland cement. C-S-H 

cement is produced in several stages: 

1. The raw materials must contain reactive CaO and SiO2 and are mainly prepared by descaling 

limestone. 

2. A hydrothermal treatment in an autoclave at temperatures of 150 to 300°C (instead of 

1450°C as for conventional Portland cement). 

3. A mechanochemical treatment of the obtained products with silica (e.g. quartz sand). 

➢ Environmental benefits to be achieved 

The raw materials only need to be heated to 20% of the temperature at which limestone should be 

heated in the production of conventional cement (= energy gain). Because the production uses much 

less limestone compared with traditional clinker, there is also less decarbonisation. 

The total CO2 reduction could be up to 50%. However, for safe use, several chemicals need to be 

added. 

➢ Status of the technology 

In 2011, the German company Celitement Gmbh installed a pilot plant for C-S-H cement 

(Celitement)8. Between 2014 and 2017, there was a research project (at the Karlsruhe Institute of 

Technology (KIT)) to optimise the production process. However, there is not yet any large-scale 

commercial production. 

→ TRL 8 

➢ Technical points of attention 

C-S-H cement is highly variable in composition and properties. Certain interactions in the concrete, 

created with this binder, are very different from those with conventional cement. The resulting 

concrete is said to perform less well in terms of resistance to acids and would therefore be less 

suitable for reinforced concrete. 

➢ Potential for the Belgian market 

For the time being, the product is being marketed in collaboration with a number of industrial 

partners for specific applications: insulating aggregates, fibre concrete, glue, mortar, plastering 

mortar, pigmented concrete, white cement. 
 
 
 
 

 

8 http://www.celitement.de/en/ 

http://www.celitement.de/en/
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5.6 Belite cement 

➢ Brief description 

It concerns a cement with a reduced CaO content (about 25%), resulting in a belite-based 

(2CaO∙SiO2) cement instead of the current cements based on alite (3CaO∙SiO2). The technology and 

production method is comparable to that of regular Portland cement clinker, but less lime is used 

and the firing temperature is lower (about 1350 °C). 

➢ Environmental benefits to be achieved 

The reduction of the CaO content in the cement leads to a reduction in energy consumption as well 

as a reduction in CO2 emissions. However, in order to increase the activity of the belite formed, it is 

necessary to cool down quickly, resulting in increased heat losses in the process coolers. The gain in 

CO2 emissions is proportional to the reduction in CaO content, i.e. about 25%9. 

➢ Status of the technology 

The concept of belite-rich cement is not new, with first applications in the 1930s (for example, the 

Hoover dam, USA). As a low-energy cement, compared with ordinary Portland cement, the 

technology resurfaced during the oil crisis of the 1970s. Despite this, the technology has since been 

limited mainly to China (e.g. the Three Gorges Dam in China, 1994–2006; 2.7 million m3 of concrete). 

Heidelberg Cement Group’s Ternocem® clinker relies on belite technology10. 

→ TRL 9 

➢ Technical points of attention 

Belite cement has a lower hydraulic reactivity (depending on the lower alite content) and therefore 

also a longer curing time and slower strength development 11  compared with Portland cement. Up 

to a certain level, this can be compensated by a higher grinding fineness and/or the addition of 

sulphate. 

Advantages include a lower water requirement, better compatibility with different types of water-

reducing additives, higher workability and higher resistance to chemical attack. 

➢ Potential for the Belgian market 

The technology is being provisionally prepared for marketing (e.g. Heidelberg Cement Group). 
 
 
 
 
 

 

9 Müller A, Fuhr C, Knofel D. Frost resistance of cement mortars with different lime contents. Cem Concr Res 
1995;25:809 – 18. 
10 https://docplayer.nl/106774951-Alternatieve-bindmiddelen-met-een-lagere-co-2-voetafdruk-de-calciumsul- 
foaluminaat-cementen.html 
11 Ludwig U, Pohlmann R. Investigation on the production of low lime Portland cements. In: Proceedings of the 

eighth international congress on the chemistry of cement, Rio de Janeiro; 1986, Sub Theme 1.3, vol. II. p. 363 – 

71. 

https://docplayer.nl/106774951-Alternatieve-bindmiddelen-met-een-lagere-co-2-voetafdruk-de-calciumsulfoaluminaat-cementen.html
https://docplayer.nl/106774951-Alternatieve-bindmiddelen-met-een-lagere-co-2-voetafdruk-de-calciumsulfoaluminaat-cementen.html
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5.7 Super sulphated cement 

➢ Brief description 

Super sulphated cement is produced on the basis of blast furnace slag (80–85%), gypsum (10–15%) 

and sometimes also with a very small amount of clinker (a maximum of 5%). 

➢ Environmental benefits to be achieved 

Less energy is required for the production of this cement (lower firing temperatures) than with a 

conventional Portland cement and no decarbonisation occurs. This makes the carbon emissions 90 

to 95% lower. 

➢ Status of the technology 

The NBN EN 15743 (2015) standard describes the criteria that a super sulphated cement must meet. 

This cement type is considered generally suitable for use in accordance with the NBN B 15-001 

standard. However, a specific suitability-for-use test is still required. 

→ TRL 9 

➢ Technical points of attention 

Super sulphated cement leads to high initial strength and low heat of hydration. This cement also 

performs very well in terms of durability in chemically aggressive environments (e.g. sulphates). 

A disadvantage of super sulphated cement is the sensitivity to impurities during production as well 

as afterwards at the concrete mixing plant. Contamination can greatly reduce the strength of the 

cement. Also, concrete made with super sulphated cement has a lower resistance to carbonation12. 

➢ Potential for the Belgian market 

This cement type was already available on the Belgian market, but was withdrawn from the market 

due to insufficient demand. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

12 See also the BBRI Files 2007/03.02 
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5.8 Sulphur concrete 

➢ Brief description 

In sulphur concrete, elemental sulphur in the molten state is used as a binding agent for the 

aggregates. So here, the curing is a physical process, namely the phase transition from liquid to solid 

form at the solidification point of sulphur, viz. 119.2 °C. Mixing with aggregates and possible 

additives, cooling and solidification produces a material that is characterised by a rapid strength 

development. 

➢ Environmental benefits to be achieved 

In addition to limiting the use of the carbon-intensive, traditional Portland cement, one of the 

potential strengths of sulphur concrete is that, through a combination of remelting and additional 

processing steps, it can be easily reused13. 

➢ Status of the technology 

Since the 1920s, the technological possibilities of sulphur concrete have been explored due to its 

high strength, corrosion resistance and rapid strength development.14. Additional advantages of 

sulphur concrete are its watertightness and increased resistance to acid attack. This makes the use 

of sulphur concrete interesting in, for example, sewers. In Europe, the first commercial product was 

put on the market in 2021 (see ‘Potential for the Belgian market’). 

→ TRL 9 

➢ Technical points of attention 

Because of the low melting point of sulphur, it is possible to obtain performance similar to that of 

conventional concrete up to a temperature of about 85 °C. Sulphur concrete therefore does not have 

the same high fire resistance as conventional concrete. Other important points of attention of 

sulphur concrete are the complex set of shrinkage reactions (volume reduction and phase transitions 

in solid state) and the importance of a correct selection of specific aggregates and additives14. 

➢ Potential for the Belgian market 

In 2021, sulphur concrete technology achieved a major European breakthrough with the application 

of sulphur concrete in train sleepers in Belgium15,16. De Bonte Beton in Waasmunster developed the 

sleepers. 
 

Figure 4: Sulphur concrete sleeper (front) and the conventional concrete composition (rear) 

 

13 https://www.bouwkroniek.be/article/zwavel-maakt-beton-circulair.35974 
14 https://www.jrosspub.com/engineering/geotechnical/sulfur-concrete-for-the-construction-industry.html 
15 https://debonte.com/wp-content/uploads/2018/11/2018-11-13-GrondWegWaterbouw-RAILTECHNIEKEN- 
De-Bonte.pdf 
16 https://www.vrt.be/vrtnws/nl/2021/03/06/duurzame-treinsporen/ 

http://www.bouwkroniek.be/article/zwavel-maakt-beton-circulair.35974
http://www.jrosspub.com/engineering/geotechnical/sulfur-concrete-for-the-construction-industry.html
http://www.jrosspub.com/engineering/geotechnical/sulfur-concrete-for-the-construction-industry.html
http://www.vrt.be/vrtnws/nl/2021/03/06/duurzame-treinsporen/
http://www.vrt.be/vrtnws/nl/2021/03/06/duurzame-treinsporen/
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5.9 Alkali activated materials (AAMs) - Geopolymers 

➢ Brief description 

Alkali Activated Materials (AAM) are binders, based on alkali-aluminosilicate chemistry. An 

aluminium oxide-silicate component is combined with an alkali source. The most commonly used 

alkali sources are the hydroxides or silicates of sodium or potassium, usually in aqueous form. 

Examples of aluminosilicate raw materials that qualify as AAM are blast furnace slag, fly ash, natural 

pozzolana, various slags (steel slag, phosphorus slag, FeNi slag, copper slag, etc.), bottom ash, plant 

ash, calcined clays, etc. The chemical structures obtained from the different types of AAM can 

therefore be very diverse. 

AAMs based on aluminium silicates (and therefore a low calcium content; e.g. meta-kaolinite) are 

also referred to as geopolymers. However, this term is often used incorrectly to refer to all AAMs. 

➢ Environmental benefits to be achieved 

By making ‘concrete without cement’, the carbon footprint of the concrete can be drastically 

reduced (50-80%) because no decarbonisation of limestone takes place and no heating energy is 

consumed17. Moreover, it is possible to process ‘waste’ into these AAMs. The remaining CO2 

emissions still come from the production of the activator (in the case of geopolymers, this is usually 

sodium silicate). Care must be taken to ensure that the impact of the activator does not exceed the 

gains achieved by replacing the cement. 

The local availability of these products will be a large part of the potential environmental benefits to 

be achieved. 

➢ Status of the technology 

AAM is not a new technology, but interest in it has increased exponentially in recent years given the 

potential to drastically reduce the carbon footprint of concrete. Previously, most research on AAMs 

focused on blast furnace slag and fly ash, but since these secondary raw materials are already almost 

entirely processed by the conventional cement industry, the emphasis now is more on alternatives. 

In Flanders, several companies are developing AAMs18. In Wallonia, research is being carried out into 

screeds based on geopolymers. Within the SBO project CeComStruct (VUB, BBRI, KULeuven), 

subsidised by VLAIO, an alternative structurally load-bearing wall system was studied, consisting of 

structurally insulating sandwich panels with skins of only 2 cm thick. For the skins, standard 3D 

textile reinforced cement matrix composites, the replacement of conventional cement by 

alternatives such as geopolymers and metal slag was studied19. 

In Great Britain, a national normative document for AAMs has existed since 2016: “PAS 8820: Alkali-

activated cementitious material and concrete – Specification”. There is also a CUR recommendation 

for AAM concrete in the Netherlands, and some companies are already well advanced in the 

development 
 
 
 

17 Habert G, Ouellet-Plamondon C. Recent update on the environmental impact of geopolymers. RILEM Tech 
Lett 2016;1:17 – 23. 
18 https://www.resourcefull.eu/ 
19 https://www.wtcb.be/homepage/index.cfm?cat=projects&proj=790 

http://www.resourcefull.eu/
https://www.wtcb.be/homepage/index.cfm?cat=projects&proj=790
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of various AAMs20,21. In Australia, they already have a great deal of experience with geopolymers in 

all kinds of applications22. 

→ TRL 7/8 

This technology was included in the validation and deepening section of Circular.Concrete. The 

original tests showed that these materials behave in a very similar way to conventional concrete in 

their fresh state, although in certain cases, additional measures need to be taken to protect material 

and personnel. Hardened, it exhibits similar mechanical properties to conventional concrete and 

improved durability properties (except for the carbonation resistance, but here the test method is 

said not have been adapted to the type of material). As with conventional concrete, the properties 

depend strongly on the type of binder used. 

➢ Technical points of attention 

The technical points of attention include the processing time of the AAM concrete, the safety on the 

site (it concerns a highly alkaline product), the continuity of the raw materials and durability. The 

traditional accelerated durability tests, described in the concrete standards (e.g. resistance to 

carbonation), may not apply to AAM concrete. 

Nevertheless, certain geopolymers could lead to a ‘concrete’ with better properties than 

conventional concrete in terms of e.g. resistance to acids, fire resistance, shrinkage. Moreover, just 

as with conventional concrete, the internal pH of AAMs ensures passivation of the steel 

reinforcement. 

One of the challenges of AAMs is that there is not just one AAM. Each AAM is different, needs a 

different activator and has a different impact on fresh and hardened concrete. This makes it difficult 

to make general recommendations. Due to their flexibility in composition (chemistry and 

mineralogy), AAMs and geopolymers can however be tailored for selective immobilisation or 

encapsulation of problematic waste such as metal-rich slag. 

There are also questions about the recyclability (the so-called second or third life) of the ‘concrete’ 

manufactured with AAMs: to what extent will the slag used leach out heavy metals, for example, 

afterwards. 

➢ Potential for the Belgian market 

AAMs can only contribute to a reduction in carbon emissions if full use of the raw material cannot 

already be made in binary and ternary cements, as is the case, for example, for AAMs based on fly 

ash and blast furnace slag. 

The national standards present practical problems when applying AAMs in practice, as they make it 

difficult to market alternative concrete binders. 

Given their possible better properties compared with conventional concrete, AAMs could be used in 

sewers, foundations in contaminated soil, structures in sea environments or structures requiring a 

high fire resistance (e.g. tunnels). 
 
 

 

20 http ://www.sqape.nl/ 

21 https://ramacreadymix.nl/en/ 
22 https://bze.org.au/research/manufacturing-industrial-processes/rethinking-cement/ 

http://www.sqape.nl/
https://ramacreadymix.nl/en/
https://bze.org.au/research/manufacturing-industrial-processes/rethinking-cement/
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5.10 Calcined clay 

➢ Brief description 

Among the most promising alternative supplemental cementing materials are thermally activated 

clay minerals, also called calcined clays. These have pozzolanic properties and clay is also a common 

natural raw material. Calcined clay is obtained by heating clay minerals and can therefore (partially) 

replace the Portland clinker in the production of cement. They can also be used as raw materials for 

AAMs (see Sheet 5.9). 

➢ Environmental benefits to be achieved 

Clay is abundantly available but there are dozens of common clay minerals (e.g. illite, the kaolinite or 

smectite groups) and most clay deposits consist of a mixture of these. Clay is also often available as a 

waste product in e.g. dredging, mining, etc., but may contain a substantial admixture of other non-

clay minerals. After processing (calcining), it is possible to use this ‘waste clay’ as a raw material in 

cement production instead of the Portland clinker and therefore the ‘primary’ clay. 

During calcination, the clay is exposed to temperatures of 500 to 1000 °C, depending on the 

mineralogical composition. So less energy is needed (lower roasting temperatures) than with a 

conventional Portland cement. 

➢ Status of the technology 

This technology has been used for quite some time in the US and Brazil. In Brazil, about two million 

tons of calcined clay are produced per year. 

In Belgium, too, research has already been done on calcined clay. In Flanders, for example, the BIND-

AMOR project is currently underway in which an attempt is being made to valorise dredged sludge 

from the Port of Antwerp by calcining it23. 

A reference work related to calcined clay is a Rilem publication24. In Switzerland, LC3 was designed, a 

combination of Portland clinker with calcined clay and a limestone filler25. 

→ TRL 6-9 

This technology was included in the validation and deepening section of Circular.Concrete. The 

original tests showed that the calcined clay used, in a 40% replacement of CEM I 52.5 N cement in 

standardised mortar mixtures, certainly did contribute to the strength development. 

➢ Technical points of attention 

Calcined clay has a large specific surface area and therefore increases the water requirement of the 

cement. In addition, the clay causes discolouration of the cement that is difficult to control. The clay 

also reacts very quickly, faster than fly ash and blast furnace slag. 
 
 

 

23 https://link.springer.com/chapter/10.1007/978-94-017-9939-3_73 
24 https://www.springer.com/gp/book/9789401799386 
25 https://www.lc3.ch/ 

https://link.springer.com/chapter/10.1007/978-94-017-9939-3_73
https://www.springer.com/gp/book/9789401799386
https://www.lc3.ch/
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The pozzolanic reactivity of the calcined clay is largely determined by the mineralogical composition 

of the untreated clay26. It is therefore advisable to carry out prior mineralogical and chemical 

characterisation. 

➢ Potential for the Belgian market 

In the Port of Antwerp alone, 500,000 tons of dredging sludge is removed every year to keep the 

port navigable for ships. In the AMORAS treatment facility, this dredging sludge, rich in clay minerals, 

is already further processed into dewatered filter cakes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

26 Hollanders, S., Adriaens, R., Skibsted, J., Cizer, O., Elsen, J. 2016. Pozzolanic reactivity of pure calcined clays. 
Applied Clay Science. 132-133. P552-560. 
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5.11 Biomass ash 

➢ Brief description 

Organic waste is available from agriculture and is used as fuel for power stations. As a residual 

product of combustion, ashes are obtained which, depending on the quality, can be used as a partial 

replacement for cement in concrete, Portland clinker in cement or as a raw material for AAMs (see 

Sheet 5.9). 

➢ Environmental benefits to be achieved 

The partial replacement of Portland clinker cement with ‘waste’ results in reduced carbon emissions 

(less combustion energy, less decarbonisation of limestone) and a reduced consumption of primary 

raw materials. At the same time, the biomass fly ash need not be landfilled. 

➢ Status of the technology 

A great deal of international research has already been done into the possibilities of rice husk ash, 

sugar cane bagasse and cassava peel as raw materials for cement or AAM. For example, if properly 

processed, rice husk ash can lead to a silica-rich pozzolana with high reactivity due to its high specific 

surface area. 

In Flanders, the KUL has conducted research into the possibilities of fly ash from biomass power 

plants as a replacement for cement27. 

→ TRL 4 

➢ Technical points of attention 

The ash generally has a high specific surface area, which has consequences for the water 

requirement of the cement and the workability of the concrete. 

Depending on the combustion method and the biomass source, the composition and properties of 

the biomass fly ash will vary. It should be investigated whether the ash should undergo any 

treatment (e.g. washing) prior to its use. 

As with pulverised coal fly ash (see Sheet 5.1), biomass fly ash reacts more slowly than the cement. 

In addition, biomass fly ash can cause a large swelling of the concrete. This can be remedied by 

‘washing’ the ash beforehand with an Na2CO3 solution. 

➢ Potential for the Belgian market 

The seasonally and geographically dependent availability of the ash complicates its current use in 

specific applications. Also, it is difficult to obtain reactive ashes from the same waste that was used 

as fuel. For example, high temperatures and long burning times can lead to non-reactive ashes, while 

incomplete combustion can lead to organic contaminants. 
 
 
 
 

 

27 https://www.scriptiebank.be/scriptie/2016/duurzame-ontwikkeling-van-hydraulische-bindmiddelen-uit-in- 
dustrieel-afval-van?token=6Jrb1Tr09cEQS2bX7FhdyZA7mXq0hUZ6NUVfB_TQ8f4 

https://www.scriptiebank.be/scriptie/2016/duurzame-ontwikkeling-van-hydraulische-bindmiddelen-uit-industrieel-afval-van?token=6Jrb1Tr09cEQS2bX7FhdyZA7mXq0hUZ6NUVfB_TQ8f4
https://www.scriptiebank.be/scriptie/2016/duurzame-ontwikkeling-van-hydraulische-bindmiddelen-uit-industrieel-afval-van?token=6Jrb1Tr09cEQS2bX7FhdyZA7mXq0hUZ6NUVfB_TQ8f4
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In Flanders, the biomass plants burn mainly imported wood pellets, which come from forest clearing, 

no waste from local agricultural crops28. The use of these ashes as a secondary raw material for 

cement production is not yet permitted. 

At the same time, the ash can also be used in other sectors, e.g. soil improvement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

28 https://www.bondbeterleefmilieu.be/sites/default/files/files/biomassa_rapport_dec_2015.pdf 

https://www.bondbeterleefmilieu.be/sites/default/files/files/biomassa_rapport_dec_2015.pdf
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5.12 Curing by carbonation 

➢ Brief description 

Calcium and magnesium-rich secondary fine raw materials are pressed into moulds, which then 

harden by means of carbonation (the reaction of Ca-containing components with CO2 to form 

calcium carbonate). This can be done under atmospheric pressure and temperature (in a drying 

chamber), or accelerated in an autoclave, under high pressure and temperature. So no cement is 

involved here. 

➢ Environmental benefits to be achieved 

This technique offers a high-quality application for certain secondary fine raw materials. At the same 

time, CO2 is captured and no cement is consumed (no combustion energy, no decarbonisation of 

limestone, no consumption of primary raw materials). 

➢ Status of the technology 

Research and development by the company Orbix in collaboration with VITO led to the patented 

production process of the so-called Carbstone29, 30 (see Figure 5). Fine material (Carbinox®), released 

during the production process of stainless steel slag aggregates (see Sheet 5.16), is mixed with sand 

and pressed into moulds. Subsequently, curing takes place by means of carbonation under high 

pressure and temperature (in an autoclave). 

This technology resulted in the establishment of Carbstone Innovation NV in 2009. In order to 

further develop and expand these technologies and make them applicable for third parties, they 

have built a pilot plant near Charleroi. 
 

 
→ TRL 7 

Figure 5: Diagram of the Carbstone production process 

 
 

 
 

29 https://www.carbstoneinnovation.be 
30 https://www.orbix.be/nl/materialen/carbinox 

https://www.carbstoneinnovation.be/
https://www.orbix.be/nl/materialen/carbinox
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This technology was also investigated on ash originating from the incineration of household waste, in 

combination with Carbinox®31. 

→ TRL 4 

➢ Technical points of attention 

This technology does not use any cement and the curing takes place under the influence of 

carbonation. This means that, in contrast to conventional concrete, the alkalinity of the product 

obtained is insufficiently high to protect embedded steel elements (reinforcement) against 

corrosion32. It does not therefore seem possible to produce steel-reinforced elements using this 

technique. 

According to the developers, the Carbstone precast blocks have equivalent or even better 

performance characteristics compared with conventional concrete or lime-sandstone. Curing to full 

strength takes place after 24 hours instead of 28 days, which makes this technology particularly 

suitable for prefab products such as roof tiles, clinkers, building blocks, facing bricks, etc. The 

technology is only suitable for prefabricated products, not for ready-mixed concrete. 

➢ Potential for the Belgian market 

A pilot plant will be built in 2021 for Carbstone facing bricks in two sizes. Carbstone building blocks 

are expected to be on the market by late 2021/early 2022. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
31 http://www.ash-cem.eu/ 
32 See also the BBRI Files 2007/03.02 

http://www.ash-cem.eu/
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5.13 Low-lime cement 

➢ Brief description 

Low lime-cement is made with the same raw materials (albeit in different proportions) and 

using the same process and equipment as Portland cement, but at lower calcination temperatures 

(approximately 1200 °C). The concrete, made with this cement, hardens under the influence of CO2 

instead of water. 

i.p.v.  

➢ Environmental benefits to be achieved 

The production of low-lime cement requires less energy and thus produces less carbon emissions 

than the production of Portland cement. Combined with the consumption and capture of CO2 during 

curing, a reduction of the carbon emissions of up to 70% can be obtained. Limestone of poorer 

quality can be used for production. 

The resulting concrete requires much less water, hardens quickly (28-day strength reached after 24 

only hours) and is said to have excellent durability properties, increasing the lifespan. 

➢ Status of the technology 

Solidiatech has patented its production process to make Solidia Cement TM33. The technology has 

been proven through independent research and collaboration (however, the relevant reports are not 

publicly available). The strength and durability of the concrete prepared with this has been tested in 

accordance with the applicable standards. Since 2016, Lafarge Holcim has a commercial deal with 

Solidia Technologies, with the aim of bringing the technology to market faster. 

The Solidia Cement TM can already be produced on an industrial scale. Industrial carbon dioxide 

chambers are used to make Solidia precast concrete where the elements can harden. There are 

currently three pilot installations for this (in the United States, United Kingdom and Canada). 

→ TRL 6-7 

➢ Technical points of attention 

This technology does not use any (conventional) cement and the curing takes place under the 

influence of carbonation. This means that, in contrast to conventional concrete, the alkalinity of the 

product obtained is probably not sufficiently high to protect embedded steel elements 

(reinforcement) against corrosion34. It does not therefore seem possible to produce steel-reinforced 

elements using this technique. 

The concrete can be designed to have similar or better compressive strength, wear resistance and 

resistance to freeze-thaw cycles compared with conventional concrete. The final strength is reached 

after 24 hours instead of after 28 days. 

Because the carbonation has to take place in a CO2 cell, this technique is only applicable for the 

prefab sector. 
 
 
 

 

33 https://solidiatech.com/ 
34 See also the BBRI Files 2007/03.02 

https://solidiatech.com/
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➢ Potential for the Belgian market 

The technology can be implemented anywhere, as the same equipment is used as in the production 

of conventional cement. Specific equipment is required for the preparation and curing of the 

elements. 
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5.14 Recycled aggregates 

➢ Brief description 

A lot of building rubble is released when demolishing old concrete structures. By recycling this as 

concrete aggregate and mixed aggregate for new concrete, the cycle is (partially) closed thus 

avoiding the mining of primary raw materials. 

➢ Environmental benefits to be achieved 

Recycling concrete as aggregate in new concrete helps to close the concrete cycle, but it should be 

noted that it hardly reduces the carbon emissions from the concrete. Depending on the transport 

distances and the recycling process, recycled aggregates exhibit a very similar carbon footprint to 

primary aggregates. However, environmental benefits are made in terms of reduced extraction of 

primary aggregates. 

With regard to natural building sand, local availability is falling very quickly. The use of recycled sand 

can form a sustainable alternative for this. 

➢ Status of the technology 

The permitted use of coarse (d ≥ 4 mm and D ≥ 10 mm) recycled aggregates has been extended in 

the latest versions of the standards NBN EN 206 and NBN B 15-001 (see § 2.2.2). This could be done 

on the basis of extensive studies and practical experience. The points of attention for the use of 

these aggregates are known and can be sufficiently controlled under the permitted conditions. 

→ TRL 9 

If one deviates from the application framework of these standards (higher replacement percentage, 

higher compressive strength class, different environment class, the use of recycled sand (d < 4)), 

then the general and specific suitability for use must be demonstrated for the intended concrete 

composition and the intended usage. 

Various projects (pre-normative studies, demonstration projects, TETRA research, NIB work) have 

explored the possibilities and limitations of the more extensive use of recycled aggregates. A BBRI 

monograph was published on the use of recycled concrete aggregates in concrete35. 

→ TRL 7 

The exploratory tests, carried out in the context of the validation and deepening section of 

Circular.Concrete, have shown that it is possible to make workable concrete mixtures with 

predictable behaviour with higher replacement percentages (90% to 100%) of the natural aggregates 

using concrete aggregates, including the sand fraction. 

In the case of concrete conforming to environment class EE2, the influence of such replacement 

percentages on the compressive strength was found to be minimal after 28 days. The adverse 

influence on the carbonation resistance of the concrete was also found to be not too great. 
 
 
 
 
 

35 https://www.wtcb.be/homepage/index.cfm?cat=publications&sub=search&id=REF00011499 

https://www.wtcb.be/homepage/index.cfm?cat=publications&sub=search&id=REF00011499


  TECHNOLOGY SHEETS – AGGREGATES  

Circular.Concrete 
State of the Art Report v 2.0 

38/59 

 

 

 
 

The influence of such replacement percentages on the mechanical properties and durability 

properties of the concrete is significant, especially with higher concrete qualities (e.g. in accordance 

with environment class EE4). This could possibly be taken into account in the design of the mixture. 

➢ Technical points of attention 

The water absorption of recycled aggregates is generally higher and more variable than that of 

natural aggregates. If this water absorption is overestimated or underestimated during the 

calculation of the concrete composition, this has a direct impact on the water-cement factor and 

thus on the workability of the concrete and the strength and durability of the hardened concrete. It 

is therefore very important to have a good control of the water balance in the concrete. 

Because recycled aggregates have an intrinsically lower mechanical strength than that of natural 

aggregates, their use generally results in a decrease in compressive strength after 28 days, 

depending on the replacement percentage. 

The possible presence of floating particles in the aggregates should be taken into account. These can 

end up on the concrete surface and be visible in the hardened concrete. This may be undesirable in 

certain applications where a high surface quality is required (e.g. exposed concrete, concrete floors 

with high aesthetic requirements). 

➢ Potential for the Belgian market 

In Belgium, there is high local availability of recycled aggregates (concrete aggregates and mixed 

aggregates). Some are even BENOR certified. 
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5.15 Artificial (industrial) aggregates - Copper slag 

➢ Brief description 

Copper slag is a (by)product of the pyrometallurgical production of copper (Cu) and consists mainly 

of iron silicate. It is enriched in Cr, Cu, Pb, Ni and Zn, and is classified as non-ferrous slag. Thanks to 

new technologies, purer copper slag can be produced with fewer heavy metals, which can be used as 

aggregate in concrete. 

➢ Environmental benefits to be achieved 

Environmental benefits are made in terms of reduced extraction of primary aggregates and the high-

quality use of copper slag aggregates. 

➢ Status of the technology 

The permitted use of artificial aggregates according to the standards NBN EN 206 and NBN B 15-001 

does not apply to copper slag aggregates. The general and specific suitability for use must therefore 

be demonstrated in all cases. 

Copper slag is currently used mainly as aggregate for the production of lean concrete and sand-

cement mixtures. 

→ TRL 4 

The exploratory tests, carried out in the context of the validation and deepening section of 

Circular.Concrete, have shown that it is certainly possible to make workable concrete mixtures with 

predictable behaviour using copper slag aggregates 0/4. 

The results obtained with a replacement percentage of 20%, both in terms of mechanical properties 

and durability, were very similar to those obtained with the reference concrete used, in the case of 

concrete conforming to both environment class EE2 and EE4. 

➢ Technical points of attention 

In general, the replacement of natural aggregates with aggregates from non-ferrous metal slag 

results in a higher mechanical strength of the concrete. 

The copper slag aggregates have a larger specific surface area and thus lead to a greater water 

requirement of the concrete when fresh. 

The long-term stability (swelling) and the inertness of the copper slag aggregates should be verified. 

The third life must also be covered. 

➢ Potential for the Belgian market 

In Belgium, about 90% of copper slag is produced by Metallo Belgium36. As a producer, Metallo 

actively seeks applications for this slag in collaboration with various partners, both research 

institutes and industrial partners from the concrete industry. 
 
 
 
 
 
 

36 https://www.metallo.com/ 

https://www.metallo.com/
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5.16 Artificial (industrial) aggregates - Stainless steel slag 

➢ Brief description 

Stainless steel slag is a by-product of the manufacture of stainless steel. Scrap and semi-raw 

materials are melted with alloying elements and additives in an electric arc furnace (EAF). The slag is 

separated from the metal bath and cooled, and then further processed into aggregates (by crushing, 

screening, washing, de-metallising). Depending on the method of cooling, crushing and screening, 

the slag is available as a coarse or very fine aggregate or as filler. 

➢ Environmental benefits to be achieved 

Environmental benefits are made in terms of reduced extraction of primary aggregates and the high-

quality use of stainless steel slag aggregates. 

➢ Status of the technology 

The stainless steel slag can be used in road construction in asphalt and bituminous mixtures (crushed 

sand and rubble from crushed stainless steel slag), (rubble) foundations, lean asphalt for road 

foundations (sand fraction), sand cement (sand fraction), lean concrete for road foundations, 

foundations of buildings and engineering structures (sand fraction), road elements, buildings and 

engineering structures, lean asphalt for foundations, gravel and coverings, and asphalt concrete 

mixtures. 

In principle, stainless steel slag is also suitable as aggregate for concrete for prefabricated products 

and ready-mixed concrete (buildings and structures). The stainless steel slag aggregates are 

considered to be an inert material that has no hydraulic or pozzolanic properties. The permitted use 

of artificial aggregates according to the standards NBN EN 206 and NBN B 15-001 applies to stainless 

steel slag aggregates. 

→ TRL 9 

If one deviates from the application framework of these standards (higher replacement percentage, 

higher compressive strength class, different environment class, the use of artificial sand (d < 4)), then 

the general and specific suitability for use must be demonstrated for the intended concrete 

composition and the intended usage. 

→ TRL 5 

The exploratory tests, carried out in the context of the validation and deepening section of 

Circular.Concrete, have shown that it is certainly possible to make workable concrete mixtures with 

predictable behaviour using stainless steel slag, including the sand fraction. 

The results obtained with a replacement percentage of 50% of the natural aggregates in concrete 

(20% 0/2 and 30% 2/10), both in terms of mechanical properties and durability, were very similar to 

those obtained with the reference concrete used, in the case of concrete conforming to both 

environment class EE2 and EE4. 

➢ Technical points of attention 

In general, the replacement of natural aggregates with aggregates from stainless steel slag 

aggregates results in a higher mechanical strength of the concrete. 
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The stainless steel slag aggregates have an irregular shape and a larger specific surface area, and thus 

lead to a greater water requirement of the concrete when fresh. 

The long-term stability (swelling of free lime, decomposition) and the influence on the binding of 

stainless steel slag aggregates should be verified. 

➢ Potential for the Belgian market 

The most important stainless steel slag producer in Flanders is Orbix37. The stainless steel slag is 

available under the commercial name Stinox®, the filler under the name Fillinox®. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

37 https://www.orbix.be/nl 

https://www.orbix.be/nl
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5.17 Artificial (industrial) aggregates - LD slag 

➢ Brief description 

Steel production by the Linz-Donawitz (LD) process produces slag in addition to molten steel. Like 

other steel slags, LD slag belongs to the group of ferrous slag. LD slag can in principle be used as 

aggregate in concrete. By changing the chemical composition of the slag in the still liquid phase, it is 

possible to obtain an artificial gravel (“LD gravel”) that is suitable as a replacement for natural 

aggregates in concrete, from a structural and environmental hygiene point of view. 

➢ Environmental benefits to be achieved 

Environmental benefits are made in terms of reduced extraction of primary aggregates and the high-

quality use of LD slag. 

➢ Status of the technology 

The potential presence of too much free lime (CaO) in LD slag and the resulting negative experiences 

due to poor performance, meant that, since 2000, LD slag is no longer included as an artificial 

aggregate in the Standard Specification 250 for road construction, as a result of which sales 

decreased significantly. 

In the meantime, the producer Arcelor Mittal is said to have managed to improve the construction 

quality by changing the chemical composition of the slag in the still liquid phase, which should result 

in an artificial gravel ("LD gravel"), which is suitable as a replacement for natural aggregates, from a 

structural and environmental hygiene point of view. 

→ TRL 5 

➢ Technical points of attention 

LD slag can cause problems with the leaching of certain heavy metals, where vanadium, copper and 

chromium are critical parameters. A raw material declaration is required for the use of LD slag as raw 

material. However, an exception to this rule applies to LD slag that can be used directly without 

further treatment, in this case, the Ministerial Decree applies. However, if the uses stated in the 

Ministerial Decree of 4 September 2012 are not met, the material remains a waste material. 

The presence of free lime (CaO) in the aggregates and the associated swelling behaviour hinder the 

use of LD slag as building material. By changing the chemical composition of the slag in the still liquid 

phase, it is possible to obtain “LD gravel” that is suitable as a replacement for natural gravel, from a 

structural and environmental hygiene point of view. 

The construction quality of LD slag can be certified, for example by the certification bodies COPRO 

(TRA 40) and Certipro. 

➢ Potential for the Belgian market 

Arcelor Mittal in Ghent is the only Flemish producer of LD slag (about 400 kilotons in 2016). This slag 

is processed into a fine fraction that serves as fertiliser or soil-improving agent (thanks to the 

relatively high lime content), while the coarse fraction is used as building material. The LD steel slag 

is also reused as auxiliary rock during the pig iron process in blast furnaces. In addition, the slag is 

also used in hydraulic engineering for repairing dykes or for riverbed reinforcement. 
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The LD gravel production plant was commissioned in mid-2006 and can handle up to 100,000 tons of 

LD slag. In 2016, LD gravel production (for use as aggregate in concrete) was only very small (an 

average of three kilotons per month). Moreover, this gravel is not sold and remains in stock until 

suitable applications (for high-density aggregates) are found. Meanwhile, Arcelor Mittal uses the 

gravel on its industrial sites in its own test projects, including road construction, the replacement of 

porphyry in the tracks of overhead cranes, etc. 
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5.18 Artificial (industrial) aggregates - Incinerator bottom ash (IBA) 

➢ Brief description 

Ashes are produced when waste is incinerated in waste incineration plants (WIP). The coarse 

fraction that remains at the bottom of the incinerator is called incinerator bottom ash (IBA). The 

term incinerator bottom ash includes both bottom ashes from household waste incineration plants 

(HWIP) and bottom ashes from biomass, wood and paper combustion. Incinerator bottom ash must 

be treated before it can be used as artificial aggregate in concrete. Typically, this involves a ferrous 

and non-ferrous separation. 

➢ Environmental benefits to be achieved 

Environmental benefits are made in terms of reduced extraction of primary aggregates. 

➢ Status of the technology 

The majority of the treated bottom ashes are used in the design and final finishing of landfills. Other 

applications include the production of blasting media and lean concrete for foundations and sub-

foundations (above the water table) (Figure 6). 
 

Figure 6: Application of incinerator bottom ash as a road foundation 
 

Studies show that incinerator bottom ash could qualify as aggregate for concrete. 

→ TRL 5 

➢ Technical points of attention 

Incinerator bottom ash traditionally shows problems with the leaching of heavy metals, mainly 

copper and zinc. The finer (sand) fraction (< 6 mm) of incinerator bottom ash is particularly affected 

by this problem. A raw material declaration is mandatory when using incinerator bottom ash in 

construction engineering applications. 

Further treatment is required in order to increase the environmental hygiene quality of the treated 

bottom ashes that do not meet the VLAREMA standards. The most commonly used treatment 

method for this is natural ageing in which a complex series of related processes (such as 

carbonation, hydration, etc.) occur. However, this natural ageing does not always ensure that the 

VLAREMA standards are met. 
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Incinerator bottom ash is often used in bound applications (structured building material) because of 

the leaching of heavy metals and usually not as unstructured building material. In the raw materials 

declaration, an additional verification is made as to whether the material in which incinerator 

bottom ash is used meets the leaching criteria. 

The presence of aluminium in the incinerator bottom ash can give rise to swelling in the concrete 

that is undesirable from a constructional point of view. This side effect could be prevented by pre-

treating the incinerator bottom ash. 

➢ Potential for the Belgian market 

In Flanders, 239 kilotons of incinerator bottom ash was treated in 2015, of which 110 kilotons came 

from Flanders and 129 kilotons from Wallonia. The two most important Flemish treatment 

installations for incinerator bottom ash are Indaver and Valomac. They convert unsuitable bottom 

ash, both from inside and outside Flanders (including Wallonia), into secondary raw materials for 

concrete. 

Every year, 125 kilotons of bottom ash is used in Flanders as building material. Nevertheless, for 

environmental hygiene reasons, considerable quantities of incinerator bottom ash are also dumped. 
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5.19 Artificial (industrial) aggregates - Lead slag 

➢ Brief description 

Lead slag is formed during the production of lead (Pb) from lead-containing raw materials. This slag 

is broken down afterwards and is thus available as a gravel (4-32 mm) or sand fraction (0-4 mm). 

Lead slag belongs to the category of non-ferrous slag. Because of their high density, these aggregates 

can be used in the production of heavy concrete. 

➢ Environmental benefits to be achieved 

Environmental benefits are made in terms of reduced extraction of primary aggregates. 

➢ Status of the technology 

Lead slag has been used for many years, among others by Waterwegen & Zeekanaal (W&Z) to 

reinforce the banks of waterways. However, samples from the Scheldt have been said to indicate 

very high concentrations of lead. That is why the Public Waste Agency of Flanders (OVAM) would 

have temporarily suspended the use of metal slag as bank reinforcement, or at least a certain type of 

it. 

→ TRL 5 

➢ Technical points of attention 

Lead slag is generally highly enriched in (heavy) metals. The leaching of lead is a critical parameter, 

although it appears that all other VLAREMA metals (As, Cd, Cr, Cu, Hg, Ni and Zn) are also strongly 

present in comparison with the VLAREMA guideline values for total concentrations. 

A raw material declaration is required when using lead slag as a building material. 

Lead slag is often used in bound applications (structured building material) because of the leaching 

of heavy metals and usually not as unstructured building material. The big problem is the second life 

of this slag. This aspect is currently the subject of further research. 

The sand and gravel fraction of the lead slag can be used in the production of sand cement and 

ready-mixed concrete. Lead slag is in principle also suitable for prefab concrete, or as dyke 

reinforcement material. For the time being, the standards allow only 20% (v/v) replacement in 

concrete types that are rarely used. Working is ongoing on ways to expand this. 

➢ Potential for the Belgian market 

In Flanders, Umicore produces lead in Hoboken. Every year, 150–250 kilotons of depleted lead slag 

are released that can be used as building material. 

In addition to Umicore, Campine in Beerse also produces 2.5 to 4 kilotons of lead slag per year. 
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5.20 Injection of CO2 into fresh concrete 

➢ Brief description 

With this technology, a precise amount of CO2 is injected, as carbonate ions dissolved in water, into a 

concrete mixture during mixing. The CO2 is converted (and captured) into calcium carbonate, which 

exerts an influence during the subsequent hydration process and strength development. 

➢ Environmental benefits to be achieved 

Carbon emissions from other industrial processes could be consumed using this technology. By 

taking into account in the design the increased strength provided by the CO2, it is possible to 

optimise the mixture and reduce cement consumption (up to 8% less cement required for the same 

strength). It is envisaged that approximately 15 kg of CO2 per m3 of ready-mixed concrete and 15 to 

23 kg of CO2 per m3 of precast concrete can be stored. 

➢ Status of the technology 

The company CarbonCure has patented the technique (Figure 7). This can simply be linked to the 

existing set-up in a concrete mixing plant38. 

 
Figure 7: Diagram of the CarbonCure technique 

 

The website provides case study reports where the technique has been applied in field conditions 

over a long period of time, as well as the results of a research project. 

→ TRL 8 

➢ Technical points of attention 

This technique apparently has no influence on the other properties of the concrete composition (e.g. 

slump, pumpability, air content, temperature), nor on those of the hardened concrete (pH, freeze-

thaw resistance, density, colour, durability). 

This technique accelerates the concrete setting time. The compressive strength of the concrete 

increases at a young age. 

➢ Potential for the Belgian market 

There is currently no experience in Europe with this technology. Since the system is linked to an 

existing set-up in a concrete mixing plant, the technology can be applied anywhere. 
 
 
 
 
 
 

38 https://www.carboncure.com 

https://www.carboncure.com/
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5.21 Recycle and manufacture on site 

➢ Brief description 

Although there is no direct response to saving new or using recycled or alternative raw materials, 

there are advantages to be gained by processing waste streams locally and producing concrete 

locally (= on site, or at another specific location). Various technological developments respond to 

this: recycling technology, organisation of the site, production of concrete and concrete products, 

etc. 

➢ Environmental benefits to be achieved 

The environmental benefit of on-site or close-by processing and production is mainly due to savings 

on transport. The removal of construction and demolition waste or the supply of new materials to 

the site is an important source of CO2 emissions, the production of particulate matter, congestion, 

etc., especially in larger projects. 

➢ Status of the technology 

In themselves, the same technologies are used that are also discussed elsewhere in this document, 

but with a focus on their mobile character. This means that the technologies are brought to the 

materials and applied on site, rather than the other way around. The TRL level thus depends on the 

technologies applied: 

• Mobile crushing of concrete and other rubble aggregate 

→ TRL 9 (common practice), although it is true that attention must be paid to the purity of 

the incoming flow 

• Local production of AAMs (cf. the RECOVER project of SREMat39) 

→ TRL 5 

• Innovative separation technology for recycled aggregates (e.g. the mobile C2CA-ADR 

installation, see Sheet 5.2640) which, for example, can upgrade the sand at various crushing 

yards 

→ TRL8 

• Local production of concrete: mobile concrete mixing plants exist in their own right. It is not 

clear to what extent these are sufficiently equipped to, for example, deal with the specificity 

of the use of recycled aggregates. 

➢ Technical points of attention 

One of the challenges is the need for space on the construction site to set up a mobile unit and to 

store the materials before or after processing. This installation can also cause a temporary and local 

nuisance (noise, dust, etc.). These mobile installations are often less well equipped than fixed 

installations, which means that slightly fewer parameters are controllable. 

➢ Potential for the Belgian market 

In terms of recycling, there is a lot of capacity in Flanders and there is rarely a long distance to travel. 

In large projects, where there is sufficient space, there is potential to work more locally. 

39 https://recover.technology/technology/ 

40 https://strukton.com/en/Civiel/Circuton 

https://recover.technology/technology/
https://strukton.com/en/Civiel/Circuton
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5.22 Demountable construction and reversible design 

➢ Brief description 

Better than recycling concrete is to reuse the various components at the end of the lifespan of the 

building in question. For this, the use of completely demountable and preferably standardised 

concrete elements is recommended. 

➢ Environmental benefits to be achieved 

Reusing standardised concrete elements saves primary raw materials. Because no new cement is 

needed, fuel is also saved and there are less CO2 emissions. 

During the use phase, demountable building elements also make it easier to adapt the building to 
the changing needs of the building users. In addition, demountable construction is a factor that can 
greatly simplify repair or maintenance work, because easily accessible and demountable also means 
easily replaceable. 

Demountable building elements also make it easier to separate construction and demolition waste, 
opening up more possibilities for recycling. 

➢ Status of the technology 

Various manufacturers have already developed solutions for demountable construction in concrete: 

• IMd41 

• HOLCON42 

• Peikko43 

• CD20 Building Systems44 

A simple application is, for example, using floor elements of 2 x 2 square metres for a floor in the 

ground, instead of a floor slab poured in situ. 

→ TRL 8 

➢ Technical points of attention 

With demountable construction, it is important to design and realise demountable connections 
between the various building elements. This makes it possible to remove the various components 
without damaging or contaminating the components themselves or the surrounding components. 

For concrete structures, it is certainly worth considering whether it makes sense to design them to 

be demountable, if they are intended to last for a very long time (50 years, 100 years, etc.). 

➢ Potential for the Belgian market 

For the time being, there are no manufacturers in Belgium that produce demountable concrete 
elements. 

 
 

41 https://www.youtube.com/watch?v=xsRF2Ooq2po 
42 http://www.pioneering.nl/SiteFiles/1/files/Het%20Holcon%20betonskeletsysteem%20janu- 
ari%202013%20Chiel%20Bartels.pdf 
43 https://www.bft-international.com/en/artikel/bft_Worldwide_innovation_in_connection_techno- 
logy_2295691.html 
44 https://www.cd20.nl/ 

https://www.youtube.com/watch?v=xsRF2Ooq2po
http://www.pioneering.nl/SiteFiles/1/files/Het%20Holcon%20betonskeletsysteem%20januari%202013%20Chiel%20Bartels.pdf
http://www.pioneering.nl/SiteFiles/1/files/Het%20Holcon%20betonskeletsysteem%20januari%202013%20Chiel%20Bartels.pdf
https://www.bft-international.com/en/artikel/bft_Worldwide_innovation_in_connection_technology_2295691.html
https://www.bft-international.com/en/artikel/bft_Worldwide_innovation_in_connection_technology_2295691.html
https://www.cd20.nl/
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5.23 3D printing 

➢ Brief description 

Software developments have allowed the extensive automation of design processes. In a topological 

design (ESO; Evolutionary Structural Optimisation), the structural requirements and the material 

properties are matched so that the properties of the material are used optimally and the material 

consumption is reduced to a minimum. 

Such a design generally results in special shapes, with a clear link with shapes that occur in nature 

(e.g. trees, see Figure 8). In order to realise these special shapes, use can be made of 3D concrete 

printers (directly or for the production of moulds). 
 

Figure 8: Topological design of a bridge column 
 

➢ Environmental benefits to be achieved 

The consumption of materials (primary raw materials) and the associated transport and construction 

time are reduced to a minimum (30 to 40% reduction). 

Concrete mixes for 3D printing generally contain higher levels of special admixtures and additives. 

➢ Status of the technology 

At UGent, researchers from the Department of Architectural Structures have realised a bridge at lab 

scale using the smallest possible amount of concrete (Figure 9). The bridge was then 3D printed with 

a mobile 3D printer45. 
 

 

45 https://www.ugent.be/ea/structural-engineering/nl/printenbrug.htm 

https://www.ugent.be/ea/structural-engineering/nl/printenbrug.htm
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Figure 9: Topological design of a bridge 

 

Other companies that have researched and applied the technique46. 

Various companies and knowledge centres are further investigating the possibilities and limitations 

of the technology. 

→ TRL 7 

➢ Technical points of attention 

There are a number of points to consider when 3D printing concrete, including: 

• Concrete usually contains steel reinforcement to withstand the tensile forces. It should be 

examined how these can be incorporated into 3D-printed concrete. 

• The elements are built up layer by layer. The rheology of the concrete must allow the 

different layers to be anchored into each other without sagging. 

• Concrete must be post-treated for a sufficient period of time (protected against drying out), 

depending on the environmental conditions and the concrete composition. In conventional 

applications, the shuttering serves as a post-treatment during the critical first hours. With 3D 

printing there is no shuttering, so the post-treatment has to take place in a different way. 

➢ Potential for the Belgian market 

In 2020, the first two-storey house in Belgium was fully 3D printed by Kamp C, the centre for 

sustainable building, using Europe's largest 3D concrete printer (a modular 3D printer from the 

Danish company Cobod)47. What is special is that the entire house was printed as one building 

envelope in 15 days. At present, the technique is not yet commercially and economically viable 

without significant subsidies. 
 
 
 
 
 
 
 
 
 

46 https://movares.nl/diensten/topologisch-ontwerpen/ 
47 https://tweakers.net/geek/169414/belgisch-samenwerkingsproject-print-met-3d-betonprinter-huis-op-loca- 
tie.html 

https://movares.nl/diensten/topologisch-ontwerpen/
https://tweakers.net/geek/169414/belgisch-samenwerkingsproject-print-met-3d-betonprinter-huis-op-locatie.html
https://tweakers.net/geek/169414/belgisch-samenwerkingsproject-print-met-3d-betonprinter-huis-op-locatie.html
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5.24 Self-healing concrete 

➢ Brief description 

Concrete is often cracked because of its low tensile strength. With self-healing concrete, micro-

cracks are repaired without human intervention, so that they cannot grow into access routes for 

harmful substances for the concrete and the reinforcement. The self-healing ability can be obtained 

e.g. by the addition of super absorbent polymers, with or without embedded bacteria that produce 

calcium carbonate, or by the addition of capsules with polymers. This can extend the lifespan of 

concrete structures. 

➢ Environmental benefits to be achieved 

The use of self-healing concrete can extend the lifespan of concrete structures and can reduce the 

(often high) maintenance and repair costs. 

➢ Status of the technology 

This technology is still in the research phase48, 49, 50. A first practical application was made in the 

context of the Oosterweel link in Antwerp. 

In the meantime, there is also a company in the Netherlands that offers this technology on the 
market51. 

→ TRL 7 

➢ Technical points of attention 

The self-healing products (capsules, polymers, bacteria) must be placed in the right place (on the 

concrete surface) and in a sufficiently high dose in the concrete, without significantly influencing the 

properties of the concrete. 

Capsules must on the one hand be able to withstand the rather violent concrete mixing operations 

and, on the other hand, they must still break open when micro-cracks appear in the concrete matrix. 

➢ Potential for the Belgian market 

The application potential may be in concrete structures in aggressive conditions (e.g. harbours, 

marine environment, etc.) where a long lifespan is required. 
 
 
 
 
 
 
 
 
 
 
 
 

 

48 https://www.ugent.be/ea/structural-engineering/en/research/magnel/research/research3/selfhealing 
49 https://www.wtcb.be/homepage/index.cfm?cat=projects&proj=87 
50 https://www.sarcos.eng.cam.ac.uk/ 
51 http://www.basiliskconcrete.com/?lang=en 

https://www.ugent.be/ea/structural-engineering/en/research/magnel/research/research3/selfhealing
https://www.wtcb.be/homepage/index.cfm?cat=projects&proj=87
https://www.sarcos.eng.cam.ac.uk/
http://www.basiliskconcrete.com/?lang=en
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5.25 Smart crushing techniques 

➢ Brief description 

Concrete consists of fine aggregates (sand), coarse aggregates and cement paste. In a conventional 

crushing process, concrete is broken into aggregates consisting of agglomerates of these three 

elements. This is specific to the processes used (jaw crusher, impact crusher, etc.). It is the adhering 

mortar that ensures that the recycled aggregates have different properties from natural aggregates, 

mainly in terms of water absorption and mechanical strength. 

For several years now, work has been done on technologies to separate concrete into its original 

components and thus to obtain pure, almost ‘natural’ aggregates, as well as a very fine fraction 

containing mainly cement (hydrated and non-hydrated). 

➢ Environmental benefits to be achieved 

The advantage lies in removing the disadvantages of recycled aggregates by producing almost 

natural aggregates, resulting in simpler water management (less extra water to be added) and a 

lower drop in strength (no extra cement needed). 

There may also be applications for the very fine fraction (< 0.063 mm), which consists partly of 

hydrated cement and partly of non-hydrated cement. This fraction could be used as a binding agent, 

possibly after an additional treatment (calcination), so that the use of new cement can be limited. 

These possible gains are offset by the extra energy that the additional processing steps entail 

(crushing, calcining). 

➢ Status of the technology 

A number of (pilot) machines have been built in the Netherlands that can crush concrete rubble 
‘smartly’: 

• The New Horizon & Rutten Group: the SmartCrusher, a jaw crusher that makes rotating 

movements and grinds the concrete apart and sands it instead of crushing it (Figure 10)52. 

Figure 10: Diagram of the SmartCrusher for crushing concrete rubble into fine aggregates, coarse aggregates and a very 
fine fraction 

 

 

52 https://www.slimbreker.nl/index.html, https://www.slimbreker.nl/downloads/Smart%20Crusher%20- 
%20Presentation%20Barcelona.pdf 

https://www.slimbreker.nl/index.html
https://www.slimbreker.nl/downloads/Smart%20Crusher%20-%20Presentation%20Barcelona.pdf
https://www.slimbreker.nl/downloads/Smart%20Crusher%20-%20Presentation%20Barcelona.pdf
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• CirculairMineraal: the CM crusher53 

However, the scientific results actually achieved on the aggregates are not well documented. There 

are no scientific articles available yet with regard to the upgrading of the very fine fraction as cement 

or as a raw material for cement production. The original concrete composition will probably be an 

important influencing parameter here. 

→ TRL 7 

In France, research was done into technology to fragment or weaken the concrete at the aggregate 

level using microwaves and powerful electric pulses, making it easier to crush with less energy54. 

They have also researched these technologies at VITO55. 

The exploratory tests, carried out on (Belgian) concrete rubble in the context of the validation and 

deepening section of Circular.Concrete, have shown that the ‘smart’ crushers currently appear to 

have only limited efficiency on Belgian concrete rubble. On the one hand, the properties of the 

resulting aggregates (sand and coarse) showed that they still contain a lot of mortar and on the 

other hand, the received fine fraction consisted almost entirely of quartz. This is possibly due to the 

fact that the ‘smart crusher’ has a rather limited efficiency on Belgian concrete, which contains 

primarily limestone aggregate as a coarse aggregate fraction. 

➢ Technical points of attention 

The smart crushing technology seems to work with ‘Dutch’ concrete, with (round) gravel as coarse 

aggregate. It is unclear whether the technique also works on concrete with broken (and therefore 

angular) porphyry and limestone aggregates. 

In the methods with electric pulses and microwaves, the efficiency depends, among other things, on 

the size of the aggregates (the technique seems to be most efficient for aggregates with a diameter 

of around 1 mm) and the difference in properties of the elements to be separated (the dielectric 

properties and the electrical resistance). 

➢ Potential for the Belgian market 

In Belgium, concrete is mainly made with crushed coarse limestone aggregates. As a result, the 

‘smart’ crushing technology may not be as efficient on ‘Belgian’ concrete as it is on ‘Dutch’ concrete. 

The recycling industry is already producing suitable concrete aggregates for ready-mixed concrete. 

This technology could have added value if it is possible to use it to quickly and easily ‘upgrade’ 

concrete aggregates that do not meet the requirements of the standard, so that they do comply. 
 
 
 
 
 
 
 
 
 

53 https://www.circulairmineraal.nl/ 
54 Nouvelles techniques de comminution – Puissance électrique pulsée et micro-ondes, Solène Touzé & PG/R&V, 
Recyclage & Valorisation, mars 2019/n° 64 
55 https://www.mdpi.com/1996-1944/12/3/488/htm 

https://www.circulairmineraal.nl/
https://www.mdpi.com/1996-1944/12/3/488/htm
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5.26 Smart sorting and separation techniques 

➢ Brief description 

Construction and demolition waste is typically heterogeneous, as it is a mixture of different concrete 

compositions, masonry, etc. Moreover, concrete itself is a composition of different base materials. 

To make it easier for use in new concrete, it is advisable to use material flows of the highest possible 

and constant quality. To achieve this, various innovative sorting and separation techniques can be 

used. 

➢ Environmental benefits to be achieved 

The gains are mainly in the upgrading of certain material flows, which can then replace primary raw 

materials in concrete. However, this is offset by any additional transport and the additional energy 

required to generate the electricity. 

➢ Status of the technology 

In the context of various European projects, TUDelft has worked on56, 57: 

• The dry mechanical separation of the 0–16 mm fraction via ADR (Advanced Dry Recovery58), 

resulting in a clean 4–16 mm aggregate fraction, a 1–4 mm fraction that can be further 

treated with HAS, and a 0–1 mm fraction. The latter can be separated into clean sand and an 

ultra-fine fraction, which can possibly be used as a cement substitute or as a raw material for 

cement (Figure 11). The latter was investigated at UGent59. 
 

Figure 11: Working principle of ADR 

 
 
 

56 http://www.veep-project.eu/download.aspx?id=f63b37d3-a01f-4d88-b41d-e2580f6f7332 
57 https://ec.europa.eu/research/participants/documents/downloadPublic?documen- 
tIds=080166e5c4842365&appId=PPGMS 
58 http://www.c2ca.eu/activities/the-recycling-process/ 
59 https://biblio.ugent.be/publication/6930795/file/6930796.pdf 

http://www.veep-project.eu/download.aspx?id=f63b37d3-a01f-4d88-b41d-e2580f6f7332
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5c4842365&appId=PPGMS
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5c4842365&appId=PPGMS
http://www.c2ca.eu/activities/the-recycling-process/
https://biblio.ugent.be/publication/6930795/file/6930796.pdf
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• The use of hot air (HAS) to further treat the 1–4 mm fraction (Figure 12). 
 

 

 
→ TRL 8 

Figure 12: Working principle of HAS 

 

In the BauCycle project, Fraunhofer has worked on using sensors to further sort the fine fraction into 

pure streams that can be reused afterwards (Figure 13)60. 
 

Figure 13: Working principle of the sorting belt 
 

The Twentse Recycling Maatschappij (TRM) (Twee "R" Recycling Groep) is investing in a separation 

technique to create clean concrete rubble so as to be able to make concrete aggregates61. 

Within Characterise-to-Sort62 VITO is building a characterisation technology that recognises very 

diverse waste particles and turns them into a ‘digital twin’. The waste is placed on a sorting belt and 

screened by X-rays, a 3D laser scanner and a colour camera. Through self-learning algorithms and 

data science, the device recognises the individual particles and assigns numerous different 

parameters to them: size, mass, shape, material, texture, etc. This makes it possible to create a so-

called digital twin of every physical waste mountain. 

→ TRL 7 
 
 
 

60 https://www.baucycle.de/ 
61 https://www.puinrecycling.nl/kogel-is-kerk/ 
62 https://vito.be/nl/product/afvalkarakterisering-20 

https://www.baucycle.de/
https://www.puinrecycling.nl/kogel-is-kerk/
https://vito.be/nl/product/afvalkarakterisering-20
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➢ Technical points of attention 

Research by TUDelft shows that the use of sand separated by ADR has a positive influence on the 

compressive strength of concrete, without a clear reason being available. This warrants further 

research. 

It is important for the profitability of most of these techniques that even the less desirable fractions 

find a good sales channel. 

➢ Potential for the Belgian market 

The recycling industry is already producing suitable concrete aggregates for ready-mixed concrete. 

This technology could have added value if it is possible to use it to quickly and easily ‘upgrade’ waste 

streams that do not meet the requirements of the standard, so that they do comply. 
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5.27 Bio-deposition of CaCO3 by bacteria 

➢ Brief description 

It is possible to reduce the absorption capacity of these aggregates by treating recycled concrete 

aggregates with bacteria, which deposit lime in the pores and form an impermeable layer of calcium 

carbonate on the surface of the aggregates. 

➢ Environmental benefits to be achieved 

By limiting the ‘difficulties’ of using recycled aggregates, this technique can lead to an increased use 

of recycled aggregates (see Sheet 5.14). 

➢ Status of the technology 

The Magnel laboratory for concrete research has carried out research into the potential of this 

technology63. The first results show that treated concrete aggregates produce a concrete with a 

denser structure, less water absorption and a higher compressive strength (25%) than with the 

untreated aggregates. 

→ TRL 3 

➢ Technical points of attention 

The more porous aggregates undergo a greater effect with this technique. The technique is more 

efficient on concrete aggregates than on mixed aggregates. 

➢ Potential for the Belgian market 

The recycling industry is already producing suitable concrete aggregates for ready-mixed concrete. 

This technology could have added value if it is possible to use it to quickly and easily ‘upgrade’ 

concrete aggregates that do not meet the requirements of the standard, so that they do comply. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

63 https://biblio.ugent.be/publication/8557581 

https://biblio.ugent.be/publication/8557581
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5.28 Treatment of aggregates with CO2 

➢ Brief description 

In concrete exposed to the air, carbon dioxide (CO2) reacts with the alkaline ingredients in the 

concrete (Ca(OH)2): carbonation. Calcium carbonate (CaCO3) deposits in the pores of the concrete, 

increasing the density of the structure and slightly increasing the compressive strength. At the same 

time, improved chemical and physical properties are obtained (e.g. lower water absorption 

capacity). 

Natural carbonation (at 0.04 to 0.05% CO2) is a relatively slow process, depending, among other 

things, on the exposure of the concrete and the original concrete composition. Methods have been 

developed to speed up this process. 

➢ Environmental benefits to be achieved 

By limiting the ‘difficulties’ in using recycled aggregates, this technique can lead to an increased use 

of recycled aggregates (see Sheet 5.14). At the same time, due to the carbonation, certain harmful 

substances, such as heavy metals, can also be captured in the concrete matrix. 

If the carbonation can also be done with CO2, captured from the outside air, instead of industrial 

CO2, then the resulting aggregate can possibly be considered carbon negative. 

➢ Status of the technology 

The patented “Accelerated Carbonation Technology” (ACT)64 is a controlled, accelerated version of 

the natural carbonation process. Whereas the natural carbonation of concrete aggregates would 

take decades, this technology can achieve full carbonation within 15 to 20 minutes. 

The concrete aggregates can also be stored for some time in a chamber with an increased CO2 

content, whether or not under increased pressure (in an autoclave). 

→ TRL 3 

The exploratory tests, carried out in the context of the validation and deepening section of 

Circular.Concrete, have shown that the CO2 treatment of recycled aggregates has a certain but 

rather limited influence, depending on the adhered mortar fraction on the recycled concrete 

aggregates. 

➢ Technical points of attention 

Working with an increased CO2 content poses some risk to health. 

➢ Potential for the Belgian market 

The recycling industry is already producing suitable concrete aggregates for ready-mixed concrete. 

This technology could have added value if it is possible to use it to quickly and easily ‘upgrade’ 

concrete aggregates that do not meet the requirements of the standard, so that they do comply. 

http://c8s.co.uk/

