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C2CA Concrete Recycling Process

From Development To Demonstration

Despite the urgency of creating a sustainable solution for end of life concrete waste, 
there has not been a large driving force for recycling it into prime grade materials. This 
low motivation has a root in existing cultural, environmental, political and economic                
constraints. For concrete to concrete recycling most of the time a lack of economic bene-
fits puts obstacles for the technology and the business model. This indicates that currently 
the market for concrete recycling may not be large enough and needs innovations to cre-
ate more attractive products. The C2CA concrete to concrete recycling process delivers 
such innovations.
The present research work investigated and developed the C2CA concrete recycling    
process for recycling of end of life concrete to both recycled aggregates, with a quality 
equivalent to natural aggregates and a hardened cement rich stream for low-CO2 cement 
production and other binder products.
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Moisture content[wt.%] 5.7 5.8 5.8 5.6 5.5 5.7 4.6 4.1 

Density of grains[kg/m3] 2626 2628 2629 2626 2629 2611 2626 2625 

Density of grains dried 
in an oven[kg/m3] 

2265 2256 2249 2266 2290 2262 2330 2358 

Density of grains satu-
rated and surface-dried 
[kg/m3] 

2402 2397 2393 2403 2419 2395 2442 2460 

Water absorption[ wt.%] 6.06 6.26 6.41 6.04 5.62 5.89 4.82 4.30 

Freezing-thawing 
weight loss (8-16mm) 
[wt.%] 

1.06 0.75 0.91 2.14 3.53 2.32 1.3 1.22 

Freezing-thawing 
weight loss (4-8mm) 
[wt.%] 

1.86 1.69 1.96 5.40 6.01 7.43 2.54 2.35 

Index of aggregate 
crushing for non-
fractioned sample 
[wt.%] 

14.42 14.6 14.43 13.74 13.79 13.16 13.21 13.98 

Index of aggregate 
crushing for 4-8 mm 
fraction[wt.%] 

13.49 13.84 13.38 14.02 13.32 13.31 12.74 13.04 

Index of aggregate 
crushing for 8-16 mm 
fraction[wt.%] 

15.65 15.88 15.86 13.31 14.37 12.95 13.93 13.65 

Fines content[wt.%] 
(wet analysis) 

0.63 0.23 0.37 0.29 0.31 0.43 0.40 0.34 

R
A

-P
C

1
-N

o
 m

illin
g

R
A

-P
C

1
-H

S
-L

C

R
A

-P
C

1
-M

S
-M

C
 

R
A

-P
C

2
-H

S
- L

C
 

L
C

 

R
A

-P
C

2
-M

S
-M

C
 

L
C

 

R
A

-P
C

2
-M

S
-H

C
 

L
C

 

R
A

-P
C

3
-H

S
-L

C
  

R
A

-P
C

3
-M

S
- M

C
 



            The relation between input variables and output quality in the  C2CA process 101 

‎

‎



102 Chapter  5 

‎

 

5.5.1 Fresh and hardened concrete mechanical properties 

‎

‎



            The relation between input variables and output quality in the  C2CA process 103 

‎



104 Chapter  5 

‎

‎

‎

‎



            The relation between input variables and output quality in the  C2CA process 105 

‎



106 Chapter  5 

‎

‎



            The relation between input variables and output quality in the  C2CA process 107 

‎

5.5.2 Durability properties of RAC 

‎

‎



108 Chapter  5 

‎ ‎

‎

‎

‎



            The relation between input variables and output quality in the  C2CA process 109 

‎

‎

‎



110 Chapter  5 

‎

‎

5.5.3 Discussion of the variables impacts 

‎

‎

‎



            The relation between input variables and output quality in the  C2CA process 111 

‎

‎

‎

‎

‎

‎



112 Chapter  5 

‎



            The relation between input variables and output quality in the  C2CA process 113 

‎



114 Chapter  5 

 

 



            The relation between input variables and output quality in the  C2CA process 115 



116 Chapter  5 



 
 
 

Assessment of contaminants level  
and removal from RA 
 

6  



118 Chapter  6 

 

 



                                          Assessment of contaminants level  and removal from RA 119 

6.2.1 End of life building (case study in Groningen) 

‎

‎



120 Chapter  6 

6.2.2 Smart dismantling and selective demolition 

‎

‎



                                          Assessment of contaminants level  and removal from RA 121 

Legend

Case study in 
Groningen

 Smart Dismantling 
&

 Selective Demolition

Hazardous
(asbestos,...),Contaminants

(gypsum, tapestry,…),Equipment
(heating, airco,…)

Large recyclables (steel, wood, 
brick)

Rebar steel

ADR processing

Processing

4-16 mm contaminants 
clean RA

Sensor sorting
Wind sifting

+16 mm Contaminants

+16 mm contaminants 
clean RA

Crushing

 Attrition Milling
& 

Screening On 16mm

+16 mm 
Fraction

-16 mm 
Fraction

0-4mm 
fraction

0.250-4 mm clean RS

0-0.250 mm Ca rich 
fraction

Removing external materials or 
contaminants

Clean products

Process

Quality control

Products mixed with 
contaminants

‎



122 Chapter  6 

‎

‎

6.2.3 Crushing and constituent of the crushed EOL 



                                          Assessment of contaminants level  and removal from RA 123 

‎

‎

6.2.4 Autogenous milling 



124 Chapter  6 

‎

‎ ‎

6.2.5 Screening and ADR processing 

‎

‎



                                          Assessment of contaminants level  and removal from RA 125 



126 Chapter  6 

‎



                                          Assessment of contaminants level  and removal from RA 127 

‎

6.2.6 NIR sensor sorting and wind sifting to remove contaminants 
from +16mm RA 

‎

‎

‎ ‎



128 Chapter  6 

‎

‎



                                          Assessment of contaminants level  and removal from RA 129 

‎

‎

‎

‎ ‎

‎



130 Chapter  6 

‎

‎



                                          Assessment of contaminants level  and removal from RA 131 

‎

‎

 

- 

- 

- 

- 



132 Chapter  6 

- 

 



 
 
 

Recycling of ADR fines into hard-
ened cement and clean sand 
(HAS technology) 
 

7  



134 Chapter  7 

 

 



Recycling of ADR fines into hardened cement and clean sand  135 

7.2.1 Current research background 

‎

‎



136 Chapter  7 

‎

‎



Recycling of ADR fines into hardened cement and clean sand  137 

 

7.3.1 0-4 mm ADR Fines(AF) 



138 Chapter  7 

‎

7.3.2 AF Recycling set-up 

‎

‎



Recycling of ADR fines into hardened cement and clean sand  139 

‎

‎



140 Chapter  7 

‎

7.3.3 Experimental Design 

‎

 

7.4.1 Heating-Air classification System (HAS) Performance 

‎

‎

‎

‎



Recycling of ADR fines into hardened cement and clean sand  141 

Legend

ADR Fines (AF)

(HAS input)

Heating Air 

classification system 

(HAS) 

(Temperature is varied 

from 105°C to750°C )

Finer Fraction(FF)

And contaminants

0-0.250 mm

Coarser Fraction (CF)

0.250-4mm

Coarser Fraction 

(CF)

0.250-4mm

Finer Fraction(FF)

0-0.250 mm
Screen

Ball Mill (BM)

(Milling time is varied 

from  0  to 300 

seconds)

Cement Kiln or 

other 

applications

Pre-cast 

concrete 

Production

Materials Process Application

ADR

Recycled coarse  aggregate

‎



142 Chapter  7 

‎

‎

‎

‎



Recycling of ADR fines into hardened cement and clean sand  143 

‎

‎



144 Chapter  7 

7.4.2 Influence of milling versus heating 

‎

‎

‎

‎

‎

‎

‎

‎



Recycling of ADR fines into hardened cement and clean sand  145 

‎

‎



146 Chapter  7 

‎



Recycling of ADR fines into hardened cement and clean sand  147 

‎

‎



148 Chapter  7 

‎

‎



Recycling of ADR fines into hardened cement and clean sand  149 

‎

‎

‎

‎



150 Chapter  7 

‎

‎

7.4.3 Properties of the recycled fractions 

α



Recycling of ADR fines into hardened cement and clean sand  151 

α

α

α α

‎

‎

‎

‎

‎

‎



152 Chapter  7 

‎

‎

‎

‎



Recycling of ADR fines into hardened cement and clean sand  153 

‎



154 Chapter  7 

‎



Recycling of ADR fines into hardened cement and clean sand  155 

‎



156 Chapter  7 

 



Recycling of ADR fines into hardened cement and clean sand  157 

 



158 Chapter  7 



Summary & Follow-up research 
 

8  



160 Summary  



Summary 161 

 

 

 

 



162 Summary 



Summary 163 



164 Summary 



Summary 165 

Follow-up research 



166 Samenvatting 

Samenvatting 



Samenvatting 167 

 

 

 

 



168 Samenvatting 



Samenvatting 169 



170 Samenvatting 



Samenvatting 171 

Vervolg Onderzoek 



172 Samenvatting 



Acknowledgment 



174 Acknowledgment 



About the author  



C2CA Concrete Recycling Process

From Development To Demonstration

Despite the urgency of creating a sustainable solution for end of life concrete waste, 
there has not been a large driving force for recycling it into prime grade materials. This 
low motivation has a root in existing cultural, environmental, political and economic                
constraints. For concrete to concrete recycling most of the time a lack of economic bene-
fits puts obstacles for the technology and the business model. This indicates that currently 
the market for concrete recycling may not be large enough and needs innovations to cre-
ate more attractive products. The C2CA concrete to concrete recycling process delivers 
such innovations.
The present research work investigated and developed the C2CA concrete recycling    
process for recycling of end of life concrete to both recycled aggregates, with a quality 
equivalent to natural aggregates and a hardened cement rich stream for low-CO2 cement 
production and other binder products.

Somayeh Lotfi

C
2C

A
 C

oncrete R
ecycling Process      From

 D
evelopm

ent To D
em

onstration                             Som
ayeh Lotfi

Delft
University of 
Technology 




