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Concrete production - environmental impact
Context

https://www.copro.eu/nl/activiteitenrapport/certificatie/productcertificatie/gerecycleerde-granulaten

2EUPAVE webinar - Towards a low-carbon & circular concrete - 23 june 2021

https://www.copro.eu/nl/activiteitenrapport/certificatie/productcertificatie/gerecycleerde-granulaten


Innovations in low-carbon & circular concrete
Context

Carbstone

3EUPAVE webinar - Towards a low-carbon & circular concrete - 23 june 2021



Challenges
Context

R&D General contractors, 
concrete producers…

Limited technical framework

Unknown territory
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Putting innovations to practice

Additional innovations



Putting innovative circular concrete technologies into practice
2018-2020

Circular.Concrete
Context

STEP 1 – SOTA & SWOT

STEP 2 – Validation & exploration on lab-scale

STEP 3 – Pilot cases

STEP 4 – Evaluation of the impact

Knowledge Practical guide EventsCases

→ https://www.circular-concrete.be/
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https://www.circular-concrete.be/
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Circular.Concrete
Context
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• State-of-the-Art Report on circular technologies
1. Concrete composition

→ Binder
→ Aggregates
→ Admixtures

2. Design & Building process
3. Use-phase & End-of-life
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Circular.Concrete
Context
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• 70 - 75 % of concrete volume
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Environmental impact of natural aggregates
Concrete composition - Aggregates
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→ Quarrying
→ Treatment
→ Transportation
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Environmental impact of natural aggregates
Concrete composition - Aggregates
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• Reuse of construction debris
→ Recycled Concrete Aggregates
→ Recycled Mixed Aggregates

• Environmental ‘gains’
→ Less consumption natural resources
→ Less transportation

• Attention points for concrete:
• Water-management!!
• Continuity / purity
• Effects on properties
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Recycled aggregates
Concrete composition - Aggregates



→ Industrial by-products (slags)
→ Waste streams (ashes, poluted soil)

• Environmental gains
→ Less consumption natural resources
→ Less transportation
→ Less waste

• Attention points for concrete:
• Continuity / purity
• Chemical reactions
• 2nd & 3rd life - leaching
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Manufactured aggregates
Concrete composition - Aggregates



• EN 206:2013 (cast-in-place concrete)
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Current standards
Concrete composition - Aggregates
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• EN 206:2013 (cast-in-place concrete) - Informative Annex E

13

Current standards
Concrete composition - Aggregates
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• NBN B 15-001:2018 (Normative part)
• General suitability is established for:

• RC Aggregate ‘A+’ (d ≥ 4 mm) 
• ‘A’ + extra requirements:

→ Oven dried particle density (ρrd) ≥ 2200 kg/m³
→ ≤ LA35
→ …

• Limited application:
• Strength class: ≤ C30/37
• Replacement % of coarse aggregates:
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Current standards
Concrete composition - Aggregates

Mixed aggregates B+



• NBN B 15-001:2018 (Normative part)
• General suitability is established for:

• Manufactured aggregates
• Only pig iron blast furnace slag, ferro steel slag (BOF, EAF, INOX steel 

slag) and non-ferro steel slag (Pb)
• d ≥ 2 mm and D ≥ 10 mm
• The producers provide proof of suitability in concrete
→ No negative influence on hydraulic reaction and durability
→ No long-term instability or autodegradation
• Strength class: ≤ C30/37
• Only X0 and XC1
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Current standards
Concrete composition - Aggregates



• NBN B 15-001:2018 (Normative part)
• Higher replacement percentages
• Higher strength classes
• Other exposure classes
• Other fractions (sand)
• Other types of manufactured aggregates
→ Establish general and/or specific suitability
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Current standards
Concrete composition - Aggregates

≈ Equivalent Concrete Performance Concept 
For a specific application/exposure class

Identification (geometric/chemical/physical properties)
Predictif behaviour, no negative side-effects for concrete 
or rebars

ICS: 91.100.10 Ontwerp 

prBelgische norm prNBN B 15-101  

 1e uitg., <maand> <JJJJ> 

 Normklasse: B 15 

(NL) Beton - Methodologie voor de evaluatie en attestering van de 
gebruiksgeschiktheid van inerte grondstoffen bestemd voor beton 
 

 

 

 

 
   

 

 

      

 

 

  

 



17

Research at BBRI
Concrete composition - Aggregates

EUPAVE webinar - Towards a low-carbon & circular concrete - 23 june 2021

1988 Berendrechtsluis
1999 RecyHouse
2002 RecyCon

2009-2011
100% vervanging

2013-2016 NIB Stortklaar beton voor de toekomst

1980 Kringloopbeton

2014-2018
PRN RecyBeton I & II
2014-2015
Roadmap RecyBet
2017-2018
Sand2Sand

2019-2020 
Granisec

2018-2020 
Circular.Concrete
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1. Maximum replacement

• 2 concrete qualities:
• Average (cf XC3): 300 kg/m3 CEM III/A 42.5, W/C ratio 0.55, C25/30
• High (cf XS3): 340 kg/m3 CEM III/A 42.5, W/C ratio 0.45, C35/45
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Research at BBRI - Circular.Concrete
Concrete composition - Aggregates
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Sand Coarse Sand Coarse
RCA 1 45 45 10 /
RCA 2 60 40 / /
RCA 3 48 42 10 /

Cleaned pol. sand 26 / 10 64
Copperslag 20 / 20 60
INOX slag 20 29 9 42

100 % natural / / 35 65

Natural aggregates [%]Recycled/manufactured [%]



1. Maximum replacement
• RCA

→ Aggregates were added oven-dried
→ High amounts of added extra water (WA24 of RCA)

• Influence on mechanical properties (compressive strength):
→ Average quality concrete: limited/no negative influence
→ High quality concrete: significant negative influence

• Influence on durability properties (carbonation resistance, chloride 
ingress resistance, frost resistance with de-icing salts)

→ Significant negative influence (except frost resistance)
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Research at BBRI - Circular.Concrete
Concrete composition - Aggregates
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1. Maximum replacement
• Manufactured aggregates

→ Similar or better mechanical/durability properties
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2. ‘Smart crushing’ technology

• Environmental ‘gains’: 
• Less influence of RCA on concrete properties
• Low-quality → High-quality application
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Circulair Mineraal



2. ‘Smart crushing’ technology
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2. ‘Smart crushing’ technology
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2. ‘Smart crushing’ technology
• Aggregate properties similar to normal crushed recycled aggregates

→ Water absorption and oven-dried particle density
→ Micro-Deval

• Fines show little/no reactivity
→ XRD, XRF, TGA 
→ Tests on mortar

• Efficiency of technology on ‘Belgian’ concrete? 
→ Crushed limestone (angular) vs gravel (round)
→ Cost vs benefits
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3. Carbonation of recycled aggregates

• Environmental ‘gains’: 
• Less influence of RCA on concrete properties
• Low-quality → High-quality application
• CO2-consumption?
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3. Carbonation of recycled aggregates
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3. Carbonation of recycled aggregates
• Clear albeit limited positive influence of treatment

→ Water absorption and oven-dried particle density
→ Especially sand (high ‘susceptical’ mortar fraction)

• No clear influence on Micro-Deval
→ Intensity test method?

• Practical application of technology?
• CO2-capture?
• Gains vs costs?
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Thank you for your attention

Bram Dooms, Jeroen Vrijders, Niels Hulsbosch

Bram.dooms@bbri.be

mailto:Bram.dooms@bbri.be
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