
 11.15 – 11.45  COFFEE  

 

 11.45 – 12.15  Viable recovery options for construction  
   and demolition waste.  

    Christian J. Engelsen, SINTEF, Norway  

  

 12.15 – 12.45  OSAMAT – oil shale ash use in road   
   construction – monitoring intermediate  
    results  

    Andres Brakmann, Ramboll Estonia 

    Arina Koroljova, Eesti Energia AS  
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Viable recovery options for 

construction and demolition 

waste 
Dr. Christian J. Engelsen 

Senior Scientist, SINTEF 
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C&D waste generation 

 

 

Amount of 

waste (Mt) 

Europe1 USA1 Japan1 Norway2 

 

Construction 

and Demolition 

waste (C&DW) 

 

 

510 

 

317 

 

77 

 

1.6 

 

Municipal 

waste 

 

 

241 

 

228 

 

53 

 

2.2 

 

1 The Cement Sustainability initiative - Recycling Concrete; World Business Council  

for Sustainable Development 
 

2 Statistics Norway 2011 
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Generation and recovery1 

1 The Cement Sustainability initiative - Recycling Concrete; World Business Council for Sustainable Development 
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Waste Framework Directive (2008/98/EC) 

Requires that at least 70 % (by  weight) of the C&D waste is 

recycled within 2020 (natural occurring materials are not 

included). 

 

Recycling in this context: “any recovery operation by which 

waste materials are reprocessed into products, materials or 

substances whether for the original or other purposes. 

Excluding energy recovery. 
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Important stages for successful use 
 Prior and during demolition: Developing rational guidelines for stripping the 

building, pre-sorting of components, etc., that ensures easier processing and a high quality 

end product at later stages. The guidelines must be implemented and enforced.  

 

 Processing and recycling stage: Technical guidelines for the production of 

recycled concrete aggregates needs to be in place in order to have sufficient confidence 

among the end-users. Existing guidelines may be modified and converted to any local 

scenario. The crushing technology is advancing for both mobile and stationary recycling 

facilities and end products with the prescribed technical quality can in most cases be 

achieved. Depending on the local conditions, the most rational option should be chosen. 

 

 Demonstration: The recycling technology should be demonstrated through dedicated 

pilot projects. This should include the production of recycled material and also the 

application of the end-product in the building and construction sector. 

 

 Capacity building and dissemination of results: Dedicated training courses, 

seminars, workshops. 
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Norwegian legislation 

(and European drivers) 

 The Norwegian Planning and Building Act: regulation on 

technical requirements for building works (TEK10). 

 

 The Norwegian Regulation on waste (Avfallsforskriften) 

 

 Norwegian Pollution Control Act (Section 32). 

 

 Waste Framework Directive. 

 

 European standards for aggregates 
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Norwegian Waste Handling rules 

before demolition are implemented 

and enforced  

 

Oslo, October 2000 

 

Selective removal 
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Demolition process and 

pre-sorting rules: 

60% needs to be sorted 
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C&D waste 

Processing: crushing and fractionation 

Recycled aggregates (RA or RCA) 

Bound use Unbound use 
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Crushing technology 

 

 

Brief description: BA Gjenvinning AS, Norway 

 

Crushing equipment 

 

Kleemann EVO 130 – total weight 65 ton 

 

Charged material 

 

C&D waste (concrete, masonry and asphalt) 

 

Feed size 

 

900 x 1300 mm 

 

Feed capacity 

 

250-300 t/h 

 

End products 

 

According to the end use 

 

End product quality 

 

Best obtainable – good cubic shape, stable, 

firm curve of end product (i. e. EU Norms) 
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Kleemann EVO 130 
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Feed stock: Pre-stressed 

hollow core concrete 

~ 45 000 tons 

Hokksund, February 2013 
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Hokksund, February 2013 

4 basic equipment's at site 
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Hokksund, February 2013 

Feeding with reinforcement 
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Hokksund, February 2013 

Final product 0/100 mm 
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Delhi, April 2012 

Space might be limited 

How much area is 

needed? 
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Delhi, April 2012 

Manual demolition 
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Hokksund, February 2013 

Final product 0/100 mm 
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Technical guidelines 
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Published:1999 

Technical guidelines for 

processed C&D waste in new 

concrete 
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Recommended levels of RCA according 

to the Norwegian Guideline 

Class Particle 

size 

Type 1 Type 2  Type 1 and 2 

B20 

LA 

0-4 mm 5% 10% 10% 

B20 

LA 

4-32 mm 10 30 30 

Up to B45 

Up to NA 

4-32 mm 0 20% - 
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Norwegian guidelines for processing C&D 

waste has been developed 
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C&D waste recovery in Norway 

Year C&DW 

Total 

C&DW 

Concrete and 

Masonry part 

2001 < 15% Not estimated 

2004 15% 25% 

2011 55 % 88% 
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Material properties to be declared 

according to Norwegian guideline 

 Particle size grading 

 Fines (< 0.063 mm out of < 19 mm) 

 Fines (< 0.020 mm out of < 19 mm) 

 Material composition 

 Organic content 

 Particle shape (of fraction > 8 mm) Flakiness index 

 Mechanical properties (Los Angeles) 

 Particle density 

 Water absorption 

 Acid soluble sulphate and chloride content 

 Leaching 
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Frequency at continuous 

production  

Property Method LAB Bound use Unbound use 

Particle grading EN 933-1 L Weekly or min. per 2000 tons 

< 0,063mm of < 19mm EN 933-1 L Weekly or min. per 2000 tons 

< 0,020mm of < 19mm NPRA L - When required 

Material constituents EN 933-11 L Weekly or min. per 2000 tons 

Organic material EN 1744-1 L Weekly or min. per 

3000 tons 

- 

Shape – Flakiness index EN 933-1 L/C/E Monthly 

Los Angeles EN 1097-2 L/C/E Every second week 

or per 3000 tons 

Density EN 1097-6 L/C/E Every second week or per 10 000 tons 

Water absorption EN 1097-6 L/C/E Every second week or per 10 000 tons 

Chloride EN 1744-1 L/C/E Every second week or 

per 10000 tons 

When required 

Sulphate EN 1744-1 L/C/E When required When required 

Leaching EN 1744-3 A - Every second week 

or per 10000 tons 
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Experience and findings are implemented in 

Norwegian Roads Public Administration 

Handbook 018 
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Typical data from Oslo area 

Parameter Type 1 Type 2 

Particle density (ssd), g/cm3 2.3-2.6 2.3-2.6 

Water absorption, % 2.7-8.2 2.7-14.7 

Los Angeles 23-34 24-41 

Flakiness index 10-13 10-15 

Organic materials % 4.1 2.4-11.4 

Chloride content, % 0.003-0.007 (water sol) 

0.007-0.013 (acid sol) 

0.003-0.013 (water sol) 

 

Extractable sulphate, %  0.0095-0.045 (water sol) 

0.42-0.909 (acid sol) 

 

0.041-0.246 (water sol) 
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Particle grading 10/20 mm 
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Particle grading 20/100 mm 
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Material constituents 10/20 mm 

Asphalt Brick Concrete Stone Light 

aggregate 
Metal Other Wood 

M
a
s
s
 %
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Material constituents 38/120 mm 

Asphalt Brick Concrete Stone Light 

aggregate 
Metal Other Wood 

M
a
s
s
 %
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Compressive strength 
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Other results 

J. Xiao et al. / Construction and Building Materials 31 (2012) 364–383 
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European standards for aggregates and 

recycled aggregates 

Application area Standard 

Aggregates for unbound and hydraulically 

bound materials for use in civil engineering 

work and road construction 

NS-EN 13242 

Aggregates for concrete NS-EN 12620 

Lightweight aggregates - Part 1: Lightweight 

aggregates for concrete, mortar and grout 

Lightweight aggregates - Part 2: Lightweight 

aggregates for bituminous mixtures and 

surface treatments and for unbound and 

bound applications 

NS-EN 13055-1  

 

NS-EN 13055-2 

Aggregates for mortars NS-EN 13139 

Aggregates for railway ballast NS-EN 13450 

 Engelsen, C.J.  Recycled aggregates from concrete and masonry, Building Research Design 

Guides  572.111, SINTEF Byggforsk  (in Norwegian), in print. 
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Environmental impact 
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pH dependent leaching fingerprints 
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Field site pH VS time  
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Field site leaching of Cr 
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Ca and Mg in drainage water VS time 
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Thermodynamic modelling explains… 
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XRD of bulk and surface layer 
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Environmental Impact Assessment  



SINTEF Building and Infrastructure 44 

Guideline values for RCA1  

1Engelsen, C.J.  Recycled aggregates from concrete and masonry, Building 

Research Design Guides  572.111 (SINTEF Byggforsk), in print. 
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Cement paste in RCA varies dependent 

on the grain size1  

1Engelsen, C.J.  Recycled aggregates from concrete and masonry, Building 

Research Design Guides  572.111, SINTEF Byggforsk  (in Norwegian), in print. 

Sample Grain size 

 

mm 

Cement paste 

 

% 

Relative SD 

% 

E1–1 0/4 28,4 ± 0,56 2,0 

E2–1 4/8 18,2 ± 0,32 1,8 

E3–1 8/16 12,6 ± 0,41 3,3 
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Demonstrations 
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20/120 produced on-site 

for unbound use in sub-base 

E6 Taraldrud south of Oslo, November 2004 
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UNBOUND USE 
 

RCA in sub base (entrance lane) 

E6 - Highway 25 km south of Oslo 

November 2004 
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Case study Old Hospital in Oslo 

 

> 90% of the heavy C&D waste 

recycled (2002) 
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Case study: Re-use of  grain 

silo transformed to 

apartments for students 

(2001-2002) 
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Oslo, May 2011 

Retaining wall 

E6 – Taraldrud (built 2004) 

100% replacement of coarse aggregates 
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Final concrete recipe at RMC 

Material Content (kg/m3) 

Sand (0-8 mm) 815 

Recycled materials (10-22 mm) 788 

Portland cement 407 

Microsilica 14.8 

Water 226 

SP (Scanflux AD 18) 3.256 

Air entrainer (L-14 F) 0.936 
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 Properties tested at RMC 

Parameter Results from RMC plant 

w/c 0.40 

Slump (mm) 190 

Water absorption recycled aggregate (%) 5.6 

Particle density (kg/m3) 2479 

Strength 7 days (MPa) 35 

Strength 28 days (MPa) 44 
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BOUND USE 

Sørumsand high school 2001-2003 

 

37% replacement by RCA in concrete 

foundation 



SINTEF Building and Infrastructure 56 

 

 

Application 

Shot concrete 
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Application in 

new products 
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Indian concrete bricks 



SINTEF Building and Infrastructure 59 

 

 

Indian pavement tiles 
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Case study in India: RCA as aggregate 

replacement in new concrete 

 ~ 5 tonnes of C&D waste sampled from the demolition of a 

housing estate in Delhi 

 Carbonation assessment 

 Grain size fractions according to IS 383 obtained by 

crushing  

 Water absorption corrections 

 Replacement of course and fine fractions by RCA 

 Substitution levels up 100% 

 Admixture content: 0.250 % by weight of binder 

 w/b = 0.55 
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Delhi, April 2011 

C&D waste site 
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Replacement of course fraction 
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Replacement of fine fraction 
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Closing remarks 

 The whole waste management chain needs to be 

supported by rules and guidelines (prior, during and after 

demolition). 

 Existing guidelines may be modified and converted to 

local scenario (e.g. metropolitan areas). 

 The crushing technology is advancing for both mobile and 

stationary recycling facilities and end products with the 

prescribed technical quality can in most cases be 

achieved. 

 Depending on the local conditions, the most rational 

option should be chosen. 
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Closing remarks (continues) 

 Demonstration: The recycling technology should be 

demonstrated through dedicated pilot projects. This 

should include the production of recycled material and 

also the application of the end-product in the building and 

construction sector. 

 Capacity building and dissemination of results: 

Dedicated training courses, seminars, workshops. 

 Authorities globally are putting high focus on C&D waste 

recycling. 



SINTEF Building and Infrastructure 

SINTEF team on waste treatment and 

concrete technology 

Dr Kåre H. Karstensen 

Chief scientist 
Dr Christian J. Engelsen 

Senior scientist 

Dr Harald Justnes 

Chief scientist 
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Thank you for 

the attention 


