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Context
In North WestEuropexper year.
- Useof 54 Mt of marine sandsextractedin zonewhere natural aggregatesare missing

- Generation of 65 Mt of recycled fine aggregates (RFA)generatedyearlyfrom crushingof

Constructionand Demolition Waste(CDW and disposedin landfill or bank

- No market for RFACcT. large variability - not suitable for massproduction of concrete

needingregularmaterial for compliancewith construction standards

3D Printing of concrete (3DP)

V 3D printing (3DP): rapid development in the field of construction
V Advantagesof 3DP of urban furniture

A No moulds / unique pieces low cost compared to precast
(moulds = 50% to 80% of cost!)

A Fast realisation / orsite printing
A Complex geometry, strong identity
A Weight and shape optimisation: hollow formssolid forms
A Online control to compensate material variability
V Drawbacks of 3DP
A Large amount of cement and sand needed for "ink"
A Overall ecological & economical balance unfavourable

& CIRMAR Clrcular economy via customisable furniture with Recycled
MAterials for public Places

V Designand manufactureof customized3D printed urban concretefurniture usingRecycled
~ine AggregatgRFA)n different regions

V RFA<4 mm): fraction usuallyunusedin concretewith recycledaggregates

V Causelargeamount of cementpasteon RFA

V Localproduction (closeto urban centres)

V 5Mtof RFApotentially recycledinto concrete

Construction 3DP

rchitecture DESIBH > WP2: Machine

RFA Robotics,
Control

Project objectives

V New Mixture Proportioning Method (MPM)for the designof 3DPmortars with RFAand

anew DesignMethodologyfor CustomizedShapesDMCS)

V New Master Control Command (MCC)for concrete 3DP will be implemented for the
equipment of 3DPmachines,and an integrated mobile 3D printing unit will be developed

for onsite 3D printing of UMGFurniture

|} _——| Positioning system

Controller

Pipeline

6-axis
manipulator

Pump

Pressure

\ fi
- i-’ »" | sensor

':Illlll
-
oll ]
=
mIIIIII
=
2

Flow rate
sensor

Pressure
sensor

Holonomic Print nozzle

platform

First 3DP
V Starting point: solution developedin the MATRICIaroject (3DPbut no RFA)
V _ Formulation of new "Ink" with RFA

V Challenges: blending, extrudability and buildability (cracks, collapsing), general aspec
of the surface (smooth/rough), time of printability, ...

V CIRMAP ink formulation:
A 100% BelgianRFA(no natural sand)
A VicatCement(CEM 52.5)

A Additives(superplasticiseryiscositymodifying admixture)

PRELIMINARY LCA
RFA production2 Natural aggregates (NA)

V CIRMARormulation similar for cementand additives (to be refined)
V _ focusonthe differencebetweenNAand RFA

/ GOAL

Comparison of the environmental impacts of the production of natural aggregates
recycled sand RFA (<4 mm)

SCOPE
V Functional unit (FU):1 kg of material
w Cradle to gate ; no quality factor (1 kg NA = 1 kg RFA)
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/ INVENTORY
RFA:Evaluation of grinding energy =
A Primary data : mobile crusher 12.1 MJ/ton (diesel) (Metso 250m3/h)

1.5 kWh/ton (BE mix) + 11.8 MJ/ton (diesel)

NA:Ecoinvent 3.7.1 for NA recordsadapted for Belgium (BE grid mix)
\\ Gravel, crushedkGravel, roundkSandXLimestone, crushed (washed and for mill) /

m NA - Gravel, crushed {BE} NA - Gravel, round {BE}

m NA - Sand {BE} m NA - Limestone, crushed, for mill {BE}
®m NA - Limestone, crushed, washed {BE} m RFA - default BE-PCR

m RFA - Mobile crushing

100 -

D=9.3km '

O e

H{@(HHHMH@

90 -

80 -

70 -

60 -

40 -

30 -

RFA
0.98 EO3 |

kgCQ |
eq/kg

20 -

10 -

Abiotic depletion (fossil fuels) Global warming (GWP100a)
[MJ] [kg CO2 eq]

Characterisation 1 kg of material CML:IA baseline v3.06

A B-EPD: default values for sorting center with shredder: /

RFA better than NAIn all impacts categories (other results not shown)

Difference between NA and RFAcorresponding transport distance for 1 kg produced (lorry EURQOS):
7.7 km (per kg) for ABF or 9.3 km (per kg) for GWP100a

INTERPRETATION \

validation interest of replacing sand by RFA and valorisation in 3DP furniture

a ASSESSMENT ~ — A
A CML IA baselines3.06/EU25+3, 2000 i Next steps:
A Consistent with EN15804+A2:2019 ) A LCA of marine sand for further comparison (missing in Ecoinvent except BR special case)
\A Cut-off approach: waste is "free”  SimaPro y QComparison of 3D printed furniture with "plain solid" moulded concrete bench J
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V Duration: 36 months project (April2020xkMarch2023
V Total Budget 6.98- = EUfunding: 4.19 Partners & Sub-partners S. Universit  CZRUB Associate Partners
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WP T2- Development of methodologies and process
for the 3DP of mortars containing RFA

WP T3klIndustrial feasibility

WP CkCommunication
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