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Six years ago...

CE-SC5-07-2018-2019-2020 - Raw materials innovation for the circular economy:
sustainable processing, reuse, recycling and recovery schemes

Raw materials innovation for the circular economy: sustainable processing, reuse,
recycling and recovery schemes.

Actions should develop and demonstrate innovative pilots for the clean and sustainable
production of non-energy, non-agricultural raw materials in the EU from primary and/or
secondary sources finishing at Technology Readiness Levels (TRL) 6-7.

...actions should facilitate the market uptake of solutions developed through industrially-
and user-driven multidisciplinary consortia...

...pilot demonstrations in different locations within the EU...

Subtopic: Recycling of raw materials from buildings
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Understanding the problem

Construction, renovation and demolition waste (CDW) is one of the
heaviest and most voluminous waste streams generated in the
EU28 (350 Mt/year, excluding excavation waste).

Proper management of CDW and recycled materials can have major
benefits in terms of sustainability and the quality of life. It also can
provide major benefits for the EU construction and recycling
industry, as it boosts demand for recycled building materials. Based on

volume, CDW
is the largest

As part of a continuous effort towards a sustainable economy, the
EC adopted in 2015 a new Circular Economy Package with

measures prioritizing End of Life Building materials among others. waste stream

in the EU

CDW includes a wide variety of materials such as concrete, bricks, (25-30%)
wood, glass, metals and plastic. Some components of CDW have a
high resource value, while others may have a lower value, but could

still be easily reprocessed into new products or materials. .
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https://enva.com/

ICEBERG project

This project aims to develop and demonstrate novel cost-effective
circular smart solutions for an upgraded recovery of secondary
building raw materials along the entire circular value chain: from
end-of-life building materials (EBM) to new building products
prepared for circularity, resource-efficiency and containing 30wt%
to 100wt% of high-purity (>92%) recycled content.

This will be undertaken through 6 pilot circular case studies,
covering building materials accounting for more than 85% by
weight of the European built environment.

ICEBERG will also contribute to raising building circularity
awareness among the stakeholder communities (local authorities,
professionals, students and final building users).
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ICEBERG project: technologies

SMART SERVICES
AND SOFTWARE

ADVANCED SORTING/

RECYCLING TECHNOLOGIES

SpectrumM

Collection
and focusing

NEW CIRCULAR

V|
|
HeE BUILDING PRODUCTS

Eco-design of new products and
systems for building to
incorporate the new criteria of
circularity in the industrial
manufacturing processes of the
target products.
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ICEBERG project: case studies

|ICEBERG solutions will be demonstrated (at TRL7)
through 6 case studies across different locations in
Europe (Finland, The Netherlands, Belgium, UK,
Spain/France and Turkey) representing most common
European building typologies (residential and non-
residential), execution practices and multiple building
materials.

« Pre-demolition audit

« Selective refurbishment/demolition.

« Waste processing

« Production of new circular building products.

« Installation and use in representative building spaces.

« Demonstration of the new digital building materials traceability service.

« Simulation of easy-disassembly of the new building products in mock-ups
« Assessment of materials, energy and water consumption

iceberg
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ICEBERG project: more than technology

Health, environmental and economic assessment from life cycle
perspective

Health assessment and mitigation of occupational risks related to the
ICEBERG recycling technologies.

Evaluate the performance of the ICEBERG solutions in the 6 case studies
regarding circularity, the environmental impact and financial cost.

Policy and standard recommendations

Regulatory and legislative framework (waste management and landfill fees)
Social attitudes

Market confidence and acceptance of the recovered building materials and
new building products designed for disassembly

Business models

Standards and European Technical Approvals.

Training and social awareness

N \H \«d
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ICEBERG Final Workshop: agenda

9:00 - 9:30 Welcome & Introduction to ICEBERG Project

9:30 - 10:00 Smart Services and Software for Demolition Planning and Traceability

10:00 - 10:45 Advanced Sorting & Recycling Technologies for High-Purity Secondary Materials
10:45 - 11:30 Innovative Circular Building Products

11:30 - 12:00 Circular Case Studies in ICEBERG

12:00 - 12:30 Policy Recommendations

12:30 - 13:30 Questions & Answers

13:30 Closure & Lunch

Circular Economy of
Building Materials

@iceberg )



Open questions

« What are the biggest challenges hindering the adoption of circular practices in
construction, and how can we overcome them?

« How can we incentivize stakeholders across the construction value chain to
embrace circular practices?

« What are other successful examples of circular construction projects, and what
lessons can we learn from them?

« What solutions and strategies could be also suitable in emerging countries?

« What other technologies should be considered for circularity improvement in
construction sector?

1
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www.iceberg-project.eu

david.garcia@tecnalia.com

iceberg

Circular Economy of
Building Materials

This project has received funding from the European Union’s Horizon 2020 research and innovation
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Smart services and software for
demolition planning and
traceability

Final workshop 19 April 2024

Verdnica Garcia Cortés (TECNALIA), David Garcia Estévez (TECNALIA)

Cheng Chang (TUD)
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Smart tools for refurbishment / demolition planning and

digital traceability

Objective: to develop and validate a suite of smart solutions to enable cost-effective,
reliable management and traceability of EBM

Eol building
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 Define requirements for the digital EBM
traceability service

* Develop and validate the BIM4DW tool

 Develop and validate the automated
Identification and Authentication Toolkit
(IAT)

 Develop and validate the Cloud Traceability
Platform (CTP)
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BIM4DW tool

a web-based tool to
support pre-demolition
activities

Obtain an accurate
qguantification of the CDW
streams, estimate
environmental and
economic impacts.

The traceability system is composed by three independent tools

3 Smart services and software for demolition
f plannmg and traceability

Automated Identification
and Authentication
Toolkit (I1AT)

A suite of tagging
solution to be
implemented in certain
materials and products to
ensure their
identification

Cloud traceability platform
(CTP)

which using a Blockchain
network, ensures the
registered transactions and
changes in the value-chain
assets (waste, materials and
products).

Circular Economy of
Building Materials
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BIM4DW

Problem

« Construction and demolition waste (CDW) is the main |
waste stream stream in terms of volume

« The quantification of CDW in demolition works is imprecise, due to the lack of
reliable information in old buildings. Its collection is slow and costly.

« Existing Building Information Modeling (BIM) tools are oriented to the design,
construction and maintenance phases. The absence of BIM tools for pre-demolition
activities exacerbates the problem.

« Prior tool developed in HISER project had a main drawback:

Requires a IFC file (BIM model), which takes too much time (and cost)
LIDAR scanning - point clouds management - BIM model

On-site manual survey - 2D-3D drawings - BIM model
@lceberg

Circular Economy of
Building Materials

N \H \«d



BIM4DW

BIMADW addresses these challenges by providing assistance with pre-demolition
activities.

BIM4ADW is a web-based tool software for modelling, inventory, planning the
demolition and quantifying the main waste streams and estimated costs and
environmental impacts.

« Fast and cost-effective digital modeling of the
building (<2 €/m2 of floor area).

« Accurate and fast quantification of demolition
waste (deviation less than 20%).

« Demolition planning driven by circular economy
criteria.

« Reliable and visual presentation of the demolition
option to customers.

« Optimization of demolition and CDW management

, ° b
BIMADW Register number:TX 9-285-839 @ !iglg conomeq!;g
[ ‘

\# \H ¢
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BIM4DW. Geometric adquisition

FARO ScanPlan

200m?/ 60"

« Generates a “project” with the 2D mapped walls
« Real time view on the smartphone
« Quick export to DXF (ASCII based) or PDF

Circular Economy of
Building Materials
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BIM4DW steps

1. Modelling
Inventory
Creation of groups

Definition of demolition techniques

2
3
4
5. Allocation of time, human resources and equipment
6. Calculation of waste streams

7. Definition of final treatments

8

Environmental and cost assessment: physical demolition +
transport + treatment

9. Reporting, dashboard and export of results

@iceberg
N O\ \¢id

Circular Economy of
Building Materials




BIM4DW

Project information

Construction date

Files

@ﬁt‘é‘.ﬁ;ﬁ:?ﬁﬁ‘fﬂg DEMOLITIONS S EN e
Code* Date of registration Address*
dd/mm/aaaa

Name* Orientative start date City™*

La Robla Planta baja dd/mm/aaaa
Description* Orientative end date Postal code*

Planta baja dd/mm/aaaa
Type Country

‘ Afghanistan (luiad) V‘

Coordinates

‘ Please select a file

Circular Economy of
Building Materials
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BIM4DW

Modelling configurator: The configurator is a canvas created with the Threejs library for
2D/3D view modelling from zero, DXF or PNG files.

Draw vertical construction elements (walls, doors and windows and horizontal
elements (floors, openings)

Bl | Each modeled element can be categorized
A== % hierarchically in four levels.
s Parameters are defined from the geometry of the
odel, using average market values or data entered by
the user

10
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Available waste materials

‘ Demolition - Code Name
170102 brick

Equipment category

‘Ama‘ e - 170101 concrete

Equipment

‘ Boom platform

1708 02

gypsum plaster

Effort(h)

170103 tiles

Selected equipment

‘ Small excavator (24 ton) 16(h)

‘ 1706 04 mineral wool

Skill category

‘ machine operator

mixed construction and demolition
wastes other than those mentioned

170904

Effort(h)

in 1709 01, 17 09 02 and 17 09 03

Selected skills

‘ machine operator 16(h)

Duration(h)

‘16

Groups

‘ Wooden elements

Groups to be previously processed

slab properties

e

Weight (T) Volume (M3)

0

234.218

0

0

0

0

0

120.268

170904 ~

170904 ~
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Results
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Material recovery rate By gro
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nassigned NN Landfiling W Reused
Recicled WS Energy recovery

Elementos si

otherGroup

disassembly(

BIM4DW - planning and DDM

EWC CODE WASTE DESCRIPTION BIM4DW (t)

170101 Concrete 287,212
170107 Stony mixture 185,336
170103 Ceramics 0,619
17 04 02 Aluminium 5,656
17 04 05 Iron and Steel 41,403
17 04 07 Mixed metals 0,126
Components removed
16 06 16 from discarded 0,08
equipment
17 02 02 Glass 0,851
170201 Wood 1,532
1708 02 Gypsum 4,58
17 02 03 Plastic 0,113
2001 21* Fluorescents 0,151 (168 uni)
170411 Cables
170401 Bronze

ts By waste materials
lents Z skills Z Effort ot
0
xcavator (24 ton) machine operator 17

xcavator (24 ton),

ime Demnloas

by groups of elements By waste materials

~

C Output o)

machine operator, machine P

-~

ime(m3) C Treatment Plant C Treatment Type

\nMixed recycled
aggregates, besides the
rejected impuritites.
Treatment (in general
terms) consists of: size
reduction, sieving,
magnetic separation and
other sorting processes,
such as handpicking,
density wind shifter
separation and others

EXCAVACIONES FERNANDO
GOMEZ

o

Crushing installations

>fined undefined undefined undefined
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BIM4DW was tested on 5 case studies

{9 Dimensions

\
)

Turkey. Residential building T Caa;, Spain

BIM4DW provided relatively accurate estimates of waste weights. Deviations were ranging
from 1% to 20%

Time needed was less than 2 working days (1 for on-site survey and scanning, 1 for BIM4DW)

iceberg
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BIM4DW integration with the CTP:

BIM4DW and CTP were integrated by an exportation-importation process through a JSON file

@ijce_b{_erg PROj‘ECTS CO\APARE'PROJEUS m o e
Generate Json
.
e F I I e co n t e n t: ry rate By groups of elements By waste materials ici
rch...
LowCode C Name C Group C Weight (T) C Volume (M3) C Plant Name C ]r';:aetment C Output
o o, .
« General details of the demolition ,
.
p rOJ e Ct : Er&;il:setiuction and
A demolition wastes
° Re s u Itl ng Wa ste st rea m s 170904 ::::;;Ti’:jﬁ:cc\s? Walls 234.218 156.348 VOLBAS
0901,170902

* Reusable elements.
* Environmental impacts.

° ° 170407 metals Wooden elements  0.04 0.002
* Economic impacts
L4 construction and

170904 other than those  Wooden elements -

At ICEBERG, we've reached TRL7.

Tecnalia and LEZAMA Demoliciones are collaborating to explore new pathways for its

market launch. .
iceberg
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CTP

Cloud Traceability Platform

- Peer
Org. Peer Network

Fabric SDK

REST API

Web Dashboard

Hyperledger
Explorer

Mobile App

16




CTP: Traceability in construction

B - B
Where were thev? redemolition audit '
4 Selective demolition | Material
TRACK Onsite sorting Batch codes
Where are they now? Waste management \
Secondary raw
CO NTROL e .Refurbishn.u.ent
Where are they arli:frr::tttrlzn Manufacturers
going?
50-100 years
CHAIN OF CUSTODY

Who handled them?

Digital twin

Buildings and

infrastructures

Traceability enables owners
quality assurance,

Trade
contractors

environmental safety \ Engineering Manufacturing codes
and process and
contractors <

architecture
firms

efficiency. It also
builds trust with BIM and other digital models

iceberg
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CTP

The Cloud Traceability Platform is an adapted version of TRACEBLOCK, a
blockchain based traceability tool developed by TECNALIA. It acts as a
centralized repository for data across the end-of-life stage to the elements and
material valorization.

CTP records material modifications and transactions. It manages information
from various sources, including BIMADW and the Identification and
Authentication Toolkit (IAT), facilitating exchange among stakeholders.

oD @

Configurator

Demolition MCDM
Waste forecasting m (rawesox] Lowrer ) etk

Envirom impacts Py
o <—> <+~ >

IAT

Characterization
Quality control
Information

m Mobie App Hyperledger

writing S o

(7 iceberg
<
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2 //s\
N

agents in the value chain.

- \@®j - Promoter (which also covers
- the building owner or building
_'I manager in some cases)
_. - Demolition or refurbishment
‘% contractor
.. - External waste auditor.
- CDW management plant (off-
« . site or mobile)
 N- Consumer of the resulting
. recovered materials and
. products (manufacturer, civil
works contractor or any other).

/Demolition company \

Demolition project creation
Waste forecast ﬁ
Demaolition
\ manager/
/ Product manufacturer \

Product manufacturing

Manufacturer

CTP: Types of organizations involved in the use
case covered by ICEBERG

The tool was adapted and completed with specific interfaces (APIs) for the main

Circular Economy of
Building Materials

/ Auditing firm \
|:[> Waste audit
\ Audilay
/ CDW Plant \
Reception/verification of raw materials
<:| Material verifier
Classification of materials
Material sifier
i C;b er
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CTP

CTP was tasted in the 6 case studies.
During the progressive definition of the CCS studies, the most suitable ICEBERG

partners were associated to the respective platform role

| cest ccs2 | ccs3 | cecsa | cess | ccse e —
GBN BESE PURKU LU External s R
GBN BESE TRACI ~ PURKU  External LEZA e
MAT
m GBN HU VIT LU TECN R
Waste GBN TIHO ~ ENVA  LENZ S - = -
management ‘
Secondary ROOSENS  TEPE TIHO GYP SOPRE
materials
consumer ) .
IAT TUD - - - - KERA -

e The tool shows good performance and, after solving the errors and implement
some improvements, can be a serious platform to trace the materials in the

construction sector. ®
| - iceberg
\N “r h‘»\ Circular Economy of

Building Materials

22




LIBS QUALITY SYSTEM

)

5,00 mm

K3:
T8

RFID Tags Antenna

N

5,00 mm

Ildentification and Authentication
Toolkit (1AT)

Abraham Gebremariam
Francesco Di Maio

Ali Vahidi

Cheng Chang

Delft University of Technology

Resources and Recycling
23



TASK 1.3: Automated Identification and
Authentication Toolkit (IAT) for building materials

An integrated IAT, LIBS and CTP system

2 * * ¥

........................................................................

[ Cloud Traceability Platform (CTP) 1
A . EoL
concrete

Quality Source a_nd
- processing data

................................................................................

[ LIBS Quality system J ( \

Recycling
facility

o )

@iceberg §
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Contactless identification system

Criteria Assessmen

t
Readability v
Robustnes v
S
Durability v

Sensitivity Vv
Validation Vv
Cost v (?)

Product Model

Weight (gr)

Operating Temperature

(°C)
Cost (€)

5,00 mm

-

RFID Tags Antenna

£

13
Q
53
o

5,00 mm

e [ e | a

5x5x3 5x5x3 13x9x3 25x9x3
0.4 0.4 1.8 3.7

-40 to +85 -40 to +85 -40 to +85 -40 to +85

4 1 1 1

i CI\W 0

Circular Economy of
Building Materials
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Contactless identification system ...

Readability tests:

Readability of GS Tag
0

150
AVG 45°
315° 90°
270° 135°
225° 180°
= Cement e Sand (0-4 mm)
== Gravel (4-16 mm) air

315°

270°

= Cement

Readabil(i)‘gy of CS Tag

300

AVG 45°
200

V 135°

225° 180°

e SaNd (0.-4 mm)

= Cement

Readability of CM Tag

00
ave X 45°
400
3150/ 290 90°
Q)
270° 1350
225° 180°

e Sand (0-4 mm)

Abrasion tests:

100% 46%
CS 100% 60%
CM 100% 70%
CL 100% 0

N \H \«d

18%

51%

60%
0

0 0
27% 19% 0
0 0 0
0 0 0

2150

Ul
o O

-50

Conveyor Speed vs Readability

1 2 3 4 5

Speed (m/s)
-GS —o-(CS —o-CM CL



Upgraded industry-scale LIBS-based quality

assessment system

* Integrated Gocator-LIBS-RFID system in one container

3

.

2

{I)

Recycled
sand
(

N

LIBS QUALITY SYSTEM

J
\
CRA-I
(4-16 mm)
(=)

1\ J
4 )
CRA-II
(4-16 mm)

Q)
. J
Product storage

N

Recycled sand

Coarse Recycled
Aggregates (CRA)

@lceberg
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LIBS-based quality assessment system

U Gocator (Surface profile and PSD)

O LIBS (Composition and contaminants)

80000
70000
60000
550000
=,
40000
Z
5 30000
g
20000
10000
0

200
‘Q-.

- Brick
------- Unrecognized
—-— Misclassified

v

300 400 500 600 700 800 900 1000 1100 1200

wavelengths [nm]

True label

Cummulative (%)

100

80

60

40

20

Particle size

Cement Paste
RCA{ 1

Foam -

RFA A

Glass 1
Gypsum -
Mineral Fiber A
Plastics 1

Wood

Unrecognized A

Brick{©o © o o o o o o

CementPaste{ © o o ©o o o o

Gypsum 4 ©
Mineral Fiber 4 ©

Predicted label

Plastics { ©

Unrecognized{© & w © © W N W W W w

200

150

100

50
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RFID Scanning and Display System
[ Gen.info )

- Date
- Source

- Dem.
Company
/ Contaminants\
» Asbestos
k «  Wood
*  Gypsum
« Glass
* Bricks
! others /
/ Graphic PSD display \
= .

N\ 1 ‘

/’ :
[ ]

N Products Y iceberg §

N O\ (i Buiiding Materials




Industry-scale LIBS-based quality assessment

@ Delay in the delivery of LIBS (Covid related and global delay in delj Tﬁé% erg

Circular Economy of



Thank you
&
Question?
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www.iceberg-project.eu

david.garcia@tecnalia.com

veronica.garcia@tecnalia.com

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 869336
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() LENZ

Advanced Sorting & Recycling

Technologies

BASQUE RESEARCH emoliciones
& TECHNOLOGY ALLIANCE

“’_’ LENZ Gaiker SoEZAMA tecnalia J

ICEBERG Final Workshop, April 19th 2024
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f§\ Advanced Sorting & Recycling Technologies @) LENZ

\ Company Profile
» Lenz Instruments S.L was established in 2011, and is based at Barcelona (Spain)

= We develop instruments and measuring systems for industrial inspection applications, and

= We also offer engineering services involving Advanced Sensing systems, and Automation
Engineering

’tuwwgwg;

—— -

j g
' £
-
T g ~"'-,,
o

@iceberg
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i\\ Advanced Sorting & Recycling Technologies @) LENZ

Meat Inspection Solutions
) ONMEAT
@I-IAM
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INSPECTOR 1I™
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. Primal Cuts

Primal Cuts Al-based Process

Control Software for

Meat Curing
() MEAT
3

Deboned meat and
carcasses

Meat Trimmings Pig Carcasses °
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/§ Advanced Sorting & Recycling Technologies @) LENZ

Meat Inspection Solutions

v' Characterisation of meat composition (weight, lean, fat and salt content)

v ldentification of Meat Defects

Circular Economy of
Building Materials

@iceberg
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Meat Inspection Solutions

Advanced Sorting & Recycling Technologies

@ LENZ
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Advanced Sorting & Recycling Technologies @) LENZ

IHSTRUMENTS

Engineering Services: Customised Spectroscopic Systems
= Customer: [Pharma Sector]

= Development, manufacturing and installation of in-line UV-
Vis sensor for real-time identification of material grades

= Optomechanical design of the sensor head
= Development and integration of instrumentation

= Built-in real time spectral processing (1 ms)

= External Data communication and interconnection of sensor with
PLC in the manufacturing line

= Self-calibration and diagnose routines

@iceberg

Circular Economy of
Building Materials
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Advanced Sorting & Recycling Technologies @) LENZ
Spectroscopy

O\ /
SV OPTOSKY
4/‘\‘- Spectroscopy Solutions o

= UV-Vis Spectroscopy
= NIR Spectroscopy
» FTIR Spectroscopy

= Raman Spectroscopy

= Fluorescence Spectroscopy

= Hyperspectral Imaging (HSI)

Circular Economy of
Building Materials
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Research Projec

waStEs
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ts:
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N

RIS

Project Goal: To develop a multisensor tool to sort
laminated glasses into different grades, and to develop
thermomechanical processes for the recycling of PVB films

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 958243”,

\"\\ Advanced Sorting & Recycling Technologies @) LENZ

SUNRISE: MultiSensor sorting tools in a circular economy approach for the efficient recycling of PVB
interlayer material in high-quality prodUcts from laminated glass coNstRuction and demollition
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,\ Advanced Sorting & Recycling Technologies @) LENZ

SUNRISE: MultiSensor sorting tools in a circular economy approach for the efficient recycling of PVB
interlayer material in high-quality prodUcts from laminated glass coNstRuction and demollition
waStEs

Circular Economy of
Building Materials
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Introduction @) LENZ

The development of new circular products based on the

recycling of CDW materials requires a solution:

» To separate main fractions in complex CDW streams (e.g.

concrete and ceramics)

= To remove impurities from the stream, such as metals,

plastics, wood, cardboard, gypsum, foams...

Currently, solutions for sorting CDW materials are still under development

@iceberg

Circular Economy of
Building Materials
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Introduction @) LENZ

= Over the last decades, hand-sorting has been replaced by Automatic Waste Sorting
methods. These processes are commonly based in the combination of a large area

sensor and an automated mechanical means to separate different fractions

= The implementation of automatic sorting technologies is conditioned both by technical

performance (sorting accuracy and reliability) and economic feasibility

@iceberg )

Circular Economy of
Building Materials




Introduction @) LENZ

= Overview of sensing technologies:

= Electromagnetic sensors (separation of metals from mixed fractions)

Vision systems (separation of fractions based on colour or particle size)

Molecular Spectroscopy sensors: NIR, SWIR, MWIR (separation of different types of polymers)

Hyperspectral vision systems (HSI)

Elemental Spectroscopy sensors: XRF, LIBS (separation of different types of metals)

Commercial waste sorting lines from Steinert (left) and Tomra (right) @|ceberg
~q \ Circular Economy of
Y B [

Building Materials
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Introduction @) LENZ

= Overview of mechanical separation techniques

= Air ejectors (up to three fractions)

= Robotic arms

A Awum a1 L

““ P ¥ Y

iceberg

Circular Economy of
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IHSTRUMENTS

% Overview of Task Objectives @) LENZ

» To develop an automated, highly-flexible and mobile prototype sorting line (=1 t/hour) based
on HSI to increase sorting efficiency (>92%) of ceramic and concrete fractions by 10% in

comparison with current practice (TRL5)

» To adapt and test HSI based sorting and purification of other application studies:

= Separation of PU/PIR foams

= Removal of impurities in plasteboard waste streams

Circular Economy of
Building Materials

@iceberg )
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Overview of Task Objectives @) LENZ

IHSTRUMENTS

Main Innovations

" High Chemical Sensitivity: Use of solid-state Short Wave
Infrared Hyperspectral Camera (SWIR-HSI), with improved
chemical sensitivity with respect to conventional NIR-HSI
cameras

= Smart Al-based classification: Implementation of customized
Artificial Intelligence Algorithms to recognize and identify
CDW materials

= High speed separation technology: Integration of the
technology into an air-ejector sorting line optimized for the
separation of CDW into up to three fractions

= Smart Flexibility: Integrated Training Algorithms makes the

system easily adaptable to process different mixed materials :
i (7iceberg
Y B [
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Advanced Sorting & Recycling Technologies @) LENZ

Outline

= |ntroduction

= QOverview of Task Objectives

[ = Development of Sorting Line J

= Development of Prediction Models
= System Validation

» Conclusions and Future Work
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Development of Sorting Line @) LENZ

IHSTRUMENTS

Sensing Technology

= Sensing Module:

= SWIR-HSI camera (900 nm - 2500
nm), 380 fps

= Field of view: 1100 mm (width)
= Depth of field: 100 mm

= Air-cooled cabinet with dust
filters

= [llumination Module:
= Tubular Halogen Lamps

= Air-cooled rack reflection
stainless steel casing

T iceberg

J Circular Economy of
¥ Building Materials
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LENZ

IHSTRUMENTS

P = The two arrays of air-ejectors, operating up to 200Hz,
‘ combined with deviation plates, allow splitting the input
material into three streams
Y« Medium weight (ceramic) and lightest (gypsum) impurities are
- down and up, respectively

Jlﬂill lmnuu;

85355 |

tmu i gj_u_,g__,

Circular Economy of
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Development of Sorting Line @) LENZ

Main System Elements

= A conveyor band to transport the material through the process
at speeds up to 2 m/s

= An inspection module, integrating a high speed Short Wave
Infrared Hyperspectral Camera (SWIR-HSI), producing a
chemical image of the fragments across the conveyor band

= Two arrays of high-speed air-ejectors, which are able to blow
downwards or upwards the material fragments, and to separate
the stream into three separated fractions

= A high speed control hardware able to process the chemical

images in real time, and to control and synchronize the

activation of each individual air-ejector
= A control software, integrating Artificial Intelligence
processing algorithms, which after being trained for a specific

application, recognizes and sorts the fragments into up to three H b
target fractions @'ce erg
‘.\§g \ Circular Economy of
o \H ‘<
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Development of Sorting Line @) LENZ

ICEBERG Sorting line for CDW processing

= Principle of operation:
= Sensor module: SWIR-HSI
= Separation module: Array of
Air-ejectors (2x40)

"

* Dimensions:
= Length: 6.2 meters
= Width: 1.7 meters
= Height: 3.4 meters

= Speed: 2.0 m/s

& W
P |

@iceberg )
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Development of Sorting Line

= Waste classification and sorting is accomplished
by means of integrated real-time machine learning
algorithms, which allow classifying the waste
stream into three discrete grades

= Self-learning capability allows optimizing the
operation of the sorting line to the particular
requirements of each application case

= Built-in self-compensation and calibration routines
for ensuring long-term reliability

Integration of Self-Lerning Classification algorithms

& CALIBRATION
%> BUILD MODEL

#, IDLE
#, CALIBRATING
#, READY

#, ACQUIRING
#, STOPPED

#, ABORTED

EXIT &

@ LENZ
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Advanced Sorting & Recycling Technologies @) LENZ
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Classification Accuracy:

= CS1: Separation of Mixed Stony Fractions

Development of Prediction Models

98.6% (Concrete) | 99.0% (ceramics) | 98.7% (Impurities)

CS1: PLS-LDA Model for Mixed Stony
Fraction with Gypsum Impurities

Predicted Class (EXTERNAL VALIDATION)

(Three classes) Concrete Ceramic Impurities
(Gypsum)
Concrete 433 6 0
Actual Class Ceramic 5 493 0
Impurities (Gypsum) 8 0 599

FCA componant #2

(7]

Clas sification Cluster, Model 1|

ENZ

IHSTRUMENTS

& Canoete
1 Brick + Ceramics

Gyp=um
s il dats

< &
PCA companent #1

iceberg

Circular Economy of
Building Materials

25




= (CS2. Separation of Impurities in Plasterboard fractions

CS2: PLS-LDA Model for 10 PCs

(Two Classes: Plasterboard & impurities)

Predicted Class

@) LENZ

Classification Accuracy:
98.6% (Plasterboard)

Plasterboard Impurity
93.3% (Impurities, excluding
Plasterboard 1370 4
Actual Class paper)
Impurity 128 767 L.
17% Paper Impurities
25-50 mm Plaster 50-80 mm Plaster Normal Gypsum Antihumidity Gypsum Fireproof Gypsum
2 2 0 0 0
0.62% 0.47% 0% 0% 0%
Normal Gypsum, Paper side|Antihumidity Gypsum, Paper Side|Fireproof Gypsum, Paper Side| Cotton Impurities Cable Impurities
0 0 0 1 24
0.00% 0.00% 0.00% 1.10% 14.63%
Subclass Poliuretan Impurities Iron Impurities Wood Impurities Plastic Impurities [Miscellaneous Impurities
n? of errors 0 1 3 3 8
% of error 0.00% 2.70% 3.75% 5.45% 9.88%
Glass Impurities Brick Samples Ceramic Samples Concrete Samples Paperboard Impurities
5 0 0 6 77
17.86% 0.00% 0.00% 9.84% 83.70%

iceberg




(Eail)

Classification Accuracy: 98.9% (PIR) | 100% (PU) | 100%

CS3: PLS-LDA Model with 4 PCs
(Three Classes: PU, PIR and impurities)

Predicted Class (EXTERNAL VALIDATION)

PIR PU Other (foil)
PIR 796 9 0
Actual Class PU 0 792 0
Impurities (foil) 0 0 270

FCR rrmiznmT &

@) LENZ

Llasaficulen Susber wilh subclassas - Sawa Sudp 1l
T T ¥

o conmpone: 1 1

iceberg
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Classification Errors (HSI)

Concrete Ceramic Gypsum
Concrete 99.0% 1.0% 0.0%
Ceramic 0% 100% 0%
Gypsum 1.5% 0.0% 98.5%

The HSI allows classifying the incoming material with an
accuracy above 99% (target accuracy: 92%)

o N \«d

@) LENZ

@iceberg )
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Sorting Errors (50Hz)

Concrete Ceramic Gypsum
Concrete 94.0% 5.0% 1.0%
Ceramic 0.5% 99.0% 0.5%
Gypsum 5.0% 3.5% 91.5%
Estimated Throuhgput (tons/h): 6.5
Estimated Operational Cost (€/tons): 6.3

Accuracy
Throughput

92%

1 ton/hour

94% - 99%

6.5

tons/hour

@) LENZ

Average Particle Weight:
36.5 g (Concrete); 22.4g (brick); 25.5

(8ypsum)

Circular Economy of
Building Materials
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N \ System Validation @) LENZ
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= DEMO Video

Circular Economy of
Building Materials
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{‘x System Validation @) LENZ
\

Performance parameters (demonstrator scale):

Clas sification Cluster, Model 1|

= Conveyor width: 1 m o8B0

o Sii

f_e-

» Target particle size: 25 - 80 mm | FiE

» Throughput: Up to 10 tons/hour

PCA componant #2

[ @ Canoele

1 Brok ¢ Seramics

» Study Cases:

PCA companent #1

= Separation of Concrete and Ceramic Fractions

= Removal of impurities in Mixed Stony Fractions Sorting Accuracy: >95%

= Removal of impurities in Plasterboard waste

= Separation of PIR/ PU foams iceberg

Circular Economy of

N \H \«d
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Conclusions and Future Work

Conclusions

= A pilot scale demonstrator for the separation of Mixed stony fractions was produced, calibrated

and tested.
» The estimated nominal throughput achievable by the system is in the range of 2-10 tons/h

» The classification accuracy of the Prediction Models developed for mixed stony fractions was in
the 98%-99% range (target accuracy: 92%). Major errors were found to be associated to silicious

concrete fractions (95.8% accuracy).

= A preliminary cost analysis was performed. Under standard operational conditions of the line, the

production cost was estimated in the range of 4€/ton + 22€/ton, depending on the average particle

iceberg

J Circular Economy of
¥ Building Materials
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Conclusions and Future Work

Conclusions

» |n the case of plasterboard fractions:

= The technology allows classifying a significant fraction of contaminants, including ceramic,
concrete, glass, plastic, iron, wood, foams, and cotton particles, with an average classification

accuracy of 93.3%
= The identification of paper impurities proved particularly challenging, due to the fact that paper is
inherently present in the plasterboard fraction (16% accuracy)
* |n the case of PU/PIR foams:

= HSI technology proved highly sensitivity to the type of material, leading to classification

accuracies above 99% for both PIR and PU fractions.

niceberg
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\\§ Conclusions and Future Work @) LENZ

\‘

AR\ Future Work

Full scale technology development and optimization

|dentification of first potential clients

System Qualification

Development of New Applications

iceberg i
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www.iceberg-project.eu

jacobo.alvarez@lenz-
instruments.com

@) LENZ
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This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 869336
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Advanced technologies for concrete recycling

Thermal attrition mobile unit (Heating air classification system, HAS)
Leader: C2CA

- To design, optimize and up-scale a 10 t/h biofuel-based thermal attrition mobile unit for the

production of high-quality recycled concrete sands and ultrafine cementitious materials (RCP)

* Process variables optimized (Spalling, residence time, temperature, milling)
« Upscaling the design to 10 t/h thermal attrition unit
* Quality of products evaluated

STATUS:
N O\ B \¢id

Circular Economy of
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Principle: Thermal shock

Heating Air Classification System CRP

- Using thermal shock

* Drying .‘f
 Spalling - .
o
Milli
I— PO

Heating (600°C)

- How much energy is required? ® R led
- How long should we expose it? escayr?de

@lceberg
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Process variables: Energy consumption

« Theoretically the amt. of heat:

A
(Tg — T
Qduty — (Tg — To) [ms(X; — Xo)AH,, + mCp AT + Q6]
/
11 % 54 % 7% 28 %

Qduty = [meprT] + [ms(Xi - Xo)AHv] + [msteamCPsAT] + [mscpsAT] + [Qloss]

 Practically the amount of heat supplied:

0.00851

) Mj ,
Quas = NCV gieselV dieset ; Where NCV gjoqq1 is (36 — 41) T andV gjege IS

@isceberg
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Process variables: Model

Model is used to predict the residence time and internal stress (spalling)

~ The temperature profile inside the particle is:

-
~——
-~ -
-

Tb 0<T<Rm

_ H( 1 1
I(r,t) Tb+f7£/1)(R (t)—;> Rp <7 <R

The radial stress (o) is given by:

2E 1+ F(@)\aq(®)R®*( R R3 3
{( 2 >ACA(t)R (Rm T2RZ E) -

2E 1Rm(. Rpm Rin
= ——U CZ(TS(t) = Tb) 1 —E?<1 +?> — umy (1 —ﬁ>

iceberg
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Model: Predicting spalling

Prediction of radial stress (o) at different processing temperatures ( 2mm FRA)
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Working principle of the HAS

/.

4/ Input feed , RFA (0-4mm)

RFA (0-4mm)

| ] '___|g=
. Cyclone

::5 T HAS upper
= chamber

Cement paste rich i

wder (CRP T‘ = 5 >
powder ( ) . : |
|

/ CE : L Burner
Exh
;(gggs @ «— 0 i HAS lower
@ T o Jchamber

> j
" Recycled

| sand product
u

e Recycled sand 'ceberg
w “l m (0.25-4mm) Circular Economy of

Compresso
r
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Upscaling progress of HAS

HAS at Hoorn (10 t/h)

@iceberg

Pilot scale HAS (1.5 t/h) Design phase of HAS (10 t/h)

N \H \«d
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Product quality: RCP and Recycled sand

-

Recycled cement rich powder (RCP) Recycled sand fraction (RFA)

@iceberg

Circular Economy of
Building Materials
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Products quality: RCP and Recycled sand

PSD of the HAS input and HAS fine product

122 ’,JEI::_T--’""@'""EB—"—@ Chemical composition of RCP compared to CEM Il|
80 - Input fines '/ <>
S 70 Chemical composition
o0
£ 60
s %0 % CEM 1I RCP
£ Si0, 30.52 | 52.91
o 20 | Al, O, 8.84 6.04

10 4 i CaO 47.80 25.5

0 - & = :j 2 == T T 1 Fe203 1.14 2.3

0,063 0,125 0,25 0,5 1 2 4 8 16
Sieve size(mm) I\él(g)o g?é 1221
3 . .

9 p—— m Na,O 0.28 1.14

i o il K,O 0.71 1.06
S e TiO, 0.78 0.41
E i BillliE P,O. 0.07 0.09
S 5 " ! LOI 1.55 6.42

2 ARt PSD of RCP

1 1L I

0 islabiiris P 1T | Il - .

0,1 1,0 10,0 100,0 1.000,0
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Challenges

Cost : significantly increased cost
Time: ittook more than expected

Automation: due to hostile process conditions, the function of sensors is affected

@iceberg
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Demonstration of HAS
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ICEBERG FINAL WORSHOP

New circular building products

Miguel Castro-Diaz / Vincent Barraud
19/04/2024
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CONTENT

. ICEBERG project
[1. Prototype design evaluation framework developed.
1. Production pre-industrial prototypes of circular plasterboards.

2. Production pre-industrial prototypes of circular PU based products.

Circular Economy of
Building Materials
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Higher purity

- More accurate automated Selective demolition for
- rojec a7
\ - '\ /
S P/ 2B
— &
Novel policy and standard ( 8) v

A recent report revealed that the  "uii

ce- 50 4y #
EU28 generates around 350 Mt Of Dmvlal-zanonolbankotl\ zg‘:’::s.
r

-

C&DW (construction & demolition — T~ -
1) - »
waste), excluding excavation earths. i NS "
Fig. 1. ICEBERG overall concept
REUSE SUSTAINABILITY TRANSFER CO:2 FOOTPRINT
To maximise the To promote To transfer To reduce the
reused waste sustainability technology carbon footprint

iceberg
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1.1 - Production pre-industrial prototypes of
circular plasterboards (T3.6)

Objective

Develop multi-life circular plasterboard prototypes with 35 wt% recycled gypsum from
EoL plasterboard, >50 wt% replacement of desulphurgypsum (DSG) by alternative
purified phosphogypsum, 100 wt% recycled paper, and increased thermal insulation
(20-60%) via the use of SICLA aerogels.

SICLA aerogel x

and gypsum cannot
{ create the required
“% homogeneous blend for
plasterboard production

s ‘ Purified phosphogypsum
S still contained toxic heavy
B o5 metals above the levels

) , £ ,I."i ‘\
- A, demanded by plasterboard
OO manufacturers

Circular Economy of
Building Materials
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ICEBERG plasterboard prototype production

T A 5 L SN :

Step 1 - Acid leaching purification of gypsum from End-of-Life (EoL)
plasterboard at 90°C for 1 hour using a 5 wt% sulfuric acid
solution.

Step 2 - Neutralization of the residual sulfuric acid with hydrated
lime to achieve pH 5-8.

Step 3 - Filtration. enva

N \H \«d

=

@ﬂ British Gypsum

ICEBERG plasterboard prototype
(35 wt% purified gypsum)

)

Purified gypsum from EoL
plasterboard

iceberg

Circular Economy of
Building Materials




i3 M Loughborough
+ University

1. Surface hardness (mm)

Requirements for
standard
plasterboards

13.18, 13.59, 13.45 | 13.40, 13.40, 13.40 BS EN 520
Mean value and std. deviation (mm) 13.41 £0.17 13.40 £ 0.00 <15.00 mm
2. Flexural strength (N) 353, 674, 448 796, 600, 666 BS EN 520
. 2 210 N transverse
Mean value and std. deviation (N) 492 + 135 687 £ 81 > 550 N longitudinal
3. Thermal conductivity (W/mK) 0.208, 0.214, 0.219 | 0.189, 0.193, 0.198 BS EN 12524
Mean value and std. deviation (W/mK) 0.214 + 0.004 0.193 £ 0.004 < 0.250 W/mK
P

4« ICEBERG plasterboard prototype with 35% purified gypsum from EoL plasterboard
fulfills the mechanical and thermal requirements for standard plasterboards.

Circular Economy of

@iceberg

Building Materials




1.2 - Production pre-industrial prototypes of
circular PU based products products (T3.7)

Objectives

New PU insulation products containing 10-50 wt% of recycled polyols fractions from
end-of-life building materials.

In the future, the landfill
will be very expensive or
prohibited

Circular Economy of
Building Materials
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Tasks during the project (T3.7)

f!"\

)
st/

RAMPF

*Establish a polyol book of specifications Q

ICE PUR K1

*Screen polyols = lab trials Opaque brown polyol

*Characterize samples and optimize the product

*Manufacture prototypes

Circular Economy of
Building Materials
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Results

A pilot sample of polyol recycled by RAMPF (200 kg). Polyol obtained from the post-industrial PU waste of
the SOPREMA PU plant.
»2 trials done :
2 products in PUR formulation with a content of 10 % recycled polyol vs virgin polyol (725 m? + 215m?).

?”ﬂ \ cYégccnilg

&) i
ﬁSOPREMA RAMPF

>

Production [

@iceberg
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Solid filtrate

SOPREMA

iceberg
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ICEBERG Final Workshop

Circular Case Studies

Frank Rens, GBN Groep
Ghent, 19-04-2024
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Content

Main objective

CCS 1 - Circular concrete

CCS 2 - Circular cement based products

CCS 3 - circular carbonated blocks

CCS 4 - circular wood-based products

CCS 5 - circular plasterboards

CCS 6 - circular ceramic, silica aerogel and PU based products
Overall conclusion

Questions
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Main objective

The main objective in ICEBERG is to develop and demonstrate circular solutions to
upgrade end-of-life building materials in new building products.

This is done through 6 circular case studies, covering building materials accounting for
more than 85% by weight of the European built environment.

@iceberg
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Circular Case Studies

circular case studies (CCS) across different
locations in the EU

Each case study followed a common circular

procedure: - Ny | S based-products
1) Perform pre-demolition audit with BIM4DW,; X TORKEY
2) execution of selective demolition; - 4

5 . . . . { "». - Circular carbonated Circular wood-based
3) EBM processing: industrial application of new of C A blocks Products
sorting and processing technologies; pr Y e BELGIUM FINLAND
4) Resource-efficient production of new circular e
buildin 24 prOdUCtS,' : R x ’w Circular plasterboards g(i;:‘:)uglg{ ::;a;nti’cl,):isli:;
5) Installation and use in representative building precucts
S p ace S; SPAIN/FRANCE

6) Demonstration of the new digital EBM
traceability service;

7) Simulation of easy-disassembly.

iceberg
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CCS 1 - Circular Concrete

Demolition of juvenile detention center
« Total area 10.000 m2

Circular Economy of
Building Materials

@iceberg



CCS 1 - Circular Concrete

Pre-demolition audit - BIM4ADM-tool

BAU predemolition audit is compared with pre-
demolition audit using the BIM4ADW-tool

Pre-demolition audit with BIM4DW-tool was
performed within 8 hours

10 different materials where defined for
recycling

29 different objects where defined for reuse
Concrete by far the largest amount of CDW

Manual audit; 10.500 ton of concrete, BIM4DW-
tool 11.171 ton

iceberg

Circular Economy of
Building Materials
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CCS 1 - Circular Concrete

Selective demolition

* 35% les unsorted CDW compared with
a BAU demolition project.

« 16,187.4 tons of recycled materials
* 95% stony materials

m Debris

% materials in tonnage

M Debris
(concrete for C2CA Technology)

Construction and demolition waste
H'Wood
Glass

0,2%
B Green waste

M Roof waste

M Ferrous waste

- A : 3 4
®
m Mon-ferrous waste 'c e erg

N "B \ Circular Economy of
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CCS 1 - Circular Concrete

Processing EOL-concrete
« 15.000 tons EOL-concrete was crushed on site

« 1000 ton crushed concrete (0-16 mm) was transported to
recyclinglocation of GBN for futher processing.

« Remaining amount remains on demolition site as foundation
material (wish of building owner)

A SR oy

W=
\

iceberg
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CCS 1 - Circular Concrete

Processing EOL-concrete
« (C2CA proces: ADR - HAS - LIBS
* Coarse and fine aggregates
* Calcium rich ultra fines
KEEY:
* Aerogel
CIMSA:
* Eco-hybrid cement

Roosens received the sand and crushed 'aggregates from GBN at the end of
September 2023. The materials are judged as impressive quality!

Figure 34. Recycled 0/4 sand (on the right) and
recycled crushed 4/10 (on the left)

Figure 36. Recycled 0/4 sand Figure 37. KeeyAerogel

iceberg
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CCS 1 - Circular Concrete

Production new circular building products
100 m? of 39x19x14 cm hollow blocks F8/1.6 based on the following

formula:

recycled 0/4 sand: 1.050 kg/m3
recycled crushed 4/10: 970 kg/m3
Cement eco-hybrid: 125 kg/m3

5-10%

D B ,,:‘A et ; oo
: o P C—— e
1 - e~ 4
=2 - < p h
i, /
« y = /
L A 7 4
2 . 7/
. >/

V
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CCS 1 - Circular Concrete

Demonstration of the new digital EBM traceability
service;

- Data from LIBS is uploaded to Tracebility platform, ‘
Unique |
Code T

with a unique code on the RFID-tags a link is made
between the concrete structure and the platform;

. Unique
/ Code
R )
“l\-_"‘: 8

+ Readability of tags is 20 - 60 cm depending on e
orientation of the antenna ;5{{{3;;;;;;-:;3;“
oo - g::;i :’roﬂucﬂon t LIBS Processed Data
70 \ - etc.

315° 45°
- |

Reflecting mirror o
Light collector Nd:YAG laser
Optical fiber y Pulsed laser -

270° Q @ 90°

225° \/
O

O .
180° ; 5
o

.T

—0O0—-C —O—R
Figure 47. Average readability of 'CS' RFID tags in cm in concrete beam (C-centre and R-right)

iceberg
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ircular cement-based products

emonstrating c

[Video]
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Overall Conclusion

Within the ICEBERG project we demonstrated
the circular solutions to upgrade end-of-life
buildingI materials in to new circular building
material.

Great examples of:

1. How EOL-buiIdinF materials are recycled
100% to new building materials;

2. Design and production of circular buildin
elements from CDW which can be re-used;

3. The use of CO2 to improve material qualities
and capturing the CO2 in the same time;

Use of biobased materials such as wood for
new circular building materials;

Implementated EOL-buiding materials in
existing manufactering processes to
produce new circular buidling materials

iceberg

Circular Economy of
Building Materials
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Questions?

A\ B\
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ICEBERG policy

recommendations
Design anq
Workshop 19, 2024 o products”
containing
Margareta Wahlstrom & Elina Pohjalainen recyclables

Circular Economy of
Building Materials
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. Research questions

. Methodology, ICEBERG partners involved

. Opportunities and gaps in current legislation
Po//cy recommendations

Identification of barriers
 Overview of measures supporting uptake of ICEBERG solutions
 Learnings from interviews with ICEBERG partners
« Survey on importance of measures and implementation timeline (focus Flanders)
» Use of system dynamics - plasterboard example
Regional recommendations (good practice)

5. /CEBERG solutions contributing towards CE

J Circular Economy of
¥ Building Materials

miceberg



Involvement of ICEBERG partners in task

Preparation of Deliverable 6.3 "Report on policy recommendations”

Overall support: reference group for advice on planning, task implementation
- Tracimat, VITO, OVAM, Loughborough university, Tecnalia, GBN

Subtask: Subtask: Subtask: Subtask:
regional aspects EoW concept Pre-demolition audit sustainability issues
« OVAM « VTT, « Tracimat, « Leiden University,
« |IHOBE « OVAM, « VITO, « VITO,

« VITO, « Tecnalia, * RINA,

« Tecnalia « VIT « VTT

General Assembly workshops
- Interviews on conditions, challenges - ICEBERG stakeholders involved in 6 product groups
Diploma work on DPP: interviews with different stakeholder groups

Outside ICEBERG:
- CISUFLO: GA meetings
- CITYLOOPS: participation in CITYLOOPS reference group

niceberg

J Circular Economy of
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Research questions:

CLIMATE PACT
AND CLIMATE LAW

1) How well does the EU regulatory framework
support and foster ICEBERG solutions?

CLEAN ENERGY

INVESTING IN SMARTER,
MORE SUSTAINABLE
TRANSPORT

(description of landscape, regulatory barriers & gaps)

STRIVING
FOR GREENER
INDUSTRY

PROTECTING
NATURE

2) Which are potential measures and policy solutions
that could support the industrial uptake and scale-
up of ICEBERG recycling activities in EU? "0 rorx

ELIMINATING
POLLUTION

THE EUROPEAN

(elaboration of policy options, solutions taking into account Tr— e ENSURING A

technological/market reality, stakeholder contacts) A SbEALLY poRALL
3) How do the ICEBERG solutions contribute to the

transition towards CE or Circular Building?

(general assessment of their added value so they warrant efforts
to overcome barriers)

iceberg

Circular Economy of
Building Materials



Approach

« High focus on ICEBERG solutions & views of ICEBERG stakeholder

Responses

(policy
recommendations)

Drivers (consumption of

virgin resources etc)
(reflected in EU policies, national

strategies, company strategies)

Potential Measures |dentification of most
to support uptake of -> effectful measures
|ICEBERG solutions (interviews)

Key barriers for uptake of
ICEBERG solutions

Survey, workshop Survey, workshop Interviews, surveys, workshop

U S @iceberg
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Q1: How well does the EU
regulatory framework support and
foster ICEBERG solutions?

Circular Economy of
Building Materials

@iceberg



& Desk study:

Q \ support & gaps in EU regulation

WFD: End-of-waste

Waste legislation: Raw material taxes
Waste Framework Directive (End-of-Waste concept)
Landfilling restrictions

Waste specific legislation (C&DW targets......)

Waste Shipments: permits needed for cross country shippdents
POP regulation (persistent organic pollutants)

Green Public Procurement
REACH (removal of certain SVHC from the loop)

Design and
production of

Managment of materials

waste/recycling

EU Taxonomy

Demolition
(sorting,...

construction

Waste Framework Directive
Waste sorting/collection
Hazardous waste classification
Waste shipment

Refurbishment

Use of products for

Q1: Support and
gaps in current

legislation

Chemical legislation (allowed

substances):

REACH / Substances of very high concern
Export/import of hazardous chemicals

POP (is there a risk that POP substances present)

Product legislation (Product safety):
Construction Products Regulation (NEW)
Sustainable Product Initiative and revision

Extended Producer Responsibility

Pre-demolition audit

Renovation wave

U Circular Economy of -
Building Materials



Desk study: ro— —

gaps in current

support & gaps in EU regulation [k s | M B |

Waste Framework Waste hierarchy — priorities in waste management Product status in reuse needs clarifications
LIRSS End-of-waste option for recyclables No harmonised protocols for EoOW concept
Obligation for member states to take measure for selective demolition and Lack of collection and sorting criteria for CDW

facilitate sorting, separate collection of CDW —

Future: waste material specific recycling targets

NEW Construction Lifecycle perspective, e.g. in harmonised standards (installation, maintenance CE marking of reusable products still unclear
products regulation and removal, recycling or reuse of the product)
Use of digital product passport Confidentiality in data (to be published still to be ensured)

Development of sustainability requirements for green public procurement of
construction products

REACH, POP regulation  Substitution of hazardous substances if possible. (especially PFAS Recycling of historical construction products with unknown composition

SUSEMEES), Challenging to measure low POP concentrations (sorting, sampling procedure etc)

Very low limits for POP substances allowed in recyclables (POP regulation)-
> need for proper pre-demolition audit

Waste shipment Secure sufficient feed for processes Classification of certain waste (e.g. insulation materials containing flame retardants) as
hazardous waste not fully clear.

Higher administrative burden for trading waste, destined for recycling within EU

EU taxonomy: CE Support for ICEBERG solutions for high grade recycling Guidance needed on how show compliance with criteria

Criteria Influence of country specific conditions, e.g. insufficient supply of wooden materials and

gypsum waste for recycling

Increase the competitiveness of waste materials to replace virgin materials Landfill taxes, bans may lead to waste used in low grade applications

Focus on low carbon economy (= products should have low embodied
energy)



Q2: Which are potential measures
and policy solutions that could
support the industrial uptake and

scale-up of ICEBERG recycling
activities in EU?

@iceberg
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| Survey/workshop on barriers (October 2022)

« Aliterature conducted in Spring/Summer 2022 on
barriers for uptake of CDW

« A survey was designed for 3 different stages of the
value chain (on-line questionnaire, in total 34
guestions)

* The survey was conducted with the aim of provoking
thoughts for a workshop that followed right after

« Both material specific barriers and barriers related to
different stage of value chain were analysed

Figure. Workshop on batrriers for the
uptake of ICEBERG solutions — Concrete

@ iceberg
Circular Economy of 10
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Observation:
- material specific barriers;
« key barriers (example): quality & technical (blue) and costs (red)

Circular concrete Insulation material Ceramics

». Demolition Lack of knowledge to differentiate high- High transport costs Lack of expertise for sorting Lack of demolition
* contractor value from low-value concrete »  Selective demolition not possible . Limited space for multiple methodology to obtain pure

. Lack of time for selective demolition due to use of glue containers fractions
+  Selective demolition not possible due to . High risk of primary . Lack of time/ money for
spray products, EPS beats, etc. contamination with additives selective demolition
Collector . Need for quality control . Lack of recycling technology whilst . Competition with energy . Lack of technology for
. High investment cost landfill will be banned recovery separation of mixed CD&W
. Lack of recycling technology . Bans on some of the raw materials *  Waste separation is not easy . Material flow doesn't have
. Lack of storage space of olders products, e.g. CFS (blowing (soft wood, hard wood, solid consistent quality
agent) wood, particle boards, ...)

. Balance between cost of waste
treatment and performance will be
compared for the different synthetic
insulation materials

* Availability: limited market share of
synthetic insulation

.. Producer *  Virgin materials are very cheap . Environmental impact not
taken into account

Client . Lack of public awareness . High cost for sorting on site

Designer & »  Lack of warranties and insurance «  Lack of standards for
contractor schemes (standards, certificates) secondary wood products

™) U Circular Economy of ™= "
& Building Materials




Analysis of selected measures

* A long list of potential measures to support uptake of
ICEBERG solutions was created to respond to the identified

barrier
* Survey & workshop in April 2023

* Desk study on relevance of selected measures for
ICEBERG (based on results from the survey and measures
presented in the proposal)

* Interviews with ICEBERG stakeholders (ranking) , regional
reports on instruments and tools supported the preparation

of policy recommendations
« Validation workshop,

B

Desk study on selected measures

(copied from deliverable)

4 Which are potential measures and policy solutions that could support the
industrial uptake and scale-up of ICEBERG recycling activities in EU?............ 56

4.1

products... .
End-of-waste Concept issues relevant for ICEBERG cases

4.2
43
4.4
4.5
4.6
4.7
4.8
4.9

410 Regional policies and instruments in two regions — g[:{:d practlces in Flanders region

Pre-demolition Audit — lessons learned from Tracimat....._._..._.._._._._________
Requirements on sorting for waste for which recycling capacity exists ...
Green Public Procurement criteria supporting recyclingandreuse........_.............._

Digital Product Passports ..

Extended producer respons.lblllty (EPR)

Other supporting measures .

Tools for converting environmental fc-otpnnt into a single score .

(BE) and Basque country (ES) ...

iceber

Circular Economy of
Building Materials

Overview on potential policy measures and tools supporting ICEBERG circular

... 61

72
78
82

....66

90
93
....96

99
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\
Manufacturing and design

» Policy actions to make recyclables more competitive
to virgin materials

 Incorporation of environmental impact into total price
of construction products (e.g. impact of landfill,
downcycling)

e Use of Green Public Procurement to drive demand
for products with recycled content

Pre-demolition auditing, waste sorting

« Use of Green Public Procurement in demolition
work to drive demand for ICEBERG recycling
process

Certification/product status, knowledge
and innovations

Use of sustainable certification schemes (BREEAM,
LEED etc) promoting recycling

_ Potential measures - long list

Supply
Pre-demolition auditing, waste sorting

+ National/regional requirements/ guidance/ recommendations
for use of Pre-demolition audit

* Implementation of a demolition plan with information on
waste management options of recoverable streams

« Mandatory source separation for materials for which
recycling capacity exists

Demolitions/waste management

 More control (e.g. inspections) of construction or demolition
works in relation to the correct CDW management

« Landfill tax, landfill ban for recyclable waste

- Traceability e.g. by using digital waste transfer notes, linked
to a monitoring system and database

Certification/product status, knowledge and
innovations

* End-of-waste criteria
* National standards

w' Circulor Economy of ™=
Building Materials

Design and
manufacturing
of products
containing
recyclables

13



\ Regional instruments and tools in 2 regions - drivers

Key drivers for high recycling rate are the following instruments::
Basque country/Spain:

« Mandatory predemolition audit including estimate of the quantities of waste expected, waste

prevention measures, measures for separation at source, the inventory of hazardous waste to A y -~
be generated, as well as an assessment of the expected cost el " &
« Mandatory selective demolition and compulsory segregation of materials on site 23 o e \—/ﬁ

« Environmental Criteria (for Green Public Procurement) for use of secondary materials (both
GPP criteria for buildings and infrastructure works and a guide for using recycled materials)

Flanders region/Belgium:

« landfill ban and restrictions on incineration of unsorted mixed CDW ’
- certification of recycled aggregates based on EoW-criteria e L | T
e . Q-d.‘!'-;
« distinguish between materials debris with the high and low risk environmental profile o .
« mandatory demolition follow-up plans with follow-up by a demolition management | pdeacin
organization o

« A case-specific end-of-waste (EoW) declaration for certain application fulfilling a set of
requirements (to obtain a “Resource certificate” as materials suitable for recycling).

swirsae

« Separate collection of C&D-waste on site. Some fractions have to be collected separately on
site (debris, asbestos, cellular concrete, gypsum). Mixed C&D waste has to sorted separ

from other waste streams ’ |ceberg

\ Circular Economy of
Building Materials




Purpose of the interviews:

* to get information on potential measures and policy recommendations that could
support the industrial uptake and scale-up of ICEBERG products developed.

« conditions enabling and issues preventing success of ICEBERG products
- identify most effective measures for specific ICEBERG product groups
« to get information on good practices for replication

* Input for policy recommendations

Process:

- An online questionnaire with specific questions for the different actors and ranking of
measures

* In-depth interviews (1h) with 21 ICEBERG partners
 Also additional meetings and surveys with external stakeholders in Flanders

@lceberg

Circular Economy of
Building Materials
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W\ Interviews

\
\
\\ \

\ Table. Summary of interviews: product groups and stakeholders

Product group Demolition Recycler Manufacturer Installer Building owner Research institute,
contractor other

Concrete (and cement) 1 1 1 1

based products

Ceramic 1 1 1

Wood 2 1 1

Gypsum plasterboard 1 1 1 1

Insulation foam 1 1 1

Superinsulating aerogels 1 2

(intermediate product)

iceberg

Circular Economy of
Building Materials




N7

4

Outcome from interviews with ICEBERG stakeholders

»

N\
RNy

\ Measures and good practices are product group and region specific
! - generated amounts, collection and transport distances, local practices...
» To some extent, variety in priorities set by different actors in the value chain

Highlighted aspects (examples):

« Importance of education of stakeholders and sharing information in the value chain mentioned by all
interviewees

« E.g. knowledge on recycling possibilities and benefits of higher circularity
* E.g. knowledge in the value chain regarding environmental performance of construction products

« Demonstrations, pilots to show feasibility in industrial scale

Strong drivers (examples):

NL: Concrete Alliance for increasing use of recycled aggregates in new concrete (10%) (certification supports)

BE: EoW strong driver for material acceptance (supported by Tracimat & certification)

UK (gypsum): landfill tax
« Basque country & Italy: Environmental criteria for GPP @

iceberg

Circular Economy of
Building Materials
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Outcome from interviews with ICEBERG stakeholders

Color codes: green: highly important, light green: important. For each product 2-3 most effective measures
marked with **= (if possible).

Ranking of most effective measures Cement T Ceramic [Wood T Circular PU Other

and based insulation plasterboard based product
concrete | product panels product | groups
based

product

Legislative
(Requirements for)
pre-demaolition
audit

EU wide EgW
criteria
Mational/regional
EoW criteria
Mandatory source
separation

EPR

Economic

taxes (virgin
materials, carbon
tax etc)

Lower VAT for
recycled matenials
Landfill tax

GPF for public
building

GPF for demolition
Mational economic
support for
development of
innovative
processes

iceberg

Circular Economy of
Building Materials
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Ranking of most effective measures

Cement
and
concrete
based
product

Ceramic
based
product

Wood
insulation
panels

Circular

plasterboard

PU
based
product

Aerogell
other

Information, knowledge, other

Fegional initiatives
for recycling
centres/clusters

Use of BIM for
information on
materals and

quality

Digital product
passpart including
relevant information
on recycled material

Use of sustainable
certification
schemes
(BEREEAM, LEED
etc) promoting
recycling

Knowledge, skills,
education

Standardisation

Mational standards
supporting
innovation

Mational standards
supporting

iceberg
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recycling +
logistic costs rescycling costs &

System dynamics M\}“

. price of recycled

method: - o

{min amount of
Plasterboard case example - o s demardor

identification of — pan
bottlenecks and o subsides o

subsidies for

recycling

relations Extacton costs & e e Has
— h‘\{ + markel demand e oputsd —— _
+ cost of virgin . gypsum quality cost of acid

extraction ——"%

gypsum + treatmant
logistic costs
Caonstructoricustomer

willingess for good price of good
quality collection . quality

cost of mixed =
~=—— (Change in the same direction e !] i
agricufture Lanfill
+4—— Change in the opposite direction "
oot of
_ L landfilling
legal
fine of illegal dumping lanclfilling ta /
durnping agriculture
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Massflow analysis on recycled content - example for
- gypsum recycling in plaster board

I 2020 12030 = 2040 == 2050 = == |CEBERG target

- B 0.5
4 m©
C e 0 L e e e m e e e e e e e e e e e e e —m——————
S o 03
C B 02
q_; —
= mmE B | | neR N | |
= @
2 c 0.0
S E Unrecovered 50% Unrecovered 0%  Onsite recycling  Onsite recycling  Unrecovered 50% Unrecovered 0%  Onsite recycling  Onsite recycling
E 2 50% 99% 50% 99%
o

& Impure material for chemical treatment 20% Impure material for chemical treatment 30%

Calculations made based on assumptions on flows (input data: gypsum waste generated in 2020 and
2050, gypsum material needed for plaster board manufacturing, 6 % to agriculture in all scenarios

Parameters in flow:

* loss in mechanical treatment 1 %,

* loss in chemical treatment 20%,

« unrecovered material in demolition 50 % respective 0 %

-> Conclusion: even in best scenario, the outflow of recycled gypsum significant smaller than amount

needed in manufacturing iceberg

\ @l N Circular Economy of 21
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Q2: Potential
measures for

uptake of
ICEBERG

solutions

Topics for policy recommendations

« The ICEBERG policy recommendations have been elaborated based on the findings from
task 6.1.
 Interviews with ICEBERG stakeholders
« Additionally, views on the barriers and further information needs presented in two workshops
« Literature

% Recommendations grouped: Template:

Challenge

Political & Economic Information

Description (goal)

legal instruments instruments

Actions (bullet points) — implementation

]

Technical Concrete activities, Actor(s) all actors in value chain
instruments initiatives, projects Timeline short = mid term
References

(fyiceoerg
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Further presented as examples:
1. No 3 Sustainability criteria
2. No5GPP

3. No 8 skills

4. No 9 waste sorting

Q2: Potential
measures for

uptake of
ICEBERG

solutions

Political & legal instruments (recycling targets, bans, pre-demolition audit,
EoWW, standards, certifications, extended producer responsibility, permits...)

1. Harmonise End-of waste (EQW) protocols and certification schemes for
high grade (closed loop) recycling and preparation for reuse from best
technologies

2. Connect waste demolition plan and EU Taxonomy (alternative:
Connect the pre-demolition audit and its qualitative follow-up to EU
taxonomy)

3. Develop environmental sustainability criteria for comparison on
environmental performance of construction products

Economic instruments (green public procurement, taxes, charges for waste
management, marketplaces & distribution chains, taxonomy, extended
producer responsibility._.)

4. Support market demand and supply of waste related materials for closed
loop reuse and recycling

5. Use GPP to support reuse and recycling

6. Incorporate in the price of construction products the costs for actions
related to potential pollution control

Information instruments (digital product passports, BIM, digital maternal
exchange platforms, skills, education...)

7. Linking DPP, BIM and building logbooks to support circularity of building
materials

8. Improve knowledge about construction materials and products,
procedures and technologies required for circular construction

9. Develop guidelines for waste sorting

Technical instruments (selective demolition, sorting, technical standards. )

10.Design construction products for reuse and recycling

Concrete activities, initiatives & projects (EU funded projects, financing...)

11_Finance demonstrations of circular design solutions and innovative
recycling technologies and tools

12.Reward design strategies and best practices that involve the synergistic
use of circular economy indicators both at product's level and at building
level

—— et AL IEEER b R A T
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Challenge

Description (goal)

Implementation

Harmonised indicators and tools for environmental sustainability lacking
Environmental sustainability covers circularity, CO2 savings, non-toxicity,
biodiversity

development of circularity indicators (one or a few indicators) for
assessment of environmental sustainability of products with recyclables
development of simplified sustainability indicator for Digital Product
Passport

development of environmental sustainability criteria for comparison on
environmental performance of construction products

To present a toolbox of potential methods and indicators suitable for
construction products that can be used in the assessment

To highlight challenges in using current toolbox/indicators

To identify knowledge/information needs for development of sustainability
criteria

To seek possibilities for combining a few indicators

24



\3

\’\ Policy recommendation “Economic instruments”

AN \ No 5: Use Green Public Procurement (GPP) to support reuse and recycling

NEW Construction Products Regulation (2024):
« to establish mandatory minimum environmental sustainability
requirements (circularity goals, CO, savings)

« Use of Green Public Procurement will drive demand

« Lack of knowledge about potential criteria (structures, products, materials
that could be recovered and used in new constructions).

- Today, tendering documents do not often specifically address waste
recycling

« Only Italy: mandatory criteria for recycled content

Challenge

Guidelines for including recycling and reuse in public tenders for
construction, renovation and demolition

Description (goal)

Development of indicators to be used in public tendering
 Revision of standards, legislation preventing use of recycled materials

« Development of standard documents for tendering

- Development of education materials

« Analysis of the role of marketplaces for securing recycling and reuse

\w_ ml m-— e’ Building Materials
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Challenge « The apparent lack of knowledge harms collaboration along the value chain
for ensuring efficient planning and realization of recycling activities and
providing needed information for end-users.

« Information not presented in an understandable form

Description (goal) A systematic overview on information needs by different stakeholders and
actions to remove knowledge gaps.

Implementation Actions to raise awareness and support communication and collaboration

among actors in the value chain, e.g.

« Development of tailored information packages for different target groups

« Guidelines for good practice and standards

« Forums for exchange of information

« Dissemination of technology developments to reclaim waste streams

« Technology platform for innovative solutions for material flow management
(BIM, traceability, etc)

I+iceberg



Challenge

Description (goal)

Implementation

High ranking in interviews for: “Mandatory source separation for materials
for which recycling capacity exists”

Need for knowledge on quality requirements on waste materials suitable for
recycling (impurities, hazardous substances, grain size ...)

Sorting at demolition site or at sorting plant (methods, quality protocols..)

Guidelines and instructions on the sorting on site

Guidelines on the possibilities of joint or separate transportation of waste
streams to sorting facilities, treatment or production sites

Guidelines on waste sorting

Mapping of commercial recycling technologies available and creating an
overview for requirements for different waste streams for recyclers
Development on standards on key issues in quality protocol

(7 iceberg



Q3: How do the ICEBERG solutions
contribute to the transition towards
CE or Circular Building?

Circular Economy of
Building Materials
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Cement- and Concrete-based
products (Eco-Hybrid
Cement,

Structural concrete elements,

Ultra-lightweight non-
structural wall, green wood
chip concrete panels and

demountable pre-cast
carbonated blocks)
Ceramic based product

(circular ceramic-based tiles)

Wooden product (circular
wood fiber insulation panels)

Gypsum-based product
(circular plasterboards)

PU-based product
aerogels and circular
insulation panels)

(PU
PU

EBMs sent to landfill (Turkey) or
downcycled into low-grade
application in unbound sub-
foundation (Belgium, the
Netherlands)

heat treatment at  higher
temperatures; use of virgin raw
materials for ceramic body

use of virgin wood

Typically 10% of recycled gypsum
in plasterboard

Use of virgin polyols

Q3: ICEBERG
solutions
contribution to CE

Reducing landfilling and savings of virgin materials

Costs of the ICEBERG products are often still higher
than the benchmarks (the absence of an upscaled
technology for the production process means higher
associated expenses (e.g. labour, raw materials,

energy))

In case of carbonation, capturing CO2. when assessed
on at product level both environmental and economic
benefits. However, at building level ICEBERG
carbonated blocks incur higher net costs compared to
the BAU concrete blocks

Energy savings (CO2 savings), circularity

30% lower impact in the Resource use, minerals and
metals category, compared to the BAU solution,.
Saving of virgin wood

Minorly improve environmental impacts and marginally
improve financial performance
35% recycled gypsum, saving of virgin material

reduced environmental footprint in all LCA impact
categories
Reduce the Climate change, fossil impact by 25%.

Favourable in terms of economic impacts
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« Decision support tools
enable stakeholders to
make informed choices
that prioritize resource
efficiency, waste
reduction, and
sustainable practices

« Aset of 6 indicators
tested

AN B Y e

ICEBERG solutions - design
tool for illustration of

1. BAU

MASS

328.6 kg

MATERIAL SOURCING

® socondary material
0% ® renewable material

primary material

SEPARABILITY

® optimized
limited

@ problematic
unknown

MATERIAL HEALTH

® optimized
® improved
0% standard
@ potentially problematic
unknowr

Q3: ICEBERG
solutions
contribution to CE

CARBON FOOTPRINT [GWPt]

138.6 kg COze

MATERIAL RECOVERY

2. ICEBERG Solution

MASS

302.8 kg

MATERIAL SOURCING

CARBON FOOTPRINT [GWPt]

129.1 kg CO,e

MATERIAL RECOVERY

@ recycling ® recycling
downcycling ® secondary material downcycling
50% ® energy recovery 79 % ® renewable material 100 % @ energy recovery
@ landfill primary material ® landfill
unknown unknown

DISMOUNTABIUITY

® optimized

SEPARABILITY

DISMOUNTABILITY

® optimized
® optimized
@ improved @ improved
25 °/ limited 0 0 9/ i 4
limite:
9 lieited ® problematic 1 o :
@ problematic e @ problematic
nr "
unknowin Unshawn unknown

MATERIAL HEALTH

® optimaed

B ®improved
38 % standard
A @ potentially problematic
unknown
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Thank you for your attention!
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Challenge

Description (goal)

Implementation

-

Needs:

« EU wide: For waste materials shipped across border for recycling

« For national EOW & case specific decision: need for harmonization of
elements in EOW

« Unclarities for EOW case decision on intermediates, clarifications for REACH

To be checked: impact of EOW status in LCA

Development of a harmonized procedure for the assessment of EoW status
of materials from recycling processes

« At EU level (same criteria)

« national level (same procedure but national criteria).

« case specific EOW decision.
« Setting a databank with information on case specific EOW decisions in EU

data on characteristics of candidate EoW derived from recycling, sorting and
recovery technologies

« assessment of links to REACH for intermediates for non-mineral materials

« development of new on-line tools for quality monitoring and decision on
EoW status of materials

11 1 s



Challenge

Description (goal)

Implementation

EU guidelines for pre-demolition audit non-binding, different interpretations
Lack on guidance for complying to the EU Taxonomy

The competence of the auditors/demolition experts needs to be ensured

A verification with the management process is needed

Linking the pre-demolition audit and the resulting qualitative follow-up of
the (selective) demolition works to the EU taxonomy

Acceptance criteria / the requirements for (the quality of) different materials
for recycling

Mandatory demolition and waste management plan

Development of an open platform/website with an overview of recycling
routes for construction and demolition waste

Awareness, information and in-depth training for experts and contractors
Research on strategies to cover the extra cost of selective demolition.

I+iceberg



Challenge

Description (goal)

Implementation

Harmonised indicators and tools for environmental sustainability lacking
Environmental sustainability covers circularity, CO2 savings, non-toxicity,
biodiversity

development of circularity indicators (one or a few indicators) for
assessment of environmental sustainability of products with recyclables
development of simplified sustainability indicator for Digital Product
Passport

development of environmental sustainability criteria for comparison on
environmental performance of construction products

To present a toolbox of potential methods and indicators suitable for
construction products that can be used in the assessment

To highlight challenges in using current toolbox/indicators

To identify knowledge/information needs for development of sustainability
criteria

To seek possibilities for combining a few indicators

34



No 4: Support market demand and supply of waste related materials for closed loop reuse and

recycllng

Challenge

Implementation

For many materials, high-grade (closed loop) recycling is more costly than the
costs related to the use of virgin raw materials

Challenges to match the supply and demand

Information on recycling conditions (e.g. quality, supply) is not easily available

Description (goal) Actions for supporting uptake of reusable products and products containing
recycled materials from CDW

waste material specific measures at the EU and the national level for promoting
reuse and high-grade recycling taking into account country conditions.

Analysis of economic barriers for high grade recycling options for specific waste
streams (conditions, outlook)

Compilation of reliable data for market decisions (estimations on amounts
generated in EU, nationally and regionally, quality) and conditions for reuse and
recycling (requirements, standards, capacity, costs)

Develop waste material specific requirements for fostering high grade recycling
Creation of digital marketplaces (especially for reusable products)

("iceberg

Circular Economy of
Building Materials
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\’\ Policy recommendation “Economic instruments”

AN \ No 5: Use Green Public Procurement (GPP) to support reuse and recycling

NEW Construction Products Regulation (2024):
« to establish mandatory minimum environmental sustainability
requirements (circularity goals, CO, savings)

« Use of Green Public Procurement will drive demand

« Lack of knowledge about potential criteria (structures, products, materials
that could be recovered and used in new constructions).

- Today, tendering documents do not often specifically address waste
recycling

« Only Italy: mandatory criteria for recycled content

Challenge

Guidelines for including recycling and reuse in public tenders for
construction, renovation and demolition

Description (goal)

Development of indicators to be used in public tendering
 Revision of standards, legislation preventing use of recycled materials

« Development of standard documents for tendering

- Development of education materials

« Analysis of the role of marketplaces for securing recycling and reuse

\w_ ml m-— e’ Building Materials

Implementation



\3

\
N

Challenge

Description (goal)

Implementation

SN No 6: Incorporate in the price of construction products the costs for actions related to
A ef potential pollution control

S\ Policy recommendation “Economic instruments”

Price difference between recycled materials and primary materials hinders
the use of recycled materials

Environmental and economic impacts (impacts of material extraction,
landfilling ...) are not incorporated into total price of the products
Challenging to determine and quantify the impact on the environment of
the production and use of construction materials

Develop a method to determine the cost of the impact of primary and of
recycled materials for particular application in construction

Create a basis to compare the cost-determined impact of materials for use
in allocating support or dissuasion through taxes for either recycled or virgin
materials

Create support for internalising environmental costs in pricing.

Study methodologies to determine the impact based on LCA and calculated
on a monetary basis of the application of recycled and virgin materials
Develop a monetary basis for taxation and subsidies for the use of less
favorable or support for materials with a lesser impact

\w_ ml m-— e’ Building Materials



Challenge

Description (goal)

Implementation

Confidentiality & IPR issues, and interoperability of different systems have
been highlighted as practical barriers/concerns about DPPs

Consolidation of data formats/standardization for their interoperability
Linking DPP to other data management and exchange protocols (BIM and to
DBL)

Interoperability between DPPs in the value chain and specification of the
distributed databases and communications channels

Integration of the digital information in the compliance checking and other
regulatory processes

Using open standards for data storing and exchange

Development of relevant ontologies and open API specifications
Establishing traceability systems and certification schemes recognized
by the relevant building authorities (e.g. to avoid unnecessary testing)

(" iceberg



Challenge « The apparent lack of knowledge harms collaboration along the value chain
for ensuring efficient planning and realization of recycling activities and
providing needed information for end-users.

« Information not presented in an understandable form

Description (goal) A systematic overview on information needs by different stakeholders and
actions to remove knowledge gaps.

Implementation Actions to raise awareness and support communication and collaboration

among actors in the value chain, e.g.

« Development of tailored information packages for different target groups

« Guidelines for good practice and standards

« Forums for exchange of information

« Dissemination of technology developments to reclaim waste streams

« Technology platform for innovative solutions for material flow management
(BIM, traceability, etc)

I+iceberg



Challenge - High ranking in interviews for: “Mandatory source separation for materials
for which recycling capacity exists”
« Need for knowledge on quality requirements on waste materials suitable for
recycling (impurities, hazardous substances, grain size ...)
« Sorting at demolition site or at sorting plant (methods, quality protocols..)

Description (goal) < Guidelines and instructions on the sorting on site
« Guidelines on the possibilities of joint or separate transportation of waste
streams to sorting facilities, treatment or production sites
« Guidelines on waste sorting

Implementation « Mapping of commercial recycling technologies available
« Create overview for requirements for different waste streams for recyclers
« Creation of database easily accessible
« Development on standards on key issues in quality protocol

[ iceberg




Challenge « Lack of knowledge, design tools (check D3.5)

Description (goal) Design construction products for fulfilling circularity goals such as including

for disassembly, reuse, recycling and designing long-lasting properties

Implementation Development of indicators and tools for ecodesign

« Ecodesign criteria/recycled content requirement

« Education of designers in business

- Evaluate Extended producer responsibility concept for specific product
groups

« Green public procurement

« Remove wastes containing substances of concern

7 iceberg

J Circular Economy of
¥ Building Materials

41

NN BN A



Challenge

Description (goal)

Implementation

Demonstration projects provides information that are used for investments
on important aspects not otherwise available (process changes, rejects, ...)
especially needed for development of recycling technologies for challenging
CDW such as

- materials that are difficult to recycle

- for waste materials where currently only low recycling processes are

available

circular design of construction products and management of waste, material
streams and products (e.g. tools for material identification and separation,
traceability systems and documentations)
Public sector to act as a good example for circular solutions!
Innovative projects should be allowed to fail!

Financial support for demonstration of circular design solutions and
innovative high grade recycling processes for CDW

Inventory of waste materials lacking treatement

AW EEN] B



Challenge Missing standardized, robust and reliable circularity metrics
Description (goal) To recognize environmental potential of the circular building design

Implementation « Develop guidance with examples how to apply EN 15804 Annex D in more
complex situations e.g. involving more recovery options simultaneously or
dealing with open-loop and closed-loop allocation in the same product
system.

« Support the collection of data and development of databases with
information about recycling and reuse of different material streams. Such
databases may be developed on national or EU level by the relevant
authorities or industrial associations.

« Establish a framework for rewarding design & construction bidding (e.g. as
points) and design competitions (as financial support) in:

« C&D planning and strategies besides legislation requirements
« Demonstration of comparisons of products
« Application of circular indicators that are not yet standardized

N N\gllE
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