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Outline

How to design, build and operate circular buildings?

1. Circularity Definition (EN pren17980
2. Circularity Principles (EN pren17980
3. Multi-objective approach with multiple KPI

| : Denmark

2020, 90% less energy use in households.

Full decarburization of domestic heating.
2030, 50% Renewable energy sources.

Clean power (district scale).

2025, requiring 7.5 kg CO2e/m?/year for office
buildings in addition to 1.5 kg CO2e/m?*/year
for modules A4 and A5.

Bl + Finand

Low carbon road map for building materials.
2020, Carbon footprint and emission limits.
2050, 80% Reduction of emissions.
Minimized use of virgin materials.

Adopting EC*s Level(s) method.
Procurement criteria for low carbon
buildings.

M :: Sweden

2022, Using LCA for all new buildings.
2045, Eliminate greenhouse gas emissions.
Recycling 70% of construction residues.
Fossil free Sweden initiative.

.

m () France

2020, Low carbon Buildings & reduce carbon emissions.
2050, Carbon-neutral France.

RE2020 threshold of 4 kgCO2 operational emissions
equivalent/m2 for new residential buildings: E+C.
Phasing out natural gas.

Dynamic LCA calculation method + threshold for
embodied carbon emission of 100 kg of CO2 per m2.

I < Netherlands

DBED for the new office (>100 m?) and houses.
Life Cycle Assessment (LCA) by qualified experts.
Using green and circular building materials.
Phasing out natural gas.

D ‘ ' Belgium

Brussels and Flanders are leading in LCA, material
passports, and circular economy policies.

Flanders mandates 70% recycling of construction
waste by 2030 .

Belgium developed GRO, a sustainability it
tool in Flanders.

Figure 1.2. Ranking of EU leading member states that couple carbon neutrality and circularity requirements for new constructions
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CEN 350: prenEN 18177 What is Circularity

Circular Economy

Target: The contribution of

construction sector to circular STAGE

, BEYOND

economy. However, circular i
CONSTRUC- LIFECY-

economy deals with macro PRODUCT TION MAINTAIN AND USE END OF LIFE CLE

Embodied Embodied Embodied - Operational Embodied

economic aspects.

GHG ==

Emissions
Circularity of Buildings i ﬂ SB ﬂ U ’Emk

Time
|S an attribute tO assess the Extract Transport Manu- Transport Con- Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Dis Reuse/

raw tofactory facture tosite struct nance ment  bishment Use Use ish the waste Recovery
buildings, building elements and " " bk S S
gs, g g
Ir=—romn ik ""'ﬁ'xﬁmx\ = 1 S m T |
product level. A1 | A2 | A3 [ A4 | A5 [ Bt | B2 | B3| B4 |[B5|B6|[B7[cC1|c2|c3
MODULE © New EX@dings Institute

Circularity of Buildings Reference Service Life CEN 15804

1)  Circularity of materials & products
2)  Circularity of building components

3) Circularity of construction works

. ¢ LIEGE université
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CEN 350: prenEN 18177 What is Circularity

Circular Economy

Target: The contribution of
construction sector to circular
economy. However, circular
economy deals with macro

economic aspects.

Circularity of Buildings
Is an attribute to assess the
buildings, building elements and

product level.

Circularity of Buildings
1)  Circularity of materials & products
2)  Circularity of building components

3) Circularity of construction works

L 4
bl

1{ | N —

Circular Economy in the Construction Sector i

%, @ LIEGE université
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Circularity Definitions

Definitions, Metrics and Key Performance Indicators

According to prenEN 18177

Circularity in buildings refers to the degree to which a building and its
components are aligned with the principles of a circular economy, by being
designed, used, maintained, adapted, and deconstructed in ways that:

1. Minimize resource extraction and waste,

2. Extend the useful life of components and materials, and

3. Enable high-value reuse, remanufacturing, or recycling through multiple
life cycles.

4. ¢ LIEGE université
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Circularity Definitions

European Commission, CPR, and CEN

Life Extension (Slowing the loop)

The Four Main Streams of Circularity in Construction
1. EU policy & standardization (governance spine)

*European Commission (CPR, EPBD recast, Green Deal).

2. Rating systems & applied schemes (market translators)

*Actors: Level(s) (EU JRC), BREEAM, DGNB/BNB, LEED, GRO (BE), klimaaktiv (AT).

3. LCA / Environmental Product Declarations (impact accounting)

*Core: EN 15804+A2 (EPDs), EN 15978 (building LCA), ISO 14040/44.

4. MFA & footprint logic (resource efficiency)

*MFA scholars, PEF (Product Environmental Footprint), Circular Footprint Formula (CFF).

Disassembly & Reversible Assembly (closing the loop)

Material Circularity & Recoverability

Resource Efficiency (Narrowing the loop)
Traceability & Information

Reverse Supply Chains & Business Models

Sustainability

*EPBD WLC 202

Sustainability

]

[EU Taxonomy [

¢SO 14040/ 1SO 14044

150 21930 Carbon Neutrality
e | evels Framework
e EN 15978 EPBD WLC 2

e EN 15804 + A2

%, @ LIEGE université
v SBD Lab
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E z 7 R I i CEN/TC 350/SC 1 — Circular
- e g u a I o “ S Economy in Construction

prEN 18177

DireCtiveS, Certifications and Standards *WG 1 - Framework, Principles &

Definitions: Establishes common
EU-27 Regulations Landscape }e"“‘”°'°9y' R ldleiding
ramework for circularity.
‘WG 2 - Gap Analysis,
Conclusions & Recommendations
Identifies current practice gaps and
proposes standardization priorities.
*WG 3 - Chair’s Advisory Group
Provides strategic coordination and
oversight across WGs.
Directives Frameworks Certification Standards Regulations "WG 4 — Circular Information in
Construction Works: Focuses on
building/material passports, data
transparency, BIM integration.
*WG 5 - Circularity Assessment
Develops methodologies and metrics
- / for evaluating circularity.
< *WG 6 — Reuse of Construction
I I Products/Materials: Sets standards
J

[ Levels [ EN 15978

LCBI

[EPBD WLC

( )

LEED E [ EN15804-A2 RE2020 and guidance for reusing materials
- - and product take-back.

___________________ - N *WG 7 - Circular Design for the
[ J | Construction Sector
BR18 1

[EU Taxonomy |

4 N (

| BREEAM | prEN 18177

J/ N -

Promotes design strategies for
adaptability, disassembly, and reuse.
s N r ~ *WG 8 — Pre-Demolition/Pre-

L DGNB [ RICS WLCA :\; Z Redevelopment Audits &

') Evaluation: Standardizes
~
Gro l l
7

procedures for assessing materials
before demolition or refurbishment

s

.

4. ¢ LIEGE université
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Lifecycle Stages of Building Products
CEN 15978:2018+A2

STAGE
BEYOND
THE
CONSTRUC- LIFECY-
PRODUCT TION MAINTAIN AND USE END OF LIFE CLE
Embodied Embodied Embodied - Operational Embodied Embodied
GHG T
Emissions
e
L ]
R ST < iy, B¢
Time [ ] - e
Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
raw tofactory facture to site struct nance ment bishment Use Use ish the waste Recovery
materials products the building materials
building

o ]z | s e Las e

Cradle to gateh
Cradle to site
Cradle to handover

{87 c1]calcafcel D

Cradle to end of use
Cradle to grave
Cradle to cradle




The Science behind it

Metrics and Key Performance Indicators  Material Flow Analysis

PRINCIPLES OF
CIRCULAR ECONOMY

NARROWING
THE LOOP

Improve resource
efficiency

CLOSING SLOWING
THELOOP THE LOOP

Recycle Extend
materials service life

g

Resource Flow Analysis
Life Cycle Impact Assessment
Building Performance Simulation

You can’t . .
manage M‘I d\
what you . .

don’t
measure. .

LIEGE université
9/78 w SBD Lab



The Science behind it

Materials Environmental Impact

Cement-
based

Timber-
based

# % %% s w s Underground Structure: RC

CLIMATE CLIMATE

NEGATIVE  POSITIVE

" Internal pavement:

- Internal finishing (wall and ceiling):

%1 Above Ground Structure : RC

- External finishing (wall):

LOW-CARBON  0<net-GWP <1kgCo, /kg

Ceramic tiles (0.009 m thickness)
Mineral plaster (0.02 m thickness)

Windows: = g jleeeeee
PVC frame + insulated triple glazing

Mineral plaster (0.02 m thickness)

i
'
.
i
'

Internal pavement:

21 Solid wood (Softwood) (0.02 m thickness)

* -~ Internal finishing (wall and ceiling):
Gypsum Plasterboard (0.0125 m thickness)
=+ Above Ground Structure: PTF or PB

Windows:

Wood aluminum frame + insulated triple glazing

External finishing (wall):

Wa

Waterproofing membrane:
Polyethylene (1.5 mm thickness)

Mineral plaster (1.07 kg Cohq/kg);

Solid wood - softwood (1.05 kg Cothg);
Ceramic tiles(0.87 kg CO,_ /kg);

Bamboo Cladding (0.75 kg €O, /kg);

Bamboo Flooring (0.75 kg €0, /kg);

Solid wood - hardwood for finishing (0.41 kg 0, /kg);
Gypsum plasterboard (0.39 kg C0,,_/kg);
CLT(0.31 kg €0, /kg);

GLT(031 kg CO,, /kg);

0SB(0.29 kg COm/kg);

€30/37(0.18 kg €O, /kg);

€25/30(0.16 kg €0, /kg);

Concrete deep foundations (0.14 kg C0,, /kg);
Clay plaster (0.09 kg Comlkg)

Source: Jan Slagman

Pclye(;‘ylene ('1.5 mm thickness)

Underground Structure: RC

Bamboo-
based

Solid wood (Hardwood) (0.02 m thickness)

CLBand GLB

* Internal pavement:

Bamboo flooring (0.15 m thickness)
Internal finishing (wall and ceiling):
Clay plaster (0.02 m thickness)
Above Ground Structure : CLB or PB

- Windows:

wood frame + insulated triple glazing

External finishing (wall):

Bamboo cladding (0.02 m thickness)

Waterproofing membrane:

Polyethylene (1.5 mm thickness)

Underground Structure: RC
: m
! —
! )
i o
e —_—

Glass and
Window frame

Bamboo pavement
and cladding

Materials Embodied Energy Content

Amount of energy needed for a material, including mining, production and delivery at construction site

per m? of material

Reinforced Concrete

KWh/m3

Red Brick
sold

I

700

Clay Block

I

|
Concrete 500

KWh/m3

I
Autoclaved aerated |
concrete : 400
ki - e

— [
|
400

Sand Lino Brik B s

f

|
Sand Lime Brick 350
perforated KWhim3

300

Cement Mortar KWhim3
Wood Untreated - -

Straw Bales &

Loam 30

KWh/m3

-35
KWh/m3

The length of the bars is proportional.

10/78
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1850
KWh/m?®

LIEGE université

SBD Lab



The Science behind it

Life Cycle Assessment

FABRICATION
UTILISATION

IMPACT T

7

ELIMINATION

IMPACT T

TEMPS

IMPACT T

TEMPS

TEMPS

PRODUIT 1

PRODUIT 2

PRODUIT 3

énergies grises embedded energy

* peinture murale \Walls paint

consommation en k\Wh

pour 100 m2 de peinture 1'055
murale
177
18
- IR
peinture dispersion dispersion
a la chaux naturelle acrylique
lime wall natural acrylic
paint dispersion dispersion
paint paint

%, @ LIEGE université
1178 g SBD Lab
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Building Circularity Framework

Directives, Certifications and Standards

Neutrality

%, #¥ LIEGE université
13/7 g SBD Lab



| [E——
Shady Attia S
es I n e rs : Regenerativeaﬁ’f
Positive Impact

Architecture
Leaming from Case.
Studies

Circular, Cradle to Cradle, Regenerative and Bio-based buildings |

a) Fokker 7+8 Distrib.Centre c) Green Offices

Photos of the selected projects studies (Attia and Al-Obaidy 2021)

Six demonstration projects were selected based on their carbon footprint and circularity features
4%, ¢ LIEGE université
1478 (g SBD Lab



Circularity Evaluation Framework

Circular and bio-based buildings

1. GHG emissions

100

2. Landuse
Impact

3. Reused .
Content

4. Design for
Adaptability (DfA)

—<Building 01

N

6. Design for
Disassembly
(DfD)

5. Product-service
systems (PSS)

==Building 02

SPRINGER BRIEFS IN ENERGY

Shady Attia

Regenerative and

Positive Impact

Architecture

y Leamning from Case

M Studies

@ Springer

Audit Sheet
Circularity criteria % Evaluation
1. carbon footprint {According to TOTEM indicators) %100
1.1 Global warming %10
1.2 Ozone degletion %10
1.3 Acidification for soil and water %10
1.4 Futrophication %10
1.5 Photochemical ozone creation %10
1.6 Depletion of ahiotic rescurces: elements and fossil fuels %10
1.7 Humen texicity: cancer and non-cancer effects %10
1.8 Particulate matter %10
1.2 lonlzing radlation: human health effects %5
1.10 Ecotexicity: freshwater %S
1.11 Water resource depletion %5
1.12 Land use: occupation and transformation (soll organic %5
matter and blcdiversity).
2. Reuse content %100
2.1 History of hearing load
2.2 Reused content %80
2.3 Regycled content {hy products) %020
2.4 Compliance with construction code
3. Disassembly potential F%100
3.1 Connections %40
3.2 Material passport %30
3.3 Tag & Track %30
4. Design for flexible %100
4.1 Medularity %50
4.2 Standardization of building elements %50 ]
5. land use %100
5.1 Land use footprint F%60
5.2 Parson per m? %40
6. Circular y Services Companies CESCO %100
6.1 Construction elements %30
6.2 Energy 9630
6.3 Heating and Cooling system %20
6.4 Lighting 920

¢ LIEGE université

<
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Het Centrum, Westerlo, Belgium

Design and Build Team

On the 7t of February 2021, SBD Lab signed an agreement with Kamp C to be a part of the consortium, doing
LCA, and providing consultancy on the design for disassembly

Architect Design & Structural Constructor Constructing with green Geothermal EPB Concrete Research
engineering engineering & natural elements energy reporting technology

West Architecture = TEN-agency  Streng-th Beneens Muurtuin Tenerga VESTAD ResourceFull VITO

- &. § LIEGE université
_______ - 167 g SBD Lab




Het Centrum, Westerlo, Belgium

Documentation

On the 7th of February 2021, SBD Lab signed an agreement with Kamp C to be a part of the consortium, doing
LCA, and providing consultancy on the design for disassembly

B 10T

T

|BﬁJ|““||““I|illll e B = I b ek by N . LIEGE université
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1. GHG Emissions

Low carbon and bio-based buildings

Cement-
based

Timber- Bamboo-
based based

i Internal pavement:

i Ceramictiles (0.009 m thickness)
‘-~ Internal finishing (wall and ceiling):
Mineral plaster (0.02 m thickness)
%1 Above Ground Structure : RC
Windows:

PVC frame + insulated triple glazing
- External finishing (wall):

Mineral plaster (0.02 m thickness)

i
'
.
i
'

38 Internal finishing (wall and ceiling):

~~~~~ Windows:

----- External finishing (wall):

. ** Internal pavement:
! Solid wood (Softwood) (0.02 m thickness)

* Internal pavement:

Bamboo flooring (0.15 m thickness)
Internal finishing (wall and ceiling):
Clay plaster (0.02 m thickness)
Above Ground Structure : CLB or PB

- Windows:

wood frame + insulated triple glazing
External finishing (wall):

Bamboo cladding (0.02 m thickness)

Gypsum Plasterboard (0.0125 m thickness)
1 Above Ground Structure: PTF or PB

Wood aluminum frame + insulated triple glazing

Solid wood (Hardwood) (0.02 m thickness)
Wa - b

Waterproofing membrane:
Polyethylene (1.5 mm thickness)
# % %% s w s Underground Structure: RC

LOW-CARBON  0<net-GWP <1kgCo, /kg
Mineral plaster (1.07 kg Cohq/kg);
Solid wood - softwood (1.05 kg Cothg);
Ceramic tiles(0.87 kg CO,_ /kg);
Bamboo Cladding (0.75 kg €O, /kg);
Bamboo Flooring (0.75 kg €0, /kg);

Gypsum plasterboard (0.39 kg C0,,_/kg);
CLT(0.31 kg €0, /kg);

GLT(0.31 kg Comlkg);

0SB(0.29 kg COm/kg);

€30/37(0.18 kg €O, /kg);

€25/30(0.16 kg €0, /kg);

Concrete deep foundations (0.14 kg €0, Qlkg);
Clay plaster (0.09 kg Comlkg)

CLIMATE CLIMATE

NEGATIVE  POSITIVE

Source: Jan Slagman

%% % w s w . Underground Structure: RC

Solid wood - hardwood for finishing (0.41 kg 0, /kg);

Waterproofing membrane:
Polyethylene (1.5 mm thickness)
Underground Structure: RC

Pclye(;‘ylene ('1.5 mm thickness)

Glass and
Window frame

Bamboo pavement
and cladding

CLBand GLB

Materials Embodied Energy Content
Amount of energy needed for a material, including mining, production and delivery at construction site
per m® of material

Reinforced Concrete

Red Brick
sold
700
Clay Block KWh/m3
Concrete 500
KWh/m3
|
Autoclaved aerated |
concrete ' 400
(Cellular Concrete) KWh/m3
400
Sand Lime Brick KWhim3
Sand Lime Brick 350
perforated KWhim3
300
Cement Mortar Wi
Wood Untreated 1Kt\!zh/m3

Straw Bales &

— KWh/m3

-35
KWh/m3

The length of the bars is proportional.

53

18/78 SBD Lab

_ @ LIEGE université



1. GHG Emissions

Embodied and Operational Emissions I I

oA e » 2023, Operational emissions:

Ergebnis erzeugen A 4 kgCO2.equiv. per m2 for new
residential buildings
+ 2023, Embodied emissions (Office)

[ Alle

Modelle | Gebaude
I ID_ Test IFC.ifc | Gebaudename

LCA-Datenbank | Oekobaudat_2021-11 v|

Beriicksichtigung E ; i .

Raiikorstadion Material-Datensatze 8 Bauteil-Datensatze 1000 kgCOZ.eC]l.“V per m2
Berlcksichtigung TGA ® ohne O Vereinfacht O Volistandig

Gespeicherte Betriebsbilanz | v/ Laden - -

| w I BN

Ergebnis laden und speichemn

» 2023, Operational emissions:
12 kgCOZ2.equiv. per m2 for new

Ergebnis speichem \Variante 2 } Ergebnis speichern
Ergebnis wahien Variante 2 || Ergeons loschen residential buildings
} Ergebnis anzeigen [l At Ergebnisse anzeigen

+ 2026, Embodied emissions (dwelling)

Ergebnisibersicht 5 750 kgCO2.equiv per m2
GWP-Bilanz des Gebaudes
12.0 12.2

-. 2 'j—.

H s H

' o 13

: 2 '
5 6.6 12 16.8 19
[kg COp-Aqv. pro m? und Jahr]

@ P LIEGE université
Source: DGNB, Sebastian Theiflen, BIM-based emissions modeling 19/78 SBD Lab



Embodied GHG Emissions

Categories of carbon negative materials
& potential of negative emissions

Timber Straw | Cork Hemp Bamboo
Potential of negative emissions
Y VxRN S Biobased Materials 10-50%
. e NG AN i o Charcoal Concrete 2-10%
Biochar Captured carbon Biomineralization
(Low carbon Carbonized Concrete 2-3%

aggregates)



2. Land Use Impact

LCA based calculation ISO 14040

Land use efficiency (m2a/product) =
B Resource depletion Ecological footprint (globalm2a)
o Human appropriation of net primary production (HANPP, kg C) %
8 5
S Soil erosion rate (kg/ha/a) s
% ©
g " Soil quality impacts Changes in soil organic carbon and matter (SOC/SOM, kg C a/m2a) =
& L g
g’ Vascular plant density compared to reference state (7}
— - Ecosystemdamage (EDP, unitless) &
g - Potentially Disappeared Fraction (PDF) of species (species a) S
o >
= Extent of human disturbance (naturalness; Biotope-method) | o
_ lfhanges in biodiversity | 1 _Threats to endangered species (unitless) |
Solar exergy dissipation (SED, %) | o

Set of environmental indicators for land use impact categories [5].

. ¢ LIEGE université
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3. Reused Content
LCA based calculation ISO 14040

END-OF-LIFE SCENARIOS

What happens to a building’s structural
frame once it is demolished?

CONCRETE TIMBER . STEEL

LIEGE université

22/78 SBD Lab




Refuse
Reduce
Renew
Re-use
Repair
Refurbish

Remanufacture

3. Reused Content
LCA based calculation ISO 14040

Re-purpose
Recycle

Recover

10-R Model

+ Circularity
-C02

*Reusing the same material or element repeatedly
more than once

Reused material

*Reclaiming and reusing material in its existing
form either for its original purpose or an
alternative purpose

*Using materials to make new products

*Virgin materials that could be reused for their
- Circularity Reusable material original purpose, not recycled as new products or
+C02 materials

%. @ LIEGE université
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3. Reused Content

Tag and Trace + Material Passport + Blockchain

Log- Management
Log- Maintanance
Record changes to
structure

[E2EE1RE
é‘:’,ﬁ. (=)= CRYP- -
;EJ TOGRAPHIC Facility manager

%:7}4 SIGNATURE l
[oTw (o] [ohe (o]
(S JRN

P

Designer = Manufacturer/
& supplier
o0 T
v W SECURITY o
&
= &, Contractor
9 _ O
hﬂ T~ ) Design
@ suid
Use
¢ LIEGE université
Source: Namuru 2021

24/78 SBD Lab



4. Design for Adaptability (DfA): > - ¢ o

|
|
/" ADJUSTABLE VERSATILE REFITABLE ) o - -
; |
e o] S
. | ]
Flexible SRRSO O S j;_g'_o
Buildings @4 ——= fc
= ElE
O @ ——p— LB -
K CHANGE OF TASK CHANGE OF SPACE CHANGE OF PERFORMANCE _/ | i | =
©- TR PR (S W
- :
/" SCALABLE CONVERTIBLE MOVABLE N » ]
5}
N e e o e
Adaptable = | EF e
Buildings - s
- M S ot RISt AR e
Loy ; | :
O @)+ i} — -l — - —- -
CHANGE OF USE CHANGE OF LOCATION {!|§] 3 @,ﬂ , @- i
Figure 2 Six Levels of Adaptability by Schmidt and Austin 2016 ¢ LIEGE université
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5. PSS Product-service systems
Circular Economy Services Companies + Leasing Elements
A CE service company is a company that provides a broad range of circularity solutions, including designs and

implementation of materials savings projects, retrofitting, materials reuse, materials infrastructure outsourcing,
materials replacement and risk management.

o LIEGE université
26/78 t SBD Lab

Source: TU Delft's Leasing Facades - a circular approach to real estate management



5. PSS Product-service systems
Circular Economy Services Companies + Leasing Elements
A CE service company is a company that provides a broad range of circularity solutions, including designs and

implementation of materials savings projects, retrofitting, materials reuse, materials infrastructure outsourcing,
materials replacement and risk management.

4%, ¢ LIEGE université
27718 (g SBD Lab

Source: TU Delft's Leasing Facades - a circular approach to real estate management



5. PSS Product-service systems

Circular Economy Services Companies + Leasing Elements

N

¢ LIEGE université
Source: Park 2020, Business park in Hoofddorp, Netherlands 28/78 v SBD Lab




6. Design for Disassembly (DfD)

Bu ild i ng Iife Stages CEN 1 5978:201 8+A2 Description of the stages during the buildings’ life, according to El

STAGE
BEYOND
THE
CONSTRUC- LIFECY-
PRODUCT TION MAINTAIN AND USE END OF LIFE CLE
Embodied Embodied Embodied - Operational Embodied Embodied
GHG =]
Emissions
[ A
£ -M o <& i
Time A\
Extract Transport Manu- Transport Con- Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
raw tofactory facture tosite struct nance ment bishment Use Use ish the waste Recovery
materials products the building materials
building
a1 | a2 [ A3 [ ae [ as ['e1 | B2 [ B3 [ Ba |85 [ Be | 87| c1 [c2[cs[ca| D |
MODULE © New Buildings institute

Figure 1: Lifecycle stages of building carbon. Data source: BS EN 15978:2011
Source: Bowles, Cheslak, and Edelson 2022
LIEGE université

Source: Description of the stages during the buildings’ life, according to EN 15978.:2012, p.21 29/78 SBD Lab




s Nardiie in-Westfalen (HBE)-KdNr. 227109-10.CHP NZVYTX RKEEF4B0MI WOKS.3-2020-05-04 14:55:32

6. Design for Disassembly (DfD)

ISO 20887 — 2020: Design for disassembly and adaptability

INTERNATIONAL ISO
STANDARD 20887

Sustainability in buildings and

civil engineering works — Design
for disassembly and adaptability
— Principles, requirements and
guidance

Développement durable dans les batiments et ouvrages de génie

civil — Conception pour la démontabilité et I'adaptabilité —
Principes, exigences et recommandations

Source: https://www.metabolic.nl/news/circular-economy-materials-passports/

30/78

MATERIAL

Resources can be processed
and turned into concrete.
Knowing the type of concrete
and its properties can make it
easier to reuse.

RESOURCE

The “raw” materials as they are
found in nature. For instance,
limestone, sand and gravel.

LIEGE université

SBD Lab




6. Design for Disassembly (DfD)

t’ Centrum, Westerloo, BE (Benees Architects)

—_—

Table 2: advantage & disadvantages regarding
different characteristics, grouped by building system

Assembly Component Heavy timber
recovery recovery
Number of + - +
deconstruction
steps
Table 1: Possibilities of reusing timber by connection type (Hradil 2024) Z:::’;“’"" ] * *
Connections Suitability Note
- : - . Complexity * * +
Glued connections | not suitable Cannot be separated without damaging the
elements. Unknown/short | - + +
) ) = : service life
Carpentry joints sometimes Notches can cause stress concentration if the
suitable elements are used in different configuration. Verification | & t t
Nails, staples sometimes Fail in bending, and therefore are difficult to remove Irrespective of Irrespective of
suitable without damaging the element. building system building system
Screws mostly suitable | The same connector is not so effective in the same Value of + - +
hole. recovered
2 elements
Bolts, dowels suitable The hole and the cracks should be checked.

%, # LIEGE université
3178 g SBD Lab



6. Design for Disassembly (DfD)

ISSO Standaard Referentiedetails: Meetmethodiek losmaakbaarheid

16 Gevelbekleding vezelcement

© U-waarde [W/m]

Source: Circular buildings: disassembly potential measurement method
Source: UGent, To bio or not to bio, https://milieubewustisoleren.be/

0,01

0,185

LEVENSDUURKENMERKEN VAN DE SAMENSTELLING

De levensduur heeft een indicatie omtrent de levensduur per type
materiaallaag. Op de afbeelding wordt de levensduur per
materiaal aangeduid in een kleur volgens deze legende:

30-60

jaar

—
-
Constructieve producten (producten onder de laag 'Structure’) l.

blijven meestal de gehele levensduur van een gebouw behouden,
terwijl de afwerking meerdere malen wordt vervangen. Producten
met kortere levensduur dan die van het gebouw waarin ze
toegepast worden, zijn extra interessant om losmaakbaar uit te
voeren.

Het is dan ook zinvol dat verbindingen tussen lagen met een
wverschillende levensduur maximaal toegankelijk zijn en dat de
type verbindingen eenvoudig en snel te demonteren zijn.
Voornamelijk in functie van renovatie- en/of herstelwerken moet
worden vermeden dat lagen met een verschillende levensduur
met elkaar worden vermengd (doorkruisingen, zoals technische
leidingen in een gespoten isolatie) en dat de zijden van de
materiaallaag (randen zoals een tand- en groefverbinding)
maximaal ongebonden zijn met aanliggende materiaallagen.

5| DRAAGBALKEN DAK sslies 4+
6| ROTSWOLISOLATIE e@ese +
7| GIPSKARTON PLAFOND e@ess 4+
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D es I g n e rS Key questions to answer

Material Choice j

Does the material fit the purpose?

N

To what extend is the material available?

.

Can the raw material be mined locally?

How much energy is needed to produce the material?

Is the production process happening locally?

How much waste is produced during the
production process?

Is there environmental contamination or hindrances
during the production process?

What maintenance does the material require?

Is the product ready for disassembly?

Can the product be recycled?

34/78
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Designers

Material Choice

Lessons Learned

Regenerative and Positive Impact Architecture

ne
(@)
.

Design for Reversibility and Modularity
enable easy assembly and disassembly for long building lifespans

1.

Design for Circularity
select components that can be properly reused and expanded their lifespan

Enable Collaborative Consumption and Leasing Services
extend the suppliers and producers responsibility

4%, ¢ LIEGE université
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Certification and Liability

Green Building Rating Systems as Design Rules

Level 1 Level 2 Level 3
Concept Design and Reality/monitoring,
stage/qualitative construction/ including the handover
quantitative to the client

Level(s)

Building sustainability
performance

#BuildCircular

o LIEGE université
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Circular Buildings

Circularity Challenges

Definition and Terminology
*Persistent issue of contradicting or inconsistent language across standards and working groups.

Reference Service Life
*Timing and temporality remain a tension point: assessment now vs. postponing impacts into the future.

Building Taxonomy and Functional Unit
*Functional unit definition remains a key challenge in comparing resource flows, retained value, and
environmental impacts.

Retained Value
*The retained value is the engine of the circular economy. The value must be retained from day one and not
pushed to a second life.

Circularity Assessment
*To assess circularity, we first need measurements, then data collection, and finally calculations.
-Unfortunately, no one is currently doing measurements and data collection because there are no defined KPls

and metrics. 4w, ¢ LIEGE université
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Decision Support for
Circularity in Office Bmldlng DeS| gn
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