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introduction
envrionmental impact of the construction sector
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Source: European Environmental Agency, 2022

introduction

35%
carbon
emission




04

Disassembly assessment framework for enhanced reclamation of facade systems.

introduction
carbon emissions in buildings

M - el

raw materials manufacture

_construction |
ma/"

construction

@
N
operations

Mmaintanance

end of life

demolition disposal

embodied carbon

operational carbon

Source: Adapted from (Carbon Leadership Forum, 2020)

introduction



Disassembly assessment framework for enhanced reclamation of fagade systems.

introduction
carbon emissions in buildings

operations

Source: Adapted from (Carbon Leadership Forum, 2020)

introduction



06

Disassembly assessment framework for enhanced reclamation of fagade systems.

introduction

buildings facades become more complex material assemblies

Source: Adapted from (Klein, 2013)

introduction

Natural lighting

Protection against UV-radiation

Energy generation

< ; ; Ventilation
Push and pull forces
from wind loads

Vapour diffusion

Interior loads

Heat/cold insulation

Appearance of .
building in urban context Self-weight



07 Disassembly assessment framework for enhanced reclamation of facade systems.

introduction
buildings facades become more complex material assemblies
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reducing operational carbon = increasing embodied carbon
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introduction
facades have a typically short lifespan

£

functional reasons economic reasons
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designer ends than maintanance

Source: www.webpage.com
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glass facades

Source: https://unsplash.com
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introduction
typical end of life scenario

Source: https:/feu jsonline.com/videos/news/2019/02/12/bradley-center-facade-demol-
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focus on design for disassembly
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introduction

“Choices made during conceptual and technical design can
affect up to 80% of a building's environmental impact.”

Source: Morini et al., 2019

introduction
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unstructured
data

uncertainty on
design impacts

research framework

-— e o -

Design Phase

AE]
=

—>

Forward Operate and

—>

Logistics Maintain

=k

—

End of Life

]

Q)

u

Design for Disassembly

D92

®

—

Demolition or
Recycling

N
e
an



research question

How can a disassembly assessment framework be developed to evaluate the
influence of design for disassembly on material reclamation potential of stick
system facades?

research framework
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research methodology
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conceptual framework
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conceptual framework
what are the criteria?
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disassembly potential

disassembly potential
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geometry edge safety disassembly time

conceptual framework
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disassembly potential
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conceptual framework
selected criteria

Quantitative Qualitative

Residual Value Mate"?l Tolerances Sl Modularity Conngctlon
Circularity Type Points
Recyclability [ Envrionmentalj ( Condition ] Accessibility [ Flexibility j [ Position j
[ Performance ] m [ Grid Size j [ Grid Spzan ] m
; . . . Geometry Crid

Criteria for Disassembly

conceptual framework



25

Disassembly assessment framework for enhanced reclamation of facade systems.

conceptual framework

selected criteria

| | | |
I Values with | I Cannot be represented as values, | l Values | I Cannot be represented as values, | O
| predefined condition | I but with predefined condition | I without predefined conditions | | and no predefined condition |
| | | | m
| | | |
| | | I
I Loy [ Ly |
I - Iy L |
> | ——> StatementX | | Statement X (- Ly Criteria 1 |
| I Criteria1=X | I
d I I | Criteria2 =Y | manual
automate | [ gl | | u
| | | Criteria=Z |
| l | | Criteria 2 |
| Statement Y | | |
| | | StatementY I | | | I
- / - /o~ /o~ /
Quantitative Qualitative

Criteria for Disassembly

conceptual framework

Residual Value I.Waterla.xl Tolerances Connection
Circularity Type
Recyclability [ Envrionmentalj [ Condition J Accessibility [
[ Performance j [ Grid Size ] Independece [
Time Efficiency Crossection Lo
Edge

Modularity j [ Coggiencttsuon ]

Flexibility ] [ Position j

Crid
Modularity ] Ll




26 Disassembly assessment framework for enhanced reclamation of facade systems.

conceptual framework
how can it be processed?

what are the steps?

evaluation based on design

conceptual framework
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conceptual framework
process map
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conceptual framework
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conceptual framework
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conceptual framework
process map
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conceptual framework
process map
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conceptual framework
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conceptual framework
process map

({0

database

Disassembly Map Connection Type [ — — — —| connection

.5
(5 _ B : detachability
= } { disassembly potential [0-1]

conceptual framework



35 Disassembly assessment framework for enhanced reclamation of fagade systems.

conceptual framework
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conceptual framework
material flows in aluminium stick system facades
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conceptual framework
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conceptual framework
information structure

conceptual framework
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conceptual framework
stakeholder involvement
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framework demonstration
Triodos Bank | Octatube
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framework demonstration
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framework demonstration
Triodos Bank | Octatube
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framework demonstration
Triodos Bank | Octatube
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framework demonstration
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framework demonstration
Triodos Bank | Octatube

+8400

TWEEDE|

+4900

EERSTE

2890

+0
BEGANEGROND

Source: Octatube

framework demonstration

ISOMETRIE
\ BUITENZIJDE




47

Disassembly assessment framework for enhanced reclamation of facade systems.

framework demonstration
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framework demonstration
scenarios construction

framework demonstration
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framework demonstration
material composition
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framework demonstration

process map

economic value

Disassembly
Assessment

O > Typology
Assessment
start
assessment
AN
|
|
|
|
|
|
|
|
\
N

~

Disassembly Time

r

~\

Disassembly Potential

\

J

Material Circularity

(
\

Predictive BCI P

in terms of %

Reclamation Potential

—— —— —— — ——— — — — — — — —— — — — — — ——— — — — ———— — — — ———— — — — — ———— — — — ———— — — — ———— — — — ———

framework demonstration

iterate back to design phase



51 Disassembly assessment framework for enhanced reclamation of fagade systems.
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framework demonstration
identification of instances
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framework demonstration
identification of instances

framework demonstration
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framework demonstration
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framework demonstration
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framework demonstration
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scenario 01

framework demonstration

~
mreclamation potential m material circularity mdisassembly potential
10 ()
0,9
’ 0,8
0,7
0,6
05
0,4
03
02
0]
IimBON NN
R X N\@ X S A N ) S ) >
&L P S $ S E S
@,\oquQ\ & bQ\(OQbQ(?QbQG
< G &P TP TP S
& & oL ) SRR IR S R e
(o) o) [e) O S 2 Ne) @ Ne) o N\
TS & S ELE 0
F L LK ° N K@ & <@
"o(o R4 b i
J o X

disassembly time (s)

900
800
700
600
500
400
300
200
HUSS R R
0 H -
] X @ RS IR X ) X BN

& (;&_e & & & &L EF L F L
& P F S ) S A7 O QO e
& oy R & O7 & o8 D7 o8 O &
S LSO E > NG S S NS
o & &9 &) @ O No LA NN
CEEE & & <® (QQ?’ FPRQIPNED)
SAINCIIE 3 & & @ & @

9 & &



59 Disassembly assessment framework for enhanced reclamation of facade systems.

framework demonstration
benchmarking
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framework demonstration
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framework demonstration
desigh improvement
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framework demonstration
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framework demonstration
aesthetic implications
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improved design
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framework demonstration
desigh improvement

original design improved design
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framework demonstration
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framework demonstration
aesthetic implications

Source: Octatube
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user output
disassembly potential
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Disassembly assessment framework for enhanced reclamation of fagade systems.

user output
disassembly potential
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Disassembly assessment framework for enhanced reclamation of fagade systems.

user output

reclamation potential
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Disassembly assessment framework for enhanced reclamation of fagade systems.

user output

reclamation potential
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Disassembly assessment framework for enhanced reclamation of facade systems.

the bigger picture
who can use it and who does it benefit?

can be the same party

Architect Facade Material System Facade Developer/
Consultant Manufacturer Provider Contractor Owner
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
Improving architectural Consulting developers Receiving a higher Improving system Additional Facade Desires a building with
sustainable practices and architects on volume of materials for design for reversible Disassembly Service in 3 maintenance
decision making recycling processes connections their portfolio stretegy and logevity
(technically &
financially)

framework demonstration
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the bigger picture
integrating end of life assessment
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the bigger picture
end of life reclamation potential
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the bigger picture
end of life reclamation potential
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conclusions
further research

1. Test framework on case studies to create a database on connection disassembly times.

2. Test process on other facade typologies to validate efficacy for design improvements.

5. Reclamation in terms of envrionmental impact.
there is a missing link between accounting for design for disassembly in envrionmental im-
pact assessments,

4. Assess Economic Implications.

Source: www.webpage.com

conclusions
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conclusions
limitations

1. Information on disassembly times is scarce, assumptions had to be made.

2. Information from Envrionmental Product Declarations are not in all cases complete.
Granta EduPack was used to supplement missing information.

3. The real reclamation potential should be assessed with experts in the demolition sector.

Source: www.webpage.com

conclusions
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conclusions
recommendations

design strategies process strategies

4 N N 4 N [
minimize ensure common tools )
. . - ensure data sources are reliable
disassembly time reduce disassembly tasks data transparency
N AN J N AN
e N R e N
make components avoid destructive disassembly methods due to store information structure information in databases for future
accessible inaccessibility disassembly operations

N AN J N AN
e N N - N
aim for high higher detachability translates to easier removal . . .
disassembly potential of materials in good condition for reuse involve stakeholders involve sttakeholders to increase awareness
. AN J \_ AN
e N N e N

design for highest reclamation potential in
facade systems

. AN J - AN

designing while being able to predict the

reclamation potential outcome in terms of reclamation potential

predict outcomes

4 N [~ I

make designs as easy to disassemble as

reuse materials possible to increase reclamation potential

Source: www.webpage.com

conclusions
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conclusions
scientific relevance

2 @ R & &3

design recycling and outlook for framework link to
optimizations mMaterial reclamation digitalization design life cycle assessment

Source: www.webpage.com

conclusions
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conclusions
societal relevance

vy
5

highlight promote resource reduction of regulatory stakeholder
design barriers efficiency demolition waste implications awareness

9

Source: www.webpage.com

conclusions
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Disassembly assessment framework for enhanced reclamation of facade systems.

conclusions
answering research question

How can a disassembly assessment framework be developed to evaluate the
influence of design for disassembly on material reclamation potential of stick
system facades?

This research developed a disassembly assessment framework and applied it on
several case studies of a stick system facades to test the efficacy. Information
regarding materials, connection types, disassembly time can inform stakeholders
on the reclamation potential of materials at the End of Life of a facade system. This
information can be used for financial and envrionmental purposes.

The framework emphasizes the significance of structured data, comprehensive

assessment methods, and the consideration of challenges in time consuming
assessment frameworks.

conclusions
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