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Aluminium Cladding 
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(Aldowa, 2023)
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Primary Aluminium Production 
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Aluminium Recycling

8(European Aluminium, 2020) (Hydro, 2023) (Roba, 2023) 
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Cycling pathways 

(CircularX: Circular Economy - an Introduction. TU Delft online course) 9
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Problem statement

10Single used product Closed loop system



Cradle to Cradle 

11Cradle to Cradle © Felix Jorg Muller, (CC BY-SA 4.0)



Punching machine
Picture taken with phone
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Cradle to Cradle Certification 

(C2C®, 2021)  



Cradle to Cradle Levels 

13

01

03

Platinum

04 Bronze
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Gold02

(C2C®, 2021)  



Research question

How can the disassembly potential of Aldowa’s cladding products be 
assessed, and what design guideline can be proposed to comply with the 

design for disassembly requirements of the Cradle-to-Cradle certification?
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Literature research 

How can the disassembly potential of Aldowa’s cassette panel be assessed?

15
(De Fazio et al., 2021)

Disassembly MapPAC Model

(Formentini & Ramanujan, 2023)

Detachability score

(BCI, 2023)



Practical research 
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What design guideline can be proposed to comply with the design for disassembly 
requirements of the Cradle-to-Cradle certification?
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Project Workflow in Aldowa

Engineering

1

Production

2

Assembly

3

Sales 
department
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Who are the main stakeholders in Aldowa involved in 
the decision making of design for disassembly?

Sales department
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Engineering department



When and how can the guideline be used?
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When can the guideline be used?
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When can the guideline be used?
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When can the guideline be used?
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When can the guideline be used?
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When can the guideline be used?
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DfD Guideline
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Before a project starts
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During a budget agreement with clients 
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During a budget agreement with clients 
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1. Bill of materials check

2.     Right quantities (kg)



During a budget agreement with clients 
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At the early 
engineering design 
stage
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What is a disassembly map?
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0 1



Detachability score 
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Testing 
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Findings

● Quick way to assess the disassembly 
potential of an assembly

34

● It can be used in the early design stages: 
when an engineer receives the drawings 
from sales 

● Disassembly barriers can be detected 
easier in a visual map

● An initial disassembly score can be set as 
a base to improve or compare the 
re-design

● It has a degree of subjectivity 



Design for Disassembly requirements for C2C

Punching machine
Picture taken with phone
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Reduce fasteners

Decrease disassembly steps

Eliminate destructive processes

Minimize tools 

Use detachable fasteners

Accessible critical parts

Increase automation of disassembly

1

2

3

4

5

6

7

SAFE STRUCTURE



At the early 
engineering design 
stage
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Parametric model of 
the shape and 
material of a 

Cassette Panel

Define the 
loads

Define the 
supports

Structural 
analysis with 

Karamba

Max. Displacement/ 
Deflection

Max. Stress

Minimum 
amount of 

reinforcement

Minimum 
amount of 
bedhooks

Using Rhino- Grasshopper - Karamba



At the early engineering design stage
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https://docs.google.com/file/d/1KOv5tJQGKyZzpjo0VW7je8JNrNzJRWil/preview


Benefits of minimizing connections
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Reduce 
disassembly time 

Lower risk of 
damage 

Easier to 
separate & user 

friendly

Costs savings in 
material and 

labour



Comparing results with Ansys Model
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(Hogewoning, 2023)



Comparing results with Ansys Model

40

Panel A Panel B

Highrise BV Grasshopper 
Simulation

Highrise BV Grasshopper 
Simulation

Total displacement 
[mm]

8.48 14.0 8.58 17.0

+/- 6.8 mm



Comparing results with Ansys Model
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Panel A Panel B

Highrise BV Grasshopper 
Simulation

Highrise BV Grasshopper 
Simulation

Total displacement 
[mm]

8.48 14.0 8.58 17.0

Total displacement
[mm]

8.48 10.9 8.58 9.8

+/- 1.2 mm



Redesign a new connection
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Cradle-to-Cradle 
Case study
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Case study
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Fasteners
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Recovery scenario

46(Roba, 2023) 



Overview of the guideline
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1. Take into account the disassembly principles

48

Reduce 
unnecessary 
connections

Choose 
demountable 

connections that use 
common tools 

Make parts & 
connections 
accessible

Design modular 
independent 
assemblies

Avoid destructive 
processes



Overview of the guideline
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2. Create a disassembly map to identify the barriers

50
Case study: Project Logistiek & Milieu 



2. Create a disassembly map to identify the barriers

51
Case study: Project 
Logistiek & Milieu  



2. Create a disassembly map to identify the barriers

52
Case study: Project 
Logistiek & Milieu  



Overview of the guideline
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3. List the design requirements  
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Desired 
functionality 
& recovery 

scenario 

Dimension of 
parts

Building 
codes

Desired 
appearance 

Production and 
transportation 
requirements



Overview of the guideline
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4. Ask colleagues 
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Project Leaders

Couple pieces are 
loose pieces without 
identification. They 
are mostly lost or 

missing at the 
building site.

Production

It takes more time to 
fix them here 

because it slows 
down the production 

process. 

Engineers



4. Ask colleagues -  Couple pieces 

57

Screwed at the back of the roof panel Clicking system

Drawings from Aldowa 



4. Ask colleagues - Cassette Panels  
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Click & Go

Engineers

(Aldowa, 2023)



Overview of the guideline
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5. Make sketches and variations: Couple piece
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X - Spot welding



5. Make sketches and variations: Cassette panel
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A. Sliding system B. Clicking system C. Snap fit system



Overview of the guideline
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A. Sliding system 
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6. Create 3D models or a mock-up

B. Clicking system C. Snap-fit system



Overview of the guideline
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7. Test: Couple piece welded and coated connection
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7. Test: Cassette Panel Connections

66A. Sliding system B.      Clicking system C.      Snap-fit system 



Overview of the guideline
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8. Compare the variations: Detachability score
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Couple pieces



8. Compare the variations: Detachability score 
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Couple pieces

0 1



8. Evaluate - Couple piece connection 
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8. Evaluate - Couple piece connection 

71

Spot welding for 
powder coating



8. Evaluate - Couple piece connection 

72

Spot welding for 
powder coating

Screw at the back for 
anodization



8. Compare the variations: Detachability score 
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8. Compare the variations: Detachability score 
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0 1



8. Compare the variations: Structural analysis 

75ϑmax  < Yield strength 



Calculation of the forces
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Funlock > Qvertical 55 N



Displacement Control
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6.5 mm

https://docs.google.com/file/d/1T5zEw7iVkIoHCsQhw97pk-yeIA1ZO2Zg/preview


Iterations
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1 2 …

Iteration Force unlock 
(N)

Stress
(MPa)

1 64 171

2 48 164

3 23 131

4 93 188

5 90 186

6 81 180

7 57 154

8 93 166

Funlock > 55 N

3



Finite Element Analysis: Clicking system 

79𝞼max  < 132MPa



Finite Element Analysis: Snap-fit system 
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𝞼max = 15 MPa 

𝞼max < 132 MPa

𝞼max = 128 MPa 𝞼max = 63 MPa 



Finite Element Analysis: Snap-fit system 
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Iteration Push
Force (N)

Displacement
(mm)

Max. Stress 
(MPa)

1 60 3,1 161

2 45 3,0 158

3 20 2,2 128

𝞼max < 132 MPa

1.

3.



Conclusion
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Cassette panel connections
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Less amount of:

● Fasteners
● Operations

Amount of Original Clicking system Snap-fit 
system

Parts 4 4 4

Fasteners 13 11 8

Operations 17 15 12



Cassette panel connections

84

Higher detachability 
score

0.70 → 0.83

Less amount of:

● Fasteners
● Operations

Funlock > QVertical Wind 



Further research
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Further iterations 
necessary to 
reduce peak 

stresses at corners 
and vibrations

Include tolerances 
for thermal 

expansion and 
coatings



Research question

How can the disassembly potential of Aldowa’s cladding products be 
assessed, and what design guideline can be proposed to comply with the 

design for disassembly requirements of the Cradle-to-Cradle certification?
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DfD Guideline
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Facilitate 
maintenance

Reuse, Repair, 
Remanufacture…

Extend the 
service life of 

products

Reduce waste

C2C certificate
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Thank you


