
1/62Graduation Presentation | Q.S. Henry

Quirine Henry
Graduation presentation 

1 February 2018
MSc Building Technology

CIRCULAR 
FACADE 

REFURBISHMENT



2/62Graduation Presentation | Q.S. Henry

Our existance on earth is temporary...
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The consequences of our actions
on earth are permanent...
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Luckily we have come 
to realise that we have to do something...

Paris Climate Agreement, 
signed by 195 countries

on the 12th December 2015 
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Rebuilding
(1950-1975)

33% of the total housing 
stock in the Netherlands

 (in numbers:  
2.548.036 out of 
7.721.321 dwellings).
(CBS, 2015)

INTRODUCTION  |  Problem Statement01

Demolition
(1940-1945)
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INTRODUCTION  |  Problem Statement01

A

Le
gis

lati
ons

In 2030:
(Energieakkoord)

Additional 
Insulation

PV panels 
on roof

Building 
services

Refurbishment
(currently)

300.000 buildings have to be 
refurbished annually to be able to 

reach an energy neutral built 
environment in 2050 

(SER, 2013)
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Refurbishment
(currently)

Current refurbishment/
replacement rate:

ca. 3.000 
residential buildings per year 
with this rate it will take 

250 years 
to reach the goals of the
Paris Agreement 
 
(Mulder et al., 2015)

  

Rebuilding
(1950-1975)

Demolition
(1940-1945)

INTRODUCTION  |  Problem Statement01
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Rebuilding
(1950-1975)

Refurbishment
(currently)

Deconstruction
(currently)

ca. 10.000 residential 
buildings were deconstructed the 

past year in the Netherlands. 
(CBS, 2017)

Demolition
(1940-1945)

INTRODUCTION  |  Problem Statement01
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INTRODUCTION  |  Problem Statement01

Cradle

Production

Raw materials 
extraction

Use

Grave

Disposal

Maintenance

Current linear lifecycle of 
most of the post-war 
residential buildings
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Cradle

Production
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INTRODUCTION  |  Problem Statement01

Current linear lifecycle of the 
refurbishment of post-war 
residential buildings
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INTRODUCTION  |  Problem Statement01

Landfill

Incineration

Recycling

Reuse

41.6% of total waste 
production in the Netherlands =  
Construction Demolition Waste 
(CBS, 2015)

Downcycling (low-quality)
88%

5%

7% 0%

(Deloitte, 2015)
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Cradle

Production

Raw materials 
extraction

Use

Refurbish

Grave

Disposal
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INTRODUCTION  |  Problem Statement01

Change to a 
circular lifecycle of 
post-war residential 
buildings
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INTRODUCTION  |  Objective01

Add-in Wrap-it Replace

Refurbishment
strategies

(Konstantinou, 2014)
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INTRODUCTION  |  Objective01

De ingezamelde kleding 
wordt in een sorteercen-
trum gesorteerd op kwali-
teit en soort. (katoen, wol. 
acryl etc.) Kapotte kle-
ding zal gebruikt worden 
voor de productie tot  
isolatie. 

Vervolgens wordt het door 
Métisse geselecteerde tex-
tiel tot  vezels verwerkt. 
Knopen, ritssluitingen etc. 
worden verwijderd en de 
gebruikte ‘’spijkerbroeken’’  
worden uit elkaar getrok-
ken.  
 

Dan worden de textielve-
zels gemengd met een 
bindende vezel en ther-
misch geperst tot  isolatie. 
Deze isolatie kan naar 
wens als rol of plaat  
geproduceerd worden. 

VRK Isolatie & Akoestiek 
Boterberg 7 

5047 ST Tilburg 
 

Tel: 013 - 570 23 14 
www.vrk-isolatie.nl  

Métisse geeft 10 jaar garantie op de technische eigenschappen 

              
                   HOGE ISOLATIEWAARDE    λ = 0,039 
 
               BRANDVEILIG          -          ECOLOGISCH 
 
    VORMVAST        -        FLEXIBEL           -           STERK 
 
               ZONDER IRRITATIE TE VERWERKEN 
 
                  HOGE AKOESTISCHE ABSORPTIE 
 
                             Aw= 0,95 (95% absorptie)  
 
            HOGE WARMTE-OPSLAGCAPACITEIT         
 
   DAMPREGULEREND                           TRIPLE P 
                                                     (PEOPLE PLANET PROFIT) 
  

rollen en 
platen tot 
20 cm dik 

Stap 1: 

Stap 2: 

Stap 3: 

De lange katoenvezels zorgen tevens voor zeer goede  
akoestische eigenschappen van Métisse. 

akoestische plaat PMA045 

 

Leveringsoverzicht Métisse isolatie 
Rollen 20 kg/m3 thermische isolatie 

Type Dikte (mm) Breedte (cm) Lengte (mtr) R-waarde m2/rol 

RRT050 50 60 15 1,25 9,00 

RRT080 80 60 9,8 2,05 5,88 

RRT100 100 60 8 2,55 4,80 

RRT120 120 60 6,8 3,05 4,08 

Platen 20 kg/m3 thermische isolatie 
Type Dikte (mm) Breedte (cm) Lengte (cm) R-waarde m2/pak 

PRT080 80 60 120 2,05 5,04 

PRT100 100 60 120 2,55 4,32 

PRT120 120 60 120 3,05 3,60 

PRT145 145 60 120 3,70 2,88 

PRT200 200 60 120 5,10 2,16 

Platen 25 kg/m3 thermisch-akoestische isolatie 
Type Dikte (mm) Breedte (cm) Lengte (cm) R-waarde m2/pak 

PM050 50 60 120 1,25 8,64 

PM060 60 60 120 1,50 7,20 

PM080 80 60 120 2,05 5,04 

PM100 100 60 120 2,55 4,32 

PM120 120 60 120 3,05 3,60 

PM145 145 60 120 3,70 2,88 

PM200 200 60 120 5,10 2,16 

Platen 45 kg/m3 akoestische isolatie 
Type Dikte (mm) Breedte (cm) Lengte (cm) αw-waarde m2/pak 

PMA020 20 60 120 0,50 21,60 

PMA045 45 60 120 0,95 9,36 

Rollen 45 kg/m3 akoestische isolatie 
Type Dikte (mm) Breedte (cm) Lengte (cm) αw-waarde m2/rol 

RMA020 20 120 1400 0,50 16,80 

Eigenschappen Productie 

Wrap-it

(Metisse, n.d.)



16/62Graduation Presentation | Q.S. Henry

INTRODUCTION  |  Objectives01

1

4

2
3

5

2nd Skin Facade 
Refurbishment system 
(Klein & Konstantinou, 2017)

Mock-Up: Prefabricated facade elements

Mock-Up: Bamboo cladding (left); brick cladding (right)

PV panels 
on the roof

Integrated 
building services 
for heating, cooling 
and ventilation in 
2nd Skin Facade 

Prefabricated variant

(Konstantinou, n.d.)(Klein & Konstantinou, 2015)
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Soendalaan Vlaardingen 
Foto’s bestaande situatie 

  
Voor‐/ kopgevel Soendalaan 

 

 
Voor‐/ kopgevel Soendalaan 

 

datum

15 juni 2017

werk

150076 Soendalaan

onderwerp

Foto's bestaand

behandeld door

MB

     

Titel

 

 
Achtergevel complex aan de Insulindesingel 
 

 
Portiekentree Soendalaan 

Case Study Building
Soendalaan, Vlaardingen Exterior Insulation variant

INTRODUCTION  |  Objectives01

(KAW, 2017)
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INTRODUCTION  |  Research question01

How can the 2nd Skin Façade Refurbishment system be redesigned into a 
Circular 2nd Skin Façade Refurbishment system, that optimises 

reuse and/or recycling of building materials and components? 
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INTRODUCTION  |  Research methodology01

Circular 
Economy

Assessment 
methods

Definition

Acommodating 
frameworks

C2C

DfD

DfA

RD

BE

Existing 
methods

LCA

MFA

1.

2.

3. Redesign of 
the 2nd Skin 
Facade 

Exterior insulation 
variant of the 2nd 
Skin Facade 

Prefabricated 
variant of the 2nd 
Skin Facade 

Analysis

Materials Connections Lifetime

A
B
C

D
E
F

E?
A?
G?

Business model 

Longevity

MCI

DP

Wat is the 
Circular Economy?

Wat assessment 
methods can be 

used to assess the 
level of circularity of 

the system?

1. 2. 
To what extent are 

the Prefabricated variant and the 
Exterior Insulation variant of the 

2nd Skin Facade Refurbishment 
system circular? 

3. 
How can the 2nd Skin Facade 

Refurbishment system be 
improved in terms of 

circularity? 

4. 
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Circular Economy aims to: 
close and extend the loops of material cycles, 

in order to preserve value of materials, 
resulting in decreased virgin material consumption and 

waste generation in our current society.

$$$

The  power of the 
inner circle

The  power of
circling longer

The  power of 
cascaded use 

The  power of
pure inputs

(Ellen MacArthur Foundation, 2015)

LITERATURE  |  Circular Economy02
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Skin			  20 - 30 yrs

Structure		 30 - 300 yrs

Site			   infinite

Services		  7 - 15 yrs

Space plan		  3 - 30 yrs

Stuff		 	 daily / monthly

(Brand, 1994)

Shearing layers 
of change

LITERATURE  |  Design strategies02
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Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

(Geldermans, 2016) Permanent connections
between materials & components 

Materials & components should be:
- technically separated  
- independently accessible
  to be able to be reused / recycled. 

LITERATURE  |  Design strategies02
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LITERATURE  |  Circularity Assessment Method02

(Van Santen & Pelgrim, 2018)

NRC news article
14th January 2018:

Circularity assessment method for buildings  
doesn’t exist yet. 
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2nd

2nd

% Reused 
feedstock

% Recycled
feedstock

% collected for 
Reuse 

% collected for 
Recycling

Production Use Unrecoverable 
waste (kg)

Virgin materials 
(kg)

% Recycling
efficiency

LFI  

MCI

X 

Material 
Circularity 
Indicator
0 = Linear
1 = Circular

Linear Flow 
Index
1 = Linear
0 = Circular

Utility
Lifetime  of product /
Lifetime of industry 
average product

Material Circularity
Indicator
(Ellen MacArthur Foundation 
& Granta Design, 2015)

Results of the 
calculation

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

LITERATURE  |  Circularity assessment methods02
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Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

Disassembly
Potential
(Durmisevic, 2010)

DF Functional Decomposition

GE Geometry
Geometry of products edge
Standardisation of products edge

AS Assembly Sequence

SY Systematisation

RP Relational Patterns

BE Base Element specification

TC Type of Connection

LC Life Cycle Coordination

FI

SY

RP

BE

GE

AS

TC

LC

1
2
3
4
5
6
7
8
9
10

LITERATURE  |  Circularity assessment methods02
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RESEARCH  |  Circularity Assessment: Functional Unit03

2.21.41.91.0 0.7

2.
75

2.
75

3.6 2.6 1.0

7.2 m

7.2 m

Front facade

Functional
unit

Case Study Building 
in Vlaardingen
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RESEARCH  |  Circularity Assessment: Prefabricated variant03

A
B

C
D

Substructure
Structural Insulated Panels

Brick cladding
Window

Prefabricated
variant
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RESEARCH  |  Circularity Assessment: Prefabricated variant03
B. Structural 
Insulated Panels

(Konstantinou, n.d.)

EPS

Chipboard

Pinewood 
stiffeners
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RESEARCH  |  Circularity Assessment: Prefabricated variant03

7220 mm

1059,5 mm 1851,5 mm 990 mm 2464,5 mm 326,5 mm

2750 
mm

1 2 3 4 5

1160 mm 2245 mm

221
mm

132 mm132 mm

1885
mm

B4
Pinewood sticks
56 x 56 mm  

B1
EPS insulation 
197 mm

B2
Chipboard P5
12mm

0 50 100

0 50 100

0 50 100

7525

7525

7525
5% 

Life cycle (yrs) End of life scenarios

0% 5% 90% 

10% 0% 5% 85% 

5% 0% 10% 85% 

B3
Pinewood stiffeners
44 x 44 mm  

5% 0% 10% 85% 0 50 1007525

B1 - B2
B1 - B3
B2 - B3

1. Indirect
2. Chemical

1. Surface  
    contact
    

CONNECTION CONNECTION DIAGRAM INTERFACES TYPE ASSEMBLY GRADING

B4 - B2
B4 - B3

1. Indirect
2. Additional 
    fixing device

1. Screwed
    

Connections

342
mm

V1
PVC pipes
 Ø 90 mm

0 50 1007525
90% 0% 0% 10% 

V1 - B1 1. Direct
2. Premade
components

1. Surface        
    contact
    V1 - B2

-

+++

+/-

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

LFI 
= 0,73  

MCI
= 0,78

X 
= 3,0 

Material 
Circularity 
Indicator
0 = Linear
1 = Circular

Linear Flow 
Index
1 = Linear
0 = Circular

Utility
Lifetime of product /
Lifetime of refurbish-
ment (25 years)



30/62Graduation Presentation | Q.S. Henry

Connections
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Building 
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RESEARCH  |  Circularity Assessment: Prefabricated variant03
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A

B

RESEARCH  |  Circularity Assessment: Exterior Insulation variant03

Insulation + 
cladding

Exterior 
Insulation 
variant

Window
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RESEARCH  |  Circularity Assessment: Exterior Insulation variant03
Insulation +
cladding
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RESEARCH  |  Circularity Assessment: Exterior Insulation variant03
Example from practice:
Irreversible connection 
between existing facade 
and EPS insulation layer

EPSAdhesive Mortar
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Insulation +
cladding

RESEARCH  |  Circularity Assessment: Exterior Insulation variant03
1334 mm

7220 mm

1090 mm 2422 mm

1

197,5
mm

O
Existing 
facade  

A1
EPS insulation
190 mm

0 50 1007525

Life cycle (yrs) End of life scenarios

5% 0% 5% 90% 

O - A1
C1 = connection

material

1. Indirect
2. Chemical

1. Surface  
    contact
    

CONNECTION CONNECTION DIAGRAM INTERFACES TYPE ASSEMBLY GRADING

Connections

2750
mm

1837
mm

F1
PU-adhesive
3 mm

F2
Mortar
3 mm 

A2 (1)
Organic plaster
1,5 mm 

0 50 1007525 0% 0% 10% 90% 

A2 (2)
Brick strips
20 mm 

0 50 1007525 0% 0% 91% 9% 

A1 - A2
C2 = connection

material

1. Indirect
2. Chemical

1. Surface  
    contact
    

--  

--  

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

A1 - O
(F1 = connection 

material)

1. Indirect
2. Chemical
    material

1. Surface        
    contact
   

CONNECTION CONNECTION DIAGRAM INTERFACES TYPE ASSEMBLY GRADING

1. Indirect
2. Chemical
    material

1. Surface        
    contact

A2(2) - A1
(F2 = connection 

material)

1. Indirect
2. Chemical
    material

1. Surface        
    contact
    

-

-

-

A2(1) - A1
(F2 = connection

material)

D1 - O
1. Direct
2. Additional 
    fixing device

1. Screwed
    

A - O
1. Indirect
2. Additional 
    fixing device

1. Screwed
2. Bolted    

CONNECTION CONNECTION DIAGRAM INTERFACES TYPE ASSEMBLY GRADING

1. Screwed
    

C - B
(option 1)

1. Indirect
2. Chemical
    material

1. Surface        
    contact
    

+++

+++

-

B - A

D - B
1. Direct
2. Additional 
    fixing device

1. Screwed
    +/-

C - B
(option 2)

1. Direct
2. Additional 
    fixing device

1. Nailed
    +/-

1. Indirect
2. Additional 
    fixing device

D1 - D2
(gasket = third 
component)

1. Surface
    contact

1. Indirect
2. Third 
    independent

++  

+/-



35/62Graduation Presentation | Q.S. Henry

RESEARCH  |  Circularity Assessment: Comparison03

1. 2. Exterior Insulation
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Option 2:
Bamboo cladding

61%

39%

0%

0,4%

22%

9%

64%

Recycled
feedstock

19% 4,6%
2nd

26%

Reuse

Recycling

0,4% 0%0,4%

22%

9%

LFI
(Linear Flow

Index)

0,84

2,0

0,83

1,2

0,62 0,38

0,76

1,4

0,51

Material 
Circularity 
Indicator

X
(Utility
factor)

MCI
(Material Circularity 

Indicator)

1350 kg 1163 kgMass 409 kg



36/62Graduation Presentation | Q.S. Henry

RESEARCH  |  Circularity Assessment: Comparison03

FI

SY

RP

BE

GE

AS

TC

LC

FI

SY

RP

BE

GE

AS

TC

LC

1. 2. Exterior Insulation
variant

Prefabricated 
variant

FI

SY

RP

BE

GE

AS

TC

LC

FI

SY

RP

BE

GE

AS

TC

LC

1. 2. Exterior Insulation
variant

Prefabricated
variant

FI

SY

RP

BE

GE

AS

TC

LC

1. Exterior Insulation
variant

2. Prefabricated
variant

3. Redesign

FI	 Functional Independence
SY	 Systematisation
RP	 Relational Patterns
BE	 Base Element Specification
GE	 Geometry of the Edge
AS	 Assembly Sequence
TC	 Type of Connection
LC	 Life Cycle coordination
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LC Includes element with  
shortest and longest life cycle

TC All chemical connections
between materials 

BE Base element of the system,
where all other components are 
connected to 

FI Most integration
of functions 

LCI  
 = 0,73

MCI 
= 0,78

X  
 = 3,0

Focus optimisation:
Structural Insulated
Panels
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QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Direct through 
premade geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

Support tool during 
the design process

How to design a circular 
building product? 
What options should be 
considered? 

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration



39/62Graduation Presentation | Q.S. Henry

DESIGN |  Material choice04

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virgin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + 
additional fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

50-75 yrs 25-50 yrs 0-25 yrs

EPS Insulation

Chipboard

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration

Structural Insulated
Panels
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QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virgin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + 
additional fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

50-75 yrs 25-50 yrs 0-25 yrs

Recycled cotton 
insulation

ECOBoard

Redesign

Connections

Materials

Building 
layers

Building 
components Materials

Relational
properties

Instrinsic 
properties

Standardised 
dimensions

Dry, logical 
connections

 Lifespan 
based on 

performance time

High quality

Non-toxic

Sustainable

Recycling  
Cascading

Composition

Performance quality

Intended re-use path

Performance time

Connections 

Dimensioning 

Quality of registration
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QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

Enable direct reuse 
of the system for the
refurbishment of 
multiple residential
buildings

by increasing 
the level of 
standardisation
of the components

Storage in 
central warehouse

Digital measurements
of the reference building

Remanufacturing
when needed

Assembly 
in factory

Diassembly 
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QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virgin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + 
additional fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

50-75 yrs 25-50 yrs 0-25 yrs

Connection
redesign
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HOR. VERT.

Chemical 
connection

Indirect + third 
component

Direct through 
premade geometry

Symmetric 
overlapping

SIP-panel:

Current joints:

Optimised joints:

Case Study Building 1: Vlaardingen Case Study Building 2: Rotterdam
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Case
Study
Building 1

Case
Study
Building 2

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

46%
direct reuse

49%
direct reuse



46/62Graduation Presentation | Q.S. Henry

1

2

3

4

5

6

7

DESIGN |  Composition of the module05

8

3636 mm

2736 
mm

2886 mm

8

9

CSB2

Internal lining
Interior board

Structural frame
Partition studs

Insulation

Exterior board

Cladding supporting structure

Wood cladding

CSB1

Window

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection
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1. 
Placement of the 
stainless-steel anchors

2. 
Placement of the 
substructure

3. 
Installation of the first 
prefabricated module, 
screwed to substructure

4. 
Installation of the first row 
of modules at the ground 
floor level 

5. 
Installation of the rest of the 
prefabricated modules, 
row by row

6. 
When one module is 
placed, the internal 
finishing in the room can 
already start

7. 
Placement of the support  
structure of the cladding

8. 
Finishing with facade 
cladding material

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection
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530 53015

300300
474 474

448 448

150150

297 mm mineral wool insulation
12 mm ECOBoard plate

12 mm ECOBoard plate

56 x 56 mm wood mounting blocks

Waterproof / damp open foil

71 x 156 mm pinewood vertical post

12 mm interior finishing slat

PVC window frame

sealant

18 mm Moso Bamboo Xtreme

20 mm aluminium profile
Stainless Clip-Screw-BX03 

8 mm stainless steel anchor

28 mm mineral wool

3x 4 mm HR+++ triple glazing

Horizontal detail 
connection window
scale 1:20

Reference timber prototype
(Petersen & Løvskogen, 2015) 

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

1

34

2
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Vertical detail 
connection balcony
scale 1:10

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection
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What could happen with 
the refurbishment
system after a service 
life of 25 years? 
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QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection

QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Premade 
geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - 
Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the (prefabricated) 

component?
yes no

Can the component be removed 
from the facade without damaging 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection
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QUESTIONS OPTIONS EXPLANATION

What type of material 
is used for the 
component?

Technical
material

Biological
material

Reused 
feedstock

2nd 2nd
What type of feedstock 

does the material 
consist of?

Recycled 
feedstock

Reuse Recycling Incineration Landfill

What is the end of 
life scenario of the 

component?

What is the life time 
of the component?

All virigin 
materials

50-75
yrs

25-50
yrs

0-25
yrs

How is the component 
connected to its

surrounding 
components?

Indirect + third 
component

Direct + additional 
fixings

Direct through 
premade geometry

What does the geometry of 
the component’s edge 

look like?

Open - Linear Symmetric 
overlapping

Closed - Integral

Does the component 
represent only one function? yes no

Are multiple elements clustered 
into the component? yes no

Can the component be removed 
from the facade without touching 

other components?
yes no

Is there a base element, to which all 
facade components are connected, 

present in the facade?
yes no

Is the assembly sequence parallel, 
meaning multiple components can 

be placed at the same time? 
yes no

Is the component with the shortest 
lifetime situated closest to the outer 

surface and the component with 
the longest lifetime farthest? 

yes no

If not, then change or replacement of one 
function does affect the other functions that 
the component represents.

If there is no clustering of  building elements, 
more connections have to be made on-site 
and thus the slower the assembly and 
disassembly process of the facade willl go.  

If not, then when one component needs to 
be replcaced, all other components that are 
directly connected to the component need 
to be removed as well.

If not, then independency between the 
different components is difficult to achieve, 
because an intermediary is missing. 

If not, then a sequential assembly sequence 
links more building elements together, 
resulting in a decrease in (dis)assembly 
speed and creating difficulties forthe replace-
ment of elements.   

If not, then replacement of the component 
with the shortest lifetime is most difficult to 
replace, because all components with longer 
lifetimes need to be disassembled first.  

Biological materials are renewable and can 
be regenerated, while technical materials 
are finite and can only be recovered. 

Best situation is when the component 
consists of secondary materials and no 
virgin materials need to be extraced for the 
production of the component. Reused 
feedstock is a better option than recycled 
feedstock, because no additional energy is 
needed for the production process.

Best situation is when the component can 
immediately be reused for a new or similar 
function and its lifetime is extended. For the 
recycling of materials additional energy is 
needed for the production process, so isn’t 
preferable. Incineration should be prevent-
ed, due to the valuable material loss, while 
landfill is the worst end of life scenario. 

When the component has a long technical 
life time, it doesn’t need to be replaced 
often. When the functional life time of the 
component has passed, the component 
can be reused in another configuration. 

Wet chemical connections between the 
components should be prevented, because 
these are difficult to remove. Dry connec-
tions with additional fixing devices should 
be used,  preferable with a third indepen-
dent component that makes the connection 
between the components indirect. 

When the geometry of the edges is open 
and linear, components can easily be 
disassembled without damaging its 
surrounding components. When the 
geometry of the edges is closed, damaging 
other components is unavoidable. 

Chemical 
connection
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1. 2. RedesignSIP panel
(Prefabricated 
variant)
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1. 2. RedesignSIP panel
(Prefabricated 
variant)
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