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let’s start with some figures



40%
of energy consumption worldwide

source: Azavea.com

the building industry
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40%
of material use worldwide

the building industry

source: 123rf.com
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35%
of waste generation worldwide

the building industry

source: Apave.com
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what are the causes?



USEREALIZATIONENGINEERINGDESIGN DEMOLITION

the lifecycle of buildings
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USEREALIZATIONENGINEERINGDESIGN DEMOLITION

quality quality
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the lifecycle of buildings
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USEREALIZATIONENGINEERINGDESIGN DEMOLITION

materials quality

energy

materials

waste

waste
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the lifecycle of buildings
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how to solve this problem?



the lifecycle of buildings
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the lifecycle of buildings
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USEREALIZATIONENGINEERINGDESIGN DEMOLITION

the lifecycle of buildings
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USE IN A
CIRCULAR
ECONOMY

REALIZATIONENGINEERINGDESIGN

the lifecycle of buildings
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translation to practice



PD lab

source: Bilow (2017)
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PD lab

source: Bilow (2017) source: Lego.com

modular & adaptable

circular building system
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PD lab

source: Pexels.com

digital
manufacturing
techniques

DESIGN

ENGINEERING

REALIZATION

ONE
DIGITAL FILE

FEEDBACK

USE IN A
CIRCULAR
ECONOMY
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structure rainscreen
cladding

PD lab

source: Van der Knaap (2016) source: Van Veen (2016)
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structure rainscreen
cladding

PD lab

source: Van der Knaap (2016) source: Van Veen (2016)
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EcoboarD
biobased
organic
Renewable

source: Materia.nl
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structure rainscreen
cladding

PD lab

source: Van der Knaap (2016) source: Van Veen (2016)
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source: Van Veen (2016)

rEynobonD non-renewable
hard to recycle

PD lab

source: Van Veen (2016)
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research goal

Material
biobased material

Design
rainscreen

cladding system

research goal
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to develop a modular and demountable
cladding system for the PD lab?

how can biobased materials be applied

source: own image

research questions
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PD lab

source: Van Veen (2016)

rEynobonD non-renewable
hard to recycle

source: Van Veen (2016)

product development lab
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product development lab

no space for
adjustment

source: Bilow (2017)
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product development lab

gaps

source: Bilow (2017)
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biobased materials
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biobased materials

renewableorganic can be
biodegradable

material selection
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WOOD PAPER,
CARDBOARD

LEATHER,
HIDE

METAL GLASS,
CERAMICS

PLASTICS COMPOSITES
TEXTILES STONE CONCRETE

material selection

familiar categories
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WOOD PAPER,
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HIDE

METAL GLASS,
CERAMICS
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TEXTILES STONE CONCRETE

material selection

biobased categories
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WOOD PAPER,
CARDBOARD

LEATHER,
HIDE

PLASTICS COMPOSITES
TEXTILES

METAL GLASS,
CERAMICS

STONE CONCRETE

material selection

suitable for cladding
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material selection

WOOD

traditional material

far developed processing techniques

comfortable look and feel
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material selection

PLASTICS
enables complex shapes

able to be moulded

innovative building material
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material selection

COMPOSITES strength - weight ratio

plastics + reinforcement
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WOOD PLASTICS COMPOSITES

material selection

innovativetraditional innovative
+

extra strength
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innovativetraditional innovative
+

extra strength

WOOD PLASTICS COMPOSITES

material selection
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suitable processes

material selection
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connecTion

56/110



concept development

assembly

57/110



STRUCTURAL SAFETY

DRAINAGE

THERMAL EXPANSION

ASSEMBLY

RISK OF ERRORS

BUILDING SPEED

COGNITIVE ERGONOMICS

PHYSICAL ERGONOMICS

ADAPTABILITY

MAINTENANCE

ACCESSABILITY

DISASSEMBLY

FREEDOM OF DESIGN

FINISHING (AESTHETIC)

criteria

concept development

58/110



concept development

possible to (dis)assemble single panel

assembly by one person might be difficult

complex rainwater drainage

STRUCTURAL SAFETY

DRAINAGE

THERMAL EXPANSION

RISK OF ERRORS

BUILDING SPEED

COGNITIVE ERGONOMICS

PHYSICAL ERGONOMICS

ADAPTABILITY

MAINTENANCE

ACCESSABILITY

DISASSEMBLY

FREEDOM OF DESIGN

FINISHING (AESTHETIC)

TOTAL

front

59/110



STRUCTURAL SAFETY

DRAINAGE

THERMAL EXPANSION

RISK OF ERRORS

BUILDING SPEED

COGNITIVE ERGONOMICS

PHYSICAL ERGONOMICS

ADAPTABILITY

MAINTENANCE

ACCESSABILITY

DISASSEMBLY

FREEDOM OF DESIGN

FINISHING (AESTHETIC)

TOTAL

concept development

60/110



95 76 89 90 83 49

62 76 59 73 74 63

73 81 72 66 66 72

41 57 57 61 59 59

0 4 4 3 3 4

62 70 55 71 80 80

concept development

assembly

pRocessing
TechniqUes

panel sTiffness

sUb-consTRUcTion

veRTical
JoinTs

hoRizonTal
JoinTs

connecTion

61/110



concept development

panel sTiffness

62/110



hollowprofiles

ribs
convex

ribs
crossed

ribs
triangular

convex
Foldedsurfaceand edges

Foldedsurface

ribs
edges
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concept development

panel stiffness
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concept development

CUTTING

Sawing
Cutting
Punching

Based on: Kula et al., 2013

DEFORMING

Folding/bending
Calendering
Thermoforming
3D printing

MACHINING

Drilling
Milling
Turning
Routing

MOULDING

Founding
Forging
Sintering
Cast moulding
Resin moulding
Injection
Rotational moulding
Extrusion

processing techniques
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what does the material want?
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2D: design freedom

continuous production

concept development
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max. 300 mm

2d: design freedom

3D: fixed cross section

concept development

continuous production

high investment costs
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concept development

1:1 prototype
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functions

production
+



design development

functions

DrainagE cavity
vEntilation

aEsthEtics
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design development

functions

assEmbly sPacE for
aDJustmEnt

sPacE for 
thErmal ExPansion
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design development

processing technique #1

cnc-milling
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design development

processing technique #2

warm bEnDing
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design development

production steps

1. shEEt matErial 2. cnc-milling 3. bEnDing linEs 4. warm bEnDing
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final design

overview

sectional
profile + window

integrated
functions
drainage
aesthetics
assembly
space for adjustment
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final design

detailing

4.

5.

6.

1-2

3.

1. 2.3-6
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final design

assembly
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conclusion

research question

to develop a modular and demountable
cladding system for the PD lab?

how can biobased materials be applied
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reflection



MethoDologY

+ +

Material

biobased
materials

expanded (materials)
and improved (total concept)

reflection

relevance

Design

PD lab
cladding system
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reflection

Aspect concepts
combination

Aspects

Design criteria

Extra aspects:
panel stiffness +

processing technique

Material criteria

Provisional choice:
Resysta

Definitive choice:
Resysta

due to its exclusive
thermoplastic

behaviour

Test:
milling and bending

How to translate
criteria to a material
assessment method?

What does the
material want?

> Thermoplastic
behaviour

1. Rectangular Prototyping

Reflection: what other combinations are possible?

Minimizing
production
steps

Vertical or horizontal
orientation?

2. Diamond

3. Accolade

4. Extruded

5. Tapered 5. Tapered

Limitations of extrusions:
open ends, inflexible production and a max width of 300mm

Aspect concepts
combination

PD lab
Material
selection Concept development

Aspect concepts Total concepts

Design
development Final design
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reflection

circular
Economy

focus on technological
implementation

ProcEssing
tEchniquEs

lack of knowledge
of limitations

DEficiEnt
assEssmEnt

Room for discussion
at concept assessment

points of improvement
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recommendations



recommendations

also focus on:
economy, environment,

behaviour, society
and government

possible improvements

further  research on
industrial production

Keep complete
system in sight

circular
Economy

ProcEssing
tEchniquEs

DEficiEnt
assEssmEnt
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thank you!
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