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INTRODUCTION | Problem statement

h

ICE aS IMucC

industry produces annually tw

INng

fo

waste as all the Dutch households together

The bu

14

b

dGm®R

lar biobased composite facade

d Circu



INTRODUCTION | Problem statement
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INTRODUCTION | Problem statement

Material scarcity

ZINC Aluminum

34 years 510 years
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INTRODUCTION | Research goal

Explore whether a more environmental friendly composite
material could be offered to designers while retaining the same
design options current materials offer

a circular biobased composite facade d@gm?X



INTRODUCTION | Approach

“What is possible with biobased composite when used for a
circular facade design?”
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INTRODUCTION | Biobased Composite

Natural fibres
Flax

Hemp

Jute

Abaca

Fabrics
Random

Directional

Uni-directional
Bi-/ Tri-/ Multi-axial

a circular biobased composite facade
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INTRODUCTION | Biobased Composite

Thermoplasts
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Elastomers

Thermosets

Biopolymers
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INTRODUCTION | Biobased Composite

Pigment, solvent, binder

Organic

Protective
UV-radiation
Water

Fire

Decorative

Paint
Laquer

Fibre

Resin
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FORMER PROJECTS | WORLDS FIRST BIOBASED COMPOSITE FACADE
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FORMER PROJECTS | EXTERNAL WALL PANEL - THE BIOBUILD PROJECT

4000 mm

o
2
3
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FORMER PROJECTS | EXTERNAL WALL PANEL - THE BIOBUILD PROJECT

—

a o

Wooden transom

Metal brackets

Wooden mullion

Insulation layer

Bio-composite internal
cladding laminate

Bio-composite external
structural laminate

Wooden window frame

Glass unit
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FORMER PROJECTS | EXTERNAL CLADDING KIT - THE BIOBU!LD PROJECT

Flat biobased Natural insulation Stiffening profiles Metal brackets q

composite panel = R\
° ® * ® iy . o
oy . .l‘? \._‘ S

j R - o .‘_:-_.-’ ; >

A
p 1
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Metal sub-structure
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FORMER PROJECTS | BIOBASED COMPOSITE PEDESTRIAN BRIDGE
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CIRCULARITY | Infroduction

“At this moment, in the Netherlands 50% of the national raw
material consumption is caused by the construction industry
and 40% of this amount refers to demolition waste”
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CIRCULARITY | Infroduction

1. Reduce resources

2. Reuse resources

Non-toxicity

3. Circular solutions

a circular biobased composite facade d@gm?X



CIRCULARITY | Approach

“Keep materials performing as long as possible”

“Regard waste as resource”

“Avoid waste”

Reuse

Adapt

Recycle

a circular biobased composite facade
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CIRCULARITY | Connections

—

————

Single lap joint Scarf joint
Double lap joint - Butt joint
@
Single strap joint
Bevel joint
Step joint

Double strap joint

Curved joint

Ribbed joint

Single lap bolted joint

I

Angle bolted joint

Riveted single lap joint

Double lap bolted joint with glued steel sheets

]

Curved single lap bolted joint

Double bolted joint

— -

Steel angle bolted joint

Built-in fastener bolted joint

a circular biobased composite facade
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CIRCULARITY | Connections

| N : ‘ i ‘
Single lap joint Scarf joint % l Ll

Single lap bolted joint ~ Curved single lap bolted joint

Double lap joint Butt joint

Riveted single lap joint

A@E@ﬁ concentration DemountabI%
» Quick to apply H#ﬁamer to, mspe.f

S R\
Bevel joint f ‘
Angle bolted Jomt l Steel angle bolted joint
Step joint ‘ L ’
3 [
Double strap joint ; ! L J—i‘ . . J_% |

Double lap bolted joint with glued steel sheets Built-in fastener bolted joint

Curved joint Ribbed joint
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CIRCULARITY | Recycling

Presumably :
Catalyst degradeted (New) fibres
||
[ |
|
[ |
|
[ |
< _\ = 7 —
Solvolysis X\>\|/ Separation
1
1
T =
\ |
- ] 4 ]
CEIEIEL Distillation:
(Epoxy) resin - Catalyst
(Epoxy) coating « Boiling point
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DURABILITY | Tests

 Establish the durability of biobased composite

. Estimate the lifetime >KG-IKOB
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DURABILITY | Tests

Warmth-Cold cycles

oxf]
1000 1850

16.40
i
0
Ll
0 e —————————
[ e smm————
0

@ SIMPATI 4.06 - Ad 5
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DURABILITY | Tests

Freeze-thaw cycles
One month: Water/ -20°C
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DURABILITY | Tests results
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DURABILITY | Tests results - Tensile strength

Warmth-cold; Coated +7% Uncoated +0.7%
Freeze-thaw: Coated +15% Uncoated +4.4%

2040

250 //
r"'/

.-"--d-
-

e

—1 coated — Z2mated — 3 ooated 11 uncoated — 12 uncoated — 13 unceated— 4 coated —5 coated —& coated
14 uncoated—+ 15 uncoated— 18 uncoated— 7 coated —& coated —5 coated 17 uncoated— 18 uncosted— 19 uncoated
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DURABILITY | Tests results - Youngs modulus

Warmth-cold: Coated -3% Uncoated -1%
Freeze-thaw: Coated -13%  Uncoated -13%

a circular biobased composite facade
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DURABILITY | Conclusions

When the material is coated and the bending stiffness is de-
signed including a safety margin, the lifetime is estimated to
be similar to other common facade materials

Breaking pattern changes after freeze-thaw cycles

a circular biobased composite facade d@gm?X
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SHADOWCOSTS | Introduction

“Shadowcosts are the cost for the preventive measures which
must be taken to reduce the emissions to a sustainable level”

a circular biobased composite facade d@gm?X



SHADOWCOSTS | Different maferials

Material S-c (€) per
Steel

Cladding €0,17| kg

Light construction steel €017 kg

Stainless steel €212 kg

Coatings

Powdercoating €1,54| kg

Wetpainting €097 kg

Galvanising (zinc) €1,09 kg

Aluminum

Aluminum (47% secondary) €2,65| Kkg

Coatings

Anodising €068 m2
powder coating €162 m2
Wood

Hard, sustainably managed €0,02| kg

Hard, not-sustainably managed €0,02 kg

Soft, sustainable managed €0,04 kg

Soft, not-sustainably managed €0,07 kg

Soft, laminated €0,07 kg

Coatings

Paint, nature based/ water based € 0,15 kg
Paint, acrylate €0,34 kg
Paint, alkyd €0,57 kg
Paint, stony ground €0,57 kg
Composite

Glass fibre reinforced polyester €0,76 kg
Biobased composite € 0,23 kg
Coatings

Spray paint € 1,20 kg
Insulation

Rockwool €0,10 kg
PUR foam € 0,38 kg
PLA €0,80 kg
Flax fibre €0,23 kg
Additional

Gypsum board €0,03 kg
Granite € 0,01 kg

a circular biobased composite facade



SHADOWCOSTS | Shadowcosts perm,

Material Density (kg/m3) Shadowcosts (€) Youngs modulus Shadowcosts/m2
Wood 530 € 0,02 13 0.17

Steel 7870 €0,17 210 1.33
Aluminum 2700 € 2,65 69 21.47
Glassfibre-reinforced composite 2000 €0,76 69 4.56
Biobased composite 1115 € 0,23 11,4 4.61

a circular biobased composite facade






DESIGN PARAMETERS | Production techniques

Avoid:

* An autoclave
» Additional material like molds, vacuum bags, etc
* Emissions evaporating during the process

a circular biobased composite facade



DESIGN PARAMETERS | Safety requirements - Fire-safety

Fire propa- 5 O Apply a fire-retardant coating
e Shu O Use a fire retardant resin

O Apply the material only to
low-rise buildings

> Fire penetration

a circular biobased composite facade d@gm?X



DESIGN PARAMETERS | Thermal fransmittance

Material A (W/m*K) d (mm) Rd (m) Density (kg/m3) Weight (kg/m2)
Gypsum board 0,95 cm 0,16 9,5 0,0059375 7,62 (kg/m2) 7,62 (kg/m2)
Gypsum board 1,25 cm 0,16 12,5 0,0078125 10,2 (kg/m2) 10,2 (kg/m2)
Steel reinforced concrete per dm 1,7 100 0,06 2400 240

Steel per mm 50 1 0,00002 7870 7,87
Aluminum per mm 200 1 0,000005 2700 2,7

Wood (Fir) per cm (0,18 | 10 0,06 530 5,3

Balsae wood per cm 0,048 10 0,21 1600 16

Biobased composite (flax-supersap)per cm 0,056 10 0,18 1115 11,15
Biobased composite (hemp-supersap)per cm 0,056 10 0,18 1148 11,48
Fibreglass-polyester composite per cm 0,015 10 0,67 1522,4 15,22
Aircavity (stationary, 15°) per cm 0,026 10 0,38 1,225 0,01

Glass 1,05 4 0,0038095 2500 10

Ceramic 0,8 40 0,05 2200 110

a circular biobased composite facade G



DESIGN PARAMETERS | Geomefry - Bending stiffness

Bending stiffness = Moment of Inertia * Youngs modulus

Moment of inertia

Youngs modulus

BHL2bH

Steel
Aluminum

Y-M (Gpa)

210
69

Biobased composite 11,4

Density (kg/m3)

7870
2700
1115

4 R

A=2bH +dh

a circular biobased composite facade

dGm®R




DESIGN PARAMETERS | Geomefry - Bending stiffness
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CASE STUDIES | Facades

What is possible with biobased composite, when used for a
facade design?
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CASE STUDIES | Products - Approach
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CASE STUDIES | Element Facade

@ Steel clamping profiles

® Composite shell

® PIR-insulation foam core
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CASE STUDIES | Element Facade

PLA foam core
Biobased composite shell (18 mm)
Aluminum window frame

a circular biobased composite facade
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CASE STUDIES | Curtain wall

158 mm thick flax insula
3 mm biobased composite
box

Aluminum curtain wall
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CASE STUDIES | Parapet facade

® Finish layer (stucco) o
Concrete inner leaf, cast-in-situ
Insulation, 30mm mineral wool
Air cavity, 25mm

Prefabricated concrete outer leaf
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e W FEra

e Sealing profile o

Steel window frame, non-insulated ==
Sealing profile >
. )W/%
////l
|

® Spacers 1mm galvanised steel
Sealing profile

J.

o EEE EEE .

Concrete beam )
Prefabricated balcony for window cleaner
Steel railings

~
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I
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!
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z

® |nsulation in box: Galvanised steel box,
self-adhesive insulations
0,75mm steel plate
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CASE STUDIES | Parapet facade

1050

3mm thick biobased composite casettes
Secondary structure

90 mm Rockwool insulation

250 mm Concrete (existing)

70 mm Rockwool

9,5 mm gypsum board

a circular biobased composite facade d@gm?X
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CASE STUDIES | Ti_rnber

Finishing panel, presumably gypsum board
InSulation layer

Waterproofing foils

Cladding (wood)

2150

1
Wooden finishing plate ———— o e —

Wooden profile g——mM ——

Wooden window frame @

T

—® Insulation layer

Cladding (wood)
—® Wooden profile

Wooden beam
Finishing panel, presumably gypsum board //
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| ] Wooden beam @ B M
- —® Wooden window frame Wooden profile 2 /
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CASE STUDIES | Timber frame

Double glazing
Wooden window frame
Biobased composite
extruded hollow profile

(60*160) 6mm thick
Flax fibre panel insulation
(158 mm) |

Gypsum board (9,5mm)

a circular biobased composite facade d@gm?X



CASE STUDIES | Resulfs

Sandwich element Curtain wall Parapet facade Timber frame structure
2 . I

-10

-12
. Weight (* original) . Shadow costs (* original)
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CASE STUDIES | Resulfs

Concept

Weight (kg)

Shadowcosts (€)

Circular scenario

~

65.37

35.83

N

3.16
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CONCLUSIONS | Shadowcosts
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CONCLUSIONS | Durability

The expectation is that when the material is coated and the
bending stiffness is designed including a safety margin, the
lifetime will be similar to other common facade materials
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CONCLUSIONS | Circularity

Concept Circular scenario

Concept

Circular scenario

a circular biobased composite facade
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CONCLUSIONS | Material scarcity

Environmental impact still quite high

O Opportunity in replacing scarce materials

a circular biobased composite facade d@gm?X



CONCLUSIONS | "Best concept”

“The aim is to explore whether a more environmental friendly
composite material could be offered to designers while retain-
iIng the same design options current materials offer”
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CONCLUSIONS | "Best concept”

|s biobased composite an environmental friendly alternative?

Does biobased composite offer the same design options cur-
rent materials do?

a circular biobased composite facade d@gm?X



CONCLUSIONS | "Best concept”

“What is the best concept for a design with
biobased composite ?”

a circular biobased composite facade






RECOMMENDATIONS | Mafterial development

1. Share information
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RECOMMENDATIONS | Material developrnenﬂ’r

! |

2. Shadowcosts & Coating

Material Youngs modulus  Bending stifiess _ Needed’
35 13 0.17
27 22.5 0.01
1.01 -2 A
4.7 X X
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RECOMMENDATIONS | Mafterial development

3. Testing Durabillity

a circular biobased composite facade




RECOMMENDATIONS | Mafterial development

3. Testing Recycling

a circular biobased composite facade




RECOMMENDATIONS | Concepfts

6. Further design/elaboration
of the concepts

* Improve circular scenario
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RECOMMENDATIONS | Certification

/. Define a European/ Worldwide test method for new,
iInnovative materials
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RECOMMENDATIONS | Further research

(Bio) Chemical;
» Possiblility of recycling (on large scale)
* Resin improvement

» Coating improvement
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RECOMMENDATIONS | Further research

Facade technical:
o Structural calculations
» Circular building concepts

0 How can the circular scenario of the concept facades
be improved?

a circular biobased composite facade d@gm?X



Fire propagatio,

FIRE-SAFETY

: I Flashover

# Fire penetration

There are three types of fire loads:
Fire penetration

« Flash-over

« Fire propagation

Fire penetration
through the the materialis not consumed by fire,

for which openings in the facade appear. Tracabe provided by any layer in the facade construc-

, for example a fire-proof retention wall can be placed.

0Fire proof retention wall

Flash-over
Fire spread from one floor to the floor

of fire-proof material in the facade. This doesn't necessarily need to be the cladding material. Another apmn

is a fre-proof parapet of suffc\snl dimensions.

O Continuous fire-proof

O Fire-proof parapet

Fire propagation
Most important and most problematic for this research s fire propagation along the facade. This means that a material
ignites too quickly,for which the fire quickly spread upwards. Especially for high rise buidings this causes a high risk since
evacuation times are higher. Since the propagation time of the material is not known, different indicative solutions are:
0 Apply a fire-retardant coating
0 Use afire retardant resin
0 Apply the material only to low-r

e buildings

Bending s
118y of Hohasad compai s much er than il ofseel nd s, Thareers e mlaril dLVurvvv>
more under the same load. For the thickness of multipli ungs

modul
Options to reduce the necessary material thickness and to increase the bending stiffness are:
ribs

O curve the materi
O produce a sandwich element.

Weather influences.
The main loads on a facade, other than its own load, are caused by weather influences. Important loads are
caused by wind and the weight of accumulating water or snow.

Thicknes:
To establish the thickness necessary to transfer all loads, the siructural properties of biobased composite.
were compared to those of steel and aluminum.

Roughly can be assumed that the necessary thickness of biobased composite is 6 times the higher
than that of aluminum and 18 times the thickness of steel, taking the ratios of their youngs moduli
“This does not regard the tensile strength which is far more in proportion to steel and aluminum.

Weight
The graph undemeath shows the weight according to the needed thickness to achieve the
same strength as one millimeter steel, according (o the ratio of youngs moduli.
How the bending stifiness can be improved, other than by increasing the thickness is
explained in the section about “shape”.

SOUND;INSULATION

C—

g

Requirements
For office build lated insulation of the facade.
Itis recommended to apply the former requirement which said that the sound insulation should

be such that the sound insulation level will not exceed 40 dB(A).

A cavity wall with sound insulation would be a good option. It is recommended to use as litte as
possible single point supports, and a resilient core material which absorbs sound.

The intem sound insulation regarding the facade is important too.

Mass
Since the mass of a facade influences the amount of noise entering a building, a high mass would be pref-
erable regarding sound insulation,

Sandwich construction
Since biobased composite offers good opportunity to be used in lightueight constructions, a sandwich construction
is possible too. For a sandwich element the most important parameters are the thickness of the consiruction and
the type of core material, This thickness defines which sounds enter a buiding, since the width allows certain sound
waves 1o continue while others are blocked.

The type of insulation foam in a sandwich element is important. The material should be resilient and sound absorbing.

Supports
In general, single point supports between inner and outer parts of a facade should be avoided because they can cause noise
“leakage”.

O Mass
O Sandwich construction
0 No single point connections.

Table per sqare meter material based on youngs modulus
TGNy Donaty igns) | Shadowcess () | Youngs mods | Shasowconsm
wooa £ o I o
v T o 70 D
i Aummm Fic) 205 @ T
aaaiiond w0 o ) ase
T Somsdconoi s com g7 pr
GEIN
€057 [l The shadowcosts of a material show the cost for the preventive measures
€121k which must be taken to reduce the emissions to a sustainable level
e [ e ——
Airieum i sacondan) | €285 | 19
rodiing am [
s, susanably maneged 101 2 x
m 47 x x

to compete with the ma\elials. regard-
ing the youngs modulus or bending stifne:
Shadowcosts are calculated per kg ws\gm Future
methods to improve the shadowcosts are:

O Expl ycling methods
Recycling methods decrease the shadowcosts

Weight per square meter because the materials performs longer.
nit | Stewl | Alminum Cont
I = O Decrease the weight
Tensile strength | _[Mpa) 273 (unweathered) e €218 71 mainly applies to the resin which
Voungs moduius | [Gpal | 210 &0 ikl Do causes most of the weight.
Density \gma | 7800 22| TiEs = ==
Weightmz igm2 [ 78 91 w07 PO ED O Improve the resin

Directional fire fabric
7

Random fibre mat
5 %

Unidirectonal  Biaxial Triaxial Multaxial
Donsity (kgim3)

1150 ™ 2

725 7 B

650 3 T

w00 2 2

50 “ 7

o 0 0

20 B 0

Types of fibres
+ Inorganic fibres (glass and carbon),
« Polymer fibres (synthetic),

In this research the focus was on natural fibres such s Flax, Hemp, Sisal, Jute, Ramie, Cotion and Cofr

Fabrics
Besides random oriented fibres, fabrics can be applied. Fabrics can be divided based on the orientation of the fi-
bres as well as the density of the fabric. Random oriented fibres are economical advantageous, however due o the
indom orientation the specific structural properties cannot be established. Oriented fabrics can provide strength in a
particular direction, therefore adding different fabrics together can provide strength i different directions.

Both due to the good properties of flax as the fact that most information on biobased composite was about flax these ﬁbres
were used in all calculations. Thereby the provided test samples, see the section on durability, were made with flax fibre:

Other fibres could prove to be just as good, however they require more research before this can be established

0 Research on different natural fibres and combinations
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e menislfrpac
properties are of influence on the environmental impact of a production
pmoess “The required energy, which can be reduced significantly by avoiding
the use of an autoclave. The necessary additional material like molds, vac-
uum bags, etc. and the emissions evaporating during the process. Closed
‘mold and vacuum processes perform better on this matter.

roduction process that fits your design

using an autoclave

e gt like molds, vacuum bags, etc.
0 Avoid harr ions from evaporating

I,

[t

Ba__— T Emlia When loxic solvents are removed

L L from the resin and the biobased

content increases, the shad-
fs de
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Srpsumboad
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Types of polymers
« Thermoplastics (thermosoftening plastics)
« Elastomers (elastic thermoplastics)

« Thermosets (or thermosetting plastics)

The polymers are lassified based on o (e molecules bonc. Thermo-
gain while heated, while mell-

s curing. Elastomers are a group of Thermoplastics, however they are

much more efastic.

Biopolymers
Biopolymers (bio-based polymers or organic plastics) are synthetic materials pro-
duced from renewable raw malerial. Biopolymers are also known as biodegradable
plastics when their compostabilty has been verified by the Europe-an Standard EN
13432. Not all biopolymers are biodegradable.

The resin used for the density and shadowcosts was Supersap resin while for other calcula-
tions the properties of Cardolite resin were s

At this moment there are not many biobased resins available which are actually useful for these
kind of purposes. The avalable resins are usually epoxy resins, and their biobased content varies
between 28 and 47%. More research and innovation could improve the resins quite a lot. Manu-
facturers announced that a 100% biobased resin can be made, however frst more market demand
is needed.

0 Research and innovation on biobased resins

O Increase market demand for biobased resins.

St Accelerated weathering tests

To establish the durabilty op biobased composite and to get an idea
of the estimated lifetime of the material, accelerated weathering test
were carried out.

For new materials there are no test plans defined. Together with
specialsts of SKG-lkob two test were defined for biobased
compose.

The two test performed are:
« Warmth-cold cycle test, which performs 5 cycles of 24
hours for between -20 °C and 70 °C.
« The second test is a freeze-thaw test which per-
forms 30 cycles of 24 hours. The machine first
and then freezes them

up until-20 °C.

« Thereby a inital group of control group was
/s not exposed to any acceler-

ated weathering nfluences.

For each test three coated and three un-
coated samples are use

Results
Tenslle tests much under the accel-
erated weathering tests. The resuls of ths fet are shown n the table on top.

Visually there were alimost no dwifuu‘u.: between the samples before and after the tests.
The edges of tested for

fough, some fibres were sticking out.

These tests must be interpreted as an indication.
« The warmth-cold cycles tested group shows a small increase in tensile strength
and a small decrease in youngs modulus.
« The freeze-thaw cycles tested samples showed a large increase in tensile
strength and a large decrease in youngs modulus,
‘expectation is that when the materi-
al is coated and the bending stiffness

SKG-IKOB '

mon facade materials.

Insulation materials
In the table below common used insulation materials and
biobased or environmental frendly materials re shown regard-
ing their thermal conducti
Since 2015, for new buiings and large renovaions, The thermal
insulation of a construction should at least be 4,5 m2-K/W. This is the
thermal insulation of the complete wall construction.

THERMAL INSULATION

ecause 4,5 m2-KIW is the required minimurm, an office buil
insulated better, which decreases the energy consumption of the building.
‘Therefore the necessary thicknesses are also shown for 6,0 m2-K/W.

sed insulation as biobased or friend-

o bas
Iy insulation materials are showed in the table.

Important s the thermal conductivity of a material, as well as the density of the ma-

terial. The table shows the necessary thicknesses of insulation materials to obtain a

thermal insulation of 4,5 and 6,0 m2-KIW. Besides this, the table shows the consequent
weight

Thermal conductivity biobased composite

‘The thermal conductiviy of biobased composite is 0.056 Wim*K. Compared to wood, with a

average thermal insulation value of 0.18 WIm'K this is very low. This means the material has

a very figh thermal insulation value and can be applied at places where thermal bridges might
appear.
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roon ) T Doy )| Vi T [V application, both for water tightness and UV-radiation.
oot oo ) 2100 @ mw O Coat elements when applied outside
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Off course, when a different color than brown is desired, a color coating should be applied anyway. However the
Ty o[ i) 0 T composition of this coating can possibly be different from coatings for water tightness and UV-blocking purposes
ok o0 i} L] EN ) which might decrease the environmental impact.

oo e oor o 0 o
Sonep o & = T Delamination
Ao o5 i) 5000 For delamination, it is expected that when the material is produced in high quality and an appropriate coating is applied,
e oz w0 ime delamination won'ttake place.

T —— T Coatings can provide:
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Woisture proof outer layer
Delamination can be a probiem.

WEATH&TIGHTN ESS &

APPEARANCE

Coating
Regarding the coating, the focus should be on waer tightness, Therefore the most interesting
test (by its test results) would be a water penetration test.

Also delamination could be a problem.

To be able to test the water tightness accurately, a water penetration test should be carried out. Since
this was not possible, the assumption was made that the material needs o be coated for outside ap
plications, but for interior use it can be applied without a coating. This was also decided regarding the
U-radiation blocking properties of most coatings. NPSP advises to always coat an element for exterior

Circular building principle
“The circular building principles enhances ‘closed loop thinking", adaptive design and upgrading.

S lcen et ki St aC SRR = Wy b=k g deing e et e e
products or materials are used as ‘material ban!

There are !uw demands to a circular material.
It should b
1.0f mgn a
2, 0f sustainable origin
toxic
4. Consistent with the biological cycle and cascade, or one or more technical cycles

Besides these intrinsic properties, a material or product should relate to the design and use of buildings.
Technically this can be defined by the:

« Dimensions (dynamic capacity demands)
« Connections (dry and logical
+ Performance time (defining the lite span)

New stepped strategy
The NSS (new stepped strategy) introduced to specify the link between the material and

product cycles and the building design is based on three steps:

3. Apply legenerahve (circular) solutions.

In the research, a division was made between three aspect of the circular scenario of an
element:

to demount the el d the estimat-

o
ed quality the part has after being used, which is connected with its ifespan

0 Adaptability concerns whether the part can be changed or upgraed, or parts
can be replaced.

o Rlcyclublllly “This research dues not concern the recycleabilty of omer

aterials than biobased composite. To be able to measure the recycli

pcsslblhnes. o dhioon'a madar regamm the abilty to separate the ]
materials.

Reuse was rated highest since this strategy requires the least addi-
tional energy and or material, then Adaptability and last recyclea-
bty

Sandwich constructions
‘Sandwich constructions are materials consisting out of two out-
core material. ¥

CORE MATERIALS

erl
ally glued together.

Core materials
For core materials, both synthetic as biobased materials are available,

Materials based on non-renewable fossil fuels are usually not very envi-

ronmental friendy.

Cork, and second best balsae wood have the lowest embodied energy.

o Bl

nemacata
(athesive) layer L, Sy

Concepts . Flatplte
A study was performed exploring four cor- -
mon used facades in ffice buildings in the .
Netherlands. - = =
This study first focused on different fa- B B =]
cade products, see the graph on top. s B = Trpozsal
Following four facade designs were clement = B
transformed nto biobased designs,
using biobased composite and Timber Glazed
natural based insulation. The frame spanel Gassettes

original designs and concepts siuture

re compared on their
« weight
«insulation value
+ shadowcosts
« circular scenario

NI

i & -
E = B

Sandwich  Adusied  Curtain Timber Adusted
clement  sandwich wal frame mber rame
\ o sincture
Conclusion
‘The graphs above show how many times the weight and shadowcosts in-
crease or element. It

ment in terms of weight and shadowcosts can be made replacing common
used building materials by biobased composite, however not for all de-
signs and materials. To improve the environmental impact the shadow-
costs themselves should be improved 0o,
The circular scenarios tumed out to be equal to those of the original
elements.

Efficiency

For (cost) efficiency lhere are 9 design rules:

N et o

iresded fasteners

: Mirkmioyvariaioh

4. Easy ser and Maintainabi

5. Minimizo lss-mbly directions

6. Consider ease of han

7. Design for multifunctionality

8. Design for ease of production

9. Prefer modular desi

Not sl dengn e are =i o 2l et aeugn therefore compromises might need to be made,
f the other rules

O Minimize part counts
Composite materials offer a good potential for part integration, which minimizes the need for assembly.

O Easy serviceability and Maintainability
Products should be designed in such a way that parts are easy accessible for assembly, disassembly-
and inspection.

O Minimize assembly directions
duct, it rtant to think eded to i

parts.

O Consider ease of handling
For smooth assembly and ease of handling, parts should not be heavy and not have (oo
many curves.

0O Design for ease of production
A design should profit from the strengths of the production technique. A design
should be simplified as much as possible to ease manufacturing and assembly,
‘and be easier understandable for workers

O Prefer modular design
If a product contains standardized modulus, each module can inde-
pendently be designed and improved without affecting the others. Be-
sides this, replacement and assembly will be easy.

MODULARITY &
EFFICIENCTY

Youngs moduli
Unit ] Stesl | Aluminum | Biobssed composte
Voungs modius | [Gpa] | 20 T

|| Thickness
- The el modulus of biobased composite is much lower than that of steel

and al
For me i Iha i Toen o] composite is multiplied by the difference in youngs
modul

Increase bending stiffne:
Options to reduce the nec:ssary material thickness and to increase the bending stifiness are to:
Oadd ribs

O curve the material

O produce a sandwich element

O Increase the dimensions of a hollow profile

ihat the thick-
nesses based on the youngs moduli e (highly) over dimensioned. For the specific calculations see chapter 7 of
esis.
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Research project
This poster was made based on the content of the graduation research “A cirular biobased composile facade, research on @ high
performance and circular application of biobased composite on a facade" as part of my graduation for the track Building Technology
at the Technical University of Delft. The research is performed in cooperation with DGM!

“The building industry produces annually twice as much waste as all the Dutch households together, and is therefore respon-
sible for 40% of the total amount of waste™

“Most construction waste goes into landfils, increasing the burden of larc/il loaciing and operation”

Both quotes together define the problem defiition.
The aim was to explore whether a more environmental friendly composite material could be offered to designers
ile retaining the same design options current materials offer. To do so, the circular possibillies of a facade design
mainly constructed out of biobased composite have been explored.

For more information and the references, see the thesis
“A circular biobased composite facade”
Verlinde, M. F. (2017).
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