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OVERALL PROBLEM

STATEMENT

In Europe buildings are responsible for

36% of CO2 emissions.

- EU commision, 2020

Almost 50 million tons of Lignin is 

burnt every year

- C&EN, 2016

In Europe 25 million tonnes of wood 

is discarded annually

- Storaenso, 2020

POLLUTION VS

SUSTAINABILITY

LINEAR VS

CIRCULAR

DESTRUCTION VS

REGENERATION
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In Europe buildings are responsible for

36% of CO2 emissions.

- EU commission, 2020

U.S Landfills receive around 17

million tons of paper & paperboard a

year
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- EPA, 2018
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LITERATURE

REVIEW

Lack of complex window frame
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MAIN PROBLEM 

STATEMENT

Lack of complex window frame

NOT FULLY BIO-

BASED

NOT

PRINTABLE
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RESEARCH 

QUESTION
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What are the potential and limitations of 3D printing a 

window frame with pure cellulose and lignin ?



SUB-

QUESTIONS
Contextual Framework (Exploratory phase)

Why are we looking into AM and wood-based material?

How can it be used sustainably & circularly?

What is the state-of-the-art technology with wood waste or by-products?

Design Evaluation (Experimental phase)

What are the constraints that need to be considered? (extruder, scale of print, access to the laboratory, final recipe) ?

Which printing process is better for 3D printing with cellulose and lignin as feedstocks?

Which tests are necessary to evaluate a window frame?

How can we improve the material recipe made by Thomas Liebrand?

Design Integration (Prototyping phase)

Can we 3D print a window frame?

Which limitations and advantages will influence the shape of the window frame?

Can we replace and/or enhance the performance of a window frame with additive manufacturing? 6



WORKFLOW

OVERVIEW
PROCESS
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WORKFLOW

OVERVIEW
TIMELINE
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MANUAL

PARAMETER
PRACTICE | GRADING
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MANUAL

PARAMETER
PRACTICE | GRADING
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MATERIAL

PROCESS
OVERVIEW

11



BINDING 

AGENTS

MIX 1

ACETON

E

MIX 2

DMSO

MIX 3

XANTHAN 

GUM

MIX 4

CORN 

STARCH

MIX 5

GLYCERIN

E

MIX 6

ALGINAT

E

MIX 7

BONE 

GLUE

MIX 8

WOOD

GLUE

MIX 9

METHYLCELLULOS

E

MIX 10 

BEESWA

X
12

OVERVIE

W



MIX 1

ACETONE

MIX 2

DMSO

MIX 3

XANTHAN GUM

MIX 4

CORN 

STARCH

MIX 5

GLYCERIN

E

MATERIAL EXPERIMENTATION - HOT &

COLD

MIX 6

ALGINATE

MIX 7

BONE 

GLUE

MIX 8

WOOD GLUE

MIX 9

METHYLCELLULOS

E

MIX 10

BEESWA

X

OVERVIE

W

13



MATERIAL
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MECHANICAL

PARAMETER
PRODUCE | TEST
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MECHANICAL

PARAMETER
PRODUCE | TEST
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SPECIMEN 

PRODUCTION
METHOD

MC & WG A + DMSO MC
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STRUCTURAL

TEST

WATER RESISTANCE 

TEST
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MICROSCOPE 

TEST

MECHANICAL

TESTS
OVERVIEW



POROSITY, HOMOGENEITY, FIBER

ORIENTATION
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Pine heartwood
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WATER ABSORPTION - NO COAT
WATER PROPERTIES COMPARISON
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MACHINE

PARAMETER
CONTEXT | SETUP
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MACHINE

PARAMETER
CONTEXT | SETUP
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FULL 

CARTRIDGE
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FIRMWARE | HARDWARE | SOFTWARE

SETUP

LDM WASP EXTRUDER XL 

3.0
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SLICING SOFTWARE

(SIMPLIFY3D)

WIRING SETUP (DUET 3, 

NEMA17)

LOCAL



SIMULATED

WORKSPACE

ROBOTS PLUG-IN 

CONTROLLER

3D PRINTING SETUP (CUSTOM

TOOL)

GLOBA
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SETUP
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SIMULATED

OVERVIEW

ROBOTS PLUG-IN

CONTROLLER
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PRINTING 

PARAMETER
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PRINTING 

PARAMETER
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PRINCIPAL GEOMETRY

TESTINGLIMITATION &

POTENTIAL
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OVERLAP

TESTING
LIMITATION & POTENTIAL
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OVERHANG

TESTING
LIMITATION & POTENTIAL
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WINDOW

PARAMETER
DESIGN | PROTOTYPE
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WINDOW

PARAMETER
DESIGN | PROTOTYPE
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DESIGN

CONSIDERATIONS
OVERVIEW
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CORNER OF WINDOW FRAME

TYPOLOGY
DESIGN GUIDELINE 1
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STRAIGHT TO CURVE

BORDER
DESIGN GUIDELINE 2
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HEIGHT & 

OVERHANG
DESIGN GUIDELINE 3
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TOOLPATH
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FINAL MODEL
CONSTRUCTION

PROCESS
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FINAL DIGITAL
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ORIENTATION
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CONSIDERATION

S
LIMITATION & POTENTIAL

CONNECTION TO
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FUTURE 

VISION
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PROCESS
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PROCESS
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CONSTRUCTION

PROCESS
FACTORY SETTING
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HEIGHT & 
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CONSTRUCTION

PROCESS
ON SITE SETTING
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HEIGHT & 

OVERHANG

55



FUTURE 

CONNECTION
CONNECTION FROM WALL TO FRAME
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