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APPENDIX B

Tensile test results
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APPENDIX C
User research Matrix
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APPENDIX E

Energy Measurements

in Watt For printing K

WPC
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APPENDIX F
Energy model
overview and comparison

Printed object:

CityGard Den Bosch

PPGF WPC
Energy Energy
(M1 [(MJ]
0,00 11,45
4,75 4,75
4,06 4,06
0,00 10,40
0,35 0,35
0,59 0,59
2,64 2,64
6,85 6,85
64,62 101,70
30,91 20,62
114,77 163,41

Printing WPC energy consumption

Printing time: 03:12
Average Printing Speed: 8000
# of Fans needed: 3
Material: PPGF WPC PPGF WPC
Process Section Power Power Time Energy Energy
[kw] [kwW] [hours] [kWh] [kWh]
Drying Dryer 0 1,06 3 0,00 3,18
Heating-Up Extruder 2,64 2,64 0,5 1,32 1,32
Heating elements 2,26 2,26 0,5 1,13 1,13
Rinsing Whole printer 0 5,78 0,5 0,00 2,89
Standby Robot 0,19 0,19 0,5 0,10 0,10
Extruder 0,33 0,33 0,5 0,16 0,16
Heating elements 1,47 1,47 0,5 0,73 0,73
Printing Robot 0,59 0,59 3,2 1,90 1,90
Extruder 5,61 8,83 3,2 17,95 28,25
Heat-/Cooling 2,68 1,79 3,2 8,59 5,73
Total 31,88 45,39
GFPP(blue) vs WPC(Orange)
30,00
Heat-/Cooling 13%
25,00
20,00
E
< 15,00
@
10,00
5,00
000 I l == I =
& ¢ ¢ & F ¢ & S ®
° ‘C*‘@ z‘e’@ o\eqk < ‘c}p& u,\z@ © ‘o'*\@ k.\“a° Extruder 62%
$¢% & 600% Q\"P
o &

Dryer 7%

Extruder 3%

Heating elements 3%

Whole printer 6%
~Robot 0%

Extruder 0%
Heating elements 2%

Robot 4%



APPENDIX G

LCA Model GWP for WPC I and II
CFPP and WEFPP (alternatives)

and GFPP PCW and PIW

Jo-It-Yourself LCA Estimation From Lookup Tables

*urpose:

3oundaries:

functional unit: 1 CityGuard that will last for 10 years

[mpact unit: kg CO2 eq.

Jncertainty rubric: 10% for precise data & perfect database match, 30% for plausible substitution, 100%+ for wild guess

Design option:
NPC with solely wood fibre

Caleulated
Impact
Polypropylene - Virgin 1,63 23,840 1,00 10% Use of virgin PP f 28 061155
Wood Waste - VolkerWessel saw dust 0,05 44,700 1,00 50% 2,0399093
Maleated Polypropylene (MAPP) [Binder] 1,65 3,725 1,00 100% Reaction process 6£,1327605
Aerafin 35 [Flow Improvement] 2,43 2,235 1,00 100% 54416663
Compounding 0,19 74,500 1,00 30% Assuming this va 14, 212533
Caleulated
Impact
Collecting Polypropylene 0,086 0,024 38,6 1,00 30% Collected at Tran 0, ,0787094
Collecting Wood Waste 0,086 0,045 192,0 1,00 30% Collected at Tran 0, 7340774
Collecting MAPP 0,086 0,004 97,7 1,00 30% Collected at Tran 0,0311282
Collecting Aerafin 35 0,086 0,002 a7,7 1,00 30% Collected at Tran 0, ,0186760
Transporting Compound 0,086 0,075 1520 1,00 30% Compound to 103 0, 9685743
Calculated
Impact
Drying 0,15 11,45 1,00 10% Collected from m 1,7388501
Heating Up 0,15 8,82 1,00 10% Collected from m 1, 330453
Rinsing 0,15 10,4 1,00 10% Collected from m 1, 5794004
Standby 0,15 3,56 1,00 10% Collected from m 0,5406409
Printing 10% Collected from m 19 616457
Calculated
Impact
Motors 60,000 0,00 50% According to mar 0 225757
Robot material - Cast iron 1,77 987,730 0,00 50% Mass calculated f 0, 3438095
Robot part manufacturing (energy) 0,15 3,555828 0,00 50% https:/ffwww.diva 0,000106
Extruder motor (with manufacturing) 15,66 247 0,00 50% From sensitivity ¢ 0, 759867
Electronics 1055,42 3 0,00 100% From sensitivity ¢ 0, ,621050
Extruder (screw and barrel, discs, gear box, extrut 4,65 521,56 0,00 30% From sensitivity ¢ 0, 476604
Wiring (robot and extruder) 0,15 50 0,00 50% 0,001519
Printing plate 1,63 64,08 0,00 30% 0,020571
Calculated
Impact

Insineration for Electricity - PP 50% Including all the ¢ 26475105
Insineration for Electricity - Wood material -0,83 44,700 1,00 50% -37,20539



Design option:
WPC with added Cellulose & Lignin

Calculated
Impact
Polypropylene - Virgin 10% 38,961155
Wood Waste - VolkerWesse| saw dust 0,05 29,800 1,00 50% 1,3599395
Cellulose Fibre 0,64 11,175 1,00 50% Eco-intensity fror 7, 1647126
Kraft Lignin 0,72 3,725 1,00 50% Eco-intensity fror 2 683413
Maleated Polypropylene (MAPP) [Binder] 1,65 3,725 1,00 100% Reaction process 6,1327605
Aerefin 35 [Flow Improvement] 2,43 2,235 1,00 100% 54416663
Compounding 0,19 74,500 1,00 30% Assuming this va 14 212533
Caleulated
Impact
Collecting Polypropylene 0,086 0,024 38,6 1,00 30% Collected at Tran 0,0787004
Collecting Wood Waste 0,086 0,030 192,0 1,00 30% Collected at Tran 0, 4893840
Collecting Cellulose Fibre 0,086 0,011 12860 1,00 30% Collected at Tran 1,2201073
Collecting Kraft Lignin 0,086 0,004 1286,0 1,00 30% Collected at Tran 0 4097324
Collecting MAPP 0,086 0,004 97,7 1,00 30% Collected at Tran 0,0311282
Collecting Aerafin 35 0,086 0,002 97,7 1,00 30% Collected at Tran 0,0186760
Transporting Compound 0,086 0,075 1520 1,00 30% Compound to 101 09685743
Calculated
Impact
Drying 0,15 11,45 1,00 10% 1,7388591
3D Printing - Heating Extruder 0,15 4,752 1,00 10% 0,7216645
3D Printing - Extruder 0,15 101,7 1,00 10% 15,444713
3D Printing - Robotic Arm 0,15 6,84 1,00 10% 1,0387595
3D Printing - other Heating/Cooling 0,15 24,7 1,00 10% 3,7510759
Calculated
Impact
Motors 19,15 60,000 0,00 50% According to mar (0, 225757
Robot material - Cast iron 1,77 Q87,730 0,00 50% Mass calculated f 0 343805
Robot part manufacturing (energy) 0,15 3,555828 0,00 50% https:/fwww.diva 0,000106
Extruder motor (with manufacturing) 15,66 247 0,00 50% From sensitivity ¢ 0, 759867
Electronics 1055,42 3 0,00 100% From sensitivity ¢ 0,621559
Extruder (screw and barrel, discs, gear box, extruc 4,65 521,56 0,00 30% From sensitivity ¢ 0, 476604
Wiring (robot and extruder) 0,15 50 0,00 50% 0,001519
Printing plate 1,63 64,08 0,00 30% 0,020571
Caleulated
Impact
Insineration for Electricity - PP 1,22 29,800 1,00 50% Including all the s 26475105

Insineration for Electricity - Wood material -0,83 44,700 1,00 50% -37,20539



Design option:

'WPC with solely wood fibre &

Polyprepylene - virgin 10% Use of virgin PP 1
Cellulose Fibre 0,64 29,800 1,00 10%

Maleated Polypropylene (MAPP) [Binder] 1,65 3,725 1,00 100% Reaction process
Aerafin 35 [Flow Improvement] 2,43 2,235 1,00 100%

0,19 74,500 1,00 30% Assuming this va

Collecting Polypropylene 30% Collected at Tran
Collecting Wood Waste 0,086 0,030 1920 1,00 30% Collected at Tran
Collecting MAPP 0,086 0,004 97,7 1,00 30% Collected at Tran
Collecting Aerafin 35 0,086 0,002 97,7 1,00 30% Collected at Tran
Transporting Compound 0,086 0,075 1520 1,00 30% Compound te 10:

Drying 0,15 11,45 1,00 10%
Heating Up 0,15 8,82 1,00 10%
Rinsing 0,15 10,4 1,00 10%
Standby 0,15 3,56 1,00 10%
Printing 0,15 102,38 1,00 10%
Insineration for Electricity - PP 1,22 44,700 1,00 30% Including all the .
Insineration for Electricity - Wood material -0,83 29,800 1,00 30%

Design option:
'WPC with added Cellulose & Lignin

Polypropylene - Downcycled 10%
Wood Waste - VolkerWessel saw dust 0,05 26,075 1,00 50%
Kraft Lignin 0,72 14,900 1,00 50% Eco-intensity fror
Maleated Polypropylene (MAPP) [Binder] 1,65 3,725 1,00 100% Reaction process
Aerefin 35 [Flow Improvement] 2,43 3,725 1,00 100%

I compounding 0,19 74,500 1,00 30% Assuming this va

Collecting Polypropylene 30% Collected at Tran
Collecting Wood Waste 0,086 0,026 1920 1,00 30% Collected at Tran
Collecting Kraft Lignin 0,086 0,015 1286,0 1,00 30% Collected at Tran
Collecting MAPP 0,086 0,004 97,7 1,00 30% Collected at Tran
Caollecting Aerafin 35 0,086 0,004 97,7 1,00 30% Collected at Tran
Transporting Compound 0,086 0,075 1520 1,00 30% Compound to 10:

Drying 0,15 11,45 1,00 10%
Heating Up 0,15 8,82 1,00 10%
Rinsing 0,15 10,4 1,00 10%
Standby 0,15 3,56 1,00 10%
Printing 0,15 129,17 1,00 10%
Insineration for Electricity - PP 1,22 29,800 1,00 30% Including all the .
Insineration for Electricity - Wood material -0,83 44,700 1,00 30%
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Do-It-Yourself LCA Estimation From Lookup Tables

Purpose: To compare different 3DP fillament reciples

Boundaries: Cradle to grave

Functional unit: 1 CityGuard that will last for 10 years Mass: 74,5 kg Measured after printing (2,7 waste 15 Includt
Impact unit: kg CO2 eq.

Uncertalnty rubric: 10% for precise data & perfect database match, 30% for plausible substitution, 100%+ for wild guess

Design option:
Post-consumer waste PP .
Calculated |
Impact
Mechanical recycled plastic pellets (downcycled) (53,5%) 0,32 39,858 1,00 30% But we do not m 12 58045
Glass fibre (23%) 2,05 17,135 1,00 30% Calculated from : 35 11532
Pigment (3%} 3,40 2,235 1,00 30% 7,597092
Antl-microbal (1%)- better post treatment™® 5,22 0,745 1,00 100% https://www.pol' 3 B86353
Flame retardant (5%) (VO V2 - less toxic but less effective) 5.73 3,725 1,00 30% Calculated from : 21 33202
Coupling agent (5%) (MAPP) 1,65 3,725 1,00 30% 6,13277
U .5% (anti-oxldants like Irganox 1010) 2,26 0,373 1,00 30% Bishenollc A from 0 B43215
Mechanicly recycled HOPE (9%) 0,32 6,705 1,00 30% Added for better 2 116338
0,09 74,500 1,00 30% 6,5354262
Compounding 30% Assuming this va 14 21253
0
0
Calculated
Impact
Collecting MAPP 0,09 0,004 97,7 30% Collected at Tran 0 031128
Transporting waste Rotterdam-Amsterdam-Rotterdam 0,09 0,040 156,000 30% Post consumer w0 531824
Transporting compound 0,09F 0,075 31,000 1,00 30% Transporting comr O 157538
Transporting plgment from UnigueQolor 0,09 0,002 69,700 1,00 30% 0,013324
0
calculated
Impact
3D Printing - Extruding 0,15 26,14 1 10% 3,969762
3D Printing - Robotic Arm 0,15 60,81 1 10% 9,234936
3D Printing - Heating 0,15 7,11 1 10% 1,079763
3D Printing - Computing 0,15 28,99 1 10% 4,402579
0
Calculated
Impact |
Motors 159,15 60,000 0,00 50% According to mar 0 225757
Robot materlal - Cast Iren 1,77 987,730 0,00 50% Mass calculated f 0 3430855
Robot part manufacturing (energy ) 0,15 3,555828 0,00 50% H 0,000106
Extruder motor (with manufacturing) 15,66 247 0,00 50% From sensitivity 0O, 755867
Electronlcs 1055,42 3 0,00 100% From sensitivity 0 6215559
Extruder (screw and barrel, discs, gear box, extruder box) 4,65 521,56 0,00 30% From sensltivity 0476804
Wiring (robot and extruder) 0,15 50 0,00 500 0001519
Printing plate 1,63 &4,08 0,00 30% 0,020571

Calculated
Impact

Incineration PP for electricity 1,22 71,800 1,00 10% Including all the o Bo2sy |



Impact
Mechanical recycled plastic pellets (downcycled) 0,32 67,795 1,00 30% Also together with 21 35852
Plgment [3%) 3,40 2,235 1,00 50% 7,597092
Antl-microbal (1%) post treatment 5,22 0,745 1,00 30% https: //www.pol' 3 B86353
Flame retardant (5%) (V0,2 - less toxic but less effective) 5,73 3,725 1,00 30% Calculated from : 21 33220
1]

F#VERW!I

Calculated

Impact
Transporting PIW to Ovimo (277) 5,50558
Transporting from Ovime to 10 XL 0,589097
Transporting plgment from UnigueQolor 0,01319
0

Calculated

Impact
3D Printing - Extruding 3,969762
30 Printing - Robotlc Arm 9,234536
3D Printing - Heating 0,15 7,11 10% 1,079763
3D Printing - Computing 99 10% 4,.402579
0
0

Calculated

Impact
Motors 19,15 60,000 0,00 50% According to mar 0 225757
Robot material - Cast Iron 1,77 987,730 0,00 50% Mass calculated f 0 343855
Robot part manufacturing (energy) | 0..15.| 3,555828 0,00 50% https: /fwww.dlyi 0, 000106
Extruder motor (with manufacturing) . 247 0,00 50% From sensitivity | 0 755867
Electronics 1055,42 3 0,00 100% From sensitivity 06215955
Extruder (screw and barrel, discs, gear box, extruder box) 4,65 521,56 0,00 30% From sensitivity | 0 476604
Wiring (robot and extruder) 0,15 50 0,00 50% 0,001519
Printing plate 1,63 64,08 0,00 30% 0,020571
Calculated

Impact

Incineration PP for electricity 1,22 71,800 1 10046 B7 BB297
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