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APPENDICES

Appendix A Life Cycle Inventory (LCI)

Table A1 Results of the inventory analysis of one ton of cassava root (Khongsiri,
2009)

Input Output

Type Quantity ~ Unit Type Quantity ~ Unit
Raw material Products
Cassava stems 345 pieces cassava root 1000 kg
cassava peel 1076 kg cassava residue 555.048 kg
chicken ma- 2580 kg Cassava stems 872 piece
nure _ o
N-fertilizer 1.249 kg Alremissions
P-fertilizer 0.7 kg carbondioxide 8.315 kg
K-fertilizer 1.336 kg nitrogenoxide 0.171 kg
Alachlor 0.096 kg sulfurdioxide 0.011 kg
Paraquat 0.15 kg nitrousoxide 0.044 kg
Glyphosate 0.292 kg ammonia 0.264 kg
Zinc 0.086 kg  volatile organic com- 0.058 kg

pound

Fuel

Diesel 2.475 kg
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Table A2 Results of the inventory analysis of one ton of cassava starch (Khongsiri,

2009)

Type

Raw material
cassava root

sulfur

water
Fuel/Electricity
Fuel oil
Electricity

Input

Quantity ~ Unit

4,803.101 kg
0.951 kg

12,435.76 kg

34.504 L

176.769 Kwh

Output

Type
Product

cassava starch
By products
cassava peel
Rhizome
cassava residue
sand

Waste

starch losses

AIr emissions
carbondioxide
nitrogenoxide
sulfurdioxide
vapor o
Water emissions
Waste water
BOD

COoD

total nitrogen
total phosphorus
Suspended solids

Quantity

1000.000

135.994
68.224
1457.275
20.000

121.582

61.530
252.270
330.960
212.638

13664.654
127.570
265.131

6.503
0.400
90.048

Unit

kg

kg
kg
kg
kg

kg

kg
kg
kg
kg
kg
kg
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Table A3 Results of the inventory analysis of one ton of cassava starch with biogas
production line

Input Output

Item Quantity  Unit |tem Quantity  Unit

Raw material Product

cassava root 4,500 kg cassava starch 1000.000 kg

sulfur 0554 kg By products

water 12.67 m3 cassava peel 248.6 kg

Fuel/Electricity Rhizome 24836 kg

Electricity 121.065  Kwh  cassava residue 460.47 kg

Fuel oil 1.189214 kg sand 17.71 kg
Alr emissions
carbondioxide 4.126 kg
nitrogenoxide 0.036 kg
carbonmonoxide 0.0044 kg
sulfur oxide 0.0073 kg
Water emissions
Waste water 19.628 m3
BOD 0.927 kg
CoD 4.17 kg
suspended solids 3.326 kg
TDS 65.661 kg
Oil & grease 0.216 kg

Table A4 Results of the inventory analysis of one ton of sugar

Input Output

|tem Quantity ~ Unit Item Quantity  Unit
Raw material Product
cassava starch 1.05 ton  Sugar(D-glucose) 1 ton
Sulfuric acid (100%) 1.207173913 kg  Water emissions
Sodium hydroxide (50%) 0.756495652 kg  waste water 6.89 m3
water 21 m3
Fuel/Electricity
Fuel oil 6.67 L

Electricity 144 kWh
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Table A5 Results of the inventory analysis of one kilogram Cassava-based PLA res-
in

Input Output

Type Quantity  Unit Type Quantity Unit
Raw material Product
Sugar 134673 kg PLLA resin 1 kg
Lime 0513893 kg  Water emissions
Sulfuric acid 0.644928 kg  waste water 0.00008 kg
(NH4)2504 0.03 kg
ammonia 0.01027 kg
phosphoric acid 0.01973 kg
Fuel/Electricity
Diesel for inbound transportation 0.024742 L
Electricity 1.087344 kWh
Steam 0.651537 kg

Table Ae Results of the inventory analysis of sugarcane plantation in Thailand

Input Output
Type Unit  Amount Type Unit  Amount
Fuel Product
Diesel liter ~ 0.00142696 Sugarcane kg 1
Chemical: Co-product

Fertilizer (N) kg 0.00178048 Cane trash - 0% burning kg  0.19999871
Fertilizer (P) kg 0.00082918
Fertilizer (K) kg 0.00073919

Paraquat kg 1.2855E-05
Atrazine kg 4.4994E-05
Ametryne kg 3.2139E-05

2,4-D kg 1.2855E-05
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Table A7 Results of the inventory analysis of sugarcane milling in Thailand

Input Inventory

Type
Raw material

Sugarcane plant

Energy

Production of
Electricity

& Steam Bagasse
mainly & other

-Electricityfrom
bagasse

-Steam from ba-
gasse
Chemical

Lime

Sodium chloride
Hydrochloric acid
Si02

Biocide
Aluminium sulfate
Caustic soda flake

Flocculants
Miscellaneous

Unit

kg

kg

kWh

kg

Amount

128.3630363

35.73267327

223019802

57.7169967

0.270627063
0.100660066
5.77558E-05
0.00029703
0.000470297
0.000478548
0.000148515

0.004950495
0.000734323

Output Inventory

Type
Product

Raw sugar

W hite sugar
Pure white sugar

Co-product

Molasses

Surplus bagasse
and others
Electricity for sale

Unit  Amount
kg 10.1757
kg 1
kg  2.88944
kg  4.65759
kg 11.8028

kKWh 057508
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Table As Results of the inventory analysis of PLA garbage bag production from
company based on one kg of bioplastic product

Transportation of PLA resin

Input Inventory Output Inventory S S ||||
Description ~ Unit  Amount Description Unit  Amount
Resource Product
Diesel ky 000311 Cassava-based PLA resin kg I

Emissions to air

Carbon dioxide (C02) g 976954
Carbon monoxide (CO) g 0033469
Nitrogen oxides (NOX) g 0100599
Particulate matter (PM) g 000755
Hydrocarbons (HC) g 0.008736
Methane (CH4) g 0000218
Benzene (C2H0) g 0000166
Toluene (CTH) g 6.99E-05
Xylene (C8l11) g 6.99E-05
Non - methane volatile organic compounds (NMVOCs) ¢ 0.016674
Sulfur oxides (SOX) g 0002105
Nitrous Oxide (N20) g 0000387
Cadmium g 3.00E-08
Copper g 5.11E-06
Chromium g  |50E-07
Nickel g 2.0E-07
Selenium g 3.00E-08
Zinc g  3.00E-06
Lead g 33210
Mercury g 6.00E-11



f: x5 mputinventory
Description Unit
Resource
PLA resin kg
Utilities
Electricity kWh

Input Inventory
Description Unit

Resources
Virgin PLA
resin kg
Recycle PLA
resin kg
Printing color
A kg
Utilities
Electricity for
blowing kWh
Electricity for
printing kWh

Input Inventory’
Description Unit

Resource
Printed bag kg
Utility
Electricity kWh

~ Input Inventory
Description Unit

Resource
Scrap kg
Utility
Electricity kWh
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Drying
Output Inventory
Amount Description Unit Amount
Product
1.1 Dried PLA resin kg 1.1
0.03652
Blowing & Printing
Output Inventory
Amount Description Unit Amount
Product
L1 Uncut bag kg 1.07692308
0.05384615 Solid Waste
0.06153846  Scrap kg 0.07692308
0.27692308
0.08076923
Cutting
Output Inventory
Amount Description Unit Amount
Product
1.07692308 Garbage bhag kg 1
Solid Waste
0.11769231  Scrap kg 0.07692308
Recycling
~ Output Inventory
Amount Description Unit Amount
Product
Recycle PLA
005384615 oo kg 0.05384615
0.0125641



Transportation of PLA product

Input v

Descriptioin ~ Unit ~ Amount Description Unit  Amount

Resources Product

Diesel ky 0003084 PLA Garbage bag kg !

Barge kokm 65  Emissions air
Carbon dioxide (C02 g 96888
Carbon monoxide (CO) g 0033192
Nitrogen oxides (NOX) 9 0099768
Particulate matter (PM) g 0.007488
Hydrocarbons (HC) 9 0.008664
Methane (CH4) 9 0000216
Benzene (C2H6) 9 0000165
Toluene (CTHY) 0  6.94E-05
Xylene (CgH1) g 6.94E-05
Non - methane volatile organic compounds (NMVOCs) g (016536
Sulfur oxides (SOX) 9 0002088
Nitrous Oxide (N2) 9 0.000384
Cadmium g 2.98E-08
Copper 9 5.06E-06
Chromium 9 14907
Nickel 9 209E-07
Selenium g 2.98E-08
Zinc g 2.98E-06
Lead 9 329E-10
Mercury 9  595E-11
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Table A9 Results of the inventory analysis of PBS garbage bag production based on
one kg of bioplastic product

Transportation of PLA resin

Inputl »

Description ~ Unit ~ Amount Description Unit  Amount

Resource Product

Diesel kg 000311 PBSresin ky 11
Emissions to air
Carbon dioxide (C02 g 97694
Carbon monoxide (CO) g 0.033469
Nitrogen oxides (NOX) g 0100599
Particulate matter (PM) g 000755
Hydrocarbons (HC) g 0.008736
Methane (CH4) g 0000218
Benzene (C2H6) g 0000166
Toluene (CHg) g 69905
Xylene (CgH|0) g 69905
Non - methane volatile organic compounds (NMVOCs) ¢ 0.016674
Sulfur oxices (SOX) g 0.002105
Nitrous Oxide (N20) g 0.000387
Cadmium g  3.00E-08
Copper g O.l1E-06
Chromium g  L90E07
Nickel g  210e-07
Selenium g 3.00E-08
Zinc g  3.00E-06
Lead g 332E10
Mercury g 6.00E-11
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| T@ |%1 1
Description Unit .. ! Amount

Resource Product

PBS resin kg 11 Dried PBS resin kg 11
Utility

Electricity kWh 0.03652

Blowing & Printing
Input Inventory ~ Qutput Inventory

Description Unit  Amount Description Unit Amount
Resources Producs
Virgin PBS

resin kg 11 Uncut bag kg 107692308
Recycle PBS ,

resin kg 0.05384615 Solid Waste
Printing color kg 0.06153846 Scrap kg 0.07692308
Utilities
Electricity for

plowing KwWh  0.27692308
Electricity for

orinting KwWh  0.08076923 |

Cutting
Description 1 Unit  Amount Description Unit Amount
Resource Product
Printed bag kg 1.07692308 Garbage bag kg |
Utility Solid Waste
Electricity kWh 0.11769231  Scrap kg 0.07692308
Recycling

Description 1 Unit  Amount Description
Resource Product
Serap g 00538415 ReOVUEPBSTES g 05384615
Utility

Electricity kWh 0.0125641



[nput Inventory

Descriptioin
Resources
Diesel

Barge

Unit

kg
kgkm

Amount

0.003084
6.5

Transportation of PLA product
Output Inventory
Description
Product
PBS Garbage bag
Emissions to air

Carbon dioxide (C02
Carbon monoxide (CO)
Nitrogen oxides (NO¥)
Particulate matter (PM)
Hydrocarbons (HC)
Methane (CH4)
Benzene (C2HO)
Toluene (CTHY)
Xylene (C»H,0)

Non - methane volatile organic compounds (NMVOCs)
Sulfur oxides (SOX)
Nitrous Oxide (N2)
Cadmium

Copper

Chromium

Nickel

Selenium

Zinc

Lead

Mercury

Unit

[{e BN { e BN { e BN d oo BN J o> BN d o> BN { e BN { e BN (o> BN d o> BN (oo BN da> BN (oo BN (o> BN (o> B (o BN (oo BN (o BN (o BN (e )
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Amount

N

9.6868
0033192
0099768
0007488
0.008664
0000216
0.000165
6.94E-05
6.94E-05
0016536
0002088
0000384
2.98E-08
5.06E-06
1.49E-07
2.09E-07
2.98E-08
2.98E-06
3.29E-10
59511
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Table A10 Results of the inventory analysis of garbage bag production from poly-
ethylene based on one kg of garbage hag

Transportation of HDPE,LDPE and LLDPE resin

Input Inventory Output Inventory

Descriptioin ~ Unit Amount Description Unit Amount

Resource Products

Diesel ky 0002781 HDPE & LDPE and LLDPE resin kg 0.9835/143
Emissions to air
Carbon dioxide (C02) g 87391
Carbon monoxide (CO) 0 00299
Nitrogen oxides (NOX g 0089952
Particulate matter (PM) g 0006751
Hydrocarbons (HC) g 0007812
Methane (CH4) 9 000019
Benzene (C2Ho) g 0000148
Toluene (CTH9) 9  6.25E-05
Xylene (CgHo) g 6.25E05
Non - methane volatile organic compounds (NMVOCs) g 014909
Sulfur oxides (SOX g 0001883
Nitrous Oxicle (N2D) g 0000346
Cadmium g  268E-08
Copper 9  457E-06
Chromium g  LAE07
Nickel g 188E07
Selenium g  268E08
Zinc 0  268E-06
Lead 0  29E-10
Mercury g  537E-11



Input Inventory

Description Unit
Resources
HDPE kg
LDPE kg
LLDPE kg
Recycle resin kg
Master batch kg
Utilities
Electricity kWh
Input Inventory
Description Unit
Resources
Mixed resin k
Printing color A kg
Toluene kg
Isopropanol kg
Ethanol 99.7 % kg
Utilities
Electricity for
téllowir]g_ ! f kith
ectricity for
printingy kWWh
Inputinventory
Description Unit
Resource
Printed hag kg
Utility
Electricity kWh

Mixing
Out put Inventory
Amount Description Unit
Product
0.67678571  Mixed resin kg
0.21475
0.09203571
0.05357143
0.03428571
0.00178571
Blowing & Printing
Output Inventory
Amount Description Unit
Product
1.07142857  Uncut bag kg
0.00137363 Solid Waste
0.04201007  Serap kg
0.02106227
0.0069826
0.36285714
0.075
Cutting
Output Inventory
Amount Description Unit
Product
1.02142857  Garbage bag kg
Solid Waste
011714286  Scrap kg
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Amount

1.07142857

Amount

1.02142857

0.05

Amount

0.02142857



[nput Inventory

1 Description

Resource
Scrap
Utility
Electricity

Descriptioin
Resource
Diesel

Barge

Unit

ky

Kwh

Lint

kg
kokm

Amount

0.05357143

0.025

Amount

0.003084
6.5

Recycling
Output Inventory
Description

Product

Recycle resin

Transportation of PLA product

Description
Product

Garbage bag

Emissions to air
Carton dioxide (C02

Carbon monoxide (CO)
Nitrogen oxices (NOx)
Particulate matter (PM)
Hydrocarhons (HC)
Methane (CH4
Benzene (C2H)
Toluene (C7H)

Xylene (CgHio)

Non - methane volatile organic compounds (NMVOCs)
Sulfur oxides (SOX)
Nitrous Oxide (ND)
Cadmium

Copper

Chromium

Nickel

Selenium

Zinc

Lead

Mercury

Unit

kg
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Amount

0.05357143

Unit 1 Amount

ky
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9.6888
0.033192
0.099768
0.007488
0.008664
0.000216
0.000165
6.94E-05
6.94E-05
0.016536
0.002088
0.000384
2.98E-08
5.06E-06
149E-07
2.09E-07
2.98E-08
2.98E-06
3.29E-10
5.95E-11



Table All' Emissions from transportation for waste collection
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Table A12 Results of the inventory analysis of landfill scenario (without energy re-
covery) based on one kg of PLA bioplastic waste

Landfill scenario (without energy recovery)

Input Inventor}' .'Qz: .- L . Output In rentory
Descriptioin Unit  Amount Description Unit 1 Amount
Resources 1Emissions to Air
Bioplastic waste kg 1 COo g 0.099
Diesel kg 000513  COz (fossil) i 16.34
Electricity KWh 000225 ch4 g 0.022
Tap water kg 0.00493  NOx g 0.327
Wire kg 000164 nd g 0.0004
SOx g 0.027
CHe (biogenic) g 600
Emissions to Water
BOD 0 0.0658
CoD 0 0.1088

Table A13 Results of the inventory analysis of recycling scenario based on one kg
of PLA bioplastic waste

Recycling scenario

Input Inventory Output Inventory
Descriptioin Unit  Amount Description Unit  Amount
Resources Product
Bioplastic waste kg 1 PLA resin kg 061
W ater m3 0.005  Emission toAir
Utilities C02 kg 032
Electricity MJ 21 Solid Waste

Plastic waste kg 0.19
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Table A14 Results of the inventory analysis of landfill scenario (with energy recov-
ery) based on one kg of PLA bioplastic waste

Landfill scenario (with energy recovery)

Input Inventory Output Invente —
Descriptioin Unit  Amount Description ~ Unit  Amount

Resources Product

Bioplastic waste kg 1 E lctricity ~kwh L5

Diesel kg 0.00513  Emissions to Alr

Electricity kwh 000225 CO g 0.099

Water kg 0.00493  C02(fossil) 0 16.34

Wire kg 0.00164 cnd 0 0.022
NOX g 0.327
n 2 g 0.0004
SOx g 0.027
CH4(hiogenic) 0 300

Emissions to Water
BOD g 0.0658
coD 0 0.1088
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Table A5 Results of the inventory analysis of composting scenario based on one
kg of bioplastic (PLA) waste

Composting scenario
npu VAL ory Output Im entory
Descriptioin Unit  Amount Description Unit  Amount
Resources Product
Bioplastic waste kg 1 Soil container kg 0.13
Electricity kWh 0.0006  Emissions to Air
Water 1 0.0082  CO:(fossil) kg  6.89E-06
Diesel kg 2.55E-05 CO kg 4.96E-07
CH. kg 1.10E-07
NO* kg 1.63E-06
SOX kg 2.18E-09

CO: (biogenic) kg 1414



Table A6 Results of the inventory analysis of incineration with energy recovery
scenario based on one kg of bioplastic (PLA) product

168
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Table AL7 Results of the inventory analysis of landfill scenario (without energy re-

covery) based on one kg of PBS hioplastic waste

Landfill scenario (without energy recovery)

mgii Tt M ar 1 1] QOutput In‘rentory
Descriptioin Unit  Amount Description Unit
Resources Emissions to Air
Bioplastic waste kg 1 Q0 g
Diesel kg 000513  CO2(fossil) g
Electricity KWh 000225 CH4 g
Tap water kg 000493  NO* g
Wire kg 000164 nd g
50X 0
CH4(biogenic) g
Emissions to Water
BOD 0
COD 0

Amount

0.099

16.34
0.022
0.321
0.0004
0.027
669.31

0.0658
0.1088

Table A18 Results of the inventory analysis of composting scenario based on one

kg of bioplastic (PBS) waste

Output Inventory
1 Unit

Composting scenario
Descriptioin Unit  Amount Description
Resources Product
Bioplastic waste kg 1 Soil container
Electricity kWh 0.0006  Emissions to Air
Water 1 0.0082  CO:(fossil)
Diesel kg 2.55E-05 CO
chid
NO*
SOX
02

Amount

0.13

6.89E-06
4.96E-07
1.10E-07
1.63E-06
2.18E-09
0.835
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Table A19 Results of the inventory analysis of landfill scenario (with energy recov-
ery) based on one kg of PBS hioplastic waste

Landfill scenario (with energy recovery)

Input Inventory i 111 Output Inventory
Descriptioin Unit  Amount Description  Unit  Amount

Resources Product

Bioplastic waste kg 1 Electricity KWh 15

Diesel kg 000513  Emissions to Air

Electricity kWh 000225 CO g 0.099

Water kg 0.00493  COz (fossil) g 16.34

Wire kg 0.00164  ch4 g 0.022
NO* g 0.327
n20 g 0.0004
soX g 0.027
CHa (biogenic) g 334.655
Emissions to Water
BOD 0 0.0658
COD 0 0.1088



Table A20 Results of the inventory analysis of incineration with energy recovery

scenario based on one kg of bioplastic (PBS) product

Incineration scenario

mn

Description erni; Amount  Remark  Description - Unit - Afpoupt, Remark

Resources

Bioplastic product k% 1
HCL 35% 0.000036
NaOH 50% 1 0.000037
Lime kg  0.00466
Electricity KWh  0.0429
Diesl kg 0.000185
Water kg 0.002%4
Lubricating oil kg 0.000019

Products
Electricity ~ kWh

Emission to Air

CO2(biotic) kg
CO2(abiotic) kg
CHa(biotic) kg
N2 (biotic) kg

NOx kg
CO kg
SOX kg
CEL kg
Emissionto Soil

Ash kg
Emission to Water

\Wastewater kg

15

108
0.96
0.0002
0.00006
0.0008
0.00025
0.00002
0.00198

001
0.02
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Table A21 Results of the inventory analysis of landfill scenario (without energy re-
covery) based on one kg of PE plastic waste

Landfill scenario (without energy recovery)

~ Input Inventory Output Inventory
Descriptioin Unit  Amount Description Unit  Amount
Resources Emissions to Air
PE garbage bag waste kg 1 CO 0 0.099
Diesel kg 000513  CO2(fossil) g el
Electricity kwh 000225 cm g 4291
Tap water kg 000493 NOx g 037
Wire kg 000164 n2) g 00004
SOX g 0.027
Emissions to Water
Wiaste water m3  4.25E-05
BOD g 00658
COD g 01088

Table A22 Results of the inventory analysis of incineration (open burning) scenario
based on one kg of PE plastic waste

Incineration scenario (open burning)

! Input Inventory Output Inventory
Descriptioin Unit  Amount Description Unit ~ Amount

1Resources Emissions to Air

PE garbage bag waste kg 1 PM 0 1.92
SOx g 0.49
NOX g 297
co g 42,06
C02 g 45506
chd g 6.43
Emissions to Soil
Ash kg 001

1
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Table A23 Results of the inventory analysis of recycling scenario based on one kg
of PE plastic waste

Recycling scenario
.M. c Output Inventory [JgggP Il
Descriptioin Unit  Amount Description Unit 1Amount

Resources [Product
PE garbage bag waste kg 1 PEresin kg 081
Water m3 0.005  Emission to Air

1Utilities C02 kg 032
Electricity MJ 21 Solid Waste

Plastic waste kg 019
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Appendix B Life Cycle Impact Assessment (LCIA)

Table BL Results of the impact assessment 1 kg cassava root by using CML 2 base-
line 2000 VV2.03/World, 1995

Impact category Unit Total
abiotic depletion kg Sbeg 0.000183013
global warming (GWP100) kg C02 eq -3.2TE-02
ozone layer depletion (ODP) kg CFC-11 eq 1.13E-09
human toxicity kg 1,4-DB eq 0.003732568
fresh water aquatic ecotox. kg 1,4-DB e 0.000492251
marine aquatic ecotoxicity kg 1,4-DB eq 3.687316
terrestrial ecotoxicity kg 14-DB e 1.21E-04
photochemical oxidation kg C2H4 4.32E-06
acidification kg S02 eq 6.37E-04
eutrophication kg P04—eq 0.000125512

Table B2 Results of the impact assessment 1kg cassava root by using Eco-indicator
95 V2,03 / Europe ¢

Impact category Unit Total
greenhouse kg C02 -3.38E-02
0zone layer kg CFC11 1.32E-09
acidification kg S02 1.44E-04
eutrophication kg P04 1.20E-04
heavy metals kg Pb 9.46E-08
carcinogens kg B(a)P 4.03E-10
winter smog kg SPM 1.63E-05
summer smog kg C2H4 2.86E-05
pesticides kg act.subst 0
energy resources MJLHV 040776617

solid waste kg 1.16E-05
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Table B3 Results of the impact assessment 1kg cassava starch production without
biogas by using CML 2 baseline 2000 V2.03 / World, 19%

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
kg Sh eg
kg C02 eqg
kg CFC-
kg 14-DB eq
kg 1,4-DB eq
kg 14-DB eqg
kg 1,4-DB eq
kg C2H4

kg S02 g
kg PO4—eq

11 eq

Total
1.04E-03
1.52E-02
6.79E-08
0.017279
0.003362
1.59E+01
0.000259
2.20E-05
0.001543
0.003906

Table B4 Results of the impact assessment 1kg cassava starch production without
biogas by using Eco-indicator 95 V2.03 / Europe ¢

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
ENergy resources
solid waste

Unit

kg C02
kg CFCLL
kg S02
kg P04
tg Pb

B(a)P
o
kg C2H4
kg act.subst
MILHV

kg

Total
1.25E-02
9.01E-08
0.001734
3.90E-03
2.55E-07
9.33E-10
3.90E-04
1.01E-04
0.00E+00
1.990098
71.41E-05
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Table BS Results of the impact assessment 1kg cassava starch production with bio-
gas by using CML 2 baseline 2000 V.03 / World, 1995

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit

kg14DBeq

kg C2H4
kg S02 eq
kg P04— eq

Total
0.000914
-3.63E-02
6.38E-09
0.010307
0.001396
9.966501
0.000313
1.45E-05
0.001771
0.000389

Table B6 Results of the impact assessment 1 kg cassava starch production with hio-
gas by using Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
0zone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
ENergy resources
solid waste

Unit
kg C02
kg CFCL1
kg S02
kg P04
kg Pb
ko B(a
gl
kg C2H4
kg act.subst
MILHV

kg

Total
-0.03922
8.02E-09
0.002056
0.000375
2.49E-07
1.08E-09
0.000274
7.86E-05

0
1.714274
8.58E-05



1

Table B7 Results of the impact assessment 1kg sugar production from cassava
without hiogas by using CML 2 baseline 2000 V2,03 / World, 199

Impact category Unit Total
abiotic depletion kg Sh eq 0.002128
global warming (GWP 100) kg C02 eq 0.112685
ozone layer depletion (ODP) kg CFC-11 eq 1.14E-08
human toxicity kg 1,4-DB eq 0.019069
fresh water aquatic ecotox. kg 1,4-DB eq 0.003628
marine aquatic ecotoxicity kg 1,4-DB eq 1741673
terrestrial ecotoxicity kg 1,4-DB eq 0.000293
photochemical oxidation kg C2H4 3.21E-05
acidification kg 02 eq 0.001954
eutrophication kg P04— eq 0.004132

Table B8 Results of the impact assessment 1 kg sugar production from cassava
without biogas by using Eco-indicator 95 V2.03 / Europe e

Impact category Unit Total

greenhouse kg C02 0.109607
ozone layer kg CFCLL 9.48E-08
acidification kg S02 0.002166
eutrophication kg P04 0.004121
heavy metals kg Pb 2.97E-07
carcinogens kg B(a)P 1.15E-09
winter smog kg SPM 0.000614
summer smog kg C2H4 1.29E-04
pesticides kg act.subst 0

energy resources MJLHV 3.704846

solid waste kg 0.000301
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Table B9 Results of the impact assessment 1kg sugar production from cassava with
biogas by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
abiotic depletion kg She 0.00199
global warming (GWP 100) kg C02 eq 0.058597
ozone layer depletion (ODP) kg CFC-11 eqg 6.86E-09
human toxicity kg 14-DB eqg 1I7E-02
fresh water aquatic ecotox. kg 1,4-DB eq 0.001564
marine aquatic ecotoxicity kg 1,4-DB eqg 11.22664
terrestrial ecotoxicity kg 1,4-DB eq 0.00035
photochemical oxidation kg C2H4 2.42E-05
acidification kg S02 eqg 2.19E-03
eutrophication kg PO4—eq 0.000439

Table BIO Results of the impact assessment 1kg sugar production from cassava
with biogas by using Eco-indicator 95 V2,03 / Europe ¢

Impact category Unit Total
greenhouse kg C02 0.055321
ozone layer kg CFC11 8.01E-09
acidification kg S02 0.002503
eutrophication kg P04 0.000424
heavy metals kg Pb 2 91E-07
carcinogens kg B(a)P 1.30E-09
winter smog kg SPM 0.000492
summer smog kg C2H4 0.000105
pesticides kg act.subst 0
eNergy resources MJLHV 3415231

solid waste kg 0.000313
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Table BIl Results of the impact assessment 1 kg Cassava-based PLA resin produc-
tion in Thailand hased on PURAC (without hiogas system) by using CML 2 baseline

2000 V2.03/World, 19%

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
e
g C02 eq

g 1,4-DB eq
4

k

kg C

kg CFC-11 eq
kg 1

kg 1,4-DB eq
kg 1

Total
1.41E-02
1.80E+00
1.43E-07
0.191315
0.066756

198.546
0.002385
0.000515
0.01499
0.006278

Table B12 Results of the impact assessment 1 kg Cassava-based PLA resin produc-
tion in Thailand based on PURAC (without biogas system) by using Eco-indicator 95

V2.03 | Europe ¢

Impact category
greenhouse
0zone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
ENergy resources
solid waste

Unit
kg C02
kg CFCL1
kg S02
kg P04
kg Pb
koB(a)P
kg SPM
kg C2H4
kg act.subst
MILHV

kg

Total
1.78E+00
1.78E-07
0.013982
6.26E-03
5.24E-06
4 30E-08
0.01034
0.008349
2412874
0.114438
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Table B13 Results of the impact assessment 1kg Cassava-hased PLA resin produc-
tion in Thailand hased on PURAC (with biogas system) by using CML 2 baseline

2000 V2.03/World, 199

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
kg Sb eq
kg C02 eqg
kg CFC-
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4
kg S02 eqg
kg P04—eq

11 eg

Total
0.013086
1.473007
6.93E-08
1.71E-01
0.066152
188.3187
0.002395
0.000556
0.015277
0.001292

Table B14 Results of the impact assessment 1 kg Cassava-based PLA resin produc-
tion in Thailand based on PURAC (with hiogas system) by using Eco-indicator %

V2,03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

Unit
kg C02
kg CFC11
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MILHV

kg

Total
1.454755
7.93E-08
0.014366
0.001272
5.38E-06
3.20E-08
0.010269
0.008327
22.72889
0.001398



Table B15 Results of the impact assessment 1kg sugarcane plantation by using
CML 2 baseline 2000 V2,03 / World, 199

Impact category Unit Total
Abiotic depletion kg Sheq 8.64E-05
Acidification kg S02 eqg 7.93E-05
Eutrophication kg P04— eq 9.33E-06
Global warming (GWP100) kg C02 eq -0.17201
Ozone layer depletion (ODP) kgCFC-11 eq 6.84E-10
Human toxicity kg 1,4-DB eq 0.000684
Fresh water aquatic ecotox. kg 14-DB eq 8.17E-05
Marine aquatic ecotoxicity kg 1,4-DB eq 0.382739
Terrestrial ecotoxicity kg 1,4-DB eq 1.13E-05
Photochemical oxidation kg C2H4 2.28E-06

Table B16 Results of the impact assessment 1kg sugarcane plantation by using
Eco-indicator 95 V2.03 / Europe e

Impact category Unit Total

Greenhouse kg C02 -0.17314
Ozone layer kg CFC11 8.9E-10
Acidification kg S02 8.39E-05
Eutrophication kg P04 9.14E-06
Heavy metals kg Pb 1.32E-08
Carcinogens kg B(a)P 6.32E-11
Pesticides kg act.subst 0
Summer smog kg C2H4 2.05E-06
Winter smog kg SPM 3.56E-05
Energy resources JLHV 0.182307
Solid waste kg 0
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Table B17 Results of the impact assessment 1kg sugar production from sugarcane
by using CML 2 haseline 2000 V203 / World, 199

Impact category

Abiotic depletion
Acidification

Eutrophication

Glohal warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity

Fresh water aguatic ecotox.

Marine a

uatic ecotoxicity

Terrestriaﬂ ecotoxicity
Photochemical oxidation

g3
S
gP

e
2qeq

b
r
—¢
90 0
F

g C02 eq

4
4
4

i
: 1
14
2

ot

D
D
D
D
4

B eg

k

k

k

k

Ilzg CFC-11 eg
k B eg
k B eg
K Be
k

Total
0.000193
0.000393
4.69E-05
-1.10114
4.33E-09
0.005391
0.000744
2.693525
1.97E-05

1.2E-05

Table B18 Results of the impact assessment 1kg sugar production from sugarcane
by using Eco-indicator 95 V2.03 / Europe ¢

Impact category

Greenhouse
Ozone layer
Acidification
Eutrophication
Heavy metals
Carcinogens
Pesticides
Summer smog
Winter smog

Ene
Soli

d

Y resources
waste

Unit

kg C02
kg CFCL1
kg S02
kg P04
kg Pb
kg B(a)P
kg act.subst
kg C2H4
kg SPM

JLHV
kg

Total
-1.10815
5.61E-09
0.000414
4 56E-05
1.23E-07
6.410E-10

1.08E-05
0.000166
0.633174
-4.6E-05
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Table B19 Results of the impact assessment 1kg succinic acid production by using
CML 2 baseline 2000 V2.03 / World, 199

Impact category Unit Total

Abiotic depletion kg Sb eq 0.032299
Acidification kg S02 eq 0.023216
Eutrophication kg P04— eq 0.000846
Global warming (GWP 100?3 kg C02 eqg 2.382442
Ozone layer depletion (ODP) kg CFC-11eq 3.66E-07
Human toxicity kg 1,4-DB €qg 1.250947
Fresh water aquatic ecotox. kg 1,4-DB e 0.124059
Marine a(1uat|c ecotoxicity kg 1,4-DB e 573499
Terrestrial ecotoxicity kg 14 DB e 0.021214
Photochemical oxidation kg C2H4 0.001012

Table B20 Results of the impact assessment 1kg succinic acid production by using
Eco-indicator 95 VV2.03 / Europe ¢

Impact category Unit Total
Greenhouse kg C02 2.278024
Ozone layer kg CFC11 3.61E-07
Acidification kg S02 0.020866
Eutrophication kg P04 0.000845
Heavy metals kg Pb 2.98E-05
Carcinogens kg B(a)P 24TE-Q07
Pesticices kg act.subst 0
Summer smog kg C2H4 0.000569
Winter smog K]? SPM 0.017985
Energy resources JLHV 63.88254

Solid waste 0.011197
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Table B21 Results of the impact assessment 1kg PBS resin production by using

CML 2 baseline 2000 V2.03 / World, 1995

Impact category
Abiotic depletion
Acidification
Eutrophication
Global warming (GWP100)
Ozone layer depletion (ODP)
Human toxicity
Fresh water aquatic ecotox.
Marine a(1uat|c ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation

k
k
k
E
g
k
kg
k
k
k

g
g
g

0

g
04—

: 0
F

She
P
C
C
1,
1,
1,
1,
C

4-
4-
4
4
H

Unit

DB
DB
DB
D
H4

2eq
2
Cl%eq

Beq

Total

0.066295865
0.026698459
0.00160897
5.383490678
5.653 IE-07
1.70210886
0.237517268
767.9451464
0.023881168
0.001459353

Table B22 Results of the impact assessment 1kg PBS resin production by using

Eco-indicator 95 V2,03 / Europe e

Impact category
Greenhouse
Ozone layer
Acidification
Eutrophication
Heavy metals
Carcinogens
Pesticides
Summer smog
Winter smog
Energy resources
Solid waste

Unit
kg C02
kg CFC11
g 02
kg P04
g B(a)P
kg act.subst
kg C2H4
kg SPM
MJILHV

Total

5.205678682
5.42868E-07
0.025039145
0.001607374
4,0709E-05
3.92342E-07

0

0.001652097
0.019794755
130.3678819
0.056527574
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Table B23 Results of the impact assessment 1kg HDPE resin production by using
CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
Abiotic depletion kg Sbeg 0.033282667
Global warming (GWP100) kg C02 eq 1.921212
Ozone layer depletion (ODP) kg CFC-11 eq 1.98E-10
Human toxicity kg 1,4-DB eq 007747427
Fresh water aquatic ecotox. kg 1,4-DB eq 0.02409699
Marine aquatic ecotoxicity kg 1,4-DB eq 92.473122
Terrestrial ecotoxicity kg 1,4-DB eq 0.000114479
Photochemical oxidation kg C2H4 0.000618446
Acidification kg S02 eq 0.006516918
Eutrophication kgP04—eqg 0.000515856

Table B24 Results of the impact assessment 1kg HDPE resin production by using
Eco-indicator 95 V2.03 / Europe e

Impact category Unit Total

Greenhouse kg C02 1.73E+00
Ozone layer kg CFC11 2.54E-10
Acidification kg S02 0.006406157
Eutrophication kg P04 0.000515852
Heavy metals kg Pb 2.43E-05
Carcinogens kg B(a)P 4,00E-09
Winter smog kg SPM 0.004520741
Summer smog kg C2H4 0.001957833
Pesticides kg act.subst 0
Energy resources MJ LHV 76.673994
Solid waste kg 0
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Table B25 Results of the impact assessment 1kg LDPE resin production by using
CML 2 baseline 2000 V2.03 / World, 199

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aguatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
g Sheq
g C02 eq

k

kg C

kg CFC-11 eq
kg 1,4-DB eqg
kg 1,4-DB eqg
kg 14-DB eq
kg 1,4-DB eqg

kg C2H4
kg S02 eq
kg P04—eq

Total
0.033107
2.07433
2.58E-10
0.107663
0.029438
129.063
0.000163
0.000416
0.007941
0.000624

Table B26 Results of the impact assessment 1kg LDPE resin production by using

Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
0zone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
ENergy resources
solid waste

kg C0?

Unit

kg CFC11

kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4

kg act.subst

MILHV
kg

Total
1.874338
3.35E-10
0.007756
0.000624
3.36E-05
1.84E-09
0.005509
0.002137

0
78.57551
0
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Table B27 Results of the impact assessment 1kg LLDPE resin production by using
CML 2 baseline 2000 V2,03 / World, 1995

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aguatic ecotox.
maring aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
kg Sbeg

kg C02 eq
kg CFC-

kg 14

kg 14

kg 1,

k

kg C2H4
kg S02 eg
kg P04— eq

11eq
-DB eg
-DB ¢
g14-DBeg
gl4DBeq

Total
0.032725
1.819984
1.24E-10
0.04769

0.0149
64.80005
6.90E-05
0.000321
0.005713
0.000445

Table B28 Results of the impact assessment 1kg LLDPE resin production by using

Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
enerqy resources
solid waste

Unit

kg C02
kg CFC11
kg S02
kg P04
kg Pb

kg B(a)P
kg SPM
kg C2H4

kg act.subst

MJLHV
kg

Total
1.647735
1.58E-10
0.005632
0.000445
1.43E-05
1.20E-09
0.004313
0.003363
74.21346

0
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Table B29 Results of the impact assessment 1kg resin production (hioplastic and
conventional plastic resins) by using CML 2 baseline 2000 V2,03 / World, 1995

Impact category Unit PLA
without biogas  with biogas

abiotic depletion

kg Sh eq

global warming (GWP100) kg C02 eq
ozone layer depletion (ODP) kg CFC-11 ¢q

human toxicity

kg 1,4-DB eq

fresh water aquatic ecotox. kg 1,4-DB eq

marine aquatic ecotoxicity kg 1,4-DB eq

terrestrial ecotoxicity

kg 1,4-DB eq

photochemical oxidation kg C2H4

acidification

eutrophication

kg S02 eq
kg P04— eq

0.0141
1.8023

1.43E-07 6.93E-08

0.1913
0.0668

198.5460 188.3187

0.0024
0.0005
0.0150
0.0063

PLA I

0.0131
1.4730

0.1706
0.0662

0.0024
0.0006
0.0153
0.0013

1.98E-10

92.4731

IDPE LDPE LLDPE

0.0333 0.0331
1.9212 2.0743
2.58E-10
0.0775 0.1077
0.0241 0.0294
129.0630
0.0001 0.0002
0.0006 0.0004
0.0065 0.0079
0.0005 0.0006

PBS

0.0327 0.0663
1.8200 5.3835
1.24E-10  5.65E-07
0.0477 17021
0.0149 0.2375
64.8000 767.9451
0.0001 0.0239
0.0003 0.0015
0.0057 0.0267
0.0 4 0.0016

Table B30 Results of the impact assessment 1kg resin production (bioplastic and
conventional plastic resins) by using Eco-indicator 95 V2.03 / Europe e

Impact category

greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticicles
energy resources
solid waste

Unit PLA .
without biogas
kg C02 1.784027
kgCFCLL 1.78E-07
kg S02 0.013982
kg P04 0.006264
kg Po 5.24E-06
kg B(@)P 4.30E-08
kg SPM 0.01034
kg C2H4 0.000349
kg actsubst 0
M) LHV 2412874
ky 0114438

PLA
with hiogas
1454755

193608
0.014366
0.001272
5.38E-06
3.20E-08
0.010269
0.000327

0
22.72889
0.001398

HDPE

1731814
2.54E-10
0.006406
0.000516
243E-05
4,00E-09
0.004521
0.001958

0
16.67399

0

LDPE

1874338
3.35E-10
0.007756
0.000624
3.36E-05
1.84E-09
0.005509
0.002137

0
18.57551

0

LLDPE

1647135
1.58E-10
0.005632
0.000445
1430
1.20E-09
0.004313
0.001363

0
14.21346

0

PBS

5.205679
5A3E-07
0.025039
0.001607
4,07E-05
3.92E-07

0
0.001652
0.01979%
1303679
0.056528
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Table B31 Results of the impact assessment 1kg cassava-based PLA garbage hag
without disposal phase by using CML 2 baseling 2000 V2.03 / World, 199

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit

kg Sh eq

kg C02 e
kgCFC-11 e
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg 02 eq
kg P04—eq

Total
0.020182
2.3332
2.33E-07
1.42109
0.09937
358.7911
0.003373
0.00293
0.124104
0.027992

Table B32 Results of the impact assessment 1 kg cassava-based PLA garbage bag

without disposal phase by using Eco-indicator 95 V/2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

Unit
kg C02
kg CFCLL
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
2.191508
2.19E-07
0.162447
0.02797
1.23E-05
6.59E-08
0.016706
0.021437

0
35.62266
0.020843
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Table B33 Results of the impact assessment 1 kg PBS garbage hag without PBS res-
Inand disposal phase by using CML 2 baseline 2000 \2.03 / World, 1995

Impact category’
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit

kg Sbeg

kg C02 eq
kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg S02 eq
kg P04— eq

Total
0.005787
0.712893
157E-07
1.233391
0.026603
151.6406
0.000739
0.002318

0.1073
0.02657

Table B34 Results of the impact assessment 1kg PBS garbage bag without PBS res-

in and disposal phase by using Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
Energy resources
solid waste

Unit
kg C02
kgCFCII
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
0.591278
1.92E-07
0.146645
0.02657
6.37E-06
3.07E-08
0.00541
0.021078
0
10.62089
0.019305



Table B35 Results of the impact assessment 1kg mixed PE garbage bag without

disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit
abiotic depletion kg Sheg
global warming (GWP100) kg C02 eq
ozone layer depletion (ODP) kg CFC-11 eq
human toxicity kg 1,4-DB eq
fresh water aquatic ecotox. kg 1,4-DB eq
marine aquatic ecotoxicity kg 1,4-DB eq
terrestrial ecotoxicity kg 1,4-DB eq
photochemical oxidation kg C2H4
acidification kg SO02 eq
eutrophication kg P04—eq

Total
0.039948
2.704281
1.19E-08

1.03503
0.041599
215.0681
0.000855
0.002702
0.108505
0.025629

Table B36 Results of the impact assessment 1kg mixed PE garbage bag without

disposal phase by using Eco-indicator 95 VV2.03 / Europe e

Impact category Unit
greenhouse kg C02
ozone layer kg CFC11
acidification kg S02
eutrophication kg P04
heavy metals kg Pb
carcinogens kg B(a)P
winter smog kg SPM
summer smog kg C2H4
pesticides kg act.subst
energy resources MJILHV

solid waste kg

Total
2.396835
1.51E-08
0.145639
0.025629
3.10E-05
2.17E-08
0.009918
0.021881

0
89.13035
0.015511

19
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Table B37 Comparison of the impact assessment 1kg garbage bag production with-
out disposal phase by using CML 2 baseline 2000 VV2.03 / World, 1995

Impact category Unit PE garbage bag cassava-based PLA garbage bag
abiotic depletion kg Sbeq 0.039948 0.020182
global warming (GWP100) kg C02 eq 2.704281 2.3332
ozone layer depletion (ODP) kg CFC-lleq 1.19E-08 2.33E-07
human toxicity kg 1,4-DB eq 1.03503 142109
fresh water aquatic ecotox. kg 1,4-DB eq 0.041599 0.09937
marine aquatic ecotoxicity kg 1,4-DB eq 215.0681 358.7911
terrestrial ecotoxicity kg 1,4-DB eq 0.000855 0.003373
photochemical oxidation kg C2H4 0.002702 0.00293
acidification kg SO02 eq 0.108505 0.124104
eutrophication kg PO4— eq 0.025629 0.027992

Table B38 Comparison of the impact assessment 1kg garbage bag production with-
out disposal phase by using Eco-indicator 95 V2.03 / Europe e

Impact category Unit PE garbage bag cassava-based PLA garbage hag
greenhouse kg C02 2.396835 2.191508
0zone layer kg CFCLL 151E-08 2.19e-07
acidification kg S02 0.145639 0.162447
eutrophication kg P04 0.025629 0.02797
heavy metals kg Pb 3.10E-05 1.23E-05
carcinogens kg B(a)P 2.TTE-08 6.59E-08
winter smog kg SPM 0.009918 0.016706
summer smog kg C2H4 0.021881 0.021437
pesticides kg act.subst 0 0
energy resources MJ LRV 89.13035 35.62266

solid waste ky 0.015511 0.020843
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Table B39 LCIA results of PLA landfill (without energy recovery) based on 1kg of

bioplastic waste by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
phatochemical oxidation
acidification
eutrophication

Unit

kg Sh eq

kg C02 eq
kgCFC-11 ¢q
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg S02 eg
kg P04— eg

Total
0.000145
13.82193
5.32E-12
0.000842
7.40E-06
0.064517
3.59E-06
0.003616
0.000236
4.89E-05

Table B40 LCIA results of PLA landfill (without energy recovery) based on 1kg of
bioplastic waste by using Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

Unit
kg C02
kg CFCL1
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
0.621421
7.10E-12
0.000298
4.90E-05
3.04E-08
9.60E-10
5.23E-05
0.004207

0
0.292348
4.20E-05
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Table B41 LCIA results of PLA lanafill (with energy recovery) based on 1kg of
bioplastic waste by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
abiotic depletion kg Sbeq 0.000233
global warming (GWP100) kg C02 eq 6.846981
ozone layer depletion (ODP) kg CFC-11 eq 5.38E-12
human toxicity kg 1,4-DB eq 0.000879
fresh water aquatic ecotox. kg 1,4-DB eq 1.56E-06
marine aquatic ecotoxicity kg 1,4-DB eq 0.065799
terrestrial ecotoxicity kg 1,4-DB eq 3.79E-06
photochemical oxidation kg C2H4 0.001816
acidification kg S02 eq 0.000262
eutrophication kg P04—eq 5.17E-05

Table B42 LCIA results of PLA landfill (with energy recovery) based on 1kg of
bioplastic waste by using Eco-indicator 95 V2.03 / Europe e

Impact category Unit Total
greenhouse kg C02 3.246465
ozone layer kg CFC11 1.18E-12
acidification kg S02 0.000326
eutrophication kg P04 5.19E-05
heavy metals kg Ph 3.07E-08
carcinogens kg B(a)P 9.67E-10
winter smog kgSPM 6.71E-05
summer smog kg C2H4 0.002108
pesticides kg act.subst 0
energy resources MJLHV 0.421942

solid waste kg 5.34E-05
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Table B43 LCIA results of PBS landfill (without energy recovery) based on 1kg of

bioplastic waste by using CML 2 baseline 2000 V2,03 / World, 1995

Impact category
abiotic depletion
global wanning (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
maring aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
kg Sh eq
kg C02 eq
kgCFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4
kg S02 eq
kg P04— eq

Total
0.000145
15.41606
5.32E-12
0.000842
7.40E-06
0.004517
3.59E-06
0.004031
0.000236
4.89E-05

Table B44 LCIA results of PBS landfill (without energy recovery) based on 1kg of
bioplastic waste by using Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
enerqy resources
solid waste

Unit
kg C02
kg CFC11
kg S02
kg P04
kg Pb
kg B(a)P
kgSPM
kg C2H4
kg act.subst
MJLHV

kg

Total
71.383831
1.10E-12
0.000298
4.90E-05
3.04E-08
9.60E-10
5.23E-05
0.004693

0
0.292348
4.20E-05



Table B45 LCIA results of PBS landfill (with energy recovery) based on 1kg of
bioplastic waste by using CML 2 baseline 2000 V2,03 / World, 1995

Impact category Unit Total
abiotic depletion kg Sh eg 0.000233
global warming (GWP100) kg C02 eq 1.644046
ozone layer depletion (ODP) kg CFC-11 eq 5.38E-12
human toxicity kg 1,4-DB eq 0.000879
fresh water aquatic ecotox. kg 1,4-DB eq 1.56E-06
marine aquatic ecotoxicity kg 1,4-DB eq 0.065799
terrestrial ecotoxicity kg 1,4-DB eq 3.T9E-06
photochemical oxidation kg C2H4 0.002024
acidification kg S02 eq 0.000262
eutrophication kg P04— eq 5.17E-05

Table B46 LCIA results of PBS landfill (with energy recovery) based on 1kg of
bioplastic waste by using Eco-indicator 95 V2.03 / Europe e

Impact category Unit Total
greenhouse kg C02 3.62767
ozone layer kg CFCL1 1.18E-12
acidification kg S02 0000326
eutrophication kg P04 5.19E-05
heavy metals kg Pb 3.07E-08
carcinogens kg B(a)P 9.67E-10
winter smog kg SPM 6.71E-05
summer smog kg C2H4 0.002351
pesticides kg act.subst 0
energy resources MJLHV 0.421942

solid waste kg 5.34E-05

19
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Table B47 LCIA results of PE landfill (without energy recovery) based on 1kg of

plastic waste by using CML 2 baseline 2000 V2,03 / World, 1995

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
kg Sh eq
kg C02 eq
kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4
kg S02 eq
kg P04— eq

Total
0.000145
1.168197
5.32E-12
0.000842
7.40E-06
0.064517
3.59E-06
0.000273
0.000236
4 89E-05

Table B48 LCIA results of PE landfill (without energy recovery) based on 1kg of
plastic waste by using Eco-indicator 95 VV2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

Unit
kg C02
kgCFCII
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
0.652983
7.10E-12
0.000298
4.90E-05
3.04E-08
9.60E-10
5.23E-05
0.000308

0
0.292348
4.20E-05
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Table B49 LCIA results of PE landfill (with energy recovery) based on 1kg of plas-

tic waste by using CML 2 baseline 2000 V2,03 / World, 1995

Impact category
abiotic depletion
global warming (GWP 100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit
kg Sh eq
kg C02 eq
kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4
kg S02 eq
kg P04— eq

Total
-0.00196
0475372
3.84E-12
-2.88E-05
3.66E-06
0.033654
-1.13E-06
0.000135
-0.00039
-2.02E-05

Table B50 LCIA results of PE landfill (with energy recovery) based on 1 kg of plas-
tic waste by using Eco-indicator 95 V2.03 / Europe ¢

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer Smog
pesticides
energy resources
solid waste

Unit
kg C02
kg CFC1L
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
0.206292
5.12E-12
-0.00037

-2.01E-05

2.22E-08
1.93E-10
-0.0003
0.000151
0
-2.82701
-0.00023
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Table B51 LCIA results of PLA incineration (with energy recovery) based on 1kg
of bioplastic waste by using CML 2 baseline 2000 \2.03 / World, 199

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit

kg Sh eq

kg C02 eq
kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg S02 eq
kg P04— eq

Total
-0.00899
1.318154
6.93E-11
0.023534
9.17E-05
0.394927
-9.96E-06
0.000114
0.002888
0.001099

Table B52 LCIA results of PLA incineration (with energy recovery) based on 1kg

of bioplastic waste by using Eco-indicator 95 V2.03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

Unit
kg C02
kg CFCLL
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
1.076544
7.00E-11
0.004801
0.001099
8.46E-08
1.27E-10
-0.00135
0.000631

0
-13.2858
-0.00017
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Table B53 LCIA results of PBS incineration (with energy recovery) based on 1kg
of bioplastic waste by using CML 2 baseline 2000 V2,03 / World, 199

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit

kg Sh eq

kg C02 eq
kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg S02 eq
kg P04— eq

Total
-0.00899
1558154
6.93E-11
0.023534
9.17E-05
0.394927
-0.96E-06
0.000114
0.002888
0.001099

Table B54 LCIA results of PBS incineration (with energy recovery) based on 1kg

of bioplastic waste by using Eco-indicator 95 V2.03 / Europe ¢

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

Unit
kg C02
kg CFC1L
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
1.316544
7.00E-11
0.004801
0.001099
8.46E-08
1.27E-10
-0.00135
0.000631

0
-13.2858
-0.00017
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Table B55 LCIA results of PE incineration (open burning) based on 1kg of plastic
waste by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total
abiotic depletion kg Sb eq 0
global warming (GWP100) kg C02 eq 0.667302
ozone layer depletion (ODP) kg CFC-11 eq 0
human toxicity kg 1,4-DB eq 0.003611
fresh water aquatic ecotox. kg 1,4-DB eq 0
marine aquatic ecotoxicity kg 1,4-DB eq 0
terrestrial ecotoxicity kg 1,4-DB eq 0
photochemical oxidation kg C2H4 0.001198
acidification kg 02 eg 0.002073
eutrophication kg P04— eq 0.000386

Table B56 LCIA results of PE incineration (open burning) based on 1kg of plastic
waste by using Eco-indicator 95 V2.03 / Europe e

Impact category Unit Total
greenhouse kg C02 0.52579
ozone layer kg CFC11 0
acidification kg S02 0.002569
eutrophication kg P04 0.000386
heavy metals kg Ph 0
carcinogens kg B(a)P 0
winter smog kg SPM 0.00049
summer smog kg C2H4 4,50E-05
pesticides kg act.subst 0
enerqy resources MJLHV 0

solid waste kg 0
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Table B57 LCIA results of PLA compost based on 1kg of bioplastic waste by using
CML 2 baseline 2000 V2,03 / World, 19%

Impact category
abiotic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

Unit

kg Sheg

kg C02 eq
kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg S02 eq
kg P04— eq

Total
-0.00328
-1.17898
8.83E-12
0.013658
9.60E-05
0.527546
1.17E-05
-1.75E-05
-0.00204
-0.00024

Table B58 LCIA results of PLA compost based on 1kg of hioplastic waste by using

Eco-indicator 95 V2.03 / Europe ¢

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
enerqy resources
solid waste

Unit
kg C02
kg CFCLL
kg S02
kg P04
kg Pb
kg B(a)P
kg SPM
kg C2H4
kg act.subst
MJLHV

kg

Total
-1.09266
1.18E-11

-2.05E-03

-0.00022
1.52E-07
1.83E-09

-1.57E-04

5.05E-04
0

-6.42414

2.82E-05
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Table B59 LCIA results of PBS compost based on 1kg of bioplastic waste by using
CML 2 baseline 2000 V2.03 / World, 1995

o Impact category Unit Total
ahiotic depletion kg Sh g -0.00328
global warming (G_WPlOOL kg C02 eq -0.34398
ozone layer depletion (ODP) kg CFC-11 eq 8.83E-12
human toxicity kg 1,4-DB eq 0.013658
fresh water aguatic ecotox. kg 14-DB eg 9.60E-05
marine aquatic ecotoxicity kg L4-DB eg 0.527546
terrestrial ecotoxicity kg 14-DB eq 117E-05
photochemical oxidation kg C2H4 -1.75E-05
acidification kg S02 eq -0.00204
eutrophication kg P04—eqg -0.00024

Table B60 LCIA results of PBS compost based on 1kg of bioplastic waste by using
Eco-indicator 95 V2,03 / Europe ¢

Impact category Unit Total
greenhouse kg C02 -0.25766
ozone layer kg CFC11 1.18E-11
acidification kg S02 -0.00205
eutrophication kg P04 -0.00022
heavy metals kg Pb 1.52E-07
carcinogens kg B'ga)P 1.83E-09
winter smog kg SPM -0.00076
summer smog kg C2H4 0.000505

Energy resources JLHV -6.42414

pesticicles Kﬂ act.subst 0
solidl waste ky 2 82E-05
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Table B61 LCIA results of PLA recycle based on 1kg of bioplastic waste by using
CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit Total

abiotic depletion kg Sh eq 0.010692
global warming (GWPlOO?D kg C02 eq 1.399935
ozone layer depletion (ODP) kg CFC-11 eg -5.08E-08
human toxicity kg 1,4-DB eq 0.282073
fresh water auatic ecotox. kg 14-DB eg 0.04631
marine aquatic ecotoxicity kg 1,4-DB eq -88.2713
terrestrial ecotoxicity kg 14-DB eq 0.001422
photochemical oxidation kg C2H4 0.001336
acidification kg S02 eq 0.005812
eutrophication kg P04—eq 0.000588

Table B62 LCIA results of PLA recycle based on 1 kg of bioplastic waste by using
Eco-indicator 95 V2.03 / Europe

Impact category Unit Total
greenhouse kg C02 1.339919
ozone layer kg CFC11 -5.71E-08
acidification kg S02 0.00709
eutrophication kg P04 0.000756
heavy metals kg P 2.61E-05
carcinogens kg B(a)P 9.44E-07
winter smog kgSPM 0.003993
summer smog kg C2H4 0.000997

energy resources LHV 22.83172

pesticides I%act.subst 0
solid waste kg 0.205581
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Table B63 LCIA results of PE recycle based on 1kg of plastic waste by using CML

2 haseling 2000 VV2.03 / World, 1995

o Impact category
abiotic depletion
global warming (GWPlOO%
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
marine aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

- Unit
e
kg C02qeq

kgCFC-11 eqg

kg 14-DB g
kg 14-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg SO02 eqg
kg PO4—eq

Total
-0.00559
1017482
5.22E-09
0.354453
-0.01249

-15.01
0.003264
0.001344
0.012717
0.001203

Table B64 LCIA results of PE recycle based on 1kg of plastic waste by using Eco-

indicator 95 V2,03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

kg
kg
kg
kg
kg
kg
kg
kg

i
!

Unit
C02
CFClL1
S02
P04
Ph
B(a)P
&
C2H4

act.subst
JLHV

Total
1.096668
6.97E-09
0.013357
0.001355
9.90E-06
9.68E-07
0.00849
-0.08031
-21.0136
0.206714
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Table B65 LCIA results of comparison for all disposal of PLA waste based on 1kg
of bioplastic waste by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category

Unit

abiotic depletion kg Sh eq
global warming (GWP100) kg C02 eq
ozone layer depletion (ODP) kg CFC-11 eq
human toxicity kg 1,4-DB eq
fresh water aquatic ecotox. kg 1,4-DB eq
marine aquatic ecotoxicity kg 1,4-DB eq

terrestrial ecotoxicity kg 1,4-DB eq
photochemical oxidation kg C2H4
acidification kg S02 eq
eutrophication kg PO4— eqg

\:vairt]r?;idlt Iavr\)idtLiII incineration
with energy
energy energy recovery
recovery  recovery
0000145 0.000233 -0.00899
13.82193  6.846981 1.318154
5.32E-12 5.38E-12 6.93E-11
0.000842 0.000879  0.023534

7.40E-06 7.56E-06
0.064517  0.065799
3.59E-06  3.79E-06
0.003616 0.001816
0.000236 0.000262
4.89E-05 5.17E-05

9.17E-05
0.394927
-9.96E-06
0.000114
0.002888
0.001099

compost  recycle

-0.00328  0.010692
-1.17898  1.399935
8.83E-12  -5.08E-08
0.013658  0.282073
9.60E-05 -0.04631
0.527546  -88.2713
LITE-05  0.001422
-1.75E-05  0.001336
-0.00204  0.005812
-0.00024  0.000588

Table B66 LCIA results of comparison for all disposal of PLA waste based on 1kg
of hioplastic waste by using Eco-indicator 95 V2,03 / Europe ¢

Impact category ~ Unit

greenhouse kg C02
ozone layer kg CFCL1
acidification kg S02
eutrophication kg P04
heavy metals kg Po
carcinogens kg B(a)P
winter smog kgSPM
summersmog kg C2H4
pesticides kg act.sulost
energy resources - MILHV
solidl aste kg

landfill
without
enerqy
recove
6.62142

1.10E-12
0.000298
4 90E-05
3.04E-08
9.60E-10
5.23E-0
0.003207
0.292348
4 20E-05

landfill
with

energy
recove

3.24646

1.18E-12
0.000326
5.19E-05
3.07E-08
9.67E-10
6.71E-05
0.005108
0421942
5.34E-05

Incineration
with energy
recovery

1076544
1.00E-11
0.004801
0.001099
8.46E-08
127E-10
-0.00135
0.008631
-13.2858
-0.00017

compost

-1,09266
118E-11
-0,00205
-0.00022
152607
1.83E-09
-0.00076
0.008505
-6.42414
2.82E-05

recycle

1339919

-5.71E-08

0.00709
0.000756
2.61E-05
9.44E-07
0.003993
0.008997
2283172
0.205561
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Table B67 LCIA results of comparison for all disposal of PBS waste based on Lkg
of bioplastic waste by using CML 2 baseline 2000 V2.03 / World, 1995

Impact category Unit
abiotic depletion kg Sbeg
global warming (GWPL00) kg C02 eq
ozone layer depletion (ODP)  kgCFC-11 eg
human toxicity kg 14-DBeg
fresh water aquatic ecotox. kg 14-DB eg
marine aquatic ecotoxicity kg 14-DB eg
terrestrial ecotoxicity ky 14DB eg
photochemical oxidation kg C2H4
acidification kg S02 g
eutrophication kg PO4—eq

landfill

L
recovg¥y

0.000145
1541606
5.32E-12
0.000842
140E-06
0.064517
3.59E-06
0.004031
0.000236
4.80E-05

landfill
with

energy

recovery

0.000233
1.644046
5.38E-12
0.000879
1.56E-06
0.065799
3.19E-06
0.002024
0.000262
5.17E05

Incineratio

n

with energy  compost

recovery

-0.00899
1558154
6.93E-11
0.023534
9.17E05
0.30492/
-9.96E-06
0.000114
0.002888
0.001099

{0.00328

Table B68 LCIA results of comparison for all disposal of PBS waste based on 1kg
of bioplastic waste by using Eco-indicator 95 V2,03 / Europe e

Impact category

greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
ENergy resources
solicl waste

Unit

kg C02

kgCFClI

kg S02

kg P04

kg Po

kg B(a)P

kgSPM

kg C2H4

kg act.subst
JLHV

g

landfill
without

energy
recovgry

1.383831
1.10E-12
0.000298
4.90E-05
3.04E-08
9.60E-10
5.23E05
0.003693
0.292348
42005

landfill o

- Incineration
ey]\g;h with energy
recovgry recovery
3.62767 1.316544
7.18E-12 7.00E-11
0000326  0.004801
5.19E-05 0.001099
3.07E-08 8.46E-08
9.67E-10 1.27E-10
6.71E-05 -0.00135
0.005351 0.008631
0421942 -13.2858
5. 34E-05 -0.00017

compost

-0.25766
118E-11
-0.00205
-0.00022
15207
183E-09
-0.00076
0.008505
042414
2.82E05
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Table B69 LCIA results of comparison for all disposal of PE waste hased on 1kg of
plastic waste by using CML 2 baseline 2000 V2,03 / World, 1995

landfill  Landfill

Impact category Unit Vg}]tehr%‘;,t e\rqg%y bSPr?inng recycle
FeCOVTY  recovery

abiotic depletion kg Sbeg 0000145 -0001% 0  -0.00559

global warming (G_V\/PlOOL kgCO2eq 1168197 0475372 0.667302 1017482
ozone layer depletion (ODP) kgCFC-11eq 532E-12 38412 0 522609
human toxicity kg 14-DBeq 0000842 -288E-05 0003611 0354453
fresh water aquatic ecotox. ~ kg 14DBeq T40E-06 366E06 0  -0.01249
marine aquatic ecotoxicity kg 14-DBeg 0064517 0033654 0 -1501
terrestrial ecotoxicity ky14DBeg 359E06 -LI3E06 0 0003264
photochemical oxidation kg C2H4 0000273 0.000135 0001198 0.001344
acidification kgS02eq 0000236 -0.00039 0002073 0012717
eutrophication kgP04—eq 489E-05 -202E-05 0.000386 0.001203

Table B70 LCIA results of comparison for all disposal of PE waste based on 1kg of
plastic waste by using Eco-indicator 95 V2.03 / Europe e

Impact category Uit ‘}ﬁ?ﬁém wi{%nedrfieugy Open recycle
L

greenhouse kg C02 0652983 020622 05579 1096668
ozone layer kgCFCll 71012 S1ED2 0 6.97E-09
acidification kg S02 0000296 000037 0002569  0.013357
eutrophication kg P04 490E-05  -201E05 0000386  0.00135%
heavy metals kg Ph JO4E08  2.22E-08 0 9.90E-06
carcinogens kg Béa)P 960E-10  7.93E-10 0 9.68E-07
winter smog ky SPM 023E05  -00003 000049 000849
summer smog kgCH4 0000308 000051  450E-05  -0.0003L
pesticices kg act.subst 0 0 0 0

Energy resources LHV 0292348  -282101 0 -21.0136

soli waste kg 420E05  -0.00023 0 0206714
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Table B71 LCIA results of whole life cycle of PE garbage bag (old technology for
waste management) based on 1 kg of garbage bag by using CML 2 baseline 2000

V2.03/World, 1995

o Impact category
ahiotic depletion
global warming (G_WPlOO%>
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
maring aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

k bUnit
g 3Deg

kg C02 eq
kg CFC-11 eg
kg 1,4-DB eg
kg 1,4-DB eg
kg 1,4-DB eq
kg 1,4-DB eq
kg C2H4

kg S02 g
kg P04—req

Total
0.038891
3.644416
1.30E-08
1121574
0.039177
212.4301
0.001515
0.003597
0.113183
0.026323

Table B72 LCIA results of whole life cycle of PE garbage bag (old technology for
waste management) based on 1 kg of garbage bag by using Eco-indicator 95 V2.03 /

Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
ENergy resources
solid waste

kg
kg
kg
kg
g
kg
kg
K

y
!

Unit
C02
CFC11
S02
P04
Ph
B(a)P
&
C2H4

act.subst
JLHV

Total
3.088327
1.65E-08
0.151075
0.026353
3.31E-05
2.22E-07
0.011948
0.025395
85.05236
0.056871
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Table B73 LCIA results of whole life cycle of PLA garbage bag (new technology
for waste management) based on 1kg of garbage bag by using CML 2 baseline 2000

V2.03/World, 1995

Impact category
abiatic depletion
global warming (GWP100)
ozone layer depletion (ODP)
human toxicity
fresh water aquatic ecotox.
maring aquatic ecotoxicity
terrestrial ecotoxicity
photochemical oxidation
acidification
eutrophication

5 Unit
e
kg COquq

kgCFC-11 g

kg 1,4-DB g
kg 1,4-DB g
kg 1,4-DB g
kg 1,4-DB g
kg C2H4

kg SO2 eqg
kg P04—eq

Total
0.029614
2.56E+00
1.01E-07
1.277661
6.23E-02
2.10E+02
0.002524
0.003563
0.118211
0.027085

Table B74 LCIA results of whole life cycle of PLA garbage bag (new technology
for waste management) based on 1kg of garbage bag by using Eco-indicator 95

V2,03 / Europe e

Impact category
greenhouse
ozone layer
acidification
eutrophication
heavy metals
carcinogens
winter smog
summer smog
pesticides
energy resources
solid waste

kg

C02

Unit

kg CFC11

kg
kg
kg
kg
kg

kg C2H4

i
!

502
P04
Ph

B(a)P
g

act subst

JLHV

Total
2307775
1.22E-07
0.156457
0027113
2.56E-05
2.37E-07
0.014311
0.023188
60.96074
0.058998
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Table B75 LCIA results of whole life cycle of PBS garbage hag without PBS resin
(new technology for waste management) based on 1kg of garbage bag by using
CML 2 baseline 2000 V2.03 / World, 199

Impact category Unit Total
abiotic depletion kg Sh eg 0.023856
global warming (G_WPlOOL kg CO2 eq 2.242382
ozone layer depletion (ODP) kg CFC-11 eg 7 10E-08
human toxicity kg 1,4-DB eg 1.202582
fresh water aguatic ecotox. kg 1,4-DB eq 0.033196
marine aquatic ecatoxicity kg 1,4-DB eq 187.1599
terrestrial ecotoxicity kg 14-DB €q 0.00147
photochemical oxidation kg C2H4 0003318
acidification kg S02 eq 0.11149
eutrophication kg PO4—eq 0.026516

Table B76 LCIA results of whole life cycle of PBS garbage bag without PBS resin
(new technology for waste management) based on 1 kg of garbage bag by using Eco-
indicator 95 V2.03 / Europe e

Impact category Unit Total
greenhouse kg C02 2.001683
ozone layer kgCFClI 8.71E-08
acidification kg 02 0.150136
eutrophication kg P04 0.026553
heavy metals kg Pb 2.33E-05
carcinogens kg B'ga)P 2.23E-07
winter smog kg SPM 0.009792
summer smog kg C2H4 0.022044
pesticides Kg act.subst 0
ENergy resources JLHV 50.96003
solid waste kg 0.058383
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Appendix C Calculation

Cl. Calculation of Methane Content from Landfill (45%)
Calculate methane emission rate from landfill by using First-order decay re-
action
Q = LoR(elc- e
Where
Q = Methane content in the present (m3year )

Lo= Methane generation potential of the waste (mVton of waste) (170)
R = A certain amount of waste (ton/year) (2,431 )

K =the rate constant of hiodegradation (per year) (0.02)

C =Time (year) (1)

T =The time elapsed since landfilling of the waste (year) (6)

Source: The default parameters are provided by US.EPA. For regulations
under the Clean Air Act (CAA), ak of 0.02 yr for dry landfill and an LOof 170
m'lkg are used (Reinhart and et. ah, 2005).

From this equation, methane content can be calculated 14,058,618.86 m3yr

but it can be collected only 700 m3hr. When it is expressed in term of annual, it
shows 6,132,000 m3yr. Therefore, it is calculated for being percentage about 45%.

C2. Emission Calculation of PBS Landfill
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PBS compositions are divided into 2 major composition as following
* SA (Bio-base) 53.03%
* BDO (petroleum-hase) 46.97%

Chemical formula; C8HE<s (MW = 172)
PBS 1mol: 172 g
PBS 1kg: (1000/172) =5.81 mol

Assume PBS is biodegradable 100%

PBS 1 mol transforms to e« 100% =cw. 8 mol

But assumption for Carbon content in PBS, which can be transformed to CHz 90%
So PBS 1 mol has CHs 7.2 mol

So PBS 5.81 mol can emite « « (581 x 7.2) = 41.832 mol or (41.832 x 16) = 669 ¢
Conclusion; ~ PBS 1kg is biodegraded, it can emitc . 669 g

C3. Emission Calculation of PLA Landfill

Chemical formula; CsH:O2 (MW =72)
PLA 1mol: 72 g
PLA 1kg: (2000/72) = 13.89 mol

Assume PLA is biodegradable 100%
PLA 1 mol transformsto ¢ w« 100% =c 4« 3 mol
but assumption for Carbon content in PLA, which can be transformed to CHz 90%
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So PLA 1 mol has CHs 2.7 mol
S0 PLA 13.89 mol can emit CHa (13.89 x 2.7) = 37.50 mol or (37.5 x 16)=600 ¢
Conclusion:  PLA 1Kkg is biodegraded, it can emit CHs 600 g

C4. Emission calculation of PBS and PLA Composting

PBS
Assumption
BDO 46.97% Abiotic ¢
r A CO, 87%
All'c SA 53.05% Biotic ¢
V J > Soil container 13%

Chemical formula: CgHnCL (MW = 172)
PBS 1mol: 172 g
PBS 1kg: (1000/172) =581 mol

Assume PBS is biodegradable 100%
PBS 1 mol transforms to CO2 100% = CO2 8 mol

but assumption for Carbon content in PBS, which can be transformed to CO2 87%
S0 PBS 1 mol has C026.96 mol

S0 PBS 581 mol can emit C02(5.81 x 6.96) = 40.437 mol or (40.437 x 44) =

177925 g
Conclusion: PBS Lkg is biodegraded, BDO 835.71 9C02
It can emit CO2 1,779.25 ¢ SA 94353 g C02
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PLA

Assumption

( \ C0287% Biotic C
All ¢

V y Soil container 13%

Chemical formula: CsHs02 (MW = 12)
PLA L1mol: 72 g
PLA 1Kkg: (1000/72) = 13.89 mol

Assume PLA is biodegradable 100%

PLA 1 mol transformsto CO2 100% = CO2 3 mol

but assumption for Carbon content in PLA, which can be transformed to CO2 87%
So PLA 1molhas CO22.61 mol

S0 PLA 13.89 mol can emit CO2 (13.89 x 2.61) = 36.25 mol or (36.25 x 44) =

1,595.13 ¢
Conclusion:  PLA 1kgis biodegraded, it can emit CO2 1,595.13 ¢

C5. Emission Calculation of PBS and PLA Incineration

PBS
Assumption
( A .
BDO 46.97%  Abiotic C
All ¢ C 02 100%
¢ y SA 53.03% Biotic C
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Chemical formula: CsH1204 (MW = 172)
PBS 1mol: 172 g
PBS 1kg: (1000/172) =5.81 mol

Assume PBS is biodegradable 100%

PBS 1 mol transforms to CHz 100% =CO2 s mol

but assumption for Carbon content in PBS, which can be transformed to CO2 100%
So PBS 1 mol has CO2 8 mol

S0 PBS 5.81 mol can emit CO2 (5.8 x 8) = 46.48 mol or (46.48 x 44) = 2,045.12 4

_ o BDO 960.59 g C02

Conclusion: PBS 1kg is biodegraced,

it can emit C022,045.12 ¢ SA 1,084.53 ¢ CO2
PLA
Assumption

( A

Al o > ¢02100% Biotic ¢

Ay

Chemical formula: C3Hs02 (MW = 12)
PLA 1mol: 72 g
PLA 1kg: (1o00/72) = 13.89 mol

Assume PLA is biodegradable 100%

PLA 1 mol transforms to CO2 100% = CO2 3 mol

but assumption for Carbon content in PLA, which can be transformed to CO2 100%
So PLA 1 mol has CO2 3 mol

S0 PLA 13.89 mol can emit CO2 (13.89 x 3) = 41.67 mol or (41.67 x 44) = 1,833 ¢
Conclusion: ~ PLA 1kg is biodegraded, it can emit CO2 1,833 ¢
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