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A P P E N D I C E S

Appendix A Life Cycle Inventory (LCI)
Table A1 Results o f the inventory analysis o f one kilogram PL A  resin production in 
U S A  2 0 0 7

I n p u t  i n v e n t o r y
T y p e U n i t

E n e rg y M J
E n e r g y , f r o m  c o a l 0.55
E n e r g y , f r o m  o i l 5.27
E n e r g y , f r o m  g a s , n a t u r a l 22.04
E n e r g y , f r o m  h y d r o  p o w e r 0.02
E n e r g y , f r o m  u r a n iu m 0.56
E n e r g y , f r o m  c o a l , b r o w n 0.01
E n e r g y , f r o m  s u l f u r 0.12
E n e r g y , f r o m  b i o m a s s 24.6
E n e r g y , f r o m  h y d r o g e n 0.09
E n e r g y , r e c o v e r e d - 1.5
E n e r g y , f r o m  w i n d '  6 .6 8

R e so u rc e s m g
W a t e r , p r o c e s s , d r i n k i n g 31603108
W a t e r , c o o l i n g , d r i n k i n g 12153903
W a t e r , p r o c e s s , o c e a n 1788
W a t e r , c o o l i n g , o c e a n 1072007
W a t e r , p r o c e s s , s u r f a c e 1034
W a t e r , c o o l i n g , s u r f a c e 11376
W a t e r , p r o c e s s , w e l l 357459
W a t e r ,p r o c e s s , u n s p e c i f i e d 20548104
W a t e r ,c o o l i n g , u n s p e c i f i e d 3272351

O u t p u t  i n v e n t o r y
T y p e U n i t

P ro d u c t kg
P L A  r e s in 1

E m iss io n  to  A ir m g
C O 5800
c o 2 - 1 0 0 ,0 0 0

S O x a s  S 0 2 2465.0266
N O x a s  N 0 2 7700
H y d r o c a r b o n s 1300
c h 4 13848.3026
h 2 142.7353
H C 1 9.5562
H F 0.4142

N M V O C 317.5822
v o c 0.2449

E m iss io n  to  W a ter m g
P h o s p h a t e 182
C O D 5900

B O D 1100
c r 1628
A c i d 0.5688
A m m o n i u m  c o m p o u n d s 0.882
C a l c i u m  c o m p o u n d s 127.3089
C a l c i u m  i o n 247.7508

Vrp8 0.2613
D e t e r g e n t , o i l 0 .059
T O C 1568
S o d i u m , io n 730.3292
S O f 138.6267
S u s p e n d e d  s o l i d s 3094
S o lid  W aste m g
M in e r a l  w a s t e 18,425

4,365R e g u l a t e d  C h e m i c a l s
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Table A2 Results o f the inventory analysis o f one kilogram PL A resin production in
Thailand based on NatureWorks 2007

I n p u t  i n v e n t o r y O u t p u t  i n v e n t o r y
T y p e U n i t T y p e U n i t

Energy M J Product kg
E n ergy , from  co a l 0 .5 5 P L A  resin 1
E n ergy , from  o il 5 .2 7
E n ergy , from  g a s , natural 2 2 .0 4 Emission to Air m g
E n ergy , from  h yd ro  p o w er 0 .0 2 C O 5 ,7 7 8 .1 5
E n ergy , from  u ranium 0 .5 6 c o 2 1 ,7 1 5 ,0 0 0
E n ergy , from  co a l, brow n 0.01 S O x as S 0 2 2 ,4 6 5 .0 3
E n ergy , from  su lfu r 0 .1 2 N O x as N 0 2 3 ,1 3 7 .5 0
E n erg y , from  b io m a ss 111.4 H y d rocarb on s 1 ,2 6 1 .8 6
E n ergy , from  h y d ro g en 0 .0 9 c h 4 1 3 ,8 4 8 .3 0
E n ergy , reco v ered -1 .5 h 2 1 4 2 .7 3 5 3
E n ergy , from  w in d 6 .6 8 HC1 9 .5 5 6 2
E n erg y , u n sp e c if ie d -5 .1 2 H F 0 .4 1 4 2

Resources m g O rg a n ic  su b sta n ces 7 5 .0 7 2 5
W ater, p ro ce ss , d r in k in g 3 1 6 0 3 1 0 8 N M V O C 3 1 4 .5 8 2 2
W ater, c o o lin g , d rin k in g 1 2 1 5 3 9 0 3 v o c 0 .2 4 4 9
W ater, p ro ce ss , o cea n 1788
W ater, c o o lin g , o cea n 1 0 7 2 0 0 7 Emission to Water m g
W ater, p ro ce ss , su rfa ce 1034 P h o sp h a te 182
W ater, c o o lin g , su rfa ce 113 76 C O D 5 ,9 0 4 .8 7
W ater, p ro ce ss , w e ll 3 5 7 4 5 9 B O D 1 ,0 7 6 .6 7
W a te r ,c o o lin g ,u n sp e c if ie d 3 2 7 2 3 5 1 c r 1 ,6 2 8 .0 9

A cid 0 .5 6 8 8
M a te r ia ls /F u e ls kg A m m o n iu m  co m p o u n d s 0 .8 8 2
F ertilizer  (N ) -0 .0 2 7 C alc iu m  co m p o u n d s 1 2 7 .3 0 8 9
F er tilizer  (P ) -0 .0 0 4 7 6 C a lc iu m  ion 2 4 7 .7 5 0 8
F ertilizer  (K ) -0 .0 1 2 C 0 3' 0 .2 6 1 3
L im e  (C a C 0 3) -0 .0 5 7 3 D eterg en t, o il 0 .0 5 9
P es tic id e -0 .0 0 0 4 7 6 T O C 1 5 6 8 .4 1 6 4
S h ip p in g  (tkm ) -0 .8 3 3 S o d iu m , ion 7 3 0 .3 2 9 2
T ru ck  (tk m ) -0 .9 3 0 1 6 3 s o 4- 1 3 8 .6 2 6 7
R ail (tk m ) -0 .0 9 3 2 S u sp en d ed  s o lid s 3 ,0 9 4 .2 8
C a ssa v a  root 1 7 .4 1 6 7 P e s tic id es , ru n o ff -7 .1 2 2
C a ssa v a  ch ip 6 .6 7 Solid Waste m g

M in era l w a ste 18 ,425
R eg u la ted  C h em ic a ls 4 ,3 6 5



1 4 9

Table A 3  R e s u l t s  o f  th e  in v e n t o r y  a n a ly s i s  o f  o n e  k i lo g r a m  I n g e o  r e s in  p r o d u c t io n  

in  U S A  2 0 0 9

I n p u t  i n v e n t o r y
T y p e U n i t

Energy M J
E n ergy , from  co a l 1 6 .6 3 6 6
E n ergy , from  o il 2 .7 4 0 6
E n ergy , from  g a s , natural 19.9791
E n ergy , from  h yd ro  p ow er 0 .6 5 6 8
E n ergy , from  u ran iu m 3 .8 7 7 4
E n ergy , from  c o a l, b row n 0 .0 0 0 4
E n ergy , from  su lfu r 0 .0 7 1 8
E n ergy , from  b io m a ss 2 4 .9 6 8 1
E n ergy , from  h y d rog en 0 .0 4 7 7
E n ergy , reco v ered -1 .1 5 4 7
E n ergy , from  b io m a s s( liq /g a s) 0 .0 0 0 5
Industria l w a ste 0 .0 0 4 3
M u n ic ip a l w a ste 0 .0 0 3 2
E n ergy , from  w in d 0 .0 0 2 4

Resources m g
W ater, p ro cess , d r in k in g 1 6 4 9 5 0 6 4
W ater, c o o lin g , d rink in g 7 2 0 5 5 8 5
W ater, p ro cess , o ce a n 1831
W ater, c o o lin g , o cea n 4 6 1 0 4 9
W ater, p ro ce ss , su rface 1062
W ater, c o o lin g , su rface 1 2 1 4 9
W ater, p ro cess , w e ll 4 8 2 4 0
W a te r ,p r o c ess ,u n sp e c ifie d 2 1 3 4 1 9 2 0
W a te r ,c o o lin g ,u n sp e c ifie d 3 2 2 0 7 7 4

O u t p u t  i n v e n t o r y
T y p e U n i t

Product k g
P L A  resin 1

Emission to Air m g
C O 5 1 6 7 .3 9 0 5
c o 2 . . 9 3 7 7 3 3 .7 8 6 7
S O x as S 0 2 7 4 0 1 .4 7 7 5
N O x a s  N 0 2 1 2 3 1 1 .2 5 2 9
H y d ro ca rb o n s 1 1 6 3 .9 5 2 8
c h 4 1 5 2 0 7 .3 4 2
h 2 1 5 2 0 7 .3 4 2
HC1 ■ : 3 4 8 .1 9 9 4
H F 1 2 .8 9 6 4

N M V O C 4 3 .2 3 8 8
v o c 0 .0 3 1 8
Emission to Water m g

P h o sp h a te 0 .0 3 1 6
C O D 4 8 9 5 .4 0 7 4

B O D 2 .7 4 6 1
c r 1 2 5 4 .1 9 8 5
A cid 0 .6 3 4 9
A m m o n iu m  co m p o u n d s 0 .6 9 9 7
C alc iu m  ion 1 2 8 .3 7 7 2
c o 3- 0 .2 6 5 2
D etergen t, o il 0 .0 6 5 8
T O C 1 1 .1 7 8
S o d iu m , io n 6 1 6 .2 5 2 4
s o y 1 3 7 .2 4
S u sp en d ed  s o lid s 3 0 4 3 .0 2 3 8
Solid Waste m g
M in era l w a s te 18751
S la g s  and a sh e s 6 0 7 3 5
W aste , from  d r illin g , u n ­
sp e c ifie d 1 1 3 1 1 9
W aste in inert la n d fill 6 8 3 7 4
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Table A4 Results o f the inventory analysis o f one kilogram Cassava-based PLA re­
sin production in Thailand based on NatureWorks 2009

I n p u t  in v e n to r y O u tp u t  in v e n to r y
T y p e U n it T y p e U n it

Energy MJ Product kg
E n ergy , from  co a l 16.6 P L A  resin 1
E n ergy , from  o il 2 .6
E n ergy , from  g a s , natural 19.7 Emission to Air m g
E n ergy , from  h yd ro  p ow er 0 .6 5 9 C O 4 ,8 5 9 .2 2
E n ergy , from  u ran iu m 3 .8 9 C 0 2 2 ,4 4 2 ,2 0 1
E n ergy , from  co a l, b row n 0 .0 1 4 S O x as S 0 2 7 .5 7 6 .5 7
E n ergy , from  su lfu r 0 .0 7 1 8 N O x as N 0 2 12,311
E n ergy , from  b io m a ss 1 1 1 .4 H y d rocarb on s 1 ,1 8 6 .8 9
E n ergy , from  h y d ro g en 0 .0 4 7 7 c h 4 1 5 ,0 6 8 .3 0
E n ergy , reco v ered -1 .1 5 h 2 9 0 .4 2 3 5
E n ergy , from  w in d 0 .0 0 2 4 HCI 3 4 6 .9 3 4
Resources m g H F 1 2 .9 5 4
W ater, p ro cess , d r in k in g 1 6 ,4 9 5 ,0 6 4 v o c 0 .2 4 4 9
W ater, c o o lin g , d r in k in g 7 ,2 0 5 .5 8 5
W ater, p ro cess , o ce a n 1,831 Emission to Water m g
W ater, c o o lin g , o ce a n 4 6 1 ,0 0 0 C O D 4 ,9 2 0
W ater, p ro cess , su rfa ce 1 ,0 62 B O D 2 7 .4 1 9
W ater, c o o lin g , su rface 1 2 ,14 9 N O j- 0 .1 1 4
W ater, p ro ce ss , w e l l 4 8 ,2 4 0 c r 1 ,353
W a te r ,c o o lin g ,u n sp e c if ie d 3 ,2 2 0 ,7 7 4 A c id 0 .6 3 4

A m m o n iu m  co m p o u n d s 0 .7 1 9
C a lc iu m  c o m p o u n d s 1 4 6 .2 7 3 9
C a lc iu m  ion 2 5 1 .8 2 4 5
C 0 3- 0 .2 6 9
D eterg en t, o il 0 .0 6 5 8
P 0 43- 0 .3 1 4
T O C 1 9 .1 8 0 3 7
S o d iu m , ion 6 5 5 .9 8 9 4
S 0 4- 1 7 1 .3 0 7 3
S u sp en d ed  s o lid s 3 ,0 4 4
Solid Waste m g
C arb on 0 .1 9 5
C alc iu m 0 .2 9 3
P h o sp h o ro u s 0 .0 0 4
P o ta ss iu m 0 .0 2 9
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U S A

Table A5 Results o f the inventory analysis o f one kilogram saccharide production in

Input Inventor}'
Type Unit Amount

Material
H a rv e s te d  c ro p k g 1.5
Energy
E le c tr ic i ty M J 0 .9 3 4
N a tu ra l  g a s M J 2 .1 8 1
Chemical
L im e (C a O ) k g 0 .0 0 0 3
S u lfu r ic  a c id  
( 1 0 0 % ) k g 0 .0 0 0 4 5

S u lp h u r  d io x id e k g 0 .0 0 3 0 6
U re a g 0 .2 0 8
S o d iu m  h y d r o x id e  
(5 0 % ) g 0 .2 8 2

S o d iu m  c h lo r id e g 0 .0 6 5
C y c lo h e x a n e g 0 .0 5 5
C h lo r in e g 0 .0 1 2
W a te r m A3 0 .0 0 4 9

Output Inventor}
Type Unit Amount

Product
S a c c h a r id e k g 1
C o rn  g lu te n  fe e d k g 0 .2 6 8
C o m  g lu te n  m e a l k g 0 .0 8
C o m  o il k g 0 .0 2 7
Air emission
P a r t ic u la te  
(P M  1 0 ) g 0 .0 0 0 7

Water emission
B O D 5 g 0 .0 0 0 2
C h lo r id e s g 0 .1 1 8 8

S u lp h a te g 0 .0 0 0 2

S u s p e n d e d  m a t te r g 0 .0 0 0 7
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Table A6 Results o f the inventory analysis o f cassava plantation in Thailand

Input inventory
__________ T m ______________ Unit Amount

F u e l
D i e s e l l ite r 0 .0 1 6

C hem ica l
F e r t i l iz e r  ( N ) k g 0 .0 1 7
F e r t i l iz e r  (P ) k g 0 .0 1 6
F e r t i l iz e r  ( K ) k g 0 .0 2 0
P a r a q u a t k g 0 .0 0 1
G l y p h o s a t e k g 0 .0 0 1

Output inventory
__________ T y p e ________ Unit Amount

P roduct
C a s s a v a  r o o t k g 8 .2 0 7

Emission to air
__________ Type unit Amount

Product
C 0 2 g /t o n  c h ip - 1 8 8 , 6 1 4

Table A7 R e s u l t s  o f  th e  in v e n t o r y  a n a ly s i s  o f  c a s s a v a  c h ip  p r o c e s s i n g  in  T h a ila n d

Input inventory
Type Unit Amount

R a w  m ateria l
C a s s a v a  r o o t k g 8 .2 0 7

E n erg y
D i e s e l l ite r 0 .0 1 0

Output inventory
Type Unit Amount

P ro d u c t
C a s s a v a  c h ip k g 3 .1 4 3



153

T able  A8 Results of the inventory analysis o f cassava flour production in Thailand

Input Inventory'
Type Unit Amount

W a te r m 3 1 5 .2 4
S u lf u r  s o lu t io n m 3 1 0 .4 7 6
C a s s a v a  r o o t to n 4 .7 6 2
F u e l  o i l  c  g r a d e l ite r 3 0 .9 5
E le c t r ic i t y k w h 1 6 6 .6 7

Output Inventory
W a s t e  w a t e r l ite r 2 7 ,6 1 9
C a s s a v a  f lo u r to n 1
C a s s a v a  r e s id u e to n 0 .4 7 6

W ater Emission
Type Unit Amount

B O D 5 k g 4 4 2
C O D k g 8 8 4
T S S k g 4 1 4
S u l f a t e k g 8 .3
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Table A9 Results o f the inventory analysis o f HDPE T-shirt bag production from
company A and B based on one kg o f bioplastic product
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R ecycling
In p u t In ven tory O u tp u t in v en to ry

D escription U nit A m ount D escription U nit A m oun t
Resources A B Products A B
Scrap g 190.3 227 Recycle PLA 

resin g 190.3 227
Utilities

Electricity kWh 0.1003 0.1196
T ran sp ortation  o f  H D P E  P rodu ct

1 In p u t In ven tory . O u tp u t In ven tory
D escriptio in U nit A m ou n t D escription U nit A m ou n t

Resource A  B Product A  B
1 Diesel 1 kg 0.000403 0.0004 T-shirt bag kg > 1

Emission to air
NOx g 0.0836 0.0831
CO g 0.1451 0.1441
c o 2 g 8.0184 7.9672
PM g 0.0222 0.0221

Table A 1 0  R e s u l t s  o f  th e  in v e n t o r y  a n a ly s i s  o f  P E T  w a t e r  b o t t le  p r o d u c t io n  fr o m  

c o m p a n y  D  b a s e d  o n  o n e  k g  o f  b io p la s t ic  p r o d u c t

T r a n s p o r t  P E T  r e s in
î ] n p u t  I)iv e n t o r y c u t p u t  Iniv e n to r y

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t R e m a r k
R eso u rces P rodu cts
Diesel kë 0.000737 PET resin g 933.933

E m issio n  to  a ir
NOx g 0.1528
CO g 0.2652๐บิ g 14.6598
PM g 0.0406

T r a n s p o r t  p p  r e s in
I n p u t  IIiv e n t o r y O u tp u t  I n v e n t o r y

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t R e m a r k
R e so u rces P rodu cts
Diesel kg 0.000054 PP resin g 67.933

E m issio n  to  a ir
NOx g 0.0111
CO g 0.0193
c o 2 g 1.0674
PM g 0.003
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เ ^ ^ ^
Inj

■ m
D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t  1 R e m a r k  1

R esou rces P rodu cts
Virgin PET 
resin g 933.933 PET bottle g 933
U tilities S o lid  W aste
Electricity kWh 2.643 Scrap g 0.933

I n je c t io n
I n p u t  I n v e n to r y O u tp u t  I n v e n t o r y  .1

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t  11 R e m a r k  1
R esou rces P rodu cts
Virgin pp 
resin g 67.335 Cap g 67
U tilities S o lid  W aste  1
Electricity kWh 0.266 Scrap g 0.335 1 1

T r a n s p o r t  P E T  p r o d u c t
I n p u t  I n v e n t o r y O u tp u t  I n v e n t o r y  ' 1

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t R e m a r k  1
R esou rces P ro d u c ts  1
Diesel kg 0.000488 PET bottle g 1000

E m issio n  to  a ir

z ๐ X 8 0.1012
CO g 0.1755
c o 2 g 9.7022
PM g 0.0269
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T able A l l  Results o f the inventory analysis o f PS food container production from
company c based on one kg o f bioplastic product

In ij u t  I n v e n t o r y O u t p u t  I n v e n t o r y
D e s c r ip t io n  1 U n it 1 A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t R e m a r k  1
R eso u rces P rodu cts

1 Diesel kg 1 0.000897 PS resin kg 1.1354
E m issio n  to  a ir
NOx g 0.1859
CO g 0.3227

ท ๐ g 17.84 .
PM g 0.0494

D r y in g
______________ O u tp u t  I n v e n t o r y  _________

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n ______ U n it  A m o u n t  R e m a r k
R eso u rces P rod u cts
Virgin PS 
resin g 1135.4 Dried resin ! 135.4
U tilities
Electricity I kWh I

T h e r m o fo r m in g
M H M B — I n v e n to r y . O u tp u t  I n v e n t o r y :

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t R e m a r k
R eso u rces P ro d u c ts
Dried resin g 1135.4 Food container kg L  i
U tilities S o lid  W aste
Electricity kWh Scrap 1___g J 135.4

T r a n s p o r ta t io n  o f  P S  p r o d u c t
I n p u t  I n v e n t o r y O u t p u t  I n v e n t o r y

D e s c r ip t io n U n it A m o u n t R e m a r k D e s c r ip t io n U n it A m o u n t 1 R e m a r k
R eso u rces P ro d u c ts
Diesel kg 0.000594 Food container kg 1

E m issio n  to  a ir
NOx g 0.1231
CO g 0.2137
c o 2 g 11.8116
PM ๐& 0.0327
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Table A12 Results o f the inventory analysis o f option 2: increase cassava yield from
3.5 to 5 ton/rai

Input inventory
Type Unit Amount
F u e l

D i e s e l g 1 .1 4 6 3

C h em ica l
F e r t i l iz e r  ( N ) g 1 .4 4 9 9
F e r t i l iz e r  (P ) g 1 .3 6 4 7
F e r t i l iz e r  ( K ) g 1 .7 0 5 9
P a r a q u a t g 0 .0 5 1 2
G ly p h o s a t e g 0 .0 5 9 7

Output inventory
Type Unit Amount

P ro du ct
C a s s a v a  r o o t k g 1

E m i s s i o n  to  a ir
____________ 1 J T F ____________ unit Amount

Product
C O 2 u p ta k e g - 7 2 .2 3 2 7
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Table A13 Results o f the inventory analysis o f conventional landfill based on one
kg o f bioplastic waste
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Table A14 Results o f the inventory analysis o f incineration scenario based on one
kg o f HDPE product

Table A 1 5  R e s u l t s  o f  th e  in v e n t o r y  a n a ly s i s  o f  in c in e r a t io n  s c e n a r io  b a s e d  o n  o n e  

k g  o f  P E T  p r o d u c t



1 6 1

Table A l 6 R e s u l t s  o f  th e  in v e n t o r y  a n a ly s i s  o f  in c in e r a t io n  s c e n a r io  b a s e d  o n  o n e  
k g  o f  P S  p r o d u c t



1 6 2

Appendix B Life Cycle Impact Assessment (LCIA)
Table B1 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  P L A  r e s in  p r o d u c t io n  in  U S A  2 0 0 7  

b y  u s i n g  C M L  2  b a s e l i n e  2 0 0 0  V 2 .0 3  /  W o r ld ,  1 9 9 5

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.014614344
Global warming (GWP100) kg C02 eq 0.22738496
Ozone layer depletion (ODP) kgCFC-11 eq 0
Human toxicity kg 1,4-DB eq 0.010662383
Fresh water aquatic ecotox. kg 1,4-DB eq 1.92189E-06
Marine aquatic ecotoxicity kg 1,4-DB eq 16.85794
Terrestrial ecotoxicity kg 1,4-DB eq 1.22189E-09
Photochemical oxidation kg C2H4 0.000358011
Acidification kg S02 eq 0.006815903
Eutrophication kg P 04— eq 0.001471291

Table B2 R e s u l t s  o f  t h e  im p a c t  a s s e s s m e n t  1 k g  P L A  r e s in  p r o d u c t io n  in  U S A  b y  

u s in g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 0.052331329
Ozone layer kg CFC11 0
Acidification kg S02 0.007873347
Eutrophication kg P04 0.001471192
Heavy metals kg Pb 0
Carcinogens kg B(a)P 0
Winter smog kgSPM 0.002465027
Summer smog kg C2H4 0.00074655
Pesticides kg act.subst 0
Energy resources MJ LHV 58.44
Solid waste kg 0
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Table B3 Results o f the impact assessment 1 kg PLA resin production in Thailand
based on NatureW orks 2007 by using CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.014619503
Global warming (GWP100) kg C02 eq 1.5317924
Ozone layer depletion (ODP) kgCFC-11 eq 1.60E-09
Human toxicity kg 1,4-DB eq 0.012105734
Fresh water aquatic ecotox. kg 1,4-DB eq 0.000788938
Marine aquatic ecotoxicity kg 1,4-DB eq 23.078908
Terrestrial ecotoxicity kg 1,4-DB eq 0.000341358
Photochemical oxidation kg C2H4 0.000355115
Acidification kg S02 eq 0.004283349
Eutrophication kg P 04— eq 0.000664023

Table B4 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  P L A  r e s in  p r o d u c t io n  in  T h a i la n d  

b a s e d  o n  N a t u r e W o r k s  2 0 0 7  b y  u s in g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 1.3653421
Ozone layer kg CFC11 1.85E-09
Acidification kg ร 02 0.004283616
Eutrophication kg P04 0.000665756
Heavy metals kg Pb 7.42E-07
Carcinogens kg B(a)P 7.82E-10
Winter smog kg SPM 0.002270784
Summer smog kg C2H4 0.000693799
Pesticides kg act.subst -7.12E-06
Energy resources MJLHV 140.21466
Solid waste kg 0.041869877
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Table B5 Results o f the impact assessment 1 kg Ingeo resin production in USA
2009 by using CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.019617717
Global warming (GWP100) kg C02 eq 1.2954088
Ozone layer depletion (ODP) kg CFC-11 eq 0
Human toxicity kg 1,4-DB eq 0.053448091
Fresh water aquatic ecotox. kg 1,4-DB eq 8.28E-05
Marine aquatic ecotoxicity kg 1,4-DB eq 525.0456
Terrestrial ecotoxicity kg 1,4-DB eq 3.86E-05
Photochemical oxidation kg C2H4 0.00093075
Acidification kg S02 eq 0.015043727
Eutrophication kg P 04— eq 0.001803022

Table B6 R e s u l t s  o f  th e  im p â c t  a s s e s s m e n t  1 k g  I n g e o  r e s in  p r o d u c t io n  in  U S A  

2 0 0 9  b y  u s i n g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 1.1050145
Ozone layer k g CFC11 0
Acidification kg ร 02 0.016353848
Eutrophication kg P04 0.001802943
Heavy metals kg Pb 2.66E-08
Carcinogens kg B(a)P 1.2 IE -10
Winter smog kg SPM 0.007263467
Summer smog kg C2H4 0.000587705
Pesticides kg act.subst 0
Energy resources MJ LHV 67.8262
Solid waste kg 0.267509
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Table B7 Results o f the impact assessment 1 kg Cassava root in Thailand by using
CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.0001653
Global warming (GWP100) kg C02 eq -0.029993
Ozone layer depletion (ODP) kg CFC-11 eq 3.595E-10
Human toxicity kg 1,4-DB eq 0.0013106
Fresh water aquatic ecotox. kg 1,4-DB eq 0.0001553
Marine aquatic ecotoxicity kg 1,4-DB eq 1.1604925
Terrestrial ecotoxicity kg 1,4-DB eq 3.862E-05
Photochemical oxidation kg C2H4 4.785E-06
Acidification kg S02 eq 0.0001617
Eutrophication kg P 04— eq 1.609E-05

Table B8 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  C a s s a v a  r o o t  in  T h a i la n d  b y  u s in g  

E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 -0.03164398
Ozone layer kg CFCI1 4.19433E-10
Acidification kg S02 0.000167068
Eutrophication kg P04 1.58156E-05
Heavy metals kg Pb 3.02715E-08
Carcinogens kg B(a)P 1.33912E-10
Winter smog kgSPM 8.23535E-05
Summer smog kg C2H4 4.41541E-06
Pesticides kg act.subst 0
Energy resources MJ LHV 0.34617726
Solid waste kg 0.000007708
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Table B9 Results o f the impact assessment 1 kg Cassava chip in Thailand by using
CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 2.253E-05
Global warming (GWP100) kg C02 eq 0.0002886
Ozone layer depletion (ODP) kgCFC-11 eq 0
Human toxicity kg 1,4-DB eq 5.39E-06
Fresh water aquatic ecotox. kg 1,4-DB eq 4.035E-08
Marine aquatic ecotoxicity kg 1,4-DB eq' 0.0001807
Terrestrial ecotoxicity kg 1,4-DB eq 4.97E-08
Photochemical oxidation kg C2H4 8.995E-08
Acidification kg S02 eq 3.667E-06
Eutrophication kg P 04— eq 3.836E-07

Table BIO R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  C a s s a v a  c h ip  in  T h a i la n d  b y  u s in g  

E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 0.0002885
Ozone layer kg CFC11 0
Acidification kg S02 3.895E-06
Eutrophication kg P04 3.836E-07
Heavy metals kg Pb 5.057E-11
Carcinogens kg B(a)P I.814E-13
Winter smog kg SPM 2.174E-06
Summer smog kg C2H4 1.172E-06
Pesticides kg act.subst 0
Energy resources MJ LHV 0.046772
Solid waste kg 4.774E-06
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Table B ll Results o f the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand based on NatureW orks 2009 by using CML 2 baseline 2000 V2.03 /
World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.019604441
Global warming (GWP100) kg C02 eq 2.72008
Ozone layer depletion (ODP) kgC FC -11 eq 1.59E-09
Human toxicity kg 1,4-DB eq 0.052610691
Fresh water aquatic ecotox. kg 1,4-DB eq 0.000804056
Marine aquatic ecotoxicity kg 1,4-DB eq 530.65342
Terrestrial ecotoxicity kg 1,4-DB eq 0.000237094
Photochemical oxidation kg C2H4 0.000927289
Acidification kg S02 eq 0.012454642
Eutrophication kg P 04— eq 0.001066877

Table B12 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  C a s s a v a - b a s e d  P L A  r e s in  p r o d u c ­
t io n  in  T h a i la n d  b a s e d  o n  N a t u r e W o r k s  2 0 0 9  b y  u s in g  E c o - in d i c a t o r  9 5  V 2 .0 3  /  E u ­
r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 2.5386188
Ozone layer kg CFC11 1.83E-09
Acidification kg S02 0.012690418
Eutrophication kg P04 0.00106867
Heavy metals kg Pb 1.58E-07
Carcinogens kg B(a)P 7.10E-10
Winter smog kg SPM 0.007310995
Summer smog kg C2H4 0.000533523
Pesticides kg act.subst -7.08E-06
Energy resources MJ LHV 149.11853
Solid waste kg 0.26736875
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Table B13 Results o f the impact assessment 1 kg cassava flour in Thailand by using
CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o t a l
Abiotic depletion kg Sb eq 0.0061485
Global warming (GWP100) kg C02 eq 0.0802295
Ozone layer depletion (ODP) kg CFC-11 eq 5.779E-11
Human toxicity kg 1,4-DB eq 0.0006361
Fresh water aquatic ecotox. kg 1,4-DB eq 1.186E-05
Marine aquatic ecotoxicity kg 1,4-DB eq 0.3797278
Terrestrial ecotoxicity kg 1,4-DB eq 4.633E-06
Photochemical oxidation kg C2H4 8.46E-06
Acidification kg S02 eq 0.0002955
Eutrophication kg P 04— eq 0.0132018

Table B14 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  c a s s a v a  f lo u r  in  T h a i la n d  b y  u s in g  

E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o t a l
Greenhouse kg C02 0.0800008
Ozone layer kg CFC11 5.222E-11
Acidification kg ร 02 0.0003023
Eutrophication kg P04 0.0132018
Heavy metals kg Pb 3.278E-08
Carcinogens kg B(a)P 8.395E-] 1
Winter smog kg SPM 0.0001823
Summer smog kg C2H4 5.732E-05
Pesticides kg act.subst 0
Energy resources MJ LHV 1.912771
Solid waste kg 0.0004255
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Table B15 Results o f the impact assessment 1 kg Cassava-based PLA resin produc­
tion by using cassava flour as raw material in Thailand based on NatureW orks 2009
following CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.027290106
Global warming (GWP100) kg C02 eq 2.8275565
Ozone layer depletion (ODP) kg CFC-11 eq 1.51E-09
Human toxicity kg 1,4-DB eq 0.052320669
Fresh water aquatic ecotox. kg 1,4-DB eq 0.000662605
Marine aquatic ecotoxicity kg 1,4-DB eq 530.39538
Terrestrial ecotoxicity kg 1,4-DB eq 0.000231259
Photochemical oxidation kg C2H4 0.000931502
Acidification kg S02 eq 0.012675445
Eutrophication kg P 04— eq 0.019547661

Table B16 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  C a s s a v a - b a s e d  P L A  r e s in  p r o d u c ­
t io n  b y  u s i n g  c a s s a v a  f lo u r  a s  r a w  m a te r ia l  in  T h a i la n d  b a s e d  o n  N a t u r e W o r k s  2 0 0 9  

f o l l o w i n g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 2.645837
Ozone layer kg CFC11 1.71E-09
Acidification kg ร02 0.012949411
Eutrophication kg P04 0.019549462
Heavy metals kg Pb 1.73E-07
Carcinogens kg B(a)P 5.95E-10
Winter smog kg SPM 0.007408857
Summer smog kg C2H4 0.000610303
Pesticides kg act.subst -7.08E-06
Energy resources MJ LHV 150.05063
Solid waste kg 0.26747223
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Table B17 Results o f the impact assessment 1 kg PBS resin production by using
CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it T o ta l
Abiotic depletion kg Sb eq 0.06629587
Global warming (GWP100) kg C02 eq 0.02669846
Ozone layer depletion (ODP) kgCFC-11 eq 0.00160897
Human toxicity kg 1,4-DB eq 5.38349068
Fresh water aquatic ecotox. kg 1,4-DB eq 5.65E-07
Marine aquatic ecotoxicity kg 1,4-DB eq 1.70210886
Terrestrial ecotoxicity kg 1,4-DB eq 0.23751727
Photochemical oxidation kg C2H4 767.945146
Acidification kg S02 eq 0.02388117
Eutrophication kg P 04— eq 0.00145935

Table B18 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  P B S  r e s in  p r o d u c t io n  b y  E c o -  

in d ic a to r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it T o ta l
Greenhouse kg C02 5.205679
Ozone layer kg CFC11 5.43E-07
Acidification kg S02 0.025039
Eutrophication kg P04 0.001607
Heavy metals kg Pb 4.07E-05
Carcinogens kg B(a)P 3.92E-07
Winter smog kg SPM 0
Summer smog kg C2H4 0.001652
Pesticides kg act.subst 0.019795
Energy resources MJ LHV 130.3679
Solid waste kg 0.056528
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Table B19 Results o f the impact assessment 1 kg HDPE resin production by using
CML 2 baseline 2000 V2.03 / World, 1995

I m p a c t  c a t e g o r y U n it H D P E  r e s in
Abiotic depletion kg Sb eq 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 0.07747427
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 kg P04--- eq 0.000515856

Table B20 R e s u l t s  o f  th e  im p a c t  a s s e s s m e n t  1 k g  H D P E  r e s in  p r o d u c t io n  b y  u s in g  

E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

I m p a c t  c a t e g o r y U n it H D P E  r e s in
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 kgSPM 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 B21 Results o f the impact assessment 1 kg PET resin production by using
CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca teg o ry U n it P E T  resin
A b iotic depletion kg Sb eq 0 .0 3 6 1 5 6 4 9
G lobal warm ing (G W P 100) kg C 0 2  eq 2 .9 3 8 6 7 8 9
O zone layer depletion (O D P ) kg C F C -11 eq 1.33E -07
Human toxicity kg 1,4-D B  eq 1 .4806 079
Fresh water aquatic ecotox. kg 1,4-D B eq 0 .2 2 4 3 6 9 0 6
M arine aquatic ecotox ic ity kg 1,4-D B  eq 1018.8666
Terrestrial ecotoxicity kg 1,4-D B eq 0 .0 1 2 9 5 0 7 1 8
Photochem ical oxidation kg C2H 4 0 .0 0 0 6 7 8 8 6 5
A cid ification kg S 0 2  eq 0 .0 1 0 8 9 4 2 8 8
Eutrophication kg PQ 4—  eq 0 .0 0 3 1 3 9 6 6 6

Table B22 Results of the impact assessment 1 kg PET resin production by using 
Eco-indicator 95 V2.03 / Europe g

Im p act ca tego ry U n it P E T  resin
G reenhouse kg C 0 2 2 .7 7 4 0 6 0 8
O zone layer kg CFC11 1.39E -07
A cid ification kg S 0 2 0 .0 106 1869 1
Eutrophication kg P 0 4 0 .0 031 3885 1
H eavy m etals kg Pb 6.02E -05
C arcinogens kg B (a)P 2 .77 E -0 7
W inter sm og kg SPM 0 .0 0 8 1 3 5 4 7 4
Sum m er sm og kg C2H 4 0 .0 0 1 4 3 2 6 8 6
P esticides kg act.subst 0
E nergy resources MJ LHV 8 2 .4 1 9 8 9
Solid  waste kg 0
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Table B23 Results o f the impact assessment 1 kg PS resin production by using CML
2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U nit P S  resin
A biotic depletion kg Sb eq 0 .0 3 9 4 2 2 7 9 6
Global warm ing (G W P 100) kg C 0 2  eq 3 .4 6 1 1 0 2 4
O zone layer depletion (O D P) kg CFC-11 eq 8 .33E -10
Human toxicity kg 1,4-D B eq 0 .2 5 5 8 4 9 2 7
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 8 0 5 5 1 5 3 7
Marine aquatic ecotoxicity kg 1,4-D B eq 131 .18349
Terrestrial ecotoxicity kg 1,4-D B eq 0 .00047892 1
Photochem ical oxidation kg C2H 4 0 .00 07 4 6 56 5
A cidification kg S 0 2  eq 0 .01 14 6 4 55 3
Eutrophication kg P 0 4 —  eq 0 .0 0 0 8 4 0 0 4 7

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

Im p act ca tegory U nit P S  resin
G reenhouse kg C 0 2 3 .08 75 9 43
O zone layer kg CFC11 1.23E -09
A cid ification kg S 0 2 0 .0 1 1 1 1 62 3
Eutrophication kg P 0 4 0 .0 0 0 8 4 0 0 3 7
H eavy m etals kg Pb 4 .00E -05
Carcinogens kg B(a)P 1.76E-08
Winter sm og k g S P M 0 .0 0 7 9 4 3 4 1 6
Sum m er sm og kg C2H 4 0 .0 0 1 5 8 6 4 9 6
P esticides kg act.subst 0
Energy resources MJ LHV 87.653071
Solid  waste kg 0
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Table B25 Results o f the impact assessment 1 kg cassava root from option 2: in­
crease cassava yield from 3.5 to 5 ton/rai by using CML 2 baseline 2000 V2.03 /
World, 1995

Im p act ca tego ry U nit T ota l
A biotic depletion kg Sb eq 0 .00011564 1
G lobal warm ing (G W P 100) kg C 0 2  eq -0 .05213 1721
O zone layer depletion (O D P) kg C F C -11 eq 2 .52E -10
Human toxicity kg 1,4-DB eq 0 .0 0 0 9 1 7 5 3 8
Fresh water aquatic ecotox. kg 1,4-D B eq 0 .0 0 0 1 0 8 7 1 8
M arine aquatic ecotoxicity kg 1,4-D B eq 0 .8 1 2 4 7 4 1 7
Terrestrial eco toxicity kg 1,4-D B  eq 2.70E -05
Photochem ical oxidation kg C2H4 3.35E-Q6
A cidification kg S 0 2  eq 0 .0 0 0 1 1 3 2 0 7
Eutrophication kg P 0 4 —  eq 1.13E -05

Table B26 Results of the impact assessment 1 kg cassava root from option 2: in­
crease cassava yield from 3.5 to 5 ton/rai by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tegory U n it T ota l
G reenhouse kg C 0 2 -0 .0 5 3 2 8 7 1 8 8
O zone layer kg CFC11 2 .9 4 E -1 0
A cid ification kg S 0 2 0 .0 0 0 1 1 69 4 3
Eutrophication kg P 0 4 1.11E -05
H eavy m etals kg Pb 2 .12E -08
C arcinogens kg B (a)P 9 .3 8 E -1 1
W inter sm og kg SPM 5.76E -05
Sum m er sm og kg C2H 4 3 .09E -06
P esticides kg act.subst 0
Energy resources MJ LHV 0 .2 4 2 2 5 1 2 9
Solid  waste kg 5 .39E -06
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Table B27 Results o f the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand compare with 1 kg Cassava-based PLA resin production in Thailand
with option 1 by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U n it C a ssa va -b a sed  P L A  
resin  w ith ou t op tion

C a ssa va -b a sed  PLA  
resin  w ith  op tion  1

A b iotic depletion kg Sb eq 0 .02 72 9 0 10 6 0 .0 272 9010 6
G lobal warm ing (G W P 100) kg C 0 2  eq 2 .82 75 5 65 0 .7775 5646
O zone layer depletion  
(O D P ) k gC F C -11 eq 1.51E -09 1.51E-09
Human toxicity kg 1,4-D B eq 0 .0 5 2 3 2 06 6 9 0 .05 23 2 0 66 9
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 006 6260 5 0.00066260 5
M arine aquatic ecotox ic ity kg 1,4-D B eq 530 .39 5 38 530 .39538
Terrestrial ecotoxicity kg 1,4-D B eq 0 .00 02 3 1 25 9 0 .0 002 3125 9
Photochem ical oxidation kg C2H 4 0 .00 09 3 1 50 2 0 .00093150 2
A cid ification kg S 0 2  eq 0 .0 126 7544 5 0 .01267544 5
Eutrophication kg P 0 4 —  eq 0 .019547661 0.001187121

Table B28 Results of the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand compare with 1 kg PLA resin production in Thailand with option 1 
by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tegory U nit
C a ssa v a -b a sed  

P L A  resin  w ith o u t  
option

C a ssa v a -b a sed  PLA  
resin  w ith  op tion  1

G reenhouse kg C 0 2 2 .64 58 3 7 0 .5958 37
O zone layer kg CFC11 1.71E -09 1.71E -09
A cid ification kg ร 0 2 0 .012949411 0 .012949411
Eutrophication kg P 0 4 0 .01 95 4 9 46 2 0 .00 11 8 8 92 2
H eavy m etals kg Pb 1.73E -07 1.73E -07
Carcinogens kg B(a)P 5 .95E -10 5 .95E -10
Winter sm og k g S P M 0 .00 74 0 8 85 7 0 .00 74 0 8 85 7
Sum m er sm og kg C2H 4 0.00061030 3 0 .0 006 1030 3
P esticides kg act.subst -7 .08E -0 6 -7 .08E -06
Energy resources MJ LHV 150.05063 150.05063
Solid  waste kg 0 .2 67 4 7 22 3 0 .26747223



176

Table B29 Results o f the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand compare with 1 kg PLA resin production in Thailand with option 2
by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca teg o ry U nit
C a ssa va -b a sed  

P L A  resin  w ith o u t  
op tion

C a ssav a -b a sed  
P L A  resin  w ith  

op tion  2
A b iotic dep letion kg Sb eq 0 .0 2 7 2 9 0 1 0 6 0 .0269592
G lobal w arm ing (G W P 100) kg C 0 2  eq 2 .8 2 7 5 5 6 5 2 .67 98 9 29
O zone layer depletion  
(O D P) kg C F C -11 eq 1.51E -09 7.93E -10
Human tox icity kg 1,4-D B eq 0 .0 5 2 3 2 0 6 6 9 0.049699231
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 0 06 62 60 5 0 .0003 5200 3
M arine aquatic ecotoxicity kg 1,4-D B  eq 5 3 0 .3 9 5 3 8 528.0741
Terrestrial eco tox ic ity - kg 1,4-D B  eq 0 .0 0 0 2 3 1 2 5 9 0 .0 00 1 5 40 1 5
P hotochem ical oxidation kg C2H4 0 .0 0 0 9 3 1 5 0 2 0 .0 00 9 2 19 2 6
A cid ification kg S 0 2  eq 0 .0 1 26 75 44 5 0 .0 1 23 51 79 4
Eutrophication kg P 0 4 —  eq 0 .01954766 1 0 .0 19 5 1 54 6

Table B30 Results of the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand compare with 1 kg PLA resin production in Thailand with option 2 
by using Eco-indicator 95 V2.03 / Europe g

Im p a ct ca teg o ry U n it
C a ssa va -b a sed  

P L A  resin  w ith o u t  
op tion

C a ssa v a -b a sed  PL A  
resin  w ith  op tion  2

G reenhouse kg C 0 2 2 .6 4 5 8 3 7 2 .50 14 7 68
O zone layer kg CFC11 1.71E -09 8.73E -10
A cid ification kg ร 0 2 0 .01294941 1 0 .0 12 6 1 50 7 2
Eutrophication kg P 0 4 0 .0 1 9 5 4 9 4 6 2 0.01951781
H eavy m etals kg Pb 1.73E -07 1.12E -07
C arcinogens kg B (a)P 5.95E -10 3 .28E -10
W inter sm og kg SPM 0 .0 0 7 4 0 8 8 5 7 0 .0 07 2 4 40 5 9
Sum m er sm og kg C2H4 0 .0 0 06 10 30 3 0 .0 006 0145 5
P esticides kg act.subst -7 .08E -06 -7 .08E -06
Energy resources MJ LHV 150.05063 149.35745
Solid  waste kg 0 .2 6 74 72 23 0 .2674 5676
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Table B31 Results o f the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand compare with 1 kg PLA resin production in Thailand with all op­
tions by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tego ry Unit
C a ssava -b a sed  

PL A  resin  w ith ­
ou t option

C a ssav a -b a sed  PL A  
resin  w ith  all o p ­

tions
A biotic depletion kg Sb eq 0 .02 72 9 0 10 6 0 .0269 592
G lobal w arm ing (G W P 100) kg C 0 2  eq 2 .8275565 0 .6298 9288
O zone layer depletion (O D P) k gC F C -11 eq 1.51E -09 7 .93E -10
Human toxicity kg 1,4-D B eq 0 .0 5 2 3 2 06 6 9 0 .049699231
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 006 6260 5 0 .00035200 3
Marine aquatic ecotox ic ity kg 1,4-D B  eq 530 .39 538 528.0741
Terrestrial ecotoxicity kg 1,4-D B  eq 0 .0 0 02 31 25 9 0 .0 001 5401 5
Photochem ical oxidation kg C2H 4 0.0 00 9 3 15 0 2 0 .00 09 2 1 92 6
A cid ification kg S 0 2  eq 0 .0 12 6 7 54 4 5 0 .01 23 5 1 79 4
Eutrophication kg P 0 4 —  eq 0.019547661 0 .0 01 1 5 49 2

Table B32 Results of the impact assessment 1 kg Cassava-based PLA resin produc­
tion in Thailand compare with 1 kg PLA resin production in Thailand with all op­
tions by using Eco-indicator 95 V2.03 / Europe g

Im pact ca teg o ry U nit
C a ssav a -b a sed  

P L A  resin  w ith o u t  
op tion

C a ssav a -b a sed  P L A  
resin  w ith  all op ­

tion s
G reenhouse kg C 0 2 2 .6 4 5 8 3 7 0.4514 7683
O zone layer kg CFC11 1.71E -09 8.73E -10
A cid ification kg ร 0 2 0 .0129 4941 1 0 .0126 1507 2
Eutrophication kg P 0 4 0 .0 1 9 5 4 94 6 2 0.0011 5727
H eavy m etals kg Pb 1.73E -07 1.12E-07
C arcinogens kg B (a)P 5.95E -10 3 .28E -10
W inter sm og kg SPM 0 .0 0 7 4 0 8 8 5 7 0 .00 72 4 4 05 9
Sum m er sm og kg C2H 4 0 .00 06 1 0 30 3 0 .0 006 0145 5
P esticides kg act.subst -7 .08E -06 -7 .08E -06
Energy resources MJ LHV 150.05063 149.35745
Solid  waste kg 0 .26 7 4 72 23 0 .2674 5676
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Table B33 Results o f the impact assessment 1 kg PLA T-shirt bag from Company A
without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p a ct ca tego ry U n it B est W orst
A biotic depletion kg Sb eq 0 .0 4 14 0 0 .07 3 2 0
G lobal w a n n in g  (G W P 100) kg C 0 2  eq 1.58796 4 .92 9 0 9
O zone layer depletion (O D P) k gC F C -11 eq 0 0
Human toxicity kg 1,4-D B  eq 0 .0 7 2 6 9 0.08583
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 0 11 2 0.0011 7
Marine aquatic ecotoxicity kg 1,4-D B eq 67.1.75941 6 72 .22487
Terrestrial ecotoxicity kg 1,4-D B  eq 0 .0 0 02 2 0 .00 0 3 0
Photochem ical oxidation kg C2H 4 0.0012 3 0.0014 5
A cid ification kg S 0 2  eq 0 ,0 1 7 9 4 0.0273 7
Eutrophication kg P 0 4 —  eq 0 .0 0 17 4 0.0027 9

Table B34 Results of the impact assessment 1 kg PLA T-shirt-bag from Company A 
without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tegory U n it B est W o rst
G reenhouse kg C 0 2 1.36024 4 .6 9 7 6 4
O zone layer kg CFC11 0 0
A cid ification kg ร 0 2 0 .0184 9 0 .0 2 86 2
Eutrophication kg P 0 4 0.00175 0 .0 0 2 7 9
H eavy m etals kg Pb 0 0
C arcinogens kg B (a)P 0 0
W inter sm og kg SPM 0.0104 0 0 .01 5 7 5
Sum m er sm og kg C2H 4 0.00081 0.00101
P esticides kg act.subst 0 0
Energy resources MJ LHV 199.83064 2 4 6 .8 7 4 4 8
Solid  waste kg 0 .33975 0.34391
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Table B35 Results o f the impact assessment 1 kg PLA T-shirt bag from Company B
without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U nit B est W orst
A biotic depletion kg Sb eq 0 .04 3 8 7 0 .08429
G lobal w arm ing (G W P 100) kg C 0 2  eq 1.78087 6.02795
O zone layer depletion (O D P ) k gC F C -11 eq 0 0
Human toxicity kg 1,4-D B  eq 0 .07 5 6 5 0.09235
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 0 11 9 0 .00127
Marine aquatic ecotoxicity kg 1,4-D B  eq 6 8 8 .30 6 90 6 88 .89 856
Terrestrial ecotoxicity kg 1,4-D B  eq 0.0002 3 0.00032
Photochem ical oxidation kg C2H 4 0 .0 0 12 7 0.00155
A cid ification kg S 0 2  eq 0.01881 0.0307 9
Eutrophication kg P 0 4 —  eq 0 .00183 0 .00316

Table B36 Results of the impact assessment 1 kg PLA T-shirt bag from Company B 
without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tego ry U n it Best W o rst
G reenhouse kg C 0 2 1.54746 5 .7 8 97 9
O zone layer kg C F C li 0 0
A cid ification kg S 0 2 0 .0 1 94 0 0 .0 3 22 8
Eutrophication kg P 0 4 0 .00184 0 .0 0 31 6
H eavy m etals kg Pb 0 0
Carcinogens k g B (a )P 0 0
W inter sm og kg SPM 0.01090 0 .0 1 7 7 0
Sum m er sm og kg C2H 4 0.0008413 0 .0 0 1 0 8 7 8
Pesticides kg act.subst 0 0
Energy resources MJ LHV 2 06 .8 4 5 9 6 2 6 6 .6 4 5 6 9
Solid  waste kg 0.3481971 0.3534841
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Table B37 Results o f the impact assessment 1 kg HDPE T-shirt bag from Company
A compare with 1 kg HDPE T-shirt bag from Company B by using CML 2 baseline
2000 V 2.03/W orld, 1995

Im p act ca tegory U n it H D P E A H D P E  B
A biotic depletion kg Sb eq 0 .04578072 1 0 .06 25 2 9 39 5
G lobal warm ing (G W P 100) kg C 0 2  eq 3 .0 4 75 5 25 4 .1 2 0 6 3 6
O zone layer depletion (O D P ) kg C F C -1 1 eq 7 .31E -09 9 .44E -09
Human toxicity kg 1,4-D B  eq 0 .1 0 3 2 7 13 2 0 .1 3 97 58 48
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 3 10 27 15 4 0 .0 42 0 7 07 4 5
Marine aquatic ecotoxicity kg 1,4-D B  eq 110 .10342 151 .56928
Terrestrial ecotoxicity kg 1,4-D B eq 0 .0 0 03 69 60 7 0 .0 00 4 4 82 5 5
Photochem ical oxidation kg C2H 4 0 .0 0 07 81 03 4 0 .0 0 10 72 67 8
A cidification kg S 0 2  eq 0 .0 09 9 3 78 4 5 0 .0 1 3 4 6 9 5 3 9
Eutrophication kg P 0 4 —  eq 0 .0 0 10 02 91 5 0 .0 01 3 2 09 7 3

Table B38 Results of the impact assessment 1 kg HDPE T-shirt bag from Company 
a compare with 1 kg HDPE T-shirt bag from Company B by using Eco-indicator 95 
V2.03 / Europe g

Im p act ca tegory U nit H D P E A H D P E  B
G reenhouse kg C 0 2 2 .8 3 3 8 8 4 5 3 .8233795
O zone layer kg CFC11 9 .04E -09 1.18E -08
A cidification kg S 0 2 0 .01 00 3 9 74 5 0 .0 1 3 5 8 3 9 1 5
Eutrophication kg P 0 4 0 .00 10 0 2 55 3 0 .0 0 13 20 58 8
H eavy m etals kg Pb 2.70E -05 3.76E -05
Carcinogens kg B(a)P 8.07E -09 1.03E-08
Winter sm og kg SPM 0.00649223 1 0 .0 0 88 36 20 3
Sum m er sm og kg C2H 4 0 .02 48 8 8 84 5 0 .0 28 0 8 31 2
Pesticides kg act.subst 0 0
Energy resources MJ LHV 9 8 .7 85 4 135.64402
Solid waste kg 0 .0 0 1 0 8 90 6 8 0 .0 0 1 3 6 5 4 9 7
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Table B39 Results o f the impact assessment 1 kg PLA water bottle from Company
D without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U n it B est W orst
A b iotic depletion kg Sb eq 0 .0 4 5 9 6 7 1 5 6 0 .06127105 3
G lobal w arm ing (G W P 100) kg C 0 2  eq 4 .8 1 2 7 4 0 9 6.4112597
O zone layer depletion (O D P) kgC F C -11 eq 1.56E -09 2 .13E -09
Human tox icity kg 1,4-DB eq 0 .0 6 1 4 3 4 6 0 7 0.0831 4793 3
Fresh water aquatic ecotox. kg 1,4-D B  eq 0 .0 0 0 7 1 1 8 7 8 0.0009 6824
M arine aquatic ecotoxicity kg 1,4-D B eq 544 .60 7 45 742 .62 589
Terrestrial eco toxicity kg 1,4-D B eq 0 .0 0 0 2 7 7 6 0 2 0 .0 003 7538 4
Photochem ical oxidation kg C2H4 0 .0 0 10 93 45 0 .0014 7954
A cid ification kg S 0 2  eq 0 .0 1 84 63 76 5 0.0247 4158
Eutrophication kg P 0 4 —  eq 0 .0 2 0 6 8 4 7 4 7 0 .0 281 5551 4

Table B40 Results of the impact assessment 1 kg PLA water bottle from Company 
D without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p a ct ca teg o ry U n it B est W orst
G reenhouse kg C 0 2 4 .6 2 3 4 2 1 7 6.1533601
O zone layer kg CFC11 1.77E -09 2 .42E -09
A cid ification kg S 0 2 0 .0 1 9 1 9 3 9 7 2 0 .0256 9893 3
Eutrophication kg P 0 4 0 .0 2 0 6 8 6 7 9 7 0 .0 28 1 5 82 9 4
H eavy m etals kg Pb 2 .47E -07 3 .31E -07
Carcinogens kg B(a)P 2 .03 E -0 9 2 .66E -09
W inter sm og kg SPM 0.01062431 0 .0 1 42 50 41 6
Sum m er sm og kg C2H 4 0 .0 0 0 7 3 7 2 0 2 0 .0 0 09 96 49 2
P esticides kg act.subst -7 .27E -06 -9 .91E -06
Energy resources MJ LHV 180 .58255 244 .15 8 64
Solid  waste kg 0 .2 7 6 8 5 8 0 6 0 .3773488
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Table B41 Results o f the impact assessment 1 kg PET water bottle from Company
D without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tego ry U nit P E T
A b iotic depletion kg Sb eq 0 .0 5 3 9 8 0 5 4 9
G lobal warm ing (G W P 100) kg C 0 2  eq 4 .7 9 3 6 6 9 6
O zone layer depletion (O D P) kg C F C -11 eq 1.24E -07
Human toxicity kg 1,4-D B eq 1.3949866
Fresh water aquatic ecotox. kg 1,4-D B eq 0 .21103361
M arine aquatic ecotox ic ity kg 1,4-DB eq 957 .03 2 03
Terrestrial ecotoxicity kg 1,4-DB eq 0 .0 1 2 1 4 1 6 2 4
Photochem ical oxidation kg C2H4 0 .0 0 0 8 0 0 2 4 7
A cid ification kg S 0 2  eq 0 .0 16 0 6 39 0 3
Eutrophication kg P 0 4 —  eq 0 .0 0 3 6 0 0 6 5 4

Table B42 Results of the impact assessment 1 kg PET water bottle from Company 
D without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tego ry U nit P E T
G reenhouse kg C 0 2 4 .62 68 2 65
O zone layer kg CFC11 1.30E -07
A cid ification kg ร 0 2 0.016252461
Eutrophication kg P 0 4 0 .00 36 0 0 09 4
H eavy m etals kg Pb 5.77E -05
C arcinogens kg B (a)P 2.61E -07
W inter sm og kg SPM 0 .01 09 1 2 38 9
Sum m er sm og kg C2H 4 0 .00 15 6 1 07 4
P esticides kg act.subst 0
Energy resources MJ LHV 108.71937
Solid  waste kg 0 .00 23 5 8 19 6
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Table B43 Results o f the impact assessment 1 kg PBS T-shirt bag from Company A
without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca te g o ry U n it B est W o rst
A biotic depletion kg Sb eq 0 .09 1 1 7 0 .12116
G lobal warm ing (G W P 100) kg C 0 2  eq 7 .6 0 31 6 10.75441
O zone layer depletion (O D P ) k gC F C -11 eq 0 0
Human toxicity kg 1,4-D B  eq 2 .1 6 3 6 6 2 .17605
Fresh water aquatic ecotox . kg 1,4-D B  eq 0.3012 3 0 .30128
M arine aquatic ecotox ic ity kg 1,4-D B  eq 9 7 5 .2 9 22 5 975 .73 125
Terrestrial ecotoxicity kg 1,4-D B  eq 0 .03 0 2 5 0.03031
Photochem ical oxidation kg C2H 4 0.00191 0 .00212
A cid ification kg S 0 2  eq 0 .03 6 0 8 0 .04497
Eutrophication kg P 0 4 —  eq 0 .00 2 3 2 0.0033

Table B44 Results of the impact assessment 1 kg PBS T-shirt bag from Company A 
without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p act ca teg o ry U nit B est W orst
G reenhouse kg C 0 2 7 .38 E + 00 10.52393661
O zone layer kg CFC11 6.98E -07 6 .98E -07
A cid ification kg S 0 2 3 .42E -02 4 .38E -02
Eutrophication kg P 0 4 0 .0 0 2 3 1 6 0 3 5 3.30E -03
H eavy m etals kg Pb 5.16E -05 5.17E -05
Carcinogens kg B (a)P 4 .97 E -0 7 4 .99E -07
Winter sm og kg SPM 0 .0 0 1 2 2 9 0 4 6 6.28E -03
Sum m er sm og kg C2H 4 2.14E -03 2 .32E -03
Pesticides kg act.subst 0 .0 2 5 0 4 8 5 9 3 0 .0 250 4859 3
Energy resources MJ LHV 1 75 .801268 7 2 2 0 .1 7 1 48 3 7
Solid  waste kg 0 .0 7 2 8 4 1 7 7 4 0 .0 767 6464 3
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Table B45 Results o f the impact assessment 1 kg PBS food container from Compa­
ny c  without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U nit B est W orst
A b iotic depletion kg Sb eq 6 .16E -02 7.20E -02
G lobal warm ing (G W P 100) kg C 0 2  eq 5 .8 4 1 8 8 25 6 4 6 .9396 0436 4
O zone layer dep letion (O D P) k gC F C -11 eq 1.13E -09 1.13E-09
Human toxicity kg 1,4-DB eq 0 .7 2 1 6 2 5 3 9 4 0 .7259 4182 8
Fresh water aquatic ecotox. kg 1,4-D B  eq 9 .49E -02 9.49E -02
M arine aquatic ecotox ic ity kg 1,4-D B eq 6 9 6 .8 3 1 8 7 1 4 6 96 .98 4794 7
Terrestrial eco toxicity kg 1,4-D B  eq 9.69E -03 9.72E -03
Photochem ical oxidation kg C2H 4 0 .0 0 1 3 8 7 1 8 6 0 .0 014 5985 8
A cid ification kg S 0 2  eq 0 .0 2 4 5 9 2 7 0 2 0 .0 276 9002 5
Eutrophication kg P 0 4 — eq 0 .0 1 5 6 0 1 1 3 2 0 .01 59 4 3 44 9

Table B46 Results of the impact assessment 1 kg PBS food container from Compa­
ny c without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tego ry U nit Best W orst
G reenhouse kg C 0 2 6 .75 79 6 77 7 .8 5 44 6 27
O zone layer kg CFC11 1.4204E -09 1 .43022E -09
A cid ification kg S 0 2 0 .0 2 2 7 5 23 1 7 0 .0 26 0 7 97 3 3
Eutrophication kg P 0 4 0 .0 0 2 0 3 21 5 2 0 .0 0 2 3 7 4 5 8 6
H eavy m etals kg Pb 4 .55635E -0 5 4 .5603 8E -0 5
Carcinogens kg B(a)P 2 .2370 8E -0 8 2 .3198 2E -0 8
W inter sm og kg SPM 0 .0 1 4 1 4 45 6 7 0 .0 1 59 03 00 2
Sum m er sm og kg C2H 4 0 .0 019 9024 3 0 .0 0 2 0 5 3 9 5 9
P esticides kg act.subst 0 0
Energy resources MJ LHV 144.65522 160.111373
Solid  waste kg 0 .0 0 3 9 9 22 6 6 0 .0 0 53 58 77 8
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Table B47 Results o f the impact assessment 1 kg PS food container from Company
c without disposal phase by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U nit PS
A biotic depletion kg Sb eq 0 .0 6 0 1 2 5 4 2 8
Global w an n in g  (G W P 100) kg C 0 2  eq 5 .5 7 1 4 8 9 7
O zone layer depletion (O D P) kg CFC-11 eq 9 .57E -10
Human toxicity kg 1,4-DB eq 0 .2 9 7 2 0 4 1 5
Fresh water aquatic ecotox. kg 1,4-DB eq 0 .09148546 1
Marine aquatic ecotoxicity kg 1,4-DB eq 149.17041
Terrestrial ecotoxicity kg 1,4-DB eq 0 .00057821 1
Photochem ical oxidation kg C2H4 0 .0 0 0 9 6 8 9 0 9
A cidification kg S 0 2  eq 0 .01772192 1
Eutrophication kg P 0 4 —  eq 0 .0 0 1 4 9 6 8 5 7

Table B48 Results of the impact assessment 1 kg PS food container from Company 
c  without disposal phase by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tegory U n it PS
G reenhouse kg C 0 2 5 .14 47 8 74
O zone layer kg CFC11 1.41E -09
A cid ification kg S 0 2 0 .0 1 7 7 2 6 2 2
Eutrophication kg P 0 4 0 .0 0 1 4 9 7 0 1 7
H eavy m etals kg Pb 4.55E -05
C arcinogens k g B (a )P 2 .12E -08
W inter sm og kg SPM 0 .0116 0257 1
Sum m er sm og kg C2H 4 0 .0 0 1 8 9 6 5 2 9
Pesticides kg act.subst 0
Energy resources MJ LHV 122 .27117
Solid  waste kg 0 .0 0 2 0 1 2 3 0 5
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Table B49 LCIA results o f PLA landfill (without energy recovery) based on one kg
o f bioplastic waste by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca teg o ry U nit T ota l
A b iotic depletion kg Sb eq 1.49E -04
G lobal warm ing (G W P 100) kg C 0 2  eq 1.82
O zone layer depletion (O D P ) k gC F C -11 eq 5 .42E -12
Human toxicity kg 1,4-D B eq 8.39E -04
Fresh water aquatic ecotox. kg 1,4-D B eq 7.17E -06
M arine aquatic ecotox ic ity kg 1,4-DB eq 0 .065
Terrestrial ecotoxicity kg 1,4-D B eq 3.58E -06
Photochem ical oxidation kg C2H 4 1 .6 IE 05
A cid ification kg S 0 2  eq 2.4  IE -04
Eutrophication kg P 0 4 —  eq 5.01E -05

Table B50 LCIA results of PLA landfill (without energy recovery) based on one kg 
of bioplastic waste by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tego ry U nit A m o u n t
G reenhouse kg C 0 2 1 '82
O zone layer kg CFC11 7.22E -12
A cid ification kg S 0 2 3 .04E -04
Eutrophication kg P 0 4 5.02E -05
H eavy m etals kg Pb 2 .98E -08
Carcinogens kg B(a)P 9 .59E -10
W inter sm og kg SPM 1.20E -04
Sum m er sm og kg C2H 4 7.91 E -06
P esticides kg act.subst 0
Energy resources MJ LHV 0.3
Solid  waste kg 4 .34E -05



187

Table B51 LCIA results o f PLA landfill (with energy recovery) based on one kg o f
bioplastic waste by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U nit T ota l
A biotic depletion kg Sb eq 2 .25E -04
G lobal warm ing (G W P 100) kg C 0 2  eq 0 .064
O zone layer depletion (O D P) kgC F C -11 eq 6 .34E -12
Human toxicity kg 1,4-D B eq 8.81E -04
Fresh water aquatic ecotox. kg 1,4-DB eq 8.15E -06
M arine aquatic ecotoxicity kg 1,4-D B  eq 0.075
Terrestrial ecotoxicity kg 1,4-D B  eq 3.70E -06
Photochem ical oxidation kg C2H 4 1.66E -05
A cid ification kg S 0 2  eq 2 .63E -04
Eutrophication kg P 0 4 —  eq 5.34E -05

Table B52 LCIA results of PLA landfill (with energy recovery) based on one kg of 
bioplastic waste by using Eco-indicator 95 V2.03 / Europe g

Im p act ca tegory U n it A m o u n t
G reenhouse kg C 0 2 0.064
O zone layer kg CFC11 8.45E -12
A cid ification kg ร 0 2 3 .31E -04
Eutrophication kg P 0 4 5 .35E -05
H eavy m etals kg Pb 3 .01E -08
Carcinogens kg B (a)P 9.66E -10
Winter sm og kg SPM 5.59E -04
Sum m er sm og kg C2H 4 8.32E -06
P esticides kg act.subst 0
Energy resources MJ LHV 0 .41 34 1 8
Solid w aste kg 5 .39E -05
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Table B53 LCIA results o f PLA recycling based on one kg o f bioplastic waste by
using CML 2 baseline 2000 V2.03 / World, 1995

Im p a ct ca tego ry U n it T o ta l
A b iotic depletion kg Sb eq 0.025
G lobal warm ing (G W P 100) kg C 0 2  eq 3.25
O zone layer depletion (O D P) kg CFC-11 eq 6 .64E -09
Human tox icity kg 1,4-D B eq 0 .498
Fresh water aquatic eçotox. kg 1,4-D B  eq 8.55E -03
M arine aquatic ecotoxiçity kg 1,4-D B  eq 78.63
Terrestrial eco toxicity kg 1,4-D B  eq 4.13E -03
P hotochem ical oxidation kg C2H 4 2.14E -03
A cid ification kg S 0 2  eq 0.02
Eutrophication kg P 0 4 —  eq 1.68E -03

Table B54 LCIA results of PLA recycling based on one kg of bioplastic waste by 
using Eco-indicator 95 V2.03 / Europe g

Im p a ct ca tegory U n it A m o u n t
G reenhouse kg C 0 2 3 .16
O zone layer kg CFC11 8.85E -09
A cid ification kg S 0 2 0.021
Eutrophication kg P 0 4 1.87E -03
H eavy m etals kg Pb 3.69E -05
C arcinogens k g B (a )P 1.20E -06
W inter sm og kg SPM 0.036
Sum m er sm og kg C2H 4 8.69E -04
Pesticides kg act.subst 0
Energy resources MJ LHV 4 9 .6 9
Solid  waste kg 0 .255
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Table B55 LCIA results o f PLA composting based on one kg o f bioplastic waste by
using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tego ry U nit T ota l
A biotic depletion kg Sb eq 5.73E -03
Global w arm ing (G W P 100) kg C 0 2  eq -9 .29E -02
O zone layer depletion (O D P ) k gC F C -11 eq -3 .59E -1 0
Human toxicity kg 1,4-D B  eq 1.37E -02
Fresh water aquatic ecotox. kg 1,4-D B  eq -1.24E -05
M arine aquatic ecotoxicity kg 1,4-D B  eq -2.16E -02
Terrestrial eco toxicity kg 1,4-D B  eq 1.65E -05
Photochem ical oxidation kg C2H 4 5.42E -04
A cid ification kg S 0 2  eq 5.73E -03
Eutrophication kg P 0 4 —  eq 1.35E-03

Table B56 LCIA results of PLA composting based on one kg of bioplastic waste by 
using Eco-indicator 95 V2.03 / Europe g

Im p act ca tego ry U nit A m o u n t
G reenhouse kg C 0 2 -9 .25E -0 2
O zone layer kg CFC11 -4.71 E -10
A cid ification kg ร 0 2 7 .74E -03
Eutrophication kg P 0 4 1.35E -03
H eavy m etals kg Pb 5 .68E -08
C arcinogens kg B (a)P 1.61E -09
W inter sm og kg SPM 5.86E -04
Sum m er sm og kg C2H 4 1.08E -03
P esticides kg act.subst 0 .00E + 00
Energy resources MJ LHV 1.19E+01
Solid  waste kg 1.24E-03
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Table B57 LCIA results o f PLA incineration based on one kg o f  bioplastic waste
waste by using CML 2 baseline 2000 V2.03 / World, 1995

Im p act ca tegory U nit T ota l
A biotic depletion kg Sb eq 5.73E -03
G lobal warm ing (G W P 100) kg C 0 2  eq 9.07E -01
O zone layer depletion (O D P ) kg CFC-11 eq 9 .81E -12
Human toxicity kg 1,4-D B  eq 1.37E -02
Fresh water aquatic ecotox. kg 1,4-D B eq -4.98E -05
M arine aquatic ecotoxicity kg 1,4-D B  eq -6.17E -01
Terrestrial ecotoxicity kg 1,4-D B  eq 7.01E -06
Photochem ical oxidation kg C2H 4 7.53E -04
A cid ification kg S 0 2  eq 8.56E -03
Eutrophication kg P 0 4 —  eq 2.21E -03

Table B58 LCIA results of PLA Incineration based on one kg of bioplastic waste by 
using Eco-indicator 95 V2.03 / Europe g

Im p act ca teg o ry U n it A m o u n t
G reenhouse kg C 0 2 8.92E -01
O zone layer kg CFC11 -8 .76E -1 2
A cid ification kg S 0 2 1.20E -02
Eutrophication kg P 0 4 2.21E -03
H eavy m etals kg Pb 4.20E -09
Carcinogens kg B(a)P 5 .1 4 E -1 1
W inter sm og kg SPM -2.96E -0 2
Sum m er sm og kg C2H4 1.06E-03
P esticides kg act.subst 0 .00E + 00
Energy resources MJ LHV 4.12E + 00
Solid  waste kg 1.49E-03
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Table B59 L C IA  r e su lts  o f  P B S  la n d fill (w ith o u t  e n e r g y  r e c o v e r y )  b a sed  o n  o n e  k g
o f  b io p la s t ic  w a s te  b y  u s in g  C M L  2  b a se l in e  2 0 0 0  V 2 .0 3  /  W o r ld , 19 9 5

Im pact category Unit Total
Abiotic depletion kg Sb eq 1.49E-04
Global warming (GWP100) kg C02 eq 1.28
Ozone layer depletion (ODP) kg CFC-11 eq 5.42E-12
Human toxicity kg 1,4-DB eq 8.39E-04
Fresh water aquatic ecotox. kg 1,4-DB eq 7.17E-06
Marine aquatic ecotoxicity kg 1,4-DB eq 0.065
Terrestrial ecotoxicity kg 1,4-DB eq 3.58E-06
Photochemical oxidation kg C2H4 1.61E-05
Acidification kg S02 eq 2.41E-04
Eutrophication kg P 04— eq ' 5.01 E-05

T a b le  B 6 0  L C I A  r e s u l t s  o f  P B S  la n d f i l l  ( w i t h o u t  e n e r g y  r e c o v e r y )  b a s e d  o n  o n e  k g  

o f  b i o p la s t ic  w a s t e  b y  u s i n g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

Im pact category Unit Amount
Greenhouse kg C02 1.28
Ozone layer kg C F C ll 7.22E-12
Acidification kg S02 3.04E-04
Eutrophication kg P04 5.02E-05
Heavy metals kg Pb 2.98E-08
Carcinogens kg B(a)P 9.59E-10
Winter smog kg SPM 1.20E-04
Summer smog kg C2H4 7.91E-06
Pesticides kg act.subst 0
Energy resources MJ LHV 0.3
Solid waste kg 4.34E-05
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T able B61 L C IA  r e su lts  o f  P B S  la n d fill (w ith  e n e r g y  r e c o v e r y )  b a se d  o n  o n e  k g  o f
b io p la s t ic  w a s te  b y  u s in g  C M L  2 b a se lin e  2 0 0 0  V 2 .0 3  /  W o r ld , 1 9 9 5

Impact category Unit Total
Abiotic depletion kg Sb eq 2.25E-04
Global wanning (GWP100) kg C02 eq -0.204
Ozone layer depletion (ODP) kgCFC-11 eq 6.34E-12
Human toxicity kg 1,4-DB eq 8.81E-04
Fresh water aquatic ecotox. kg 1,4-DB eq 8.15E-06
Marine aquatic ecotoxicity kg 1,4-DB eq 0.075
Tenestrial ecotoxicity kg 1,4-DB eq 3.70E-06
Photochemical oxidation kg C2H4 1.66E-05
Acidification kg S02 eq 2.63E-04
Eutrophication kg P 04— eq 5.34E-05

T a b le  B 62  L C I A  r e s u l t s  o f  P B S  la n d f i l l  ( w i t h  e n e r g y  r e c o v e r y )  b a s e d  o n  o n e  k g  o f  

b io p la s t ic  w a s t e  b y  u s in g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

Impact category Unit Am ount
Greenhouse kg C02 -0.204
Ozone layer kg CFC11 8.45E-12
Acidification kg S02 3.31E-04
Eutrophication kg P04 5.35E-05
Heavy metals kg Pb 3.01 E-08
Carcinogens kg B(a)P 9.66E-10
Winter smog kg SPM 5.59E-04
Summer smog kg C2H4 8.32E-06
Pesticides kg act.subst 0
Energy resources MJ LHV 0.413418
Solid waste kg 5.39E-05
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Table B63 L C IA  resu lts  o f  P B S  c o m p o s t in g  b a se d  o n  o n e  k g  o f  b io p la s t ic  w a s te  by
u s in g  C M L  2  b a s e l in e  2 0 0 0  V 2 .0 3  /  W o r ld , 19 9 5

Impact category Unit Total
Abiotic depletion kg Sb eq 5.71E-03
Global warming (GWP100) kg C02 eq -1.00E-01
Ozone layer depletion (ODP) kg CFC-11 eq -3.59E-13
Human toxicity kg 1,4-DB eq 1.34E-02
Fresh water aquatic ecotox. kg 1,4-DB eq 1.02E-05
Marine aquatic ecotoxicity kg 1,4-DB eq 4.57E-02
Terrestrial ecotoxicity kg 1,4-DB eq 1.26E-05
Photochemical oxidation kg C2H4 5.46E-04
Acidification kg S02 eq 5.93E-03
Eutrophication kg P 04— eq 1.40E-03

T a b l e  B 6 4  L C I A  r e s u lt s  o f  P B S  c o m p o s t i n g  b a s e d  o n  o n e  k g  o f  b i o p la s t ic  w a s t e  b y  

u s in g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

Im pact category Unit Amount
Greenhouse kg C02 -8.47E-02
Ozone layer kg CFC11 -4.7 IE -13
Acidification kg S02 7.99E-03
Eutrophication kg P04 1.40E-03
Heavy metals kg Pb 1.29E-08
Carcinogens kg B(a)P 4.75E-11
Winter smog kg SPM 5.51E-04
Summer smog kg C2H4 1.09E-03
Pesticides kg act.subst 0.00E+00
Energy resources MJ LHV 1.19E+01
Solid waste kg 1.21E-03
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T able B65 L C IA  resu lts  o f  P B S  in c in era tio n  b a sed  on  o n e  k g  o f  b io p la s t ic  w a s te  b y
u s in g  C M L  2 b a s e l in e  2 0 0 0  V 2 .0 3  /  W orld , 1 9 9 5

Im pact category Unit Total
Abiotic depletion kg Sb eq 5.71E-03
Global warming (GWP100) kg C02 eq 8.67E-01
Ozone layer depletion (ODP) kgCFC-11 eq 9.81 E- 5
Human toxicity kg 1,4-DB eq 1.34E-02
Fresh water aquatic ecotox. kg 1,4-DB eq 1.02E-05
Marine aquatic ecotoxicity kg 1,4-DB eq 4.51E-02
Terrestrial ecotoxicity kg 1,4-DB eq 1.26E-05
Photochemical oxidation kg C2H4 5.46E-04
Acidification kg S02 eq 5.93E-03
Eutrophication kg P04— eq 1.40E-03

T a b le  B 66  L C I A  r e s u lt s  o f  P B S  I n c in e r a t io n  b a s e d  o n  o n e  k g  o f  b i o p la s t ic  w a s t e  b y  

u s i n g  E c o - in d ic a t o r  9 5  V 2 .0 3  /  E u r o p e  g

Im pact category Unit Amount
Greenhouse kg C02 8.52E-01
Ozone layer k g CFC11 -8.76E-15
Acidification kg S02 7.99E-03
Eutrophication kg P04 1.40E-03
Heavy metals kg Pb 1.28E-08
Carcinogens kg B(a)P 4.60E-11
Winter smog kg SPM 5.21E-04
Summer smog kg C2H4 1.09E-03
Pesticides kg act.subst 0.00E+00
Energy resources MJ LHV 1.18E+01
Solid waste kg 1.21E-03
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Appendix c  Calculation

C l. Transportation product by volume

A s s u m p t i o n  o f  tr a n s p o r ta t io n

- D i s t a n c e  o f  P L A  r e s in  tr a n sp o r ta t io n :  R a y o n g  t o  N a k h o n  P a t h o m  a b o u t  2 3 5  

k m
B y  tr a ile r  2 5  t o n s .

-  D i s t a n c e  o f  P L A  p r o d u c t  tr a n sp o r ta t io n :  N a k h o n  P a t h o m  t o  B a n g k o k  a b o u t
5 6  k m
B y  tr a c k  1 2  t o n s .

-  U s e  t h e  s a m e  s i z e  o f  b o x  fo r  p a c k in g  th e  p r o d u c t s .

T r u c k  S p e c i f i c a t i o n  

L  c o n t a in e r  =  6 .5  m  

พ  c o n t a in e r  =  2 . 3 0  m  

H  c o n t a in e r  =  2  m
A  c o n t a in e r  =  L  c o n t a in e r  X พ  c o n t a in e r  =  6 .5 m  X 2 . 3 0  m  =  1 4 .9 5  m 2

V  c o n t a in e r  =  6 .5 m  X 2 .3 0  m  X 2  m  =  2 9 .9  m 3

P a p e r  B o a r d  S p e c i f i c a t i o n
V  paper board =  4 5  c m  X 5 5  c m  X 4 0  c m  =  0 .0 9 9  m 3 

H o w  m a n y  p a p e r  b o a r d s  a r e  in  a  c o n t a in e r ?

V  container /  V  paperboard =  2 9 . 9  ทใ3 /  0 .0 9 9  m 3

=  3 0 2  b o x e s
S o  th e  to ta l  p a p e r  b o a r d  w e i g h t  =  3 0 2  X 0 .6 5 5  =  1 9 7 .8 2  k g

T - s h ir t  b a g  A  =  1 0 ,0 0 0  b a g s /b o x  

T - s h ir t  b a g  B  =  7 ,5 0 0  b a g s /b o x
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•  F o o d  c o n t a in e r  =  1 7 6 s e t s / b o x

•  W a t e r  b o t t le  =  2 4  b o t t le /p a c k
* S i z e  o f  b o t t le  p a c k  2 2  c m  X 3 3  c m  X 1 4 .5  c m  

C a lc u la t io n  o f  T o ta l  w e i g h t

T -s h ir t  b a g  =  8 ,5 0 0  X 3 0 2  =  2 ,5 6 7 , 0 0 0  b a g s
=  0 .0 0 4 5  k g /b a g  X 2 ,5 6 7 , 0 0 0  =  1 1 ,5 5 1  k g  

T o ta l  w e i g h t  =  1 1 ,5 5 1 + 1 9 8  =  1 1 ,7 4 9  k g

F o o d  c o n t a in e r  =  1 7 6  X 3 0 2  =  5 3 ,1 5 2  s e t s
=  0 .1 4 9 1  k g / s e t x  5 3 ,1 5 2  =  7 ,9 2 5  k g  

T o ta l  w e i g h t  =  7 ,9 2 5 + 1 9 8  =  8 1 2 3  k g

W a te r  b o t t le  =  2 4  X 1 ,5 0 0  =  3 6 ,0 0 0  b o t t le s
=  0 .2 6 8  k g /b o t t le  X 3 6 ,0 0 0  =  9 ,6 4 8  k g

C2. GHG emission reduction from option 1: utilization of biogas from wastewa­
ter treatment

GW PCH4 «* 21 X kgC02 eq.

Maximum
biogas

production

1 mol CH4 = 1 mol C 0 2 Y kg C 0 2 eq.

Form ula ะ X-(Y+Z) = GHG e m is s io n  red u ction s
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Q  =  Lo R  ( e kc -  e ”kt)

เม ือ  Q  =  M e t h a n e  c o n t e n t  in  t h e  p r e s e n t  ( m 3/y e a r  )

Lo =  M e t h a n e  g e n e r a t io n  p o t e n t ia l  o f  t h e  w a s t e  ( m 3/ t o n  o f  w a s t e )  (1 7 0 )

R  =  A  c e r t a in  a m o u n t  o f  w a s t e  ( to n /y e a r )  (2 ,4 3 1 )

K  =  th e  r a te  c o n s t a n t  o f  b io d e g r a d a t io n  (p e r  y e a r )  ( 0 .0 2 )  . 

c  =  T im e  (y e a r )  ( 1 )

T  =  T h e  t im e  e la p s e d  s in c e  l a n d f i l l in g  o f  th e  w a s t e  ( y e a r )  ( 6 )

S o u r c e : T h e  d e f a u l t  p a r a m e t e r s  a r e  p r o v id e d  b y  U S .E P A .  F o r  r e g u la t io n s  u n d e r  th e
C le a n  A ir  A c t  ( C A A ) ,  a  k  o f  0 .0 2  y r  fo r  d r y  la n d f i l l  a n d  a n  L 0 o f  1 7 0  m  / k g  a re  u s e d  
(R e in h a r t  a n d  e t .  a l . ,  2 0 0 5 ) .

F r o m  t h is  e q u a t io n ,  m e t h a n e  c o n t e n t  c a n  b e  c a l c u la t e d  1'4,0 5 8 , 6 1 8 . 8 6  m 3/y r  

b u t it  c a n  b e  c o l l e c t e d  o n ly  7 0 0  m 3 /h r . W h e n  it  i s  e x p r e s s e d  in  te r m  o f  a n n u a l ,  it 

s h o w s  6 , 1 3 2 , 0 0 0  m 3/y r . T h e r e f o r e ,  it  i s  c a lc u la t e d  fo r  b e in g  p e r c e n t a g e  a b o u t  4 5 % .

C3. C alculation  of M ethane C onten t from  L andfill (45% )
C a lc u la te  m e th a n e  e m is s io n  rate fro m  la n d fil l  b y  u s in g  F irst-o rd er  d e c a y  rea c tio n

C4. Emission Calculation of PBS Landfill

P B S  c o m p o s i t io n s  a r e  d iv id e d  in to  2  m a jo r  c o m p o s i t i o n  a s  f o l l o w i n g
- S A  ( B i o - b a s e )  5 3 .0 3 %
- B D O  ( p e t r o le u m - b a s e )  4 6 .9 7 %

C h e m ic a l form u la: C 8 FI1 2 O 4  (M W  =  172)
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P B S  1 m o l:  1 7 2  g
P B S  1 k g : ( 1 0 0 0 / 1 7 2 )  =  5 .8 1  m o l

A s s u m e  P B S  i s  b io d e g r a d a b le  1 0 0 %

P B S  1 m o l  t r a n s f o r m s  to  C H 4  1 0 0 %  =  C H 4  8  m o l

b u t  a s s u m p t io n  fo r  C a r b o n  c o n t e n t  in  P B S ,  w h i c h  c a n  b e  t r a n s f o r m e d  t o  C H 4 9 0 %

S o  P B S  1 m o l  h a s  C H 4  7 .2  m o l

S o  P B S  5 .8 1  m o l  c a n  e m i t  C H 4  (5 .8 1  X  7 .2 )  =  4 1 .8 3 2  m o l  o r  ( 4 1 .8 3 2  X  1 6 )  =  6 6 9 .3 1  g  

C o n c l u s i o n : P B S  1 k g  i s  b io d e g r a d e d ,  it c a n  e m i t  C H 4  6 6 9 .3 1  g

C5. Emission Calculation o f PLA Landfill

C h e m ic a l  fo r m u la :  C 3H 5O 2 ( M W  =  7 3 )
P L A  1 m o l:  7 3  g
P L A  1 k g : ( 1 0 0 0 / 7 3 ) =  1 3 .6 9  m o l

A s s u m e  P L A  i s  b io d e g r a d a b le  1 0 0 %

P L A  1 m o l  t r a n s f o r m s  to  C H 4  1 0 0 %  =  C H 4  3 m o l

b u t a s s u m p t io n  f o r  C a r b o n  c o n t e n t  in  P L A , w h i c h  c a n  b e  t r a n s f o r m e d  to  C H 4 9 0 %  

S o  P L A  1 m o l  h a s  C H 4 2 .7  m o l

S o  P L A  1 3 .6 9  m o l  c a n  e m i t  C H 4 ( 1 3 .6 9  X 2 .7 )  =  3 6 .9 6 3  m o l  o r  ( 3 6 .9 6 3  X 1 6 )  =  
5 9 1 .4 0  g
C o n c l u s i o n : P L A  1 k g  i s  b io d e g r a d e d ,  it c a n  e m i t  C H 4  5 9 1 .4 0  g

T a b l e  C l  E x p e c t a t io n  g r a p h  o f  e m it t e d  g a s  c o n t e n t  f r o m  la n d f i l l
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L F G  G en era tion  ----------E stim ated  R e c o v e r y

C6. Emission calculation of PBS and PLA Composting

Assumption

CO, 87%
BDO 46.97%

SA 53.03%

Soil container 13%

Abiotic c

Biotic c

PBS
C h e m ic a l  fo r m u la :  C g H i20 4  ( M W  =  172)
P B S  1 m o l:  1 7 2  g
P B S  1 k g : ( 1 0 0 0 / 1 7 2 )  =  5 .8 1  m o l

A s s u m e  P B S  i s  b io d e g r a d a b le  1 0 0 %

P B S  1 m o l  tr a n s fo r m s  to  C 0 2 1 0 0 %  =  C O 2 8  m o l

b u t a s s u m p t io n  fo r  C a r b o n  c o n t e n t  in  P B S ,  w h i c h  c a n  b e  t r a n s f o r m e d  t o  C 0 2 8 7 %

S o  P B S  1 m o l  h a s  C O 2 6 .9 6  m o l
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S o  P B S  5 .8 1  m o l  c a n  e m i t  C O 2 ( 5 .8 1  X 6 .9 6 )  =  4 0 .4 3 7  m o l  o r  ( 4 0 .4 3 7  X 4 4 )  =  
1 ,7 7 9 .2 5  g

C o n c l u s i o n : P B S  1 k g  i s  b io d e g r a d e d ,  
it c a n  e m i t  C O 2 1 ,7 7 9 .2 5  g

B D O  8 3 5 .7 1  g C 0 2

S A  9 4 3 .5 3  g  C 0 2

Assumption

/

A l l  G

V  1 >

C 0 2 8 7 % B i o t i c  c

S o i l  c o n t a in e r  1 3 %

PLA

C h e m ic a l  fo r m u la :  C 3 H 5O 2 ( M W  =  7 3 )

P L A  1 m o l:  7 3  g

P L A  1 k g :  ( 1 0 0 0 / 7 3 )  =  1 3 .6 9  m o l

A s s u m e  P L A  i s  b io d e g r a d a b le  1 0 0 %

P L A  1 m o l  t r a n s f o r m s  to  C 0 2 1 0 0 %  =  C 0 2 3 m o l

b u t  a s s u m p t io n  f o r  C a r b o n  c o n t e n t  in  P L A , w h i c h  c a n  b e  t r a n s f o r m e d  t o  C 0 2 8 7 %  

S o  P L A  1 m o l  h a s  C 0 2 2 . 3 4 9  m o l

S o  P L A  1 3 .6 9  m o l  c a n  e m i t  C O 2 ( 1 3 .6 9  X 2 . 3 4 9 )  =  3 2 .1 5 7  m o l  o r  ( 3 6 .9 6 3  X 4 4 )  =  
1 ,4 1 4 .9 4  g

C o n c l u s i o n : P L A  1 k g  i s  b io d e g r a d e d ,  it  c a n  e m it  C O 2 1 ,4 1 4 .9 4  g
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Cl. Emission Calculation of PBS and PLA Incineration 

Assumption

f  \

A l l  c C 0 2 1 0 0 %
B D O  4 6 .9 7 %

S A  5 3 .0 3 %

A b i o t i c  c

B i o t i c  c

PBS

C h e m ic a l  fo r m u la :  C 8H 12O 4 ( M W =  1 7 2 )

P B S  1 m o l:  1 7 2 .g

P B S  1 k g :  ( 1 0 0 0 / 1 7 2 )  =  5 .8 1  m o l

A s s u m e  P B S  i s  b io d e g r a d a b le  1 0 0 %

P B S  1 m o l  t r a n s f o r m s  t o  C H 4 1 0 0 %  =  C O 2 8  m o l

b u t  a s s u m p t io n  fo r  C a r b o n  c o n t e n t  in  P B S ,  w h ic h  c a n  b e  t r a n s f o r m e d  t o  C O 2 1 0 0 %  

S o  P B S  1 m o l  h a s  C O 2 8  m o l

S o  P B S  5 .8 1  m o l  c a n  e m i t  C O 2 ( 5 .8 1  x  8 )  =  4 6 .4 8  m o l  o r  ( 4 6 .4 8  X 4 4 )  =  2 ,0 4 5 .1 2  g

C o n c l u s i o n : P B S  1 k g  i s  b io d e g r a d e d ,  
it  c a n  e m it  C O 2 2 , 0 4 5 .1 2  g

B D O  9 6 0 .5 9  g  C 0 2

S A  1 ,0 8 4 .5 3  g  C O 2
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Assumption
f  \

A l l  c

V____________y

C 0 2 1 0 0 % B i o t i c  c

PLA

C h e m ic a l  fo r m u la :  C 3H 5O 2  ( M W  =  7 3 )

P L A  1 m o l:  7 3  g

P L A  1 k g :  ( 1 0 0 0 / 7 3 ) =  1 3 .6 9  m o l

A s s u m e  P L A  i s  b io d e g r a d a b le  1 0 0 %

P L A  1 m o l  t r a n s f o r m s  to  C O 2 1 0 0 %  =  C 0 2 3  m o l

b u t  a s s u m p t io n  fo r  C a r b o n  c o n t e n t  in  P L A , w h i c h  c a n  b e  t r a n s f o r m e d  t o  C 0 2 1 0 0 %  

S o  P L A  1 m o l  h a s  C O 2 3 m o l

S o  P L A  1 3 .6 9  m o l  c a n  e m i t  C 0 2 ( 1 3 .6 9  X 3 )  =  4 1 . 0 7  m o l  o r  ( 4 1 .0 7  X 4 4 )  =  1 ,8 0 7 .0 8  
g

C o n c l u s i o n : P L A  1 k g  i s  b io d e g r a d e d ,  i t  c a n  e m i t  C O 2 1 ,8 0 7 .0 8  g
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