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Text S1 Search Formula of the Core Collection in Web of Science

For resource transformation of BPs, the search terms were according to “TS=((Polylactic 

acid AND upcycling) OR (Polybutylene succinate AND upcycling) OR (Polybutylene adipate-

co-terephthalate AND upcycling) OR (Poly(ε-caprolactone) AND upcycling) OR 

(polyhydroxyalkanoate AND upcycling) OR (polyhydroxybutyrate AND upcycling))”.



Text S2 Computational Details of Greenhouse gas emissions

Indirect carbon emissions

Indirect carbon emissions (ICE) primarily refer to those generated by the operational 

energy consumption of various disposal technologies. ICE of BPs conversion can be 

categorized into pre-processing, melting, and polymerization, with pre-processing involving 

sorting, crushing, washing, and drying. The specific formula is given in Equation 1.

ECO2 - E = EL × 0.581 (1)

Where:  represents CO2 emissions from electricity consumption (kg CO2 eq); EL 
ECO2 - E

is electricity consumption (kW•h); 0.581 is the CO2 emission factor for electricity consumption.

Direct carbon emissions

Chemical recycling may cause chemical reagent pollution, which is harmful to landfill 

sites. Therefore, the study assumes the unrecovered portion is directly disposed of through 

incineration. In chemical recycling of BPs, the primary source of direct carbon emissions is the 

incineration of incompletely recycled plastic, as calculated in equation (2).

ECO2 - C = W0 × (1 - RC) × OF (2)

Where:  represents CO2 emissions from the decomposition of waste 
ECO2 - C

biobiodegradable plastics during chemical recycling and disposal (kg CO2 eq); RC is the 

chemical recycling rate of waste biobiodegradable plastics.

Carbon offset

The chemical recycling process recovers plastic monomers or raw materials. For example, 

the production of 1 kg of plastic monomers (such as lactic acid) results in carbon emissions of 

1.2 to 1.7 kg CO2 eq.1 The carbon offset from the chemical recycling process is calculated in 



equation (3).

RCR=W0 RC CLA× × (3)

Where: RCR is the carbon offset of the chemical recovery process (kg CO2 eq); CLA is the 

carbon emission of the lactic acid production process (kg CO2 eq per kg).



Table S1 Pyrolysis of biodegradable plastics
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Table S2 Hydrolysis of biodegradable plastics
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ys

t

− − − − − − −

B
P

W
ei

gh
t

(m
g) 6 6 6 6 6 6 6

B
P

PH
B

C
ry

st
al

lin
ity

:
65

%

PH
B

C
ry

st
al

lin
ity

:
74

%

PH
B

C
ry

st
al

lin
ity

:
53

%

PH
B

C
ry

st
al

lin
ity

:
65

%

PH
B

C
ry

st
al

lin
ity

:
65

%

PH
B

C
ry

st
al

lin
ity

:
65

%

PH
B

C
ry

st
al

lin
ity

:
65

%

N
o. 15 16 17 18 19 20 21



R
ef 19 20

Y
ie

ld
(%

)

− − − 99 55
.2

13
, 8

6

97
, 2

Pr
od

uc
t

− − − LA 2B
A

LA
、

2B
A

LA
、

2B
A

C
on

(%
)

78 63 53 10
0

10
0

10
0

10
0

T (℃
)

40 40 40 4 11 16 24

t (h
)

90 90 90 10
0

10
0

10
0

80

pH 14
.3

14
.3

14
.3 − − − −

C
at

al
ys

t 
w

ei
gh

t
(g

) − − − 4.
47 4.
2

4.
47

4.
47

C
at

al
ys

t

− − −

48
%

H
B

r

33
%

H
B

r-
H

A
C

48
%

H
B

r

48
%

H
B

r

B
P

W
ei

gh
t

(m
g) 6 6 6 40
0

40
0

40
0

40
0

B
P

PH
B

C
ry

st
al

lin
ity

:
59

%

PH
B

C
ry

st
al

lin
ity

:
65

%

PH
B

C
ry

st
al

lin
ity

:
74

%

PL
A

PL
A

PL
A

PL
A

N
o. 22 23 24 25 26 27 28
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ie

ld
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)

95
, 4

81
, 1

8

97
, 2

98
, 1
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, 3

0

60
, 2

3

5,
 4

5

Pr
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t
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、

2B
A

LA
、

2B
A

LA
、

2B
A

LA
、

2B
A

LA
、

2B
A

LA
、

2B
A

LA
、

2B
A

C
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(%
)

10
0

10
0

10
0

10
0

10
0

10
0

10
0

T (℃
)

24 6 6 6 24 6 6

t (h
)

90 11
0

10
0

90 80 90 11
0

pH − − − − − − −

C
at

al
ys

t 
w

ei
gh

t
(g

)

4.
47

4.
47

4.
47

4.
47 4.
2

4.
2

4.
2

C
at
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ys

t

48
%

H
B

r
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%

H
B

r
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%

H
B

r
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%

H
B

r

33
%

H
B

r-
H

A
C
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%

H
B

r-
H

A
C

33
%

H
B

r-
H

A
C

B
P

W
ei

gh
t

(m
g)

40
0

40
0

40
0

40
0

40
0

40
0

40
0

B
P

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 29 30 31 32 33 34 35



R
ef 20 21

Y
ie

ld
(%

)

24
, 3

6

76
, 5 65 99 87 75

80
, 8

8

Pr
od

uc
t

LA
、

2B
A

LA
、

2B
A
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ry
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id

1,
2-

pr
op
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ed

i
ol 1,
4-

bu
ta

ne
di

ol

1,
6-

he
xa

ne
di

ol

1,
6-

he
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ne
di

ol
、

1,
4-

bu
ta

ne
di

ol

C
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(%
)

10
0

10
0

10
0

10
0

10
0

10
0

10
0

T (℃
)

6 6 19
0

16
0

18
0

18
0

18
0

t (h
)

10
0

80 10 12 48 48 48

pH − − 1 − − − −

C
at

al
ys

t 
w

ei
gh

t
(g

)

4.
2

4.
2 10 0.
01 0.
1

0.
1

0.
1

C
at

al
ys

t

33
%

H
B

r-
H

A
C

33
%

H
B
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H

A
C
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c 
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d,

 
B

u 4
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r

R
u 4

M
o 1

/T
i

O
2

R
u 4

M
o 1

/T
i

O
2

R
u 4

M
o 1

/T
i

O
2

R
u 4

M
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/T
i

O
2

B
P

W
ei

gh
t

(m
g)

40
0

40
0
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00

72
0

10
00

10
00

10
00

B
P

PL
A

PL
A

PL
A

PL
A

PB
S
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L

PB
A

T

N
o. 36 37 38 39 40 41 42
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ie
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)
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.3

, 7
4.

1

79
, 6

5.
2
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0
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0

12 10
0
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Pr
od
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t
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al
i
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id
s
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in
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、

1,
4-

bu
ta

ne
di

ol

LA LA LA LA LA

C
on

(%
)

99 10
0

10
0

10
0

12 10
0

18

T (℃
)

13
0

15
0

13
0

13
0

13
0

13
0

13
0

t (h
) 1 5 24 24 24 24 24

pH − − 7 7 7 7 7

C
at

al
ys

t 
w

ei
gh

t
(g

) − 25 −

0.
05

2

−

0.
05

2

0.
05

2

C
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t

1,
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i 
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m
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d
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O − Zn
O
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O

2

B
P

W
ei
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t
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00
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00

0

20 20 20 20 20

B
P
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A

T
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S
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A

PL
A

PL
A
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A
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A

N
o. 43 44 45 46 47 48 49
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ef 24 25
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)

17 12 10 17 11 54 94
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od
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t

LA LA LA LA LA LA
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m
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m
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ct
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e

C
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(%
)

17 12 10 17 11 54 99

T (℃
)

13
0

13
0

13
0

13
0
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0
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0
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0

t (h
)

24 24 24 24 24 24 18

pH 7 7 7 7 7 7 −

C
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t 
w
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t
(g

)

0.
05

2

0.
05

2

0.
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2

0.
05

2

0.
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2

0.
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2

−

C
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t

B
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N
b 2

O
5

C
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2

A
l 2O

3

D
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ex

Zn
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B
P

W
ei

gh
t

(m
g) 20 20 20 20 20 20 50

B
P

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 50 51 52 53 54 55 56



R
ef 25

Y
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ld
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)
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t
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m
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m
 la
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e
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m
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m
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e
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m
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m
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e
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m
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e
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m
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m
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e

am
m
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m
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e
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e

C
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(%
)

99 99 99 99 99 99 99

T (℃
)

14
0

14
0

14
0

14
0

14
0

14
0
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0

t (h
)

18 18 18 18 18 18 18

pH − − − − − − −

C
at
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ys

t 
w

ei
gh

t
(g

)

0.
1

0.
1

0.
1

0.
1

0.
1

0.
1

0.
1

C
at
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ys

t

Ti
O
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P2

5

2%
 

Pt
/T

iO
2

2%
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/T

iO
2

2%
 

R
u/

Si
O

2

2%
 R

u/
C

2%
 

R
u/

Ti
O

2

2%
 

R
u/

Ti
O

2

B
P

W
ei

gh
t

(m
g) 50 50 50 50 50 50 50

B
P

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 57 58 59 60 61 62 63



Table S3 Alcoholysis of biodegradable plastics

R
ef 26

Y
ie

ld
(%

)

99 42
.6

92
.4

86
.8

88
.5

44
.3 99

Pr
od

uc
t

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

C
on

(%
)

99
.9

63
.4

96
.5

90
.8

93
.1

49
.6

99
.9

T (℃
)

12
0

12
0

12
0

12
0

12
0

12
0

12
0

t (h
) 4 4 4 4 4 4 4

So
lv

en
t

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

C
at

al
ys

t 
w

ei
gh

t
(g

)

0.
03

0.
03

0.
03

0.
03

0.
03

0.
03

0.
03

C
at

al
ys

t

SB
A

-1
5-

Pr
-M

IM
-O

H

SB
A

-1
5-

Pr
-M

IM
-C

l

SB
A

-1
5-

Pr
-M

IM
-H

C
O

3

SB
A

-1
5-

Pr
-D

M
A

P-
O

H

SB
A

-1
5-

Pr
-D

A
B

C
O

-O
H

SB
A

-1
5-

Pr
-M

IM
-O

H
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A

-1
5-

Pr
-M

IM
-O

H

B
P

W
ei

gh
t

(m
g) 1 1 1 1 1 1 1

B
P

PL
A
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A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 1 2 3 4 5 6 7



R
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Y
ie
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)
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.6

72
.4

94
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.3 0 79
.2
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od
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t

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 
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ct

at
e

m
et

hy
l 

la
ct

at
e

−

m
et

hy
l 

la
ct

at
e

C
on

(%
)

72
.6

84
.6

98
.3

89
.3

98
.2 0 91
.6

T (℃
)

12
0

12
0

12
0

12
0

11
0

11
0

11
0

t (h
) 4 4 4 4 3 3 3

So
lv

en
t

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

C
at

al
ys

t 
w

ei
gh

t
(g

)

0.
03

0.
03

0.
03

0.
03 0.
3 − 0.
3

C
at

al
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t

SB
A

-1
5-

Pr
-M

IM
-O

H

SB
A

-1
5-

Pr
-M

IM
-O

H

SB
A

-1
5-

Pr
-M

IM
-O

H

SB
A

-1
5-

Pr
-M

IM
-O

H

C
hC

l -
 2

Zn
C

l 2 
@

ZI
F-

8(
1:

5)

−

C
hC

l -
 2

Zn
C

l 2

B
P

W
ei

gh
t

(m
g) 1 1 1 1 4 4 4

B
P

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 8 9 10 11 12 13 14



R
ef 27 28

Y
ie
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)

83
.1

85
.2

77
.5

84
.6
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.1
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.1

74
.2

Pr
od

uc
t

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

C
on

(%
)

86
.2

92
.6

86
.4

88
.1

89
.6

14
.9 89

T (℃
)

11
0

11
0

11
0

11
0

12
0

12
0

12
0

t (h
) 3 3 3 3 3 3 3

So
lv

en
t

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

C
at

al
ys

t 
w

ei
gh

t
(g

)

0.
3

0.
3

0.
3

0.
3

0.
4

0.
4

0.
4

C
at

al
ys

t

C
hC

l -
 2

Zn
C

l 2 
@

ZI
F-

8(
1:

3)

C
hC

l -
 2

Zn
C

l 2 
@

ZI
F-

8(
1:

4)

C
hC

l -
 2

Zn
C

l 2 
@

ZI
F-

8(
1:

6)

ZI
F-

8

Zn
C

l 2

C
hC

l-M
nC

l 2

C
hC

l-F
eC

l 3

B
P

W
ei

gh
t

(m
g) 4 4 4 4 4 4 4

B
P

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 15 16 17 18 19 20 21



R
ef 28

Y
ie

ld
(%

)

14
.7 − 54
.3

87
.8

93
.8

89
.4

88
.4

Pr
od

uc
t

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

m
et

hy
l 

la
ct

at
e

C
on

(%
)

16
.6 − 59
.9

96
.1

98
.3 96 93
.7

T (℃
)

12
0

12
0

12
0

12
0

12
0

12
0

12
0

t (h
) 3 3 3 3 3 3 3

So
lv

en
t

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

M
eO

H

C
at

al
ys

t 
w

ei
gh

t
(g

)

0.
4

0.
4

0.
4

0.
4

0.
4

0.
4

0.
4

C
at

al
ys

t

C
hC

l-C
oC

l 2

C
hC

l-N
iC

l 2

C
hC

l-C
uC

l 2

C
hC

l-Z
nC

l 2

C
hC

l-2
Zn

C
l 2

C
hC

l-3
Zn

C
l 2

C
hC

l-4
Zn

C
l 2

B
P

W
ei

gh
t

(m
g) 4 4 4 4 4 4 4

B
P

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

PL
A

N
o. 22 23 24 25 26 27 28
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)
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t

et
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l 
la
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e

et
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l 
la
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at

e

et
hy

l 
la
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at

e

et
hy

l 
la

ct
at

e

et
hy

l 
la

ct
at

e

et
hy

l 
la

ct
at

e

et
hy

l 
la

ct
at

e

C
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)

97 95 95 10
0

98 95 94

T (℃
)

20
0

20
0

20
0

20
0

20
0

20
0

20
0

t (h
) 1 1 1 1 1 1 1

So
lv

en
t

Et
O

H

Et
O

H

Et
O

H

Et
O

H

Et
O

H

Et
O

H
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O

H

C
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t 
w

ei
gh

t
(g

)

0.
1

0.
1

0.
1

0.
1

0.
1

0.
1

0.
1

C
at

al
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t

Li N
a K M
g

C
a Sr B
a

B
P

W
ei

gh
t

(m
g) 10 10 10 10 10 10 10

B
P

PL
LA

PL
LA

PL
LA

PL
LA

PL
LA

PL
LA

PL
LA

N
o. 29 30 31 32 33 34 35
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ef 29

Y
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)
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Pr
od
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t

et
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l 
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e

et
hy

l 
la

ct
at

e

et
hy

l 
la
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e

et
hy

l 
la
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at

e

et
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l 
la

ct
at

e

et
hy

l 
la
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at

e

et
hy

l 
la

ct
at

e

C
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(%
)

94 95 97 99 99 98 99

T (℃
)

20
0

20
0

20
0

20
0

20
0

20
0
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0

t (h
) 1 1 1 1 1 1 1

So
lv
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t

Et
O

H

Et
O

H

Et
O

H

Et
O

H

Et
O

H

Et
O

H
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O

H

C
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al
ys

t 
w
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t
(g

)

0.
1

0.
1

0.
1

0.
1

0.
1

0.
1

0.
1

C
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t

N
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O
Et

)

K
(O

Et
)

C
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O
M
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2
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Et
) 4

Sn
(O
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) 2
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M

e
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2

B
P

W
ei
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t

(m
g) 10 10 10 10 10 10 10

B
P
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LA
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LA
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LA
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e
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l 
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e
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e

et
hy

l 
la

ct
at

e
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)

98 93 94 93 98 10
0

94

T (℃
)
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0
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0
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0
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0
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0
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0
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0

t (h
) 1 1 1 1 1 1 1

So
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t
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O

H

Et
O

H

Et
O

H
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O

H
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O

H

Et
O

H
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O

H

C
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w
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t
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)
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1

0.
1

0.
1
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1

0.
1
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1
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1
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t
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N
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H

K
O

H
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C

l 2
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C
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D

B
P

W
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t
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B
P
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PL
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PL
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LA

N
o. 43 44 45 46 47 48 49
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Table S4 Photocatalysis of biodegradable plastics
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Table S5 Electrocatalytic of biodegradable plastics
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