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Table S1: Comparison between Pore-Modulated Pyrolysis and Microdroplet-
Interfacial Oxidation Strategy

Pore-Modulated Pyrolysis
(Nat. Chem. Eng., 2025, 2,

This Microdroplet-Interfacial

Oxidation
424-435)

Reaction Type Pyrolysis Oxidation

420-630 °C,
Conditions 125 °C, 2 MPa O,

Atmospheric/Inert pressure
Primary Products Cs—Cis hydrocarbon mixture C4-Cs dicarboxylic acids
Product Up to 80.8% for Cs—Cis o
Up to 69.6% for C4-Cs diacids
Selectivity hydrocarbons
High-value Platform Chemicals for

Product Value Fuels / Energy

polymers, food, and pharmaceuticals




Table S2. Conversion of PE oxidation in water, various organic solvent and solvent-

free conditions (2 MPa 125 °C 12 h)

Solvent PE Conversion (%)
Water 100.0
Ethanol 12.4
Methanol 33
Dichlorobenzene 8.3
DMSO 11.6
Acetonitrile 4.3
THF 6.8
90% Methanol+10% Water 34
70% Methanol+30% Water 11.7
30% Methanol+70% Water 34.6
10% Methanol+90% Water 62.9
No-solvent 10.2




Table S3. Metal leaching after reaction detected by ICP-MS

Metal Concentration (ppb) Mass (mg/5 mL)
Ni 2.39 1.19E-05
Mo 0.80 4.00E-06
Fe 0.77 3.86E-06
Cr 0.72 3.60E-06
W 0.16 8.23E-07
Co 0.02 9.68E-08
Pd 0.00 7.14E-10
Pt 0.00 3.57E-10
Ru 0.00 3.57E-10
Re 0.00 0.00E+00

* The concentrations of most metals were below 1 ppb (all under 5 ppb), indicating that
no detectable metal leaching occurred from the Hastelloy reactor.



Table S4. Proximate analysis of commercial PE and PE standard sample in lab.

M ad% A aa% V aa% FC aa%
LDPE bag 0.03 0.22 99.71 0.04
Gloves 0.31 1.07 98.56 0.06
LDPE package 0.07 0.32 99.58 0.03
HDPE lid 0.15 3.32 96.14 0.39
PE in lab 0.07 0.12 99.74 0.07

M .4%: Moisture, air-dried; A aq%: Ash, air-dried; V aq%: Volatile matter, air-dried; FC aqe:
Fixed carbon, air-dried

Industrial analysis further shows that the volatile content of all samples exceeds
96%, in good agreement with the TGA results for PE. Among the samples, the lid
materials show the highest ash content (3.32%), suggesting the presence of more
inorganic fillers (such as calcium carbonate or titanium dioxide), which is reasonable
given its need for higher mechanical rigidity. In contrast, the PE standard sample has
the lowest ash content (0.12%), indicating the highest purity.

Table SS. Ultimate analysis of commercial PE and PE standard sample in lab.

C aa% H ad% N ada% St aa% O aa%

LDPE bag 88.02 9.46 0.03 0.94 1.30
Gloves 86.94 9.71 0.12 0.23 1.62
LDPE package 86.31 10.12 0.01 0.60 2.57
HDPE lid 86.02 9.30 \ 0.20 1.01
PE in lab 86.89 10.46 \ 1.17 1.29

C aa%: Carbon, air-dried; H aq%: Hydrogen, air-dried; N aa%: Nitrogen, air-dried; St aqo:
Sulfur, total, air-dried; O ag%: Oxygen, air-dried

Elemental analysis confirms that carbon and hydrogen are the main elements in all
samples, although some differences are observed. The plastic sealing bags contain a
relatively high oxygen content (2.57%), likely due to oxygen-containing additives used
to improve flexibility. Disposable gloves contain trace nitrogen (0.12%), possibly
originating from antistatic agents. The PE standard sample shows a relatively higher
sulfur content (1.17%), which may result from residual catalysts or antioxidants.



Table S6. Summary of product sales revenue (60 kton)

Product Output (t) Market price ($/t) Revenue (million $)
Succinic anhydride (>99%) 43426.1 2953.2 12824.4
Glutaric anhydride (>99%) 12144.2 3482.5 4229.2
Mixed diacids (Ce.0) 13128.1 696.5 914.4
Total 17968.0

* All TEA were calculated in RMB and converted to US dollars at the exchange rate of
January 29, 2024.



Table S7. Summary of product costs (60 kton)

Operating time 8,000 Capacity t/yr 60,000
h/yr
quantity per  cost per unit R
item value
year (t) (USD) (10° USD)
Raw materials
1 PE 60000 835.8/t 5014.8
2 (0]} 63000 57.4/t 361.6
3 H>O 7559.7 0.42/t 0.3
4 MEA solvent 47.5 1500/t 7.1
Utilities
1 Electricity 1663.7*10* 0.10 173.8
2 Water 270.1*¥10* 0.077 18.8
3 Low-pressure steam 16.2*%10* 30.65 495.9
4 Medium-pressure 11.6%10* 30.65 355.0
steam
Total 6427.4

* Low-pressure steam: 125 °C, Medium-pressure steam: 250 °C.

*Note on CO2 Capture Unit: The MEA absorption system is designed for a 50% capture
efficiency. Solvent regeneration energy is set at 4.0 GJ/t CO2, sourced from low-
pressure steam and electricity. MEA loss is accounted for at a rate of 1.0 kg/t CO».



Table S8. Key assumptions about capital investment (60 kton)

Cost(10* $) Note
Fixed capital investments 9056.1
(1) Direct cost 7111.0
Costs of major equipment 2788.6
reactor 1316.4
tower 438.8
sorting and feeding 11.7
tank& pump& pipe 109.0
heat exchanger 146.3
compressor 341.3
flash evaporator 37.6
combustion furnace 209
gas separator (PSA) 292.5
mixer 8.4
MEA unit 65.8
Other direct costs (specified as % of equipment cost)
Installation 557.7 20%
Piping 557.7 20%
Instrumentation and control 557.7 20%
Building & structure 836.6 30%
Yard improvement 278.9 10%
Service facilities 1394.3 50%
Land 139.4 5%
(2) Indirect cost 1945.1
Engineering & supervision 648.4 15%
Legal expenses 86.4 2%
Construction expenses 648.4 15%
Contractor's fee 129.7 3%
Contingency 432.2 10%
Working capital 1358.4 15% of fixed capital investment
Others 3963.6
Depreciation period 10 yr
Annual depreciation rate 0.1
Depreciation charge 264.9
Annual interest rate 3%
Operating labor 642.1 10% of total product cost
Operating supervision 32.1 5% of operating labor
Utilities 963.2 15% of total product cost
Maintenance and repairs 642.1 10% of fixed capital investment
Operating supplies 192.6 30% of maintenance and repairs
Laboratory charges 6.4 20% of operating labor
Royalties 256.9 4% of TPC without depreciation
Plant overhead costs 321.1 5% of total product cost




General expenses 642.1

10% of total product cost

Table S9. Key assumptions about profits (60 kton)

Cost(10* $) Note
Variable cost 6427.4
Salaries 642.7 10% of variable cost
Depreciation 264.9
Maintenance and repairs 271.7 3% of fixed capital investments
Insurance 63.4 0.7% of fixed capital investments
Total cost 7670.1
Annual profit 10297.9
Business income tax 3089.4 30% of annual profit
Net profit 7208.5
amortization expense 315.9

Table S10. Summary of TEA (60 kton)

Total capital investment, million $ 143.8
Fixed capital investment, million $ 90.6
Raw material and power costs, million $ 64.3
Total sales volume, million $ 179.7
Breakeven point, kton 9.0
Net profits, million $ 72.1
Investment profit rate 44%
Static payback period, yr 33

* All TEA were calculated in RMB and converted to US dollars at the exchange rate

of January 29, 2024.




Table S11. Life Cycle Inventory (LCI) data for the chemical recycling process (per

functional unit)

Group Inventory Flow Unit Comment
Based on industry
Market for chemical fact i fi
arket for chemical factory, organics .., o\ . average or
{GLO} | Cut-off chemical
infrastructure !
Net st d d
Market for heat, from steam, in ¢ Seam deman
L 3.94 MJ after heat
chemical industry {RER} | Cut-off ) )
integration
Cooling d d
Market for cooling energy {GLO} | ooTing detman
14.78 MIJ after heat
Cut-oft® . .
integration
Total oxygen
Market for oxygen, liquid {RER} | 0.83 K demand
Cut-off ’ & (stoichiometric +
combustion)
Proxy for
pretreated waste
Inputs Market for polyethylene, pellets,
0.76 kg PE; 76.34%
recycled {RER} | Cut-off i
conversion to PE
pellets assumed.
Combined process
Market for water, deionised {Europe 0.16 " water and
without Switzerland} | Cut-off ' & hydration
requirements
Electricity for
Market group for electricity, medium 0.8 KWh pumping jand
voltage {RER} | Cut-off compression
processes
Mass and energy
flow for MEA-
Carbon dioxide production, liquid owor
b 0.30 kg based CO; capture
{RER} | Cut-off . i
(including
regeneration)
Uncaptured CO»
emissions from
liquid CO;
L. Carbon dioxide, fossil, Air, urban air production,
Emission 0.30 kg o
close to ground overriding

ecoinvent's default
zero-emission
input assumption




Water from

: 3

Water, unspecified 0.14 m distillation column
Product yield

Succinic anhydride (99.0%) ¢ 0.56 kg based on process
simulation results
Product yield

Glutaric anhydride (99.2%) ¢ 0.16 kg based on process
simulation results

Output Product yield

High-carbon diacids mixture © 0.17 kg based on process
simulation results
Product recovery

Carbon dioxide production, liquid 0.30 ke based on 50%

{RER} | Cut-off separation/purifica

tion efficiency !

2This background dataset is modelled as a standard alternative wet cooling tower scenario using
proxied ecoinvent flows: 0.0045 m® Water, evaporated to air {GLO} | Cut-off, 0.062 kWh
market group for electricity, low voltage {RER} | Cut-off, 6.56 kg market for water,
decarbonised {CH} | Cut-off, and 0.0020 m* market for wastewater, average {Europe without

Switzerland} | Cut-off.
®This background dataset represents the MEA-based CO, capture technology.

¢ The environmental burden of “succinic acid production {GLO} | Cut-off” is avoided via
system expansion. The hydration of anhydride to diacid is accounted for by adding the

stoichiometric equivalent of deionised water.

4The environmental burden of “succinic acid production {GLO} | Cut-off” is avoided similarly
to Footnote 2. This substitution is justified by the higher market value of the product compared

to succinic acid.

¢ The mixture comprises adipic acid, pimelic acid, suberic acid, and azelaic acid, with a total
impurity level below 0.4%. No substitution is applied to this output to ensure a conservative

estimation.



Table S12. LCA ReCiPe midpoint and CED results (per functional unit)

Impact

Upcycling

Upcycling

Incinerati

Indicator Unit Landfil MR
Category (worst) (standard) on
Terrestrial
Acidificati idificati kg SO»-
clariication  aciqulicatio  XESTR 5 13E03  4.57E-04  -1.62E-03  5.80E-05  -7.38E-04
: terrestrial npotential  Eq
(TAP)
Greenhouse
Climat kg CO»-
fmate gas XY 710E-01  -2.99E-01  2.11E+00  1.45E-01 -3.51E-01
change emissions Eq
(GHGs)
Freshwater
Ecotoxicity:  ecotoxicity kg 1,4-
; 1.29E-01 6.36E-02 2.00E-01 1.54E-01  3.03E-02
freshwater potential DCB-Eq
(FETP)
Marine
Ecotoxicity:  ecotoxicity kg 1,4-
. ; 1.67E-01 8.34E-02 2.90E-01 2.17E-01  3.89E-02
marine potential DCB-Eq
(METP)
Terrestrial
Ecotoxicity:  ecotoxicity kg 1,4-
) ; 3.28E+00 1.61E+00 8.75E+00  2.63E-01 -1.59E-01
terrestrial potential DCB-Eq
(TETP)
Energy
resources: Fossil fuel
non- potential kg oil-Eq  -2.51E-01 -5.62E-01 -3.13E-01  8.19E-03  -6.28E-01
renewable, (FFP)
fossil
Freshwater
Eutrophicatio eutrophicati
) kg P-Eq  5.60E-04 3.84E-04 -424E-04  -3.57E-07 4.34E-05
n: freshwater  on potential
(FEP)
Marine
Eutrophicatio eutrophicati
, ) kg N-Eq  1.66E-04 1.36E-04 -3.86E-05  2.02E-04 1.05E-04
n: marine on potential
(MEP)
Human
Human .
.. toxicity kg 1,4-
toxicity: ) 1.36E-01 -4.03E-02  -5.66E-02  4.94E-03  -1.00E-01
) ) potential DCB-Eq
carcinogenic
(HTPc)
Human
.. Human kg 1,4-
toxicity: non- .. 2.32E+00 1.12E+00 1.14E+00  3.28E+00 4.89E-01
toxicity DCB-Eq

carcinogenic




potential

(HTPnc)
Ionising
Ionisi diati kBq Co-
onishe raciation 9% 369E-01  3.52E-01  -2.83E-01 -8.00E-04 3.45E-02
radiation potential 60-Eq
(IRP)
Agricultural
land m?*a
Land use , 2.26E-02 1.67E-02 -1.31E-02  3.37E-03  -6.09E-04
occupation  crop-Eq
(LOP)
Material
Surplus ore
resources: ;
_ potential kg Cu-Eq 4.62E-02 2.66E-02 -7.23E-03  6.43E-04 -2.89E-03
metals/miner
(SOP)
als
Ozone
depletion
Ozone ) kg CFC-
i potential 7.08E-07 3.11E-07 -1.65E-07  5.53E-09  1.43E-07
depletion . . . [11-Eq
(ODPinfinit
e)
Particulate
Particulate matter kg
matter formation PM2.5- 5.68E-04 -2.53E-04  -6.61E-04 291E-05 -2.83E-04
formation potential Eq
(PMFP)
Photochemi
Photochemic cal oxidant
al oxidant formation kg NOx-
: . 1.44E-04 -1.10E-03  -7.78E-04  1.29E-04 -1.48E-03
formation: potential: Eq
human health humans
(HOFP)
Photochemi
Photochemic ° O? et
. cal oxidant
al oxidant .
) formation kg NOx-
formation: . -1.77E-04  -1.54E-03  -8.50E-04 1.35E-04 -1.91E-03
) potential: Eq
terrestrial
tems ecosystems
ecosys
Y (EOFP)
Water
.
Wateruse o ERO s 327E-02  2.66E-02  -529E-03 249E-04 -3.01E-03
n potential
(WCP)
Energy
Total: CED  content MJ-Eq -1.54E+00  -1.70E+01  -2.25E+01 3.60E-01 -2.82E+01

(HHV)




Table S13. LCA ReCiPe endpoint results (per functional unit)

Tmpact Indicator Unit Upcycling  Upcycling Incineration Landfill MR
Category (worst) (standard)
Total:
ccosystem OOV eciesyr  3.58E-00  -1.02E-10  5.25E-09 6.04E-10  -1.38E-09
quality quality
Total:
human E{Eﬁn DALYs  2.07E-06  -2.52E07 1.60E-06  9.18E-07  -7.32E-07
health
Total: Natural USD
natural -1.02E-01 -2.08E-01 -9.48E-02 3.79E-03 -2.65E-01
resources 2013
resources
References
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