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Abstract

One of the foremost environmental challenges, alongside the contemporary focus on achieving carbon neutrality, pertains to
the pervasive issue of plastic waste. Thermochemical recycling technology, operating under high-temperature conditions to
covert organic matter and recycle it into raw materials and energy, represents a transformative approach surpassing the
conventional bounds of material recycling predominantly applied in plastic waste management. The thermochemical recycling
paradigm is emerging as a pivotal technology within the circular economy, capable of transforming waste plastics into raw
materials for producing original plastics. Its significance extends beyond national borders, garnering global attention due to its
versatility as a chemical or energy recycling method, contingent upon the subsequent processes and final products. This study
aims to scrutinize three quintessential thermochemical recycling technologies: combustion, gasification, and pyrolysis.
Furthermore, the study discusses the recent major technology trends of these technologies.
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Table 1. MSW conversion technology™”

Conversion pathway Processes Products Applications
Combustion Hot gases
Municipal solid Thermochemical conversion Gasification Syngas
waste Pyrolysis Liquid oil He’f‘t"
MSW) . - - ; B . Electricity,
Physicochemical conversion Transesterification Biodiesel Transportation Fuel
. . . Fermentation Bioethanol
Biochemical conversion
Anaerobic digestion Biogas
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Fig. 6. Pyrolysis of waste plastic.

I EofEl HEo] Colste] A EAFES 7 8- vl
g} o] 7|4| e R Aeks]= 7HASF dof ' 4= 3l
o} E3F BE HETAE0] &4 254 drsl =
A Beotal A PR B E = E charZt 432 4= 9108
= AHe 25 AolE S3lA 71A] ALk 1A
el AR RS ArfE ol 7 1 37 e o
& G AL 1= oto] JYP=A Hot. HAF-] &
g A5 % 9l AL Clo] T8 PETS}PVCE)
22 BeliEnTiE PEL PP 53} 22 Belielo] o
ool Hgtelo, o} o) 582 skt Zeolie,
dolomite, silica G- o2 7F<] G5l Suf7} /i vt U,
Qe A Foks R S4L Ala] SHsted 500°C
oJ5}ol Al &A=& slow pyrolysis ©]2]of| &= Table 29} 2+
o] HlZ £E & 25 ST S Rk flash &
fast pyrolysis 5= -29] 7oA £ 7| = ol Z]
T AARELS FESF & S S1E st vt
A&, B F7oA Gubte] gaset TR EQ] char®] 4§
/go] YA Erh. BiomassE ©]-8- bio-oilZ AJAtsh=
7850l 22 dEaf Hho] 8= HETAEo] 2
8 o g weay] Hoj= AR oA Hio] 2uj
25 B8kt wol /fEE| o] 7)ot
Gl g AR WA B ZeRAE o] o A
2 & L2 AHE Eor ke AT &8 7|&ol2t
& 4 9k wEhA] 20009 254t ofU A3} 74
T IA ZgE Tom Sl Ak o] 7]¢jo] dHstal
Ou JE61F-9] F4 9 AR 5ol A7 Eof 27t
A 7 A7F 1730 & OISR batch WA 02 == 4
. A1) 207 ofSlE ok A1E AT,
TR0 AT ML LGS TS O] b E Aol

A= ovA g ez ARGt T A7) g7ge] )

Resources Recycling Vol. 32, No. 6, 2023

Table 2. Pyrolysis technology®

Pyrolysis Res.idence Condition Products
methods time
Flash <ls >650°C
Fast <5s 650°C p(g]?gs;gl
Slow 30-300 min <500°C
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Table 3. Advantages and disadvantages of different pyrolysis reactors'®

Type of reactor Advantages

Disadvantages

Batch reactor High conversion of the reactants

Variability of product, the difficulty of scale-up

Semi batch reactor

Flexibility of adding reactants during reaction

High labor cost and suitable for small scale production

Fluidized bed reactor

Good heat transfer, low operating cost

Complex design &operating
Not for large particle

Fixed bed reactor Facile process

Irregular particle size will lead problem during feeding
process

Continuous process

R kil
otary kiln reactor low cost

Complex design
Slow reaction rate
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Table 4. Gasification reactions'®

C+0, & CO,
C+1/20, & CO

C+CO, & 2CO

Oxidation

Boudouard
Primary
C+H,0 & CO+H,

Secondary
C+2H,0 & CO,+2H,

Water gas

Methanation C+2H, & CH,

Water-gas shift CO+H,0 & CO, +H,

Steam reforming CH,4+H,0 < CO+3H,
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Fig. 7. Syngas from automobile shredder residue gasification.
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Fig. 8. Tokyu REI hotel of Hydrogen Fuel Cells using hydrogen

from the gasification of waste plastic'”.
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Fig. 9. Eco-friendly ships for collecting marine waste
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