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Opportunities, challenges and suggestions for the
development of plastic degradation and recycling under the
context of circular bioeconomy

XU Rui, CHEN Fang’, DING Chenjun

Chengdu Library and Information Center, Chinese Academy of Sciences, Chengdu 610299, Sichuan, China

Abstract: At present, the negative impact caused by white pollution has spread to all aspects of
human society economy, ecosystem, and health, which causes severe challenges for developing
the circular bioeconomy. As the largest plastic production and consumption country in the
world, China has shouldered an important responsibility in plastic pollution control. In this
context, this paper analyzed the relevant strategies of plastic degradation and recycling in the
United States, Europe, Japan and China, measured the literature and patents in this field,
analyzed the status quo of technology from the perspective of research and development trends,
major countries, major institutions, and discussed the opportunities and challenges faced by the
development of plastic degradation and recycling in China. Finally, we put forward future
development suggestions which include the integration of policy system, technology path,
industry development and public cognition.

Keywords: circular economy; bioeconomy; plastic degradation; biodegradation
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Table 1 Top 10 research institutions in the field of plastic degradation and recycling

Rank Institution Number of papers Total times cited Citations per paper
1 Chinese Academy of Sciences 1878 58291 31.04
2 Centre National de la Recherche Scientifique 1418 42 256 29.80
3 Indian Institute of Technology System lit System 856 20 798 24.30
4 UDICE French Research Universities 847 24 883 29.38
5 Egyptian Knowledge Bank 795 14 893 18.73
6 Sichuan University 782 19 027 24.33
7 Russian Academy of Sciences 629 7518 11.95
8 Italy National Research Council 546 14 994 27.46
9 United States Department of Energy 541 22774 42.10
10 University of Chinese Academy of Sciences 535 13 381 25.01
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Table 2

IPC distribution of plastic degradation and recycling patents

IPC code (subclass) Number of patents

Technical fields

Compositions of macromolecular compounds

Working-up; General processes of compounding (C08J11/00 recovery or

working-up of waste materials)

Preparation or pretreatment of the material to be shaped; Making granules or

preforms; Recovery of plastics or other constituents of waste material

containing plastics

Use of inorganic or non-macromolecular organic substances as compounding

Macromolecular compounds obtained otherwise than by reactions only

involving carbon-to-carbon unsaturated bonds

Macromolecular compounds obtained by reactions only involving

carbon-to-carbon unsaturated bonds

Shaping or joining of plastics; shaping of material in a plastic state, not

otherwise provided for; After-treatment of the shaped products, e.g. repairing

Disposal of solid waste

Layered products, i.e. products built-up of strata of flat or non-flat, e.g.

cellular or honeycomb, form

CO8L 29 663
Co8J 18 488
B29B 17 321
CO8K 16 619
ingredients
C08G 10 424
CO8F 7633
B29C 6 878
B09B 4954
B32B 2810
CI2N 2 344

Biochemistry; Beer; Spirits; Wine; Vinegar; Microbiology; Enzymology;

Mutation or genetic engineering
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Important patent applicants in the field of plastic degradation and recycling.

Table 3 Advantages and disadvantages of various plastic recycling methods

Recycling methods Applicable types of plastic

Advantages

Disadvantages

properties

Physical recycling Most common plastic waste
(landfill, physical (PE, PET, PS, PP, PVC)
modification)

Energy recycling All types of plastic waste

(combustion method)

and combustion heat energy is
converted into electricity

Chemical recycling Most common plastic waste

(thermal decomposition, (PE, PET, PS, PP, PVC)

chemical modification,

Simple operation and low cost;
Modified for use in building
materials can improve material

Energy conversion is achieved
while recycling waste plastics,

of plastic performance without

It is a downgrade recycling;
There are limitations on the
types of plastics and material
losses; Poor economy

Low energy recovery; Toxic and
harmful by-products are
produced, and the cost of waste
gas treatment is high

Theoretically, unlimited recycling Processing equipment and

technology are more

solvent depolymerization)

Biodegradation

(microbial degradation,

enzymatic degradation)
also been achieved

Bio-based plastics and
petroleum-based plastics,
biodegradation of pet has

degradation can be realized;
Higher product value

Mild conditions; It can achieve
high-value conversion of waste;
The degradation process is
environmentally friendly and has
no by-products

complicated; The high cost of
chemical preparations; Lack of
commercial competitiveness
The technology is not yet
mature, and there is still a
bottleneck in the biodegradation
of petroleum-based plastics
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