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ABSTRACT The production, use, and waste generation of plastic products is steadily increasing worldwide,
and therefore it is necessary to minimize their impact on the environment, as they are a considerable source
of pollution and have a substantial impact on climate change. Plastic waste prevention and control is a vital
component of China’s national strategy. The purpose of this study is to analyse various scenarios for predicting
the impact of plastic waste from industry and agriculture on the environment in the period from 2019 to 2030.
Three scenarios have been developed (the scenario of following the national policy of plastic waste
management — NP, the scenario of increasing the recycling rate by 20% — RR, and the scenario of banning
the incineration of plastic waste suitable for secondary use — IB). The analysis was carried out using a plastic
waste management flow model, which calculates environmental indicators for each scenario. The main
indicator used in the model was greenhouse gas emissions. It is established that due to the implementation of
existing and proposed targets, greenhouse gas emissions will be reduced compared to the BAU scenario by
6.274 Mt CO2e for NP, by 11.523 Mt CO2e for RR and by 12.498 Mt CO2e for IB. A comparative analysis of
scenarios with a discussion of their strengths and weaknesses was conducted, existing problems were
considered and recommendations for possible solutions were provided. The preference for the RR scenario
was reasoned. The results obtained can not only serve as an information source for scientific research, but
also help practitioners solve the problem of plastic waste management in an environmentally safe and
economical way.

Keywords: Climate Change, Waste Management Policy, Pollution, Greenhouse Gases, Environmentally
Safe.

I. INTRODUCTION

Plastic is a uniqgue material with many advantages: it is cheap, versatile, lightweight, and durable. This makes it
a valuable material not only for industries and agriculture, but also for use in everyday life. However, despite the
numerous advantages of plastic, its production and use cause many environmental problems. Traditionally, plastics
production is based on fossil fuels and uses crude oil and natural gas as raw materials, and a biological-based
alternative has only recently been used for commercial purposes [1]. Fossil-based resources are limited and
adversely affect the environment in all processes of extraction, production, and use [2]. Moreover, improper waste
management methods that cannot prevent plastic from leaking into the environment usually lead to the dispersion
of the material in the form of rubbish. Plastic waste is slowly but surely damaging the environment in many ways,
from leaching toxic chemicals into soil and groundwater, to directly asphyxiating or poisoning animals that
unwittingly ingest it [3; 4]. On the other hand, plastics can be recycled repeatedly, while maintaining their value and
functional properties, which means that by increasing the level of plastics processing, a considerable share of
adverse environmental impacts can be avoided. Since 1950, over than 8 billion tonnes of plastic have been
produced in the world, most of which ends up directly in landfills and only about 9% is recycled [5]. According to
the Organization for Economic Cooperation and Development, 69% of plastic waste is incinerated or disposed of,
and 22% does not enter the waste management system (Figure 1).
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FIGURE 1. Recycling of plastic waste in the world.
Source: compiled by the authors based on [6].

From 2000 to 2019, global plastics production doubled and reached 460 million tonnes. The COVID-19 crisis
led to a 2.2% reduction in plastic use in 2020 as economic activity slowed, but an increase in the amount of rubbish,
takeaway food packaging and plastic medical equipment, such as masks, led to an increase in the amount of waste.
With the resumption of economic activity in 2021, plastic consumption has also recovered [7; 8].

The purpose of this study was to analyse and evaluate various scenarios for predicting the impact of plastic
waste from industry and agriculture on the environment in the future.

Il. LITERATURE REVIEW

Currently, China is the largest plastic producer in the world. In 2019, the production of plastic products amounted
to about 80 million tonnes. However, massive consumption also leads to a massive amount of plastic waste. Since
2017, the country has stopped importing plastic waste, which began in the early 1980s to develop the processing
industry to produce valuable raw materials for Chinese manufacturers. For almost 40 years, China has accounted
for over 60% of the global trade in plastic waste. In 2018, a ban on the import of waste (“Ban on Waste”) and aid
in reforming the solid waste import management system were put into effect [7]. Thus, if before 2017 China imported
a total of 170 million tonnes of plastic waste, then after the ban, imports decreased to 5.8291 million tonnes in 2017,
to 70 thousand tonnes in 2018 and to zero in 2019 [9].

Although China no longer imports plastic, the amount of plastic waste in 2019 amounted to over 60 million
tonnes, some of which are subject to burial, incineration, and recycling, and some (about 7%) is released into the
environment [10]. The amount of recycled plastic waste was 18.9 million tonnes, which is about twice as much as
in the EU or seven times more than in the USA. However, despite the impressive amount, the recycling rate is only
30%. Therefore, considering that currently the market demand for recycled plastic particles made from plastic waste
is growing worldwide, China imports about 3.5 million tonnes of recycled plastic particles [9]. Recently, China has
issued and implemented some policies and regulations to combat plastic pollution [11, 12]. They are primarily
characterized by orderly management of plastic pollution by region, time intervals, and industries. These documents
mark a new phase of stricter plastic pollution control in China, followed by supportive particular policies and
programs.

Most current research on China’s potential to reduce plastic waste production focuses on the impact of the
country’s import ban on international trade in plastic waste [13-15]. Some studies are aimed at analysing the current
issues in the field of waste management, forecasting future emissions of plastic waste, assessing the impact of
recycling methods [16, 17]. Studies aimed at assessing the impact of industrial and/or agricultural plastic waste on
the environment are rare [18, 19].
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ll. MATERIAL AND METHOD

A gquantitative assessment of the environmental impact of plastic waste was carried out using a model of plastic
waste management flows [20]. The model describes various parameters and criteria that affect the amount of
recycled plastic waste, as well as the associated costs and labour required for various specific scenarios. The
construction of the model was simple, without excessive complication, factoring in the specifics of the distribution
of plastic waste streams in China. The export and import of plastic waste were not considered. The assessment
was conducted along the entire recycling chain, the scheme of which is presented in Figure 2.
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FIGURE 2. Stages of plastic waste disposal

The simulation results allow estimating the environmental impact, but they should be considered with caution,
since the quality and reliability of the results linearly depend on the quality of the data sources. Some direct
statistical data are either missing altogether or vary substantially depending on the source [9; 21, 22]. Given this
fact, some data in the model had a certain correlation, which leads to a certain decrease in the reliability of the
results. Furthermore, due to problems with the confidentiality of companies, as well as due to some difficulties
associated with obtaining timely responses from the subjects with whom they communicated, some data were not
received, and statistical averages taken from the reports of The Plastic Recycling Association of the CRRA [23]
were used for the model. Some initial assumptions are related to forecasts for the future, which means that there
is a certain degree of uncertainty and unpredictability. The model is filled with key data, including the amount of
incoming waste, its distribution by streams and data on greenhouse gas emissions. Data for use in the model were
collected from online literature sources, as well as from interviews with experts through telephone calls and emails
sent to the relevant waste management authorities and organizations. Four main sectors were selected as
modelled flows: the agricultural sector (AC), which occupies 1%; the sector of end-of-life vehicles (ELV, 5%), the
sector of waste from electrical and electronic equipment (so-called e-waste, WEEE, 7%), as well as the
manufacturing sector, which includes manufacturers from various industries, including construction, textile,
chemical, and other industries (63%). The description of plastic waste from these sectors is presented in Figure3.
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FIGURE 3. Identification of the main plastic waste by sectors

The remaining 24% of the total amount of waste falls on the municipal and household sector, but they were not
considered in the model, since the purpose of this study was to assess the impact of industrial and agricultural
waste. For the baseline scenario, data for 2019 were taken [24]. To calculate the future formation of plastic waste
and build scenarios, the forecast was made based on the current situation with certain assumptions based on a
literature review and consultations with specialists. The annual increase in waste production for the period up to
2030 is set at 5.01% [22]. WEEE growth is set at 4.5%, given that in 2019 it was 3.17% [18], and this sector is
developing rapidly. No significant increase in the amount of agricultural plastic waste is expected in the future, but
the volume of waste collected will certainly increase. The growth rate of 1.5% is set for calculations. For the
remaining categories, the annual growth estimate is set at 3.5%. The annual growth rates of all waste streams used
in the model are quite conservative and demonstrate slower growth compared to a rather optimistic approach in
the development of the Chinese plastic recycling market. The growth forecasts in the model factor in the
consequences of the recent economic downturn caused by the COVID-19 outbreak, which ultimately affected the
development of a closed-loop economy, and which will affect all sectors of industry and agriculture in the medium
term [25]. The distribution of the amount of plastic waste by sector is presented in Table 1.

Table 1. Amount of plastic waste by sector (in million tonnes)

The sector producin Amount of Annual Amount of

! P 9 plastic waste plastic waste
plastic waste (2019) growth (2030)
AC 0.189 15 0.222
WEEE 1.323 4.5 2.147
ELV 0.945 35 1.38
Manufacturing 11.91 35 17.388
companies
Total 14.367* - 21.137

Note: * — the total amount of plastic waste from industry and agriculture, excluding the municipal sector.

IV. DATA ANALYSIS

This section presents the results obtained from the analysis of various scenarios for the processing of plastic
waste, examines their potential impact on the environment, conducts a comparative analysis to identify existing
problems and provides recommendations for possible solutions to these problems. Three target scenarios have
been developed to estimate the potential impact of integrated recycling of plastic waste on the environment. The
business-as-usual (BAU) scenario will not be analysed, since there are no substantial changes, except for the
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amount of plastic waste generated, but it will be used to compare the corresponding benefits of the other three
scenarios. Scenario analysis does not predict the future, it is simply a tool for investigating and comparing various
future possible solutions for the existing problem [26]. Furthermore, it helps reduce the potential overestimation
and underestimation of future developments. The target scenarios are as follows:

1. The scenario of following the national policy (NP) of plastic waste management. This scenario represents
the minimum necessary efforts of all stakeholders involved in waste management and plastic recycling operations
to meet the legally binding goals set out in government directives and regulations by 2030 [27, 28]. In the absence
of a mandatory recycling goal, the scenario defines minimum goals based on industry voluntary agreements and/or
best practices, which makes these goals feasible and acceptable.

2. The scenario of increasing the recycling rate (RR) of plastic waste. This scenario assumes the performance
of all the conditions of the NP scenario, with more actions to increase the collection and recycling of plastic waste
by 20% compared to the baseline scenario. The Renewable Resource Recovery System is the main recycling route
for plastic waste and includes plastic waste recycling and processing systems. Presently, small companies are
being replaced by large ones, and the entire industry is growing in size and becoming increasingly standardized
[9]. Local plastic waste disposal and management systems are still imperfect, which does not allow large recycling
enterprises to receive sufficient amounts of plastic waste. An increase in the supply of plastic waste to processors
will eventually lead to savings due to an increase in the volume of their processing. An increase in the amount of
recycled plastic, combined with an improvement in quality, will help stimulate demand for the recycled product,
which will further contribute to stable supplies and uniformity of input raw materials.

3. The scenario of incineration ban (IB) of recyclable plastic waste. In addition to the conditions of the NP
scenario, a ban on the incineration of plastic waste suitable for recycling is assumed. Similar to the RR scenario,
this option aims to increase the supply of plastic waste to processors and, thus, to improve their activities and
increase productivity. The scenario assumes that plastic waste that is suitable for recycling is not allowed to be
sent to incinerators. Only plastic waste that has been discarded from sorting and/or recycling operations can be
sent for incineration.

Plastic waste recycling is a strategic developing industry with great development potential. In recent years, the
construction of plastic waste recycling systems has been actively promoted in China. Relying on China’s three main
industry associations, namely the Plastics Recycling Association, the China Synthetic Resin Manufacturing
Association and the China Materials Recycling Association, many large retail markets and recycling centres for
recycled plastics have been established, and 25 industrial parks for the renewable resource-circular economy have
been established, including 21 plastic waste recycling parks [16].

Statistics show that in 2019, the recycling volume of household plastic waste was 1.89*107 tonnes. The
recycling rate was close to 30%, and the total economic value of recycling was over 100 billion yuan. There are
over 3000 registered enterprises in China recycling plastic waste, of which 300 enterprises have a processing
capacity of more than 1*104 t/lyear and 50 enterprises have a processing capacity of more than 5*104 t/year [29].
It is assumed that the significantly increased amount of plastic waste as a result of the incineration ban will provoke
a high interest in the construction of infrastructure within the country. The rejection of imported plastic waste has
led to a shortage in the domestic market, and the average price of most plastic waste has increased by 6-16%
compared to 2017 [30]. In this regard, the consumption of primary plastic has increased. This scenario is being
considered in connection with the strategic vision of the Chinese government to minimize CO2 emissions by 2060
[31]. In July 2021, a nationwide program was launched, which replaced previous regional pilot programs and is
expected to provide about half of the reduction of CO2 emissions in China by 2060. This goal is part of the policy
of “ecological civilization” [32].

Developing an effective global strategy requires understanding the potential of various mitigation solutions and
the scale of global efforts needed to significantly reduce plastic pollution. The scenarios presented in the literature
are mainly aimed at predicting the amount of expected plastic waste. For instance, the paper predicts the trends in
the formation and costs of plastic waste management in China from 2020 to 2035 under three different scenarios
in which China is divided into three regions for particular political consequences [33]. To estimate the effectiveness
of actions to reduce plastic pollution, flows of solid household waste and four sources of microplastics were
modelled for five scenarios in the period from 2016 to 2040 [34]. Several ways of recycling plastic household waste
and their environmental impact are compared in [35]. Scenarios for changing plastic waste treatment schemes
have been developed to predict their impact on the environment in the future. Furthermore, alternative improvement
scenarios were proposed to analyse the potential reduction of the environmental impact due to energy
conservation, emission reduction and a ban on the import of plastic waste for mechanical processing.
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The analysis of the literature conducted during this study did not reveal scenarios that would consider the impact
of the integrated processing of plastic waste from industry and agriculture on the environment in China. At the same
time, theoretical analysis, and practices of using plastic waste management flow models allowed creating the above
scenarios for quantifying the impact of plastic waste on the environment [20]. Recycling is considered the most
profitable waste management option after preparation for reuse and prevention of waste generation [36]. The
environmental benefits of plastics recycling compared to alternative management options have been extensively
investigated in numerous papers and include, among others, reduction of energy consumption, greenhouse gas
emissions, depletion of land resources and land use, and particulate emissions.

To estimate the impact of integrated recycling of plastic waste on the environment, an indicator of greenhouse
gas (GHG) emissions was chosen, since they are the main cause of the increase in environmental pollution.
Furthermore, GHGs are the driving force behind climate change, an urgent problem that the entire world community
is trying to solve today [32; 37]. The plastics industry handles 3.4% of global greenhouse gas emissions, according
to the OECD. Recycling plastic instead of producing it from scratch indirectly reduces emissions of dangerous
greenhouse gases. On the one hand, operations along the entire plastic waste recycling chain require energy
consumption in the form of fuel, electricity from the grid and thermal energy, which contributes to GHG emissions,
as well as depletion of fossil resources. On the other hand, materials recovered from recycling provide
environmental benefits by avoiding virgin plastic production and associated impacts [20; 38, 39]. Figure 4 presents
the results of comparing scenarios for reducing greenhouse gas emissions calculated according to the model.
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FIGURE 4. Reduction of greenhouse gas emissions according to different scenarios compared to the BAU scenario

As can be seen, the smallest reduction in GHG emissions compared to the BAU scenario is observed for the
NP scenario (by 6.274 Mt (Mt CO2e)). Such a scenario illustrates rather modest environmental benefits. This is
most likely because most of the laws and directives adopted by the Chinese government relate to the collection,
sorting, and recycling of municipal waste, which is a considerable amount, but was not considered in this model.
As for industrial and agricultural waste, part of the projected reduction in GHG emissions is related to the main
goals of the government at the current legislative level, namely increasing the collection rate of agricultural plastic
film to 85%, as well as holding production and sale of polyethylene agricultural film with a thickness of less than
0.01 mm, and packaging polyethylene film used to cover agricultural land [40-43]. The data obtained are fully
consistent with the general trend of reducing the amount of plastic waste presented in the studies of other authors,
as a result of following the national policy of plastic waste management [16; 33, 34].

More environmentally beneficial are the RR and IB scenarios, with projected emission reductions of 11.523 Mt
CO2e and 12.498 Mt CO2e compared to BAU, respectively. The RR scenario reflects an increase in the level of
processing by 20% compared to the base scenario of 2019 when all the conditions of the NP scenario are met.
However, the implementation of such a scenario requires much more concentrated efforts, not only in terms of
waste management options and policy decisions, but also in the development of technologies and logistics
optimization [44, 45]. There are several issues, for instance, in the agricultural sector, where it is difficult to increase
the level of processing due to the large amount of impurities in the collected waste due to the high initial investment.
Any advances in the collection, sorting, and recycling processes are meaningless if there is no demand for recycled
plastics [46]. It is vital to increase the demand for recycled plastics in the market and increase the number of
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recycled plastics that are used to produce new goods. M. Hestin et al. [20] propose to introduce certain measures
(e.g., tax incentives for products with recycled content) that will create stable market conditions for recycled plastics
and allow recyclers to invest in capacity and innovative technologies to increase plastics recycling. Ultimately, there
needs to be a balance between the supply of plastic waste and the demand for recycled plastics to ensure a healthy
and sustainable recycling sector that can make the maximum contribution to achieving elevated goals and creating
a truly circular economy.

Investment confidence and security is needed to enable relevant participants to invest in the downstream sector.
To increase confidence and reduce investment risks, government intervention (state/regional/municipal) would
ideally be required by establishing public-private partnerships and ensuring the supply of plastic waste for recycling.
This is a prerequisite for the reliable functioning of recycling markets and a way to increase confidence in this
sector, along with an increase in demand for recycled plastics from industrial entities [47, 48]. Analogous issues
and solutions, namely, increasing the level of recycling of plastic waste to reduce their adverse environmental
impact, are proposed in the studies of several authors [28; 49, 50]. However, despite the scale of these flows, the
effectiveness of the measures proposed to solve the problem of plastic waste recycling, and the economic costs of
their implementation, require careful analysis. The study of the data presented in the literature allows stating the
absence of special studies on the economic aspects of increasing the level of processing of plastic waste from
industry and agriculture in China.

Scenario IB includes a ban on the incineration of recyclable plastic waste. It demonstrates the largest
environmental benefit by nearly doubling greenhouse gas emissions across the entire plastic waste recycling chain
(12.498 Mt CO2e for IB vs. 6.274 Mt CO2e for SP). Admittedly, the figure will be much higher if the domestic sector
is included in the model, given that in 2019, 40% of municipal waste was incinerated, and their amount was about
20 million tonnes [21]. The ban on incineration of plastic waste is a way to reduce the linearity of plastic production
and is considered fundamental for the transition of the entire plastics industry to a closed-loop economy [36; 51].
Considering the results of the study by Y. Chen et al. [35], who showed that 8 out of 12 environmental indicators
were adversely affected by incineration, it is expected that apart from the considerable reduction in greenhouse
gas emissions calculated under the IB scenario in this paper, the ban on burning will improve other indicators, e.g.,
the formation of small particulate matter or human exposure (carcinogenic toxicity). Confirmation or refutation of
the proposed assumption requires added research.

Plastic waste is based on fossil fuels. Recycling of plastic waste, which means reducing the production of
primary plastic, can considerably reduce the consumption of crude oil [2; 52]. Oil resources in China are limited, in
2019 the country imported 50.5 million tonnes of oil, and about a third of it is used for the synthesis of plastic
products [53]. Making plastic from scratch requires much more energy than making products from recycled plastic.
The saved energy can be used for other important needs in the economy. Moreover, due to its petroleum origin,
plastic waste itself can be effectively used for energy production, since it has a high calorific value [54]. The question
of the preference for recycling or incineration of plastic waste has long been urgent and controversial, requiring a
compromise. On the one hand, recycled waste that does not meet standard requirements cannot be used to replace
primary plastic. This means that even with a prominent level of plastic waste recycling, the greenhouse gas
reduction calculated according to scenario IB will not be realized. The ability of processors to produce high-quality
materials according to demand and sell them at high prices is a key aspect in the development and sustainability
of the entire plastics recycling chain [55, 56]. On the other hand, the heat generated by the incineration of plastic
waste will need to be replaced by another source, which is likely to be of fossil origin.

Therefore, to materialize the benefits of a higher level of recycling, as shown in the model, and therefore
contribute to reducing the impact of the plastic industry on the environment as a whole, it is important to introduce
high-quality recycling technology before a possible incineration ban can effectively transfer plastic waste from
incineration to recycling. As China, like other countries, gradually reclaims more and more plastic waste
domestically and replaces landfill or incineration with recycling, a more favourable environmental impact will be felt
in the long term [16]. Thus, considering the listed problems and factoring in the insignificant difference in the
reduction of GHG emissions between the RR and IB scenarios, the scenario of an increase in the level of
processing of industrial and agricultural waste by 20% is the most preferable among the proposed ones.

To date, the main ways of recycling plastic waste in China are incineration and burial, and only a small part gets
into the recycling system. However, the quality of recycled products is variable and does not always meet the
standards [9]. Proceeding from the concept of plastic waste pollution prevention and control in the comprehensive
chain, plastic product waste must be reasonably and scientifically classified before processing or recycling, which
can then be treated with different methods for diverse types of plastic waste. Efficient recycling can solve the
problem of environmental pollution caused by improper disposal of plastic waste, as well as ensure the reuse of
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materials and energy from plastic waste. Building a complete plastic waste recycling production chain and
increasing the recycling rate of plastic waste can effectively promote the integrated use of plastic resources [57].
According to the characteristics of production areas, sources, and differentiation of plastic waste, it is necessary to
update the localization of recycling and recycling models, as well as popularize application models. For recyclable
plastic waste, priority should be given to developing environmentally friendly technologies, improving the recycling
of single-component and mixed plastic waste, and developing environmentally friendly equipment to achieve low
emissions and energy recovery [58, 59].

Reducing plastic pollution requires active action, not only through the development of environmentally friendly
alternatives, but also through innovation and product quality improvement. Efforts are also required to improve
waste management and increase the degree of recycling. The fight against plastic waste is the first step towards
combating plastic pollution, and this requires strong political support [60]. Policy measures are needed to ensure
that a reliable solution is found to manage plastic waste and reduce its generation. They are necessary to ensure
that collection, storage, transport, and final disposal or recycling are efficient, financially sustainable, technically
feasible, socially and legally acceptable and environmentally sound. In general, sustainable intervention requires a
combination of solutions and strategies at diverse levels of the processing chain [61]. China’s legislative action on
the prevention of plastic pollution is the right action that is really needed to solve the environmental problem.
Chinese laws and regulations may not be a perfect model, but the country has developed its own culturally feasible
solutions. As the world’s largest producer and consumer of plastic, China can become a world leader in effectively
controlling domestic and international plastic pollution by stepping up significant efforts to combat plastic pollution.

V. CONCLUSION

The paper develops and analyses three different scenarios to predict the environmental impact of industrial and
agricultural plastic waste recycling in China between 2019 and 2030: the scenario of following the national policy
of plastic waste management (NP); scenario of increasing the plastic waste recycling rate by 20% (RR); the
scenario of banning the incineration of recyclable plastic waste (IB). An indicator of greenhouse gas emissions was
selected to estimate the environmental impact. It is established that due to the implementation of existing and
proposed targets, greenhouse gas emissions will be reduced compared to the BAU scenario by 6.274 Mt CO2e for
NP, by 11.523 Mt CO2e for RR and by 12.498 Mt CO2e for IB. It is shown that, considering the insignificant
difference in the reduction of greenhouse gas emissions between scenarios RR and IB, the scenario of increasing
the level of recycling of plastic waste by 20% (RR) is the most preferable. A comparative analysis of the proposed
scenarios was carried out to identify existing problems and recommendations were provided for their possible
solution.

The results of this study, together with the identified problems in the Chinese plastic waste market, can serve
as an information source about the current situation with plastic recycling in the country, as well as become the
basis for future studies of appropriate measures needed to increase waste recycling in China and assess their
impact on the environment. Furthermore, the data obtained can provide producers, processors, and the
government with the information needed to develop policies in the field of effective waste management, which in
the long term will allow the transition to a closed-cycle economy with low greenhouse gas emissions.

During the study, new questions and problems have arisen that require further research and solutions. To better
understand and increase the efficiency of the system of processing plastic waste from industry and agriculture, an
in-depth analysis of the distribution of flows by industrial sectors, their detailed analysis, as well as the proportions
of processing of various types of plastics are required, since the types of waste, especially in the industrial sector,
are extremely diverse. In this paper, the main part of the processing data was obtained from the literature and
reports. The part of the data that was received from manufacturers and processors was not always of high quality.
To create more accurate forecasts, it is necessary to take this fact into account. Further studies on the
environmental impact of plastic waste should also factor in socio-economic driving factors.
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