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Abstract

:

Marine plastic waste, global warming, and ozone holes have become global environmental problems that need to be resolved urgently. With the promulgation of plastic bans in many countries, the global plastic waste trade will undergo tremendous change. In order to explore the future evolutionary trend of the global plastic waste trade network, this paper focuses on the analysis of the import and export of plastic waste from major trading countries around the world. Based on the bilateral trade volume of plastic waste from 1990 to 2019, a global plastic waste trade network is constructed, and the structure and characteristics of the network are studied. The results show that the global plastic waste trade network has shifted its center of gravity, and the import center has gradually shifted from China to Southeast Asia. The global plastic waste trade network presents a sparse state. Moreover, the dependence of related countries on plastic waste trade decreases, whilst the closeness of trade links also decreases. Sudden factors such as plastic waste import bans have a disruptive impact on plastic waste management.
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1. Introduction


Plastic waste refers to the man-made or reprocessed plastic solid waste that exists in the natural environment [1]. The global production of plastic products is extremely high but the recycling rate is relatively low, which causes a lot of waste of resources and causes a devastating blow to humans and marine life. The global focus on plastic waste is gradually increasing [2]. “Nature” uses plastic waste recycling technology for the production of the cover of its magazine, which has attracted widespread attention. Not only academically, but the international community is paying more and more attention to plastic waste. On World Environment Day, the United Nations Environment Programme called on all countries to introduce measures to control plastic waste pollution and formulate regulations for the management of disposable plastic waste products. China designated a ban on the import of waste in 2018 [3]. Later, Vietnam, the Philippines and other countries have successively formulated restrictive measures on the import of plastic waste [4]. This series of measures has attracted widespread attention and discussion, which has led to a change in the global plastic waste industry chain. Furthermore, these measures will have an additional impact on the distribution of marine plastic waste. The G20 summit in 2019 made marine plastic waste management an important topic and reached important consensus. The member states pledged to “reduce the discharge of plastic waste to the ocean to zero by 2050”. From the perspective of the G20 goal, the treatment of marine plastic waste is extremely urgent. In order to achieve zero discharge of plastic waste by 2030, it requires extensive cooperation and participation from the international community.



Although the marine plastic waste and plastic waste trade have attracted global attention in recent years, the academic community has not paid much attention to it until recently. The decade of the 1970s was the embryonic period of marine plastic waste research [5]. From 2010 onwards, research has gradually become more systematic [6]. Plastic waste in the ocean is divided into large plastic waste, microplastic waste and nanoplastic waste according to their size [7]. Since Thompson [8] and others first proposed the term “microplastic waste”, marine microplastics have attracted widespread attention. The two major TOP journals “Nature” and “Science” have published more than 10 articles on microplastic waste, mainly focusing on the distribution of microplastic waste [9], source convergence [10], policy management [11,12,13] and other issues. These research results show that the geographical distribution and abundance of marine microplastics have changed significantly, and have directly harmed marine life and the global ecological environment [14]. In-depth research on the toxicology, environmental chemistry and ecological hazard mechanisms of marine microplastics has been conducted and achieved good progress [15]. Some scholars tracked the stock and flow of certain plastics in multiple countries or regions based on plastic waste trade data [16]. Liang et al. [17] discussed relevant management policies for waste trade in Asia. Brooks et al. [18] drew up a regional statistical map and used the 2000–2016 plastic waste trade data to conduct a regional and income level regression analysis. The results show that high-income countries in the Economic Cooperation Organization have been exporting plastic waste to low-income countries in East Asia and the Pacific. Wang et al. [19] used a complex network to draw a topology map and geographic information system data to identify the structure of the global plastic waste trade on this basis. The research results show that Asia has become the main region for global plastic waste export.



In 2017, China banned the import of plastic waste, according to Chinese customs, the volume of plastic trade dropped dramatically after the ban, while exports have not changed significantly since then [20]. With bans imposed by other countries, India’s trade surged in 2018, with South Korea and Thailand turning from net exporters to net importers, whilst exports from the USA have also dropped significantly. Exports from other net exporters also fell in 2018, while imports increased [21]. This shows that the structure of the global plastic waste trade is changing as more and more countries enact bans and many countries change their imports and exports. In 2020, COVID-19 pandemic broke out globally. In the hopes of preventing further infection, more consumers used disposable products [22]. The surge in demand for plastic produces a large amount of plastic waste, which increases the pressure on the country to deal with plastic waste. Many countries will choose to export to reduce the cost of domestic waste management. What is the future trend of plastics waste trade development? What is the impact on plastic waste management? Such research questions are worth exploring.



In order to answer these research questions, a complex network method is applied to quantitatively describe the spatio-temporal evolution of the global network for plastic waste trade. The main contributions of this research are as follows: (1) from 1990–2019 global import and export trade, this research describes the plastic waste trade present situation, and analyzes the key countries imports of plastics products (2) build a global plastic waste trade network. The calculation of network centrality and network density shows that the global plastic waste trade network is sparse, the dependence of plastic waste trade in related countries has declined, and the closeness of trade ties has decreased.



The remaining of this paper is arranged as below: Section 2 introduces the current situation of global plastic waste trade. Section 3 introduces the methods used in this study. Section 4 analyzes the structural evolution of global trade in plastics waste. Finally, the conclusions and discussions are presented in Section 5.




2. Global Trade Volume of Plastic Waste


2.1. Global Trade Volume


Plastics are ubiquitous in the ocean. According to their sources, marine plastic garbage can be divided into land-sourced garbage and sea-sourced garbage [23]. The distribution of land-based plastic waste will directly affect the flow of marine plastic waste, thereby affecting the treatment of marine plastic waste. The plastic waste trade directly changes a country’s plastic waste inventory, which in turn changes the distribution of marine plastic waste [24]. International trade can only affect the distribution of waste in the short-term. In the long-term, the distribution of plastic waste will change with the action of ocean currents and winds that naturally occur in the oceans. According to the United Nations Comtrade Database (http://comtrade.un.org/, accessed on 13 December 2020), code 3915 in the HS (International Convention Harmonized Commodity Description and Coding, Unified System) refers to plastic scrap, plastic leather scrap, and the database provides the volume, price and weight of the trade. Figure 1 is plotted based on the volume of import and export trade, the global trade in plastic waste has undergone major changes in recent years:



From the perspective of global trade imports (Figure 1), the global plastic waste trade volume rose rapidly from 1990, experienced a period of rapid development from 2006 to 2016, and fell sharply after 2016. Global imports rose from 84,500 tons in 1990 to 11,386,200 tons in 2012, and experienced a period of stable trade, from 7,823,200 tons in 2016 to 765,000 tons in 2019. It can be seen from the two curves of global total export volume and import volume that the trends are roughly similar, with the overall rising first and then falling. In 2013, the global export volume dropped significantly, an important reason was the Green Fence Campaign, which resulted in the reduction of acceptable plastic waste in China and the transport of plastic waste back to the original exporting countries. In addition, there was no infrastructure for waste management in other regions, so both the global import and export volume of plastics were affected, and the import and export volume declined at the same time. Of course, the impact of this movement is temporary, with exports and imports rising from 2014 to 2016. After China announced a ban on plastic waste in 2017, global imports and exports fell sharply. In general, plastic waste exports more than imports. There is a big import gap, it shows a lack of formal plastic waste management that countries can’t internally “digest” the waste. On the one hand, countries are seeking new solutions, to promote recycled plastics processing technology or to redesign of plastic packaging for recycling [18]. On the other hand, they export waste to acceptable countries and reduce domestic waste through trade, but this trade has decreased as a large number of countries have enacted bans.



From the Figure 1, the global plastic waste trade can be divided into three stages. The first stage (before 2000): The total import and export volume of the global plastic waste trade is low and the growth rate is slow, importing 84,500 tons from 1990, the export of 92,800 tons increased to 4,628,700 and 3,992,300 tons in 2000. In this stage, the European Union and North America dominated trade. The second stage (2001 to 2016): in this stage, the global trade volume increased sharply. The export volume increased from 4,521,000 tons in 2001 to 10,492,300 tons in 2016, and the import volume increased from 3,774,400 to 10,985,000 tons. The import volume and export volume increased by 142% and 147% respectively, and reached the maximum value of 11.39 million tons and 12.8 million tons in 2012. The third stage is (2017 to 2019): in this stage the total global import and export volume has shown a downward trend, from 782 million tons and 6.82 million tons in 2017 to 765,000 tons and 1.025 million tons, a drop of nearly 90% and 85%. Plastic trade can reduce manufacturing costs, as can be seen in the 1990s when China recycled plastic waste profitably by using it in the manufacturing industry. China’s demand for plastic is driving the global plastic trade, leading the country to accept more than 50% of the global plastic waste, and making it the world’s global plastic waste factory at the beginning of the 21st century. Along with the development of China’s manufacturing industry, the priority has also changed. Now the plastic recycling industry has a greater internal market, in order to protect the ecological environment domestically, China has implemented plastic import restrictions, following the “green fence” and “blue sky” initiatives launched by the Chinese government in 2017. The purpose was to crack down on smuggling solid waste “national sword action”, after which the global plastic trade went into chaos.



Global plastic waste trade is the cross-border transfer of plastic waste in which trade transaction price is an important factor affecting the volume of import and export trade. In order to explore the relationship between the price of plastic waste and the import and export volume (according to the UN Comtrade Database), the price of plastic waste imported and exported per unit and the price of virgin plastic finished products from 1990 to 2019 were calculated (Figure 2). It can be seen from Figure 2 that the price of plastic waste is generally follows the price of virgin plastic. During 1990 to 2000, the prices of the two curves were roughly the same; during 2000 to 2010, the price of virgin plastics was significantly higher than that of plastic waste; after 2010, the gap between the two curves gradually widened. Plastics are mostly formed by petroleum and other fossil fuels which are refined. Plastic flexible packaging materials are basically petroleum refined byproducts that are processed into the base material as raw materials. These would include, polypropylene (PP), ink, glue and other materials that are closely related to oil. In the value proportion of plastic flexible packaging products, the material cost accounts for 80% of its total cost, accounting for about 60% of sales. Therefore, the cost of plastic flexible packaging products and oil prices are positively correlated. The price of petroleum increased rapidly from 2005 to 2008, which led to a significant rise in the transaction price of plastics. After the financial crisis in 2008, the transaction price of virgin plastics dropped sharply, and the price of plastic waste also declined. In recent years, the fluctuation range of oil price has been smaller, and the price of plastic waste has been relatively stable. After 2014, the price showed a declining trend. One important reason is that China promulgated the “Green Fence Action” in 2013. As the largest importer, it has become more expensive to transport to China, so the plastic waste exporting countries turn to Africa, Southeast Asia and other regions with lower prices. The price of plastic waste is expected to rise in the future as the Basel Convention is gradually implemented and more and more countries sign up to agreements banning cross-border transfers of waste.



According to the UN Comtrade statistics list, plastic waste trade (HS 3915) can be divided into polyethylene waste (HS 391510), polystyrene waste (HS 391520), polyvinyl chloride (HS 391530), and others. The “other” plastics group includes plastic scrap polymers, which do not yet have an internationally agreed code for reporting. However, this includes trade in polymers such as polypropylene (PP) and polyethylene terephthalate (PET). Polyethylene (PE) waste is mainly used to make films and pipes. The recycling process is simple, however, the recycling value is relatively high [25]. Polystyrene (PS) products are widely used in various capacities due to the small density, large volume, good thermal insulation performance and convenient installation. These capacities include, buildings and cold storage thermal insulation layers and disposable packaging materials, commonly found in a variety of household appliances, industrial accessories and product transportation packaging. In addition, a considerable part is used for disposable fast food lunch boxes, food packaging boxes, etc. The typical polystyrene waste is foam pads and various fast food boxes and drink cups, which are dirty and covered with dust and food debris, so it is difficult to recycle and of low value [26]. Polyvinyl chloride (PVC) is mainly used for pipes, handbags, cables and so on. From the perspective of import and export categories (Figure 3), the global plastic waste import and export trade was dominated by polyethylene and polystyrene waste in the early years. Polyethylene and polystyrene mixed with polypropylene are the most commonly used products by consumers [27]. With the continuous development of trade, after entering the 21st century, polyethylene waste has become the main trading plastic waste which is easy to obtain and easy to recycle. Furthermore, polyethylene has a wide range of uses after recycling and processing, namely: further recycling, pelletizing, reusing, and making diesel.




2.2. Main Country Trade Situation


According to the UN Comtrade Database, Figure 4 shows the top 10 countries in terms of global trade volume between 1990 and 2017. From 1990 to 2017, China (including Hong Kong, China) has been the world’s largest importer of plastic waste, followed by Japan and the European Union. That is, in the first two stages, China, Japan, the European Union, Germany, and the United States have always been the world’s largest plastic waste importers. The five countries (or regions) accounted for more than 65% of the total, which has a significant impact on the global plastic waste trade.



After China announced a ban on foreign waste imports in 2017, the global plastic waste trade has changed. The top 10 global plastic waste exports from 2015 to 2019 are listed in Table 1 as follows:



From Table 1, it can be concluded that Hong Kong has always been among the top three in global export volume (excluding the year 2018). From 2015 to 2017, Hong Kong, China has been ranked in first place. In 2018, its position declined and was subsequently ranked in fifth place. Hong Kong’s exports fell by 80% in 2018, and in 2019 it rose to second place but with decreased volume. The United States ranks in the forefront of the world’s export volume, and has been in second place from 2015 to 2017, accounting for about 16% of the world’s exports. Japan is the country with the largest export volume (except Hong Kong, China and the USA), and its exports accounted for 14% of the world’s total exports. After China issued the ban, seven of the top ten export rankings were found to be developed countries. In general, the world’s plastic waste exports are dominated by developed countries.



From the statistical data in Table 2, the top two imports of waste plastics from 2015 to 2017 were relatively stable. They have been China, Hong Kong (China). It is worth noting that China and Hong Kong (China) are calculated separately in the statistics. According to the statistics of import and export volume, Hong Kong is the largest export region and import region. Plastic waste flows from other countries to Hong Kong and then to mainland China, where Hong Kong is one of China’s most important transshipment ports for plastic waste, transferring 22% of world trade to China each year [28]. In 2017, the pattern changed with the implementation of China’s ban on plastic imports, whereby plastic waste from other countries could no longer be exported to Hong Kong, which was also a major factor in exports’ decrease from the US, Japan and other countries. In 2018, for the first time in history, China was no longer the top importer of plastic waste, with Malaysia taking the top spot. However, the list changed in 2019 again. China (Hong Kong), Canada, and Poland have become the top three, and Malaysia has fallen out of the top ten. One of the reasons is that Southeast Asian countries such as Malaysia have followed China in enacting plastic waste import bans. Since China issued the ban, the export target countries have undergone dynamic changes and are now extremely unstable. The estimated global import trade of waste plastics will shift to Southeast Asian countries. The influx of a large amount of plastic waste will make it difficult for these countries to cope with it. Therefore, Southeast Asian countries are undergoing changes and refuse to become the “trash can” of plastic waste in the world [29].



Based on the above findings, the global plastic waste trade is unevenly distributed. The trade is mainly concentrated in Europe, Southeast Asia and North America. With the promulgation of bans in China and other countries, the focus on global plastic waste trade has changed. Europe has gone from being a big exporter to being both a big importer and exporter, and some countries in Asia have seen a significant drop in imports.



Figure 5 respectively reflects the imported plastic waste categories of major plastic waste trading countries from 2015 to 2018.



As shown in Figure 5, imports of plastic waste in some countries, such as China and France, have declined significantly, but imports in most countries have increased, such as Japan and Denmark. The imports from the United States have remained stable. After the 2018 import ban took effect, China’s plastic waste imports continued to decline, from 3.4589 million tons in 2015 to 36,900 tons in 2018. Denmark’s imports in 2019 rose sharply, from 16,900 tons in 2018 to 78,000 tons. Japan also rose sharply, from 21,000 tons in 2018 to 16,800 tons, an increase of 6.7 times. In terms of total volume, the United States, Germany and Canada are important importing countries. The United States basically maintained around 350,000 tons in 2015–2018, and Germany basically remained at 220,000 tons. Canada’s imports in 2015–2018 have gradually declined, and imports in 2018 were 77,400 tons, but rose rapidly to 130,000 tons in 2019.



After the import ban took effect on 1 January 2018, China’s plastic waste imports continued to decline. With the exception of China and Japan, India experienced substantial growth in 2018 and fell back in 2019, while South Korea and Thailand jumped from net exporters to net importing countries. The United States plastic waste exports continued to decline in the period from 2018 to 2019. Imports also fell in 2019. Other net exporting countries also showed a decline in exports and an increase in imports in 2018. Among them, were the Netherlands and Belgium. In Spain and Canada, imports exceeded exports. This shows that the global plastic waste trade had some important changes under the influence of sudden factors. Next, this article will use complex network methods to predict the changing trend on global plastic waste.





3. Methods and Data Sources


3.1. Methods


The complex network is used to describe the model of interconnected systems in natural sciences, social sciences and science engineering technology [30]. The complex network originated from the Königsberg Seven Bridges problem in 1736. After continuous research by scholars, the current widely used models include Random network, W-S network(Small World network is a network between the regular network and the random network) and scale-free network models [31]. The achievements of complex networks within international trade are mainly used as a quantitative analysis tool to measure changes in trade relation networks between countries [32]. The network characteristic indexes in the complex network can reflect the structural characteristics of the complex network, and the topological network indexes and weighted network indexes can reflect the connectivity of network nodes and node centrality from different levels respectively.




3.2. Data Sources


From a global perspective, the share of plastic waste trade varies across the continents [19]. According to Figure 6, the global plastic waste trade is mainly concentrated in North America, Europe, Asia, and Oceania. According to the data of the United Nations Commodity Trade Database, this paper selects 40 countries that account for 80% of the global plastic waste trade as the research countries in order to carry out plastic waste trade cooperation, as shown in Table 3.



The trade volume of plastic waste of 40 countries was obtained from the United Nations Commodity Trade Database, and the data from 1990 to 2019 was selected to construct a 40 × 40 initial trade matrix. Based on this, the data was binarized. If the trade volume between the two countries is greater than the weight number, it is determined that the two countries have economic and trade cooperation relations on plastic waste, and the adjacency matrix is assigned a value of 1, otherwise it is considered that there is no economic and trade cooperation between the two countries and the adjacency matrix is assigned a value of 0.




3.3. Complex Network Index Analysis


UCINET software is used to draw the binary data, and the resulting trade network is shown in Figure 7 and Figure 8:



In Figure 7 and Figure 8, the data is as follows: red nodes representing important countries in the trade network and blue nodes representing countries with small trade volume. The size of a node reflects its influence in the network. The position of a node in the network reflects its position in the network. The status of the network suggests the closer to the center, the higher is the status. It can be seen from the figures that the plastic waste trade network diagram in 2019 has a clear sparse trend compared with the previous diagrams, indicating that the density of the network has decreased and the closeness of trade ties between node countries has decreased. In Figure 7 and Figure 8, China, the United States and Germany have always occupied central positions in the network. They have the greatest impact on the global plastic waste trade network, and have greater influence and voice.





4. Results


4.1. Degree Centrality Analysis


Calculate the degree centrality of the above network, and the results are shown in Table 4.



Analyzing the data in Table 4 shows that China has the overall largest degree centrality from the period 1990 to 2019. By 2019, China’s degree centrality has dropped significantly, ranking 21st. The degree centrality of the United Kingdom and the United States has always occupied a core position in the global plastic waste trade network. South Korea, Germany and Belgium belong to the sub-core nodes. These countries have little change in the degree of centrality in the 10 years from 2010 to 2019, and they are relatively stable, indicating that these countries have close trade ties with other member states in the plastic waste trade. Bangladesh, Yemen and Iraq have relatively small degrees of centrality, and they are at the edge of the network. This shows that these countries have little impact on the global plastic waste trade and are not key node countries. Clustering by region shows that the global plastic waste trade has formed the following regions: Asian, centered on China, Japan and South Korea; European, centered on Germany, the United Kingdom and Italy; North American, centered on the United States.




4.2. Closeness Centrality Analysis


Calculate the proximity centrality of the member states of the aforementioned plastic waste trade network, and the results are shown in Table 5:



Table 5 shows that the closeness centrality gap of the member states is not very large, and the closeness centrality values of most member states show a downward trend. Vietnam, Canada, the Philippines and India multiply their closeness to centrality values by increasing states, which indicates that their ability to not be controlled by other member states in the network has become stronger, and has gradually become key nodes in the global plastic waste trade network.



The proximity centrality of China, the United States, and the United Kingdom ranks among the top three in the network. It shows that the three countries rely less on other countries in the network. The garbage trade between these countries and other member states is almost unaffected. Their independence is higher, and it is more likely to realize internal disposal of plastic waste. The proximity to the center of Bangladesh, Yemen and Iraq is at the end, which shows that these countries are highly dependent on the plastic waste trade of other member states.




4.3. Betweenness Centrality Analysis


The intermediate centrality of member states in the global plastic waste trade network is calculated as shown in Table 6:



It can be seen from Table 6 that the intermediate centrality of most member states is multiplied by a stable state. The centrality of some countries has always been 0, which reflects that they have less contact with other countries in the network and have little influence and ability to control other countries. The United States, Canada, South Korea, Poland and India are showing a clear upward trend, and China, Malaysia, Germany and the United Arab Emirates are showing a downward trend, which shows that these countries have strengthened their independence in the trade of plastic waste. China’s centrality has been at the highest position from 2005 to 2015, and the value of the centrality has declined since 2015, indicating that China’s influence in the global plastic waste trade is gradually declining. The centrality of the United States and other countries has been on the rise, and has gradually become key modes country influencing the plastic waste trade. South Korea and Saudi Arabia are the top-ranked countries in the centrality of the Asian region. These two countries have relatively strong control over the exchanges between member states.




4.4. Analysis on Density of Global Plastic Waste Trade Network


In order to explore the evolution of the spatial pattern of the global plastic waste trade network, Figure 9a shows global plastic waste import and export trade data from 2000 to 2017, and Figure 9b shows global plastic waste import and export trade data from 2018 to 2019. Where the size of the node represents the size of the weight, that is, the total size of the country’s plastic waste imports and exports.



According to Figure 9, the global plastic waste trade network has undergone significant node changes in the periods 2000 to 2017 and from 2018 to 2019. From 2000 to 2017, there were eight major net importers of plastic waste. In descending order of import volume, they were as follows: China, Malaysia, Vietnam, South Korea, Singapore, India, Ukraine and Turkey. Apart from Ukraine, which is a European country, the rest were all from Asia Countries. Apart from Singapore, the rest are all developing countries.



In the 2018–2019 period, the main net importing countries have increased to 17, including Austria, Lithuania, Croatia, Bulgaria, Latvia, Russia, Thailand, Indonesia, and Morocco. All of them are developing countries except Austria. Apart from Thailand and Indonesia, which are Asian countries, Morocco is an African country, and the other six countries are all European countries.



After China promulgated the ban, the number of major net importers of plastic waste increased, and expanded from Asia as the main import area to include European and African countries, and the net importing countries changed from all developing countries to mainly developing countries.



Using UCINET to calculate the overall network density of the trade network, the results are shown in Table 7:



The data in Table 7 shows that the overall network density of the plastic waste trade network was stable from 1990 to 2018, and it declined significantly from 2018 to 2019, indicating that the global plastic waste trade was frequent from 2010 to 2018. The plastic waste trade between member countries shows the quantity is large and the density is high. In the year 2018 to 2019, the overall network density decreased from 0.6382 to 0.4846, indicating that the global plastic waste trade has decreased, some connections are disconnected, and the overall network density has declined, which indicates that the global plastic waste trade network density is showing a sparse development.





5. Discussion and Conclusions


5.1. Discussion


The COVID-19 epidemic has changed consumer habits. Packaged food and takeaway packaging has increased. Further increases have been seen in plastic medical waste such as PPE and syringes, which strains municipal solid waste, although some countries treat them in another approach. A large number of single-use plastic products have been used, resulting in a large amount of plastic waste, which has become more difficult to manage. Whether imported or domestic waste, this presents a huge challenge to plastic waste management and recycling. China’s ban only bans plastic waste, not the import of plastic parts, which are stored in large quantities or shipped to Southeast Asian countries to remain for a short period of time. The most widely used plastic waste management techniques in the world are recycling, incineration and landfill, of which 14–18% of plastic waste is recycled, 24% is incinerated and 58–62% of plastic waste is taken to landfills [33]. Incineration releases a large amounts of carbon dioxide, and landfill may pollute the water environment. For developed countries, the level of waste treatment technology remains high, and the plastic recycling industry has good future prospects. In 2018, Japan’s plastic waste recycling rate was as high as 84% [17], and South Korea’s plastic recycling rate was 41%. However, most developing countries lack the technology and capacity to deal with plastic waste. Some countries, such as Myanmar, Vietnam and Indonesia, currently have no specific regulations. Although Malaysia has enacted some import restrictions, the plastic waste management system still has a long way to go in terms of current laws and regulations. Global imports of plastic waste have dropped sharply since China’s ban in 2017, with exports from countries such as the United States, Germany and Japan dropping. With Vietnam, Thailand and Indonesia tightening import restrictions, the countries should do a better job of managing plastic waste internally.



On the one hand, relevant countries need to strengthen cooperation in plastic waste treatment technology, research and development of degradable plastics, optimization of plastic reverse supply chain, etc. At present, European developed countries, Japan and other countries are in a leading position in the plastic waste treatment technology and the development of new environmental friendly plastics. At the same time, European and American countries began to apply the blockchain technology to the reverse supply chain of waste plastics [34]. By optimizing the reverse supply network, the efficiency and effect of recycling can be improved, so as to improve the efficiency of waste plastic treatment and transaction.



On the other hand, countries need to strengthen cooperation in education regarding sustainable development and the potential harm of plastic waste, so that consumers can develop green and sustainable consumption habits, and constantly reduce the discharge of plastic waste to the natural environment. In addition, a practical international cooperative governance mechanism needs to be established in order to encourage relevant countries, international organizations, non-profit organizations and enterprises to actively participate in the treatment of plastic waste. Furthermore, these groups should form an open innovative cooperation network, improve the efficiency of cooperative governance and jointly deal with the problem of plastic waste pollution [33].




5.2. Conclusions


It is undeniable that the trade of plastic waste provides more jobs for importing countries and profits for recycling enterprises. However, the low level of recycling technology and the non-standard sorting processes seriously affect both the environment and human health. At present, according to the analysis of trade status and trade network, among the categories of plastic waste, polyethylene (PE) is the main category of plastic waste trade, which has the largest recycling value and sustainable development value. In the use of data on import and export trade volume, specific plastic product flow direction can be further studied in the future.



In terms of countries, developed countries are exporters of plastic waste, while developing countries are importers. China, once the largest trade importers, has lost its position and influence in the network since the waste ban. Developed countries have chosen to export to Asia, where costs are lower, so imports from countries like Malaysia and India have increased. From the perspective of network density, the global plastic waste trade network is sparse, and the dependence of relevant countries on plastic waste trade has decreased, and the degree of trade links has decreased. An important reason is that more and more countries have issued bans on plastic imports.



Many plastic recyclers have chosen to set up factories in Southeast Asia, where the latest processing technology is generally lacking. Imports are expected to increase, but not for long as some countries restrict the import of plastic waste. Cambodia reduced imports, production, distribution, and consumption of plastic bags in 2017. Malaysia banned the import of plastic waste in 2017. In 2018, Malaysia adjusted its policy to strengthen the management of imported waste plastics from industries to avoid further imbalance of domestic plastic pollution. In March 2019, India made two amendments to the Hazardous Waste Rules (2016) to impose a total ban on the import of plastic waste in all regions of India. To some extent, the ban has eroded the market advantage Asian importing countries enjoyed due to low costs and the increasing competitiveness of high-standard plastic recycling industries in Europe and North America. Increasing the amount of plastic recycled in Europe and North America, forcing the industry to upgrade technology and scale up production, will lead to changes in the layout and industry shift of the global plastic waste reverse supply chain.
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Table A1. Plastic Waste Trade Network Degree Centrality from 1990 to 2019.






Table A1. Plastic Waste Trade Network Degree Centrality from 1990 to 2019.





	Country/Year
	1990
	1995
	2000
	2005
	2010
	2015
	2018
	2019





	Australia
	33.333
	20.513
	28.205
	46.154
	56.41
	64.103
	79.487
	25.641



	Austria
	10.256
	25.641
	48.718
	53.846
	61.538
	74.359
	74.359
	61.538



	Bangladesh
	7.692
	0
	10.256
	30.769
	46.154
	33.333
	7.692
	5.128



	Belgium
	0
	0
	74.359
	84.615
	94.872
	87.179
	89.744
	89.744



	Canada
	28.205
	33.333
	56.41
	66.667
	69.231
	69.231
	76.923
	76.923



	China
	10.256
	48.718
	76.923
	97.436
	100
	100
	97.436
	71.795



	Czech Republic
	0
	23.077
	46.154
	46.154
	61.538
	74.359
	79.487
	71.795



	Denmark
	41.026
	28.205
	48.718
	46.154
	64.103
	61.538
	69.231
	69.231



	France
	17.949
	48.718
	69.231
	84.615
	82.051
	89.744
	92.308
	82.051



	Germany
	0
	69.231
	87.179
	92.308
	92.308
	94.872
	92.308
	89.744



	India
	38.462
	46.154
	58.974
	84.615
	94.872
	89.744
	92.308
	92.308



	Indonesia
	35.897
	25.641
	43.59
	56.41
	74.359
	69.231
	74.359
	69.231



	Iraq
	2.564
	0
	0
	2.564
	7.692
	10.256
	7.692
	5.128



	Ireland
	12.821
	48.718
	43.59
	41.026
	58.974
	51.282
	58.974
	56.41



	Italy
	17.949
	61.538
	74.359
	89.744
	89.744
	89.744
	92.308
	87.179



	Japan
	23.077
	35.897
	53.846
	58.974
	64.103
	87.179
	87.179
	84.615



	Korea
	35.897
	23.077
	64.103
	69.231
	79.487
	89.744
	89.744
	92.308



	Malaysia
	35.897
	33.333
	56.41
	74.359
	79.487
	76.923
	76.923
	56.41



	Mexico
	15.385
	20.513
	17.949
	48.718
	56.41
	79.487
	79.487
	74.359



	Netherlands
	28.205
	66.667
	79.487
	89.744
	87.179
	87.179
	89.744
	87.179



	New Zealand
	7.692
	5.128
	15.385
	41.026
	51.282
	46.154
	51.282
	51.282



	Norway
	2.564
	15.385
	25.641
	38.462
	48.718
	48.718
	53.846
	30.769



	Pakistan
	7.692
	17.949
	46.154
	58.974
	66.667
	51.282
	53.846
	53.846



	Philippines
	10.256
	20.513
	33.333
	64.103
	35.897
	35.897
	43.59
	48.718



	Poland
	2.564
	23.077
	33.333
	58.974
	61.538
	82.051
	82.051
	76.923



	Portugal
	5.128
	20.513
	30.769
	28.205
	53.846
	58.974
	64.103
	61.538



	Saudi Arabia
	12.821
	28.205
	38.462
	41.026
	56.41
	92.308
	87.179
	61.538



	Singapore
	56.41
	30.769
	53.846
	66.667
	69.231
	71.795
	71.795
	71.795



	Slovakia
	0
	7.692
	23.077
	35.897
	41.026
	51.282
	53.846
	53.846



	Slovenia
	0
	7.692
	25.641
	41.026
	56.41
	46.154
	53.846
	35.897



	Spain
	35.897
	28.205
	58.974
	74.359
	84.615
	87.179
	92.308
	87.179



	Sweden
	12.821
	25.641
	43.59
	61.538
	76.923
	79.487
	89.744
	79.487



	Switzerland
	5.128
	25.641
	46.154
	56.41
	51.282
	84.615
	84.615
	71.795



	Thailand
	28.205
	23.077
	43.59
	41.026
	61.538
	82.051
	79.487
	61.538



	Turkey
	7.692
	5.128
	25.641
	46.154
	66.667
	92.308
	87.179
	84.615



	United Arab Emirates
	5.128
	2.564
	46.154
	58.974
	64.103
	74.359
	79.487
	43.59



	United Kingdom
	30.769
	56.41
	82.051
	92.308
	89.744
	92.308
	94.872
	89.744



	United States
	30.769
	74.359
	89.744
	94.872
	92.308
	94.872
	94.872
	94.872



	Vietnam
	0
	5.128
	25.641
	69.231
	76.923
	79.487
	76.923
	74.359



	Yemen
	0
	0
	10.256
	15.385
	20.513
	10.256
	5.128
	2.564
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Table A2. Plastic Waste Trade Network closeness centrality from 1990 to 2019.
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	Country/Year
	1990
	1995
	2000
	2005
	2010
	2015
	2018
	2019





	Australia
	11.747
	17.411
	36.792
	63.934
	69.643
	73.585
	82.979
	57.353



	Austria
	11.304
	17.647
	40.206
	67.241
	72.222
	79.592
	79.592
	72.222



	Bangladesh
	11.08
	0
	31.967
	59.091
	65
	60
	51.316
	50.649



	Belgium
	0
	0
	44.828
	86.667
	95.122
	88.636
	90.698
	90.698



	Canada
	11.504
	17.89
	41.489
	75
	76.471
	76.471
	81.25
	81.25



	China
	11.239
	18.396
	45.349
	97.5
	100
	100
	97.5
	78



	Czech Republic
	0
	17.489
	39.394
	63.934
	72.222
	79.592
	82.979
	78



	Denmark
	11.89
	17.727
	40.206
	63.934
	73.585
	72.222
	76.471
	76.471



	France
	11.538
	18.483
	43.82
	86.667
	84.783
	90.698
	92.857
	84.783



	Germany
	0
	19.212
	47.561
	92.857
	92.857
	95.122
	92.857
	90.698



	India
	11.818
	18.31
	41.935
	84.783
	95.122
	90.698
	92.857
	92.857



	Indonesia
	11.607
	17.647
	39.394
	69.643
	79.592
	76.471
	79.592
	76.471



	Iraq
	10.656
	0
	0
	41.935
	52
	52.703
	50.649
	50.649



	Ireland
	11.304
	18.483
	39.394
	62.903
	70.909
	67.241
	70.909
	69.643



	Italy
	11.538
	18.932
	44.828
	90.698
	90.698
	90.698
	92.857
	88.636



	Japan
	11.337
	18.056
	41.053
	69.643
	73.585
	88.636
	88.636
	86.667



	Korea
	11.642
	17.568
	42.857
	76.471
	82.979
	90.698
	90.698
	92.857



	Malaysia
	11.782
	17.972
	41.489
	79.592
	82.979
	81.25
	81.25
	69.643



	Mexico
	11.304
	17.411
	35.455
	65
	69.643
	82.979
	82.979
	79.592



	Netherlands
	11.677
	19.118
	45.882
	90.698
	88.636
	88.636
	90.698
	88.636



	New Zealand
	11.175
	15.918
	35.135
	61.905
	67.241
	65
	67.241
	67.241



	Norway
	10.864
	17.257
	36.449
	60.938
	66.102
	66.102
	68.421
	59.091



	Pakistan
	11.111
	17.411
	39.796
	70.909
	75
	67.241
	68.421
	68.421



	Philippines
	11.143
	17.489
	37.864
	73.585
	60.938
	60.938
	63.934
	66.102



	Poland
	10.864
	17.489
	37.5
	69.643
	72.222
	84.783
	84.783
	81.25



	Portugal
	11.017
	17.411
	37.143
	57.353
	68.421
	70.909
	73.585
	72.222



	Saudi Arabia
	11.404
	17.808
	38.614
	62.903
	69.643
	92.857
	88.636
	72.222



	Singapore
	12.074
	17.89
	41.053
	75
	76.471
	78
	78
	78



	Slovakia
	0
	16.81
	36.111
	60
	62.903
	67.241
	68.421
	68.421



	Slovenia
	0
	16.81
	36.449
	61.905
	69.643
	65
	68.421
	59.091



	Spain
	11.642
	17.647
	41.935
	78
	86.667
	88.636
	92.857
	88.636



	Sweden
	11.471
	17.647
	39
	72.222
	81.25
	82.979
	90.698
	82.979



	Switzerland
	11.017
	17.647
	39.796
	68.421
	67.241
	86.667
	86.667
	78



	Thailand
	11.538
	17.489
	39.394
	62.903
	72.222
	84.783
	82.979
	72.222



	Turkey
	10.864
	16.596
	36.449
	65
	75
	92.857
	88.636
	86.667



	United Arab Emirates
	11.111
	15.789
	39.796
	70.909
	73.585
	79.592
	82.979
	62.903



	United Kingdom
	11.747
	18.75
	46.429
	92.857
	90.698
	92.857
	95.122
	90.698



	United States
	11.712
	19.403
	48.148
	95.122
	92.857
	95.122
	95.122
	95.122



	Vietnam
	0
	16.738
	36.792
	76.471
	81.25
	82.979
	81.25
	79.592



	Yemen
	0
	0
	33.913
	53.425
	55.714
	52.703
	50.649
	48.75










[image: Table] 





Table A3. Plastic Waste Trade Network Betweenness Centrality from 1990 to 2019.
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	Country/Year
	1990
	1995
	2000
	2005
	2010
	2015
	2018
	2019





	Australia
	2.27
	1.051
	0.202
	0.153
	0.42
	0.103
	0.273
	0.007



	Austria
	0.681
	0.555
	0.765
	0.372
	0.435
	0.37
	0.238
	0.184



	Bangladesh
	0
	0
	0
	0.108
	0.085
	0
	0
	0



	Belgium
	0
	0
	2.274
	1.949
	2.249
	0.714
	0.62
	1.336



	Canada
	0.895
	0.56
	1.103
	0.929
	0.578
	0.146
	0.174
	0.843



	China
	0.192
	4.994
	4.67
	4.367
	4.923
	4.233
	5.098
	0.417



	Czech Republic
	0
	0.437
	0.661
	0.272
	0.377
	0.337
	0.293
	0.388



	Denmark
	14.272
	0.338
	0.554
	0.173
	0.462
	0.137
	0.142
	0.325



	France
	0.584
	3.317
	1.823
	2.177
	1.092
	0.971
	0.802
	0.792



	Germany
	0
	9.019
	5.24
	2.852
	1.581
	1.489
	0.802
	1.336



	India
	4.827
	5.999
	2.24
	2.703
	2.249
	2.168
	2.212
	6.127



	Indonesia
	2.886
	0.203
	0.256
	0.36
	0.737
	0.385
	0.256
	0.583



	Iraq
	0
	0
	0
	0
	0
	0
	0
	0



	Ireland
	1.019
	3.437
	0.365
	0.175
	0.187
	0.016
	0.035
	0.044



	Italy
	0.712
	7.35
	4.259
	3.446
	3.44
	0.882
	0.802
	1.033



	Japan
	0.522
	0.631
	1.727
	0.523
	0.562
	1.011
	0.603
	1.091



	Korea
	2.598
	0.333
	1.891
	1.024
	1.063
	1.149
	2.855
	8.795



	Malaysia
	1.733
	0.619
	1.397
	1.85
	1.015
	0.654
	0.387
	0.2



	Mexico
	0.748
	0.029
	0
	0.094
	0.246
	0.379
	0.231
	0.428



	Netherlands
	1.676
	7.42
	4.655
	2.691
	1.517
	0.714
	0.62
	1.14



	New Zealand
	0
	0
	0
	0.107
	0.254
	0.016
	0
	0.264



	Norway
	0
	0
	0.029
	0.117
	0.239
	0.037
	0.033
	0



	Pakistan
	0
	0.1
	0.311
	5.63
	0.436
	0.017
	0
	0.138



	Philippines
	0
	0.085
	0.131
	0.709
	0.064
	0
	0
	0.159



	Poland
	0
	0.168
	0.125
	0.52
	0.442
	0.589
	0.358
	0.748



	Portugal
	0
	0
	0.019
	0.007
	0.173
	0.092
	0.08
	0.22



	Saudi Arabia
	0.414
	0.437
	0.642
	0.327
	0.406
	3.371
	2.095
	0.275



	Singapore
	13.636
	0.474
	2.004
	0.769
	0.616
	0.374
	0.181
	0.64



	Slovakia
	0
	0
	0.098
	0.074
	0.085
	0.036
	0.042
	0.157



	Slovenia
	0
	0
	0.075
	0.115
	0.733
	0.007
	0.025
	0.006



	Spain
	9.536
	0.189
	1.664
	1.258
	1.282
	0.839
	0.802
	1.033



	Sweden
	0.442
	0.275
	0.431
	0.673
	0.831
	0.516
	0.62
	0.651



	Switzerland
	0
	0.127
	0.59
	0.69
	0.182
	0.594
	0.395
	0.356



	Thailand
	1.866
	0.194
	1.175
	0.186
	0.408
	0.84
	0.33
	0.16



	Turkey
	0.119
	0
	0.028
	0.188
	1.717
	1.995
	2.011
	1.033



	United Arab Emirates
	0
	0
	0.922
	1.113
	0.713
	1.223
	0.33
	0.141



	United Kingdom
	4.278
	3.772
	4.491
	2.868
	1.345
	1.995
	2.556
	1.659



	United States
	2.784
	10.102
	6.351
	3.245
	1.668
	1.489
	2.399
	4.404



	Vietnam
	0
	0
	0.14
	0.799
	0.797
	0.608
	0.316
	0.673



	Yemen
	0
	0
	0
	0
	0.018
	0
	0
	0
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Figure 1. Global plastic waste import and export trade volume from 1990 to 2019. 
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Figure 2. Prices of virgin plastic and plastic waste per unit from 1990 to 2019. 
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Figure 3. Global import volume of various types of plastic waste from 1990 to 2019. 






Figure 3. Global import volume of various types of plastic waste from 1990 to 2019.



[image: Sustainability 13 03662 g003]







[image: Sustainability 13 03662 g004 550] 





Figure 4. Top 10 countries in plastic waste import volume from 1990 to 2017. 
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Figure 5. Import volume of plastic waste in major plastic waste trading countries. 
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Figure 6. Distribution map of countries where plastic waste trade accounts for 80% of the world. 
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Figure 7. Topological diagram of plastic waste trade network. (a) 1990 network diagram. (b) 1995 network diagram. (c) 2000 network diagram. (d) 2005 network diagram. 
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Figure 8. Topological diagram of plastic waste trade network. (a) 2010 network diagram. (b) 2015 network diagram. (c) 2018 network diagram. (d) 2019 network diagram. 
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Figure 9. The global plastic waste trade network. (a) from 2000 to 2017. (b) from 2018 to 2019. Purple nodes: Import is greater than export; Green node: Export is greater than import. Purple nodes and green nodes represent net importers and net exporters of plastic waste trade respectively. 






Figure 9. The global plastic waste trade network. (a) from 2000 to 2017. (b) from 2018 to 2019. Purple nodes: Import is greater than export; Green node: Export is greater than import. Purple nodes and green nodes represent net importers and net exporters of plastic waste trade respectively.
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Table 1. The world’s top 10 exports of plastic waste (10,000 tons) from 2015 to 2019.
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2015

	
2016

	
2017

	
2018

	
2019




	
Country

	
Export

	
Country

	
Export

	
Country

	
Export

	
Country

	
Export

	
Country

	
Export






	
Hong Kong

	
238.44

	
Hong Kong

	
212.60

	
Hong Kong

	
128.56

	
Japan

	
61.69

	
Japan

	
55.27




	
U.S.A.

	
108.31

	
U.S.A.

	
205.61

	
U.S.A.

	
107.31

	
U.S.A.

	
51.41

	
Hong Kong

	
17.51




	
Japan

	
94.65

	
Japan

	
88.53

	
Japan

	
84.24

	
Germany

	
39.12

	
Canada

	
8.35




	
Germany

	
41.91

	
Germany

	
46.85

	
Germany

	
41.87

	
Mexico

	
23.38

	
Poland

	
6.41




	
Mexico

	
35.63

	
Mexico

	
31.88

	
Mexico

	
27.91

	
Hong Kong

	
22.57

	
Czech Republic

	
6.17




	
Netherlands

	
32.51

	
Netherlands

	
29.04

	
Vietnam

	
27.87

	
France

	
19.89

	
Greece

	
3.82




	
Thailand

	
23.29

	
Vietnam

	
24.98

	
Thailand

	
25.83

	
Thailand

	
18.63

	
Denmark

	
2.42




	
Spain

	
22.98

	
France

	
24.71

	
Netherlands

	
22.12

	
Netherlands

	
18.49

	
El Salvador

	
1.02




	
UK

	
20.78

	
Spain

	
22.42

	
Spain

	
19.41

	
Italy

	
16.83

	
Macedonia

	
0.49




	
France

	
20.73

	
Indonesia

	
18.11

	
Italy

	
19.19

	
Belgium

	
16.67

	
Senegal

	
0.37
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Table 2. Top 10 countries (regions) of global plastic waste import volume (10,000 tons) from 2015 to 2019.






Table 2. Top 10 countries (regions) of global plastic waste import volume (10,000 tons) from 2015 to 2019.





	
2015

	
2016

	
2017

	
2018

	
2019




	
Country

	
Import

	
Country

	
Import

	
Country

	
Import

	
Country

	
Import

	
Country

	
Import






	
Hong Kong

	
843.70

	
Hong Kong

	
839.66

	
China

	
585.86

	
Malaysia

	
87.25

	
Hong Kong

	
60.66




	
China

	
738.46

	
China

	
737.72

	
Hong Kong

	
367.99

	
Hong Kong

	
59.80

	
Canada

	
16.65




	
U.S.A.

	
245.84

	
Germany

	
180.02

	
Germany

	
173.51

	
Netherlands

	
55.54

	
Poland

	
14.46




	
Germany

	
192.24

	
Japan

	
152.93

	
Japan

	
143.43

	
Thailand

	
55.27

	
Denmark

	
9.12




	
Japan

	
160.84

	
Netherlands

	
106.78

	
Netherlands

	
100.64

	
Germany

	
46.80

	
Czech Republic

	
4.81




	
Netherlands

	
109.61

	
UK

	
93.51

	
Belgium

	
74.22

	
U.S.A.

	
44.23

	
Greece

	
3.64




	
UK

	
87.88

	
Belgium

	
77.90

	
Malaysia

	
71.56

	
Turkey

	
43.69

	
Japan

	
1.86




	
Belgium

	
69.04

	
France

	
60.69

	
UK

	
65.73

	
Indonesia

	
32.05

	
Switzerland

	
1.09




	
France

	
58.64

	
U.S.A.

	
45.67

	
U.S.A

	
47.32

	
Belgium

	
21.31

	
El Salvador

	
0.74




	
Canada

	
24.99

	
Austria

	
15.69

	
Turkey

	
26.19

	
Austria

	
19.89

	
Azerbaijan

	
0.70
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Table 3. List of countries.






Table 3. List of countries.





	Region
	Country





	North America
	Mexico, USA, Canada



	Europe
	UK, Italy, Spain, Turkey, Slovenia, Slovakia, Switzerland, Sweden, Portugal, Norway, Czech Republic, Netherlands, France, Germany, Denmark, Poland, Belgium, Austria, Ireland



	Asia
	China, Vietnam, Indonesia, Singapore, Thailand, Japan, Malaysia, South Korea, Philippines, India, Saudi Arabia, United Arab Emirates, Iraq, Pakistan, Bangladesh, Yemen



	Oceania
	New Zealand, Australia










[image: Table] 





Table 4. Plastic Waste Trade Network Degree Centrality from 1990 to 2019.






Table 4. Plastic Waste Trade Network Degree Centrality from 1990 to 2019.





	Country
	1990
	1995
	2000
	2005
	2010
	2015
	2018
	2019





	China
	10.26
	48.72
	76.92
	97.44
	100.00
	100.00
	97.44
	71.80



	Germany
	0.00
	69.23
	87.18
	92.31
	92.31
	94.87
	92.31
	89.74



	India
	38.46
	46.15
	58.97
	84.62
	94.87
	89.74
	92.31
	92.31



	Italy
	17.95
	61.54
	74.36
	89.74
	89.74
	89.74
	92.31
	87.18



	Japan
	23.08
	35.90
	53.85
	58.97
	64.10
	87.18
	87.18
	84.62



	Korea
	35.90
	23.08
	64.10
	69.23
	79.49
	89.74
	89.74
	92.31



	Singapore
	56.41
	30.77
	53.85
	66.67
	69.23
	71.80
	71.80
	71.80



	Spain
	35.90
	28.21
	58.97
	74.36
	84.62
	87.18
	92.31
	87.18



	Sweden
	12.82
	25.64
	43.59
	61.54
	76.92
	79.49
	89.74
	79.49



	UK
	30.77
	56.41
	82.05
	92.31
	89.74
	92.31
	94.87
	89.74



	USA
	30.77
	74.36
	89.74
	94.87
	92.31
	94.87
	94.87
	94.87







(Source: Excerpt from Table A1 in Appendix A).
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Table 5. Plastic Waste Trade Network closeness centrality from 1990 to 2019.






Table 5. Plastic Waste Trade Network closeness centrality from 1990 to 2019.





	Country
	1990
	1995
	2000
	2005
	2010
	2015
	2018
	2019





	Belgium
	0
	0
	44.83
	86.67
	95.12
	88.64
	90.70
	90.70



	China
	11.24
	18.40
	45.35
	97.50
	100.00
	100.00
	97.50
	78.00



	Germany
	0.00
	19.21
	47.56
	92.86
	92.86
	95.12
	92.86
	90.70



	India
	11.82
	18.31
	41.94
	84.78
	95.12
	90.70
	92.86
	92.86



	Italy
	11.54
	18.93
	44.83
	90.70
	90.70
	90.70
	92.86
	88.64



	Japan
	11.34
	18.06
	41.05
	69.64
	73.59
	88.64
	88.64
	86.67



	Malaysia
	11.78
	17.97
	41.49
	79.59
	82.98
	81.25
	81.25
	69.64



	Spain
	11.64
	17.65
	41.94
	78.00
	86.67
	88.64
	92.86
	88.64



	UK
	11.75
	18.75
	46.43
	92.86
	90.70
	92.86
	95.12
	90.70



	USA
	11.71
	19.40
	48.15
	95.12
	92.86
	95.12
	95.12
	95.12







(Source: Excerpt from Table A2 in Appendix A).
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Table 6. Betweenness Centrality of Plastic Waste Trade Network from 1990 to 2019.






Table 6. Betweenness Centrality of Plastic Waste Trade Network from 1990 to 2019.





	Country
	1990
	1995
	2000
	2005
	2010
	2015
	2018
	2019





	Belgium
	0.00
	0.00
	2.27
	1.95
	2.25
	0.71
	0.62
	1.34



	China
	0.19
	4.99
	4.67
	4.37
	4.92
	4.23
	5.10
	0.42



	Germany
	0.00
	9.02
	5.24
	2.85
	1.58
	1.49
	0.80
	1.34



	India
	4.83
	6.00
	2.24
	2.70
	2.25
	2.17
	2.21
	6.13



	Italy
	0.71
	7.35
	4.26
	3.45
	3.44
	0.88
	0.80
	1.03



	Korea
	2.60
	0.33
	1.89
	1.02
	1.06
	1.15
	2.86
	8.80



	Malaysia
	1.73
	0.62
	1.40
	1.85
	1.02
	0.65
	0.39
	0.20



	Turkey
	0.12
	0.00
	0.03
	0.19
	1.72
	2.00
	2.01
	1.03



	UK
	4.28
	3.77
	4.49
	2.87
	1.35
	2.00
	2.56
	1.66



	USA
	2.78
	10.10
	6.35
	3.25
	1.67
	1.49
	2.40
	4.40







(Source: Extracted from Table A3 in Appendix A).
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Table 7. The overall density of the plastic waste trade network from 1990 to 2019.






Table 7. The overall density of the plastic waste trade network from 1990 to 2019.





	Year
	1990
	1995
	2000
	2005
	2010



	Overall network density
	0.0917
	0.2109
	0.3840
	0.5071
	0.5891



	Year
	2015
	2016
	2017
	2018
	2019



	Overall network density
	0.6177
	0.6126
	0.6263
	0.5432
	0.4645
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