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Abstract 9 

Over the years, China has imported a significant quantity of plastic waste from the rest of 10 

the world. In December 2017, however, it implemented a ban on the import of plastic 11 

waste, used paper, and miscellaneous scrap goods. This study aims to provide new insight 12 

on the waste trade, with specific focus on the market for recyclable plastics. By employing 13 

an economic surplus analysis, we investigate the impact of China’s import ban on the 14 

market for recyclable plastics in China and Japan. Obtained results suggest a significant 15 

change in economic surpluses; Japan and China’s surpluses reduced by 58 billion yen and 16 

1,304 billion yen at the maximum, respectively. 17 

 18 
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1. Introduction 20 

The generation of plastic waste worldwide has increased in the past few decades. 21 

According to Geyer et al. (2017), it is estimated that 6300 Mt of plastic waste has been 22 

generated between 1950 to 2015. Of this, approximately 800 Mt (12%) have been 23 

incinerated and 600 Mt (9%) have been recycled. Of the latter, only 10% has been 24 

recycled more than once. Approximately 4900 Mt––60% of all plastic ever produced—25 

was disposed of in landfills or the natural environment. If current trends of waste 26 

generation continue to 2050, 9000 Mt of plastic waste will be recycled, 12,000 Mt 27 

incinerated, and 12,000 Mt discarded in landfills or the natural environment. As the 28 

generation of plastic waste worldwide increases, the import and export of plastic waste 29 

will also increase. Globally, the import and export of plastic waste began to increase in 30 

the early 1990s, growing by 723% and 817% between 1993 and 2016, respectively 31 

(Brooks et al., 2018; Hoornweg, D., & Bhada-Tata, 2012). 32 

China has imported a vast amount of plastic waste from all over the world. It is estimated 33 

that China accounted for a 45.1% share of global cumulative imports of plastic waste 34 

(Brooks et al., 2018). The primary reason for the large volume of imports is the high 35 

demand for resources to sustain China’s economic growth. In December 2017, however, 36 

China implemented a ban on the import of plastic waste, used paper, and miscellaneous 37 



scrap goods. There are two reasons for this ban. The first reason is to reduce 38 

environmental pollution in China (Kellenberg, 2012; Qu et al., 2019). The volume of 39 

mismanaged plastic waste in China in 2010 was 8.82 million tons, which was 27.7% of 40 

the total volume of plastics produced globally. It is estimated that 1.32–3.53 million tons 41 

of plastic waste flow out to the ocean as plastic marine debris each year. The resulting 42 

microplastic and marine pollution have attracted much attention (Jambeck et al., 2015; 43 

Plastic Waste Management Institute, 2019). The second reason is to promote domestic 44 

recycling in China. Chinese firms and consumers generate a large volume of plastic 45 

waste; the domestic supply of recyclable materials is, therefore, sufficient to meet the 46 

capacity of Chinese recycling facilities and industry requirements for recycled virgin 47 

materials. A study by (Liang et al., 2021) showed that this implication of trade policy 48 

adjustment has prevented 1.4 million tons of waste plastic from flowing into Asia. 49 

This study provides new insights into the study of the waste trade by focusing on the 50 

market for recyclable plastics. Specifically, we investigate the impact of China’s import 51 

ban of recyclable plastics on the economic surpluses of China and Japan. Since China 52 

imports 50% of its plastic waste requirement from Japan, the policy may significantly 53 

impact the markets of both countries. 54 

Several researchers have investigated the factors affecting the international trade of waste 55 



(Higashida and Managi, 2008; Ichinose et al., 2013). However, little attention has been 56 

paid to the economic consequences of the Chinese ban on the import of waste. The 57 

objective of this study is twofold. First, we seek to investigate the impact of China’s 58 

import ban on economic welfare. For this purpose, we employ an economic surplus 59 

analysis to explore the welfare implications of the ban on the waste trade. While previous 60 

research has focused on the determinants of the waste trade, discussion on the benefits 61 

and costs of restricting the waste trade has been limited. By using economic surplus 62 

analysis, we can assess the economic consequences of the import ban in the recycling 63 

market and explore its impact on recycling industries. In that respect, it is of great 64 

significance to investigate waste import ban using economic surplus analysis. Second, we 65 

also aim to quantitatively assess Japan’s response to the Chinese ban on plastic waste 66 

imports. As China’s import ban affects the flow of Japan’s domestic waste, the Japanese 67 

government is expected to act in response to the ban. This study, therefore, discusses the 68 

implications of Japan’s policy response, including increased domestic recycling and the 69 

reduction of plastic waste generation. 70 

The remainder of this paper is organized as follows. Section 2 presents the literature 71 

review. Section 3 describes the theoretical model of international trade in waste. Section 72 

4 presents the empirical results of the economic surplus analysis. Section 5 discusses 73 



Japan’s potential responses and their economic implications. Section 6 concludes the 74 

paper. 75 

 76 

2. Literature review 77 

Some studies have empirically examined the impact of trade liberalization on the 78 

environment. Pioneering research on the international trade of waste by Grace et al. 79 

investigated the relationships between the amount of recycling for secondary materials 80 

and the volume traded internationally(Grace et al., 1978). Since then, many empirical 81 

studies have addressed recycling in open economies (Berglund and Söderholm, 2003; van 82 

Beukering, 2002; Van Beukering and Bouman, 2001). This is because most trade of waste 83 

flows from developed to developing countries. Recycled materials can be a substitute for 84 

many virgin materials used in the production of various commodities. Developing 85 

countries with scarce resources tend to import recycled material as cheaper resources.  86 

Previous research has reviewed the impact of the waste trade by estimating the export 87 

demand functions for several types of waste and scrap. Ichinose et al., (2013) examined 88 

the substitutability of waste and scrap, such as ferrous and plastics exported from different 89 

countries to China. They showed that the substitutability of waste and scrap was weak 90 

among exporting countries. Higashida and Managi, (2014) also highlighted the possibility 91 



that trade restrictions impair production efficiency by making it harder for more advanced, 92 

developing countries to procure materials at low prices. Krutilla (1991) suggested that 93 

environmental regulation by a large country affects the world price of commodities. He 94 

found that the terms-of-trade affect the optimality of environmental policy. Furthermore, 95 

Ino (2011) theoretically analyzed the optimal environmental policy for waste disposal and 96 

recycling, from the perspective of non-compliant firms. 97 

 Despite the above, there has been limited analysis of the economic impact of waste 98 

policy on international waste trade. Although several studies have evaluated the global 99 

impact of the ban on plastic wastes (Brooks et al., 2018; Huang et al., 2020; Qu et al., 100 

2019), they did not explore the impact on economic welfare. We fill this gap by estimating 101 

the demand and supply curve for plastic waste in Japan and China. We then employ an 102 

economic surplus analysis as a method for policy evaluation to analyze the impact of 103 

China’s import ban on both countries. By examining the impact of economic welfare, we 104 

can understand the consequences of trade restrictions from an economic point of view in 105 

the partial equilibrium analysis. Focusing on the bilateral trade between Japan and China 106 

allows a simpler investigation of the change in economic surplus. As a result of the import 107 

ban, waste exporters might divert their waste away from China to other countries with 108 

less stringent waste import policies. However, Balkevicius et al., (2020) pointed out that 109 



there is no statistically significant evidence that China’s import restrictions of waste in 110 

2013 increased waste exports from developed countries to developing countries excluding 111 

China. They also pointed out that there is no statistically significant evidence that the 112 

restrictions in 2013 increased the diversion of waste to developing countries with the 113 

weakest environmental regulation. Because import ban is stricter than import restrictions, 114 

we expect that the economic consequences of the policy are more substantial. Ishimura 115 

(2019) analyzed the trade surplus in Japan and China after China’s import ban on plastic 116 

waste by using the bilateral model. The difference between Ishimura’s study and ours is 117 

the data used in the analysis. While Ishimura used only the data of trade in plastic waste, 118 

we additionally use data of domestic supply and expand the scope of the analysis. 119 

 120 

3. The theory of international trade 121 

 Various government actions can affect trade flows. These actions include taxes on some 122 

international transactions, subsidies for others, and legal limits on the value or volume of 123 

particular imports. In this section, we analyze the economic surplus of importing and 124 

exporting countries through a variety of non-tariff barriers, such as import quotas 125 

(quantitative restrictions on imports).  126 

To analyze the impact of China’s import ban, this study assumes a large importing 127 



economy in a competitive market. Because this import ban changes the international 128 

waste flow, it will have a significant impact not only on Japan but also on other countries 129 

(Sasaki, 2020). If a small country assumption was to be employed, it would mean that a 130 

policy change would not affect the world market(Krugman, 2018). In this study, we 131 

assume that the policy of China does affect the world market, but the policy of Japan does 132 

not. 133 

Fig 1 illustrates international trade theory under the large country assumption. DJ and 134 

DC are the domestic demand for plastic waste in Japan and China, respectively. Note 135 

that DJ and DC represent the demand by firms that use plastic waste. SJ and SC represent 136 

the domestic supply of plastic waste; and PJ and PC show the domestic recycling price in 137 

Japan and China, respectively. The subscripts J means Japan, and the subscripts C 138 

means China. D is international demand, and S is the international supply for plastic 139 

waste. Pw is the international price and is determined in the international market. It is 140 

assumed that Pw equals both PJ and PC. 141 

 142 

< Fig 1> 143 

 144 

Fig 2 graphically illustrates the impact of China’s import ban under the large country 145 



assumption. Japan is an exporter of plastic waste and China is an importer. Japan exports 146 

S!" − D!"	at	P" = P! = P#  and China imports D$" − S$"	at	P" . After the ban, China 147 

decreases its imports to zero (D$" − S$" = 0), and China’s domestic equilibrium price 148 

and quantity increase to P$. The dramatic decrease in import volume leads to a decrease 149 

in the international market demand, so the demand curve shifts to the left (from D1 to D2). 150 

Under the large country assumption, China’s policies affect the international market. The 151 

equilibrium point of the international market shifts to the lower left and the equilibrium 152 

price goes down. Due to the reduction in price from P" to P%, demand increases from 153 

DJ1 to DJ2, and supply decreases from SJ1 to SJ2. Subsequently, Japan’s export volume 154 

decreases from 𝑆!" − D!" to 𝑆!% − D!%. 155 

 156 

<Fig 2> 157 

 158 

In summary, China’s import ban induces a drop in the domestic price of recyclable goods 159 

in Japan. Furthermore, the consumer surplus in the Japanese market increases, while the 160 

producer surplus decreases; therefore, the total surplus decreases. The change in 161 

economic surplus is apparent from Fig 2. In the Japanese market, the consumer surplus 162 

increases from 𝐴𝐶𝑃" to 𝐴𝐸𝑃%, and producer surplus decreases from 𝐵𝐹𝑃" to 𝐵𝐺𝑃%. 163 



For the exporter, the consumer surplus increases because of the price decrease, and the 164 

demand increases due to the import quota. The producer surplus decreases because of the 165 

decrease in price and the supply decreases accordingly. As a result, the total surplus 166 

decreases from 𝐴𝐶𝐹𝐵 to 𝐴𝐸𝐺𝐵. In the Chinese market, the consumer surplus decreases, 167 

the producer surplus increases, and the total surplus also decline. The consumer surplus 168 

decreases from 𝐻𝐼𝑀 to 𝐻𝑃&𝐾 and producer surplus increases from 𝐼𝐽𝐿 to 𝑃&𝐽𝐾. For 169 

the importer, the consumer surplus decreases because of the price increase and demand 170 

decreases due to the import quota. The producer surplus increases because of the price 171 

and supply increase. As a result, the total surplus decreases from 𝐻𝐽𝐿𝑀 to 𝐻𝐽𝐾. Based 172 

on this model, we quantitatively evaluate the change in economic surplus in both 173 

countries in the next section. 174 

 175 

4. Data and empirical analysis 176 

4.1 Data 177 

To quantitatively evaluate the impact of China’s import ban, we develop a demand and 178 

supply curve for the plastic waste market. For the international price of plastic waste (in 179 

yen/ton), we use the weighted average price of the plastic waste exported from Japan to 180 

China in 2017. The figures on the export volume of plastic waste (in million tons) are 181 



obtained from the Trade Statistics of Japan (URL: 182 

http://www.customs.go.jp/toukei/info/index.htm). This study takes plastic scrap data as 183 

the target data for plastic waste. The harmonized system code of plastic scrap is 3915. Of 184 

all the plastic products (code 39) in the HS, code 3915 refers to plastic waste, parings, 185 

and scrap. Here plastic waste refers to the products belonging to code 3915 (3915 includes 186 

the value and quantity of plastic waste trade). Data on the domestic generation of plastic 187 

waste are collected from the Plastic Waste Management Institute (Plastic Waste 188 

Management Institute, 2020, 2017). For representing the Chinese market, we use China’s 189 

domestic generation of plastic waste and the volume of imports (National Development 190 

and Reform Commission, 2014). The data are reported in Table 1. 191 

 192 

< Table 1> 193 

 194 

We use the price elasticity of demand to construct a linear demand curve. However, 195 

there are few previous estimations of the price elasticity of demand for plastic waste. For 196 

example, a study showed that the elasticity for plastic material is – 0.9 in OECD countries 197 

(Mannaerts, 2000), while another work showed that this elasticity is – 0.1 in the PET 198 

bottle recycling market (Palmer et al., 1997). Based on the range of demand elasticities 199 



suggested by these studies, we use three hypothetical elasticities for Japan and China in 200 

this study to consider the sensitivity of the results to the elasticities. 201 

 202 

4.2 Empirical analysis 203 

This subsection first develops the Japanese demand curve based on different 204 

assumptions of the price elasticity of demand (–1, –1.5, –0.5). This study denotes the 205 

price elasticity of demand by a negative value. When the price elasticity is –1, 1% 206 

increases in price is associated with 1% decreases in demand. When the price elasticity is 207 

smaller (larger) than –1, demand is elastic (inelastic). We consider three cases to examine 208 

the sensitivity of results to the assumption on the elasticity of demand. We assume that 209 

the Japanese supply curve is at first horizontal and then vertical at the amount of domestic 210 

supply as shown in Fig 3. The vertical axis represents the yen per ton and the horizontal 211 

axis represents the volume of recyclable plastics. 212 

 213 

< Fig 3> 214 

 215 

We also estimate the Chinese demand curve based on three assumptions of price 216 

elasticity of demand (– 0.1, – 0.15, – 0.05). We assume more inelastic demand than Japan 217 



because large demand and resource scarcity in China make waste plastics necessity goods. 218 

While recycled materials are substitutes for virgin materials, the price of the former is 219 

typically much cheaper than the latter. Thus, we assume that China imports recycled 220 

materials to save the production cost. As regards the Chinese supply curve, we assume 221 

that it is initially horizontal and then vertical at the amount of domestic supply as shown 222 

in Fig 4. The vertical axis represents the yen per ton and the horizontal axis represents 223 

the volume of recyclable plastics. 224 

 225 

< Fig 4> 226 

 227 

We can define the arc price elasticity of demand in Japan and China as follows (Porter, 228 

2002):  229 

 230 

𝜀' =

𝑥% − 𝑥"
(𝑥% + 𝑥") 2⁄
𝑝% − 𝑝"

(𝑝% + 𝑝") 2⁄
 231 

 232 

where 𝑥	is domestic demand for recyclable plastic and 𝑝  is the domestic price of 233 

recyclable plastics. 𝑝" is the price of 𝑥" and 𝑝% is the price of 𝑥%. When the demand 234 

curve is linear, the price elasticity of demand takes different values at different points 235 



along the curve. By using the midpoint of the price change, the arc elasticity gives an 236 

approximate measure of price elasticity at any particular point on the curve (Allen, 1934). 237 

Assuming a particular arc elasticity, we can estimate the change in volume of waste in 238 

Japan as follows:  239 

 240 

－1 =

𝑥% − 670,000
(𝑥% + 670,000) 2⁄
47,300 − 43,000

(47,300 + 43,000) 2⁄
 241 

 242 

We assume that 𝑝" = 43,000	(yen/ton)  and 𝑥" = 670,000	(tons)  (Japanese 243 

Ministry of Finance, 2019; Plastic Waste Management Institute, 2017). The price is the 244 

average price between 2014 and 2018. When the arc elasticity is –1 and the price increase 245 

is 10%, we obtain 𝑥% = 609,090	(tons)  by solving the above equation. The result 246 

implies that the slope of the demand curve is –0.071. Therefore, the domestic demand 247 

curve in Japan’s plastic recycling market is:  248 

 249 

𝑃 = −0.071𝑥 + 90,300 250 

 251 

The domestic supply curve in Japan’s plastic waste recycling market is assumed as 252 



 253 

𝑥 = 211,𝑤ℎ𝑒𝑛	𝑃 > 0 254 

 255 

Fig 3 represents a demand and supply curve when Japan’s arc elasticity is –1. When the 256 

arc elasticity is –1, consumer surplus (the dark gray area) is 15.8 billion yen and producer 257 

surplus (the light gray area) is 90.7 billion yen. The price at the intersection of the demand 258 

and supply curve is –58,659 yen/ton. From this, we surmise that plastic waste will have a 259 

negative price if it is traded domestically. If Japan’s domestic demand increases to one 260 

million tons under China’s import ban, Japan’s domestic price decreases to 19,703 261 

yen/ton. When we convert this value to kilograms, this is 19.7 yen/kg. This implies that 262 

Japan’s domestic price of recycled plastic waste decreases from 43 yen/kg to 19.7 yen/kg 263 

before and after China’s import ban. With China’s import ban, consumer surplus is 35.3 264 

billion yen and producer surplus is 41.6 billion yen. Japan’s consumer surplus increases 265 

by 19.5 billion yen and producer surplus decrease by 49.1 billion yen due to the ban.  266 

Similarly, we develop a demand and supply curve for China’s plastic recycling market: 267 

when the arc elasticity is –0.1, the domestic demand curve in China’s plastic recycling 268 

market is: 269 

 270 



𝑃 = −0.021𝑥 + 496,650 271 

 272 

The domestic supply curve in China’s plastic waste recycling market is:  273 

 274 

𝑥 = 1,366, 𝑤ℎ𝑒𝑛	𝑃 > 0 275 

 276 

Fig 4 represents a demand and supply curve when China’s arc elasticity is –0.1. When 277 

the arc elasticity is –0.1, consumer surplus (the dark gray area) is 4885.8 billion yen and 278 

producer surplus (the light gray area) is 587.3 billion yen. By implementing the ban, 279 

China’s imports reduce to zero. China’s domestic price is determined by the intersection 280 

of domestic demand and supply and is 208,959 yen/ton. This implies that China’s 281 

domestic price of plastic waste increases 4.8 times. After the ban, consumer surplus is 282 

1966.2 billion yen, and producer surplus is 2853 billion yen. China’s consumer surplus 283 

decreases by 2919.5 billion yen, and producer surplus increases by 2265.7 billion yen 284 

after the ban. 285 

 286 

<Table 2> 287 

 288 



These results are summarized in Table 2. In all cases, Japan’s consumer surplus 289 

increases, its producer surplus decreases, and its total surplus decrease due to China’s 290 

import ban. This implies that the firms purchasing plastic waste can benefit from the price 291 

decrease. However, the price decrease might lead to the exit of the recycler that sells 292 

plastic waste from the market. In effect, the total surplus also decreases. China’s 293 

consumer surplus decreases its producer surplus increases, and its total surplus decreases 294 

due to the ban. This implies that the firm purchasing plastic waste faces economic losses 295 

due to the decrease in imports. 296 

The results in Table 2 show that the sign of the economic surplus does not change by 297 

varying the price elasticity of demand for plastic waste. The economic surplus differs in 298 

terms of size, and the negative impact becomes larger when demand is more inelastic. 299 

The result implies that the decrease in economic surplus may be more if recyclable 300 

plastics becomes a necessary good for an economy. The results also suggest that the 301 

import ban has a larger negative impact in China than in Japan. 302 

 303 

5. Policy response by Japan 304 

In this section, we consider the possible response of the Japanese government. As 305 

China’s import ban affects Japan’s domestic market, it may lead to policy action by the 306 



Japanese government. The Japanese government may promote the export of plastic waste 307 

to other countries, increase the recycling of plastic waste domestically, and reduce the 308 

generation of plastic waste. In the following sections, we consider the promotion of 309 

domestic recycling and the reduction of plastic waste generation as probable policy 310 

responses. 311 

 312 

5.1 Promotion of domestic recycling 313 

The Japanese Ministry of the Environment has been promoting domestic recycling and 314 

reuse (Japanese Ministry of the Environment, 2019). The ministry aims to attain a 60% 315 

recycling/reusing rate for containers and packaging by 2030. Furthermore, it aims for 316 

100% utilization of used plastics by 2035 including thermal recovery. These strategies 317 

aim to increase the utilization of plastic waste through technological innovation and by 318 

stimulating the demand for recyclables. In this subsection, we investigate the impact of 319 

achieving a 60% recycling/reusing rate and analyze the surplus change. The promotion 320 

of domestic recycling is therefore likely to increase domestic demand and shift the 321 

demand curve to the right. 322 

Let us assume that the rate of recycling and reuse of plastic waste increases to 60% from 323 

the current material recycling rate of 23%, and the domestic demand for plastic waste 324 



increases by the same percentage. Hence, when the arc elasticity is –1, the domestic 325 

demand curve can be expressed as: 326 

 327 

𝑃 = −0.058𝑥 + 203,869 328 

 329 

Fig 5 displays the shift in the demand curve caused by the promotion of domestic 330 

recycling. The price of recyclable plastics is estimated to be 54,909(yen/ton). The 331 

results suggest that the promotion of domestic recycling increases the price of plastic 332 

waste. Compared to the case with no policy response to the import ban, the consumer 333 

surplus increases from 35.3 billion yen to 157.2 billion yen. The producer surplus also 334 

increases from 41.6 billion yen to 115.9 billion yen. Thus, this policy response will 335 

increase the economic surplus. 336 

 337 

< Fig 5> 338 

 339 

The above scenario might be too ambitious when we consider the past trend in plastic 340 

recycling. As an alternative scenario, we consider the case in which the material recycling 341 

rate increases from 23% to 34.8%. The scenario is based on the fact in Japan that the 342 



amount of material recycling increased from 1.39 million tons to 2.11 million tons 343 

between 2000 and 2017 (Plastic Waste Management Institute, 2020). We translate the 344 

increase of material recycling by 51.7% in 17 years into the increase of recycling rate 345 

from 23% to 34.8% (=23% multiplied by 1.517). Assuming the increase, we estimate the 346 

domestic price of recyclable plastics as −22,440(yen/ton). In this case, the consumer 347 

surplus increases from 35.3 billion yen to 112.7 billion yen, but the producer surplus does 348 

not change. In this case, it is impossible to process all of the supply by domestic recycling.  349 

To increase material recycling, the conversion from thermal recovery is necessary. By 350 

improving the solid waste collection services and strengthening the recycling industry, 351 

we can promote the shift from thermal recovery to material recycling. An economic 352 

incentive to improve the quality of waste separation will also help the transition to 353 

material-based recycling. 354 

 355 

5.2 Reducing the generation of plastic waste 356 

The Japanese Ministry of the Environment set the target for reducing the generation of 357 

plastic waste by 25% by 2030 (Japanese Ministry of the Environment, 2019). This policy 358 

aims to reduce the use of single-use plastics and develop substitutes for oil-derived plastic 359 

products. This policy will shift the supply curve to the left in Japan’s recycling market. If 360 



the target is achieved, the policy will shift the supply from 2.11 million tons to 1.58 361 

million tons, as shown in Fig 6. 362 

 363 

< Fig 6> 364 

 365 

Fig 6 shows the shift of the supply curve under this policy response. Japan’s consumer 366 

surplus does not change, but producer surplus changes from 41.6 billion yen to 31.1 367 

billion yen when the arc elasticity is –1. Thus, reducing the generation of plastic waste 368 

might shrink the recycling market. 369 

As shown, the reduction of plastic waste results in a decrease in the producer surplus in 370 

the recycling market. This also indicates that the supply of recyclables decreases in this 371 

market. The Japanese government may emphasize the development of biodegradable 372 

plastics or the use of alternative materials to reduce the generation of plastic waste. Such 373 

policy responses will negatively affect the firms that supply recyclable plastics. 374 

 375 

6. Conclusions 376 

This study investigates the impact of China’s ban on the import of plastic waste, on the 377 

recycling markets in Japan and China. The results obtained are interpreted as follows: 378 



first, the price of plastic waste would change substantially after the ban; indeed, the price 379 

of plastic waste in Japan decreases from 43,000 yen/ton to 19,702 yen/ton. Additionally, 380 

the price of plastic waste in China increases from 43,000 yen/ton to 208,959 yen/ton, and 381 

for both countries, the total surplus falls significantly due to the ban. Regarding the 382 

surplus, Ishimura (2019) concluded that at a minimum, the ban caused trade surpluses in 383 

Japan and China to fall by 451 million yen and 14.3 billion yen respectively. Ishimura’s 384 

estimation of the change in surpluses is smaller than our estimates. 385 

Second, we found that the economic surplus changes significantly. Due to the import 386 

ban, Japan’s consumer surplus increases, and its producer surplus decreases in all cases. 387 

This result implies that consumers (the buyers of plastic waste) benefit from the import 388 

ban as they are enabled to purchase more plastic waste. Moreover, Japan’s policy 389 

response toward the import ban will cause further changes in the economic surpluses. It 390 

will increase the economic surplus when domestic recycling is promoted and decreases 391 

producer surplus when waste reduction is promoted. These results and their interpretation 392 

allow a better understanding of the impact of policy responses. 393 

The following issues were not addressed in this study. First, we do not consider the 394 

environmental benefit. The main reason for the import ban is to reduce environmental 395 

pollution and plastic marine debris in China. A full-fledged economic surplus analysis 396 



should consider the environmental benefit induced by the ban. Because of China’s import 397 

ban, 7.88 million tons of plastic waste is not imported in 2018. By using 0.114 as the ratio 398 

of plastic marine debris to plastic waste in China (Jambeck et al., 2015) and assuming 399 

that the specific gravity of plastic is 1 gram per 1cm3, we can estimate that China reduced 400 

900,000 ton of plastic marine debris by the import ban. Multiplying this figure by the 401 

average cost of collecting the marine debris (8,010 yen/m3) (Japanese Ministry of Land, 402 

Infrastructure, 2010), the environmental benefit of the import ban is estimated as 7.2 403 

billion yen at least. Second, the analysis is limited in scope. In this study, we focus on the 404 

recycling market for plastic waste. However, plastic waste is materially recycled and used 405 

as an input for manufacturing new goods. Thus, a more comprehensive analysis should 406 

also consider the secondary impact on the goods and services market. Third, we do not 407 

consider the storage capacity of plastic waste for both countries. In the short run, garbage 408 

is stored at stockyards and could potentially lead to its mismanagement.  409 
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Fig 1 Basic model in international trade theory 502 
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Fig 2 Impact of China’s import ban 506 
  507 



 508 

Fig 3 Recycling market in Japan (arc elasticity = –1) 509 
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Fig 4 Recycling market in China (arc elasticity = –0.1) 512 
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Fig 5 Japan’s promotion of domestic recycling 515 
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Fig 6 Japan’s reduction of plastic waste 518 
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Table 1 520 
Data on Plastic Waste 521 
Variables Values 
International price 43,000 yen/ton 
Domestic demand (Japan) 0.67 million ton 
Domestic supply (Japan) 2.11 million ton 
Amount of export (Japan) 1.44 million ton 
Domestic demand (China) 21.54 million ton 
Domestic supply (China) 13.66 million ton 
Amount of import (China) 7.88 million ton 

Note: 43,000 yen/ton of international price converts to 43 yen/kg. The yen/dollar exchange rate is 109 yen/dollar as of 522 
August 1, 2019. Amounts of export and import are the average from 2014 to 2018.  523 



Table 2 524 
Summary of the economic surplus analysis 525 

The price elasticity of 

demand for plastic waste 

Japan’s surplus China’s surplus 

-1 -1.5 -0.5 -0.1 -0.15 -0.05 

Consumer 

surplus 

Before 

import ban 
15.8 10.8 31 4885.8 3264.9 9748.5 

After import 

ban 
35.3 24.1 69 1966.2 1313.9 3923.2 

Surplus 

Change 
19.5 13.3 38 -2919.5 -1951 -5825.3 

Producer 

surplus 

Before 

import ban 
90.7 90.7 90.7 587.3 587.3 587.3 

After import 

ban 
41.6 57.2 -5.3 2853 2101.4 5108 

Surplus 

Change 
-49.1 -33.5 -96 2265.7 1514.1 4520.7 

Total 

surplus 

Before 

import ban 
106.5 101.5 121.7 5473.1 3852.2 10335.8 

After import 

ban 
76.9 81.2 63.6 4819.2 3415.4 9031.2 

Surplus 

Change 
-29.7 -20.3 -58 -653.8 -436.9 -1304.6 

Note: The unit is billion yen. Total surplus is the sum of each consumer surplus and producer surplus. These producer 526 
surpluses measure the maximum value of the producer surplus because the supply curve is assumed to be horizontal at 527 
P=0. 528 
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