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Abstract: This paper analyzes the impacts of China’s Green Fence and National Sword Programs,
under which strict contamination limits were imposed on recyclable materials, besides prohibiting
imports of low quality recyclables. Specifically, this study investigates the impacts of this policy on
landfills, and the risks to the U.S. plastics secondary materials market and material recovery facilities
(MRFs). A hierarchical regression analysis reveals the significant impacts of China’s Green Fence
and National Sword polices on the amount landfilled plastic. Controlling for oil prices, producer
price index (PPI), and amount of plastic scrap exported, our findings show that the Green Fence
had no statistically significant impact on the amount of plastic landfilled in the U.S. However, the
quantity of plastic landfilled in the U.S. increased by 23.2% following the implementation of National
Sword. Furthermore, analysis of the annual reports submitted by registered MRFs in New York
(NY) state reveals that the total amount of plastic recovered by them has decreased. We suggest that
demand creation and investments that improve the quality of bales are needed to help solve this
economic dilemma.

Keywords: plastics; National Sword; landfill; material recovery; contamination; hierarchical regression

1. Introduction

The environmental impact of the improper disposal of plastics has received consider-
able attention in recent years due to the adverse effects of plastic waste on health and the
environment [1]. Plastics constitute a nonrenewable resource; therefore, nongovernmental
organizations (NGOs), governments, and industry have been advocating for reducing,
reusing, and recycling plastics [2]. However, anecdotal evidence tends to suggest that
a majority of plastics are landfilled [3]. Particularly, increasing recycling and reuse of
plastics is crucial to plastic waste management and the avoidance of landfilling [4]. For
example, recognizing the sustainability gains of increased plastic recycling, the European
Commission has elevated plastic waste to a priority waste stream in its recent Action Plan
for the Circular Economy, promoting plastic recycling in Europe [5].

In the United States (U.S.), one of the largest consumers of plastics in the world [6],
almost 26,970 tons of plastic waste is landfilled annually [7]. Historically, the U.S. shipped
most of its plastic scrap overseas, particularly to China [8]. In 2013, China introduced
the “Green Fence”, which involved more intensive inspections of incoming loads of scrap
material. Later, in 2016, China announced that secondary material commodity imports
from the U.S. would be restricted and followed this with the launch of the National Sword
program in 2017. Finally, in March 2018, China introduced a 0.5 percent contamination limit
along with an outright ban on many recyclables, including plastics [9]. Recent research has
highlighted the positive ecological impacts of lowered shipping of plastic scrap over large
distances as a positive effect of China’s Sword [10]. However, the glut of plastic waste has
caused some to speculate that the landfilling of plastics has increased in the U.S. [11].
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Since the National Sword policy imposed contamination limits on recyclable materials
sent to China, the cost and risk of exporting plastic material has increased considerably
for the U.S. material recovery facilities (MRFs) and processors [12]. This is due to the
increased possibility that shipping containers containing mixed plastic scrap could be
sent back by China if the stringent contamination limits are not met. As a result, the
0.5% contamination standard has proven hard to meet economically by facilities in the
U.S. However, it is not clear whether China’s import restrictions for plastics have led to
the increased landfilling of these materials in the U.S. On the one hand, virgin plastic is
viewed as a cheaper alternative than recycled plastic for manufacturers, due to the U.S.’s
increasing petrochemical production [13]. The reduced demand for recycled plastics may
lower the incentives for MRFs to recycle, resulting in increased landfilling. However, on
the other hand, with emerging alternative recycling techniques [14], demand incentives for
purchasing recycled plastics (e.g., the U.S. Plastics Pact [15]), and robust prices for some
recycled plastics (e.g., polyethylene terephthalate (PET) and high density polyethylene
(HDPE)) [16], MRFs may also have a higher incentive to process plastic scrap domestically
despite National Sword, thereby lowering the landfilling of plastic waste.

Recent research has studied the impacts of China’s National Sword on global waste
markets. The authors of [9] focus on the import of waste plastic and used paper by China
and find that China’s import volumes of waste plastic and used paper decreased by 92%
and 56%, respectively, after the National Sword. The authors of [17] study the effects
of China’s National Sword Policy on the U.S. recycling system and examine the waste
management and recycling systems in different countries. The authors of [18] present two
alternative approaches to reusing matrix trays (single use plastic carriers) in the U.S. as an
alternative to landfilling used trays after China’s National Sword Policy. However, none of
these papers examine the impact of China’s National Sword policy on U.S. landfilling of
plastic waste.

Therefore, this paper represents the first attempt, to the best of our knowledge, to
provide an econometric analysis to test the impacts of China’s National Sword policy on
the amount of plastic landfilled in the U.S. In doing so, we provide a data driven approach
to assess the extent of the impact of the Sword restrictions on plastics, which may be
useful to U.S. policymakers in formulating public policy around plastic recycling. Our
analysis controls for several factors, such as oil prices, the prices of recycled plastics, exports,
and the timing of China’s import restrictions. In addition to theoretical arguments, our
hypotheses are driven by anecdotal observations from MRF managers. We also supplement
our analysis with interviews with MRFs and analysis of annual MRF forms in New York
State (NYS). Finally, we provide evidence from company annual reports to assess the risk
to U.S. plastic companies.

The rest of the paper is structured as follows. In Section 2, we formulate key hypothe-
ses. In Sections 3 and 4, we discuss the econometric model and present the key results,
respectively. Section 5 supplements our analysis with a focused analysis of recycling and
recovery in New York State. In Section 6, we provide additional anecdotal evidence with
industry perspectives. Finally, concluding remarks are provided in Section 7.

2. Hypothesis Development

There is growing interest in integrating sustainability principles into supply chain
management [19–21], particularly reverse supply chains. The reverse supply chain is the
series of activities necessary to retrieve a product from a customer and either dispose of it
or recover value [22–24]. For example, the reverse supply chain for plastics (as depicted
in Figure 1) starts with individual consumers of plastic containers and packaging and
industrial producers who place recyclables at the curbside for collection. Municipalities
that collect these recyclable materials contract with MRFs to sort the recovered plastic and
other recyclable materials and convert them into bales. The recovered plastic bales from
the MRFs are then sent to intermediate plastic processors. The plastic bales are processed
and converted into recyclable inputs, such as pellets and flakes, or directly to brokers
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who export the reclaimed material. In addition, manufacturers using recycled plastics in
their branded products demand recyclable plastics [25]. The residuals, consisting of mixed
plastic waste generated at MRFs, brokers, and processors, are typically landfilled.
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China’s National Sword policy appears to have had both direct and indirect impacts
on the plastics recycling industry. The immediate impact has been the sudden loss of
recyclable plastic customers [26]. The strict contamination standard imposed by China in
2018, in particular, led to a significant decline in exports of plastic scrap [27]. The reduction
was substantial, as China had historically been the biggest customer for U.S. scrap plastic.
The indirect impact of the Sword policy may have been to create a significant imbalance
between demand for recycled plastic and the supply of plastic scrap within the U.S. This
has been mainly due to the high quality standards (e.g., contamination limits) on recycled
plastic by U.S companies, which is challenging to meet for a majority of the plastic scrap
due to quality contamination along the supply chain (e.g., due to single stream recycling
and commingled collection), changes in packaging design, and greenwashing. With waste
generation consistently growing, coupled with fewer options to export plastic scrap, the
growth in the domestic supply of plastic scrap drastically exceeded existing demand,
resulting in a decline in prices [28]. The reduced prices reduced the profitability of recycling
and increased the attractiveness of alternate disposal options, such as landfilling. The above
discussion indicates a link between China’s Sword policy and the use of alternate disposal
options, such as landfilling, in the U.S.

Therefore, a primary focus of interest in this study is to investigate the impact of
China’s Sword policy on the amount of plastics landfilled in the U.S. There has been a glut
of plastic waste in the U.S. since China’s ban [29]. Although several industry associations
have come together to create demand-side incentives for recycled plastic (e.g., the U.S.
Plastics Pact [30]), there is a dearth of processing capacity in the U.S., especially for mixed
plastics (#3-#7), due to lower market prices, high sorting costs, and insufficient demand [31].
Furthermore, since landfilling is a conventional approach to waste management [25], we
posit that China’s Sword restrictions must have led to increased landfilling of plastic
waste [17]. Hence, we hypothesize that:

Hypothesis 1 (H1). China’s National Sword restriction is positively related to the amount of
plastic waste landfilled in the U.S.

It has been observed that China’s policies have also had a notable impact on global
plastic scrap trade flows. For example, in 2018, China’s imports plunged by 95.4% compared
to baseline levels and the trade flow of global plastic scrap plummeted by 45.5% [11]. In
addition, the China ban affected nearly all major exporters, with total exports declining.
Thus, it may be inferred that the greater a country’s reliance on the Chinese market (before
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the ban), the more dramatic will be the decrease in its plastic scrap exports and increased
attractiveness of landfilling as a treatment option [11]. Based on this, we hypothesize that:

Hypothesis 2 (H2). The amount of plastic scrap exported is negatively related to the amount of
plastic waste landfilled in the U.S.

The price difference between recycled plastic and virgin plastic has been argued to
play a key role in plastic producers’ demand for recycled plastics [32]. Furthermore, this
price differential is repeatedly identified in executive interviews as a significant barrier to
recycling plastics ([33] and T. Keel, personal communication, 6 May 2020). In this context,
it may be noted that plastics are almost completely derived from petrochemicals produced
from fossil oil and gas. Therefore, the price of virgin plastics is significantly influenced by
the oil price [25]. Consequently, it may be posited that with higher oil prices and a higher
price of virgin plastics, the demand for recycled plastics may increase, which may decrease
the landfilling of plastics. Based on this reasoning, we posit that:

Hypothesis 3 (H3). Oil prices are negatively related to the amount of plastic waste landfilled in
the U.S.

Other literature has found that the volatility spillover between the oil price and
recycled plastic prices may be significant [34]. However, higher oil prices also increase
the operational cost and affect all material streams at MRFs [35]. For example, Miller [35]
states that:

“Higher oil prices can also hurt recyclers by driving up operational costs. It takes a great deal
of oil to transport materials and run processing equipment, so rising prices may put a dent in the
profits generated by a robust market for recycled plastic. Furthermore, the manufacturers who buy
recycled materials also struggle to operate when energy costs are high.”

Therefore, a counterargument can be advanced whereby higher oil prices may also
result in increased landfilling of plastic scrap due to higher operating costs for recyclers.
Based on this, we also test the following reverse hypothesis:

Hypothesis 4 (H4). Oil prices are positively associated with the amount of plastic waste landfilled
in the U.S.

In prior literature, the producer price index (PPI) has been used to measure the average
changes in prices that domestic establishments receive for their output [36]. For example,
Huang et al. [37] use the PPI to transform current prices into constant prices for time
series analysis for input–output analysis. Therefore, we control for the potential impact of
recycled plastic prices on treatment options with a producer price index (PPI), specifically
for manufacturers of plastic products containing recyclable materials [38]. We posit that
if prices received by domestic producers of recycled plastics decrease, then incentives for
recycling as a treatment option will be lower, and there will be increased landfilling. Based
on this reasoning, we posit that:

Hypothesis 5 (H5). The producer price index (PPI) for manufacturers of plastic products is
negatively related to the amount of plastic waste landfilled in the U.S.

3. Research Methods

To test the above hypotheses, we used annual data from the U.S. Environmental
Protection Agency (EPA) on the amount of plastic landfilled in the U.S. between 2008 and
2018. We supplemented this data with other data on oil prices, PPI, the amount of plastic
scrap exported, and the timing of China’s policy restrictions. Since the data on the oil price,
PPI, exports, and the timing of China’s policy restrictions were on a monthly time scale, we
converted the annual U.S. plastic landfill data [39] into a monthly time scale by allocating
the yearly plastic discarded equally between the months of the year.
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3.1. Dependent Variable (Landfill)

Although there are many economic indicators for plastic secondary material markets
(such as recovery rates and plastic scrap prices), we use the amount of plastic landfilled
as the dependent variable in this analysis. The amount of plastic landfilled was obtained
from U.S. EPA data and is reported in thousands of tons [39]. Since this is of a different
magnitude from the other independent variables, this value was log transformed for the
regression analysis. The use of “Landfill” as a dependent variable allows us to make
appropriate policy recommendations, and it is deemed to be an important metric to assess
the sustainability and environmental implications of U.S. secondary material markets.

3.2. Independent Variables
3.2.1. National Sword Restriction (“Restriction”)

The advent of China’s policy restrictions was categorized into three time-frames: (i) the
time before the Green Fence was initiated (i.e., before February 2013), (ii) the time after
the Green Fence was initiated, but before the announcement of National Sword (i.e., from
February 2013 till March 2017), and (iii) the time after National Sword was implemented,
(i.e., from March 2017). We represent these time-frames of China’s restrictions via an ordinal
variable (“Restriction”) that takes on the values of 0, 1, or 2 for (i), (ii), and (iii), respectively.

3.2.2. Plastic Scrap Exports (“Plastic Scrap Export”)

Global plastic scrap export data (in thousands of tons) was obtained from the United
States International Trade Commission (USITC) DataWeb [40], which provides U.S. mer-
chandise trade and tariff data. Trade data for 1989 to the present are available monthly,
quarterly, annual, or year to date. They can be retrieved using a sophisticated querying tool
with features such as user defined country and commodity groups. We used the data for
“Waste, parings, and scrap, of plastics,” captured by the Harmonized Tariff Schedule (HTS)
(2021 Basic Revision 6) with code 3915. Like the landfill dependent variable mentioned
above, this variable was log transformed.

3.2.3. Oil Price (“Oil Price”)

Historical crude oil prices (in USD) were represented by the West Texas Intermediate
(WTI) crude oil price per barrel [41].

3.2.4. Producer Price Index for Recycled Plastics (“PPI”)

Obtained from the Bureau of Labor Statistics (BLS), PPI is a family of indices that
measures the average change over time in prices received by producers for domestically
produced goods and services [42].

4. Results

Table 1 shows the pairwise correlation coefficients between the variables. First, we
observe that China’s import restrictions and the amount of plastic landfilled are positively
correlated. Further, oil prices, PPI, and plastic exports have a significant negative correlation
with the amount of plastic landfilled. Some of the independent variables are seen to be
correlated with each other. For example, PPI is positively correlated with oil price, whereas
“Sword Restriction” is negatively correlated with both oil price and PPI. However, tests
for multicollinearity show that the variance inflation factors (VIFs), which measure the
severity of the impact of multicollinearity on linear regression equations, were all below
the prescribed value of 5.0, as seen in Table 2. Therefore, multicollinearity was not an issue
of concern.
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Table 1. Correlations.

Log
(Landfill) Oil Price PPI Sword

Restriction
Log (Plastic

Scrap Exports)

Log (Landfill) 1.000
Oil Price −0.293 ** 1.000

PPI −0.219 ** 0.825 ** 1.000
Sword Restriction 0.563 ** −0.439 ** −0.232 ** 1.000

Log (Plastic
Scrap Exports) −0.491 ** 0.632 * 0.489 * −0.544 * 1.000

** Significant at p < 0.01 (2-tailed); * Significant at p < 0.05 (2-tailed).

Table 2. Hierarchical regression analysis—DV = Log (plastic landfilled).

Model Unstandardized
Coefficient (B)

Std.
Error

Standardized
Coefficient (β) T Sig. VIF

1
(constant) 7.643 *** 0.011 714.107 0.000
Restriction 0.082 *** 0.011 0.563 7.761 0.000 1.000

2
(constant) 8.727 *** 0.346 25.253 0.000
Restriction 0.062 *** 0.012 0.420 5.020 0.000 1.421

Log (plastic scrap
export) −0.057 *** 0.018 −0.262 −3.139 0.002 1.421

3

(constant) 8.914 *** 0.388 22.999 0.000
Restriction 0.063 *** 0.012 0.433 5.124 0.000 1.452

Log (plastic scrap
export) −0.069 *** 0.021 −0.317 −3.234 0.002 1.951

Oil price 0.000 0.000 0.097 1.063 0.290 1.701

4

(constant) 8.936 *** 0.388 23.056 0.000
Restriction 0.067 *** 0.013 0.458 5.254 0.000 1.547

Log (plastic scrap
export) −0.069 *** 0.021 −0.314 −3.204 0.002 1.953

Oil price 0.001 0.001 0.227 1.560 0.121 4.319
PPI 0.000 0.000 −0.147 −1.146 0.254 3.345

*** p < 0.01.

To ascertain if China’s import restrictions increased the amount of plastic landfilled
in the U.S. while controlling for other factors that may influence this relationship, we ran
an econometric analysis using hierarchical regression [43,44]. Hierarchical regression is a
statistical regression method wherein a specified set of variables is added progressively
to determine if a statistically significant amount of variance is explained in the dependent
variable. Several regression models are tested by adding variables in succession to a prior
model at each step. This helps determine if newly added variables significantly improve the
proportion of explained variance in the dependent variable. The analysis also examines if an
independent variable significantly influences the dependent variable when grouped with
other independent variables. The limitations of a hierarchical linear regression approach
are the customary limitations of linear regression by way of ensuring that its assumptions
are not violated. These include linear relationships, multivariate normality, little or no
multicollinearity, no autocorrelation, and ensuring homoscedasticity.

We implemented a hierarchical regression model with the total amount of plastic
landfilled (log transformed) as the dependent variable and key explanatory variables, as
seen below:

log (Land f ill) = β0 + β1 Restriction + β2 log (plastic scrap export)
+β3 oil price + β4 ppi + ε

(1)
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Table 2 contains four hierarchical regression equations showing the incremental effects
of the key independent variables in explaining the variance in the dependent variable. First,
it is seen that, in all four models reported in Table 2, the relationship between the amount
of plastic landfilled and the Sword restriction is positive and significant (with regression
coefficients ranging between 0.062 and 0.082, all at p < 0.01). This result thus strongly
supports H1. Regression models 2, 3, and 4 reveal that the relationship between the amount
of plastic landfilled and plastic scrap exports is negative and significant (with regressions
coefficients ranging between −0.069 and –0.057, p < 0.01). Thus, H2 is supported. However,
the relationship between oil price and plastic landfilled is not significant in Models 3 and 4.
Thus, H3 and H4 are not supported. In other words, our analysis indicates that there is
no significant association between oil prices and the amount of plastic waste landfilled in
the U.S. Model 4 also shows that the relationship between PPI and the amount of plastic
landfilled is not significant, thus yielding no support for H5.

Next, a post hoc analysis was conducted to identify the most impactful phase of
China’s restrictions with respect to landfill. A Tukey’s HSD test was performed to test
whether the three phases led to significant differences in landfill. These pair-wise compari-
son results are seen in Table 3.

Table 3. Post hoc analysis: amount of plastic landfilled vs. restriction phase.

Contrast Std. Error Tukey Test

Restriction p>|t| [95% Conf. Interval]

1 vs. 0 0.0011 0.0143 0.997 −0.2551 −0.1626

2 vs. 0 0.2099 *** 0.0190 0.000 0.1649 0.2549

2 vs. 1 0.2088 *** 0.0195 0.000 0.1626 0.2551
Restriction: 0 = Time before Green Fence (before February 2013). 1 = Time after Green Fence but before National
Sword (February 2013–March 2017). 2 = Time after National Sword was implemented (after March 2017).
*** p < 0.01.

It is seen from Table 3 that the Green Fence had no statistically significant impact on the
amount of plastic landfilled. However, the implementation of the National Sword did have
a statistically significant effect on the amount of plastic landfilled. The results in Table 3 in-
dicate that the amount of plastic landfilled increased by 23.2% (i.e., {exp(0.2088) − 1] × 100)
following the implementation of the National Sword. The mean amount of plastic land-
filled during restriction period 2 was 23.35% higher than for restriction period 0, which
is statistically significant at a 99% confidence level. The mean amount landfilled during
restriction period 2 was 23.22% higher than for restriction period 1, which is statistically
significant at a 99% confidence level. However, there is very little change in the amount
of plastic landfilled between restriction 0 and restriction 1. This indicates that a bulk of
the increase in the landfilling of U.S. plastic scrap occurred immediately after the National
Sword was announced.

The analysis thus far has explored the impact of China’s National Sword policy on the
amount of plastic landfilled in the U.S. The econometric analysis extended only until 2018,
since the plastic landfill data from EPA is available only until 2018. However, in the next
section, we provide a regionally focused analysis of plastics recycled in New York State
(NYS), including 2019 data. We also describe results from some descriptive analyses for
MRFs in NYS.

5. Analysis of NYS Annual Recyclable Handling and Recovery

In light of the above analysis, a focused study of recycling and recovery efforts in New
York, one of the country’s larger states, with relatively higher population and economic
activity, is of added interest. In 2014, 37.0 million tons of waste were generated in NYS,
representing a per capita annual generation of 1.9 tons [45]. To gauge how plastic recyclable
materials recovery has been impacted since China’s National Sword Policy, the authors cre-
ated a database of information obtained from annual reports submitted by registered MRFs
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in New York state provided by the state’s Department of Environmental Conservation. The
annual reports are in portable document format (PDF) files, relevant parts of which we
transcribed to an Excel workbook. These forms contain data about how plastic is collected
and recovered by the MRFs. Our database includes this information for the years from 2016
to 2019 inclusive.

Figure 2, below, shows the amount of plastic recovered and sent out by MRFs during
the time frame and how different plastic polymers varied. We see that the amount of PET
recovered by the MRFs increased in 2016–2017 and then decreased from 2017–2019. The
quantity of HDPE and other rigid plastics recovered at NYS MRFs consistently declined
from 2016 to 2019. For other plastics, the amount recovered was greater in 2019 than in
2016, while the amount of plastic film and bags and commingled plastics decreased over
the period.
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Figure 3 depicts the change in plastics recovered by MRFs in 2018 and 2019 to show
the changes in the amounts of plastic recovered after National Sword’s implementation.
It can be seen that the amounts of commingled plastic, HDPE, and other rigid plastics
declined between 2018 and 2019. It appears that, even though China’s restrictions increased
the supply of plastic available domestically, the amount that was recovered still went down,
which indicates that other economic and market factors, such as demand, prices, and the
economic feasibility of these materials, are influencing decisions at MRFs.

We analyzed the amount of plastic that the facilities recover. To avoid bias caused by
missing data, we only considered MRFs that had: (i) submitted MRF forms for all four
years, and (ii) had also reported their incoming material and plastics being sent out for
those years.

Table 4 shows that the total amount of recovered plastics decreased over time, while
the total amount of incoming material increased. Based on our interviews with MRFs,
incoming material that is not sent out to brokers, transfer stations, and reclaimers is most
likely incinerated or landfilled.
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Table 4. Incoming material and plastics recovered at MRFs in NYS.

Year Incoming
Material (tons)

Plastics
Recovered (tons)

2016 633,995 99,904
2017 760,347 93,557
2018 757,005 93,662
2019 812,569 91,005

6. Industry Perspectives

From structured interviews with NYS MRFs and industry experts, we discovered that
there had been an increase in the risks faced by U.S recycling businesses. For instance,
most MRFs’ costs increased as they improved the quality of materials sorted and met
contamination standards. For example, one MRF we spoke with had to increase the
number of sorters and slow down its sorting line by 40% to improve the quality of their
sorted plastics and paper, leading to a doubling of operating costs (A. Davis, personal
communication, 26 November 2019). The respondent also claimed that it was hard to meet
the minimum weight limit for containers, since plastic tends to be bulky and light. In
addition, the respondent worried about having a load rejected in China and not receiving
payment and expressed concerns about any potential negative publicity.

Casella Recycling, a solid waste collection, transfer, recycling, and disposal facility,
when referring specifically to China’s National Sword policy, stated in its 2018 Annual
report that: “The global recycling market has experienced negative commodity pricing
pressure resulting from China’s National Sword program in 2017. Markets continued to
decline in 2018, leveling off at historical lows compared to prior years. We expect markets
to remain depressed into the foreseeable future.” Casella also reported that it was able to
offset most of the commodity prices’ decline through risk mitigation programs; however,
its operating income in 2018 was still significantly down “mainly due to several legacy
contracts pursuant to which we absorbed the commodity price risk” [46].

SIMS Ltd., which manages most of the recyclables generated in New York City and
deals with the recycling of bottles, cans, plastics, and paper, adopted an expansion strategy
to tackle China’s import restrictions by processing mixed plastics from other MRFs. In
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its 2018 annual report, it stated that “With greater restrictions on plastic imports into
China, SIMS has recently expanded its business of processing mixed plastics produced by
other MRFs into sorted, saleable resins. Our capital [ . . . ] spend included investment in
several National Sword initiatives, including ICW (insulated copper wire) upgrades, cable
granulation, and Zorba separation plants, some of which will carry over into the fiscal year
2019. These investments will contribute to our downstream strategy of producing better
quality product for customers” [47].

Waste Connections Inc., a nonhazardous solid waste services company, also discussed
China’s National Sword policy in its annual report and stated that China’s highly restrictive
quality requirements are difficult for the industry to satisfy. It further discussed the financial
implications of the policy and stated that “The new quality standards imposed by China
and the restrictions on import licenses have made the sale of recycled commodities more
difficult and have resulted in lower prices for such commodities, higher operating costs, or
additional capital expenditures to meet the requirements. As a result, we have increased
the fees we charge customers at our recycling facilities to recover the higher processing
costs for recyclables. This may result in lower recycled commodity volumes at our MRFs,
as customers may choose to pursue cheaper processing or disposal alternatives. Any such
reduction could impact revenues, operating results, and cash flow. In addition, some of our
recycling operations offer rebates to customers based on the market prices of commodities
we buy to process for resale. Therefore, if we recognize increased revenues resulting from
higher prices for recyclable commodities, the rebates we pay to suppliers will also increase,
which also may impact our operating results” [12].

Similarly, Republic Services Inc., a solid waste collection, transfer, recycling and
disposal facility, shared its concerns about decreased demand for recyclable materials
and the lower commodity prices that resulted as a consequence [48]. Furthermore, Waste
Management Inc., discussed price volatility as a consequence of China’s Sword policy and
stated in its 2018 annual report that, “The Chinese government began to limit the flow of
material into the country by restricting the issuance of required import licenses. The use of
restrictions on import licenses to restrict flow into China continued in 2018 and is expected
to continue to constrict in 2019. Additionally, increased container weight tracking and port
fees have driven up operating costs in the recycling industry and have resulted in increased
price volatility”. The company responded by “ . . . revising our service agreements to
address increased costs and working with stakeholders to educate the public on the need
to recycle properly. However, there is uncertainty about the industry’s ability to adapt to
the stricter quality expectations . . . it is possible there may not be sufficient demand for all
of the material we produce, resulting in price decreases and volatility” [49].

Ultimately, the key risks that the changes in Chinese trade regulations have exposed to
U.S plastic companies include price volatility for recyclable commodities, a lack of buyers
for low quality plastic bales, higher operating costs, and lower profitability. This conclusion
was substantiated during one of our interviews with an NYS MRF, which claimed that its
primary MRFs used to do more intensive sorting until China’s National Sword Program
reduced plastic recyclables’ prices. Moreover, MRFs typically do not find it economical to
invest in sorting equipment (average cost USD 250–USD 500 K) for mixed plastics due to
mixed plastic waste’s low volume and value (S. Farling, personal communication, 4 June
2020). Thus, we note that many of the mixed plastics (with minor exceptions) are either
landfilled or baled together and sold at low prices.

7. Conclusions

This paper provides important empirical evidence that validates the claim that im-
plementing China’s National Sword policy resulted in an increased amount of plastic
waste being landfilled in the U.S. We also supplement our empirical analysis with evidence
gathered from interviews with NYS MRFs. Our findings provide a counterpoint to the view-
point that China’s National Sword policy improved the impact on the environment [10].
The above analyses substantiate the claim that, since China’s National Sword policy, the
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amount of plastic recycled in the U.S has gone down and the amount of plastic that is
landfilled has increased. This underlines the importance of improving domestic plastic
recyclability and recycling rates.

The old model of relying on exports to solve the problem of recycling plastic scrap is no
longer available to the U.S. China’s restrictions have highlighted the need to invest in and
improve recycling in the U.S. Overall, the plastics recycling industry faces an “economic”
problem. Sophisticated machinery and a sufficient supply of materials are available. Still,
due to low market prices of plastics (particularly, the mixed #3–#7 plastics), there is little
incentive to invest in expanded and improved plastics recycling. Margolis [50] highlights
that, even though the technology is available to allow facilities to meet China’s 0.5 percent
contamination limit, the additional needed investment in machinery, time, and workforce is
not economically feasible at present recyclables prices. Furthermore, Hocevar [11] suggests
that, individually, most plastics #3–#7 are not available in the quantities necessary to justify
investments in optical sorting and are challenging to sort manually due to a variety of
resins used for a wide range of similar applications.

Over the last few decades, the rise in waste production has had substantial implications
for policy regulation in the waste management sector [4,51]. For example, recognizing
the potential sustainability gains of increased plastic recycling, the European Commission
has elevated plastic waste to a priority waste stream in its recent Action Plan for the
Circular Economy, promoting plastic recycling in Europe [5]. The authors of [52] study the
impacts of implementing Extended Producer Responsibility (EPR) policies for packaging
waste in two member states of the European Union (EU)—Portugal and Spain. They
find that implementing EPR policies has reduced waste and increased recycling. Others,
such as [53], have argued that EPR policies have had a limited impact in promoting green
innovation. Furthermore, EU member states with statutory landfill restrictions of recyclable
and recoverable waste have high recycling rates of plastic, which indicates that a landfill ban
can act as a driver for increasing recycling as an alternative waste management option [54].
The authors of [55] suggest that an effective way to decrease incineration could be to
implement a carbon tax specifically for the incineration of plastics. In the U.S., several
states, such as Washington, Maine, Maryland, and California, have adopted legislation to
ban single use plastic bags with bills around plastic packaging legislation on the way [56].
However, a comprehensive regulatory solution may be needed in the U.S., on the scale of
the EU Circular Economy Package, to turn the tide on plastic pollution.

Another important step in improving recyclability is by reducing contamination levels
in plastic processing. Higher quality bales and resins have higher demand and fetch
higher prices. The emergence of recent business models such as secondary sortation,
where residuals from primary MRFs are aggregated at secondary sortation facilities that
have the equipment and capacity to handle more significant aggregated volumes, shows
what is possible. However, there is also a pressing need for industry organizations and
policymakers to encourage demand creation for scrap plastic to improve the economic
feasibility of recycling by raising prices for recycled plastic resins and plastic bales. Recycled
content commitments by states and companies in recent years are examples of positive steps
that are helping to create demand for recycled plastic and improving recycling’s economic
feasibility. Many efforts are already underway—the Polypropylene Recycling Coalition and
US Plastics Pact are examples of a supply response where industry bodies are committing
to using recycled materials. Further, human behavioral science and outreach/education
initiatives are being employed to decrease contamination and improve recycling in NYS.

Our study only considers the landfilling of plastic waste within the U.S. It is possible
that, even though more plastic was being disposed of domestically in the U.S., plastic
waste disposal is better controlled and regulated in the U.S. than in other parts of the
world. Further research can study the adverse impact of plastic waste disposal in other
countries vis à vis the U.S. to evaluate the social and environmental consequences of the
National Sword.
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